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PREFACE TO THIRD EDITION.

The chemistry of disease grows in importance each year.

It is now generally recognized that those diseases that cause

the greatest mortality, and consequently are of the greatest

importance, are in reality cases of poisoning. The poison

may be possessed of life, and, therefore, under favorable con

ditions, capable of indefinite increase in quantity after its in

troduction into the body, or it may be dead when introduced

or generated in the body. The difference between the living

pathogenic bacterium and the same organism deprived of life

is one of degree rather than one of kind. A very few living

bacilli of anthrax injected under the skin of a susceptible

animal cause certain symptoms followed by death. A larger

number of the same bacilli, after having been deprived of

life, by the action of chloroform or some other agent that does

not chemically alter the contents of these cells, injected under

the skin of a companion animal of the same species induces

exactly the same symptoms and causes death in the same

manner. The difference is solely one of quantity. Patho

genic germs are living poisons, and every infectious disease is

actually an intoxication.

Not only are there chemical factors in the causation of dis

ease, but specific chemical agents are now being employed in

the prevention and cure of disease. Inasmuch as both of
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these classes are discussed in this volume, the title of the

book, " The Chemical Factors in the Causation of Disease,"

is not altogether appropriate. However, understanding that

the scope is somewhat wider than its name would imply, we

place this edition before the profession, hoping that it will

meet with the same kind reception that has been awarded its

two predecessors.

University of Michigan, April, 1896.



PREFACE T0 SECOND EDITI0N.

The preparation of this edition has been made a work of

pleasure on account of the many kind words which have been

said concerning our first effort to collect the scattered facts

pertaining to the chemical factors in the causation of disease.

We must be allowed to express our gratification at the general

acceptance accorded to the statements which we first made

three years ago, and which were then regarded by many as

extremely radical. At that time many of the leading bac

teriologists held to the " mechanical interference " theory,

and regarded the chemical products of germs as of some in

terest, but in no direct way concerned in the causation of

disease. Now the fact that a germ is pathogenic is considered

to be sufficient evidence that it elaborates poisonous products,

and the study of these products is regarded as of the greatest

importance in the investigation of the germ and the disease

which it causes. The interest in this subject is not confined

to a study of the causation of disease, but efforts are being

made to secure immunity from disease and even to effect cures

by the employment of the bacterial products. This line of

study has certainly become one of great interest to all scien

tific students of medicine.

In the preparation of the present edition we have endeavored
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to utilize the latest and best information, and we can only

express our thanks for the encouragement which we have

received from so many sources and hope that the present

effort will justify no censure.

University of Michigan, September, 1891.



PREFACE TO FIRST EDITION.

Within the past ten years much has been said and written

concerning the basic substances formed during the putrefaction

of organic matter, and those which are produced by the nor

mal tissue-changes in the living organism. Many investiga

tors have given their whole time and attention to the study

of these substances, and important discoveries have been made

and much light has been thrown upon what have heretofore

been considered problems in medical science. To collect,

arrange, and systematize the facts concerning ptoma'ins and

leucoma'ins have been our first object. Although many short

essays, some of them of great value, have been written with

the above-mentioned object in view, the present work may be

regarded as the first attempt to make this collation embrace

everything of importance on this subject. In endeavoring to

accomplish this object we have met with many difficulties.

The original reports of the various investigators are scattered

through the pages of medical and scientific journals, transac

tions of societies, monographs, government reports, etc. How

ever, with few exceptions we have been able to obtain the

original reports, and we think that we have included every

thing of importance published up to the present year (1888).

To the physician the facts which have been made known

concerning the putrefactive and physiological alkaloids must
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be of great value, and if this little work furnishes the means

by which members of the profession may become better ac

quainted with the nature of those poisons which are intro

duced from without, and those which are generated within the

body of man, the object of its authors will be accomplished.

University ok Michigan, July, 1888.
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PTOMAINS, LEUCOMAINS, TOXINS, AND

ANTITOXINS.

INTRODUCTION.

THE CAUSATION AND CLASSIFICATION OF DISEASES.

The animal body is made up of groups of specialized cells,

which are mutually dependent one upon the other for their

normal development and continued healthy existence. These

groups of cells constitute the various organs and the frame

work by which they are held together and through which

food is distributed to all, and the special products of one

colony are carried to the others or cast out from the whole as

waste material. Each organ has its special functions, the

healthy performance of which is necessary to the well being of

the whole. If the digestive cells of the alimentary canal fail

to secrete active fluids, the cells of the brain, heart, lungs, and,

in short, of every part of the body, are impaired, and disease

results. If the food be properly digested and the absorption

cells of the walls of the alimentary canal fail, a like disaster is

brought upon the whole. If the kidneys, liver, skin, or

lungs fail to eliminate effete and poisonous products, these

accumulate and interrupt the healthy activity of the cells of

the body. When the pancreas is extirpated, or when it has

atrophied after its duct has been closed, or when it has become

structurally diseased, the formation of glycogen in the liver

and elsewhere is interrupted and diabetes results.

2
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Disease is the result of impaired or perverted cell action.

The causes of disease are to be found in those agencies which

induce this impaired or perverted cell action.

The body isoften invaded by foreign cells, which may become,

for a time at least, parasites, living at the expense of the host

and elaborating their own special products, which are harm

ful to one or more of the colonies of cells constituting the

healthy body, and thus place in jeopardy the health and even

the existence of the whole. These cells find their way into

the body with the food, drink, or inhaled air, or through some

break in the skin or mucous membrane. These harmful

invaders may consist of microscopic, unicellular forms of

vegetable life known as bacteria, and the action of their spe

cial products upon the cells of the body gives rise to the

bacterial diseases.

Certain other vegetable forms of life, especially those be

longing to the fungi, live as parasites on the higher animals.

These arc not known to produce chemical poisons, but by their

presence and encroachment on certain tissues they induce

impaired or perverted action of the cells of the same. The

skin is the favorite habitat of these parasites, and the disorders

which they cause are known aafunt1uu* diseases.

Some species of single-celled animal organisms, known as

protozoa, invade the body and there live and reproduce them

selves, modifying, impairing, and destroying normal tissue.

The disorders resulting from these causes are known as pro

tozoal diseases.

Some more highly developed animals pass, at least, a por

tion of their lives as parasites, and we must recognize certain

diseases as due to animal paramte$.

The living cells of the animal body may be altered or

destroyed by the action of poisons of mineral, vegetable, or

animal origin. This poisoning may be acute or chronic; it

may manifest itself in one case principally by its action on the

nervous system, and in another the symptoms induced may

be referred more especially to the digestive organs. Dis

eases due to the administration of poisons generated wholly
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outside the body are grouped together under the name of in

toxications.

A given group of cells may be so altered by mechanical

violence that the continued performance of healthy function is

no longer possible. A depression of the skull, as the result of

a fall or blow, may induce epilepsy or insanity. Diseases in

duced in this manner are said to be traumatic.

Lastly, without outside interference, any group of cells in

the body may, from having an excess of work thrown upon it,

or from other causes, many of which remain unknown, fail to

do its duty, and, as a consequence, disaster may threaten the

whole. These diseases may be denominated as autogenous.

This gives us a simple etiological classification of diseases

into: 1. Bacterial. 2. Fungous. 3. Protozoal. 4. Animal

parasitic. 5. Intoxications. 6. Traumatic. 7. Autogenous.



CHAPTER I.

DEFINITION AND CLASSIFICATION OF THE BACTERIAL

POISONS.

Ptoma'ins.—An exact classification of the chemical factors

in the causation of the infectious diseases can probably not

be made at present. We know of two chemically distinct

classes, one of which contains substances which combine with

acids, forming chemical salts, and which in this respect at

least correspond with the inorganic and vegetable bases. The

members of this class are designated as ptoma'ins, a name

suggested by the Italian toxicologist, Selmi, and derived from

the Greek word irrufia, meaning a cadaver. A ptomain may

be defined as an organic chemical compound, basic in char

acter, and formed by the action of bacteria on nitrogenous

matter. On account of their basic properties, in which they

resemble the vegetable alkaloids, ptoma'ins may be called

putrefactive alkaloids. They have also been called animal

alkaloids, but this is a misnomer, because, in the first place,

some of them are formed in the putrefaction of vegetable

matter ; and, in the second place, the term " animal alkaloid "

is more properly restricted to the lcucomams—those basic

substances which result from tissue metabolism in the body.

Kobert employs the term ptomatin as etymologically prefer

able to ptomain.

While some of the ptoma'ins are highly poisonous, this is

not an essential property, and others are wholly inert. In

deed, the greater number of those which have been isolated up

to the present time do not, when employed in single doses,

produce any apparently harmful effects. Brieger restricts

the term ptomain to the non-poisonous basic products, and

designates the poisonous ones as " toxins." This is a classi
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fication, however, which seems to be of questionable utility.

It is not always easy to say just what bodies are poisonous and

what are not. The poisonous action of a substance depends

upon the condition under which, and the time during which,

it is administered. Thirty grains of quinin may be taken

by a healthy man during twenty-four hours without any ap

preciably ill effect, yet few of us would be willing to admit

that the administration of this amount daily for three months

would be wise or altogether free from injury. In the same

manner the administration of a given quantity of a putrefac

tive alkaloid to a dog or guinea-pig in a single dose may do

no harm, while the daily production of the same substance in

the intestine of a man and its absorption continued through

weeks and possibly months may be of marked detriment to the

health. We do not as yet know enough about the physiologic

or toxicologic action of the putrefactive alkaloids to ren

der the classification proposed by Brieger worthy of general

adoption. Besides, this term " toxin " is now quite gen

erally, although somewhat incorrectly, employed to designate

those non-basic bacterial poisons for which Brieger suggested

the name " toxalbumin."

All ptoma'ins contain nitrogen as an essential part of their

basic character. In this they resemble the vegetable alka

loids. Some of them contain oxygen, while others do not.

The latter correspond to the volatile vegetable alkaloids,

nicotin and coniin, and the former correspond to the fixed alka

loids.

Since all putrefaction is due to the action of bacteria, it

follows that all ptoma'ins result from the growth of these

microorganisms. The kind of ptomam formed will depend

upon the individual bacterium engaged in its production, the

nature of the material being acted upon, and the conditions

under which the putrefaction goes on, such as the tempera

ture, the amount of oxygen present, and the duration of the

process.

Brieger found that, although the Eberth bacillus grew

well in solutions of pepton, it did not produce any ptoma'ins ;



18 OLASSIFICA TION.

while from cultures of the .game bacillus in beef-tea he ob

tained a poisonous alkaloid. Frrz found that whilst the

bacillus butyricus produces by its action on carbohydrates

butyric acid, in glycerin it produces propylic alcohol, and

Morin has found amvl alcohol among the products of this

germ. Brown has" shown that while the mycoderma aceti

converts ethylic alcohol into acetic acid, it converts propylic

alcohol into propionic acid, and is without effect upon

methylic alcohol, primary isobutylic alcohol, and amylic alco

hol. Some bacteria will not multiply below a given temper

ature. Thus, the bacillus butyricus will not grow at a tem

perature below 24°. ' The lower temperature does not destroy

the organism, but it lies dormant until the conditions are

more favorable for its growth. Pasteur divided bacteria

into two classes—the aerobic and the anaerobic. As the

name implies, the former grow and thrive in the presence of

air, while the latter find their conditions of life improved by

the exclusion of air. Therefore, different ptomains will be

formed in decomposing matter freely exposed to the air, and

in that which is buried beneath the soil or from which the air

is largely excluded. Ignorance of this fact has led to some

serious mistakes in toxicologic work, as we shall see further

on. Even when the same ferment is present the products of

the I nit refaction will vary, within certain limits, according to

the extent to which the putrefying material is supplied with

air. The kind of ptomain found in a given putrid substance

will depend also upon the stage of the putrefaction. Ptomams

are transition products in the process of putrefaction. They

are temporary forms through which matter passes while it is

being transformed, by the activity of bacterial life, from the

organic to the inorganic state. Complex organic substances,

as muscle and brain, are broken up into less complex mole

cules, and so the process of chemic division goes on until

the simple and well-known final products, carbonic acid gas,

ammonia, and water, result ; but the variety of combinations

1 All temperatures Riven in this work nre centigrade, unless otherwise

specified.
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into which an individual atom of carbon may enter during

this long series of changes is almost unlimited, and with each

change in combination there is more or less change in nature.

In one combination the atom of carbon may exist as a con

stituent of a highly poisonous substance, while the next com

bination into which it enters may be wholly inert.

It was formerly supposed that putrefaction was simply

oxidation, but the researches of Pasteur and others have

demonstrated the fact that countless myriads of minute or

ganisms are engaged constantly in transforming matter from

the organic to the inorganic form. Lock up the bit of flesh

so that these little workers cannot reach it, and it will remain

unchanged indefinitely.

It may be asked if any of the changes occurring during

putrefaction are to be regarded as purely chemic. Without

doubt, many of the secondary products of putrefaction arise

from reactions between antecedent and more complex products

or by the action of oxygen, water, and reducing agents upon

primary products. Ptomains formed in this way may be

regarded as the indirect results of bacterial life.

Bacterial Proteids.—These substances have been known

for so short a time and are at present so imperfectly known

that many difficulties arise in discussing them. In the first

place, we may divide the bacterial proteids into two classes :

1. Those which constitute an integral part of the bacterial

cells; and 2. Those which have not been assimilated by the

cells, but which have been formed by the fermentative or

cleavage action of the bacteria on the proteid bodies in which

they are growing. Even this classification is of questionable

value. We allow bacteria to grow for a number of days in a

nutrient solution. We then separate the soluble constituents

from the formed cells by filtration through porous tile ; we

wash the latter and then study their proteid contents ; but a

considerable proportion of the contents of the living cells has

already passed into solution, and the bacterial detritus left on

the filter gives no exact knowledge of the constituents of the
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living cells. Besides, the living cells absorb and excrete, and

we are not yet always able to distinguish between those sub

stances formed within the cell and those pre-existing in the

culture medium. The filtrate contains, or may contain, any

one or more of the following proteid bodies: 1. Those por

tions of the proteid substances which were used in the prepara

tion of the nutrient solution and which have escaped the

action of the bacteria; 2. Proteids which have been at one

time integral parts of the cells, but which have passed into

solution on the death and dissolution of the bacteria; and 3.

Proteids which have been formed by the fermentative action

of the bacteria, or those which are defined as constituting the

second class, as given above. We know at present of no

means by which one of these proteids can with certainty be

isolated from the others. However, the above classification

is a convenient one, and with a clear understanding that it is

not free from criticism we may employ it until a more thorough

and scientific study of these bodies has been made.

There is no positive proof up to the present writing (1895)

that any of the proteids formed by the cleavage action of

bacteria on the normal proteids of culture media, or on those

of the animal body, are specifically factors in the production

of disease. Many bacteria peptonize proteids, but there is no

evidence that the peptons thus formed are anymore poisonous

than those formed by the gastric juice. However, the work

that has been done on this subject can hardly be regarded as

conclusive. As we shall see later, bacteria form poisons by

synthetic rather than by analytic processes. The poisons are

formed within the bacterial cells. The constituents of the

nutritive media are incorporated in the bacteria before they

become specific poisons.

The Bacterial Cellular Proteids.—Nencki first pre

pared one of these substances from putrefactive bacteria. These

were obtained by decantation, freed from fat with ether, dis

solved in fifty parts of a potash solution of 0.5 per cent.,

heated for some hours at 100°, and filtered. The filtrate was
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acidified with dilute hydrochloric acid and precipitated by

the addition of rock salt. The precipitate was washed with a

saturated salt solution, dried at 100°, and washed free from

salt with water. Nencki designates this substance as

" mycoprotein," and finds that it has the formula, C^H^N/I,.

Freshly precipitated mycoprotein forms amorphous flakes,

which are soluble in water, alkalis, and acids. The aqueous

solution is acid in reaction. After being dried at 100° it is

no longer wholly soluble in water. Nencki found that it is

not precipitated from aqueous solution by alcohol, but by

picric acid, tannic acid, and mercuric chlorid ; that it does

not give the xanthoproteic, but does give the Millon and the

biuret reactions. According to Schaffer, it is changed by

acids into pepton, and on being fused with five parts of potash

it breaks up into ammonia, amylamin, phenol (0.15 per cent.

of its weight), valerianic acid (.'!8 per cent.), leucin, and traces

of iudol and skatol. A proteid obtained from the yeast plant

has the formula, C„H,1N3O,.

The purified pyogenetic agent obtained from the pneu

monia bacillus of Friedlander was found by Buchner to

give the following reactions : It is soluble in water and the

concentrated mineral acids, very soluble in dilute alkalis,

from which it is precipitated on the addition of an acid.

From its aqueous solution, it is not precipitated by heat, nor

by saturation with sodium chlorid, but is precipitated by mag

nesium sulphate, copper sulphate, platinum chlorid, gold

chlorid, lead salts, picric acid, tannic acid, and absolute alco

hol. It gives the xanthoproteic, Millon, and biuret reactions.

In old bouillon cultures the dead disintegrated bodies of the

bacteria form a sediment. It is not at all probable that an

analysis of this sediment represents fairly the constituents of

the living germs. During the disintegration certain con

stituents of the cell pass into solution, and these soluble sub

stances are probably the most important constituents of the

bacterial cells, so far as they are concerned in the causation

of disease. Similar processes undoubtedly occur in the body

of an animal infected with a pathogenic organism, and here

2*
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it must be that the soluble substances cause the symptoms of

the disease and death. Indeed, we know this is true, because

the " toxins " are soluble bodies.

Toxins.—When it became known that some of the specific

pathogenic germs elaborate both in artificial cultures and in

susceptible animals poisonous basic substances, or ptomains,

it was surmised that the symptoms of the diseases induced by

these microorganisms were due in all cases to such basic

poisons, and chemists labored diligently to isolate from cul

tures of each germ its special basic product. These labors

soon led to the recognition of the fact that the above-men

tioned surmise had been hastily drawn. It was found to be

true that the symptoms of each and every infectious disease

investigated are due to the chemic products elaborated by

the activity of the germ, but these chemic products are not,

in the majority of these diseases, basic in character, and con

sequently they cannot be classed among the ptomains. In

deed, we do not know of any specific infectious disease, the

symptoms of which are due solely to basic poisons. In the

etiological study of the infectious diseases the ptomains are of

secondary importance among the bacterial poisons. Brieger

succeeded in isolating from pure cultures of the tetanus

bacillus as many as four ptomains, but the poisonous effects

induced by these substances are not comparable in violence

with those which follow injections of tetanus cultures from

which the bacillus had been removed by filtration. The fact

that the filtered culture is more poisonous than any or all of

its basic contents necessitates the conclusion that the culture

contains some more active constituent.

Lqeffler, Roux, Yersin, Brieger and Fraenkel

failed to find any active ptoma'in in sterilized cultures of the

diphtheria bacillus, notwithstanding the fact that these solu

tions possessed remarkably poisonous properties. Results

similar to these have been obtained with the germs of other

diseases. What, then, is the nature of the powerful poisons

that are formed in cultures of the bacteria of tetanus, diph
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theria, tuberculosis, typhoid fever, anthrax, and other in

fectious diseases, and to which the symptoms and death are

due? In their studies of the diphtheria poison, Roux and

Yersin thought that it might be a ferment. Brieger and

Fraenkei, combated this idea, and advanced the belief that

the diphtheria poison is an albuminous body. Indeed, they

made an ultimate analysis of the precipitated poison, and

upon the results of this, together with the occurrence of cer

tain reactions, they based the validity of their conclusions.

They proposed that these non-basic bacterial poisons should

be called "toxalbumins," and unfortunately this term has

been extensively employed. They also believed that these

" toxalbumins " originate in the splitting up of the proteid

btxlies in the culture media by the action of the bacteria.

Now, it has turned out that the two facts that seem to be

most positively proven in regard to the toxins are: 1. They

are not albumins ; and 2. They are not formed by the splitting

up of the proteids of the culture media.

It is not our intention to discuss the toxins in detail at this

time. They will be described under the several infectious

diseases, the chemic poisons of which will be spoken of in a

subsequent chapter. In 1891, Freer made an ultimate

analysis of a toxin obtained by Vaughan from a toxicogenic

germ found in drinking-water. The results obtained by this

analysis are as follows: Carbon, 48.40 per cent.; hydrogen,

7.09 per cent.; nitrogen, 13.44 per cent.; phosphorus, 0.09

per cent. Sulphur was absent. The absence of sulphur and

he very small per cent. of phosphorus indicate that this

toxin was nearly pure.

In 1893, Brieger and Cohn found that the tetanus toxin,

in the purest form in which they could obtain it, contains no

phosphorus, and only unweighable traces of sulphur. The

trace of sulphur was probably due to the ammonium sulphate

used in precipitation.

Later (1895), Brieger made an ultimate analysis of the

tetanus toxin, so far purified that 0.00000005 gram kills

mice, with the following results : Carbon, 52.08 per cent. ;
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hydrogen, tf.l per cent.; nitrogen, 15.71 per cent. This

purified toxin is not precipitated by ammonium sulphate, and

it gives the biuret reaction so imperfectly that Brieger feels

justified in saying that the coloration is not due to the toxin,

but to some proteid impurity.

The above-mentioned facts convince us that the specific

bacterial poisons, now generally known as " toxins," are not

proteid bodies. As everyone knows, the word toxin simply

means a poison, and all poisons are toxins. Poisonous

ptoma'ins are also bacterial toxins, but we shall employ the

term throughout the book to designate the powerful, specific

bacterial poisons, the chemic nature of which remains un

known to us. It is better to employ some general term of

this kind than to adopt a name that would give the reader an

erroneous impression.

Uschinsky has made a most important contribution to our

knowledge of the toxins, inasmuch as he has demonstrated that

these substances are not split products formed by the action

of bacteria on proteids pre-existing in the culture media, but

are synthetic products, and are formed when the germs are

grown on culture media containing no proteids. He has grown

a number of pathogenic microorganisms, including those of

cholera, diphtheria, tetanus, and typhoid fever, in the fol

lowing menstruum :

Water 1000 parts.

Glycerin 30-10 ..

Sodium chlorid 5-7 .'

Calcium chlori1l 0.1 part.

Magnesium sulphate 0.2-0.4 "

Di-potaoslum phosphate 2-2.5 I»rts.

Ammonium lactate 6-7 "

Sodium asparaglnate 3.4 "

From these cultures he obtained toxins that were not less

virulent than those formed in bouillon-pepton. The tetanus

bacillus grows more luxuriantly in this solution when from 1

to 2 per cent. of grape sugar is added, although some have

denied that this germ will grow in this medium. However,

this is of no importance to us at this time. If the cholera,
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diphtheria, and typhoid bacilli form their poisons by synthetic

processes it is altogether likely that the tetanus bacillus acts

in the same way, even if it should require more complex

articles of food.

Uschin8KY did not attempt to isolate the toxins from the

proteid bodies which were present in these cultures, and which

also must have been formed by the synthetic action of the

bacteria. For this reason, the reactions that he obtained from

these cultures must not be considered as identical with those

of isolated toxins, a distinction which evidently some other

investigators have failed to perceive.

Fraenkel has prepared active tuberculin and mallein

from cultures of the respective bacilli grown in media free

from proteids. The independent investigations of KOhne,

Proskauer, and Wesbrook give like results.

Tichomiroff has shown that nucleinic acid precipitates

the toxins of tetanus and diphtheria, but fails to precipitate

those of cholera and of streptococcus infection.



CHAPTER II.

HISTORICAL SKETCH OF THE BACTERIAL POISONS.

It must have been known to primitive man that the eating

of putrid flesh was liable to afTect the health more or less

seriously ; and when he began his endeavors to preserve his

food for further use, instances of poisoning from putrefaction

must have multiplied. However, the distinguished physiolo

gist, Albert von Haller, seems to have been the first to

make any scientific experiments concerning the effects of

putrid matter upon animals. He injected aqueous extracts

of putrid material into the veins and found that death re

sulted. Later in the eighteenth century Morand gave an

accouut of the symptoms induced by eating poisonous meat.

In the early part of the present century (1808 to 1814)

Gaspard carried on similar experiments. His studies were

made with the putrid flesh of both carnivorous and herbivorous

animals. With these he induced marked nervous disturbances,

as stiffness of the limbs, opisthotonos, and tetanus. Gaspard

concluded from the symptoms that the poisonous effects were

not due to carbonic acid gas or hydrogen sulphid, but thought

it possible that ammonia might have part in their production.

It is easily seen now that the effects observed by Haller and

Gaspard may have been due to infection in part or alto

gether. When they injected putrid material they introduced

the bacteria, about which they knew nothing, as well as the

bacterial products. In 1820 Kerner published his first essay

on poisonous sausage, which was followed by a second in

1822. At first he thought that the poisonous properties were

due to a fatty acid, similar to the sebacic acid of Thenard, and

which originated during putrefaction. Later he modified

these views, and believed the poison to be a compound con
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sisting of the sebacic acid and a volatile principle. This may

be regarded as the first suggestion as to the probability of the

development of a poisonous substance with basic properties in

decomposing matter. In 1822, Dupre observed a peculiar

disease among the soldiers under his care, who, during the

warm and dry summer of that year, were compelled to drink

very foul water. The disease thus induced must have been due

to infection rather than to intoxication. Later, Magendie,

induced by the investigations of Gaspard and the observa

tions of Dupre, made many experiments, in which dogs and

other animals were confined over vessels containing putrid

animal matter and compelled constantly to breathe the emana

tions therefrom. The effects varied markedly with the species

of animal and the nature of the putrid material, but in some

instances symptoms were induced which resembled closely

those of typhoid fever in man. Leuret directed his attention

to the chemic changes produced in blood by putrefaction,

but accomplished nothing of special value. Dupuy injected

putrid material into the jugular vein of a horse, and with

Trousseau studied alterations produced in the blood by these

injections.

During the third decade of the present century there were

many investigators, in addition to those mentioned above,

who endeavored to ascertain the active agent in poisonous

foods. Dann, Weiss, Buchner, Schumann, Cadet de

Gassicourt, and Orfila studied poisonous sausage, but made

no advance upon the work done by Kerner. Henneman,

Hunnefeld, Westrumb, and SertCrner made contribu

tions concerning poisonous cheese, but all believed the caseie

acid of Kerner to be the poisonous principle.

In 1850, Schmidt, of Dorpat, made some investigations on

the decomposition products and volatile substances found in

cholera stools; and, two years later, Mever, of Berlin, in

jected the blood and stools of cholera patients into lower

animals. In 1853, Stich made an important contribution on

the effects of acute poisoning with putrid material. He ascer

tained that, when given in sufficient quantity, putrid matter
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produces an intestinal catarrh, with choleraic stools. Nervous

symptoms, trembling, unsteady gait, and, finally, convulsions

were also observed. Stich made careful post-mortem exam

inations, and was unable to find any characteristic or impor

tant lesions. Theoretically, he concluded that the putrid

material contained a ferment which produced rapid decom

position of the blood.

In 1N56 Panum published a most important contribution

to the knowledge of the nature of the poison present in putrid

flesh. He first demonstrated positively the chemic char

acter of the poison, inasmuch as he showed that the aqueous

extract of the putrid material retained its poisonous properties

after treatment which would insure the destruction of all or

ganisms. His conclusions were as follows :

1. "The putrid poison contained in the decomposed flesh

of the dog, and which is obtained bv extraction with distilled

water and repeated filtration, is not volatile, but fixed. It

does not pass over on distillation, but remains in the retort.

2. " The putrid poison is not destroyed by boiling, nor by

evaporation. It preserves its poisonous properties even after

the boiling has been continued for eleven hours, and after the

evaporation has been carried to complete desiccation at 100°.

3. " The putrid poison is insoluble in absolute alcohol, but

is soluble in water, and is contained in the aqueous extract

which is formed by treating with distilled water the putrid

material which has previously been dried by heat and washed

with alcohol.

4. " The albuminoid substances which frequently are found

in putrid fluids are not in themselves poisonous only so far as

they contain the putrid poison fixed and condensed upon

their surfaces, from which it can be removed by repeated and

careful washing.

5. "The intensity of the putrid poison is comparable to

that of the venom of serpents, of curare, and of certain vege

table alkaloids, inasmuch as 0.(112 of a gram of the i1oison,

obtained by extracting with distilled water putrid material

which had been previously boiled for a long time, dried at
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100°, and submitted to the action of absolute alcohol, was

sufficient to almost kill a small dog."

Paniim made intravenous injections with this poison, and

with ammonium carbonate, ammonium butyrate, ammonium

valerianate, tyrosin, and leucin, and found that the symptoms

induced bv the putrid poison differed from those caused by

the other agents. Moreover, he found the symptoms to differ

from those of typhoid fever, cholera, pysemia, anthrax, and

sausage poisoning. He was also in doubt as to whether the

poison acted directly upon the nervous svstem, or whether it

acted as a ferment upon the blood, causing decomposition, the

products of which affected the nerve-centres; but he was sure

that it could not correspond to the ordinary ferments, inas

much as it was not decomposed by prolonged boiling nor by

treatment with absolute alcohol. Certainly, the putrid poison

could not consist of a living organism.

The symptoms observed by Panum varied greatly with the

quantity of the poison used and the strength of the animal.

After the intravenous injection of large doses, death followed

in a very short time. In these cases there were violent

cramps, and involuntary evacuations of the urine and feces ;

the respirations were labored, the pallor was marked, some

times followed by cyanosis, the pulse feeble, the pupils widely

dilated, and the eyes projecting. In these cases the autopsy

did not reveal any lesion, save that the blood was dark, im

perfectly coagulated, and slightly infiltrated through the

tissue. Postmortem putrefaction came on with extraordinary

rapidity.

When smaller doses or more vigorous animals were used,

the symptoms did not appear before from a quarter of an

hour to two hours, and sometimes even later. In these cases

the symptoms were less violent, and the animal generally re

covered. In all instances, however, the disturbances were

more or less marked.

In addition to the "putrid poison," Panum obtained a

narcotic substance, the two being separated by the solubility

of the narcotic in alcohol. The alcoholic extract was evap



30 BACTERIAL POISONS.

orated to dryness, the residue dissolved in water and injected

into the jugular vein of a dog. The animal fell into a deep

sleep, which remained unbroken for twenty-four hours, when

it awoke apparently in perfect health. This is of special in

terest on account of the later researches of Bouchard, who

has shown that normal urine contains a narcotic substance

that can be extracted from the residue obtained by evapor

ation with alcohol.

Panum's first contributions, which were published in

Danish, did not attract the attention which they deserved,

until after the lapse of several years. Now, however, their

importance is fully appreciated, and the distinguished inves

tigator lived to receive the credit and honor due him.

Weber, in 1804, and Hemmer and Schwenni>'ger, m

1800, confirmed the results obtained by Panum ; and

Schwenninger announced that in the various stages of

putrefaction different products are formed, and that these

vary in their effects upon animals. In 1800, Bence Jones

and Dupre obtained from the liver a substance which in

solutions of dilute sulphuric acid gives the blue fluorescence

observed in similar solutions of quinin. To this substance

they gave the name " animal chinoidin." Subsequently, the

same investigators found this substance in all organs and

tissues of the body, but most abundantly in the nerves. Its

feebly acid solutions give precipitates with iodin, potassio-

mcrcuric iodid, phospho-molybdic acid, gold chlorid, and

platinum chlorid. From three pounds of sheep's liver, they

obtained three grams of a solution in which, after slight acidu-

lation with sulphuric acid, the intensity of the fluorescence

was about the same as that of a similarly acidulated solution

of quinin sulphate which contained 0.2 gram of quinin per

litre. Still later, this base was obtained by Marino-Zuco.

It is probably the product of fluorescing bacteria.

In 1868, Beromann and Schmiedeuerg separated, first

from putrid yeast, and subsequently from decomposed blood,

in the form of a sulphate, a poisonous substance which they

named sepsin. The sulphate of sepsin forms in needle-shaped
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crystals. Small doses (0.01 gram) of this substance were

dissolved in water and injected into the veins of two dogs,

In a short time it produced vomiting, and later diarrhira,

which, in one of the animals, after a time, became bloody.

Postmortem examination showed in the stomach and in

testines, bloody ecchymoses. It was now believed that the

" putrid poison " of Panum had been isolated, and that it was

identical with sepsin, but further investigations showed that

this was not true. There are marked differences in their

effects upon animals, and sepsin has not been found to be

generally present in putrid material. It is only rarely found

in blood, and the closest search has failed to show its presence

in pus. Bergmann, following the same method he had used

in extracting this poison from yeast, has been unable to ob

tain it from other putrid material. Moreover, he was not

always successful in obtaining the poison from yeast. Sepsin

was not obtained in quantity sufficient to serve for an ultimate

analysis, hence, its composition remains unknown.

Recently Levy, working under Schmiedeberg's directions,

has made an additional study of putrid yeast, in which he

found bacilli resembling those of mouse septicemia and the

proteus vulgaris. Dogs were treated with intravenous in

jections of liquefied gelatin cultures of the proteus, and the

symptoms of sepsin poisoning followed. Mice and rabbits

were found to be yet more susceptible to the poison. The

cultures were precipitated with absolute alcohol, and the re

sulting albuminous precipitate caused the same symptoms as

the cultures in mice, rabbits, and dogs.

The same author had the opportunity of investigating cases

of meat-poisoning due to infection with the proteus. The

keeper of a restaurant and some of his guests suffered from

a most violent purging, which in the case of the host terminated

fatally. In the vomited matter, in the stools, and in the bot

tom of the ice-box in which the meat was kept, the proteus

was found, and cultures of it produced the symptoms of sepsin

poisoning in animals. Levv concludes that the proteus is

the generator of sepsin. If this be true the poisonous effects
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observed by Beromann and Schmiedeberg were not due to

the crystals obtained by them, but to albuminous bodies. In

other words, the sepsin of Levv is not a ptomain.

In 18(19 Zulzer and Sonnenschein prepared from decom

posed meat extracts a nitrogenous base, which in its chemic

reactions and physiologic effects resembled atropin and

hyoscyamin. When injected under the skin of auimals it

produced dilatation of the pupils, paralysis of the muscles of

the intestines, and acceleration of the heart-beat; but it was

uncertain and inconstant in its action. A similar substance

has also been obtained from the bodies of those who have died

from typhoid fever, and it may be possible that the bella

donna-like delirium which frequently characterizes the later

stages of this disease is due to the ante-mortem generation of

this poison within the body.

Since 1870 many chemists have been engaged in making

investigations on the products of putrefaction. AVe can only

mention a few names at present, while others will be referred

to subsequently in discussing the individual ptomains.

First of all stands the Italian Selmi, who suggested the

name ptomain, and whose researches furnished us with much

information of value, and, what is probably of more im

portance, gave an impetus to the study of the chemistry of

putrefaction, which has already been productive of much

good and gives promise of much more in the future. Selmi

showed that ptomains could be obtained (1) by extracting

acidilied solutions of putrid material with ether; (2) by ex

tracting alkaline solutions with ether; (3) by extracting

alkaline solutions with chloroform ; (4) by extracting with

amylic alcohol ; and (5) that there yet remained in the solu

tions of putrid matter ptomains which were not extracted by

any of the above-mentioned reagents. In this way he gave

some idea of the great number of alkaloidal bodies which

might be formed among the products of putrefaction, and the

promising field thus discovered and outlined was soon occu

pied by a busy host of chemists. In the second place, he

demonstrated the fact that many of the ptomains give reactions
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similar to those given by the vegetable alkaloids. This led

the toxicologist into investigations, the results of some of

which we will ascertain further on.

Selmi, however, did not succeed in isolating completely a

single putrefactive alkaloid. All his work was done with

extracts. He remained ignorant, except in a general way, of

the composition of these bodies. Nencki, in 1876, made the

first ultimate analysis and determined the first formula of a

ptomain. This was an isomer of collidin, which will be

described later.

Rorsch and Fassbender, in a case of suspected poisoning,

obtained by the Stas-Otto method a liquid which could be

extracted from acid as well as alkaline solutions by ether, and

which gave all the general alkaloidal reactions. They were

unable to crystallize either extract by taking it up with

alcohol and evaporating. The colorless aqueous solution was

not at all bitter to the taste. The precipitate formed with

phospho-molybdic acid dissolved on the application of heat,

giving a green solution, which became blue on the addition of

ammonia. They believed that this substance was derived

from the liver, since fresh ox-liver, treated in the same man

ner, gave them an alkaloid which could be extracted with

ether from acid as well as from alkaline solutions. Gunning

found this same alkaloid in liver-sausage from which poisoning

had occurred. Rorsch and Fassbender state that while in

some of its reactions this substance resembles digitalin, it is

distinguished from this vegetable poison by the failure of the

ptomain to give the characteristic bitter taste.

Schwanert, whilst examining the decomposing intestines,

liver, and spleen of a child that had died suddenly, perceived

a peculiar odor and obtained by the Stas-Otto method (ether

extract from an alkaline solution) small quantities of a

base, which was distinguished from nicotin and coniin by its

greater volatility and its peculiar odor. He supposed that

this substance was produced by decomposition, and, in order

to ascertain the truth of his supposition, he took the organs of

a cadaver that had lain for sixteen days at a temperature of
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30° and was well decomposed. These were treated with tar

taric acid and alcohol. The acid solution was first extracted

with ether, and yielded no result ; it was then rendered alka

line and extracted with ether. The latter extract gave, on

evaporation, the same substance which he had found in the

organs of the child. The residue was a yellowish oil, having

an odor somewhat similar to propylamin. It was repulsive,

hut not bitter to the taste, and alkaline in reaction. On the

addition of hydrochloric acid it crystallized in white needles,

which were freely soluble in water, but soluble with difficulty

in alcohol. On the addition of ammonium hydrate to this

crystalline substance a white vapor of unpleasant odor was

given off. The crystals dissolved in sulphuric acid, forming

a solution which was at first colorless, but which gradually

became dirty brownish-yellow, and grayish-brown on the

application of heat. On being warmed with sodium molyb-

date a splendid blue color, becoming gradually gray, was

produced. Potassium bichromate and sulphuric acid gave a

reddish-brown, then a grass-green color. Nitric acid gave a

yellow color. A tartaric acid solution of the crvstals pro

duced, on the addition of platinum chlorid, a dirty-yellow

precipitate of small six-sided stars, which contained 31.55

per cent. of platinum. Gold chlorid gave a pale yellow,

amorphous precipitate ; mercuric chlorid yielded white crys

tals; potassio-mercuric iodid a dirty-white precipitate; and

potassio-cadmic iodid yielded no result. Tannic acid pro

duced only a turbidity. Sodium phospho-molybdate gave a

yellow, floceulent precipitate, which became blue on the

addition of ammonium hydrate. This base has a slight

reducing power, and in this it resembles a substance obtained

by Kelmi, but it differs from Helmi's extract inasmuch as it

does not give a violet coloration on being warmed with sul

phuric acid. In its amorphous character, its behavior to the

general alkaloidal reagents, and its lack of bitter taste, it

resembles the base obtained by Rorsch and Fassbender,

but, unlike that alkaloid, it is extractable from alkaline solu

tions only.
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Selhi, in commenting upon the base studied by IIorsch

and Fassbender, Schwanert, and himself, believing that

till were dealing with the same body, states that it does not

contain phosphorus, and that it is separated with extreme

difficulty from the vegetable alkaloids.

Liebermann, in examining the somewhat decomposed

stomach and intestines in a case of suspected poisoning, found

an alkaloidal body which was unlike that studied by the

chemists mentioned above, inasmuch as it was not volatile.

The Stas-Otto method was employed. The ether extract

from alkaline solution left, on evaporation, a brownish, resin

ous mass, which dissolved in water to a turbid solution, the

cloudiness increasing on heating. This reaction agrees with

coniin, but the odor differed from that of the vegetable alka

loid. The aqueous, strongly alkaline solution gave the fol

lowing reactions :

1. With tannic acid, a white precipitate.

2. With potassium iodid, a yellowish-brown, turning to

dark-brown precipitate.

3. With chlorin water, a marked white cloudiness.

4. With phospho-molybdic acid, a yellow precipitate.

5. With potassio-mercuric iodid, a white precipitate.

6. With mercuric chlorid, a white cloudiness.

7. With concentrated sulphuric acid, after a while, a red

dish-violet coloration.

8. With concentrated nitric acid, after evaporation, a yel

lowish spot.

These reactions exclude all vegetable alkaloids save coniin.

The putrefactive alkaloid docs not distil when heated on the

oil-bath to 200°, while coniin distils at 135°. The former is

with certainty distinguished from coniin by its non-poisonous

properties.

This substance is extracted by ether from acid, as well as

from alkaline solutions. The yellow, oily drops obtained

after the evaporation of the ether are soluble in alcohol. The

taste is slightly burning.

Selmi obtained from both putrefying and fresh intestines a



36 BACTERIAL POISONS.

substance which gave the general alkaloidal reactions with

potassium iodid, gold chlorid, platinum chlorid, potassio-

mercuric iodid, and phospho-molybdic acid. It had strong

reducing power, and when warmed with sulphuric acid gave

a violet coloration. These reactions were not due to leucin,

tyrosin, creatin, or creatinin. This is the substance which,

as has been stated, Selmi considered identical with that ob

served by Rorsch and Fassbender and Schwanert. The

minor differences observed by the different chemists may

have been due to the varying degrees of purity in which the

substance was obtained by them.

From human bodies from one to ten months after death,

Selmi removed many alkaline bases. From an ether solu

tion of a number of these, one was removed by treatment

with carbonic acid gas. One base which was insoluble in

ether, but readily soluble in amylic alcohol, was found to be

a violent poison, producing in rabbits tetanus, marked dilata

tion of the pupils, paralysis, and death.

Parts of a human body preserved in alcohol were found by

Selmi to yield an easily volatile, phosphorus-containing sub

stance, which was soluble in ether and carbon disulphid, and

gave a brown precipitate with silver nitrate. It was not the

phosphid of hydrogen. A similar substance was produced by

the slow decomposition of the yolks of eggs. With potassium

hydrate it gave off ammonia and yielded a substance having

an intense coniin odor. It was volatile and reduced phospho-

molybdic acid.

Selmi also obtained from decomposing egg-albumin a body,

the chlorid of which formed in needles, and possessed a curare

like action on frogs. From one arsenical body which had been

buried for fourteen days, he obtained, by extracting from an

alkaline (made alkaline with baryta) solution with ether, a

substance which formed in needles and which gave crystalline

salts with acids. With sulphuric acid it gave a red color;

with iodic acid and sulphuric acid it liberated free iodin and

gave a violet coloration ; with nitric acid it gave a beautiful

yellow, which deepened on the addition of caustic potash.
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latinum chlorid gave no precipitate save in highly concen-

.ated solutions. From a second arsenical body, Selmi ob-

vined by the same method a substance which gave, with tan-

ic acid, a white precipitate ; with iodiu in hydriodic acid a

:ermes-brown ; with gold chlorid a yellow, which was soon

educed ; with mercuric chlorid a white ; with picric acid a

/ellow, which gradually formed in crystalline tablets. This

,ubstance did not contain any arsenic, but was highly poison

ous. From the stomach of a hog, which had been preserved

in a solution of arsenious acid, Selmi separated an arsenical

organic base. The fluid was distilled in a current of hydrogen.

The distillate, which was found to be strongly alkaline, was

neutralized with hydrochloric acid and evaporated to dryness

when cross-shaped crystals, giving an odor similar to that of

trimethylamin were obtained. This substance was found by

Ciaccia to be highly poisonous, producing strychnia-like

symptoms. With iodin in hydriodic acid it is said to give a

gray, crystalline precipitate.

From the liquid which remained in the retort, a non-vola

tile arsenical ptoma'in was extracted with ether. An aqueous

solution of this gave with tannic acid a slowly forming, yel

lowish precipitate, and similarly colored precipitates with

iodiu in hydriodic acid, platinum chlorid, auric chlorid, mer

curic chlorid, potassio-mercuric iodid, potassio-bismuthie iodid,

picric acid, and potassium bichromate. The physiologic

action of this substance as demonstrated on frogs was unlike

that of the arsines, but consisted of torpor and paralysis.

Morigoia and Battistini experimented with alkaloids,

obtained from decomposing bodies, upon guinea-pigs and

frogs, but did not attempt their isolation because of the rapid

decomposition which they undergo when exposed to the air

and by which they lose their poisonous properties. These

alkaloids they found to be easily soluble in amylic alcohol,

less soluble in ether.

In 1871 Lombroso showed that the extract from mouldy

corn-meal produced tetanic convulsions in animals. (It must

not be forgotten that similar effects may be due to the cornutin

3
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of ergot.) This threw some light upon the cases of sporadic ill

ness which had long been known to occur among the peasants of

Lombardy, who eat fermented and mouldy corn-meal. In 1876

Brugnatelli and Zenoni obtained by the Stas-Otto method

from this mouldy meal an alkaloidal substance which was

white, non-crystalline, unstable, and insoluble in water, but

readily soluble in alcohol and ether. With sulphuric acid

and bichromate of potassium it yields a color reaction very

similar to that of strychnin.

The action of the ether extracts from decomposed brain re

sembled that of curare, but was less marked and more transi

tory. The beats of the frog's heart were decreased in number

and strengthened in force ; the nerves and the muscles lost their

irritability, and the animal passed into a condition of complete

torpor. The pupils were dilated. Guareschi and Mosso,

using the Stas-Otto method, obtained from human brains

which had been allowed to decompose at a temperature of

from 10° to 15° for from one to two months, both volatile and

non-volatile bases. Among the former only ammonia and

trimcthylamin were in sufficient quantity for identification.

With these, however, were minute traces of ptomains.

They obtained non-volatile bases from both acid and alka

line solutions. From the former they separated a substance

which gave precipitates with gold chlorid, phosphotungstic

acid, phnspho-molybdic acid, Mayer's reagent, palladium

chlorid, picric acid, iodin in potassium iodid, and slightly with

tannic acid. This substance was not precipitated with plati

num or mercury.

From the alkaline extract there was obtained a substance

which in dilute hydrochloric acid solutions gave with gold

chlorid a heavy yellow precipitate with reduction, also pre

cipitates with phospho-molyhdic acid, platinum chlorid,

Mayer's reagent, picric acid, phosphotungstic acid, Marnie's

reagent, iodin in potassium iodid, tannin, bichromate of potas

sium, palladium chlorid, and mercuric chlorid. It reduces

ferric salts. From decomposed fibrin the same investigators

obtained one well-defined ptomain. Analyses of the platinum
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compound of this substance gave the formula C16H15N. This

substance will be discussed in a future chapter.

From fresh brain substance they separated ammonia, trime-

thylamin, and an undetermined base. These, however, are

not to be regarded as products of putrefaction, but as result

ing from the action of the reagents upon the brain substance.

The trimethylamin probably arises from the splitting up of

lecithin, while the undetermined base is most likely cholin,

which also results from the breaking up of the lecithin mole

cule.

They also show that when Dragendorff's method is used

basic substances can be obtained from fresh meat, and these

are shown to be produced by the action of the sulphuric acid

on the flesh.

To Brieger (1882-88) is due the credit of isolating and

determining the composition of a number of ptomains. From

putrid flesh he obtained neuridin, C5H„N„ and neurin,

C5H„NO. The former is inert, while the latter is poisonous.

From decomposed fish he separated a poisonous base, C,H4

(NH,);, which is an isomer of ethylidenediamin ; muscarin,

CVH„NO„ and an inert substance, C,H„N0„ gadinin. Kotteu

cheese yielded neuridin and trimethylamin. Decomposed glue

gave neuridin, dimethylamin, and a muscarin-like base. In

the cadaver, he has found in different stages of decomposition,

cholin, neuridin, trimethylamin, cadaverin, C5HMN„ putrescin,

C,H^N„ and saprin, C5H„N,. These are all inert. After

fourteen days of decomposition he found a poisonous sub

stance, mydalein. From a cadaver which had been kept at

from —9° to + 5° for four months, Brieger obtained mydin,

C5H„N0, the poisonous substance mydatoxin, C6H1sNO„ also

the poison methyl-guanidin. From poisonous mussel he sepa

rated mytilotoxin, C6H15NO,. From pure cultures of the

typhoid bacillus of Koch and Eberth, Brieger obtained a

poison, typhotoxin, and, from like cultures of the tetanus

germ of Rosenbach and Nicolaier, tetanin. All of these bases

will be discussed in detail in a subsequent chapter.
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Gautier and Etard isolated in 1881 the two bases which

will be described later.

In 1885, Vaughan succeeded in isolating an active agent

from poisonous cheese, to which he gave the name tyrotoxieon.

This discovery has been confirmed by Newton, Wallace,

SChAEFFER, STANTON, FlRTII, LaDd, WOLFF, KlMURA,

Davis, and Kinntcutt.

Nicati and Rietsch, Koch, and others, have shown the

presence of a poisonous substance in cultures of the cholera

bacillus. Salmon and Smith have done the same with cultures

of the hog-cholera germ ; Hoffa with those of the anthrax

bacillus ; and Brieger with those of the tetanus germ.

In 1887, Fodor made his second contribution on the ger

micidal action of the blood in vita. This gave an impetus to

the further study of the germicidal properties of blood-serum

and tissue-juices that has led to the most important results.

In 1888, Christmas obtained from cultures of the staphy

lococcus pyogenes aureus a substance which, when injected

into the anterior chamber of the eye or under the skin, causes

suppuration. Roux and Yersin showed that the chemic

poison of Loeffler's diphtheria bacillus is a non-basic body

which they believed to be of the nature of a ferment. Nut-

tall showed that defibrinated blood has marked germicidal

action.

In 1889, Hankin isolated from cultures of the bacillus

anthracis a poisonous albumose, which, when employed in

large doses, proves fatal, and in small doses gives immunity.

BuchNer demonstrated that the germicidal properties of

blood-serum remain after the destruction of all cellular ele

ments.

In 1890, Brieger and Fraenkel made their memorable

contribution on bacterial poisons, in which they detail the

methods by which they isolate their " toxalbumins " from cul

tures of the LoerHer bacillus, the anthrax bacillus, Eberth's

germ, the cholera vibrio, and the staphylococcus pyogenes

aureus. Martin made a more detailed study of the albu-

moses of anthrax. Vaughan reported toxins in cultures of
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two toxicogenic germs found in drinking-water, also in cul

tures of three of Booker's summer diarrhoea germs and in

poisonous cheese. Now and Schweinitz found both basic

and non-basic poisons in cultures of the hog-cholera bacillus.

Ehrlich gave great impetus to the study of immunity by his

researches on abrin and ricin. Koch announced tuberculin

as a cure for tuberculosis. Although the claims at first made

for this discovery have not been realized, it must always be

regarded as epoch-making in the history of medicine. Ogata

and Jasuhara discovered that animals susceptible to anthrax

might be made immune by treatment with the blood of ani

mals naturally immune. This laid the foundation for the

study of antitoxins. Behring and Kitasato showed that

the blood of animals rendered immune artificially may pro

tect susceptible animals, or that an antitoxin is formed during

the process of securing artificial immunity.

In 1891, Tizzoni and Cattani immunized animals to tetanus

by gradually augmented doses of the toxin, and other animals

with the blood-serum of the first. Kitasato ascertained that

the trichlorid of iodin so attenuates the tetanus bacillus that

it might be used without causing death and immunity could

be secured in this way. Behring began his work on immunity

against diphtheria in guinea-pigs.

In 1892, blood-serum therapy, which had been attempted

before by Babes and Tizzoni, was brought into prominence

by the researches of Behring. However, it was not until

1 894 that serum was largely used in the treatment of diphtheria.

In 1893, one of the most important announcements was the

discovery of the germicidal properties of the nucleins.

In 1894, the researches of Phisalix and Bertrand, and

of Calmette on the venom of serpents and antivenomous

serum are worthy of note as are those of Metschnikoff on

cholera, of Roux on immunizing horses to diphtheria, and the

general results obtained by the employment of blood-serum as

a specific curative agent.

These and many other discoveries in the chemistry of bac

teriology will be discussed in some detail in the following

chapters.



CHAPTER III.

FOODS CONTAINING BACTERIAL POISONS.

Poisonous Mussels.—Judging from the symptoms pro

duced, there seem to be three different kinds of poisonous

mussel. In one class the symptoms resemble those of a true

gastro-intestinal irritant. Fodere reports the case of a

sailor, who, after eating a large dish of mussels, suffered from

nausea, vomiting, pain in the stomach, tenesmus, and rapid

pulse. After death, which occurred within two days, the

stomach and intestines were found inflamed and filled with a

tenacious mucus. Combe and others also report cases of the

choleraic form of poisoning from mussel.

However, the symptoms which most frequently manifest

themselves after the eating of poisonous mussels are more

purely nervous. A sensation of heat and itching appears

usually in the eyelids, and soon involves the whole face, and

perhaps a large portion of the body. An eruption, usually

called nettle-rash, though it may be papular or vesicular,

covers the parts. The itching is most annoying, and may be

accompanied by marked swelling. There follows a distressing

asthmatic breathing, which is relieved by ether. In some

cases reported by Mohrino dyspnoea preceded the eruption,

the patients became insensible, the face livid, and convulsive

movements of the extremities were noticed. Burrow reports

similar cases with delirium, convulsions, coma, and death

within three days.

In a third cla«s of wises there may be a kind of intoxication

resembling somewhat that of alcohol, then paralysis, coma,

and death.

In 1827, Comiie observed thirty persons poisoned, two of

them fatally, with mussels. He described the symptoms as
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follows : " None, so far as I know, complained of anything

peculiar in the smell or taste- of the animals, and none suf

fered immediately after taking them. In general, an hour or

two elapsed, sometimes more ; and the bad effects consisted

rather in uneasy feelings and debility than in any distress

referable to the stomach. Some children suffered from eating

only two or three ; and it will be remembered that Robertson,

a young and healthy man, only took five or six. In two or

three hours they complained of a slight tension at the stomach.

One or two had cardialgia, nausea, and vomiting ; but these

were not general or lasting symptoms. They then complained

of a prickly feeling in their hands, heat and constriction of the

mouth and throat ; difficulty of swallowing and speaking

freely ; numbness about the mouth, gradually extending to

the arms, with great debility of the limbs. The degree of

muscular debility varied a good deal, but was an invariable

symptom. In some it merely prevented them from walking

firmly, but in most of them it amounted to perfect inability to

stand. While in bed they could move their limbs with tol

erable freedom, but on being raised to the perpendicular

posture they felt their limbs sink under them. Some com

plained of a bad, coppery taste in the mouth, but in general

this was in answer to what lawyers call a leading question.

There was slight pain of the abdomen, increased on pressure,

particularly in the region of the bladder, which organ suffered

variously in its functions. In some the secretion of urine was

suspended, in others it was free, but passed with pain and

great effort. The action of the heart was feeble ; the breathing

unaffected ; the face pale, expressive of much anxiety ; the

surface rather cold ; the mental faculties unimpaired. Un

luckily, the two fatal cases were not seen by any medical

person ; and we are, therefore, unable to state minutely the

train of symptoms. We ascertained that the woman, in whose

house were five sufferers, went away as in a gentle sleep, and

that a few moments before death she had spoken and swallowed."

The woman died within three hours, and the other death

was that of a watchman, who was found dead in his box six
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or seven hours after he had eaten the mussels. Postmortem

examination in these showed no abnormality. The stomach

contained some of the food partially digested.

The explorer Vancouver reports four cases similar to

those observed by Combe. One of the sailors died in five and

a half hours after eating the mussels.

In some recent cases reported by SChMIDTMANN, as quoted

by Brieger, the symptoms were as follows : Some dock hands

and their families ate of cooked blue mussels which had been

taken near a newly-built dock. The symptoms appeared,

according to the amount eaten, from soon after eating to

several hours later. There was a sensation of constriction in

the throat, mouth, and lips; the teeth were set on edge, as

though sour apples had been eaten. There was dizziness, no

headache; a sensation of flying, and an intoxication similar

to that produced by alcohol. The pulse was hard, rapid

(eighty to ninety), no elevation of temperature, the pupils

dilated and reactionless. Speech was difficult, broken, and

jerky. The limbs felt heavy ; the hands grasped spasmodically

at objects and missed their aim. The legs were no longer

able to support the body, and the knees knocked together.

There was nausea, vomiting, no abdominal pain, no diarrhtea.

The hands became numb and the feet cold. The sensation of

cold soon extended over the entire body, and in some the

perspiration flowed freely. There was a feeling of suffocation,

then a restful and dreamless sleep. One person died in one

and three-quarters of an hour, another in three and one-half

hours, and a third in five hours, after eating of the mussels.

In one of these fatal cases rigor mortis was marked and

remained for twenty-four hours. The vessels of all the organs

were distended, only the heart was empty. Virchow con

cluded from the conditions observed that the blood had

absorbed oxygen with great avidity. There was marked

hyperemia and swelling of the mucous membrane of the

stomach and intestines, which Virchow pronounced an

enteritis. The spleen was enormously enlarged and the liver

showed numerous hemorrhagic infarctions.



POISONOUS MUSSELS. 45

Many theories have been advanced to account for poison

ous mussels. It was formerly believed that the effects were

due to copper which the animals obtained from the bottoms

of vessels ; but, as Christison remarks, copper does not pro

duce these symptoms. Moreover, Christison made analysis

of the mussels which produced the symptoms observed by

Combe, and was unable to detect any copper. Bouchardat

found copper in some poisonous mussels, but he does not state

the amount of the copper nor the source of the animals.

Edwards advanced the theory that the symptoms were

wholly due to idiosyncrasy in the consumer. This may be

true in some instances where only one or two of those partak

ing of the food are affected, but it certainly is not a tenable

hypothesis in such instances as those reported by Combe and

Schmidtmann, where a large number or all those who par

took of the food were affected.

Coldstream found the livers of the Leith mussels, as he

thought, larger, darker, and more brittle than normal, and to

this diseased condition he attributed the ill effects.

Lamoroux, Mohring, d£ Beume, Chenu, and du Kon-

deau have supposed that the poisonous effects were due to a

particular species of medusae upon which the mussels feed.

De Beume found in the vomited matter of one person, suffer

ing from mussel poisoning, some medusae, and he states that

these are most abundant during the summer, when mussels

are most frequently found to be poisonous.

The theory of Burrow that the animal is always poisonous

during the period of reproduction has been received with con

siderable credit. However, cases of poisoning have occurred

at different seasons of the year.

Crumpe, in 1872, suggested that there is a species of mus

sel which is in and of itself poisonous, and this species is often

mixed with the edible variety. Schmidtmann and Virchow

support this idea. They state that the poisonous species has a

brighter shell, a sweeter, more penetrating, bouillon-like odor

than the edible kind, also that the flesh of the former is yel

low and that the water in which they are cooked is bluish.

3*
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Lohmeyer also champions this opinion. This theory, how

ever, is opposed by the majority of zoologists. MtiBiua states

that the peculiarities of the supposed poisonous variety pointed

out by ViRchow and Schmidtmann are really due to the

conditions under which the animal lives, the amount of salt

in the water, the temperature of the water, whether it is mov

ing or still water, the nature of the bottom, etc. Finally,

Mounts states that the sexual glands, which form the greater

part of the mantle, are white in the male and yellow in the

female. However, it has been shown later by Schmidtmann

and Virchow that edible mussels may become poisonous if

left in filthy water for fourteen days or longer, and, on the

other hand, poisonous ones may become fit for food if kept for

four weeks in good water.

Cats and dogs which have eaten voluntarily of poisonous

mussels have suffered from symptoms similar to those observed

in man ; and rabbits have been poisoned by the administra

tion of the water in which the food has been cooked. A rab

bit which was treated in this manner by Schmidtmann died

within one minute. From these mussels Brieger extracted

the ptomain mytilotoxin, which will be discussed in a subse-

quent chapter. This poison has a curare-like action. Whether

or not those mussels which produce other symptoms also con

tain ptomains, remains for future investigations to determine.

In 1887 three other cases of mussel poisoning, one fatal case,

occurred at Wilhelmshaven, the place which supplied Brie

ger with the mussels from which he obtained mytilotoxin.

Schmidtmann has found that non-poisonous mussels placed

in the waters of this bay soon become poisonous, and that the

poisonous mussels from the bay placed in the open sea soon

lose their poisonous properties. Linder has found in the

water of the bay and in the mussels living in it a great variety

of protozoa, amoeba, bacteria, and other lower organisms,

which are not found in the water of the open sea nor in the

non-poisonous mussel. He has also found that, if the water

of the bay be filtered, non-poisonous mussels in it do not be

come ix)isonous. He therefore concludes that poisonous mus
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sels are those which are suffering from disease due to residence

in filthy water.

Cameron examined mussels that poisoned seven persons,

five fatally, near Dublin. The symptoms were vomiting,

dyspnoea, incoordination, and spasms. The mussels contained

enlarged livers ; and a base, probably identical with mytilo-

toxin, was isolated. The water in which these mussels lived

was contaminated with sewage.

Brieger has tested dead and decomposed mussels taken

from the open sea for mytilotoxin, with negative results.

Poisonous Oysters and Eels.—Pasquier reported cases

of poisoning at Havre from the eating of oysters taken from

an artificial bed which had been established near the outlet of

a drain from a public water-closet. Christison says that an

" unusual prevalence of colic, diarrhoea, and cholera " at Dun

kirk was believed to have been traced to an importation of

unwholesome oysters from the Normandy coast. Vaughan

and Now obtained tests for tyrotoxicon in the liquor of some

decomposed oysters which had caused illness in many people

at a church festival.

Virey states that many persons were attacked with violent

pain and diarrhoea a few hours after eating a pat6 made of

eels from a stagnant cattle-ditch near Orleans, also that simi

lar cases have occurred in various parts of France, and that

domestic animals have been killed by eating the remains of

the poisonous dish.

The uncooked blood and the blood-serum of the common

river eel, the Conger eel, and the murena are highly poison

ous. Pennavaria reports the case of a man who mixed the

blood from 0.64 kilo, of eel with 200 c.c. of wine and drank

it. A most violent purging, accompanied by insalivation,

stertorous breathing, leaden countenance, and glassy expres

sion of the eyes, resulted. Recovery followed the administra

tion of opium. Mosso has named the poisonous constituent

of eel serum ichthyotoxicum. It burns the tongue like phos

phorus. Subcutaneously it causes marked local reaction.
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For experimental purposes it is best administered intraven

ously. It induces in dogs convulsions, but not constantly.

The respiration is at first greatly accelerated and then ceases.

By artificial respiration, life can be prolonged. The pupiLs

are dilated, though they may contract before death. Blood

pressure is at first greatly increased, then it falls rapidly. The

blood loses its property of coagulation. When heated to 100°

the poison becomes inert and loses its sharp, burning taste.

Acetic and mineral acids destroy it. Mosso concludes that

ichthyotoxicum is a serum-albumin and finds that it can be

precipitated from the serum, and still retain its poisonous

properties by saturation with ammonium sulphate. Spring-

feld finds that the blood-serum of the river eel induces at

first nervous excitement, then convulsions followed by paral

ysis. His work confirms that of Mosso.

Fish Poisoning. — Some fish are always poisonous.

Others are poisonous, or, at least, markedly so, only during

the spawning season. Still others are subject to epidemic bac

terial diseases, and those affected with certain of these diseases

furnish flesh that is toxic to man, or, in other words, the bac

terial disease is transmitted to man with this food. Lastly,

fish, like other kinds of meat, may become infected with

saprophytic germs that may harm man. The Spaniards

use the word siguatera1 to designate the complex of symptoms

induced in man by the eating of fish that arc physiologically

poisonous ; and Blanchard proposes the general adoption

of this term, while he suggests that the word botulismus or

botulism be used to designate diseased conditions which result

from the eating of any kind of meat that is harmful on ac

count of bacterial infection. He says substantially as follows:

" There are two distinct categories of intoxication with the

flesh of vertebrates :

" Botulismus is an intoxication induced by meat invaded

by microbes and the ptomains elaborated by them. This

' Pronounced sig-wah-tt-ra.
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term is applicable not only to disease caused by market meat,

but also to that induced by preserved foods.

" Siguatera is an intoxication caused by fresh food, not in

fected with bacteria, and in which the poisonous principles

are leucomams formed by the physiological activity of the

tissues. I propose to designate this category of intoxication

by the word siguatera, a name employed by the Spanish

phvsicians of the Antilles to indicate poisoning by eating

fish."

Kobeht makes the following classification of poisonous

fish:

1. Many fish possess poisonous glands that are connected

with their barbed fins with which they wound their enemies.

The strncture of these glands is similar to those of poison

ous snakes. After the removal of the skin containing these

glands the flesh is not poisonous. Such are Trachinus draco

of the German lakes and Serranus scriba of the Mediterranean

Sea. Stomias boa is feared on account of its bite ; many

roaches have a poisonous barb in the tail. Bottard de

scribes five classes of fish supplied with poison-glands: 1. Of

this class, Synanceia brachio is a type and has its poison ap

paratus in the dorsal fin, consisting of thirteen barbs, each of

which has two poison reservoirs. Each of the twenty-six

reservoirs is supplied by ten or twelve tubular glands, the

secretion of which is a clear, bluish, feebly acid fluid. Undi

luted this secretion causes local gangrene ; when diluted it

causes paralysis. In Plotosus lanceatus in front of the ventral

fin there is a hollow barb with closed end, connected with a

poison reservoir, and the fluid flows only when the barb is

broken. 2. Trachinus draco is a typical example of this

class. The apparatus of Cottus scorpio and C. bubalis also is

of this kind. There are three hollow barbs on the gill cover

and the reservoirs connected with them secrete a poison only

during the spawning season. 3. Thalassophryne reticulata

has two hollow barbs, one on the gill cover and the other on

the back. 4. Murena helena has on the gums an open

pocket, the walls of which are lined with cells secreting a
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poison that moistens the teeth. 5. Scorpena scropha and 8.

porcus have open poison-glands connected with hollow barbs

situated in the dorsal and caudal fins. Chemically nothing is

known of the nature of these poisons ; pharmacologically it

has been demonstrated that thev cause severe inflammation

of the subcutaneous tissue.

2. The fish poisoning so well known in Japan is due to

different species of Tetrodon (Fugu). According to Remy

there are in Japan twelve species of fish, all belonging to the

genus Tetrodon, whose ovaries are poisonous. In winter when

the ovaries are atrophied they are least harmful. However,

Remv reports the following experiments made with fish

caught during the winter :

Dogs fed upon the ovaries or testicles soon sickened, with

salivation, severe and frequent vomiting and convulsive mus

cular contractions. Soon after the poison was gotten out of

the stomach by vomiting recovery followed. In order to

prevent this rapid elimination the organs were rubbed up in

a mortar and the fluid portion administered subeutaneously.

By this method, notwithstanding the fact that the experi

ments were made in winter, death resulted in less than two

hours. The symptoms consisted chiefly of disturbances of the

digestive and nervous systems. The most constant were un

easiness, salivation, vomiting of much mucus, severe contrac

tions of the abdomen, then paralytic symptoms, relaxation of

the sphincters, marked dyspna'a, cyanosis and dilatation of the

pupils. Death was due to dyspnoea. On section, the salivary

glands and pancreas were found injected and ecehymosed.

There were small hemorrhagic spots in the stomach and intes

tines. The liver and kidneys were filled with dark blood as

is seen in death from asphyxiation. No structural changes

could be found in the nervous system.

In men the first and most prominent symptoms are refer

able to the nervous system, although the vomiting may be so

severe that gastric hemorrhage occurs.

3. Chipea thrissa and 0. vuncnosa, also certain species of

Scarus, ha\-e no poisonous glands, nor are their reproductive
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organs more poisonous than other parts of the body. Still

these fish are always poisonous. According to Gunther

their harmful properties are due to the medusae, corals, and

other decomposing substances upon which they feed. In

the West Indies it is a recognized fact that all the fish caught

off certain coral banks are poisonous. Every part of the

animal is unfit for food. The symptoms are those of a gastro

enteritis and death frequently results.

4. In this class are included the cases that Blanchard

would describe under botulism. The poison is due to putre

factive changes. Instances of thus will be mentioned later.

5. In Russia many instances of fish-poisoning are due to

the fact that the fish are diseased and the disease is trans

mitted to man in his food. The most prominent symptoms

are cerebrospinal. Instances of this kind offish-poisoning are

well known in Germany also, and here they are due to eating

diseased barbels. The symptoms are identical with those of

cholera nostras, and the disease is known as " barbeneholera."

The poison, the nature of which is yet unknown, evidently

severely irritates the mucous membrane of the stomach and

intestines. This form of fish-poisoning is sometimes called

ichthyismus gastricus. The fish, Schistothorax, found in the

rivers of middle Asia, has a similar effect. Ichthyismus ex-

anthematicus, in which, along with or following the gastro

intestinal irritation, there is a scarlatinous rash, is probably

also due to the eating of diseased fish. Gar eels, oysters, mus

sels, and certain species of mackerel are especially likely to

induce this disease.

Petromyzon fluviatilis, which is not classed among fish by

modern zoologists, causes, according to Prochorow, a bloody

diarrhoea very frequently in the Jamberg district of Russia.

This occurs whether the fish is eaten raw or thoroughly

cooked. It is stated that if salt be sprinkled on the animal

while yet alive its skin secretes an abundant discharge of

mucus and after this the flesh is not poisonous.

Bohm and others have expressed some doubt about any

species of fish being per se poisonous. They have been in
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clined to attribute the effects so frequently observed to one or

the other of the following causes : 1 . The meat rapidly under

goes putrefactive changes and the ill effects are due to true

botulism. 2. The observed untoward symptoms are explain

able by supposing the existence of a marked idiosyncrasy in

the consumer. That the first supposition is not true is shown

by the following facts : 1. Poisoning with perfectly fresh fish

occurs not only in the tropies, where decomposition goes on

rapidly, but in the temperate zone as well, and during seasons

of the year and under conditions that exclude the possibility

of the ill effects being due to putrefactive changes in the

meat. 2. Certain species of tetrodon and other fish are so

well known to be poisonous, even when perfectly fresh, that

their consumption is at times resorted to, notably in China

and Japan, for suicidal purposes.

That the symptoms are not due to idiosyncrasy in the con

sumer is demonstrated by the effects of the flesh and of the

expressed juices upon the lower animals.

It has also been suggested that the poisoning may be due

to substances of vegetable origin which are employed in some

countries, notably by savage and partly civilized peoples, to

kill the fish. That this may have been true in some instances

is possible, but that this explanation is not applicable to any

large number of instances is shown by the observation that

where this method of obtaining fish for food is most frequently

practised no ill results follow, and where it is not resorted to

cases of fish-poisoning may be very common. According to

Husemann, Cocculus indicus has been employed for the pur

pose of catching fish. The leguminous plant, Piscidia, of the

West Indies owes its name to this use of its bark. In the

Dutch East Indies the cortex of the root of Derris elliptica

and the seed of Pachyrrhinus angulatus are employed for this

purpose. Both of these, according to Greshof, contain a

non-nitrogenous substance which is highly poisonous to fish,

and relatively harmless to other animals. An extract of the

derris root, which, in Borneo, is also used as an arrow poison,

kills fish when mixed with the water in the proportion of



FISH POISONING. 53

1 : 25,000, and the active principle in a dilution of 1 : 5,000,000.

Greshof has isolated both of these poisons and named them

derrid and pachyrrhizid. A legumin, Tephrosia ichthyonecea,

from West Africa also yields a non-nitrogenous poison, but

this affects other animals as well as fish. The fish-poison of

Java, from the seed of Milletia atropurpura, contains saponin,

and that of Ceylon, from Hydrocarpos inebrians, owes its ef

fects to hydrocyanic acid. (Husemann.) Robinia nicon of

tropical America is used by the savage tribes for the purpose

of benumbing fish. Geoffrey and Schlagdenhauffen

found this plant to contain a snow-white, crystalline substance,

freely soluble in alcohol, wholly insoluble in water. Water,

to which an alcoholic solution of this poison had been added

in the proportion, 1 : 1,000,000, killed fish. Other fish-poisons

of the West Indies are Jacquinia armillaris, which, on ac

count of the fact that its dried fruit is used for bracelets, is

known as bois bracelet, and Serjania letalis, from which the

poisonous honey of a certain wasp is prepared, the toxic

action of which St. Hilaire tested upon himself. (Huse-

MANX.)

Schmidt concludes his studies on some poisonous fish in

Russia with the following statements :

1. Poisoning with fish is not due to putrefaction.

2. Fish-poisoning (in Russia) is always due to some mem

ber of the sturgeon tribe.

3. The genesis of fish-poisoning has no relation to the

method of catching the fish, the use of salt, or imperfections

in the methods of preserving.

4. The poisonous substance is not distributed throughout

the animal, but is confined to certain parts.

5. The poisonous portion cannot be distinguished from the

non-poisonous, either macroscopically or microscopically.

tj. The (thoroughly) cooked meat is never poisonous.

7. The fish-poison is an animal alkaloid, produced most

probably by bacteria that cause an infectious disease in the

fish intra ritam.

Arustamow has studied eleven cases of fish-poisoning with
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five fatal cases. Some were caused by eating sturgeon anu

others were due to salmon. In the fish, and in the liver, kid

neys, and spleen of the dead persons, germs, resembling but

not identical with the typhoid bacillus, were found. More

over, the bacilli from the sturgeon and those from the salmon

were not identical, the latter being both thicker and longer

than the former. The most noteworthy symptoms were gen

eral weakness, dull pain in the abdomen, dyspnoea, mydriasis,

vertigo, and dryness of the mouth. This author also concludes

that the ill effects are due to bacteria, which are pathogenic

to the fish. The fish was eaten raw.

According to Anrep there are in poisonous fish two pois

onous ptomains. One of these is extracted from alkaline

solution with ether, chloroform, and benzin. It is amorphous

and insoluble in water, but forms easily soluble salts of great

toxicity, so that one-fourth milligram of the hydrochlorid

produces poisonous effects in dogs, and one-half milligram

kills rabbits. This ptomain may be preserved quite indefi

nitely in the dry state or dissolved in ether, but is speedily

destroyed by strong alkalis and acids. Dissolved in phos

phoric acid and evaporated it gives a red coloration, rapidly

passing into a dirty green. It gives precipitates with iodin in

potassium iodid, potassio-bismuth iodid, potassio-cadmic iodid,

phosphotungstic acid, and picric acid. With potassium ferri-

cyanid and ferric chlorid, it gives a blue coloration only

after many hours. Jakolew isolated a similar alkaloid from

poisonous sturgeon in 1889, but it differed from that of Anrei-

in the fact that the former gave precipitates with platinum

chlorid and tannin, while the latter did not. Anrep's second

ptomain is an oily substance, less poisonous than the solid.

These ptomains have a paralyzing action on frogs, dogs,

and rabbits, arresting respiration and the action of the heart.

In cats there are chronic convulsions. The heart's action is

retarded, and just before death the respiration is accelerated.

The more poisonous of these alkaloids, for which the name

halichthytoxin has been suggested, produces mydriasis on

local application to the eye.
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Halichthytoxin is destroyed by boiling, and this suggests a

possible remedy against fish-poisoning, in Russia, by thorough

cooking. In Astrachan a woman was rendered seriously ill

by eating a small bit of raw sturgeon, while others ate portions

of the same fish, thoroughly cooked, without ill effects.

Takahaschi and Inoko find the fugu poison of the tetrodon

highly resistant to prolonged boiling. This poison also differs

radically in its solubility and its behavior to alkaloidal re

agents from that of the fish of Russia. It is freely soluble in

water and is not precipitated by lead acetate, normal or basic,

nor by corrosive sublimate, phosphotungstic acid or platinum

chlorid. In two cases of fatal poisoning with tetrodon Taka

haschi and Inoko have induced the characteristic symptoms

of fugu poisoning by injecting the blood, urine, and aqueous

contents of the stomach into the abdominal cavity of frogs.

Stevenson reports a case of poisoning from eating canned

sardines. The victim, a strong, healthy man, died apparently

of malignant oedema twenty-five hours after partaking of this

food. Bits of the liver introduced under the skin of guinea-

pigs caused milignant re lema. Notwithstanding these facts

no pathogenic organism could be found either in the organs

or vomit of the dead man or in the pigs. The presence of a

highly poisonous crystalline ptoma'm is reported. It is prob

able that the failure to find the germ was due to the neglect

of attempting to grow it in anaerobic culture.

Gressin states that there is no poison-gland connected with

the barb on the gill covering of Trachinus draco (weever),

but that the pocket, in which the opercular fin lies, is lined

with large epithelial cells, which probably secrete the poison.

This substance kills small fish, frogs, and rats, in which con

vulsions and fall of temperature precede death. One drop ot

the fluid injected subcutaneously in pigeons causes convulsive

trembling and spasmodic breathing. While Gressin found

that the poison of the weever fish at Havre induces convul

sions in frogs, Pohl found that the poison of the same fish

from the Adriatic, also that of Trachinus radiatus, acts as an

exquisite heart poison, retarding and finally arresting this
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organ in diastole. Its action on the heart is not altered by

atropin, camphor, caffein, helleborein or hydrastin. Along

with its effects on the heart, spontaneous movement and cuta

neous sensibility are impaired. A similar, though less active,

poison is found in the barb of the dorsal fin. The small im

movable barbs in the caudal fin of Scorpcena porous (hog

fish), so much dreaded by fishermen, are supplied with an

analogous but less active poison. Neither the blood-serum

nor the raw flesh of the trachinus has poisonous properties.

Vauohan reports the following case of ichthyismus exan-

thematicus from eating canned salmon : K., a very vigorous

man of 84 years, ate freely of canned salmon. Others at the

table with him remarked that the taste of the salmon was

peculiar and refrained from eating it. Twelve hours later K.

began to suffer from nausea, vomiting, and a griping pain in

the abdomen. Eighteen hours after he had eaten the fish the

writer saw him. He was vomiting small quantities of mucus,

colored with bile, at frequent intervals. The bowels had not

moved and the griping pain continued. He was covered with

a scarlatinous rash from head to foot. His pulse was 140,

temperature 102° F., and respiration shallow and irregular.

The stomach and large intestines were washed out thoroughly,

and ten grains of calomel, soon followed by twelve ounces of

solution of magnesium citrate, for the purpose of cleansing

the small intestines, were administered. After these medi

cines had acted freely K. began to improve. The next day

the rash disappeared, but the temperature remained above the

normal for four or five days, and it was not until a week later

that the man was able to leave his house. The remainder of

the salmon was submitted to various tests. The absence of

inorganic poisons was demonstrated. It was found that the

subcutaneous injection of twenty drops of the fluid expressed

from the salmon caused evident illness and suffering in a

white rat. The only germ that could be found, either by direct

microscopic examination or by the preparation of plate cul

tures, was a micrococcus, and this wa* present in the salmon in

great numbers. This germ grew fairly well in beef-tea, but
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the injection of five c.c. of the heef-tea cultures of different

ages failed to affect white rats, kittens, or rabbits. However,

this micrococcus when grown for twenty days in a sterilized

egg, after Hueppe's method of anaerobic culture, produced a

most potent poison. The white of the egg became thin,

watery, markedly alkaline, and ten drops sufficed to kill

white rats.

Miura and Takesaki find that the ripe ovaries of tetrodon

rubripe* contain a substance which induces in rabbits acceler

ation of the respiratory movements, paralysis of the skeletal

muscles, mydriasis, increased peristalsis of the intestines, and

arrest of the heart.

The disease known as " kakke," which prevails from May

to October in Tokio, is, according to Miura and others, an

intoxication due to the eating of fish, which belongs to the

gcombridoe. The affection is generally chronic or subacute,

seldom acute. The most characteristic symptom is paralysis of

the diaphragm with consequent dyspnoea and disturbance of

the action of the heart. Electrical stimulation of the dia

phragm has proven to be the most successful treatment.

Griffiths found in sardines that had undergone putre

factive changes a base to which he has given the name sar-

dinin. This ptomain, together with others reported by Grif

fiths, is described in Chapter XII.

Potain saw a man suffering from vomiting, vertigo, ringing

in the ears, and pain in the joints due to eating lobster. There

was pain in the bowels, but no stool.

Sieber has recently examined into the cause of a fish epi

demic in Russia. In an aquarium, from which fish were taken

to supply a castle table, as many as thirty dead fish were found

in the course of two days. From the dead and sick fish and

from the aquarium water Sieber obtained by anaerobic meth

ods a highly toxicogenic germ to which she has given the name

bacillus piscicidus agilis. This bacillus consists of highly mo

tile short rods. Old cultures, especially those in bouillon, have

spores. The bacilli are easily colored with Ziehl's solution.

On gelatin and agar plates the colonies arc granular, gray or
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yellow, and liquefy gelatin, each colony consists of three con

centric zones, the outer one heing indented. Stich cultures in

gelatin or agar grow at from 12° to 37.5°, producing carbonic

acid gas and small quantities of methvlmercaptan. On pota

toes, the growth consists of yellowish or brownish glisteuing

spots. Milk is coagulated. Bacillus plscicidus agilis retains

its virulence for months, but does not multiply in well and

river water. It is destroyed by a temperature of from 60° to

65°. The older the culture the more poisonous it is. Gela

tin cultures are most virulent.

Bacillus piscicidus agilis is pathogenic to fish, frogs, mice,

rabbits, dogs, and guinea-pigs. From the muscles of these

animals the germ may be recovered in pure culture. Cultures

filtered through aChamberlaud bougie are as poisonous as the

unfiltered ones. In the distillate from cultures there is a

poison. Filtered cultures give an intense red coloration with

ferric chlorid. Sieber has obtained from cultures of this

bacillus cadaverin and other known ptomains, but there are, at

least, two more bases present. Three and one-half milligrams

of one of these suffice to kill a frog in fifteen minutes.

The symptoms induced in the animals by the use of steril

ized cultures consist of shortness of breath and unrest, followed

by apathy and paralysis.

Sausaoe Poisonino.—This is also known as botulismus

and allantiasis. While considerable diversity has been ob

served in symptoms of sausage poisoning, we cannot divide

the cases into classes from their symptomatology as has been

done in mussel poisoning. The first effects may manifest

themselves at any time from one hour to twenty-four hours

after eating of the sausage, and cases are recorded in which

it is stated no symptoms appeared until several days had

passed. However, we must remember that trichiniasis was

frequently, in former times, classed as sausage ix1isoning, and

it is highly probable that these cases of long delay in the

appearance of the symptoms were really not due to putrefac

tion, but to the presence of parasites in the meat. A large
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majority of the one hundred and twenty-four cases more

recently reported by Muller sickened within twenty-four

hours, and out of the forty-eight of these that were fatal,

six died within the first twenty-four hours. At first there

is dryness of the mouth, constriction of the throat, uneasi

ness in the stomach, nausea, vomiting, vertigo, indistinctness

of vision, dilatation of the pupils, difficulty in swallowing, and

usually diarrhoea, though obstinate constipation may exist

from the first. There is, as a rule, a sensation of suffoca-

tion, and the breathing becomes labored. The pulse is small,

thready, and rapid. In some cases the radial pulse may be

imperceptible. Marked nervous prostration and muscular

debility follow. These symptoms vary greatly in prominence

in individual cases. The retching and vomiting, which may

he most distressing and persistent in some instances, in others

are trivial at the beginning and soon cease altogether. The

same is true of the diarrhoea. As a rule, the functions of the

brain proceed normally, but there may be delirium, then

coma and death. In some there are marked convulsive

movements, especially of the limbs, in others paralysis may

be an early and marked symptom. The pupils may dilate,

then become normal and again dilate. There is frequently

ptosis, and paralysis of the muscles of accommodation is not

rare. Complete blindness has followed in a few instances.

The fatality varies greatly in different outbreaks. In 1820

Kerner collected reports of seventy-six cases, of which thirty-

seven were fatal. In his next publication (1822) he increased

the number to one hundred and fifty-five cases, with eighty-

four fatal results. This gave a mortality of over fifty per

cent., while in one outbreak reported by Muller the mor

tality was less than two per cent.

A large proportion of the cases of sausage poisoning have

occurred in Wiirtemberg and the immediately adjacent por

tions of Baden. This fact has, without doubt, been correctly

ascribed to the methods there practised of preparing and cur

ing the sausage. It is said to be common for the people to

use the blood of the sheep, ox, and goat in the preparation
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of this article of diet. Moreover, the blood is kept some

times for days in wooden boxes and at a high temperature

before it is used. In these cases it is altogether likely that

putrefaction progresses to the poisonous stage before the pro

cess of curing is begun. However, cases of poisoning have

occurred from beef and pork sausages as well.

Moreover, the method of curing employed in Wtirtemberg

favors putrefaction. A kind of sausage known as " blunzen"

is made by filling the stomachs of hogs with the .meat. In

curing, the interior of this great mass is not acted upon, and

putrefaction sets in. The curing is usually done by hanging

the sausage in the chimney. At night the fire often goes out

and the meat freezes. The alternate freezing and thawing

render decomposition more easy. The interior of the sausage

is generally the most poisonous. Indeed, in many instances

those who have eaten of the outer portion have been un

harmed, while those who have eaten of the interior of the

same sausage have been most seriously affected.

The above-mentioned methods of preparing sausage in Wiir

temberg are now not so generally employed, and poisoning

from this article of food is not so common as formerly.

Many German writers state that when a poisonous sausage

is cut, the putrid portion has a dirty, grayish-green color, and

a soft, smeary consistency. A disagreeable odor, resembling

that of putrid cheese, is perceptible. The taste is unpleasant,

and sometimes a smarting of the mouth and throat is pro

duced. Postmortem examination after sausage poisoning

shows no characteristic lesion. It is generally stated that

putrefaction sets in very tardily, but Muixer shows that

no reliance can be placed upon this point, and states that out

of forty-eight recorded autopsies, it was especially stated in

eleven that putrefaction rapidly developed. In some in

stances there has been noticed hyperemia of the stomach

and intestinal canal, but this is by no means constant. The

liver and brain have been reported as congested, but this

would result from the failure of the heart, and would, by no

means, be characteristic of poisoning with sausage.
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Von Faber, in 1821, observed sixteen persons who were

made sick by eating fresh, unsmoked sausage made from the

flesh of a pig which had suffered from an abscess on the neck.

Five of the patients died. The symptoms were as follows :

There was constriction of the throat, difficulty in swallowing,

retching, vomiting, colic-like pains, vertigo, hoarseness, dim

ness of vision, and headache. Later and in severer cases,

there was complete exhaustion, and, finally, paralysis. The

eyeballs were retracted, the pupils were sometimes dilated,

then contracted ; they did not respond to light ; there was

paralysis of the upper lids. The tonsils were swollen, but

not as in tonsillitis. Liquids which were not irritating could

be carried as far as the oesophagus, when they were then

ejected from the mouth and nose with coughing. Solid foods

could not be swallowed. On the back of the tongue and in

the pharynx there was observed a puriform exudate.

Obstinate constipation existed in all, while the sphincter

ani was paralyzed. The breathing was easy, but all had a

croupous cough. The skin was dry. There was incontinence

of urine. There was no delirium and the mind remained clear

to the last.

Postmortem examinations were held on four. The skin

was rough—"goose-skin." The abdomen was retracted.

The large vessels in the upper part of the stomach were

filled with black blood. The contents of the stomach con

sisted of a reddish-brown, semi-fluid substance, which gave

off a repugnant, acid odor. In one case the omentum was

found greatly congested. The large intestine was very pale,

and the right ventricle of the heart was filled with dark fluid

blood.

Schcz cites thirteen eases of poisoning from liver sausage

in which the symptoms differed from the foregoing in the fol

lowing respects :

1. In only one out of the thirteen was there constipation ;

all the others had numerous watery, typhoid-like stools.

2. Symptoms involving the sense of sight were present in

only three ; in all the pupils were unchanged.

4
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3. The croupous cough was wholly wanting; though in

many there was complete loss of voice. Difficulty of swallow

ing was complained of by only one.

4. Delirium was marked in all; and in one the disturbance

of the mental faculties was prominent for several weeks.

5. There were no deaths.

6. The time between eating the sausage and the appearance

of the symptoms varied from eighteen to twenty-four hours,

and the duration of sickness from one to four weeks ; though

in one case complete recovery did not occur until after two

and one-half months.

The sausages were not smoked, and all observed a garlic

odor, though no garlic had been added to the meat.

Tripe reports sixty-four cases. The symptoms came on from

three and one-half to thirty-six hours after eating. The stools

were frequent, watery, and of offensive odor. In some there

was delirium. One died. In the fatal case the hands and face

were cold and swollen. The pulse was rapid and weak. The

pupils were contracted, but responded to light. The small in

testine was found inflamed.

Hedinger reports the case of a man and a woman with the

usual symptoms, but during recovery the dilatation of the

pupils was followed by contraction. Birds ate of this sausage,

and were not affected.

Roser reports cases in which there were found, after death,

bscesses of the tonsils, a dark, bluish appearance of the mucous

membrane of the pharynx, larynx, and bronchial tubes, dark

redness of the fundus of the stomach, and circumscribed, gray,

red, and black spots on the mucous membrane of the intestine.

The liver was brittle and the spleen enlarged.

Many theories concerning the nature of the active principle

of poisonous sausage have been advanced. It was once be

lieved to consist of pyroligneous acid, which was supposed to

be absorbed by the meat from the smoke used in curing ; hut-

it was soon found that unsmoked sausage might be poison

ous also. Emmert believed that the active agent was hydro

cyanic acid, and Jager's theory supposed the presence of
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picric acid. But these acids are not found in poisonous

sausage, and, moreover, their toxicologic effects are wholly

unlike those observed in sausage poisoning. As we have else

where seen, Kerner believed that he had found the poison

ous principle in a fatty acid. This theory was supported by

Dann, Buchner, and Schumann. Kerner believed the

poison to consist of either caseic or sebacicacid, or both, while

Buchner named it acidum botulinicum ; but the acids of the

former proved to be inert, and that of the latter to have no

existence. Schlossberger first suggested that the poisonous

substance is most probably basic in character, and he found

an odoriferous, ammoniacal base which could not be found in

good sausage, and which did not correspond to any known

amides, imides, or nitril bases. However, this substance has

not been obtained by anyone else, nor has it been demon

strated to be poisonous.

Liebig, Duflas, Hirscu, and Simon believed in the pres

ence of a poisonous ferment. Van den Corput described

sarcina botulina, which was believed to constitute the active

agent. Muller, Hoppe-Sevler, and others have found

various microorganisms, and Virchow, Eichenberg, and

others have examined microscopically the blood of persons

poisoned with sausage. Recently, Ehrenberg has attempted

to isolate the poisonous substance by employing Brieger's

method, but he obtained only inert substances.

Gaffkv and Paak have made a thorough study of some

sausage which poisoned a large number of people, among

whom one, a strong man, died. The sausage was made of

horse-flesh and liver. In the majority of the persons the

symptoms came on within six hours and in one instance

within half an hour. Many had a severe chill ; some did not.

The most prominent symptoms were headache, loss of appe

tite, pain in the bowels, vomiting and purging. In the fatal

case, however, there was no vomiting. From the sausage

Gaffky and Paak isolated a short bacillus, which, when given

by the mouth, subcutaneonsly or intravenously, produced the

above symptoms, with a fatal termination in most instances,
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in rabbits, guinea-pigs, mice, and apes. Gaffkv and Paak

were unable to isolate the chemical poison.

This bacillus has only a rotatorv motion and does not change

its location. Frequently it stains only at the poles. The

colonies on gelatin are always small, not larger than pin-

heads. It is quite resistant to high temperature, requiring

fifteen minutes at from 75° to 80° to destroy it.

Poisonous Meat.—Under this head we shall not discuss

cases of poisoning from trichina or other parasites, but shall

refer only to those instances in which the toxic agent has

originated in putrefactive changes. A number of such cases

have been observed in the past fifteen years, but only a few of

them "have been investigated scientifically. The best known

of these will be briefly discussed.

In June, 1880, a large number of persons attended a sale of

timber and machinery on the estate of the Duke of Portland

at Wellbeck. The sale continued four days, and lunches were

served by the proprietress of a neighboring hotel. The re

freshments consisted of cold boiled ham, cold, boiled or

roasted beef, cold beefsteak pie, mustard and salt, bread and

cheese, pickles, and Chutney sauce. The drinks were bottle

and draught beer, spirits, ginger beer, lemonade, and water.

Many were poisoned, and Ballard obtained the particulars

of seventy-two cases, among which there were four deaths.

The symptoms are given by Ballard as follows:

"I propose to speak of the attacks under the name of

' diarrhoeal illness,' because diarrhoea was the most constant

of all the symptoms observed, and the other symptoms were

in some respects so peculiar that I am indisposed to give to the

disease any name otherwise generally recognized. As might

have been anticipated from our experience of diseases in gen

eral, there were varieties in severity among the cases investi

gated ; and symptoms strongly marked in some, were slightly

marked or altogether wanting in others. Perhaps I shall do

the best service by giving first a general sketch of the course
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of the illness, subsequently illustrating it by a description of a

few well-marked cases.

"A period of incubation preceded the illness. In fifty-one

cases where this could be accurately determined, it was twelve

hours or less in five cases ; between twelve and thirty-six hours

in thirty-four cases ; between thirty-six and forty-eight hours

in eight cases ; and later than this in only four cases. In

many cases the first definite symptoms occurred suddenly, and

evidently unexpectedly, but in some cases there were observed

during the incubation more or less feeling of languor and ill

health, loss of appetite, nausea, or fugitive, griping pains in

the belly. In about a third of the cases the first definite

symptom was a sense of chilliness, usually with rigors, of

trembling, in one case accompanied by dyspnoea ; in a few

cases it was giddiness with faintness, sometimes accompanied

by a cold sweat and tottering; in others, the first symptom

was headache or pain somewhere in trunk of the body, e. g.,

in the chest, back, between the shoulders, or in the abdomen,

to which part the pain, wherever it might have commenced,

subsequently extended. In one case the first symptom noticed

was a difficulty in swallowing. In two cases it was intense

thirst. But however the attack may have commenced, it was

usually not long before pain in the abdomen, diarrhoea, and

vomiting came on, diarrhoea being of more certain occurrence

than vomiting. The pain in several cases commenced in the

chest or between the shoulders, and extended first to the upper

and then to the lower part of the abdomen. It was usually

very severe indeed, quickly producing prostration or faintness,

with cold sweats. It was variously described as crampy, burn

ing, tearing, etc. The diarrhoeal discharges were in some cases

quite unrestrainable, and (where a description of them could

be obtained) were said to have been exceedingly offensive and

usually of a dark color. Muscular weakness was an early

and very remarkable symptom in nearly all the cases, and in

many it was so great that the patient could only stand by

holding on to something. Headache, sometimes severe, was

a common and early symptom ; and in most cases there was
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thirst, often intense and most distressing. The tongue, when

observed, was described usually as thickly coated with a brown,

velvety fur, but red at the tip and edges. In the early stage

the skin was often cold to the touch, but afterward fever set

in, the temperature rising in some cases to 101°, 103°, and

104° F. In a few severe cases where the skin was actually

cold, the patient complained of heat, insisted on throwing off

the bedclothes, and was very restless. The pulse in the height

of the illness became quick, counting in some cases 100 to 128.

The above were the symptoms most frequently noted. Other

symptoms occurred, however, some in a few cases, and some

only in solitary cases. These I now proceed to enumerate :

Excessive sweating, cramps in the legs, or in both legs and

arms, convulsive flexion of the hands or fingers, muscular

twitchings of the face, shoulders, or hands, aching pain in

the shoulders, joints, extremities, a sense of stiffness of the

joints, prickling or tingling or numbness of the hands lasting

far into convalescence in some cases, a sense of general com

pression of the skin, drowsiness, hallucinations, imperfection

of vision, and intolerance of light. In three cases (one that

of a medical man) there was observed yellowness of the skin,

either general or confined to the face and eyes. In one case,

at a late stage of the illness, there was some pulmonary con

gestion, and an attack of what was regarded as gout. In the

fatal cases, death was preceded by collapse like that of cholera,

coldness of the surface, pinched features, and blueness of the

fingers and toes and around the sunken eyes. The debility of

convalescence was in nearly all cases protracted to several

weeks.

" The mildest cases were characterized usually by little re

markable beyond the following symptoms, viz. : abdominal

pains, vomiting, diarrhoea, thirst, headache, and muscular

weakness; any one or two of which might be absent."

The cause of this illness was traced conclusively to the

hams eaten. Klein found in the meat a bacillus, cultures

of which were used for inoculating animals. These iuoeula
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tions were found generally to he followed by pneumonia. No

attempt was made to isolate a ptoma'in.

Later, Ballard reported fifteen cases with symptoms

similar to the above, and with one death, from eating baked

pork. Not all of those who ate of this pork were made sick.

This might have beeu due to inequality in the putrefactive

changes in different portions of the meat, or it may have been

due to differences in temperature in various portions of the

meat during the cooking. In the blood, pericardial fluid,

and lungs of the fatal case, Klein observed bacilli similar to

those discovered in the Wellbeck inquiry. Pneumonia was

produced by inoculating guinea-pigs and mice with these

bacilli.

More recently still, Ballard has reported the following

additional instances :

The Chewier Case.—A man ate of some so-called American

sausage, which consisted mostly of pork. Gastro-enteric

symptoms with great prostration resulted, and in a few days

the man died apparently from pneumonia. No postmortem

examination was permitted, but the meat killed animals fed

with it. In these were found hemorrhage in the stomach,

congestion of the lungs, and hypenemia of the medullary

portion of the kidneys. " Most of the urinary tubules con

tained casts, while many of the Malpighian corpuscles, with

their surrounding tissues, were in a state of disintegration,

without, however, any inflammatory cells being present, in

dicating the disintegration to be due to the direct result of

some destructive agency circulating in the vessels."

The Oldham Case.—Members of two families partook of a

newly opened can of pigs' tongues. Nausea, vomiting, and

diarrhea occurred in all but one, and he fell into a comatose

condition, which was not relieved until a purgative was ad

ministered and acted. This is suggestive of the fact that in

the treatment of most cases of food-poisoning the vomiting

and purging should be regarded as curative means, and when

not present the danger is increased unless the removal of the
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poison from the body be accomplished by inducing one or

both of these processes.

The Bishop Stortford Cam.—Members of three families ate

of ribs of beef. The meat was cooked on Saturday, and it

was more poisonous on Monday than on the preceding day.

This meat evidently became infected after it was cooked.

Other portions of the same carcass caused no ill effects.

The Whitchurch "Brawn" Case. —-Brawn is a gelatin

made from pig's head, and eaten cold. Members of ten fami

lies residing in different parts of the town were affected. The

preparation was made September 7th. Only the members of

one family of those who ate of it the next day were affected,

while all of those who partook of it on the second day were

made ill.

The Whitchurch Pork Case.—"The pork was provided for a

Sunday family dinner, at which it was eaten freshly cooked and

hot ; it was eaten cold at supper, and cold again at dinner on

Monday ; it was eaten, also cold by a man and his wife re

siding three miles distant, both of whom died from its effects

after about thirty hours' illness. The others recovered.

There appears to be evidence that the pork eaten, whether

hot or cold, on Sunday did no mischief. It was not until

Monday that it made people ill. There is this further inter

esting and instructive fact to be noted, viz., that those who

ate the pork at dinner only on Monday were not attacked

until after an interval of seven to nineteen or more hours,

while the two persons who ate it in the evening and died

were attacked much more quickly, namely, about four hours

after eating."

The Wolverhampton Tinned Salmon Case.—Three adults ate,

and two children merely tasted, some canned salmon. The

can was " blown" and the contents partially decomposed.

The one who ate the most was attacked about ten hours after

eating, and died in three days. One who ate less became ill

in about twelve hours, and died in five days; while the adult

who partook most sparingly began to feel the ill effects in

about fourteen hours, and finally recovered. In the children
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the symptoms were slight and transient. Klein found in

both fatal cases necrosis of the superficial layers of the mu

cous membrane of the stomach, fatty degeneration of the liver

as in acute phosphorous poisoning, and inflammation of the

kidneys. Mice fed upon the salmon died and exhibited lesions

similar to those found in the men. No germ could be found

in the blood of the mice.

The Carlisle (A) Case.—Twenty-four persons partook of a

cold breakfast, which had been prepared the previous day

and kept in a cellar in which milk and meat " were known

to go bad." Two persons died. The harmful article seems

to have been "American ham," although the jellies and game

pie were also probably infected. The period of incubation

was from six to forty-three hours. The only germ which

could be found was a micrococcus, which was harmless, when

fed by mouth, to mice, cats, and dogs.

The Iron Bridge Ca-te.—Twelve persons out of fifteen in a

household ate at mid-day of veal pies which had been made

the day before and warmed over. " The unused pie was for

warded to Klein after it had been kept for thirteen days, as

well as a portion of the raw veal from which it had been

made. The raw veal produced no ill results on mice, a dog,

and a cat fed with it, nor did the pie until the feeding had

been continued for three days, when two of the mice died.

Postmortem examination gave evidence of intestinal inflam

mation and congestion of the kidneys, but no organism was

detected in the blood or viscera. This pie, when opened, was

found to be mouldy, and there was a whitish scum which was

an almost pure culture of a species of motile bacterium re

sembling the bacterium termo(?), and between the pieces of

meat and in the jelly of the pie were two kinds of motile

bacilli. All these organisms were cultivated. No ill effects

followed feeding or inoculation with the cultivations of any

of these organisms except one, the special kind of bacterium

termo(?) just mentioned. This bacterium and its culture

characteristics are fully described by Dr. Klein in the Re

port of the Medical Officer of the Board for 1890, p. 194.

4*
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One curious thing about it is that it does not grow well in

any medium at a temperature above 30° or 32° ; at 36° to

blood-heat no growth takes place. A very interesting fact

about all its cultures is that after some days' growth the cul

tures possess a most exquisite and delicate aromatic odor, no

trace of putridity being perceptible. Experiments made with

the pure cultivation of this bacterium resulted as follows : As

might be expected from the fact that it does not grow at

blood-heat, subcutaneous inoculations into mice produced no

results ; but when mice were fed with the contents of a cul

ture-tube, they fell ill and died, the customary lesions in the

stomach and intestines, lungs, liver, and kidneys being found

after death, but no bacterium was to be found in any of the

viscera. The obvious inference from this is that the cultures

of this bacterium contained a substance which, when intro

duced into the stomach, produced illness and death, in the

latter event severe gastro-enteritis being a conspicuous feature.

Since the organism in itself is harmless when inoculated, not

being capable of growth and multiplication at the tempera

ture of the animal body, it follows that the substance which

effected the poisoning was non-organized and produced by

the above bacterium termo."

The Retford Case.—Eighty persons in twenty-two families

were made ill, one fatally, by eating pork pie. The pie was

cooked on the 10th of November, and was eaten from the

11th to the 14th. With the exception of one family, none of

those who ate of the pie on the 11th were made ill, and none

of those who ate of it after the 14th. The harmful germ was

a short bacillus, cultivations of which made mice sick, killing

some; but cultures more than ten days old were without

effect.

The Carlisle (B) Cane.—A pork pie was made November

1st and eaten by some twenty-five persons during the follow

ing ten days. Mice fed with the meat developed on the

second or third day a bloody diarrhea and died. The small

intestine was filled with bloody mucus. The lungs were con

gested, and in the animals which lived the longest there was
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hepatization, chiefly in the upper lobes. The liver and spleen

were also congested.

The Portsmouth Cose.—Two bacilli—one motile, the other

not—were found in the food. When first received, the meat

poisoned mice fed upon it, but after standing and becoming

offensive in odor it failed to do so. Cultures of the non-

motile bacillus had a pleasant, aromatic odor, and were

poisonous ; while those of the motile germ were offensive and

harmless. In the animals killed by the culture the lungs

were found dark red and almost hepatized. The liver, kid

neys, and spleen were also dark. The small intestines were

relaxed and filled with mucus. In only one of the mice could

the bacillus be found. Klein states that the bacillus was not

pathogenic, but that its cultures contained a chemic poison.

The Middlesborour1h Pneumonia Epidemic.—This is so ex

traordinary in the history of food-poisoning that we shall

quote Ballard's summary of it in full: "This epidemic,

which prevailed during the early part of 1888, and resulted

in 490 deaths during the year in a population of about 98,000

persons, largely composed of iron-workers, was intrusted to

me for investigation. The prevalent disease was proved in-

contestably to be of infectious character, communicable from

person to person by proximity, through the medium of sewer

air(?), and in other ways in which other infectious fevers are

known to be spread. But all this left unexplained a curious

geographical limitation of the epidemic which puzzled me

greatly, until calling to mind some old experiences, I began

to study the food and mode of life of the classes principally

attacked. I then obtained the clue I wanted, in the double

fact that during the greater part of every week nearly the

only animal food these people got was what is termed "Ameri

can bacon," made by soaking in water and then only partly

drying salted pork imported from America; and that the

limitation of the epidemic corresponded closely with a similar

geographical limitation of the wholesale trade of a manufac

turer of this bacon in the town of Middlesborough, who in

the affected districts had by far the largest portion of this
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trade in his hands. This was the thread which, by following it

along, led me to the discovery I am about to mention. I sent

to Dr. Klein, for examination and experiment, fresh por

tions of viscera (as well as hardened portions; of persons

dead with the malady, and also specimens of the suspected

bacon of which sick persons had recently eaten, and similar

specimens purchased at different retail shops in the district.

The result of Dr. Klein's work upon these materials was

briefly this : That the disease I was dealing with was, as I

suspected, no new local malady, but a specific, general dis

ease or fever, marked, as other general, specific diseases are,

by destructive morbid changes in all the principal viscera,

the special characteristic of which, in this case, was a pleuro

pneumonia. In the lung juice and in the lung tissue Dr.

Klein discovered a hitherto undescribed short bacillus, which

he has called " bacillus pneumoniae," differing altogether from

the bacillus of Friedliinder and from the diplococcus pneu

moniae of Fraenkel and Weichselbaum, neither of which was

present. Of twenty samples of bacon forwarded from the in

fected districts, fourteen were distinctly poisonous to rodents

fed with it ; in two instances there was some doubt, and only

four proved not to be poisonous. In the dead animals, lung

lesions and lesions of other viscera similar to those observed

in persons who died of the disease in the infected districts

were found. Similar results followed inoculation of the

human lung juice and of pure cultivation of the bacillus

pneumoniae. In all instances the bacillus was recoverable.

An instructive incident in Dr. Klein's part of the investi

gation was this, viz , that during its progress an epidemic of"

pneumonia occurred among the animals (mice, guinea-pigs,

and monkeys) kept in the building where his experiments

were carried on, the bacillus pneumoniae being found after

death in the lung juice and sometimes in the heart's blood

also. Another fact must be mentioned, namely, that on re

examination, after the lapse of three months, of samples of

the bacon that had previously produced illness and death,

they were found to have lost their powers of infecting ani
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mals, and no growth of the bacillus was obtainable. The

details of the evidence on which I base this connection be

tween the use of the suspected kind of bacon and the spread

of the epidemic disease will be found in my detailed report

on the epidemic in the Eighteenth Annual Report of the

Medical Officer of the Local Government Board."

In meat which poisoned a large number of persons, Gart

ner found his baeillus enteritidis. The meat was from a cow

that had a severe diarrhoea for two days before she was

killed. Of twelve persons who ate the flesh raw, all were

sick ; while of those who ate of the cooked food a large per

cent. were also affected. In the meat and in the spleen of a

person who died from the effects of the poison, Gartner

found the bacillus which proved fatal to animals. Good beef,

inoculated with this bacillus and cooked some hours, killed

rabbits, guinea-pigs, and mice. The skin of the people who

were poisoned and recovered peeled off. The period of in

cubation varied from two to thirty hours. Even the boiled

bouillon cultures of this germ are highly poisonous, showing

that the toxic products are not destroyed by the cooking of

the meat.

Fischer reports the following : A cow, that had recently

calved, had been sick for some eight days. As a result she

was much reduced in weight and on account of the illness she

was killed. The animal was slaughtered on Friday, and on

the following Sunday at noon nineteen persons ate of the

meat. The prominent symptoms were vomiting and violent

purging, these symptoms appearing a few hours after the meal.

Vertigo, loss of consciousness, and exfoliation of the epidermis

during recovery, all of which were observed by Gartner in

some of his cases, were not present in any of Fischer's. Not

withstanding these differences, however, a study of the bacillus

found in the meat led Fischer to the conclusion that it is

identical with the bacillus enteritidis of Gartner. By evap

orating a filtered culture and precipitating the concentrated

fluid with absolute alcohol, the poison was obtained. It gave

the general reactions for peptons, and boiling for one and one



74 FOODS CONTAINING BACTERIAL POISONS.

half hours did not perceptibly weaken its toxic properties,

therefore cooking will not render meat infected with this germ

harmless.

Lubahsch has reported the death of a child two days old

from a septic pneumonia caused by the bacillus enteritidis of

Gartner. About the close of the first twenty-four hours, the

nurse noticed that the stools were of very disagreeable odor

and greenish. However, the child rested well through the

night. The next day the stools continued foul, the child be

came cyanotic, and the respirations increased to 60. Noth

ing could be detected in the lungs by either auscultation or

percussion. The breathing was wholly costal, and the abdo

men somewhat distended. There was no evidence of infection

through the umbilicus. The urine contained no albumin and

no hemoglobin. The diagnosis was Winkel's disease.

The anatomical examination showed pleuritis and pneumonia

of the left lower lobe, bilateral purulent bronchitis, atelectasis

of the right lung, parenchymatous cloudiness of the kidneys,

fatty infiltration and engorgement of the liver, slightly en

larged spleen, uric acid infarction of the kidneys, and icterus

neonatorum. All other pathological conditions were supposed

to be consequent upon the septic pneumonia. Agar-agar plates

were made from the lower lobe of the left lung and the spleen.

These developed only one germ. The superficial colonies were

grayish-white, the size of pin-heads, and slimy. The deep ones

were white and only half as large as the superficial ones. The

bacilli were mostly small and oval, with a few longer ones. In

hanging drops they showed a decided but not very active

motility. Coloring with a one per cent. aqueous solution of

gentian-violet or with a two per cent. one of methylen-blue was

not very intense. On the other hand, with Loefrler's potash

or Huhli's borax-methylen-blue solution, the coloration was

nM'ollont. On gelatin plates the growth was practically the

Mum. ax on agar-agar. However, the colonies were whiter and

u'Uiitml I bis color for a longer time. Some of the bacilli showed

it ilwI'oi' ilaiu in the middle, when colored, than at the poles.

H.irtiAvt', ibis wan not frequently the case. In stich cultures,
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the bacillus grows slowly along the line, forming a grayish-white

cap and failing to liquefy. Streak cultures on agar-agar were

grayish-white or grayish-yellow, and slightly transparent along

the borders. It clouded bouillon and formed a yellowish sedi

ment. On potatoes, the growth was plainly visible after twenty-

four hours at 37° and formed a grayish-white or grayish-yellow

layer. White rats and chickens proved to be wholly immune,

while guinea-pigs, rabbits, and white mice were susceptible. The

susceptible animals were killed within from sixteen to twenty-

four hours by intraperitoneal inoculation and in from two to

four days by subcutaneous injections. In all cases, section

showed marked congestion of the intestines, swelling of the

follicles, and in some instances slight hemorrhages in the mu

cous membrane. After intraperitoneal inoculation, sero-fibrin-

ous or hemorrhagic peritonitis developed. After subcutaneous

inoculation in rabbits, sometimes in guinea-pigs, there was a

sero-fibrinous pleuritis with compression of the lungs, and in

one instance a circumscribed pneumonia. Sterilized cultures

in larger quantities produced the same effects as the unsteril-

ized. Gartner, to whom specimens of this bacillus were

sent, regards it as a variety of the bacillus enteritidis.

The symptoms and anatomical changes produced by this

bacillus agree with those observed in Wiukel's disease in the

rapidly fatal progress, cyanosis, icterus, rapid respiration, tend

ing to hemorrhage and fatty degeneration. The most essential

difference lies in the fact that hemoglobinuria is a prominent

symptom in Winkel's disease.

LuBArsCH discusses the probable avenues through which

the infection may have occurred in this case. He admits that

Runge is probably right in the claim that infection of the

newly born may occur through the cord without leaving any

recognizable changes. If this was the method of infection in

this case, the germ must have been carried to the lower lobe

of the left lung by the blood. Why to this part of the body

rather than to another cannot be determined. The bacillus

may have found its way into the mouth of the child from the

genitals of the mother, who developed a parametritis after
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delivery, but the germ could not be found in the secretion of

these parts. Lastly, the germ may have been inhaled.

August 29, 1887, 2.56 soldiers and 36 citizens at Middle-

burg, Holland, were taken sick after eating meat from a cow

which had been killed while suffering from puerperal fever.

The symptoms were nausea, vomiting, purging, elevation of

temperature, and prostration. In some there were olwerved

dizziness, sleepiness, and dilatation of the pupil. After a few

days these symptoms gradually disappeared, and in many, an

eczematous eruption of the lips gave annoyance. Pigs, cats,

and dogs which ate of the offal of this animal were also made

sick. Thorough cooking did not destroy the poison, and those

who took soup and bouillon made from the meat were affected

like those who ate of the muscular fibre. In most of the cases

the symptoms came on within twelve hours after eating the

meat.

Basenau reports the following: On the lath of March,

1893, a cow, that had calved eight days before, was brought to

the Amsterdam abattoir. At that time the animal was very

sick, and in consequence of this condition she was killed four

days later. It was impossible to get any exact information

concerning the sickness, but in all probability it was puer

peral fever. On account of the changes in the viscera due to

the disease, the director of the abattoir forbade the sale or

consumption of the flesh. About three kilos from the gluteal

region was sent to the hygienic institute for examination.

The meat was pale red, feebly acid, normal in consistency, and

of slightly stale odor. A broad, heated knife was drawn over

the surface repeatedly in order to destroy germs that may have

found lodgement there. With a second sterilized knife a deep

vertical incision. With a third and a fourth sterilized knife

horizontal sections were made. From the interior of the

piece thus laid bare the material for cultures was taken.

One portion was rubbed up in a sterilized mortar, and a bit

the size of a pea Was placed under the skin at the root of a

mouse's tail. A second mouse was fed with about two grams

of the meat rubbed up with bread.
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Streak preparations from the meat stained with Loeffler's

methylen-blue showed short rods, two to two and one-half

times long as broad, mostly in pairs, sometimes single, and at

other times in groups.

The gelatin plates developed after twenty-four hours. To

the eye, the colonies appeared of pin-head size and of yellow

color, the intensity of which increased with age. The surface

colonies showed brown centres with broad glistening edges.

By transmitted light the yellow centre became lighter and the

outer zone greenish-blue, which color did not extend into the

gelatin beyond the colony.

Under a low power, the colonies appeared yellow with a

dark contour. The vellow portion was filled with light and

dark stars.

From the number of colonies that developed, it was esti

mated that one gram of the meat contained 187,500 bacilli.

The mouse which had the subcutaneous inoculation died

after thirty, and the other one after thirty-six hours. Some

eighteen hours after infection both animals became apathetic ;

with roughened coats and closed eyes they remained on their

sides.

Section of the mouse inoculated subeutaueously showed the

following : The place of inoculation had become a yellowish-

white, broken down mass. The surface of the liver was cov

ered with pin-head, grayish-white foci of infection, which

gave the organ a marbled appearance. The spleen showed a

similar infection, and both organs were somewhat enlarged.

No changes were observed microscopically in other organs.

The mouse infected by feeding showed in addition to the

changes observed in the other one marked injection of the in

testinal bloodvessels and a rose-red coloration of the intestinal

mucous membrane.

The following is a condensed description of this germ to

which Basenau has given the name bacillus bovis murbifi-

Small rods from 1 to 1.2 mm. long and 0.3 to 0.4 mm. broad.

It clouds bouillon within twenty-four hours at 37°, forming
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a smooth scum on the surface, which easily breaks on being-

shaken, and sinks. In old cultures a grayish-white deposit

forms, while the fluid remains cloudy. In stich gelatin cul

tures, it forms along the line a small, yellowish-white band,

smooth along the centre and freely feathered along the edgei*.

It slowly forms a round white cap on the surface. It does not

liquefy.

On streak gelatin cultures this germ grows abundantly,

forming a thick layer which by transmitted light shows a

greenish-blue tint. This growth resembles those of the coli

commune and the typhoid bacillus.

The gelatin colonies have already been described.

On agar-agar there is found within twenty-four hours at 37°

an abundant growth, grayish-white, and extending over the

entire surface.

On potatoes the growth is less rapid, yellow, never chang

ing to brown.

On blood serum it forms a broad, thin, glistening layer,

with a cloudiness of the water of condensation.

In milk it grows rapidly without coagulating the casein.

It is a facultative anaerobe and docs not produce gas, ex

cept in bouillon, containing one per cent. of grape sugar, and

even in this the amount evolved is small.

It is motile and stains well with all the basic anilin dyes,

best with fuchsin and methylen-blue. It is decolorized by

Gram's method, although slowly.

This bacillus proved to be pathogenic to mice, rats, guinea-

pigs, rabbits, and calves. A bouillon culture was injected into

the uterus of a guinea-pig a few hours after she had given

birth to three young. Death of the mother and of the young,

from taking of the infected milk, resulted. The germ was

found in the mammarv glands, and, in fact, in the blood, milk,

liver, spleen, peritoneal fluid, and muscles.

In a second communication, Basenau shows that the bacil

lus is found in the milk of animals inoculated with it, and that

newly drawn, sterile milk has no germicidal effect upon it.

December 31, 1894, Dr. Traver, of Somerset, Mich.,
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was called to see the family of Mr. Van Allen. He found the

father, mother, and two children suffering from protracted

vomiting and marked exhaustion. There was no fever and

no diarrhoea. Tvrotoxicon poisoning was suspected, but in

quiry showed that their supper had consisted of bread, butter,

tea, dried beef and raspberry sauce. The dried beef was ex

amined by Vaughan and Perkins. There was nothing in

the appearance or odor of the meat to cause any suspicion.

In fact, it seemed to be of exceptionally good quality. Anae

robic cultures from the interior of the meat were made and

developed a bacillus, from two to three times as long as

broad, taking the ordinary stains well, motile, with no spore

formation, not liquefying gelatin, but coagulating milk, grow

ing best at the temperature of the body, but developing its

poison at ordinary temperature, producing gas abundantly,

and pathogenic to white rats, rabbits, and guinea-pigs. Ster

ilized cultures were also poisonous.

Of 200 men at a banquet at Sturgis, Mich., April 26,

1894, every one who ate of the pressed chicken served was

made sick. Some men who were not at the banquet, but who

aided in preparing for it, took small bits of the chicken, and

these were also siek. All were taken within from two to four

hours after eating the chicken with nausea, violent griping

and purging ; many fainted while attempting to arise from

bed.

The chickens were killed Tuesday afternoon, picked and left

hanging in the market-room (not in cooling-room) until Wed

nesday forenoon, when they were drawn and carried to a res

taurant, and here left in a warm room until Thursday morn

ing, when they were cooked (not very thoroughly), pressed

and served at the banquet that night. Those who ate of the

compressed chicken were also made sick.

The pressed chicken was examined by Vaughan and Per

kins. It contained two microorganisms, a slender bacillus

from four to five times as long as broad, and a streptococcus.

The bacillus was fatal to white rats, guinea-pigs and rabbits,

when administered intraperitoneally, intravenously, and sub



80 FOODS CONTAINING BACTERIAL POISONS.

eutaneously. The streptococcus was not fatal when given in

pure culture, but mixed cultures of the two induced death ;

and in these instances, when administered subcutaneously, in

addition to lesions found after the employment of pure cul

tures of the bacillus, there was extensive sloughing. This;

bacillus is motile, takes the ordinary stains readily, and is de

colorized by Gram's method. It grows very slowly at ordi

nary temperature, and rapidly at 37°. Of two cultures of

equal age, one grown at ordinary temperature and the other

at 37°, one c.c. of the former was necessary to induce death,

while one fourth c.c. of the other proved fatal. The anaerobic

cultures were much more powerful than the aerobic. On

gelatin plates exposed to the air the growth was slow, while

on those kept in an atmosphere of hydrogen it was much more

rapid. Spores could not be detected. The bacillus coagulates

milk and decolorizes litmus gelatin. On potatoes it forms a

dirty, thick, slimy growth. It does not liquefy gelatin, and the

production of gas was not observed. Streaks on agar-agar are

yellowish-white, slimy, and with but little tendency to spread.

One-half c.c. of a beef-tea culture heated to 60° for thirty min

utes killed. One c.c. heated to 100° for fifteen minutes failed

to kill. Animals inoculated by the methods mentioned showed

evidences of abdominal pain within from one to two hours,

and several were found dead after twelve hours. The abdom

inal cavity was found filled with a clear fluid, the bloodvessels

were much congested, and the peritoneum reddened. In some

instances a bloody fluid was found in the pleural cavity.

In an outbreak in an asylum for the insane at Gaustad in

Norway the patients' food was veal. Hoi.st found that the

effects were due to a small bacillus not identical with that of

Gartner.

Lewis found a ptomain, which he supposed to be neuridin,

in corn-beef that poisoned people in Ohio.

Pgeix reports an interesting instance of meat-poisoning in

Rotterdam. The cow that furnished the flesh was supposed

to be healthy. The flesh contained a short bacillus, believed

by Pgels to be a variety of the bacillus coli, which was patho
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genie to mice, rabbits, and calves. The intravenous injection

of a pure culture of this bacillus caused death in a calf from a

profuse bloody diarrhoea within five hours. The blood was

dark-red and not coagulated ; the kidneys and liver were en

gorged ; all the lymph glands were swollen ; the mucous mem

brane of the intestines showed numerous hemorrhagic spots,

and the bacilli were found in the blood, all the organs, and in

the muscles. Even filtered cultures killed calves. This

demonstrated the marked toxicity of the chemic products.

In another outbreak of meat-poisoning in a distant part of

Holland, Pgels found the same bacillus in the flesh.

Zorkendorfer reports the presence of anthrax bacilli in

some meat that poisoned many people, some fatally, nearTep-

litz, in 1894. However, his identification of the germ cannot

be regarded as positive. Anthrax was not known to be pres

ent at the time among the animals in that neighborhood.

One of the hogs that furnished a portion of the meat was

known to be sick when slaughtered, but the nature of the dis

ease was not known. This, together with the fact that the

bacillus found in the meat and in the tissues of the fatal cases

did not correspond with the typical anthrax bacillus, renders

the conclusion drawn by this investigator of doubtful accuracy.

Di Mattei states that the flesh of animals dead from symp

tomatic anthrax may retain its power of infection after having

been preserved in a dry state for ten years.

On a fete-day at Zurich, in 1839, 600 persons who were fed

upon cold veal and ham were taken ill, with shivering, giddi

ness, vomiting, and diarrhoea. Some were delirious and other's

were salivated, the saliva being extremely fetid. In the worst

cases there were involuntary stools, collapse, and death. The

cause was traced to putrefactive changes in the meat.

Siedler reports an instance of four persons having been

made sick by eating decomposed goose-grease. There were

giddiness, prostration, and violent vomiting. No metallic

poison could be found. The grease was rancid, of repulsive

odor, and three ounces of it given to a dog produced the same

symptoms which had been observed in the persons.
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Christison reports a number of cases in which persons

were seriously, a few fatally, affected by eating various kinds

of meat which had undergone partial putrefaction.

Ollivier found six persons poisoned, four of them fatally,

by eating of decomposed mutton. He also mentions the

poisoning of a family of three with ham pie. Chemic analysis

ailed to reveal the presence of any poison.

Boutiony, having failed to find any poison in the meat

furnished at a festival, and to which the serious illness of

many was attributed, made a meal of stuffed turkey furnished

by the same dealer, but after a short time his countenance

became livid, his pulse small and feeble, a cold sweat bathed

his body, and violent vomiting and purging followed. His

recovery was slow.

Geiseler observed nausea, vomiting, purging, and delirium

after eating of bacon which was imperfectly cured.

Cases of poisoning from eating canned meats have become

quite frequent. Although it may be possible that in some

instances the untoward effects result from metallic poisoning,

in the great majority of cases the poisonous principles are

formed by putrefactive changes. In many instances it is

probable that decomposition begins after the can is opened by

the consumer. In others, the canning is carelessly done and

putrefaction is far advanced before the food reaches the con

sumer. In still other instances, the meat may be taken from

diseased animals, or it may undergo putrefactive changes

before the canning. What is true of canned meats is also

true of canned fruits and vegetables.

Dr. Ashworth, of Smith land, Iowa, has reported to us

three fatal cases of poisoning from canned apricots. An infant

which was only eight days old, and which must have received

the poison from its mother's breasts, died within a few hours.

The mother died forty-three hours after eating the apricots,

and the father on the sixth day. The symptoms corresponded

with those of poisoning by tyrotoxicon. However, it seems

that no analysis was made, and these may have been cases of

mineral poisoning.
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Poisonous Cheese.—In 1827 Hunnefeld made some

analyses of poisonous cheese, and experimented with extracts

upon the lower animals. He accepted the ideas of Kerner

in regard to poisonous sausage in a somewhat modified form,

and thought the active agents to be sebacic and caseic acids.

About the same time, Serturner, making analyses of poison

ous cheese for Westrumb, also traced the poisonous princi

ples, as he supposed, to these fatty acids. We see from this

that during the first part of the present century the fatty acid

theory, as it may be called, was generally accepted.

In 1848, Christison, after referring to the work of Hun-

XEFELD and Serti'rner, made the following statement:

" His (Hiinnefeld's) experiments, however, are not quite con

clusive of the fact that these fatty acids are really the poison

ous principles, as he has not extended his experimental

researches to the caseic and sebacic acids prepared in the

ordinary way. His views will probably be altered and sim

plified if future experiments should confirm the late inquiries

of Braconnot, who has stated that Proust's caseic acid is a

modification of acetic acid combined with an acrid oil."

In 1852 SchLossBEROER made experiments with the pure

fatty acids and demonstrated their freedom from poisonous

properties. These experiments have been verified repeatedly,

so that now it is well known that all the fatty acids obtain

able from cheese are devoid of poisonous properties.

It may be remarked here that there is every probability

that the poisonous substance was present in the extracts ob

tained by the older chemists. Indeed, we may say that this

is a certainty, since the administration of these extracts to

cats was, in some instances at least, followed by fatal result.

The great mass of these extracts consisted of fatty acids, and,

as the chemists could find nothing else present, they very

naturally concluded that the fatty acids themselves consti

tuted the poisonous substance.

Since the overthrow of the fatty acid theory various con

jectures have been made, but none worthy of consideration.

We make the following quotations from some of the best
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authorities who wrote during the first half of the past decade

upon this subject :

Hiller says : " Nothing definite is known of the nature of

cheese poison. Its solubility seems established from an obser

vation by Husemaun, a case in which the poison was trans

mitted from a nursing mother to her child."

Husemann wrote as follows : " The older investigations of

the chemic nature of cheese poison, which led to the belief

of putrefactive cheese acids, and other problematic substances,

are void of all trustworthiness, and the discovery of the active

principle of poisonous cheese may not be looked for in the

near future, on account of the proper animals for controlling

the experiments with the extracts, as dogs can eat large quan

tities of poisonous cheese without its producing any effect."

Brieger stated in 1885 : " All kinds of conjectures con

cerning the nature of this poison have been formed, but all

arc even devoid of historical interest ; because they are not

based upon experimental investigations. My own experi

ments toward solving this question have not progressed very

far."

In the above quotation we think that Brieger has hardly

done justice to the work of Hunnefeld and Serti'Rner.

Their labors can hardly be said to be wholly devoid of his

torical interest, and they certainly did employ the experi

mental method of inquiry.

In the years 1883 and 1884 there were reported to the

Michigan State Board of Health about three hundred cases of

cheese poisoning. As a rule, the first symptoms appeared within

from two to four hours after eating the cheese. In a few the

symptoms were delayed from eight to ten hours and were very

slight. The attending physicians reported that the gravity of

the symptoms varied with the amount of cheese eaten, but no

one who ate of the poisonous cheese wholly escaped. One

physician reported the following symptoms : " Everyone who

ate of the cheese was taken with vomiting, at first of a thin,

watery, later a more consistent reddish-colored substance. At

the same time the patient suffered from diarrhoea with watery
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stools. Some complained of pain in the region of the stom

ach. At first the tongue was white, but later it became red

and drv ; the pulse was feeble and irregular ; countenance

pale, with marked cyanosis. One small boy, whose condition

seemed very critical, was covered all over the body with

bluish spots."

Dryness and constriction of the throat were complained of

by all. In a few cases the vomiting and diarrhoea were fol

lowed by marked nervous postration, and in some dilatation

of the pupils was observed.

Notwithstanding the severity of the symptoms in many,

there was no fatal termination among these cases, though sev

eral deaths from cheese poisoning in other outbreaks have

occurred. Many of the physicians at first diagnosed the cases

from the symptoms as due to arsenical poisoning, and on this

supposition some administered ferric hydrate. Others gave

alcohol and other stimulants and treated upon the expectant

plan.

Vaughan, to whom the cheese was sent for analysis, made

the following report : " All of these three hundred cases were

caused by eating of twelve different cheeses. Of these, nine

were made at one factory, and one each at three other fac

tories. Of each of the twelve I received smaller or larger

pieces. Of each of ten I received only small amounts.

Of each of the other two I received about eighteen kilo

grams. The cheese was in good condition and there was

nothing in the taste or odor to excite suspicion. However,

from a freshly cut surface there exuded numerous drops of a

slightly opalescent fluid which reddened litmus paper in

stantly and intensely. Although, as I have stated, I could

discern nothing peculiar in the odor, if two samples, one of

good, the other of poisonous cheese, were placed before a dog

or cat, the animal would invariably select the good cheese ;

but if only poisonous cheese was offered, and the animal was

hungry, it would partake freely. A cat was kept seven days

and furnished only poisonous cheese and water. It ate freely

of the cheese and manifested no untoward symptoms. After

6
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the seven days the animal was etherized and abdominal sec

tion was made. Nothing abnormal could be found. I pre

dicted, however, in one of my first articles on poisonous

cheese, that the isolated poison would affect the lower ani

mals. As to the truth of this prediction we will see later.

" My friend, Dr. Sternberg, the eminent bacteriologist,

found in the opalescent drops above referred to numerous

micrococci. But inoculations of rabbits with these failed U1

produce any results.

"At first I made an alcoholic extract of the cheese. After

the alcohol was evaporated in vacuo at a low temperature a

residue consisting mainly of fatty acids remained. I ate a

small bit of this residue, and found that it produced dryness

of the throat, nausea, vomiting, and diarrhcea. The mass of

this extract consisted of fats and fatty acids, and for some

weeks I endeavored to extract the poison from these fats, but

all attempts were unsuccessful. I then made an aqueous ex

tract of the cheese, filtered this, and, drinking some of it,

found that it also was poisonous. But after evaporating the

aqueous extract to dryness on the water-bath at 100°, the

residue thus obtained was not poisonous. From this I ascer

tained that the poison was decomposed or volatilized at or

below the boiling-point of water. I then tried distillation

at a low temperature, but by this the poison seemed to be

decomposed.

" Finally, I made the clear, filtered aqueous extract, which

was highly acid, alkaline with sodium hydrate, agitated this

with ether, removed the ether, and allowed it to evaporate

spontaneously. The residue was highly poisonous. By re

solution in water and extraction with ether, the poison was

separated from foreign substances. As the ether took up

some water, this residue consisted of an aqueous solution of

the poison. After this wiis allowed to stand for some hours

in vacuo over sulphuric acid, the poison separated in needle-

shaped crystals. From some samples the poison crystallized

from the first evaporation of the ether, and without standing

in vacuo. This happened only when the cheese contained a
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comparatively large amount of the poison. Ordinarily, the

microscope was necessary to detect the crvstalline shape.

From sixteen kilograms of one cheese, I obtained about

0.5 gram of the poison, and in this case the individual crystals

were plainly visible to the unaided eye. From the same

amount of another cheese I obtained only about 0.1 gram,

and the crystals in this case were not so large. I have no

idea, however, that by the method used all the poison was

separated from the cheese."

To this ptoma'in Vaughan has given the name tyrotoxicon

(ri'pof, cheese, and to^kov, poison). Its chemistry will be dis

cussed in a subsequent chapter. The word tyrotoxicon had

been previously employed to designate poisonous cheese, but

this was not known to the writer when the above work was

done. In the Universal Lexikon der praktischen Medicin und

Chirurgie, published at Leipzig in 1849, an interesting article

under the heading Tyrotoxicon may be found, and of which

the following is a condensed translation :

" Tyrotoxicon (from tyros, cheese, and toxicon, poison)

cheese poison. With this name we designate the poisonous

principle which is formed in cheese by putrefaction. Already

frequent instances have occurred in which after the use of old

cheese poisonous effects have followed, and in most recent

times a few examples of this have been observed. Those

which we here mention are from the work by Kuhn, from the

English and Latin, Leipzig, 1824 (Vermche und Beobach-

tungen uber die Kleeu'dure, dm Wurxt und Kiisegift).

"At first (we will give) a few words about the preparation

of the cheese. When milk is allowed to stand for some days

in broad, shallow bowls, freely exposed to the air, the cream

separates and forms on the surface a layer, the thickness of

which varies with the quality of the milk. If the cream be

repeatedly removed, there remains a large volume of whey

in which appears a silver-white, cheesy substance which is too

soft to be made into cheese. This is stored in copper or

earthen vessels until a considerable amount has been ob

tained. Then the vessel is heated until the cheesv material
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becomes more firm. The substance is then placed in a linen

bag and pressed between stones in order to remove the whey

as thorouiffily as possible. When no more fluid can be ex

pressed, the solid mass is kneaded with salt and caraway,

formed into a cheese, and dried in the open air. However,

in different localities the method of preparation varies. It is

now desirable to inquire into the chemical constitution of the

constituents of the cheese. Tbenard has written as follows

concerning the casein, cheese-oxid, and cheese acid : One

obtains casein by skimming coagulated milk, washing the

coagulum with much water, and then drying. The mass is

white, tasteless, and odorless, and changes neither the tincture

of litmus nor the syrup of violets. On being burned, it

evolves much ammonium carbonate and leaves a light coal,

which is reduced to ashes with difficulty. In the ash there is

much carbonate of lime. When combined with much water

casein ferments as easily as gelatin, and in cheese it is con

verted into ammonium acetate, cheese-oxid, gum, etc. The

properties of this cheese-oxid are lightness, capability of

foaming, white color, lack of odor and taste, and inability to

act upon the vegetable colors. In boiling alcohol it is only

slightly soluble, in ether wholly insoluble. Finally, the cheese

acid, which Thenard also describes, possesses a slightly yellow

color, an acid, bitter, and at the same time cheesy taste, and

is easily soluble in both water and alcohol. Chlorin does

not cloud an aqueous solution of it, but an infusion of nut-

galls does. Nitric acid converts it into oxalic acid, and in

addition thereto, as Proust has shown, a small quantity of

benzoic acid and a large amount of a yellow, bitter substance

is formed. By combination with ammonia it forms a salt,

which does not crystallize. This has a salty, bitter, slightly

cheesy taste, and it possesses the peculiar property that even

when fully neutralized it reddens, after twenty-four hours,

blue vegetable colors.

The poisonous properties of cheese may be derived from (1)

the milk used, (2) from admixture with poisonous substances

in its preparation, and (3) from a peculiar putrefaction.



POISONOUS CHEESE. 89

"(1) Milk may possess most dangerous properties when it

comes from sick animals or from those which have eaten

plants poisonous to man. Kemer believes it improbable, but

Lorry states that the milk of cows, with whose food gratiola

(g. officinalis?) has been mixed, also colostrum (from any

cow ?), may be so poisonous that cheese prepared from these

may cause death. Tozzetts makes a similar statement on

the authority of Gmelin. He states that cheese prepared

from the milk of goats which had eaten Euphorbia cyparis-

sias, L., produced poisonous effects, and that in Kome like

effects had followed the eating of cheese made from the milk

of goats which had fed upon similar plants. This cheese had a

very sharp taste. It also contained a yellow fluid in which the

poisonous substance existed. Gmelin states on the authority of

trustworthy writers that the milk of goats which have eaten of

Euphorbia helioscopia and E. edulis is poisonous. It is stated

in Philadelphia .that a child who took the breast of a mother

recently bitten by a rattlesnake died from the effects of the

poison. More sad still is the history of a peasant whose cow

had been bitten by a mad dog ; because not only he, but

his wife and four children, a maid, and a neighbor, and her

four children, who had partaken daily of the milk of the

bitten cow, died of the fearful disease, hydrophobia. On

account of results of this kind, the authorities should forbid

the sale of milk, butter, and cheese from diseased animals.

"(2) The injurious effects of cheese arc sometimes due to

harmful substances accidentally mixed with it in its prepara

tion. In the following example the ill effects were due to the

presence of a mould (Mucor mucedo, L.). Of seven men who

partook of a cheese, which was mouldy both inside and out

side, at noon, all became ill during the evening. They suf

fered from frequent vomiting and severe purging, followed

by such prostration that they could hardly move their limbs.

The cheese, being recognized as the source of the trouble, was

thrown away. However, six servants found and ate it. A

few hours later they also began to vomit and purge, and four

of them, who had partaken most freely, were compelled to lie
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in bed an entire day, and even on the following day they pre

sented the appearance of persons recovering from a severe

illness. Microscopic examination of the mould from the in

terior showed the brown spore-capsules observed in the mould

on the outside of the cheese absent and many spherical spores

of bluish color present.

The following is another example in which the poisonous

properties ofthe cheese were due to accidental contamination :

The curd was allowed to stand for some time in an unfinished

beech tray. Fermentation took place, and the cheese pre

pared from the curd contained the bitter extract of the

beech, was pale-red in color, and the smallest bit of it induced

vomiting and long-continued diarrhoea. Similar, but poison

ous seeds, have been mistaken for caraway (Cummum cymi-

num, L.) and incorporated in the cheese. Hager mentions

a case of this kind in which twenty-four persons were poisoned.

The seeds used in this cheese were hyoscyamus. Garre

mentions a similar case in which a peasant and his family

partook ofthe cheese and cooked plums. These people became

temporially insane and ran about the streets, unconscious of

what they did. A surgeon found them lying in a room in a

state of apparent intoxication. In all, the tongue was red

ami thick, the eyes sunken and wild, and the pulse thready

and rapid. The father, who had undressed and was lying on

the bed, attempted to arise. He seemed dazed, laughed at the

1Iuc*tions asked, and made irrelevant remarks. His tongue and

eyes were inflamed. His wife plucked at her clothing, and

wan also irrational. The fourteen year old son, who evidently

hud taken the largest amount of the poison, reeled as if in

toxicated, and attempted to bite the visitors. His eyes were

wild, his face flushed, and his tongue highly inflamed. The

ii*hT was more rational. A servant was wildly insane. A

visilnr, who had also partaken of the cheese, remained in a

nervous and excitable state for five days. All complained of

weakness, heaviness of the limbs, dryness of the tongue, pres

sure on the eves and dimness of vision. In another instance
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cited by Orfila, white arsenic had been mixed with the

cheese. . . .1

" (3) Finally, it has been demonstrated by the most trust

worthy observations that cheese in and of itself, without any

additions, may become so powerfully poisonous that life may

be endangered by its use. Of the Well-known kinds of cheese,

two are especially liable to become poisonous. These are

cottage (schmier) and sour (barsch) cheese. The former is

free from injurious prol)crties when fresh, but as it grows old

and ferments it may become highly poisonous. Pyl reports

an instance in which a butcher, of Tubingen, and his three

children ate at most one-fourth of a pound of cottage cheese,

which produced within one hour severe abdominal pain,

vomiting, and purging. A girl, four years old, had convul

sions which terminated in death on the second day. The

remainder of this cheese was examined, but no trace of me

tallic poison could be found. Sour cheese is made from butter

milk. The coagulum obtained by boiling this milk is mixed

with caraway, seasoned with pepper and made into cheese.

Hennemann reports thirty persons poisoned with sour cheese,

one fatally. Vomiting, diarrhoea, and exhaustion were the

chief symptoms. The gravity of the effects seemed to be in

direct proportion to the quantity of cheese eaten. Another

instance of poisoning with sour cheese is reported by Wil-

lich, who states that a severe wound on the leg, due to a fall

while under the effects of the poison, did not bleed until the

patient vomited freely."

During 1887, Wallace found tyrotoxicon in two samples

of cheese which had caused serious illness. The first of these

came from Jeanesville, Pa., and the symptoms as reported to

Wallace by Doolittle, who had charge of the cases, were

as follows : " There were at least fifty persons poisoned by

this cheese. There were also eight others who ate of the

cheese, but felt no unpleasant effects ; whether this was due

1 This part of the article 1b devoted to the detection of copper and lead in

cheese, and is devoid of Interest, since the methods described are now anti

quated.
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to personal idiosyncrasy, or to an uneven distribution of the

poison throughout the cheese, I am unable to say.

" The majority, however, comprising fifty or sixty persons,

were seized, in from two to four hours after eating the cheese,

with vertigo, nausea, vomiting, and severe rigors, though vary

ing in their'order of appearance and in severity in different

cases. The vomiting and chills were the most constant and

severe symptoms in all the cases, and were soon followed by

severe pain in the epigastric region, cramps in the feet and lower

limbs, purging and griping pain in the bowels, a sensation of

numbness or pins and needles, especially in the limbs, and

lastly, very marked prostration, amounting almost to collapse

in a few cases.

" The vomit at first consisted of the contents of the stom

ach, and had a strong odor of cheese ; afterward it consisted

of mucus, bile, and in three or four of the severer cases blood

was mixed with the mucus in small quantities. Microscopic

examination of the same was not made, but to the eye it ap

peared us such. The vomiting and diarrhoea lasted from two

to twelve hours ; the rigors and muscular cramps, one to two

hours. The diarrhoeal discharges, at first fecal, became later

watery and light colored. No deaths occurred, and for the

most part the effects were transient, and all that remained on

the following day were the prostration and numbness; the

latter occurred in about one-half the cases, and disappeared in

from one to three days.

" Children, as a rule, seemed to suffer less than adults, and,

of course, it was not possible to elicit as definite symptoms

from them. The suddenness of the attack was remarked by

all, some feeling perfectly well until the moment of attack.

Nor did the symptoms seem to be in proportion to the amount

of cheese taken ; some of the severest cases declared they had

not eaten more than a cubic inch of it. One of the severest

cases was about six and one-half months pregnant, but no in

terference with pregnancy occurred. All the cheese which

caused the sickness came from the same piece."

The second sample of cheese examined by Wallace came
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from Riverton, N. J. This outbreak included a smaller num

ber of persons, all of whom recovered.

Wolff has detected tyrotoxicon in cheese which poisoned

several persons at Shamokin, Pa. The pores of this cheese

were found filled with a grayish-green fungoid growth, though

it is not supposed that this fungus was connected in any way

with the poisonous nature of the cheese. Tests were made for

mineral poison with negative results, after which tyrotoxicon

was recognized both by chemic and physiologic tests. " A

few drops of the liquid (extract), placed on the tongue of a

young kitten, produced prompt emesis and numerous watery

dejections with evident depression and malaise of the animal.

A larger cat was similarly affected by it, though the de

pression and malaise were not so marked nor so long con

tinued."

Cheese poisoning caused the death of several children in the

neighborhood of Heiligenstadt in 1879, and there were many

fatal cases from the same cause in Pyrmont in 1878. Un

fortunately we have not been able to find any detailed account

of either the symptoms or the postmortem appearances in these

cases.

Ehrhart has published the history of some cases of pois

oning from cheese, of which the following is an abstract : The

family of a workman, consisting of eight persons, ate for sup

per 600 grams (about eighteen ounces) of Limburger cheese.

The rind was covered with a heavy mould, while the interior

had become fluid from putrefaction, and was of bitter taste.

Three ate only of the mouldy rind, and these remained well.

The next morning, the five who had eaten of the inner portion

suffered from vertigo, nausea, vomiting, and abdominal pains ;

no stool. The father had convulsive movements of all the ex

tremities. The pupils were dilated, and did not respond to

light ; there were double vision, cold sweat, skin cvanotic, ab

domen distended, difficulty in swallowing, delirium, mild

trismus, and temperature 40°. The temperature of the

mother, on account of the great collapse, was subnormal.

She had no convulsive movements, but there was prolonged
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loss of consciousness. The pulse was small and thready, and

threatened paralysis of the heart. llecovery was very slow.

The others suffered only from gastro-enteric symptoms. Ehr-

hardt discusses the question as to whether these symptoms

were due to tyrotoxicon or to infection with microorganisms ;

but as we have not had access to his original paper, we do not

know what his conclusions are. However, there cannot be

much doubt that in those cases in which the organism is taken

into the alimentary canal, it continues the elaboration of its

poisonous products.

Dokkum treated a cheese which had poisoned a number of

persons in the following manner : One-half kilo was made

into a paste and heated on the water-bath for two hours with

two per cent. of hydrochloric acid, and filtered. The filtrate

was evaporated on the water-bath to a syrup, keeping it acid,

and then treated with absolute alcohol. The alcohol was

evaporated, then another portion added, and this again ex

pelled. The remaining fluid is made alkaline and now

extracted with ether. The ether on evaporation leaves a

crystalline base, which is insoluble in both hot and cold al

cohol. It readily reduces ferric chlorid and potassium ferri-

cyanid and liberates iodin from hydriodic acid. The amount

of the hydrochlorate of this base obtained was 0.02 gram.

Five milligrams injected into a frog caused paralysis and

death in thirty minutes. Dokkum thinks that this base is

not tyrotoxicon, but a currare-like poison for which he sug

gests the name tyrotoxin.

In 1890 Vaughan made the following additional report

on poisonous cheese :

" During the past two or three years we have received at

the Hygienic Laboratory of Michigan University a number

of samples of cheese which, it was claimed, had caused nausea

and vomiting in those eating of them, and in which we were

unable to detect tyrotoxicon. .Some of these samples pro

duced vomiting and purging in cats and dogs to which the

cheese was fed directly. The evidence that these samples

had been the actual cause of the sickness among the people
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who had eaten of them was thus confirmed by the experi

ments upon the animals ; but inasmuch as we were unable to

detect the poison we were compelled to report as follows :

" ' The poisonous character of the cheese has been proven

by experiments upon animals, but we have failed to demon

strate the nature of the poison. Tyrotoxicon could not be

detected.'

" On« sample of this class was found by Now to be very-

poisonous. Some of this cheese was covered with absolute

alcohol, and after standing in a dish for some weeks the

alcohol was allowed to evaporate, then 100 grams of the

cheese was fed to a young dog and caused its death within a

few hours. Sterilized milk to which a small bit of the cheese

was added, after standing in the incubator at 35° for twenty-

four hours, became so poisonous that 100 c.c. of it intro

duced into the stomach of a full-grown cat caused death.

Now made plate cultures from the cheese and from the

spleen and liver of the dead animals, and succeeded in iden

tifying one germ as common to both. Sterilized milk inocu

lated with a pure culture of this germ, and kept in the

incubator, proved fatal to cats. But with the advent of cold

weather the germ lost its toxicogenic properties, which were

not restored by subsequent cultivation in the incubator.

" In a second class of samples, the poisonous character of

the cheese was not confirmed by direct feeding. Cats, rats,

and dogs were fed with the same quantities as above, without

any appreciable effect. The report made upon the samples

was as follows :

" ' Animals fed upon the cheese were not affected. Tyro

toxicon could not be found. The sickness in the people was

probably due to some other cause.'

" The last sentence of this report was probably wrong, as

will be shown from the following experiment. Two kilo

grams of a cheese of this class was extracted repeatedly

with al»olute alcohol. The part insoluble in alcohol was

then extracted with water. The aqueous extract, after filtra

tion, was allowed to fall slowly into three times its volume
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of absolute alcohol. A voluminous, flocculent precipitate

resulted. After twenty-four hours the supernatant fluid was

decanted, and the precipitate was dissolved in water and re-

precipitated with absolute alcohol ; then it was collected and

speedily dried on porous plates. A small bit of this precipi

tate was dissolved in water ; and forty drops of this solution,

injected under the skin on the back of cats, produced inva

riably within one hour vomiting and purging. After the

partial collapse which followed the vomiting and purging,

and which was evidenced by the animal sitting with its chin

resting on the floor, recovery gradually followed. The same

amount of the solution injected into the abdominal cavity of

white rats rendered the animals within ten or fifteen minutes

perfectly limp, and the only evidence of life observed was

rapid respiratory movements. The rats lay upon their sides,

and could be handled without manifesting any attempt at

movement. In this condition some died after three or four

hours, while others, after lying in this position for from eigh

teen to twenty-four hours, gradually improved, and after some

days seemed to be wholly recovered.

" This substance belongs to the so-called poisonous albu

mins. From its aqueous solutions it is not precipitated by

heat or nitric acid, singly or combined. Its solutions respond

to the biuret test. It is not precipitated by saturation with

sodium sulphate, nor by a enrrent of carbonic acid gas ;

therefore, it is not a globulin. It is precipitated by saturation

with ammonium sulphate ; and this fact removes it from the

peptons.

" That animals were not affected when fed with the whole

cheese may be explained by the supposition that they did not

in this manner get enough of the poison to affect them. It

cannot be said positively that the samples of cheese of the first

class mentioned above owe their poisonous properties to this

substance. We have not had the opportunity of testing sam

ples of this class since the recognition of the poisonous proteid

in those of the second class. Four samples of the latter have

been tested for the poisonous albumin with positive results.
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" It may be found that traces of this poison exist in all sam

ples of green cheese. This point will be investigated.

" It is highly probable that the poisonous effects of some

samples of sausage and meat are due to similar products of

bacterial activity."

A base isolated from poisonous cheese by Lepierre in 1894

will be mentioned in the chapter on the chemistry of ptoma'ins.

In reference to the poisonous proteids in cheese and other

articles of food the following interesting questions arise : How

is the poisoning explained ? Is it not generally supposed that

poisonous proteids are not absorbable from mucous mem

branes ? Mitchell and Reichert showed that the venom

of serpents may be absorbed from mucous membranes; espe

cially did they find this to be true of the poisonous pepton

of the cobra. Ehrlich and later Repin have shown that

abrin, the poisonous albumose of jequirity, may in part be ab

sorbed by the mucous membrane of the alimentary canal. It

may be, however, that the bacteria, which are in the cheese

and to which the formation of the poisonous proteids is due,

find their way through the intestinal walls and form their

poisonous products within the spleen and other organs. The

fact that Now found the bacteria in the spleen and liver of

the animals experimented upon confirms this view.

At noon, February 28th, 1895, a man sixty-seven years old,

who had served dnring the civil war, and since suffered from

chronic diarrhoea, took a lunch consisting of cheese, crackers,

milk and dried beef. Within an hour he complained of severe

pains in the stomach. This increased rapidly in intensity,

and a physician was summoned. Ineffectual attempts were

made to induce vomiting and move the bowels. At 10 a. m.

the next day, death resulted, apparently from exhaustion.

The cheese had been in the house for three months, during

which time none of it had been used. No postmortem exam

ination was made. The cheese was examined by Vaughan

and Perkins. The small piece sent for examination was

hard and dry. From the interior portions were taken and

cultures made under anaerobic conditions. Two bacilli, one
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a short rod with rounded ends, length not more than two and

one-half times the breadth, the other from three to four times

as long as broad, developed. These organisms were isolated

by means of Novy's anaerobic plate apparatus. The short

bacillus proved fatal to white rats, guinea-pigs and rabbits.

The long bacillus was inert. Mixed cultures were poisonous, but

not more so than the pure cultures of the short bacillus. One-

fourth c.c. of beef-tea and milk cultures from four to seven

days old killed all the above mentioned animals within from

twenty-four to forty-eight hours. Cultures of the short bacil

lus had no disagreeable odor, while those of the long one did.

Even when the germ was removed by nitration through porce

lain, cultures of the short bacillus in quantities of from one

to two c.c. killed, thus showing that the organism elaborates

a powerful chemic poison, the nature of which has not been

determined, but enough is known to say that it is not tyro-

toxicon.

The bacillus is more motile and takes the ordinary basic

anilin stains readily. Its optimum temperature is that of the

body, but at ordinary room-temperature it multiplies and elab

orates its poison. Cultures kept in an ice-chest were without

effect upon animals. It is a facultative anaerobe. It coagulates

milk and decolorizes litmus gelatin. It produces gas, does not

liquefy gelatin, and forms a thin, scarcely visible growth on

potato.

Poikonous Milk.—In 1885 Vauohan found tyrotoxicon

in milk which had stood in a well-stoppered bottle for about

six months. It was presumed that this milk was, when first

obtained, normal in composition, but, since this was not known

with certainty, the following experiments were made: Several

gallon bottles were filled with normal milk, tightly closed

with glass stoppers, and allowed to stand at the ordinary tem

perature of the room. From time to time a bottle was opened

and the test for tyrotoxicon was made. These tests were fol

lowed by negative results until about three months after the

experiment was begun. Then the poison was obtained from
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one of the bottles. The coagulated milk was filtered through

paper. The filtrate, which was colorless and decidedly acid

in reaction, was rendered feebly alkaline by the addition of

potassium hydrate and agitated with ether. After separation,

the ethereal layer was removed with a pipette, passed through

a dry filter-paper in order to remove a flocculent white sub

stance which floated in it, and then allowed to evaporate

spontaneously. If necessary, this residue was dissolved in

water and again extracted with ether. As the ether takes up

some water, there is usually enough of the latter left after the

spontaneous evaporation of the ether to hold the poison in

solution, and in order to obtain the crystals this aqueous solu

tion must be allowed to stand for some hours in vacuo over

sulphuric acid.

From one-half gallon of the milk there was obtained quite

a concentrated aqueous solution of the poison after the spon

taneous evaporation of the ether. Ten drops of this solution

placed in the mouth of a small dog, three weeks old, caused

within a few minutes frothing at the mouth, retching, the

vomiting of frothy fluid, muscular spasms over the abdomen,

and after some hours watery stools. The next day the dog

seemed to have partially recovered, but was unable to retain

any food. This condition continuing for two or three days

the animal was killed with chloroform. No examination of

the stomach was made.

In 1886 Newton and Wallace obtained tyrotoxicon

from milk and studied the conditions under which it forms.

Their report is of so much value that the greater part of it

is herewith inserted.

" On August 7th twenty-four persons, at one of the hotels

at Long Branch were taken ill soon after supper. At

another hotel, on the same evening, nineteen persons were

seized with the same form of sickness. From one to four

hours elapsed between the meal and the first symptoms. The

symptoms noticed were those of gastro-intestinal irritation,

similar to poisoning by any irritating material—that is,

nausea, vomiting, cramps, and collapse ; a few had diarrhoea.
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Dryness of the throat and burning sensation in the oesophagus

were prominent symptoms.

"While the cause of the sickness was being sought for,

and one week after the first series of cases, thirty persons at

another hotel were taken ill with precisely the same symptoms

as noticed in the first outbreak.

" When the news of the outbreak was published one of us

immediately set to work, under the authority of the State

Board of Health, to ascertain the cause of the illness. The

course of the investigation was about as follows :

"The character of the illness indicated, of course, that

some article of food was the cause, and the first part of our

task was to single out the one substance that seemed at fault.

The cooking utensils were also suspected, because unclean

copper vessels have often caused irritant poisoning. Articles

of food, such as lobsters, crabs, blue fish, and Spanish mack

erel, all of which at times, and with some persons very sus

ceptible to gastric irritation, have produced toxic symptoms,

were looked for, but it was found that none of these had

been eaten at the time of the outbreak. The cooking vessels

were examined, and all were found clean and bright, and no

evidence of corrosion was presented.

" Further inquiry revealed the fact that all who had been

taken ill had used milk in greater or less quantities, and that

persons who had not partaken of milk escaped entirely ;

corroborative of this, it was ascertained that those who had

used milk to the exclusion of all other food were violently

ill. This was prominently noticed in the cases of infants fed

from the bottle, when nothing but uncooked milk was used.

In one case an adult drank about a quart of the milk, and

was almost immediately seized with violent vomiting followed

by diarrhoea, and this by collapse. Suffice it to say, that we

were able to eliminate all other articles of food and to decide

that the milk was the sole cause of the outbreak.

" Having been able to determine this, the next step was to

discover why that article should, in these cases, cause so

serious a form of sickness.
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" The probable causes which we were to investigate were

outlined as follows: (1) Some chemical substance, such as

borax, boric acid, salicylic acid, sodium bicarbonate, sodium

sulphate, added to preserve the milk or to correct acidity.

(2) The use of polluted water as an adulterant. (3) Some

poisonous material accidentally present in the milk. (4) The

use of milk from diseased cattle. (5) Improper feeding of

the cattle. (6) The improper care of the milk. (7) The

development in the milk of some ferment or ptoma'in, such

as tyrotoxicon.

" At the time of the first outbreak we were unable, un

fortunately, to obtain any of the noxious milk, as that un-

consumed had been destroyed ; but at the second outbreak a

liberal quantity was procured.

" It was soon ascertained that one dealer had supplied all

the milk used at the three hotels where the cases of sickness

had occurred. His name and addreas having been obtained,

the next step in the investigation was to inspect all the farms,

and the cattle thereon, from which the milk was taken. We

also learned that two deliveries at the hotels were made daily,

one in the morning and one in the evening ; that the milk

supplied at night was the sole cause of the sickness, and that

the milk from but one of the farms was at fault. The cows

on this farm were found to be in good health, and, besides

being at pasture, were well fed with bran, middlings, and

corn-meal.

" So far we had been able to eliminate as causes diseased

cattle and improper feeding, and we were then compelled to

consider the other possible sources of the toxic material.

" While the inspection of the farms was being made, the

the analysis of the milk was in progress. The results of this

showed that no chemical substance had been added to the

milk, that it was of average composition, that no polluted

water had been used as a diluent, and that no poisonous metals

were present. This result left us nothing to consider but two

probable causes ; improper care of the milk, and the presence

of a ferment.
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" As to the former, we soon learned much. The cows were

milked at the unusual and abnormal hours of midnight and

noon, and the noon's milking—that which alone was followed

by illness—was placed, while hot, in the cans, and then, with

out any attempt at cooling, carted eight miles during the

warmest part of the day in a very hot month.

" This practice seemed to us sufficient to make the milk

unpalatable, if not injurious, for it is well known that when

fresh milk is closed up in a tight vessel and then deposited in

a warm place, a very disagreeable odor and taste are devel

oped. Old dairymen speak of the animal heat as an entity,

the removal of which is necessary in order that the milk

shall keep well and have a pleasant taste. While we do not

give this thing a name, we are fully convinced that milk

should be thoroughly cured by proper chilling and aeration

before it is transported any distance or sold for consumption

in towns or cities.

" This opinion is based on a study of the methods preva

lent among experienced dairymen, who ship large quantities

of milk to our great cities. The usual practice is to allow

the milk to stand in open vessels, surrounded by ice or cold

water, for from eight to twelve hours before transportation,

and when placed on the cars it has a temperature of from

S0° to W F., and is delivered to consumers in a perfectly

sweet condition. The city of New York receives about

200,000 gallons each day from the surrounding country, and

much of it brought in by the railroads has been on the cars

from a time varying from six to twelve hours, yet we seldom

hear of any of this milk undergoing the peculiar form of

fermentation set up in the Long Branch milk. We may

account for this by assuming that the proper care of the milk

after it was taken from the cow, and the low temperature at

which it was kept, have prevented the formation of any fer

ment ; this opinion seems to be indorsed by all dairymen and

managers of large creameries with whom we have consulted.

They all agree in stating that the milk maintained at a low
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temperature can be kept sweet and in good condition for

many days.

" We have dwelt on this branch of our topic somewhat

extensively, because we are fully persuaded that the improper

care of the milk had much to do with the illness it produced.

"The results of our inquiry having revealed so much, we

next attempted to isolate some substance from the poisonous

milk, in order that the proof might be more evident. A

quantity of the milk that had caused sickness in the second

outbreak was allowed to coagulate, was then thrown on a

coarse filter, and the filtrate collected. This latter was highly

acid, and was made slightly alkaline by the addition of potas

sium hydrate. This alkaline filtrate was now agitated with

an equal volume of pure, dry ether, and allowed to stand for

several hours, when the ethereal layer was drawn off by means

of a pipette. Fresh ether was added to the residuum, then

agitated, and, when separated, was drawn off and added to the

first ethereal extract. This was now allowed to evaporate

spontaneously, and the residue, which seemed to contain a

small amount of fat, was treated with distilled water and

filtered, the filtrate treated with ether, the etheral solution

drawn off and allowed to evaporate, when we obtained a

mass of needle-shaped crystals. This crystalline substance

gave a blue color with potassium ferricyanid and ferric

chlorid, and reduced iodic acid. The crystals, when placed

on the tongue, gave a burning sensation. A portion of the

crystals was mixed with milk and fed to a cat, when, in the

course of half an hour, the animal was seized with retching

and vomiting, and was soon in a condition of collapse, from

which it recovered in a few hours.

" We arc justified in assuming, after weighiug well all the

facts ascertained in the investigation, that the sickness at Long

Branch was caused by poisonous milk, and that the toxic ma

terial was tyrotoxicon.

" The production of this substance was no doubt due to the

improper management of the milk—that is, too long a time

was allowed to elapse between the milking and the cooling of
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the milk, the latter not being attended to until the milk was

delivered to the hotel ; whereas, if the milk had been cooled

immediately after it was drawn from the cows, fermentation

would not have ensued, and the resulting material, tyrotox-

icon, would not have been produced."

In the same year, Schearer found the same poison in the

milk used by, and the vomited matter of, persons made sick

at a hotel at Corning, Iowa.

In 1887, Firth, an English army surgeon stationed in

India, reported an outbreak of milk poisoning among the

soldiers of his garrison. From the milk he separated, by

Vaughan's method, tyrotoxicon. He also obtained tyro-

toxicon from milk which had been kept for some months in

stoppered bottles, as had been previously done by Vaughan.

(See page 98.)

In 1887, Mesic and Vauohan observed four cases of milk

poisoning, three of which terminated fatally, and Now and

Vauohan obtained tyrotoxicon from the milk and from the

contents of the intestine in one of the fatal cases. Vauohan

reports these cases as follows :

"September 23, 1887, I was visited by Dr. A. G. Mesic.

of Milan, Michigan, who informed me that he had four mem

bers of a family under his charge, all of whom were seriously

ill with peculiar symptoms which he believed to be caused

by tyrotoxicon. Since Dr. Mesic has written out for me the

history of these cases, I will insert his report in full, as follows :

"'Saturday, September 17, while passing the residence of

S. H. Evans, a respectable farmer, I was called in to see him.

I found him—a man about fifty years, spare and muscular—

vomiting severely ; with flushed face, but with a temperature

of 96° F. There was marked throbbing of the abdominal

aorta ; the tongue had a white, heavy coating, and the breath

ing was very labored. I set to work with the ordinary reme

dies to allay the vomiting, which had already continued for

some hours. The vomited matters were colored with bile.

Pupils were dilated, and a rash resembling that of scarlatina,

but coarser, covered the chest, forearms, and legs below the
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knees, while the abdomen and thighs remained unaffected.

As the bowels had not been moved since the beginning of the

attack, I administered a purgative dose of calomel with a

little podophyllin and rhubarb. On Sunday a small stool

resulted. During that day and night and the following day

the retching and vomiting continued. Small doses of car

bolic acid seemed to give the most relief. After the move

ment of the bowels the symptoms were somewhat more prom

ising; but a heavy and unfavorable stupor was observable

and persistent.

" ' On Sunday the coating of the tongue remained very

thick, and had changed to a dark brown color. At first I

thought that his symptoms indicated a depressed condition,

which I had known in one instance to precede typhoid fever.

However, after a few days, I concluded that I must look for

the cause of the condition among the poisons ; but I could

think of no one poison which would be likely to produce all

the symptoms observed. During Monday, Tuesday, and

Wednesday, there was but little change, and the treatment

was continued.

" ' On Thursday morning I found the son Arthur, a lad of

eighteen years, strong and vigorous, suffering with the same

symptoms, only in a more violent form. After supper on

Wednesday evening he was taken with nausea and vomiting.

He had no rash, but the symptoms were otherwise identical

with those of the father, except in being more severe. I

gave a cathartic, which acted only slightly.

" ' At my evening visit I found Mrs. Evans, a lady of

about forty-five, previously in good health, with the same

symptoms. In this case the stupor was more marked from

the first. I was unable at any time to obtain any cathartic

action iu this case. Copious enemata of warm water were

used, but succeeded only in washing some hardened lumps

from the rectum. By this time I had concluded that the

poison was most likely tyrotoxicon.

" ' On Friday morning the only remaining member of the

family at home, Miss Alma, sixteen years of age, was affected
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in the same way as the others. On that day I went to Ann

Arbor, and gave a history of the cases so far to Dr. Vaughan,

who, from the symptoms, thought that my diagnosis was most

probably correct, and he advised with me as to treatment,

which I carried out. I gave two grains of sodium salicylate

every four hours, and used small doses of the tonics and

stimulants, quinine, nux vomica, digitalis, whiskey, and the

aromatic spirits of ammonia. On Saturdav the symptoms in

all remained unimproved, and in the mother and son the

stupor and labored breathing grew more marked.

"'On Sunday I again went to Ann Arbor, and brought

Dr. Vaughan with me to see the patients. The temperature

of the mother on Sunday was as low as 94° F., and that of

the son 95° F. Dr. Vaughan agreed with me as to diagnosis

and treatment. Sunday evening the patients were all re

moved to the house of a neighbor, about forty rods distant

(the reasons for this will be given later). Dr. Vaughan and

I both expressed the fear that the mother, and possibly the

son, would not live through the night. Both of these rapidly

grew worse, and the son died at 7:45 a.m. and the mother at

4 p.m., Monday.

" ' During Monday the daughter rapidly grew worse, and

at the time of her mother's death could not be aroused, and

practically she remained unconscious from that time on. The

father was very weak, but retained his consciousness all the

time. Convulsive movements of the limbs had been noticed

in the son, but not in the mother. These now became more

marked in the daughter, who remained in the heavy stupor,

with labored breathing, until 5 p.m. Thursday, when she

died.

" ' Mr. Evans has slowly improved, and now, October 18th,

is able to walk about the room. The sodium salicylate, even

in the small doses used, seemed to cause severe headache ;

so apparent was this that the drug was discontinued, and

drop doses of amyl nitrite, given every hour, seemed to

relievo the pain in the head. His temperature remained

below the normal until Thursday, October 14th, when it
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reached the normal. After this it was found once as high as

99.°5 F., then 99° F., then again normal, where it remains.

'"All complained of a burning constriction in the throat,

and difficulty in swallowing, and all, as long as they were

conscious, frequently called for ice. In all the pulse was rapid

and feeble, and death seemed to result from failure of the

heart. Those who died voided urine involuntarily, while

Mr. Evans passed small quantities frequently, and for this

buchu and uva ursa were given. During his convalescence

small doses of morphine were give, as he was unable to sleep,

and became very restless. He is now taking teaspoonful

doses of the elixir of calisaya and iron every four hours.'

" As stated above by Dr. Mesic, I first saw these patients

Sunday, September 25th. On a sofa in the room we found

the daughter, Alma. She had been vomiting during the

day, and seemed much exhausted. She was not inclined to

talk, and seemed to be in a stupor, though when spoken to

she responded rationally. Her pupils were slightly dilated,

her tongue coated, her pulse 120 and weak, her face flushed,

and a violent throbbing could be felt over the abdomen,

which was retracted. Her temperature was 96° F.

"In another room were the father, mother, and son, two of

them dying. The father was ratioual and talked with some

freedom when I asked as to the kind of food thev had been

eating, etc. His pupils were normal. His face could not be

said to present any peculiar feature. His pulse was rapid,

breathing somewhat labored, and the throbbing of the ab

dominal aorta was plainly felt. The abdomen was retracted,

and there was no pain on pressure. He complained of a

burning constriction of the throat, swallowed with difficulty,

and said that his throat and stomach felt as though they

were on fire.

" The mother lay perfectly still with eyelids closed, as if in

a deep sleep. Her pulse was rapid, her face had a livid flush,

her breathing was about 35 per minute, and labored. The skin

was cool, but neither abnormally moist nor specially dry and

harsh. She could not be aroused. In fact, she was comatose.
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" The son rolled uneasily from one side of the bed to the

other. His breathing, also, was very labored. His eyelids

were closed, and the pupils were markedly dilated—did not

respond to light. He could not be aroused. In mother and

son, as well as in father and daughter, the abdomen was re

tracted, and the throbbing of the abdominal aorta was easily

felt.

" Now, to what were these symptoms due? They were cer

tainly those of some poison. Dr. Mesic had brought me some

of the vomited matter, which I tested thoroughly for mineral

poisons, with negative results. The symptoms certainly were

not those of morphin, strychnin, digitalis, or aconite. They

did have some resemblance to those of belladonna, but yet

they were not the symptoms of belladonna. The pupils were

not as widely dilated as they would be in belladonna poison

ing. There was in none of these persons the active delirium

of belladonna poisoning. There was no picking at the cloth

ing, no grasping of imaginary objects in the air, no halluci

nations of" vision. Surely it could not be any vegetable alka

loid with which I was familiar.

" On the other hand, we know that nausea, vomiting, head

ache, dilatation of the pupil, rapid pulse, heavy breathing,

constipation, and great prostration, with stupor, do occur in

cases of poisoning with certain ptoma'ins. Therefore we

began to look for conditions which would be favorable for the

production of putrefactive alkaloids. These conditions we

were not long in finding.

" The family, which consisted of the four persons sick, and

of a daughter about twenty years of age, who was away from

home at the time when the others were taken ill, and for some

months before that time, was evidently a tidy one. This was

shown by their personal appearance and by the clothing and

bedding. But the house in which they lived was very old,

and very much decayed. Mr. Evans had purchased the farm

six years ago ; and for some three years past, at least, they

had been troubled every now and then, one or more of the

family, with nausea and vomiting, followed by more or leas
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prostration. But in no instance, up to the present illness, had

the symptoms been sufficient to cause them to summon a phy

sician. The family had worked hard in order to pay for the

farm, and had determined to make the old house do until they

were out of debt. Even before this family had moved to the

farm, the house had been known among the neighbors as an

unhealthy one, and there had been much sickness and a num

ber of deaths among its former tenants.

" The house is a frame one, and one of the neighbors said

to me that it was an old house when he came to the neighbor

hood thirty-seven years ago. It consists of two rooms on the

ground-floor, with attic rooms above. The frame rests upon

four large logs or sills, which lie directly upon the ground,

and are thoroughly rotten. There is no cellar under any part

of the house. From the front, at least, the surface slopes

toward the house, and the rain-water runs under it. In the

floor of one room a trap-door had been placed, and directly

under this a small excavation had been made for the purpose

of collecting the rain-water when it accumulated under the

house. Although this pit was dry at the time of our exami

nation, its sides and bottom were marked with cray-fish holes,

showing that water had stood in it. The floor was laid of un-

jointed boards, and every time that it was swept much of the

filth fell through the cracks, and every time that the tidy

housewife scoured and mopped the floor, the water, carrying

with it the filth, ran through the crevices, and thus the con

ditions most favorable for putrefactive changes were brought

into existence and maintained.

" One corner of one of the rooms had been transformed into

a small room, or buttery, as it was called, and in this, on

shelve?, the food was kept. On account of the more frequent

scouring demanded by that part of the floor enclosed in this

buttery, the boards had rotted away, and a second layer of

boards had been placed over the original floor. Between

the^e two floors we found a great mass of moist, decomposing

matter, the accumulation of years, which the broom could not

reach. When this floor was taken up, a peculiar, nauseating

6
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odor was observable, and was sufficient to produce nausea and

vomiting in one of the persons engaged in the examination.

Some of the dirt from beneath the floor, and some of that

which had accumulated beneath the boards in the buttery,

were taken for further study.

" The condition of the house was supposed to be unfavor

able to the patients, and for this reason they were moved, as

Dr. Mesic has stated, to the house of a neighbor. Of course,

thorough examination of the house was not made until the

patients had been removed.

" Special inquiry was now made concerning the food used

by this family. They had been living very simply. They

lived upon bread, butter, milk, and potatoes, with coffee and

ripe fruit. They had eaten no canned foods for months. They

ate but little meat. Occasionally a chicken was killed and

served, and rarely, some fresh meat was obtained from the

village. During the week in which they were taken ill, all

the meat used consisted of slices from a piece of bacon, the

only meat which was kept in the house, and a chicken. None

of the latter remained, but the bacon was examined. It

seemed in perfect condition, and contained no trichinae.

Moreover, as has been seen from the history of the cases, all

the members of the family were not made sick by any one

meal, but the opportunity of obtaining the poison must have

been present for some time. Moreover, the fact that previous

similar, but less severe, attacks had occurred at intervals for

the past three years, convinced us that the poison must owe its

origin to some long-existing condition.

"The drinking-water supply was also investigated. The

water was obtained from a shallow well, and some of it was

taken for analysis. But several families had for years used

water from this well, and had remained healthy.

"The milk used by the family was studied. Of course,

we could get none of that which had been used before the

members of the family were stricken down. As soon as he

made the diagnosis of tyrotoxicon poisoning, Dr. Mesic

ordered the discontinuance of the use of milk, not only with
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the sick, but he forbade the daughter, who had returned, and

any of the visitors using it. Mr. Evans owned four milch

cows, and they were supplied with fair pasturage and abund

ant water. The greater part of the milk was placed in tin

cans which were set in a wooden trough in the yard, and sur

rounded by cold water. The covers to the cans were arranged

so that the air could have free access to the milk, and were

left in this position until the milk was thoroughly cooled.

Indeed, the cans, were furnished by a creamery company,

which followed the directions I had previously given for the

care of milk. On his first visit to me Dr. Mesic brought

some of the milk from one of these cans. This I examined,

but failed to find tyrotoxicon in it.

" However, the family did not drink any of the milk from

the cans. That which they did use was kept in the buttery

which I have described. Here it stood upon a shelf, and

some members of the family, at least, were in the habit of

drinking from it between meals. This was especially true,

it is said, of the son. He would frequently come from his

work in the fields, go into the buttery and drink a glass or'

more of the milk. Mr. Evans states that he frequently

observed that the taste of the milk was not pleasant. On

my first visit to the premises I advised that some of the milk

should be taken from the cans, allowed to stand in the

buttery over night, and be sent to me the next day. This

was done, and in this milk we found tyrotoxicon, not only

by the employment of chemical tests, but by poisoning a

kitten with it.

" On the death of the mother and son, Dr. Mesic asked for

a postmortem, but the friends objected, and the undertaker

used an arsenical embalming fluid, so that, although consent

was subsequently obtained, it was decided that the exami

nation would be so vitiated as to be worthless. On the death

of the daughter, the coroner summoned a jury and held an

inquest. The postmortem was conducted by Dr. George

A. Hendricks, in the presence of the jury and several physi

cians who had been invited. Dr. Hendricks has kindly
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furnished me with his report, which I present herewith in full :

'"The autopsy was held fifteen hours after death. The

abdominal viscera were first examined. The great omentum

was small, in normal position, covering the small intestine.

The small intestine was moderately distended with flatus.

The jejunum was ashy-green in color ; the ileum purplish-

green. About eighteen inches from the termination of the

ileum was found a diverticulum two inches in length. The

small intestine contained very little alimentary matter. The

vermiform appendix was free, contained some small fecal

lumps, and showed no evidence of inflammation. The

caecum, ascending, transverse, and descending colon were

empty and their circular fibres were tightly constricted, ex

cept at intervals where the intestine was distended with gas.

The sigmoid flexure was moderately distended with gas, and

the rectum contained small bits of fecal matter. The stomach

was somewhat contracted and lay wholly upon the left side

of the median line. It contained a few ounces of fluid. Its

extremities were ligated and the organ removed. The mu

cous membrane of the stomach and intestine were not exam

ined until they reached the chemist. The duodenum was

distended with flatus. The liver was normal in size and

appearance. The gall-bladder contained about one ounce of

bile. The spleen was normal. One-half ounce of fluid

deeply stained with blood was found in Douglas's cul-de-sac.

The uterus, Fallopian tubes, and ovaries were deeply con

gested. The left ovary was enlarged and presented on its

posterior surface a hemorrhagic spot, oval, about one-half

line in length, and several other less distinct ones. The right

ovary was normal in size and showed numerous Graafian

scars. The ureters and bladder were normal ; the latter con

tained a small amount of urine. The peritoneum, pancreas,

and kidneys were perfectly normal.

"'The thoracic cavity was next opened. The lungs were

normal ; there was about one-half ounce of free serum in the

left pleural cavity; none in the right. Pericardium normal;
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right auricle in diastole ; left auricle and both ventricles in

systole.

" ' The dura mater showed venous congestion ; the arach

noid normal ; the pia mater congested. On the surface of

the centrum ovale, small drops of blood oozed from the

divided vessels. The large veins of the velum interpositum

were distended. Third and fourth ventricles were slightly

distended with serous fluid, but the walls were normal.

There seemed to be slight softening of the optic thalami.

The sub-arachnoid fluid was about twice the normal quantity.

" ' On examination of the mucous membrane of the stomach

and intestine in the presence of the chemist, Prof. A. B.

Prescott, nothing abnormal could be found. The membrane

was stained with bile, but there was not the slightest redness.

The solitary glands were distinct, but not at all inflamed.

Peyer's patches were normal.'

" It will be seen that there existed no lesion which would

account for the death. The venous congestion observed in

the brain would follow from failure of the heart.

" Some of the postmortem appearances bore a striking

resemblance to those which I had observed in cats poisoned

with tyrotoxicon. This was especially noticeable in the con

dition of the mucous membrane of the stomach and intestine.

Tyrotoxicon produces the symptoms of a gastro-iutestinal

irritant, but not the lesions. The contraction of the circular

fibres of the intestine, which undoubtedly caused the consti

pation, I had also observed in cats that died from tyrotoxicon

poisoning without either vomiting or stool.1 The action of

this poison upon the stomach and intestine must be through

the nervous system. Small doses cause both vomiting and

purging, while after large doses vomiting may be impossible,

and obstinate constipation may exist. Both the vomiting

1 Marsh reports a case in which the symptoms resembled very closely those of

rapidly perforating appendicitis, but the postmortem examination showed abso

lutely no evidence of this disease or of peritonitis. In fact the only abnormality

found in the Intestines consisted of the contraction of the circular fibres of the

transverse and descending colon. Marsh believes that this was a case of

ptomaln poisoning.
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and purging after small doses are undoubtedly due in part to

increased activity of the circular fibres of the muscular coats,

induced through the nerves; and the inability to vomit, and

the constipation, one or both of which may be observed after

large doses of the poison, are due to spasm of the same mus

cles, induced in the same manner.

" Prof. A. B. Prescott was requested by the coroner to

analyze the material for mineral and vegetable poisons. He

made analyses of the stomach and part of its contents, and

a portion of the liver. His results were wholly negative.

"Novy tested a cold-water-extract of the finely divided

intestine for ptomains. The fluid, which was acid in reac

tion, was filtered, then neutralized with sodium bicarbonate,

and shaken with ether. The ether, after separation, was re

moved, and allowed to evaporate spontaneously. The residue

was dissolved in water, and extracted again with ether. This

ether residue gave the chemical reactions for tyrotoxicon, and

a portion of it was administered to a kitten about two months

old. Within half an hour after the administration the kitten

began to retch, and soon it vomited. Within the next three

hours it was noticed to vomit as many as five times. The

animal sat with its head down, and seemed greatly prostrated.

The pupils were examined, but could not be said to be dilated.

There was no purging. The retching and heavy breathing,

with evidences of prostration, continued more or less marked

for two days, after which the animal slowly improved.

" A quantity of fresh milk was divided into five portions

of one quart each, placed in quart bottles which had been

thoroughly cleansed, and treated in the following manner :

" No. 1 consisted of the milk only, and was employed as a

control test.

"No. 2 was mixed with a drachm of vomited matter.

" No. 3 was treated with a portion of the contents of the

stomach.

" No. 4 was treated with an aqueous extract of the intes

tine.

" No. 5 was treated with a small portion of the soil which
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had been taken from the floor of the buttery, stirred up with

water.

"These bottles were placed iu an air-bath, and kept at a

temperature of from 25° to 30° C. for twenty-four hours.

Then each was tested for ptomains. No. 1 yielded no tyro-

toxicon, while all of the others contained this poison. The

tests were both chemical and physiological. All of the sam

ples yielded a non-poisonous base when treated according to

Brieger's method, and the same substance was obtained from

perfectly fresh milk. It was most probably formed by the

action of the heat and reagents employed in this method.

This base was obtained in crystalline form, and several por

tions of it were administered to kittens without any effect.

The further study of this body will be of interest to toxicol-

ogists, because it gives many of the general alkaloidal reac

tions. At first we supposed it to be Brieger's neuridin, and

this supposition may still be correct, but, as we obtained it, it

gave some reactions which are not given by neuridin. Further

investigations will be made on this point.

" Tyrotoxicon was obtained from the filtered milk by two

methods: (1) The one which we have previously used, and

which consists in neutralizing the filtered milk with sodium

bicarbonate, and extracting with ether. That portion of the

poison employed in the physiological tests was obtained in

this way, and in order to be sure that no poison came from

the ether, the extract from the milk to which nothing had

been added was given to a kitten, and was found to produce

no effect. (2) The filtrate from the milk was heated to 70° C.

(158° F.)—tyrotoxicon decomposes at 91° C. '(195.8° F.)—

for some minutes, and filtered. This filtrate, which was per

fectly clear, was treated with a small quantity of nitric acid

in order to convert the tyrotoxicon into a nitrate, then pure

potassium hydrate in the solid form was added until the solu

tion was strongly alkaline. This solution was concentrated so

far as it could be on the water-bath. (The potassium com

pound of tyrotoxicon is not decomposed below 130° C. (234°

F.). The dark-brown residue, after cooling, was examined
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with the microscope and found to contain the crystalline

plates of tyrotoxicon-potassium hydrate, along with the

prisms of potassium nitrate. The former was separated from

the latter by extraction with absolute alcohol and filtration.

The alcohol was evaporated to dryness on the water-bath, and

the residue again extracted with absolute alcohol. From this

alcoholic solution tyrotoxicon was precipitated with ether.

The precipitate was decomposed by adding acetic acid and

heating, the tyrotoxicon being broken up into nitrogen and

phenol. The phenol was recognized by precipitation with

bromine water, and by other well-known tests.

" On October 8th, the coroner's inquest, which had been

adjourned after the postmortem in order to await the results

of the analysis, was resumed, and after hearing the testimony

in accordance with the above-stated facts, the jury returned a

verdict of death from poisoning with tyrotoxicon."

Camman reports twenty-three cases of milk poisoning which

he attributes to tyrotoxicon, although this poison could not

be found in the milk. It may be that the active agent pres

ent belongs to the bacterial proteids.

Kinnicutt has isolated tyrotoxicon from milk which had

been kept for some hours in an unclean vessel.

Gaffky reports cases of enteritis due to the use of un

cooked milk contaminated with the bacillus coli communis.

Two assistants and a servant in Gaffky's laboratory were

the sufferers. It is probably of sufficient interest to give

some of the details of these cases, because at least one of them

might have been mistaken for typhoid fever, and the proba

bilities are that many cases diagnosed as typhoid fever are

actually cases of enteritis, due to food infection. D., the

chemist of the Hygienic Institute at Giessen, did not feel well

on the morning of October 10th, but in company with assist

ant B. he visited Frankfort. During the day he had a

severe headache, no appetite, and frequent chilly sensations.

On returning to Giessen at night he was scarcely able to

walk. On the next day he refused all food, was slightly de

lirious, and had one watery stool. On the l.'Uh his condition
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showed serious infection. His face was red, eyes sunken,

temperature 41°, and he lay in a half-unconscious state. The

tongue was heavily coated ; the abdomen distended and pain

ful on pressure. He had five dark-brown, later greenish,

stools. The urine was concentrated, and contained two per

cent. of albumin, as determined by an Esbach tube. It gave

the diazo and indican reactions, and contained white blood-

corpuscles and numerous granular casts.

From the 13th to the 17th the patient was stupid, but not

delirious. The abdomen was greatly distended, and from

twenty to twenty-four stools were passed each day with great

tenesmus. The temperature remained high notwithstanding

repeated one gram doses of antipyrin. Sleep was broken,

and one gram of sulfonal was given at night. The urine re

mained as before, and the pulse varied from 92 to 100.

From the 18th to the 20th the mental dulness was less

marked. Appetite was somewhat improved, and the number

of stools decreased to from eight to ten in twenty-four hours.

The amount of albumin in the urine was somewhat decreased

and microscopic examination showed fatty casts and white

blood corpuscles. Small doses of opium were given by mouth

and in suppositories.

On the morning of the 21st hemorrhage from the bowels,

about 300 c.c. in amount, occurred. Several doses of opium

were given, and ice-bags were kept on the abdomen. After

the hemorrhage there were three slightly bloody stools.

From this time, the improvement was slow but fairly con

stant. The fever disappeared October 29th.

After recovery, marked anaesthesia of the anterior surface

of the thigh developed and remained for some weeks, the

anaesthetic area gradually becoming smaller. The hair fell

out, mental activity tired, and the eyes were easily fatigued

for some months.

The other cases were less severe and less prolonged. The

only food or drink which these three men had in common

was some uncooked milk taken on the morning of October

9th. D. ordered the milk sent to the laboratory, drank the

6»
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greater part of it himself, giviug B. a small cupful, and the

servant drank a little left by the others. The cow that gave

this milk was suffering from a bloody diarrhoea. Gaffky

found in the stools of the cow and in those of the patients a

small highly virulent form of the bacillus coli, and to this he

ascribed the ill effects. He supposes that some of the liquid

discharges from the cow fell upon the udder, and thus found

its way into the milk.

Gaffkv suggests that the epidemic in Christiana in 1888,

in which 6,000 persons sickened within three weeks, was prob

ably due to milk infection. Husemann states that this epi

demic was regarded as a morbus sui generis. It was evidently

neither cholera nor typhoid fever. Half of those affected

were children, and yet nurslings escaped altogether. How

ever, milk, as an etiological factor, seems not to have been

considered.

Rehn also reports a case of continued fever resembling

typhoid due to infection of milk with the bacillus coli com

munis. The patient was a child two and one-half years old.

The first noticeable symptom to appear was a mucous diar

rhoea. The milk was immediately discontinued, but the child

improved so rapidly that the trouble was supposed to be due

to some trivial cause and the use of the milk was resumed.

The diarrhoea promptly returned and was accompanied by si

fever lasting three weeks. After the subsidence of the fever,

boils appeared on different parts of the child's body, and

some months elapsed before the usual health was restored.

The bacillus was found in the milk and the stools. It is

worthy of observation that the diazo reaction was given by

the urine in both Gaffky's and Kehn's case.

Further information on poisonous milk will be found in

the sections devoted to the summer diarrhoeas of infancy.

Poisonous Ice-cream.—In 1886, Vaughan and Novy

obtained tyrotoxicon from a cream which had seriously

affected many persons at Lawton, Michigan. Vanilla had

been used for flavoring, and it was supposed that the ill-effects
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were due to the flavoring. This belief was strengthened by

the fact that a portion of the custard was flavored with lemon,

and the lemon cream did not affect any one unpleasantly.

Fortunately some of the vanilla extract remained in the

bottle from which the flavoring for the ice-cream had been

taken, and this was forwarded to the chemists. Each of the

experimenters took at first thirty drops of the vanilla extract,

and, no ill-effects following this, one of them took two tea-

spoonfuls more with no result. This proved the non-poisonous

nature of the vanilla more satisfactorily than could have been

done by a chemic analysis.

Later it was found that that portion of the custard which

had been flavored with lemon was frozen immediately ; while

that portion which was flavored with vanilla, and which

proved to be poisonous, was allowed to stand for some hours

in a building, which is described as follows by a resident of

the village:

" The cream was frozen in the back end of an old wooden

building on Main Street. It is surrounded by shade, has no

underpinning, and the sills have settled into the ground.

There are no eave-troughs, and all the water falling from the

roof runs under the building, the streets on two sides having

been raised since the construction of the house. The build

ing had been unoccupied for a number of months, conse

quently had had no ventilation, and what is worse, the back

end (where the cream was frozen) was last used as a meat

market. The cream which was affected was that portion last

frozen ; consequently it stood in an atmosphere like that of a

privy vault for upward of an hour and a half or two hours

before being frozen."

The symptoms observed in these cases are given by Dr.

Mofitt as follows :

" About two hours after eating the cream everyone was

taken with severe vomiting, and after from one to six hours

later with purging. The vomit was of a soapy character,

and the stools watery and frothy. There was some griping

of the stomach and abdomen, with severe occipital headache,
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excruciating backache, and bone pains all over, especially

marked in the extremities. The vomiting lasted from two

to three hours, then gradually subsided, and everybody felt

stretchy, and yawned in spite of all resistance. The throats

of all were oedematous. One or two were stupefied ; others

were cold and experienced some muscular spasms. A numb

feeling, with dizziness and momentary loss of consciousness,

was complained of by some. Temperature was normal, and

pulse from 90 to 120. Tongue dry and chapped. All were

thirsty after the vomiting subsided, and called for cold water,

which was allowed in small quantities, with no bad results.

After getting out no one of the victims was able to be in the

hot sun for several days, and even yet (about ten days after

the poisoning) the heat affects myself. I attended twelve

persons, besides being sick myself, and all were affected in

pretty much the same way. Several complain yet of inabil

itv to retain food on the stomach without distressing them.

The man who made the cream took a teaspoonful of it, and

he vomited the same as those who took a whole dish, but not

so often or for so long a time. All are affected with an irre

sistible desire to sleep, which can scarcely be overcome.

Even yet, some of us feel that drowsy condition, with occa

sional occipital headache."

The tyrotoxicon obtained from this cream was administered

to a kitten about two months old. Within ten minutes the

cat began to retch and soon it vomited. This retching and

vomiting continued for two hours, during which the animal

was under observation, and the next morning it was ob

served that the animal had passed several watery stools.

After this, although the kitten could walk about the room,

it was unable to retain any food. Several times it was ob

served to lap a little milk, but on doing so it would immedi

ately begin to retch and vomit. Even cold water produced

this effect. This condition continuing, after three days the

animal was placed under ether and its abdominal organs

examined. Marked inflammation of the stomach was sup

posed to be indicated by the symptoms, but the examination
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revealed the stomach and small intestine filled with a frothy,

serous fluid, such as had formed a portion of the vomited

matter, and the mucous membrane very white and soft.

There was not the slightest redness anywhere. The liver and

other abdominal organs seemed normal.

A bit of the solid portion of this cream was added to some

normal milk, which by the addition of eggs and sugar was

made into a custard. The custard was allowed to stand for

three hours in a warm room, after which it was kept in an

ice-box until submitted to chemic analysis. In this tyro-

toxicon was also found.

Tyrotoxicon has since been found in some chocolate cream

which poisoned persons at Geneva, N. Y.; and in lemon

cream from Amboy, Ohio.

Schearer reports the finding of tyrotoxicon in both

vanilla and lemon ice-cream which made many sick at

Nugent, Iowa.

Allaben reports poisoning with lemon cream, and makes

the following interesting statements concerning it :

" I would first say July 4th, 5th, and 6th were very warm.

Monday evening, July 5th, the custards were cooked, made

from Monday morning's cream and Monday night's milk,

lx)iled in a tin pan that had the bright tin worn off. It was

noticed that one pan of cream was not sweet, but, thinking

it would make no difference, it was used ; the freezers were

thoroughly cleaned and scalded, and the custards put in the

same evening while hot ; the cream was frozen Tuesday after

noon, having stood in the freezers since the night before,

when the weather was very warm."

No analysis of this cream was made, but the symptoms

agree with those of tyrotoxicon poisoning.

Welford observed several cases of poisoning from custard

flavored with lemon. These custards were tested for mineral

poisons, with negative results.

Morrow has put forth the claim that ice-cream poisoning

is solely due to artificially prepared vanillin, which is, accord

ing to his statement, used instead of vanilla extract, but the
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facts stated above concerning poisoning with creams in which

other flavors had been used contradict this claim. Moreover,

Gibson has shown the utter absurdity of the claim, inasmuch

as he calculates from the amount of flavoring ordinarily used

in ice-cream that, in order to produce the toxic symptoms

observed, the flavoring must be ten times as poisonous as pure

strvchnin.

Bartlev suggests that poisonous cream sometimes results

from the use in its manufacture of poor or putrid gelatin.

This is highly probable, and with the gelatin the germs of

putrefaction may be added to the milk.

Perkins has recently (August, 1895) isolated an exceed

ingly virulent germ from some cream that had poisoned a

large number of people at Waters, Michigan.

Poisonous Meal and Bread.—Reference has already

been made to the fact that the peasants in certain parts of

Italy are frequently poisoned by eating mouldy corn-meal.

As has also been stated, Lombroso and others have obtained

from this meal ptoma'ins, some of which gave the same color

reaction as strychnin. In 1886, Ladd succeeded in isolat

ing from " heated" corn-meal a ptomain which forms in

urea-like crystals. The quantity was not sufficient for an

ultimate analysis, and the physiologic action has not been

nI mlied. Poisoning from decomposed and mouldy bread is

itul unknown.



CHAPTER IV.

thE EXAMINATION OF POISONOUS FOODS.

Chemists and bacteriologists are now frequently asked

to examine foods which are suspected of having caused un

toward results. Reports of illness due to infected food have

become quite frequent in recent years. The increase in the

number of cases of this kind is partly real and partly only

apparent. One cause of the actual increase is due to the

larger consumption of preserved foods. Meats, the appear

ance and odor of which would render their sale in the piece

impossible or at least doubtful, may be chopped, cooked,

canned, and sold as first-class articles. We do not intend to

state that this fraud is commonly practised, but that it is a

possible one cannot be denied, and that it has occasionally

been resorted to has been demonstrated both in this country

and in Europe. This source of danger to the public health

will remain until the necessity of the scientific inspection of

fowls, especially that of animals before slaughtering, is under

stood and practised. However, the greater number by far

of cases of poisoning by prepared foods arises from imperfec

tions in methods or from want of intelligent and conscientious

attention to details.

When we recognize that the successful preparation of every

portion of preserved food depends upon the exclusion of micro

organisms, both specific and putrefactive, and when we learn

that the processes are carried out for the most part by those

who are ignorant of the scientific principles involved, then we

can only wonder that the health of the consumer is not more

frequently placed in jeopardy.

The apparent increase in the number of instances of food-

poisoning is due to the fact that the medical profession has
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recently learned to recognize food-infection as a cause of ill

ness, or at least has been in possession of the knowledge neces

sary to convert suspicion into positive demonstration. Only

a few years ago we were seeking for the cause of cholera infan

tum in mysterious and indefinite telluric or meteorologic con

ditions, but now we know that this disease is solely due to

infected, and, consequently, poisonous food. Formerly, many

of these cases were supposed to be due to the accidental or

criminal addition of some metallic or vegetable poison to the

food, and unjust accusation, possibly in some instances, unjust

execution, has resulted. Again, we now know that typhoid and

typhus fevers, scarlet fever, and other acute exanthemata, and

even pneumonia, may be closely simulated by the symptoms

due to infected foods.

Unfortunately the expression " ptomam-poisoning " has

come into quite general use to designate cases of illness

arising from infected food. While it is true that basic sub

stances of bacterial origin constitute in some instances the

actual materie* morbi, this is not always, or even generally,

the truth. Among the poisonous bacterial products there are

many which are not basic, and concerning the chemic nature

of which we are yet very much in ignorance. In a large pro

portion of the instances we are ignorant not only of the chem

istry of the poisons which induce the untoward effects, but of

the bacteria through the activity of which these poisons are

generated. Moreover, we cannot in cases of food-poisoning

draw a sharp line of distinction between intoxication and

infection. Food-poisoning may originate in any one of the

following ways : (1) The food is infected and the poison is

generated only and wholly before the food is taken. (2) The

infecting organism may begin the elaboration of its poisonous

products outside of and continue the same process inside the

body. (.'!) The infection may not result in the production of

poisons until the food is taken into the body. In all of these

forms infection of the food is the essential element. It is this

that must be prevented, and to this especial attention must be

called.
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How shall one proceed in the examination of food suspected

of having caused sickness or death ?

In the first place, the possibility of the ill-effects having

been due to metallic poison should be considered. In cases in

which this possibility exists such poisons should be sought by

the methods given by the best toxicologists, and which it is

not the purpose of this book to repeat. In case the substance

to be examined consists of canned food the tests for mineral

poisons should always be made. However, when a teaspoon-

ful of ice-cream causes nausea and vomiting, the idea that

these effects can be due to sulphate of zinc dissolved in the

freezer is too preposterous and absurd to be worthy of serious

consideration by any one familiar with the quantity of this

salt necessary to produce such effects.

The examination of foods for bacterial poisons cannot be

made except in a properly equipped bacteriologic laboratory.

It is our purpose to merely point out at this time the methods

that may be followed. We take it for granted that the one

who undertakes work of this kind is already familiar with the

ordinary technique of bacteriological research. The line of

procedure will vary somewhat with the kind of food to be

examined, the form in which it has been prepared, and the

quantity supplied the analyst. All samples should be exam

ined with as little delay as possible after the article has be

come the object of suspicion. When delay is unavoidable,

further bacterial growth should be retarded in the meantime

as far as is possible ; not by antiseptics, but by low tempera

ture. Germs not present at the time of the supposed poison

ing may be accidentally introduced, or non-toxicogenic bacteria

may multiply to such an extent that the detection of the harm

ful organism is rendered impossible.

As a rule, the quantity of the food supplied the analyst is

not sufficient to allow of the detection or the isolation of the

chemic poison directly. To try to find the poison in a few

ounces of cheese or a small bit of meat by direct extraction is

a task that would be undertaken only by one quite ignorant

of the nature of these poisons. In all but exceptional instances,
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where many pounds of the food are supplied, the portion that

reaches the laboratory can only be regarded as the liearer of

the germ, to the activity of which the poison is due. This

germ must be detected, isolated, grown in pure cultures, and

its toxicogenic properties demonstrated upon lower animals.

It should be clearly understood that the most thorough study

of the morphologic characteristics of the germ and of the

cbemic properties of the poison will not suffice without an

accompanying determination of the toxicologic action of the

culture. The infectious nature of the bacterium should also

be studied.

It should always be borne in mind that the article of food

has probably been through several hands, some of which may

not have been germ-free. In the examination of pieces of

meat and cheese, the surface should be sterilized with a broad

heated knife or other piece of iron. It has been shown that

bacteria deposited on such surfaces penetrate slowly. Then

with other sterilized knives sections should be made, and one

or more small bits taken from the interior should be placed in

sterilized bouillon. Not less than a dozen tubes should be inoc

ulated in this way. Three of these should be grown aero-

bically at ordinary temperature ; three anaerobically at the

same temperature ; three aerobically at 37° ; and three anae

robically at 37°. It is quite essential that all these conditions

of growth should be tried. Some of the toxicogenic germs

grow best at relatively low temperatures (20° to 25°) and

fail to develop at 37°. Others have their optimum growth

at the last mentioned temperature. Rome develop only when

the air is excluded, and others only when freely supplied with

air.

In the examination of liquid and semi-liquid foods, such as

milk, custard, cream, broths, and jellies, small bits or a few

drops should be placed in sterilized bouillon and grown under

the conditions mentioned above.

A growth having appeared in one or more of these tubes,

the bacteria should be examined in hanging drops and in

stained mounts. If more than one organism be present, plate
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cultures should be made, and each germ should again be grown

under the conditions mentioned.

The infectious character of each organism should be tested

on the lower animals (1) by feeding, (2) by subcutaneous inoc

ulation, (3) by intraperitoneal inoculation, and (4) by intra

venous inoculation. The animals generally employed in

these experiments are white mice, white rats, guinea-pigs,

kittens, and rabbits. A given germ may be toxicogenic to

one of these animals and not to the others. Mice and kittens

are specially suitable for feeding experiments. Young kittens

are quite susceptible to most of the bacterial poisons found in

milk and its products. The quantity of the bouillon-culture

—twenty-four hours old or older—first employed should be rela

tively large—from 1 to 10 c.c., according to the animal and

the method of infection. If these amounts prove active,

smaller quantities should be tried until the limit is reached.

Next, the action of cultures from which the bacteria have

been removed by filtration through porcelain should be tested,

and if these prove active the effect of different degrees of heat

on the toxicity of the cultures should be determined.

If by the above-mentioned experiments a toxicogenic germ

has been discovered, its morphologic, cultural, tinctorial, and

pathogenic properties may be studied as thoroughly as the

investigator may desire. The study of the bacterial poison

may also be carried to the same extent. The examination for

ptomains and toxins can be carried out according to the

methods described in subsequent chapters.



CHAPTER V.

GENERAL CONSIDERATIONS OF ThE RELATION OF BACTERIAL

POISONS TO INFECTIOUS DISEASES.

In our introduction we have divided diseases etiologically

into the following classes: (1) Bacterial ; (2) Fungous ; (3)

Protozoal ; (4) Animal parasitic ; (5) Intoxications; (6)Tran-

matic; and (7) Autogenous. The first four of these may be

grouped together under the term infectious. It must he un

derstood, however, that in many diseases the cause is not sin

gle, but multiple, and for this reason sharp lines of classifica

tion cannot be drawn. For instance, the greatest danger in

those traumatic affections in which the traumatism itself does

not cause death lies in infection. The wound has simply pro

vided a suitable point of entrance for the infecting agent.

Indeed, the break in the continuity of tissue may be so slight

that it is of import and danger only on account of the coinci

dent infection. This is true in many cases of tetanus. Fur

thermore, an infectious disease, whether it originates in a

traumatism or not, is markedly influenced by what we are

pleased to call the idiosyncrasy of the patient, and by which

we mean the peculiarities of tissue metobolism taking place

in the individual at the time. A dozen men may be exposed

alike to the same infection, and the infecting agent may find

it mutable soil for its growth and development in two of these,

\s hilo in tint other ten this same agent meets with such adverse

ihffhniuvn that it dies without producing any appreciable ef

fects ; or all may be infected, but with differences in degree, as

is e\idenced by variation in symptoms, in the length of time

that this infecting agent continues to grow and develop in the

bodv and in the ultimate result. Every physician who has

had experience ill the treatment of typhoid fever, diphtheria,
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scarlet fever, or, in short, of any of the infectious diseases,

will appreciate the importance of the personal equation in his

patients.

Charrin and Roger have shown that white rats, which are

naturally immune to anthrax, become susceptible when fa

tigued by being kept on a small treadmill. Eleven rats were

inoculated with an anthrax culture; five of these which were

allowed to rest in the cage manifested no symptoms of the dis

ease, while six which were placed on the tread-mill developed

the disease and died within from twenty-four to thirty hours.

The bacilli were found in the liver and spleen of those that

died ; and guinea-pigs inoculated with these germs died. The

influence of the condition of health on susceptibility to the in

fectious diseases has also been shown by Leo, who found that

mice, which are naturally insusceptible to glanders, become

highly susceptible when they are rendered diabetic by the ad

ministration of phloridzin.

That some neurotic affections originate from traumatism we

know. That others of this class are largely due to malnutri

tion accompanied by improper metabolism or insufficient elim

ination, or, in other words, are to some extent autogenous, all

believe. Understanding, then, that the above classification

does not attempt a sharp and marked differentiation of the

causes of disease, we will now give our attention to a consider

ation of the chemical factors in the causation of the infectious

diseases, and of the traumatic and autogenous, in so far as these

are influenced by infection.

Recognizing the fact that germs do bear a causal relation to

some diseases, the question arises, How do these organisms

produce disease? In what way does the bacillus anthracis, for

instance, induce the symptoms of the disease and death ? Many

answers to this question have been offered. Some of the most

important of these are as follows :

1. It was first suggested by Bollinger that apoplectiform

anthrax is due to deoxidation of the blood by the bacilli.

The germs are aerobic, and were supposed to deprive the red

blood corpuscles of their oxygen. This theory was suggested
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most probably by the resemblance of the symptoms to those of

carbonie-acid poisoning. The most prominent of these symp

toms are dyspnoea, cyanosis, convulsions, dilated pupils, sub

normal temperature, and, in general, the phenomena of as

phyxia. Moreover, postmortem examination reveals condi

tions similar to those observed after death by deprivation of

oxygen. The veins are distended, the blood is dark and

thick, the parenchymatous organs are cyanotic, and the lungs

hypenemic. Bollinger compared this form of anthrax to

poisoning with hydrocyanic acid, which was then believed to

produce fatal results by robbing the blood of its oxygen.

This theory was supported by the observations of tSzpilz-

mann, who found that while the putrefactive bacteria are

destroyed by ozone, the bacillus anthracis thrives and multi

plies in this gas.

This theory presupposed a large number of bacilli in the

blood, and this accorded with the estimate of Davaine,

which placed the number at from eight to ten million in a

single drop. But more extended and careful observation

showed that the blood of animals dead from anthrax is often

very poor in bacilli. Virchow reported cases of this kind.

Bollinger himself found the bacilli often confined to certain

organs and not abundant in the blood. Then Siedamgrotzky

counted the organisms in the blood in various cases, and found

not only that the estimate made by Davaine is too large, but

that in many instances the number present in the blood is

small. Joffroy found in some of his inoculation experi

ments that the animals died before any bacilli appeared in

the blood. These and other investigations of similar character

began to cause workers in this field of research to doubt the

truth of the theory of Bollinger, and these doubts were soon

converted into positive evidence against it. Pasteur, in sup

port of the theory, reported that birds were not susceptible to

anthrax, and he accounted for this by supposing that the

blood corpuscles in birds do not part with their oxygen readily.

However, it was shown by Oemler and Feser that the

learned Frenchman had generalized from limited data, and
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that many birds are especially susceptible to the disease.

Oemler found that the blood, even when rich in bacilli, still

possesses the bright-red color of oxyhemoglobin. Tgepper

and Roloff reported cases of apoplectiform anthrax in which

there was no difficulty in respiration. Toussaint caused

animals which had been inoculated with the anthrax bacillus

to breathe air containing a large volume of oxygen, and found

that this did not modify the symptoms or retard death.

Finally, Nencki determined the amount of physiological oxi

dation going on in the bodies of animals sick with anthrax by

estimating the amount of phenol excreted after the adminis

tration of one gram of benzol, and found that the oxidation of

the benzol was not diminished by the disease. Thus, the

theory that germs destroy life by depriving the blood of its

oxygen has been found not to be true for anthrax, and if not

true for anthrax, certainly it cannot be for any other known

disease. The bacillus anthracis is, as has been stated, aerobic,

while many of the pathogenic bacteria are anaerobic—that is,

they live in the absence of oxygen. This element is not neces

sary to their existence, and, indeed, when present in large

amount, it is fatal to them. Moreover, in many diseases, the

bacteria are not found in the blood at all. Lastly, the symp

toms of these diseases are not those of asphyxia. These facts

have caused all bacteriologists to acknowledge that this theory

is not the right one.

2. If a properly stained section of a kidney taken from a

guinea-pig, which has been inoculated with the bacillus an

thracis, be examined under a microscope, the bacilli will be

found to be present in such large numbers that they form

emboli, which not only close, but actually distend the capil

laries and larger bloodvessels, and interfere with the normal

functions of the organ. A similar condition is sometimes

found on microscopical examination of the liver, spleen, and

lungs. From these appearances, it was inferred by Bollinger

that the bacilli produce the diseased condition simply by ac

cumulating in large numbers in these important organs, and
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mechanically interrupting their functions. This is known as

the mechanical interference theory.

Klebs and Toussaint were formerly ardent advocates of

this theory in its application to anthrax, and the latter thought

that the symptoms and death are due to stoppage of the pul

monary circulation by means of emboli. However, Hoffa

studied this point by making numerous postmortem examina

tions, and was unable to confirm it. A like result followed

the work of Virchow, Colin, and Siedamorotzky, and the

mechanical interference theory has been abandoned.

In the majority of germ diseases this theory never had any

support. There is not found any great accumulation of

bacteria in any organ, and the number and distribution of

the germs are such that the theory of mechanical inter

ference cannot be held.

3. Another answer given to the question, How do germs

cause disease ? is, that they do so by consuming the proteids

of the body and thus deprive it of its sustenance. The pro

teids are known to be necessary for the building up of cells,

and it is also known that microorganisms feed upon proteids.

But this theory is untenable for several reasons. In the first

place, many of the infectious diseases destroy life so quickly

that the fatal effects cannot be supposed to be due to the con

sumption of any very large amount of proteids. In the

second place, the distribution of the microorganisms is such

in many diseases that they do not come in contact with any

large proportion of the proteids of the body. In the third

place, the symptoms of the majority of these diseases are not

those which would be produced by withdrawing from the

various organs their food. The symptoms are not those of

general starvation.

4. Still another theory, which has been offered, is that the

bacteria destroy the blood corpuscles, or lead to their rapid

disintegration. But in many of the infectious diseases, as has

been stated, the microorganisms, although very abundant in

some organs, are not present in the blood. Moreover, the dis
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integration of the blood corpuscles is not confirmed by micro

scopical examination.

5. Seeing the vital deficiencies in the above theories, and

being impressed by the results obtained by the chemic study

of putrefaction, bacteriologists have been led to inquire into

the possibility of the symptoms of the infectious diseases being

due to chemic poisons. In investigating this theory, three

possibilities suggest themselves:

(a) The microorganisms themselves may be poisonous, or

the poison may be an integral part of them. Neel.sen, at

one time an advocate of this theory, thus accounted for the

appearance and increase in violence of the symptoms as the

germs increase in number. In order for the conditions of

this theory to be fulfilled the microorganisms must be present

in the blood before any of the symptoms appear. But in

anthrax, the most thoroughly studied of all the infectious dis

eases, and the one to which all these theories have been ap

plied, the bacilli first appear in the blood, as a rule, only a

few hours before death, and long after the appearance of the

first symptoms ; while in many other diseases the germs are

never found in the blood. Moreover, as Hoffa has shown, if

this theory be true, the injection of a large quantity of an

thrax bacilli directly into the blood should be followed imme

diately by symptoms of the disease, and death should be

speedy. But he found, on making experiments of this kind,

that the symptoms did not appear until from twenty-four to

seventy-two hours. Nencki found by analysis that the sub

stance of the anthrax bacilli resembles vegetable casein in

some respects, and animal mucin in others. This " anthrax pro

tein " is freely soluble in alkalis, is insoluble in water, acetic

acid, and the dilute mineral acids. It contains no sulphur

and was believed by Nencki to be inert; but the recent

researches of Buchner have shown that this belief is not well

founded. It has been stated by a number of investigators

that suppuration might be induced by the injection of cer

tain sterilized cultures, but the dictum of Weigert, "no

suppuration without bacteria," has been generally accepted ;

7
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and statements to the contrary, although some of them have

been made by men of excellent reputation, have until recently

received but little credence. However, Buchner has shown

conclusively that the albuminate of the bacterial cell in as

many as seventeen different species possesses well-marked

pyogenetic properties, and that the pus formed is free from

germs. Buchner separated the microorganisms from the

soluble substances accompanying them by sedimentation and

decantation, washed the cells, dissolved them in 0.5 per cent.

solution of potash by the aid of heat, precipitated the albumin

with dilute mineral acid, and, after repeated resolution in

alkali and reprecipitation with acid, employed the purified

proteid in his experiments. Introduced with antiseptic pre

cautions under the skin, this substance invariably causes sup

puration. This demonstrates that the substanceof the bacterial

cell is not altogether inert. It is impossible at present to say

to what extent the course of an infectious disease may be

influenced by the breaking down of a large number of bac

terial cells and the introduction of their substances into the

blood ; but it can be considered as an established fact that the

specific toxins are formed within the bacterial cells. As the

cells break down these toxins pass into solution and are car

ried by the blood and lymph to all parts of the body. If in

Hoffa's experiments referred to above, the bacterial cell had

been dissolved or broken before being injected, the results

would have been different.

(ft) The microorganisms may be intimately associated with

or may produce a soluble, ehemic ferment, which, by its

action on the body, produces the symptoms of the disease and

death. This theory formerly had a number of ardent sup

porters, among whom might be mentioned the eminent

scientist, de Barv. But Pasteur proved the theory false

when he filtered anthrax blood through earthen cylinders,

inoculated animals with the filtrate, and failed to produce

any effect. Nencki made a similar demonstration when he

inoculated a two per cent. gelatin preparation with the an

thrax bacillus, which liquefied the preparation, and on stand
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ing the bacilli settled to the bottom. The supernatant fluid,

which was clear, alkaline in reaction, and contained dissolved

" anthrnxprotein," was filtered and injected into animals

without producing any effect.1

It must not be inferred from the above statements that

hacteria do not produce any ferments. Many of them do

form both diastatic and peptic ferments, which may retain

their activity after the bacteria have been destroyed ; but

there is no proof that in any case these ferments have any

causal relation to the disease. After the disease process has

been inaugurated some of these ferments probably play an

important part in the production of morphologic changes,

the nature of which will be indicated when these diseases are

discussed.

(c) Poisons may be produced by the cellular activity of

the bacteria much in the same way as morphin is formed in

the poppy. This theory finds, in the first place, strong sup

port in the well known fact that many of the putrefactive

germs produce highly poisonous bodies ; and, in the second

place, the formation of chemic poisons will account for the

appearance of the symptoms of the disease when the living

microorganisms never find their way into the blood. The

correctness of this theory has been tested by a large number

of investigators, and with the result that its truth has been

firmly established. It was soon found that pathogenic germs

grown in meat broth and other culture media elaborate

chemic poisons which, when injected into the lower animals,

induce in au acute form one or more of the symptoms charac

teristic of the disease caused in man by the microorganism.

It is true that until quite recently this theory has been

opposed by some, and it is altogether possible that at present

there may be those who are not altogether convinced of its

truth. However, we arc not acquainted with any argument

against it which remains unanswered. For a while Baum-

' We now know that if the supernatant fluid used in this experiment had been

injected in sufficient quantity death would have been produced by the soluble

chemic poisons.
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uarten claimed that the formation of chemic poisons in

the dead matter of meat broth and other media by the germ

does not prove that the same agent is capable of forming the

same or similar products within the living body ; but the iso

lation of tetanin from the amputated arm of a man with

tetanus, by Brieoer, furnished the first positive answer to

this criticism, and since that time a number of bacterial

poisons have been obtained from the bodies of men and the

lower animals. We now expect to find each specific, patho

genic microorganism producing its characteristic |x)isou or

poisons. The evidence on this point will be given further on

in a brief sketch of the chemic factors in the causation of

some of the best known infectious diseases.

Before taking up the individual diseases, we will give what

appears to us, in the present state of our knowledge, a cor

rect definition of an infectious disease.

An infectious disease arises when a specific, pathogenic

microorganism, having gained admittance to the body, and

having found the conditions favorable, grows and multiplies,

and in so doing elaborates a chemic poison which induces its

characteristic effects.

In the systemic infectious diseases, such as anthrax, typhoid

fever, and cholera, this poison is undoubtedly taken into the

general circulation, and affects the central nervous system.

In the local infectious diseases, such as gonorrhoea, and infec

tious ophthalmia, the principal action of the poison seems to

be confined to the place of its formation. Though even in

these, when of a specially virulent type, the effects may extend

to the general health. It may be that in some diseases the

chemic poison has both a local and a systemic effect. Thus, it

is by no means certain that the ulceration of typhoid fever is

duo directly to the living bacillus. On the other hand, it is

altogether probable that the anatomic changes in the intes-

titie result from the irritating effects of the poison at the place

of its formation.

With the proof that the deleterious effects wrought by

germs are due to chemic poisons elaborated by them during
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their growth admitted, let us inquire what properties a micro

organism must possess before it can be said to be the ttpecific

cause of a disease. The four rules of Koch have been gen

erally conceded to be sufficient to show that a given germ is

the "ole and sufficient cause of the disease with which that

germ is associated. Briefly, these rules are as follows :

1 . The germ must be present in all cases of that disease.

2. The germ must be isolated from other organisms and

from all other matter found with it in the diseased animal.

3. The germ thus freed from all foreign matter must, when

properly introduced, produce the disease in healthy animals.

4. The microorganism must be found properly distributed

in the animal in which the disease has been induced.

We will briefly discuss the applicability of these rules.

When it is stated that the germ must be present in all cases of

the disease, it must not be understood that an unlimited num

ber of cases must be examined before the causal relation of a

given organism to the disease may be reasonably suspected.

This would require more than a lifetime, and would demand

facilities for the study of the special disease that do not and

cannot exist. The number of cases in which the germ is con

stantly found should be reasonably large, and the larger this

number the greater the probability that the organism is etio

logical1y related to the disease. Moreover, the germ may be

present in all cases and yet it may not be found in all. To

demand that it be found in all cases would be to presume that

the methods of detecting and recognizing a given germ are

perfect. There is no ground for this assumption. Then,

again, since the results of no one man's work can be accepted

in science, until they have been confirmed by others, the per

sonal equation must be considered. What one man finds,

another may fail to find. Diligence, skill, and accuracy are

not equally developed in all men. The methods employed

may differ. To illustrate these points : Koch, after the most

painstaking study embracing twenty-nine cases of pulmonary

tuberculosis, nineteen of miliarv tuberculosis, twenty-one of

tuberculous glands, thirteen of tuberculous joints, ten of
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tuberculosis of bones, four of lupus, and seventeen of bovine

tuberculosis, announced a given bacillus as constantly present

in tubercular disease. Since this announcement thousands of

physicians and bacteriologists, of different degrees of skill,

and often by different methods of staining, with microscopes

of all kinds, good and bad, have sought for this bacillus. Is

it strange that now and then some man fails to find this

bacillus in a genuine case of tuberculosis ?

Another most important point in this connection lies in the

fact that the clinical and the bacteriological diagnosis do not

always agree. The most skilful clinicians mav differ concern

ing a case of membranous sore-throat. One is sure that it is

diphtheria ; a second is in doubt and reports it as a suspicious

or doubtful case ; and a third is sure that it is not diphtheria.

A bacteriological examination may reveal or fail to reveal the

presence of the Lgeffler bacillus. Again, it may be that

any number of the most competent clinicians agree in saying

that the case is or is not one of diphtheria, and yet a bacterio

logical examination may result in a contradictory diagnosis.

This is exactly what has happened in the study of diphtheria.

From statistics gathered by Now it appears that of 8186

cases of clinical diphtheria, diagnosed as such by different men

in Europe and America (to May, 1895), the Lgeffler bacil

lus was found in 5943, the bacteriological examinations also

being made by different men. The clinical diagnosis was con

firmed in 72.0 per cent. of these cases. On the other hand, of

333 cases diagnosed as diphtheria by Baginsky, 332 fur

nished the bacillus, and of 117 seen by Kossel, all were con

firmed by the bacteriological examination. These figures are

given to illustrate the factors of variation that may arise in

the application of the first of Koch's rules.

Shall we accept the clinical or the bacteriological classifica

tion of disease ? There can be no doubt that the latter is the

more exact, and its adoption will lead to a more accurate and

scientific study of disease. An etiological classification of the

infectious diseases is one of the great desiderata. Whether it

will ultimately be made upon the morphologic characters of
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the bacteria or on their poisonous products, cannot yet be de

termined. There are certain objections to making the first of

these the basis that seem at present wellnigh insuperable.

Some of these will be discussed later.

The importance of the first of Koch's rules is self-evident.

However, the invariable presence of any germ in a certain

disease does not prove that the former is the cause of the

latter. Indeed, so long as the investigation goes no further

than this, we are justified in saying that the microorganism

may be an accompaniment or a consequence of the disease ;

therefore additional evidence is wanting and is furnished by

complying with the other rules of Koch.

The second rule is complied with by means of plate and

other cultures, a description of which would be out of place

here.

The third and fourth rules are difficult of application, be

cause the lower animals are often immune to many of the

diseases to which man is susceptible.

In all cases, we insist that the true test of the specific char

acter of a germ is to be made with its chemic products. A

given bacterium may not multiply in the circulating blood of

a dog, and failure to do so is by no means proof that the same

organism might not cause disease in man ; but every germ

which causes disease in man does so by virtue of its chemic

products, and if these be isolated and injected into the dog in

sufficient quantity a poisonous effect will be produced. In

the study of the bacteriology of the infectious diseases, the

third and fourth of Koch's rules have not been complied

with in many diseases, as has been stated, on account of the

insusceptibility of the lower animals. The majority of inves

tigators, meeting with this difficulty, have been inclined to

rest content with the first two rules, and to conclude that

when a given germ is constantly present in a given disease,

and not found in other diseases, that it is the cause of the

disease with which it is associated. Indeed, we find so good

an authority as Welch stating that the successful inoculation

of animals is not necessary in order to prove the causal rela



140 BACTERIAL POISONS.

tionship of a germ to a disease. In 1889, Vaughan sug

gested that in those instances in which the third and fourth

of Koch's rules cannot be complied with on account of the

insusceptibility of the lower animals, it must be shown that

the germ can produce chemic poisons which will induce in

the lower animals in an acute form the characteristic symp

toms of the disease, before the proof that the given germ is

the cause of the disease be accepted as positive.

Heretofore, the science of bacteriology has been largely

founded upon morphologic studies. Bacteriologists have

given their time and attention to the discovery of bacterial

forms in the diseased organism and to observations of charac

teristics in structure and growth of different species of bac

terial life. We must now study the physiology and chemistry

of the germs, and until this is done we must remain ignorant

of the true cause of the disease, and so long as we remain

ignorant of the cause it cannot be expected that we shall

discover scientific and successful methods of treatment. Sup

pose that our knowledge of the yeast plant was limited to its

form and method of growth ; of how little practical impor

tance this knowledge would be. That the yeast plant requires

a saccharine soil before it can grow, that given such a soil it

produces carbonic acid gas and alcohol, are the most impor

tant and practical facts which have becn ascertained in its

study. Likewise, the conditions under which pathogenic

germs multiply and the products which they elaborate in

their multiplication must be ascertained before their true

relationship to disease can be understood.

In saying that the morphologic work upon which the

science of bacteriology rests almost wholly is inadequate, we

wish that it may be plainly understood that we are not offer

ing any hostile criticism upon the great men who have done

this work and who have formulated conclusions therefrom.

The development of bacteriology has been in accordance with

the natural law governing the growth of all the biological

sciences. The study of form naturally and necessarily pre

cedes the study of function. The ornithologist finds a new
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species of bird. He first studies its shape and size, the color

of its plumage, the form of its beak, the number and arrange

ment of the feathers of the tail and wing, the color of the

eyes, etc. All this he can do with a single specimen, recog

nizing the fact, however, that variations more or less marked

are likely to be found in other individuals. More time and

wider opportunities of observation will be needed before he

can tell where and when this bird is accustomed to build its

nest, upon what insects, grains, and berries it feeds, with

what other species of birds it lives in peace and with what it

is at war. A much greater range of observation and study

is necessary before the naturalist can tell how his newly dis

covered species would thrive if carried to a new climate,

where it would be compelled to live upon unaccustomed food,

to build its nest of strange material, and to encounter new

foes.

We repeat that it is no discredit to the science nor to the

men who have developed it to say that the study of bacteri

ology has hitherto been almost wholly morphologic. With

out the morphologist the physiologist and the physiological

chemist could not exist. The science having had for its sup

port only morphologic studies, the deductions and formu

lated statements arrived at by its students have been reached

in accordance with the knowledge obtained from this source.

But now, it being admitted that the causal relation between

a given germ and a certain disease is dependent upon the

chemic products of the growth of the germ, the funda

mental lines of work must be altered in order to correspond

with this new knowledge.

" The study of the chemical factors in the causation of the

infectious diseases opens up for us a field in which much

work must be done. Let us attempt a statement of the

nature of some of the researches that must be carried out

along this line.

" In the first place, we must ascertain what germs are toxi-

cogenic. This would necessitate a chemic study of all kinds

of bacteria, both the pathogenic and the non-pathogenic.

7*
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Every fact ascertained in this investigation will not have its

practical application in medicine, but will have its scientific

value, and many will most probably be of more or less direct

service to man.

" Secondly, it must be determined under what conditions

these germs are toxicogenic. It is not at all probable that all

those bacteria which are capable of producing poisons when

grown on dead material outside of the body are aL?o capable

of multiplication and the production of the same substances

when under the influence of the various secretions of the

body. Some bacteria are destroyed by a normal gastric juice

within a short time, while others are not. The conditions of

life and growth are different when the infecting agent is intro

duced into the blood from what they are when infection

occurs by the way of the alimentary canal. This is well

recognized in the two forms of anthrax, one of which arises

from inoculation through a wound and the other by way of

the intestines. A preventive treatment which is efficient in

one is of no service in the other. Then, again, we are

to study those conditions of the blood and other fluids of

the body which are especially unfavorable to the successful

implantation or the continued existence of an infectious

disease.

"Thirdly, the chemic properties and the physiologic action

of these poisons will demand careful attention. Some are

especially depressing in their action upon the heart, others

seem to manifest their chief energy upon the central nervous

system, while others still act like true gastro-intestinal irri

tants. In the study of the toxicologic effects of these bacterial

poisons every method of investigation known in the most

advanced physiologic work must be employed. The action of

these agents on the heart, the brain, the spinal cord, etc., must

be thoroughly studied."

The above quotations consist of paragraphs as they appeared

in the second edition of this book. We cannot resist the temp

tation of calling attention to their verification. There is no

department of bacteriology now receiving more attention than
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that of the chemic nature and the toxicologic action of the

bacterial products. Not only have the pathogenic germs been

considered, but the great work of Metschnikoff on the im

portance of saprophytic bacteria in the causation of Asiatic

cholera illustrates the value of a knowledge of the physiology

of nil bacteria. It is now generally admitted that the summer

diarrhoeas of infancy are due not to a specific germ, but to

any one of a number. Bacteria cannot be accurately classi

fied, so far as their causal relation to disease is concerned (and

this is the most important knowledge to be gained from them)

until we know the nature of their chemic products, for it is

by virtue of these that the germs have any causal relationship

to disease. This knowledge is now being acquired more rap

idly than it can be classified, and possibly more rapidly than

its true significance can be comprehended.



CHAPTER VI.

THE BACTERIAL POISONS OF SOME OF THE INFECTIOUS

DISEASES.

We will now give our attention to the chemic poisons, both

the ptoma'ins and the toxins, of some of the infectious diseases,

and in doing this we will illustrate and substantiate the state

ments made in the preceding chapter.

Influence of Bacterial Substances on the Tempera

ture.—Krehl has studied the nature and origin of the fever-

producing bacterial substances with reference to the following

questions : ( 1) Do all bacteria induce fever? (2) Are all animals

affected alike? (3) Is there any relation between the fever-

ducing properties of a given germ and its pathogenic effect upon

the animal ? The germs emploved were b. pyocyaneus, b. coli,

b. anthracis, b. typhus abdominalis, b. diphtheriae, b. cholera",

b. protons, b. subtilis, b. prodigiosus, and b. Metschnikovi.

The animals experimented upon were cats, dogs, rabbits,

guinea-pigs, pigeons, chickens, and a hedge-hog. Growths,

two or three days old on agar-agar or potato, were removed with

a sterilized metallic spatula, suspended in sterilized water and

boiled. Bouillon cultures sterilized by heat were also em

ployed.

In the pigeons, chickens, and the hedge-hog no elevation

of temperature could be induced. In the pigeons, the tem

perature was generally lowered. Rabbits were found to be

especially susceptible. However, bouillon cultures of the

chicken cholera germ and of the subtilis did not act more

energetically upon rabbits than un inoculated bouillon. Dogs

were less easily affected ; only five of the germs used caused an

elevation of temperature in these animals. Different germs
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acted differently upon guinea-pigs, but, as a rule, small doses

elevated, while larger quantities depressed the temperature.

There was found to be no constant relation between the fever-

inducing and the pathogenic properties of the bacteria.

Boiled diphtheria bacilli had practically no effect upon the

temperature of guinea-pigs, rabbits, and dogs, while the

bacillus subtilis, wholly devoid of pathogenic properties,

markedly elevated the temperature of dogs.

In order to ascertain the nature of the fever-inducing sub

stances, the following experiment was employed : Three grams

of dried bacilli coli were suspended in one-half litre of water,

heated for thirty minutes at 98°, filtered, and 5 c.c. of the

clear filtrate injected subcutaneously in a rabbit caused high

fever. The filtrate, with feebly acid reaction, was saturated

with ammonium sulphate, the resulting precipitate was sepa

rated, freed from the salt and dissolved in sterilized water.

This solution gave the reactions of the albumoses and con

tained 0.34 per cent. of proteid material. When this solution

was injected into rabbits, it caused an elevation of temperature,

but less marked than that induced by the original filtrate.

It was ascertained that certain substances of non-bacterial

origin elevate the temperature when given subcutaneously.

Physiologic salt solution, distilled water, and solution of grape-

sugar were without effect. Sterilized egg albumin had only a

slightly elevating effect, while that of sterilized milk was more

noticeable. It was observed that it made a difference whether

the same animal was used a second time or a new one treated

each time. Repeating the experiment on the same animal

seemed to increase the effect on the temperature. Certain

enzymes, pepsin, rennet, diastase, invertin, and papain,

boiled or unboiled, elevated the temperature of rabbits,

guinea-pigs, and dogs. Pepton was inconstant in its action,

the gmallest doses affecting the temperature of guinea-pigs,

while rabbits and dogs did not react. Bouillon markedly

elevated the temperature of guinea-pigs. Five per cent. ster

ilized solutions of sodium nitrate, chlorate, iodid, and bromid

caused fever in rabbits.
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The temperature of tuberculous animals was found to bc

more easily affected than that of the healthy. Parabiotic

acid was found to have the same action as tuberculin, and on

section of the tuberculous animals treated with this agent the

diseased areas were observed to be hyperaemic and to contain

hemorrhagic spots.

The fact that Koch's tuberculin caused an elevation of

temperature in consumption, while the same doses produced

no visible effect upon the healthy, and the further fact that

the tuberculin caused a local reaction in tuberculous areas, led

to the general belief that a specific for tuberculosis had been

discovered. Unfortunately, however, the action of the various

constituents of the nutritive media in which the tubercle bacillus

had been grown in the preparation of tuberculin had never

been tested. When these tests were made it was ascertained

that the claims of a specific action of tuberculin rested upon

small support. Not only has it been shown that cultures of

other microorganisms induce all the symptoms observed under

the administration of tuberculin, but that certain proteids of

non-bacterial origin act in the same manner. Matthes has

contributed a valuable report on the effects of subcutaneous

injections of certain albumoses on animals and especially upon

tuberculous animals. The albumoses employed were obtained

both by artificial digestion and by the action of superheated

steam on albumins, and consisted of heteroalbumose, deutero-

albumose, and athmidalbumose.

Doses of from three-tenths to one gram of deuteroalbumose

injected under the skin of healthy guinea-pigs induced a tem

perature as high as 41.3°, but without any more serious effect.

On the other hand, doses of from one to five-tenths gram

proved fatal to tuberculous pigs. Section showed recent in

flammatory action in the tuberculous areas exactly identical

with those caused by tuberculin. Smaller doses, from 0.01 to

0.02 gram, had no effect on the temperature of the healthy ani

mals, but produced a marked febrile reaction in the tuberculous.

The other albumoses produced similar, but less marked,

effects. Moreover, it was shown by beginning with small
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tloses that a certain degree of immunity to the effects could

be established.

After experimenting on guinea-pigs and rabbits, Matches

tested the action of deuteroalbumose on man. Subcuta

neous injections of 0.07 gram caused marked febrile reactions

in healthy men, and in three cases of lupus, in addition to the

fever, a marked local reaction was observed.

The only difference between the effects of tuberculin and

those of deuteroalbumose observed was that larger doses of

the latter were required to cause a given effect. From this

Matches concludes that tuberculin contains in addition to

deuteroalbumose some true pepton, or that tuberculin con

sists of a mixture of digestive products. True pepton in

doses of 5 and 20 milligrams induced violent reactions in two

tuberculous guinea-pigs, and only the one receiving the smaller

quantity recovered.

In conclusion, Matches advises that the inexpensive,

easily prepared, and permanent deuteroalbumose be substitu

ted for tuberculin in all cases in which the latter is employed.

Centanni prepares the bacterial fever-poison, which he

names pyrotoxina bacterica, in the following manner : Cul

tures in liquid media that do not contain pepton and are

several weeks old are employed. The culture is first kept for

three hours at 60° and next boiled for the same length of

time, the water of evaporation being replaced. Then the

fluid is filtered through porcelain and evaporated to a syrup.

Absolute alcohol is added. The precipitate formed is ex

tracted with water, filtered, and the filtrate placed in a parch

ment dialyzer in a vessel of distilled water. The addition of

a little chloroform or thymol prevents putrefaction. The

dialysate of the first twenty-four hours is discarded on account

of the large amount of salts and coloring matters which it con

tains ; that of the second and third days is combined and

evaporated to a small volume. This is treated with absolute

alcohol, and the precipitate, purified by repeated resolution in

water and reprecipitation with absolute alcohol, constitutes

the pyrotoxina bacterica, which is at last separated from the
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alcohol by decantation and dried in vacuo over sulphuric

acid.

Pyrotoxina bacterica, prepared as stated above, is a gray

ish-white substance, that appears under the microscope in the

form of fine granules. It is very hygroscopic and decom

poses after short exposure to the air. It is soluble in water of

neutral, feebly alkaline or feebly acid reaction, or when it

contains neutral salts. It is also soluble to some extent in

dilute alcohol, and a strength of more than 90 per cent. is

necessary for its precipitation. It may remain under alcohol

for many hours without losing its active properties. Gly

cerin also dissolves pyrotoxin and may be used for extracting

it from bacterial cells. It is not soluble in ether or chloroform

and is not altered by them. It is not an albuminoid body

and may be obtained from bacteria grown in urine or in

Niigeli's medium. It does not respond to the biuret, xantho

proteic, Millon or Adamkiewicz tests for proteids. It is

not precipitated by acetic acid and potassium ferrocyanid.

Therefore it is not a toxalbumin. It is not basic and there

fore not a ptomain. It withstands boiling and is therefore not

an enzyme. Moreover, its effects are in direct proportion to the

amount administered. It is precipitated by tannic acid, lead

acetate, mercuric chlorid, and phosphomolybic acid, but not

by gold or platinum chlorid.

Pyrotoxin induces the complex of symptoms included under

the term fever. In the first place, it causes an elevation of

temperature, the curve, beginning with a slight depression,

rises to the acme, and then slowly falls to normal. The height

and continuance of the fever are proportional to the quantity

of the substance used. In the second place, it causes emacia

tion, which may continue as an incurable marasmus. After

very large single injections the emaciation may continue for

weeks after the disappearance of the fever and finally termi

nate in death. When very small doses are repeatedly given

there may be no appreciable elevation of temperature, and yet

the marasmus will follow. In the third place, the digestive

organs are impaired, the appetite is lost, and diarrlxea sets
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in. Lastly, other symptoms of the infectious fevers are not

wanting. The frequency of the heart-beat and of the respira

tion is increased. The sensorium is benumbed and lack of co

ordination is observed. Prostration and indifference to sur

roundings mark the last hours.

Pyrotoxin is found in all kinds of bacteria examined, both

the pathogenic and the non-pathogenic, and there seems to be

no relation between the quantity of this substance contained

in the bacterial cells and the pathogenic action of the

living germ, inasmuch as some non-pathogenic organisms are

found to yield the largest quantities of the poison.

Pyrotoxin is a constituent of the bacterial cell and not a

split product formed by the analytic action of the bacterium on

constituents of the medium in which it grows. For this reason

it is more abundant in old cultures in which the cells are

broken down and their contents dissolved, than in new cul

tures the cells of which are morphologically intact. This

indicates that in the infectious diseases a number of bacteria

must grow, reach maturity, and undergo dissolution before the

existence of the disease is indicated by an elevation of tem-

perature. The time necessary for these changes to be accom

plished is the true period of incubation.

Centanni and Bruschettini report that the blood serum

of animals that have been artificially rendered immune to

the influenza bacillus neutralizes the effects of pyrotoxin,

prepared from any germ, when employed either as a prophy

lactic or curative agent, This statement should be confirmed

before general credence is given it. If it be true, an antipy

retic applicable to all febrile diseases has been discovered.

Maragmano has studied the temperature curves of some

infectious diseases and arrived at certain conclusions which

are of interest in this connection. The patients selected were

those who had uncomplicated diseases, and no medicines which

could influence the temperature were given. The number of

patients with pneumonia studied in this way was 268. The

crisis was reached in two on the second, in three on the

third, in seven on the fourth, in thirty-five on the the fifth, in
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fortv-one on the sixth dav, altogether in eighty-eight before

the seventh day. He concludes that when there is a single

focus of infection or many foci developing simultaneously,

and no new foci are formed, the fever never continues more

than seven full davs or 168 hours. When the fever is of

longer continuance, it indicates that new foci of infection are

developed or complications have arisen. When new foci are

developed, before the fever due to the primary ones has dis

appeared, the fever continues, but that due to the new infec

tion does not continue for seven days on account of the

development of a conditiou of autoimmunization, and the

period of fever arising from successively developed centres of

infection grows shorter.

In lobar pneumonia, whatever germs may cause it, the tem

perature curve is the sum of the curves arising from succes

sively developed centres of infection. The type of the curve

is remittent and the remissions are the more marked the

longer the fever continues. So long as fever contmues, bac

terial poisons are entering the circulation and danger is not

past. As soon as the fever wholly disappears, systemic in

fection ceases and the danger is past. However, the lesion

does not disappear until later, but the infecting bacteria are

no longer active.

In pleurisy the continuance of the fever depends upon the

nature of the infecting agent. However, in this disease,

whatever the nature of the germ causing it, successive foci

of infection are likely to develop, the secondary ones causing

a fever less both in degree and in continuance than that due

to the primary infection.

In so-called rheumatic polyarthritis, the number of joints

involved, provided that all are involved at the same time, has

no influence upon the length of time of the continuance of

the fever.

In typhoid fever, the temperature curve is subject to great

variations on account of the successive development of new

foci and the effect of mixed infection. In making sections

after death from this disease, the existence of multiple points
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of infection showing differences in stage of development is

frequently observed.

The curve of erysipelas is also quite variable. The fever

of uncomplicated measles and scarlet fever does not continue

longer than seven days.

The conclusions of interest to us, from the above-mentioned

observations, may be stated as follows : The bacterial toxins

cause the fever of the infectious diseases. At a given point of

infection the number of germs which will develop is limited ;

and in the same tissue of one individual, during the course of

a disease, the number developing at different points of inocu

lation is probably fairly constant, varying somewhat with the

virulence of the germ and the number of germs which locate,

as it were, at the different points. This is similar to the facts

daily observed in our artificial cultures. Take two or any

number of tubes of the same gelatin and inoculate them at

the same time with the typhoid germ and keep the tubes

under the same conditions, and the rate and limit of growth

will be practically the same in all the tubes. In none of them

is the growth unlimited. In none of them is all the nutrient

material of the gelatin utilized before the growth stops. This

can be demonstrated by making a second inoculation in the

same tube parallel with the first and after the first has ceased

to develop. There is a limit to the amount of wheat that can

be produced from one bushel used as seed, and there is also a

limit to the quantity of wheat which a given area will pro

duce. Moreover, the wheat grows only where the seeds fall.

Sowing the seed on one acre will not cause wheat to grow on

an adjoining acre, but if the wheat grown on one acre be

strewn over the adjoining acre, then a second crop will be

produced here. This probably represents the conditions that

ohtain in the acute infectious diseases. The thermogenic bac

terial products are cellular substances and the number of

bacteria developed represent the quantity of these products

elalwrated.1

1 The statement of these conclusions is not as giveu by Maraouano, but as

interpreted by the writers of this book.
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Anthrax. The definition of an infectious disease, as we

have given it, is well illustrated by the facts which have been

learned, concerning the causation of anthrax, which has prob

ably been more thoroughly studied than any other infectious

disease. Kausch taught that this disease has its origin in

paralysis of the nerves of respiration. As to the cause of this

paralysis he gave us no information. Delafond thought

that anthrax has its origin in the influence of the chemic

composition of the soil affecting the food of animals and lead

ing to abnormal nutrition. The investigations of Gerlach

in 1845 demonstrated the contagious nature of the disease,

which was emphasized by Heusinger in 1850 and accepted

by Virchow in 1855. However, as early as 1849, Pollen-

der found numerous rod-like microorganisms in the blood of

animals with the disease. This observation was confirmed by

Brauell, who produced the disease in healthy animals by

inoculations with matter taken from a pustule on a sick horse.

Attempts were made to ridicule the idea that these germs

might be the cause of the disease, and it was said that the

bodies seen were only fine shreds of fibrin or blood crystals.

Some claimed that the rod-like organisms reported were due

to defects in the glass, while others claimed that the defects

existed in the eye of the observer, and others still suggested

that the defects might be found back of the eye and in the

brain. But in 1863, Davaine showed that these little bodies

must have some causal relation to the disease, inasmuch as his

experiments proved that inoculation of healthy animals with

the blood of those sick with anthrax produced the disease

only when taken at a time when the blood contained these

organisms He also demonstrated beyond any question that

these rod-like bodies are bacteria, capable of growth and mul

tiplication. The conclusions of this investigator were com

bated by many ; but Pasteur, Koch, Bollinger, de Bary,

and others, studied the morphology and life-history of these

organisms, and then came the brilliant results of Pasteur and

Koch in securing protection against inoculation anthrax by

the vaccination of healthy animals with the modified germ
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and subsequent inoculation with the virulent form. Now, the

bacillus anthracis is known in every bacteriological laboratory

and by inoculation with it the disease is communicated at

will to susceptible animals. But here the question arose

How do these bacilli produce anthrax ? and in answer to this

question the various theories which we have mentioned were

proposed.

The first successful attempt to study the chemic poisons

of anthrax was made by Hoffa, who obtained from pure

cultures of the bacillus small quantities of a ptoma'in, which,

when injected under the skin of animals, produces the symp

toms of the disease and death. This substance causes at first

increased respiration and action of the heart, then the respira

tions become deep, slow, and irregular ; the temperature falls

below the normal ; the pupils are dilated, and a bloody diar

rhoea sets in. On section the heart is found contracted, the

blood dark, and ecchymoses are observed on the pericardium

and peritoneum. Hoffa named his poison anthracin. Re

cently Hoffa has isolated this poison from the bodies of

animals dead from anthrax.

It has been said that Hoffa's work was the first successful

attempt to study the chemic poisons of anthrax. However,

his results cannot be considered altogether satisfactory. The

small amount of the basic substance which he obtained ren

dered it highly probable that in the case of a germ so virulent

as that of anthrax there must be other chemic poisons pro

duced. This supposition has been confirmed by the labors of

Hankin, who, in 1889, while at work in Koch's laboratory,

prepared from cultures of the bacillus anthracis an albumose

which, when employed in comparatively large amount, proved

fatal to animals, but when used in very small quantity gave

immunity against subsequent inoculations with the living

germ. Unfortunately, Hankin does not mention the symp

toms induced by toxic doses of this substance. Whether or

not the albumose of Hankin contains in statu nascendi the

base of Hoffa, and owes its poisonous properties to the same,

has not been determined.



154 BACTERIAL POISONS.

Brieger and Fraenkel obtained a so-called toxalbumin

of anthrax from animals in which the disease had been in

duced by inoculation with the bacillus. The liver, spleen,

lungs, and kidneys of these animals were finely divided and

rubbed up with water. After this had stood in a refrigerator

for twelve hours it was passed through a Chamberland filter

and the proteid precipitated from the filtrate with absolute

alcohol.

Martin, by growing the anthrax bacillus for from ten to

fifteen days in an alkaline albuminate from blood serum and

filtration through porcelain, obtains the following metabolic

products :

1. Protoalbumosc and deuteroalbumose and a trace of pep-

ton. All of these react chemically like similar substances

prepared by peptic digestion.

2. An alkaloid.

3. Small quantities of leucin and tyrosin.

The most characteristic property of the albumoses is that

their solutions are strongly alkaline, and the alkalinity is not

removed by treatment with alcohol, benzol, chloroform, or

ether, or by dialysis

The alkaloid is soluble in water, alcohol, and amylic alco

hol ; insoluble in chloroform, ether, and benzol. Its solutions

are strongly alkaline and the alkaloid forms crystalline salts

with acids. It is precipitated by the general alkaloidal re

agents, with the exception of potassio-mercuric iodid. It is

somewhat volatile and loses its poisonous properties on ex

posure to the air.

The mixed albumoses are poisons only in considerable

doses, 0 3 gram being required to kill a mouse of 22 grams

weight when injected subcutaneously. Smaller doses cause a

local oedema and a somnolent condition, from which the animal

recovers. The larger doses produce a more extensive anlema

and the somnolence deepens into coma, terminating in death.

In some cases the spleen is enlarged. The absence of germs

was demonstrated by plate cultures. The alkaloid causes

similar symptoms. It is, however, more poisonous and acts
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more rapidly than the albumoses. The animal is affected im

mediately after the injection, and the gradually increasing

coma terminates in death. The alkaloid also produces oedema,

and in many cases thrombosis of the small veins. Extravasa

tion into the peritoneal cavity is occasionally seen, and the

spleen is ordinarily enlarged and filled with blood The fatal

dose for a mouse is from 0.1 to 0.15 gram, death resulting

within three hours.

This alkaloid does not appear to be identical in its action

with the anthracin of Hoffa.

Numerous attempts have been made recently to isolate the

anthrax toxin. None of these have been wholly satisfactory.

The best, as well as the most recent (1895), work done in this

direction is that of Marmier. The culture medium employed

had the following composition :

Water ... 1000 grams.

Pepton 40

Sodium chlorid 15

Sodium phosphate 0.5 gram.

Potassium phosphate 0.2 ''

Glycerin 10

The pepton was obtained from the commercial preparation

by precipitation of the other proteids with ammonium sul

phate. This salt was removed by dialysis or by precipitation

with barium hydrate. In the above-given menstruum the

anthrax bacillus, especially the sporeless variety, grew abun

dantly. The toxin was obtained from the culture by precipi

tation with ammonium sulphate also. The dried toxin is

soluble in water and in 1 per cent. solution of phenol ; in

soluble in chloroform, ether, and absolute alcohol. It is said

not to give any of the reactions of the albuminoids, propep-

tons, peptons, or alkaloids, but since there is no mention of

the reactions tested, and since precipitation with ammonium

sulphate is an albumin and propepton reaction, this statement

must be considered as somewhat indefinite and possibly as

misleading. There is no proof that the toxin was pure. In

fact, the report makes the reader quite certain that it was not

by any means chemically pure. The author was surprised
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in studying the poisonous effects of this toxin to find that

while twenty milligrams killed some rabbits, others resisted

seventy milligrams; but it does not seem that he once

thought that this might be due to the fact that the mass of

his product was inert, and that these differences in effects were

due to the unequal distribution of the active agent. How

ever, we will give the author's conclusions as he states them :

1 . A specific toxin may be extracted from glycerin-pepton

cultures of the anthrax bacillus.

2. This toxin does not give the reactions of albuminoid sub

stances. It does not change starch, sugar, or glycogen.

3. Animals (chickens, frogs, fish) that are immune to the

anthrax bacillus are also indifferent to the toxin. Similar

results were observed in rabbits artificially immunized with

attenuated cultures

4. This toxin is attenuated, but not destroyed, by boiling at

110°, thus differing from the venom of serpents, the toxins of

diphtheria and tetanus, and the enzymes.

(It is more than likely that this result also was due to the

mixture of the toxin with an inert body.)

5. On the contrary, like the other bacterial toxins, it loses

its action on animals after being brought in contact with the

alkaline hypochlorites. Prolonged insolation in the presence

of air leads to the same result.

6. By emploving carefully graduated doses of this toxin it

is possible to immunize animals to the anthrax bacillus, in the

same way as other specific toxins give immunity to the cor

responding diseases.

7. Anthrax cultures in other fluids, such as blood serum and

bouillon from the rlesh of the horse, ox, or calf, do not contain

the toxin in appreciable quantities.

8. On the contrary, one may extract a toxin from anthrax

cultures on nutritive gelatin by macerating the microbes in

alcoholic water (20 per cent. alcohol).

9. The toxin is contained within the bacterial cells, and in

order to obtain it in a culture there must \tc opportunity for

it to diffuse from the cells.
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Whether the toxin as obtained by Marmier was chemic

ally pure or not, there can be no doubt that he was dealing

with the specific poison of anthrax. The symptoms induced

by this toxin are identical with those observed in the same

animals after infection with the anthrax bacillus.

Asiatic Cholera. There are good reasons, apart from

experimental evidence, for believing that the comma bacillus

of Koch produces its ill effects by the elaboration of chemic

poisons. This germ is not a blood parasite. It grows only in

the intestine, and the symptoms of the disease and death must

result from the absorption of its poisonous products. In con

firmation of this statement experiment has shown that this is

one of the most active, chemically, of all known pathogenic

germs.

In the first place, Bitter has shown that the comma ba

cillus produces in meat-peptou cultures a peptonizing ferment,

which remains active after the organism has been destroyed.

Like similar chemic ferments, it converts an indefinite

amount of coagulated albumin into pepton It is more active

in alkaline than in acid solutions, thus resembling pancreatin

more than pepsin. This resemblance to pancreatin is further

demonstrated by the fact that its activity is increased by the

presence of certain chemicals, such as sodium carbonate and

sodium salicylate. That a diastatic ferment is also produced

by the growth of the bacillus was indicated in the experiments

of Bitter by the development of an acid in nutrient solutions

containing starch-paste However, all attempts to isolate the

diastatic ferment were unsuccessful. A temperature of 0()°

destroys or greatly decreases the activity of ptyalin, and this

seems to be true also of the diastatic ferment produced by the

comma bacillus ; but the formation of an acid from the

starch presupposes that the starch is first converted into a

soluble form.

Fermi has succeeded in isolating the peptonizing ferment

of the cholera germ in the following manner : 05 per cent.

alcohol added to gelatin which has been liquefied by the bacil
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lus precipitates the proteid, but not the ferment. After twen

ty-four hours the precipitate is removed by filtration and the

ferment precipitated from the filtrate by the addition of abso

lute alcohol. After being collected on a filter and dried the

ferment is dissolved in an aqueous solution of thymol and its

peptonizing properties demonstrated on gelatin tubes.

Rietsch believes that the destructive changes observed in

the intestines in cholera arc due to the action of the peptoniz

ing ferment.

Cantani injected sterilized cultures of the comma bacillus

into the peritoneal cavities of small dogs and observed after

from one-quarter to one-half hour the following symptoms:

Great weakness, tremor of the muscles, drooping of the head,

prostration, convulsive contractions of the posterior extremi

ties, repeated vomiting, and cold head and extremities. After

two hours these symptoms began to abate, and after twenty-

four hours recovery seemed complete. Control experiments

with the same amounts of uninfected beef-tea were made with

negative results. The cultures used were three days old when

sterilized. Older cultures seemed less poisonous and a high or

prolonged heat in sterilization decreased the toxicity of the

fluid. From these facts Cantani concluded that the poison

ous principle is volatile, but the effect of high or prolonged

heat in diminishing the toxicity was more probably due to its

destructive effect on the toxins.

Cantani also observed that the blood of those sick with

cholera is acid : this has been confirmed by Strauss by the

examination of the blood directly after death ; and Ahrend

found lactic acid in the strongly acid urine of a cholera pa

tient.

Nicati and Rietsch produced fatal effects in dogs by in

jecting cultures, from which all germs had been removed by

filtration, into the bloodvessels. Later, the same investigators

obtained from old bouillon cultures containing pepton a poison

ous base. Ermengen also showed that cultures after filtra

tion through a Chamberland filter are poisonous.

Klebs has attempted to answer experimentally the ques
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tion, In what way does the cholera germ prove harmful?

Cultures of the bacillus in fish preparations were acidified,

filtered, the filtrate evaporated on the water-bath, the residue

taken up with alcohol and precipitated with platinum chlorid.

The platinum was removed with hydrogen sulphid, and the

crystalline residue obtained on evaporation was dissolved in

water and injected intravenously into rabbits. Muscular con

tractions were induced. Death followed in one animal, which,

in addition to the above treatment, received an injection of a

non-sterilized culture. In this case there was observed an ex

tensive calcification of the epithelium ofthe uriniferous tubules.

Klebs believes this change in the kidney to be induced by the

chemic poison, and from this standpoint he explains the

symptoms of cholera as follows : The cyanosis is a consequence

of arterial contraction, the first effect of the poison. The

muscular contractions also result from the action of the poison.

The serous exudate into the intestines follows upon epithelial

necrosis. Anuria and the subsequent symptoms appear when

the formation and absorption of the poison become greatest.

Hueppe states that the severe symptoms of cholera can be

explained only on the supposition that the bacilli produce a

chemic poison, and that this poison resembles muscarin in its

action.

Villiers isolated by the Stas-Otto method from two

bodies dead from cholera a poisonous base which was liquid,

pungent to the taste, and possessed the odor of hawthorn. It

was strongly alkaline, and gave precipitates with the general

alkaloidal reagents. From one to two milligrams of this sub

stance, injected into frogs, caused decreased activity of the

heart, violent trembling, and death. The heart was found in

diastole and full of blood, and the brain slightly congested.

However, the presence of this substance in the bodies of per

sons who have died of cholera does not prove that its produc

tion is due to the cholera bacillus.

Pouchet extracted from cholera stools, with chloroform, an

oily base belonging to the pyridiu series. It readily reduces

ferric as well as gold and platinum salts, and forms an easily
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decomposable hydrochlorid. It is a violent poison, irritating

the stomach, and retarding the action of the heart. Subse

quently, he obtained an apparently identical substance from

cultures of Koch's comma bacillus.

In 1887, Brieger made a report of his studies on the chem

istry of the cholera bacillus. He used pure cultures on beef-

broth (fleischbrei), which was rendered alkaline by the addi

tion of a 3 per cent. soda solution. These were kept at from

37° to 38°. After twenty-four hours, cadaverin was found to

be present. Older cultures furnished very small quantities of

putrescin, but cultures on blood serum yielded much larger

amounts of this base. While cadaverin and putrescin cannot

be said to be poisonous, they do cause necrosis of tissue into

which they are injected, and their formation by the cholera

bacillus may account for the necrotic tissue in the intestine in

the disease. The lecithin of the beef-broth was slowly acted

upon by the germs, but with age the amount of cholin in

creased, reaching its maximum during the fourth week.

Creatin proved still more resistant to the action of the germs ;

but, after six weeks, a considerable quantity of creatinin was

isolated, and a similar amount of methyl-guanidin. The latter

is very poisonous, causing muscular tremors and dyspnoea.

The presence of methyl-guanidin indicates that the comma

bacillus acts as an oxidizing agent, since creatin yields methyl-

guanidin only by oxidation.

Brieger succeeded in finding, in addition to the above-

mentioned ptoma'ihs, which are common products of putrefac

tion, two poisons which he considered as specific products of the

comma bacillus. One of these, found in the mercuric chlorid

precipitate, is a diamine, resembling trimethylenediamine. It

produced muscular tremor and heavy cramps. In the mer

cury filtrate was found another poison, which, in mice, pro

duced a lethargic condition ; the respiration and heart's action

became slow, and the temperature sank so that the animal felt

cold. Sometimes there was bloody diarrhoea.

It is very probable now (1895) that many, possibly all, of

these basic substances found by Brieger in cultures of the
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cholera germ are artificial products formed during the process

of extraction. Whether this be true or not, it is quite certain

that they are not prominent factors in the production of the

symptoms or in causing death. For the work of Roos on

cholera ptoma'ins, see section on leucomains of the urine.

Brieger and Fraenkel found that the insoluble proteid

which they obtained from cultures of the cholera bacillus,

when suspended in water and injected subcutaneously in

guinea-pigs, caused death after from two to three days. Section

showed inflammatory swelling and redness of the subcutane

ous tissue, extending into the muscles for some distance about

the point of injection, but no necrosis. There was no change

in the intestines and no effusion into the peritoneum. In some

instances there was evidence of beginning fatty degeneration

of the liver. Upon rabbits this substance, even in large doses,

was without effect.

In endeavoring to obtain immunity in guinea-pigs against

cholera, Gamaleia employes cultures which have been ster

ilized at 120°. Subcutaneous injections of these cause tran

sient oedema, and the animals soon recover. The high temper

ature destroys not only the bacillus, but renders inert certain

" ferment-like " products. However, if the cultures be steril

ized at 60°, large doses (10 c.c. per kilogram, body weight)

cause death, injected intravenously in rabbits, and a less

amount produces marked symptoms. The animals refuse

food, and a diarrhoea, which may continue for hours, appears.

Often there are cloudiness of the cornea and retention of urine,

which is albuminous. The animals recover very slowly. In

this connection Bouchard remarks that in 1884 he obtained

by the intravenous injection of the urine of a cholera patient

in rabbits muscular tremor, cyanosis, albuminuria, and diar-

rluca, but that he has never succeeded in inducing these symp

toms with the cholera vibrio.

Petri finds that the comma bacillus produces in solutions

of peptou large amounts of tyrosin and leucin, a small quan

tity of indol, fatty acids, poisonous bases, and a poisonous pro

teid. The proteid resembles pepton in its behavior toward heat
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and chemical reagents, and is designated by Petri as " toxo-

pepton." It is not precipitated by heat or concentrated nitric

acid, nor by potassium ferrocyanid and acetic acid, nor by

ammonium sulphate added to saturation. With sodium phos-

photungstate it gives a precipitate which clears up on the appli

cation of heat. The precipitate with tannic acid is insoluble

in an excess of the precipitant. It gives the biuret reaction

perfectly, but responds to Millon's test but feebly.

In quantities of 0.36 of a gram per kilogram, and more, it is

fatal to guinea-pigs within eighteen hours. It produces mus

cular tremor and paralysis. Post-mortem examination shows

an effusion into the peritoneal cavity, marked injection of the

bloodvessels of the intestines, and isolated hemorrhagic spots.

This proteid is not rendered inert by a temperature of 100°.

Petri does not claim that he has obtained a chemically pure

body, but supposes that it is contaminated with more or less

unchanged pepton.

This substance contained the toxin of cholera, but the

greater part of it consisted of proteid bodies.

Scroll has studied the chem icproducts of the cholera

bacillus when grown under anaerobic conditions. Fresh eggs

were sterilized and inoculated in the usual way. The eggs,

after being kept for eighteen days at 36°, were opened. The

contents smelled intensely of hydrogen sulphid, but not of

amines. The albumin was completely fluid, while the yolk

was more solid and of a dark color.

Five c.c. of the fluid contents were injected into the abdo

men of a guinea-pig. Soon the posterior extremities were par

alyzed, and after ten minutes the paralysis became general,

the animal lying on the side. After five minutes more con

vulsive movements of the extremities began, and forty minutes

after the injection the animal was dead. Section showed the

vessels of the small intestine and stomach highly injected, a

colorless effusion in the peritoneal cavity, and the heart in

diastole.

The albuminous content of the egg was poured into ten

times its volume of absolute alcohol. The precipitate was
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collected and washed with alcohol until a colorless filtrate was

obtained. The precipitate was then digested for fifteen minutes

with 200 c.c. of water and filtered. Eight c.c. of the filtrate

were injected into the abdomen of a guinea-pig. Paralysis re

sulted immediately, and within one and one-fourth minutes

the animal was, dead. Section showed marked injection of the

vessels of the small intestine, a bloody transudate in the peri

toneal cavity, and the heart in diastole.

The impure toxin was rendered inert by a temperature of

100° ; it was not altered by short exposure to 75°, but attempts

to evaporate the solution at 40° in vacuo over calcium chlorid

destroyed the poisonous properties. The proteid was finally

precipitated from its aqueous solution by a mixture of alcohol

and ether. It was washed with ether and the ether allowed

to evaporate spontaneously. A small bit of this proteid proved

fatal to guinea-pigs, and the same post-mortem changes were

found as given above. Scholl classes this proteid among the

peptons. It is not precipitated by heat or concentrated nitric

acid, singly or combined, nor by ammonium sulphate. It

gives the xanthoproteid and biuret reactions. Rcholl re

gards this as a true poison of cholera, and points out its dif

ference from the proteid of Brieger and Fraenkel and that

of Petri.

Grigoriew has studied the action of the following vibrios

on the contents of eggs : v. cholera', v. Metschnikovi, v. Kink

ier and Prior, v. Deneke, and v. aquatilis. Of these germs only

the first two are pathogenic to animals, and only these were

found to elaborate powerful poisons in the eggs. The toxico-

genic properties of the v. Metschnikovi were found to be more

marked than those of the v. cholerae.

Bonhoff finds that the vibrio Danubicus, v. Berolinensis,

and v. Dunbar produce similar changes in the contents of

eggs, although the poisons formed by the different vibrios vary

in virulence. Moreover, with these poisons he was able to

render animals immune to living cultures of the cholera vibrio.

Huei'I'e holds that the cholera poison results from the

analytic or ferment action of the germs on the proteids in

r*
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which it grows, and that the proteids of the bacterial cells are

not poisonous. With the classification which we have made

in the first chapter of this book, Hueppe would place the

cholera-poison among our bacterial proteids and the immuniz

ing substances among the bacterial cellular proteids. He claims

that these substances can be separated in the following man

ner : Rice-water stools from cholera patients are treated with

absolute alcohol. Both the toxin and the immunizing sub

stance are precipitated. By collecting this precipitate and

extracting it with sterilized water or physiologic salt solution,

the toxins only are dissolved. The belief that a separation of

these two classes of proteids can be made in this way rests

upon the following assumptions, neither of which can be said to

be demonstrated facts: (1) The poison and the immunizing

body are not one and the same thing ; (2) the cellular pro

teids are not soluble in water or salt solution.

Hueppe claims, furthermore, that in a given case of cholera

the toxin may be formed most abundantly and the immuniz

ing substance only in small amount ; in such a case the symp

toms of the disease would be violent, and should recovery re

sult, the immunity to subsequent infection would be slight.

With the conditions reversed the disease might be slight and

the immunity established great.

Bu.iwid found that on the addition of from five to ten per

cent. of hydrochloric acid to bouillon cultures of the cholera

bacillus there was developed after a few minutes a rose-violet

coloration which increased during the next half-hour and in a

bright light showed a brownish shade. The coloration is more

marked if the culture is kept at about 37°. In impure cultures

this reaction does not occur. The Finkler-Prior bacillus

cultures give after a longer time a similar, but more of a

brownish coloration. Cultures of many other bacilli were

tried and failed to give this reaction.1

Brieger found that this color is due to an indol derivative.

1 Poehi. deserves the credit of being the first to call attention to this reaction,

though his work was evidently unknown to Bujwid at the tunc when the latter

published his report.
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In cholera cultures on albumins he obtained indol by distilla

tion with acetic acid.

Bujwid has made a further contribution to our knowledge

of the " cholera-reaction." His conclusions are as follows :

(1) Five to ten per cent. of hydrochloric acid added to

cholera cultures produces a rose-violet coloration, which is

characteristic of the comma bacillus.

(2) No other bacterium gives the same coloration under the

same conditions.

(3) The coloration appears in such cultures which are from

ten to twelve hours old, so that this test can be used for diag

nostic puqioses, and will give results before they can be ob

tained by plate cultures.

(4) Impure cultures do not give this reaction.

Dunham finds the best medium for the " cholera-reaction "

to be a one per cent. alkaline pepton solution with one-half

per cent. of common salt. Bujwid prefers a two per cent.

feebly alkaline pepton solution with salt. Jadassohn finds

that gelatin cultures give the reaction both before and after

the liquefaction of the gelatin. The undissolved gelatin, after

the addition of hydrochloric or sulphuric acid, becomes rose-

violet.

Cohen claims that cultures of other bacilli give a similar

coloration, but Bujwid explains that the results obtained by

Cohen were due to the use of impure acids, which contained

nitrous acid. Salkowski agrees with Bujwid, and states

that, when acids wholly free from nitrous acid are used, the

reaction is characteristic of the comma bacillus. He explains

the reaction by supposing that the germ produces nitrous acid,

which exists in the culture as a nitrite. On the addition of

an acid the nitrous acid is set free, and acting upon the indol,

which is also present, gives the coloration. After all, Cohen

was right ; many germs give the indol reaction.

Cultures of the germ newly taken from the stools or intesti

nal contents do not give the indol reaction as constantly as

those of germs being grown on artificial media. (Hammurl.)

8*
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From a very exhaustive research on the importance of this

test Petri comes to the following conclusions :

(1) Seven pure cultures of the cholera germ from as many

sources gave the reaction with equal distinctness.

(2) Of one hundred other bacteria tested in the same way

twenty gave a red coloration. In nineteen of these the color

ation is due to the nitroso-indol reaction of Baeyer. The

twentieth (anthrax) gave a color which is not due to indol.

(3) In case of the cholera germ, and the others as well, the

reaction is due to the reducing action of the bacteria on ni

trates. The reaction is most marked at blood-temperature

and with the cholera bacillus ; it is least distinct with the

bacilli of Finklhr and Miller.

(4) None of these bacteria convert ammonia into nitrite.

(5) The simple addition of sulphuric acid is sufficient to

give the test, which, however, is most marked when the nutri

tive solution contains 0.01 per cent. nitrate.

(6) The reaction is most marked if the sulphuric acid be

added after the addition of a very dilute nitrite solution.

Schuchardt calls attention to the fact that Virchow ob

served a red coloration on the addition of nitric acid to filtered

cholera stools in 1846. Griesinger, in 1885, also made men

tion of the production of a red coloration in rice-water stools

on the addition of nitric acid.

A "cholera-blue" has also been observed by Brieger in

cultures in meat extract containing pepton and gelatin. This

substance, which is yellow by reflected, and blue by trans

mitted light, is developed by the addition of concentrated sul

phuric acid to the culture. It may be separated from the

" cholera-red " as follows: Treat the culture with sulphuric

*cki. then render alkaline with sodium hydrate, and extract

«i»h ether. Evaporate the ether, and remove the " cholera-

^"with beiuol, then again dissolve the " cholera-blue " in

jefeer. The characteristic absorption-bands for this coloring-

wtfarctasin in the first third of the spectrum, between E and

" »i brktn all of the zone lying beyond.

.y ^~sx *od LksAc!E treat a bouillon culture of the cholera
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germ with sulphuric acid, dissolve the precipitate in an alka

line medium, reprecipitate with acid, and redissolve in ether,

which on evaporation leaves oily drops, and these, on cooling,

form a yellow mass of the appearance of a fat. This substance

is insoluble in water and acids soluble in alkalies and ether.

It melts at 50°, and does not lose its virulence on being boiled

with alcohol rendered feebly alkaline. The virulence of a

culture and the amount of this substance conta'iiod therein

are in direct proportion to each other.

Small doses of this substance (1 milligram to 100 grams of

body-weight of the animal) in feebly alkaline solution intro

duced into the stomachs of guinea-pigs cause, as a rule, within

from four to six hours, a chill, and death after twenty-four

hours. With larger doses the temperature falls after from

one-half to one hour, and death results within from twelve

to twenty hours. .Smaller doses cause a less marked reaction

and the animal recovers within twenty-four hours. If killed

within this time, the animal shows a choleraic condition.

Rabbits succumb only after repeated subcutaneous injections.

The substance can be extracted from the muscles, liver, kid

neys, and urine of the poisoned animals. It can also be ob

tained from cultures of a cholera infantum germ. The fact

that this poison belongs neither to the ptomains nor albumins

is of interest.

It is almost certain that this substance obtained by Winter

and L»AtiE is an artificial product.

Cunningham describes ten species of the comma bacillus,

one of which does not liquefy gelatin, and fails to respond to

the cholera reaction. He also states that there are cases of

undoubted cholera in Calcutta in which the comma bacillus

is wholly wanting.

Much having been said about the identity or non-identity

of Koch's bacillus and the M&ssaua cholera bacillus, Ronta ler

has compared their chemic products. He finds that both

germs produce the same optically inactive lactic acid, and

that the only difference he could find is that the Massaua germ

produces larger amounts of indol, skatol, and fatty acids.



168 BACTERIAL POISONS.

However, he places no significance on this, because the Koch

germ produces these substances in variable quantities.

Tetanus.—In 1884, Nicolaier, by inoculating 140 ani

mals with earth taken from different places, produced symp

toms of tetanus in 69 of them. In the pus which formed at

the point of inoculation he found micrococci and bacilli.

Among the latter was one which was somewhat longer and

slightly thicker than the bacillus of mouse septicaemia. In

the subcutaneous cellular tissue he found this bacillus alone,

but could not detect it in the blood, muscles, or nerves. Heat

ing the soil for an hour rendered the inoculations with it harm

less. In cultures, Nicolaier was unable to separate this

bacillus from other germs, but inoculations with mixed cul

tures produced tetanus. In the same year, Carle and

Ratone induced tetanus in lower animals by inoculations

with matter taken from a pustule on a man just dead from

tetanus. In 1886, Rosenbach made successful inoculations

on animals with matter taken from a man who had died from

tetanus consequent upon gangrene from frozen feet. With

bits of skin taken from near the line of demarcation he inoc

ulated two guinea-pigs on the thigh ; tetanic symptoms set in

within twelve hours, and one animal died within eighteen, and

the other within twenty-four hours. The symptoms correspond

exactly with those observed in the " earth tetanus " of Nico

laier, and the same bacillus was found. With mixed cul

tures of this, Rosenbach was also able to cause death by

tetanus in animals. Beumer had under observation a man

who died from lockjaw following the sticking of a splinter of

wood under his finger-nail. Inoculations of mice and rabbits

with somc of the dirt found on the wood led to tetanus. The

same observer saw a boy die from this disease following an

injury to the foot from a sharp piece of stone. White mice

inoculated with matter from the wound, and those inoculated

with dirt taken from the boy's playground, died of tetanus.

The bacillus of Nicolaier was again detected. Giordano

reports the ca.se of a man who fell and sustained a complicated
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fracture of the arm. He remained on the ground for some

hours, and when assistance came the muscles and skin were

found torn and the wounds filled with dirt. On the fifth day

he showed symptoms of tetanus, from which he died on the

eighth day. Inoculations and examinations for the bacillus

were again successful. Ferrari also made successful inocu

lations with the blood taken during life from a woman with

tetanus after an ovariotomy. Hocksinger has confirmed

the above-mentioned observations by carefully conducted ex

periments, the material for which was furnished by a case of

tetanus arising from a very slight injury to the hand, the

wound being filled with dirt. Shakespeare has succeeded

in inducing tetanus in rabbits by inoculating them with mat

ter taken from the medulla of a horse and of a mule, both of

which had died from traumatic tetanus. These uniform ob

servations leave no room to doubt that tetanus is often, at

least, due to a germ which exists in many places in the soil,

and that the disease is transmissible by inoculation.

Bonome observed nine cases of tetanus among seventy

persons injured by the falling of a church from the earthquake

at Bajardo. The bacillus of Nicolaier was detected in the

wounds, and animals inoculated with the lime-dust of the fallen

building died of tetanus. Of many persons injured by the

falling of another church at the same time, none had tetanus,

and animals inoculated with the lime from this church suffered

no inconvenience.

The same experimenter found the bacillus in the wound of

a sheep that died from tetanus after castration.

Beumer found the tetanus bacillus in the sloughing tissue

of the umbilical cord of a child which was taken ill on the

sixth day after birth, and died four days later from tetanus.

From this he concludes that tetanus neonatorum and "earth

tetanus" are identical, and advises that the cord should be

dressed antiseptically.

Kitasato succeeded in isolating the bacillus of Nicolaier

by growing the mixed cultures, from the pus of a wound on a

man who died from tetanus, and then heating the same at a
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high temperature (80°) to destroy the common bacteria. The

spores of the tetanus bacillus resist this heating and are sub

sequently developed under hydrogen. The bacillus grows only

in the absence of air, and not in carbonic acid. It develops

on agar-agar, blood serum, and gelatin, the last of which it

gradually liquefies with the formation of gas. The growth is

more vigorous when the nutritive medium contains from 1.5

to 2 per cent. of grape-sugar.

In 1888 Belfanti and Pescarolo found in the pus of a

wound, which was followed by tetanus, a bacillus which they

believed to differ morphologically from that of Nicolaier and

Rosenbach, and which in pure cultures induced tetanus in

animals. The number of animals experimented upon was

great, and included mice, guinea-pigs, frogs, rabbits, pigeons,

geese, sparrows, a chicken, and a dog. The pigeons, chicken,

geese, and frogs proved immune. After subcutaneous injec

tions a bloody oedema appeared at the place of inoculation and

pus formed in small quantity. Paralysis first appeared and

was followed by convulsions and opisthotonos. Later studies

lead Relfanti and Pescarolo to conclude that their bacillus

is really that of Nicolaier, but differing somewhat from that

of Kitasato. Kitasato states positively that the germ

which he has isolated is absolutely anaerobic, while the Ital

ians find that theirs will not only grow aerobically, but when

so grown will induce a classical tetanus. It is probable that

they had in their hands a mixed culture containing the tetanus

bacillus, for Now has shown that anaerobic bacteria mixed

with such aerobic germs as micrococcus prodigiosus or Proteus

vulgaris, will grow in liquid media under aerobic conditions.

li.iMiMAsi found in the blood from various organs of a

man who died from so-called spontaneous tetanus, and in two

oases of tetanus in mules, a spore-forming bacillus, which in

puiv cultures induced tetanus in animals. This bacillus is

\\lu'll\ di tie rent morphologically from that of Nicolaier.

\Viiii:\m inn reports a very interesting case of a boy who

Ivlt t\\nu a wall and wounded his face on a piece of vine-

vtrtkv iu the v*rth. The boy died of tetanus, and the splinters

cMttwlvd fivni the luce and the earth about the stake were



TETANUS. 171

examined. The splinter was introduced under the skin of a

mouse, which died thirty hours later of tetanus. In the pus

formed about the splinter numerous microorganisms, among

which a micrococcus and a short, thick bacillus abounded,

were found, but in none of the many animals experimented

upon could the bacillus of Nicolaier be detected. In ani

mals inoculated with the earth, however, the Nicolaier germ

was found. Widenmann concludes that the so-called tetanus

bacillus is found in most cases on account of its very wide

distribution in the soil and not as a result of its causal relation

to the disease. It is needless to remark that this conclusion is

absurd.

FlCgge has produced tetanus in animals without being

able to find the bacillus of Nicolaier; and Wyssokowitsch

has examined an earth which did not induce tetanus, but

which caused suppuration, and in the pus the Nicolaier

bacillus was found to be abundant. With the pus obtained

from three cases of tetanus neonatorum due to omphalitis

Kischenskv induced tetanus in animals. The pus contained

pyogenetic micrococci and a short bacillus, but the germ of

Nicolaier could not be detected.

It must be understood that failure to detect the tetanus

bacillus does not prove its absence. Especially is this true of

the researches made five or more years ago. Recent evidence

points to the fact that, although there may be slight morpho

logic distinctions in the bacilli of different localities, the

tetanus germ is widely distributed and is possessed of char

acteristics sufficiently well marked to lead to its recognition.

Brieger has obtained in the mixed cultures of the germ

of Nicolaier and Rosenbach four poisonous substances. The

first, tetanin, which rapidly decomposes in acid solutions,

but is stable in alkaline solutions, produces tetanus in mice

when injected in quantities of only a few milligrams. The

second, tetanotoxin, produces first tremor, then paralysis, fol

lowed by severe convulsions. The third, to which no name

has been given, causes tetanus accompanied by free flow of

the saliva and tears. The fourth, spasmotoxin, induces heavy

clonic and tonic convulsions.
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Brieoer has also isolated tetanin from the amputated arm

of a man with tetanus, thus showing that this chemic poi

son is formed in the body as well as in the artificial cultures.

More recent researches lead us to attach but little impor

tance to the crystalline bodies discovered by Brieoer.

Brieoer and Fraenkel obtained a "toxalbumin" from

a culture of Kitasato's germ in bouillon containing grape-

sugar. This substance is soluble in water, and when injected

in small amounts subcutaneously in guinea-pigs tetanus ap

pears in about four days, and soon terminates fatally.

Later, Brieoer and Cohn prepared tetanus poison from

cultures of the bacillus in veal broth containing one per cent,

of pepton and one-half per cent, of common salt. These

cultures were rendered germ-free by filtration through porce

lain, and treated with ammonium sulphate to supersaturation.

This throws the poison out of solution and it floats on the

surface, from which it is removed by a platinum spatula.

This crude poison, when dried in vacuo, is found to contain

6.5 per cent, of ammonium sulphate. Of the filtered culture

0.00005 c.c. suffices to kill mice. From one liter of the culture

one gram of the dry substance was obtained, and of this

0.0000001 gram killed a mouse with the typical symptoms of

tetanus. This crude product contains, besides the poison,

albumins, pepton, amido-acids, volatile substances, and ammo

nium sulphate, with other salts. The albumin was removed

by precipitation with basic lead acetate. The pepton, amido-

acids and salts were removed by dialysis, and finally evapor

ation in vacuo at 20° to 22° removed the volatile substances.

The toxin, thus obtained, is yellow, flaky, readily soluble in

water, odorless, and similar in taste to gum Arabic. It turns

polarized light slightly to the left. It fails to give the Millon

and xanthoproteic reactions, but does give with copper sul

phate and caustic potash a faint, violet coloration, not identi

cal with the rose of the biuret reaction. With the exception

of ammonium sulphate, the metallic salts, as sodium chlorid

and sulphate, magnesium sulphate, potassium nitrate, mercuric

chlorid, and potassium ferrocyanid with acetic acid, fail to pre
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cipitate the purified poison. Moreover, calcium phosphate

which Roux and Yersin used for carrying down the diphtheria

poison, also magnesium carbonate and aluminum hydrate, do

not throw the tetanus poison out of solution. The poison

contains no phosphorus and only unweighable traces of sul

phur. From these observations, Brieger and Cohn con

clude, contrary to the formerbeliefofBrieger and Fraenkel,

that the tetanus poison is no true proteid.

Of the best preparation obtained by these investigators

0.(X)000005 gram killed a mouse of 15 grams weight. The

authors figure from this that the fatal dose for a man of 70

kilos, would be 0.00023 gram, or 0.23 milligram, and 0.04

milligram would induce symptoms of tetanus. The smallest

lethal dose of atropin for an adult is 130 milligrams, and of

strychnine from 30 to 100 milligrams. " From this one can

judge of the fearful weapons possessed bv the bacteria in their

poisons."

Fermi and Pernossi draw the following conclusions from

their studies of the tetanus poison :

(1) Agar-agar cultures are the most poisonous, next come

those on gelatin, and lastly those in bouillon.

(2) Chickens, snakes, turtles, and tritons are immune to

the poison.

(3) In the above-mentioned animals the tetanus poison may

remain and retain its virulence for three days, and even longer.

(4) Filtrates from agar-agar and gelatin cultures are more

resistent to heat than those from bouillon. Like the enzymes,

the purer the tetanus poison the less stability does it possess.

(o) Dissolved in water, the tetanus poison is rendered inert

by a temperature of 55°, hut in the dry state it can be heated

to 120° without loss of virulence.

(0) When the dried poison is mixed with ether or chloro

form and heated to 80°, it is destroyed ; but with amylic alco

hol or benzol, a temperature of 100° is required to accomplish

this result.

(7) Dissolved in water, this poison is destroyed by direct

sunlight after an exposure of eight to ten hours (with the
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highest temperature on a blackened thermometer at 50°), and

after fifteen hours when the temperature did not exceed 37°.

(8) In the dry state the tetanus poison can be exposed to

the direct sunlight for 100 hours without loss of virulence.

(9) Under the action of an electric current of 0.5 ampere,

continued for two hours, the substance becomes inert.

(10) The poison is destroyed by the following substances:

potassium permanganate, 50 per cent., for forty-eight hours ;

phosphotungstic acid, saturated solution, for twenty-four

hours; lime water, saturated solution, for twenty-four hours;

aseptol, concentrated, for twenty-four hours; kresol, concen

trated, for twenty-four hours : lysol, concentrated, for twenty-

four hours ; hydrochloric acid, 25 per cent., twenty-four hours ;

butyric acid, 25 per cent., twenty-four hours ; phosphoric acid,

25 per cent., twenty-four hours ; oxalic acid, 4 per cent., twenty-

four hours ; tartaric acid, 1 per cent., twenty-four hours.

It is not destroyed by the following: antimony tartrate,

5 per cent., twenty-four hours ; lead acetate, saturated, four

days ; magnesium oxid, forty-eight hours; chloroform, four

days ; acetic acid, twenty-four hours.

According to Kitasato, the tetanus poison is destroyed

after twenty-four hours exposure to the following: tannin,

1.5 per cent, solution ; paraphenolsulphuric acid, 2.5 per

cent.; caustic lime, 0 08 per cent.; ammonia, 6.9 ikt cent.;

caustic soda, 3.2 per cent.; barium hydrate, 1.0 percent.;

platinum chlorid, 0.4 per cent. After an exposure of one

hour : gold chlorid, 0.5 per cent.; alcohol, 00 per cent.; me

thyl alcohol, 50 per cent ; amyl alcohol, 77 per cent.; carbolic

acid, 1.5 per cent.; soda lye, 0.4 per cent.; iodin trichlorid,

0.5 per cent.; kresol, 1 percent.

(11) Sulphuric oxide, oxygen, carbonic acid, carbon mon-

oxid, median, and hydrogen, even after from ten to fifteen

hours, do not appreciably impair the poison.

(12) Gastric juice destroys the poison through the activity

of the hvdrochloric acid and not by virtue of the pepsin.

(13) Ptyalin, diasta.*e, and emulsin have no action. The

effect of trypsin has not been satisfactorily determined.
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(14) Putrefactive germs do not destroy the poison.

(15) The living, but not the dead, intestines of guinea-pigs

and cats destroy the poison.

(16) The living intestine of the chick does not destroy

and does not absorb the poison.

(17) The poison may be eliminated by the kidneys and re

tain its properties in the urine.

(18) The poison is not a ferment.

The tetanus poison is a secretion of the bacterial cell and

not a split product from constituents of the medium in which

the germ grows. Its formation is due to synthetic process

instituted in the bacterial cell, and it is found when the

bacillus is grown in fluids that contain only asparagin and

inorganic salts.

Bruschettini has studied the distribution of the tetanus

poison through the body and its. elimination in the following

manner :

Animals were poisoned by injections of the substance pre

pared by Tizzoni and Cattani, and just before death they

were killed and bits of various organs rubbed up with steril

ized water were injected into other animals. Emulsions from

the liver and suprarenal capsules were invariably without

effect, while those from the kidney were constantly poisonous.

This is supposed to prove that the poison is eliminated by the

kidney. The blood taken from the vena cava was found to

be poisonous in three out of four experiments When the

injections were made under the skin the lumbar cord was

active in four out of eight cases, and in all when the injections

were made directly into the sciatic nerve. On the other hand,

when the inoculations were made under the dura mater, the

brain was found to be active while the lumbar cord remained

inactive From these experiments it is concluded that the

poison not only circulates in the blood, but is deposited in the

central nervous system. This author has more recently shown

that the poison is eliminated by the kidneys. This he has

demonstrated with the urine of men suffering from tetanus.

However, Bruner in several cases of tetanus in man,
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Stern in two, and Brieger in one case, were not able to

induce tetanus in animals by injecting even large amounts of

the urine of the patients. This does not cast doubt upon the

accuracy of the report of Brischettini ; it only shows that

the poison is not in all cases eliminated by the kidney in suffi

cient quantity to render the urine highly toxic. In a fatal

case of acute tetanus Vulpius failed to induce tetanus with

the urine voided during life, but succeeded with that found in

the bladder after death.

Buschke accidentally pricked his finger-nail with a needle

with which he had injected a virulent culture of the tetanus

bacillus into a mouse. The wound was enlarged and disin

fected. Half an hour later 2 c c. of a 1 per mille solution of

mercuric chlorid was injected into the tissue about the wound,

and five days later 5 c.c. of Behriug's antitetanic serum were

injected into the thigh. Eight days after the serum treat

ment, headache, rheumatoid pains, and marked prostration

appeared. Buschke thinks that he immunized himself, but he

admits that it is quite impossible to decide whether the symp

toms were due to the infection or to the treatment.

Buschke and Oergel induced tetanus in guinea-pigs with

blood serum obtained from a fatal case by venesection With

extracts from the liver, spleen, and spinal cord after death

like results were also obtained in mice.

According to the studies of Quadu, the tetanic poison when

injected directly into the blood circulates unchanged and un-

absorbed for some hours. He also states that a much larger

dose is required to induce tetanic symptoms when given intra

venously than when given subcutaneously. Moreover, if a

sublethal dose be given subcutaneously, the local tetanic symp-

toms are not intensified by the simultaneous intravenous in

jection of a second sublethal dose.

A. Babes prepared, from cultures made by V. Babes and

Pi'scariu in agar containing no pepton, an albumosc which

caused tetanus in animals.

Faber finds in a mixed culture a poisonous proteid body

which resembles closely, so far as it has been studied, that of
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Tizzoni and Cattanl Faber lays much stress upon the

arguments in favor of this substance being a soluble ferment.

With this proteid, convulsive movements first appear and

become very distinct in the muscles about the point of injec

tion. In case very small amounts are employed the convulsive

movements do not become general and the animal finally

recovers.

Peyraud claims to have secured immunity in animals

against "earth tetanus" by giving to them strychnia in grad

ually increased doses. Nocard could not confirm this claim.

According to Ledantec, the poisonous arrows of the

natives of the New Hebrides are prepared as follows : The

points, which are usually made from human bones, are first

covered with a vegetable resin, then smeared with the slime

of swampy places.

Liermann found that material taken from the arm of a

man who had died from tetanus, and who had been buried

for two and one-half years, induced tetanus in animals. This

would seem to show that the poison retains its virulence for a

long time. In this material there were found nine kinds of

bacteria, but none of these in pure culture, or in mixed cul

ture, induced the disease. This he explained by the supposi

tion that non-pathogenic bacteria may receive toxicogenic pro

perties from the media (the dead body in this case) in which

they grow.

With the tetanus bacillus widely distributed in the soil, it

would not be surprising to find that material taken from the

arm of a man, dead of any disease, after burial for two and

one-half years, should induce tetanus in animals. Moreover,

the failure to find the tetanus bacillus does not call for the

supposition given by Liermann. The tetanus poison, without

any bacilli, would produce the same effect.

Roncali has tested forty different germs, some of them

pathogenic and others non-pathogenic, in endeavoring to find

one which would neutralize, either by its growth in the body

or by the action of its products, the tetanus poison His re

sults were wholly negative. The tetanus poison was found to

act more energetically in animals inoculated with other bac
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toria or treated with their products, and in no case was there

anv evidence of antagonism in action.

Tuberculosis.—In 1865 Villemin demonstrated that

tuberculosis belongs to the infectious diseases. He induced the

disease in the lower animals by feeding them upon tubercu

lous sputum and tissues. Before this time, tuberculosis had been

generally regarded as an inherited disease, and it was supposed

that all of those who " carried the taint in their blood " must

succumb to the inevitable or escape by some lucky accident

wholly beyond human control. When we remember that

one-seventh of all deaths are due to this disease, we can ap

preciate the importance of learning everything that possibly

can be known concerning its origin and spread. In 1808,

Chauveau, and a few years later Cohnheim, experimentally

confirmed the discovery of Villemin, which must be re

garded as one of the most important contributions to medical

knowledge made during the nineteenth century. In 1878,

Taffeineh showed that the disease might be transmitted

by the inhalation of infected dust. However, the nature

of the infectious agent in tuberculous sputum and tissue

remained unknown until 1882, when Koch, after a most

exhaustive research covering different manifestations of tuber

culosis in man and some of the lower animals, announced

the discovery of the specific bacterium of this disease. This

work was so thoroughly done that practically everv statement

made by Koch in his first report stands unchallenged to-day.

The thirteen years that have elapsed since that time have each

brought its confirmations of the facts then recorded. It is

not within the province of this book to discuss in any detail

the bacteriology of tuberculosis, and it must suffice to say that

the causal relation of the bacillus tuberculosis to the disease

is not now questioned by any competent authority. Every

case of tuberculosis is due to infection from a preexisting case

in man or beast. We are to concern ourselves wholly with

the chemic poisons produced by this bacterium and by

virtue of which the symptoms of the disease and death are
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induced. We may be permitted, however, to call attention to

the fact that in its later stages tuberculosis becomes a mixed

infection and the chemic products of more than one bacterium

constitute the causal factors in this form of poisoning.

Koch's tuberculin, with which he hoped to cure the dis

ease, is the crude poison formed by his bacillus and is known

as tuberculin. The methods of preparing this poison are

somewhat varied and we will mention some of them. Koch

prepared tuberculin in the following manner: Meat infusion

containing 1 per cent. of pepton and from 4 to 0 per cent, of

glycerin is placed in sterilized flasks with broad bottoms. The

flasks are only partially filled in order that the surface of the

fluid should be as great as possible. A small mass of a growth

of tubercle bacilli is taken from a culture on glycerin-agar or

blood serum and floated on the surface of the meat infusion

in the flask. The flask is then placed in an incubator at 37°.

The bacilli grow abundantly on the surface of the meat in

fusion, soon forming a thick yellowish-white layer ou the

eutire surface. After about six weeks growth stops, the

bacterial layer begins to break into pieces and these fall to

the bottom of the flask. The culture is now evaporated to

one-tenth of its volume on the water-bath. The concentra

tion increases the per cent. of glycerin to from 40 to 50, and

this ingredient prevents the growth of extraneous bacteria

and renders the fluid permanent for an indefinite time. After

filtration through porcelain, this fluid constitutes the crude

tuberculin of Koch. It will be seen that it must contain, in

addition to the water and glycerin, anv other unchanged con

stituent of the original meat infusion, any split products, if

there be such, arising from the cleavage action of the bacilli

on the components of the culture medium, and all the soluble

constituents of the bacterial cells. Evidentlv the toxin in

this impure form is not destroyed by the temperature of the

water bath. Several ultimate analyses of this crude tuber

culin have been made, but it must be evident from the state

ments just made concerning the complexity of its composition

that such determinations are absolutelv without value. It does
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not contain any ptomains or any other cyanogen bodies. A

voluminous precipitate is produced on the addition of strong

alcohol, and this precipitate contains the toxin. Since the

toxin has not been isolated, its physical properties and chemic

reactions remain for the most part unknown. The toxic sub

stance is soluble and dialyzable.

Bujwid obtained tuberculin by extracting the growths of

the tubercle bacillus on glycerin-agar tubes, heating to 100°

for ten minutes, filtering through porcelain and concentrating

at a low temperature. As thus prepared the fluid resembles

very much the preparation already described.

Tuberculin may also be obtained from bacilli grown on

potatoes. The freshly cut surfaces of the sterilized potatoes

are washed with a 1 per cent. sterilized solution of sodium

bicarbonate, then moistened with sterilized water containing 5

or 6 per cent. of glycerin. On potatoes thus prepared the

bacillus grows quite abundantly at a temperature of 37°.

After further development has ceased, the growths are ex

tracted with water or water and glycerin.

Many attempts have been made to purify the toxin of these

crude products, but up to the present time no satisfactory

degree of success has been attained. Koch obtained a white

precipitate containing the toxin by the addition of 00 per

cent, of alcohol to the crude tuberculin, but this precipitate is

known to be a mixture of several bodies. Hunter thought that

he had separated the curative from the pyrogenic constituent,

but the former, as he has obtained it, possesses no curative

properties, and the latter is still a crude toxin. The " tuber-

culocidin " of Klebs is obtained from crude tuberculin by

fractional precipitation with alcohol.

The physiologic action of tuberculin is so pronounced and,

at first, was believed to be so markedly sui generi* that its

worthy discoverer, and through him the greater part of the

medical world, was for a short time led into the belief that a

specific and sure cure for the greatest plague of man had been

found at last. The grounds for this belief were founded

principally upon the following effects observed in the action
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of tuberculin : (1) Small doses, 1 milligram or even less,

injected subcutaneously in an individual suffering from tuber

culosis, caused a marked elevation of temperature. Similar

doses injected in the same way into non-tubercular persons

produced no appreciable effect. No effect followed the treat

ment with tuberculin of persons sick with other diseases than

tuberculosis. Here then is a substance that has a specific

action, a chemic body by the effects of which you can dis

tinguish a tubercular from a non-tubercular individual. If all

the cows of a large herd be treated with tuberculin and a

record of the temperature be made for twenty-four hours

before and for the same length of time after the treatment, it

will be found that in some a febrile reaction—an elevation of

one degree or more in temperature—occurs, while the tem

perature of the others remains unaffected. Now, if all be

killed and examined, it will be found that those that have

manifested the febrile reaction are tuberculous ; while those

that failed to react are not tuberculous. A similar test to this

was made by Koch on tuberculous and non-tuberculous

guinea-pigs. No such effects had ever before been obtained by

the employment of any therapeutic agent. It is small won

der then that Koch and his colaborers were surprised at the

results observed, and readily accepted and too speedily an

nounced the belief that a specific cure for tuberculosis had

been found. The grounds for this belief were strengthened by

their observation ofan additional evidence of the selective action

of tuberculin. (2) Not only does tuberculin select tubercu

lous individuals by its action, but in the individual it selects

for the demonstration of its most conspicuous effects the exact

site of the tubercular lesion. If a man who has a lupus on

the face receives a tuberculin injection in the back or in

any other portion of his anatomy, the tissue about the lupus

soon begins to show evidence of stimulation. It becomes

hypenemic, the margins of the sore begin to granulate, and

if the treatment be continued the lupus often temporarily

heals.

Baumgarten draws the following conclusions from his

9
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experiments with tuberculin on rabbits with inoculation tuber

culosis :

It causes an exudative inflammation in the vascular tissue

about the tubercle, and in this way the tuberculous tissue may

be isolated and, when situated superficially, removed. In

some cases, however, after the prolonged employment of the

agent, the tuberculous tissue itself may, under the influence

of the exudative fluid and the polynuclear leucocytes, break

down and form abscesses. The bacilli themselves are in no

way harmed by the use of tuberculin, and, after its constant

employment for months, they retain their original form and lose

none of their virulence. Some preparations seem to show that

the bacilli multiply more rapidly when the injections are made,

but a positive statement on this point is reserved until further

studies have been made. It is certain, however, that the non-

tubercular tissue of animals acquires no immunity against the

disease from the injections. This is shown by the appearance

of metastatic foci in animals in which from seven to twelve

grams of the original lymph (an amount which would be

equivalent to from seventy to one hundred and eighty grams

in man) have been injected. It is further shown by the fact

that in some animals treated subcutaneously tubercles have

appeared at the point of injection.

Prudden and Hodenpyl summarize the results which they

have obtained by the inoculation of animals with dead tubercle

bacilli as follows: "These dead tubercle bacilli are markedly

chemotactic. When introduced in considerable amount into

the subcutaneous tissue or into the pleural or abdominal cav

ities they are distinctly pyogenetic, causing aseptic, localized

suppuration. Under these conditions they are capable, more

over, of stimulating the tissues about the suppurative foci to

the development of a new tissue, closely resembling the dif

fuse tubercle tissue induced by the living germ. We have

found that dead tubercle bacilli introduced in small numbers

into the bloodvessels of the rabbit largely disappear within a

few hours or days, but that scattering individuals and clusters

may remain here and there in the lungs and liver, clinging to
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the vessel walls for many days without inducing any marked

changes in the latter. After a time, however—earliest in the

lung, later, as a rule, in the liver—a cell-proliferation occurs

in the vicinity of these dead germs, which leads to the forma

tion of new multiple nodular structures bearing a striking

morphological resemblance to miliary tubercles. There is in

them, however, no tendency to cheesy degeneration and no

evidence of proliferation of the bacilli, but rather a steady

diminution in their number. It seems to us that the new

structures originate in a proliferation of the vascular endothe

lium under the stimulus of the dead and disintegrating germs."

This work has been confirmed by others.

Maffucci finds that cultures of the tubercle bacillus (from

a mammal), when grown from one to six months on glycerin,

blood serum, or liquid blood serum, and then sterilized by

being repeatedly heated to from 65° to 70°, produces in

guinea-pigs, when employed subcutaneously, a progressive

marasmus, which terminates fatally within from fourteen

days to five or six months. He also finds that eggs inoc

ulated with sterilized cultures of the chicken tuberculosis

bacillus produce chickens which are feeble and soon die of

emaciation. In neither the guinea-pigs nor chickens could he

find any tubercles. This author, unfortunately, does not state

positively whether the bacilli employed in his experiments on

guinea-pigs were obtained from man or some other mammal.

Crookshank and Herroun report the isolation of a

ptomain and an albumose not only from artificial cultures

of the bacillus, but also from bovine tuberculous tissue. The

ptomam is reported as causing an elevation of temperature

in tuberculous, and a depression in healthy, animals. "The

albumose, whether obtained from pure cultivations of the

bacillus or from tuberculous tissue, produced a marked rise

of temperature in tuberculous guinea-pigs. On the other

hand, in an experiment tried on a healthy guinea-pig, there

was an equally well-marked fall of temperature."

As early as 1888, Hammerschlag found a toxin among

the products of the growth of this germ. More recently he
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finds that as much as 27 per cent. of the cellular substance of

the bacillus tuberculosis is soluble in alcohol and ether. In

this extract there is, in addition to fat and lecithin, a poison

which induces in rabbits and guinea-pigs convulsions followed

by death. The part insoluble in alcohol and ether consists of

cellulose and proteids. Hammerschlag has also prepared

from cultures of this bacillus a " toxalbumin " which, when

injected subcutaneously in rabbits, causes an elevation of tem

perature of from 1° to 2°, which continues for a day or longer.

Zuelzer has reported the isolation of a poisonous ptomain

from agar cultures of the bacillus tuberculosis. He says that

the injection of 1 centigram or less of this substance subcuta

neously in rabbits or guinea-pigs causes, after from three to

five minutes, increased frequency of respiration (to 180 per

minute?) and an elevation of temperature of from 0.5° to 1°.

He also reports marked protrusio bulbi as a constant symp

tom ; the eyes become very bright and the pupils are dilated.

From two to three centigrams suffice to kill rabbits, death

occurring in from two to four days. The place of injection is

reddened, and hemorrhagic spots are formed in the mucous

membrane of the stomach and small intestine. In two in

stances from 15 to 20 cubic centimetres of clear fluid were

found in the peritoneal cavity.

Kitasato treated fifty guinea-pigs that had been rendered

tuberculous by subcutaneous inoculations with pure cultures

of the bacillus with tuberculin. The beginning dose was

0.001 gram, and this was gradually increased to a maximum

of from 0.lo to 0.2 gram. Five of the treated animals sur

vived, and the average length of life of the treated animals

exceeded by a few weeks that of the controls. It is a note

worthy fact that quite a number of the treated pigs developed

and died of pneumonia. Kitasato attributes this to the ex

istence of an epidemic of pneumonia among the animals of

the laboratory at the time. However, if the treatment was

not concerned in the production of the pneumonia, he should

explaiu why none of the untreated pigs of the series devel

oped pneumonia.
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Bujwid also claims to have prolonged the lives of tubercu

lous guinea-pigs and rabbits by treating them with tuberculin.

On the other hand, Baumgarten and his students, also,

Czaplewski and Roloff, failed to obtain any beneficial

results by the tuberculin treatment of inoculated animals.

Hericourt and Richet claim to have vaccinated dogs

against tuberculosis by the intravenous injection of the bacillus

of avian tuberculosis. However, as this animal is not highly

susceptible to this disease naturally, this statement should not

be too readily accepted. Trudeau has succeeded in securing

partial immunity in the rabbit by previous subcutaneous inoc

ulations with the bacilli of bird tuberculosis. About one-

fourth of ,the rabbits died from marasmus consequent upon

the protective treatment. No tubercular lesions could be

found in these after death. Those that recovered from the

effects of the cultures of the avian bacilli were inoculated,

along with controls, in the anterior chamber of the eye with

the Koch bacillus.

The great majority of the reports on the curative properties

of tuberculin has been unfavorable to the employment of this

agent.

Recently (1895) two claimants of the discovery of a cura

tive serum for tuberculosis have appeared. Both of these

claimants are somewhat indefinite in their statements concern

ing the preparation of these serums, but are not equally re

served in their statements concerning the cures wrought.

Paquin immunizes horses by methods not given, and " a

horse treated properly three months may yield serum with

immunizing power that will probably prove sufficient to arrest

consumption in the first stage in three or four months, and

sometimes less ; and in the second stage in four to six months

or a year."

Maragliano does not think it desirable to give his method

further than to state that he immunizes dogs, donkeys, and

horses with a specially powerful tuberculin. He proves that

the dogs are immune by subsequent intravenous inoculations

of the bacillus. He is not sure that the donkeys and horses
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are immune, but he considers this, after all, of no importance,

because an animal may furnish an antitoxin, and remain itself

susceptible. With these serums he treats and cures tubercu

losis in man.

Diphtheria.—That the Lgeffler bacillus is the cause of

the disease now known as " true diphtheria " no one can deny.

The fact that this germ, although found only at the seat of

inoculation, causes marked systemic disturbances, indicates

that its action must be due to its soluble products. This was

early recognized by Lgeffler, who in 1887 attempted to

ascertain the nature of the poison. A flask of bouillon con

taining peptou and grape-sugar was, three days after it had

been inoculated with the bacillus, evaporated to 10 c.c., and this

was injected into an animal, but was without effect. A second

flask of the same material was extracted with ether, but this

extract was also found to be inert. Next, some neutral beef

broth was extracted with glycerin some four or five days after

it had been inoculated with the bacillus. The glycerin extract,

when treated with five times its volume of absolute alcohol,

deposited a voluminous, flocculent precipitate, which was col

lected, washed with alcohol, dried, and dissolved in a little

water. A further precipitation with alcohol and a current of

carbonic acid gas secured a white substance, and the injection

of from 0.1 to 0.2 gram of this, dissolved in water, subcuta-

neously in guinea-pigs, caused marked pain, followed by a

fibrous swelling with hemorrhage into the muscles and oedema,

terminating in necrosis. From these studies Lgeffler con

cluded that the poison belongs to the enzymes.

Roux and Yersin found that bouillon cultures from which

the bacillus had been removed by filtration through a Cham-

berland filter are poisonous, especially cultures that arc four

or five weeks old. The results obtained varied with the

amount of the fluid, the species of animal, and the method of

administration. The effects observed were a serous exudation

into the pleural cavity, a marked, acute inflammation of the

kidney, fatty degeneration of the liver, cspeeially after injec
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tion into a bloodvessel, and oedematous swelling in the sur

rounding tissue after subcutaneous inoculation. In some

instances, in dogs, rabbits, and guinea-pigs, paralysis, gener

ally in the posterior extremities, followed. The action of the

poison was found to be very slow, and, as a rule, death occurred

days, and in some instances weeks after the inoculation, and

was preceded by marked emaciation

The cultures first employed were seven days old ; older cul

tures ("six weeks) contain more of the poison, and the symp

toms appear within a few hours. In cultures especially rich

in the poison, a small amount (from 0.2 to 2 c.c.) injected

under the skin in guinea-pigs suffices to induce the symptoms.

Mice and rats are markedly insusceptible, but succumb to

large doses.

Heating to 100° for twenty minutes renders the poison inert,

and a temperature of 58° maintained for two hours markedly

lessens its virulence.

The poisonous substance is precipitated by absolute alcohol,

and is carried down mechanically on the addition of calcium

chlorid to the filtered cultures. These investigators agree with

Loeffler that the poison belongs to the enzymes. The great

toxicity of this substance is indicated by the statement of

Roux and Yersin that 0.4 milligram suffices to kill eight

guinea-pigs or two rabbits, and that 2 centigrams of the cal

cium chlorid precipitate, containing about 0.2 milligram of

the pure poison, will kill a guinea-pig within four days.

Brieger and Fraenkel made a study of the chemic pro

ducts of the Leoffler bacillus. They employed cultures of

bouillon and pepton containing from five to six per cent. of

glycerin, and others containing ten per cent. of sterile, fluid

blood serum. The latter were found to be most suitable. In

these the bacilli grew most abundantly. In all cases they con

firmed the statement of Roux and Yersin that the cultures,

at first alkaline, became strongly acid, and finally again alka

line, with the exception that the glycerin cultures remained

acid.

For the removal of the bacteria two methods were employed.
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First the bacilli were destroyed by heat. When a tempera

ture of 100° was employed the cultures were rendered inert,

but it was found that exposure for from three to four hours to

a temperature of 50° was sufficient to destroy the germs, while

the virulence of the chemic products was not affected. The

second method of removing the bacteria consisted of filtration

through a Chamberland filter. The germ-free filtrate could

be heated to 50° without loss of toxicity, while a temperature

of 60° rendered it inert. In the majority of the experiments

the filtration method was used, and in this way a large quan

tity of a poisonous fluid of uniform strength was obtained.

Varying amounts of this fluid were used upon animals,

mostly guinea-pigs and rabbits, and it was found that the

effects varied with the quantities employed and the methods

of administration. The symptoms appeared most promptly

when the injections were made directly into a bloodvessel.

Of four rabbits which were given subcutaneously respectively

1, 2:, 5, and 10 c.c. of the filtrate on December 28th, the

first died January 4th ; the second, January 2d ; the third,

December 31st ; and the fourth, December 30th. In all cases

in which death did not occur too early, paralysis appeared.

The limbs were first paralyzed, and this was true whether the

fluid was administered intravenously or subcutaneously. The

post-mortem appearances were identical with those observed

after inoculation with the bacillus, with the exception of the

absence of the pseudo-membrane. After subcutaneous injec

tion there was a gelatinous, grayish-white, sometimes reddish,

oedematous fluid formed at the point of injection ; and, after

larger doses, necrosis. In cases in which death was delayed,

there were effusions in the pleura, fatty degeneration of the

liver, and inflammation of the kidneys. Especially marked

were these cellular changes in rabbits which were treated with

small amounts intravenously.

Brfeoer and Fraenkel conclude this part of their report

with the following statement: "We have shown that the

Loonier diphtheria bacillus produces in its cultures a poison

ous, soluble substance, separable from the bacteria, which



DIPHTHERIA. 189

causes in susceptible animals the same phenomena that are

induced by inoculation with the living microorganism. We

have further shown that this substance is destroyed by a tem

perature over 60', but that it can be heated to 50°, even in

the presence of an excess of hydrochloric acid, without being

destroyed. This last fact is contrary to the assumption that

the chemic poison of the diphtheria bacillus is a ferment or

enzyme."

The fluid was tested for basic products, but with wholly

negative results, except that small amounts of creatinin and

cholin were found. It was also distilled at from 20° to 35° in

a vacuum, and the distillate was found to be inert.

The poisonous substance was found to be insoluble in alcohol,

soluble in water, and non-dialyzable. It was precipitated by

saturation with ammonium sulphate.

The substance was obtained by allowing the germ-free fil

trate, after being rendered feebly acid with acetic acid, to fall

into a large volume of absolute alcohol. It was purified by

repeated solution in water and precipitation with alcohol. It

contains a large amount of sulphur, and responds to the biuret

and Millon tests. It is, therefore, classified among the albu

mins. Since it is not precipitated by saturation with magnesium

sulphate at 30°, it cannot belong to the globulins. The fact

that it is precipitated by saturation with ammonium sulphate,

and that it does not dialyze, shows that it is not pepton. It

is, therefore, classified by Brieger and Fraenkel among

the albumins, and is designated as a " toxalbumin."

This proteid induces in animals all the symptoms and post

mortem appearances which have been mentioned as following

the administration of the filtered cultures. It is to be noted

that the injection of small quantities of this proteid (2i milli

grams per 1 kilogram of the body-weight of the animal) does

not produce its effects until after the lapse of weeks, and pos

sibly months. This peculiarity in action distinguishes this class

of substances from all other chemic poisons, and it has re

ceived as yet no satisfactory explanation. There is no reason for

believing that the body obtained by Brieger and Fraenkel

J
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is chemically pure, and until it has been obtained in this con

dition we can only speculate concerning its true nature.

It should be remarked that the Loeffler bacillus shows

not only marked morphologic variations, but that it is very

variable in its virulence, some cultures having been obtained

that are wholly without effect upon animals. From cultures

of this kind Brieger and Fraenkel prepared a non-poisonous

albumin differing in its ultimate composition and in many of

its chemic reactions from the poisonous one.

Fraenkel has been unable to secure immunity in animals

against diphtheria by the employment of small doses of the

" toxalbumin." If the dose is large enough, the animal dies.

If it is smaller, the animal seems to become more susceptible

and succumbs more readily to inoculations with the germ.

While this is true of the filtered culture, it is not the case with

that which has been sterilized by heat. Fraenkel finds that

if from 10 to 20 c.c. of a culture of the bacillus three weeks

old, which has been heated for one hour at from 65° to 70°,

be injected under the skin of the abdomen of guinea-pigs, im

munity against subsequent inoculation with the virulent germ

is secured, provided that the inoculation is not made earlier than

the fourteenth day after the treatment with the sterilized culture.

He thinks that the culture contains two specific albumins, one

of which is poisonous, while the other gives immunity. The

former is destroyed by a temperature of from t15° to 70°, while

the other retains its characteristic properties. He admits the

possibility that the poisonous albumin may be converted into

the other form by the high temperature. He finds that the

modified culture, which gives immunity, is of no service for

therapeutic purposes, and that if an animal be treated with it

directly after inoculation with the germ, death is not retarded,

but is hastened. From these experiments he concludes that

the vaccination albumin at first lessens, and subsequently in

creases the resistance of the animal. We now know that im

munity may be and is secured with the diphtheria toxin.

The diphtheria curative serum is prepared in this way, as

will be seen later. There is no reason for believing in
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Fraenkel's theory that the bacillus forms a special immuniz

ing substance.

Spronck and his students have confirmed the above state

ments concerning the toxicity of the germ-free cultures of this

bacillus. They have also called attention to the albuminuria

following the employment of this poison. In the urine they

find casts, white, and sometimes red, blood-corpuscles. Micro

scopic examination of the kidney after death shows the same

changes that are observed in the diphtheritic nephritis of

children. Babes also finds that the germ-free cultures pro

duce the parenchymatous degenerations of the internal organs

which are found in the human body

Tangi, has shown that the chemic poison is formed in the

body as well as in culture-flasks. A large piece of pseudo-

membrane was macerated in water in an ice-chest for twenty-

four hours, and then filtered through porcelain. The filtrate,

injected into animals, produced all the symptoms that had

been obtained by a similar employment of artificial cultures.

Tangl also observed that in some cases in which the animals

were inoculated with the sterilized culture through the mucous

membrane a pseudo-membrane formed at the point of injec

tion. The diphtheria poison has also been found in the tissues,

blood, and urine.

Dzierzoowski and Rekowski have attempted to ascertain

the nature of the chemic products of the diphtheria bacillus

in the following manner : In the first experiment four flasks,

each containing 2 litres of a solution of commercial pepton in

water, were employed. After sterilization two flasks were

inoculated with the bacillus, while the other two were kept as

controls. All stood for six weeks at a temperature of 36.5°.

Then the contents of one diphtheria and one control flask

were distilled separately to half the volume, and the distillates

redistilled and evaporated. When these residues were freed

from ammonium chlorid with absolute alcohol, that from the

inoculated flask left a substance soluble in water and fatal to

a rabbit in fifteen minutes, while that from the control flask

had no poisonous properties. It was also found that the
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bacillus did not produce volatile acids, aromatic oxyacids,

indol, skatol, leucin, tyrosin, or cadaverin.

The albumoses precipitated by absolute alcohol in the com

panion flasks gave substantially the same chemic reactions,

but that from the inoculated, in doses of two-tenths of a gram

given subcutaneously, killed guinea-pigs, while that from the

other flasks in double this amount had no effect. The sub

stances soluble in alcohol from both flasks were not poisonous.

Attempts were made to obtain the volatile body in large

amount and chemically pure, but without success. In the

purest form obtained 0.15 gram sufficed to kill a guinea-pig

within eight minutes.

Further experiments demonstrated that the diphtheria ba

cillus slowly decomposes sugar, forming small amounts of

formic and paralactie acids. Amylodextrin and fat were not

altered, and glycerin only slightly. The authors attempt to

explain theoretically how the comparatively inert albumoses of

the culture-medium are changed by the bacillus into poison

ous albumoses. However, there is no proof that any such

change is wrought, or that the poisonous substance in the

alcoholic precipitate is an albumose at all. The alcoholic pre

cipitate from the inoculated flasks contained, in addition to

the albumoses, the cellular toxin of the bacillus, and to this

the effects were due.

Suppuration.—As early as 1879, Leber concluded from

his observation on infective keratitis that the aspergillus must

produce certain soluble products which diffuse through the

cornea and set up an inflammatory action in the adjacent

vascular tissue. In 1882 he showed that suppuration could

be induced by the introduction of sterilized mercury and cop

per, and that the pus formed is free from germs. In 1884 he

induced suppuration by the injection of cultures of the staphy

lococcus pyogenes aureus which had been sterilized by being

boiled for hours. In 1888 the same investigator reIwrtc1l that

he had found an alcoholic extract of the dried staphylococcus

to be highly pyogenetic. From this extract he has prepared
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a crystalline body which he calls phlogosin. This substance

is readily soluble in alcohol and ether, sparingly soluble in

water, and it crystallizes in needles. The crystals can be sub

limed, leaving no residue, and the sublimate, which forms in

rosettes, still possesses the pyogenetic properties. Alkalies

precipitate this substance from its solution in amorphous gran

ules, which dissolve in acids, forming crystalline salts. Leber

refers to the observation of the botanist Pfeffer, who found

that vegetable cells are attracted by certain chemical sub

stances, and adopts the term chemotactic action (chemotac-

tische Wirkung) to indicate the property of certain chemic

agents of attracting leucocytes.

As has been stated, Bichner has found that the cells of

many bacteria contain pyogenetic proteids. The amount of

these substances in the cells varies with the kind of germ, and

some species (the bacillus prodigiosus, for instance) seem to

contain no such bodies. The bacillus pyocyaneus contains a

large quantity of the proteid, and is suitable for lecture demon

stration. The germs are taken from potato cultures and

rubbed up with water. Then they are treated with about

fiftv volumes of a 0.5 per cent. solution of caustic potash.

This forms in the cold a mucilaginous mass which dissolves at

the temperature of the water-bath. After being heated for

some hours the fluid is filtered through a number of small

filters ; the first portions should be refiltered. The filtrate is

a greenish fluid (pyocyanin) which by the careful addition of

acetic or hydrochloric acid (an excess is to be avoided) forms

a voluminous precipitate (pyocyaneus proteid). This precip

itate should be collected on a filter, washed with water, then

suspended in water, and a few drops of a soda solution added,

when a dark-brown fluid, with a tendency to gelatinize in the

cold, containing about 10 per cent. of the proteid, is obtained.

13.254 grams of the moist bacteria yield 1.44 gram of dry

bacterial substance, and this after the treatment given above

furnishes 0.2739 gram of dry proteid = 19.3 per cent. This

proteid leaves 11.52 per cent. of ash, which contains phos

phoric acid, but consists principally of sodium chlorid.
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Much smaller amounts of proteid were obtained from other

germs, but the Eberth germ, bacillus subtilis, lactic acid

bacillus, red bacillus from potato, and staphylococcus pyo

genes aureus furnished considerable quantities.

The chemotactic properties of these proteids were tested in

the following manner : The dissolved proteid was placed in a

spindle-shaped glass tube, and the tubes, sterilized by pro

longed boiling, were introduced under the skin on the backs

of rabbits with antiseptic precautions, and the ends of the tubes

broken off subcutaneously.

After from two to three days the tubes were removed and

found to contain, in addition to some of the proteid, several

millimetres of fibrinous pus, which was examined microsco

pically and by the preparations of cultures, which invariably

remained sterile. The proteid of the Eberth bacillus was

found to have specially marked pyogenetic properties.

Similar experiments were made with the following crystal

line substances : the butyrate and valerianate of ammonia

(each 1 per cent. solution), trimethylamin (2 per cent.), am

monia (2 per cent.), leucin, tyrosin and glycocol (1 per cent.),

urea (5 per cent.), and urate of ammonia and skatol (1 per

cent.). Glycocol and leucin only were found to have the

chemotactic action, and with these this action was but slight

compared with that of the bacterial proteids.

The next experiments were made with the object of ascer

taining whether or not proteids similar to those derived from

the bacteria would cause a like effect. The bacterial cellular

proteids resemble very closely vegetable csisein, some of which

was prepared from wheat gluten and tested as above. This

proteid was found to be possessed of marked chemotactic

properties. The subcutaneous injection of sterilized prepara

tions of wheat-flour and ground peas were also found to cause

suppuration. Negative results were obtained with starch and

solutions of disodium hydric phosphate. From this it is con

cluded that the active agent in the flour is its casein.

Pepton was employed without effect, while gelatin was found

to act energetically. Alkaline albuminates were prepared
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from muscle, liver, lungs, and kidney by treating finely divided

portions of these organs with potash and proceeding as in the

preparation of the bacterial proteids. All of these caused the

formation of pus, and the preparations from the liver were

found to be specially potent.

Similar preparations from blood and egg-yolk were active,

while those from fibrin and the white of egg had no effect.

Hemi-albumose was also found to be active, and this fact is

placed in contrast with the negative result obtained with

pepton.

One of the most interesting results was obtained by the

daily injection of a chemotactic proteid directly into the blood.

Before the first injection the proportion of white to red cor

puscles was 1 : 318 ; on the second day, 1 : 120 ; on the third,

1 : 102 ; on the morning of the fourth, 1 : 73 ; on the afternoon

of the fourth, 1 : 38. After this there was no further increase.

The absolute number of red corpuscles remained unchanged,

while the al»olute number of the white multiplied sevenfold.

The white corpuscles were on the first days often found in

groups of from two to four, and later, of from ten to twenty.

This seems to demonstrate that these substances cause an in

creased production of leucocytes. General leucocytosis was

induced by the similar employment of vegetable casein and an

alkaline albuminate prepared from the muscles of a calf.

Finally, Buctiner tested the action of this proteid upon

himself. One cubic centimetre of a very dilute solution, con

taining 3.5 milligrams of the solid proteid, was injected under

the skin of the forearm with antiseptic precautions. Two

hours later there was marked pain along the lymphatics, espe

cially localized in the elbow and axilla. The temperature

showed no marked elevation (only 37.8°). On the following

day there were marked erysipelatous redness and swelling ex

tending for some inches about the place of injection, and

accompanied by severe pain. The inflamed area felt hot,

and projected distinctly above the surrounding surface. The

lymphatics of the arm appeared like red cords. On the third

day the swelling and redness were more marked, and extended
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from the wrist to the elbow. On the fourth day the symptoms

began to recede. Here we have clinically a perfectly typical

erysipelas with lymphangitis, and Buchner claims that all

the cardinal symptoms of inflammation—rubor, calor, dolor—

could not be produced without involvement of the solid tissues.

Similar, but less marked, symptoms were induced by the

injection of a dilute solution of vegetable casein.

Buchner states that bacteria will not cause inflammation

unless they be broken down. The pyogenetic substance con

tained within the bacterial cell can have no chemotactic action

until the cell disintegrates. Thus, the anthrax bacillus con

tains a pyogenetic substance, but no pus is formed in mice

with anthrax, because there is no destruction of the bacilli.

This pyogenetic proteid of the anthrax bacillus, however,

manifests its action in malignant pustule.

These experiments are of the greatest interest. We must

say, however, that it is possible that the bacterial cellular

proteid may be modified by the treatment to which it has

been subjected in these experiments. We do not as yet know

enough about the nature of this proteid to say that its nature

and its action are not altered by being heated for hours with

an alkali. However, accepting Buchner's work, it throws

much light upon processes which have heretofore been but

imperfectly understood.

Many non-pathogenic germs may grow in wounds and by

elaborating their poisons may influence and increase the general

intoxication. Brunner has found the proteus vulgaris grow

ing in a wound, and it is well known that the products of this

germ are powerful poisons.

Nannotti, after treating animals with sterilized pus, states

the following conclusions :

1. Sterilized pus has substantially the same toxic proper

ties as sterilized cultures of the staphylococcus.

2. Repeated injections of sterilized pus induce chronic

intoxication and marasmus.

3. Injection under the skin causes a specially grave form

of poisoning.
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4. The symptoms and pathological lesions caused by these

injections correspond with those observed in men suffering

from chronic suppuration.

The Summer Diarrhoeas of Infancy.—In a paper pub

lished in 1888, Vauohan stated that the microorganisms

which produce the catarrhal or mucous diarrhoeas of infancy

are probably only putrefactive or saprophytic in character,

and that they prove harmful by splitting up complex mole

cules and forming chemic poisons, but those that cause the

choleraic form or serous diarrhoeas are more than putrefactive,

they are pathogenic. At that time it was generally believed

that a specific germ would be found, but the truth of the

above statement is being made more manifest with every ex

perimental study of the subject. Able and diligent bacteriol

ogists, among whom Booker, in this country, and Escherich,

in Germany, deserve special mention, have made a careful

study of the bacteria found in the intestines and stools in these

diseases, and all agree that no specific organism has been

found. Booker has reported the isolation of more than thirtv

kinds. In true cholera infantum the proteus group of bacteria

was found in fifteen out of nineteen cases, but in the ordinary

diarrhoeas there is no constancv in the species present. Germs

that are frequently found one year are rarely seen in the cases

observed the next summer. This has been the experience of

all who have studied the bacteria of the summer diarrhoeas of

infancy. Vaughan has studied the chemical products of the

germs x, a, and A of Booker's list in the following manner

and with the results as stated below.

Of these germs, Booker makes the following statements :

" x was found almost as a pure culture in the feces of a fatal

case of diarrhoea, a was strongly pathogenic when tested last

winter. A was isolated last summer ; liquefies gelatin, and

belongs to the proteus group."

Beef-tea cultures of each of these germs were made and

kept in an incubator at 37° for forty-eight hours. At the ex

piration of this time these cultures were used for inoculating

r
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flasks of sterilized beef-broth. Eight flasks, each containing

about ten ounces, were employed for each germ. These cul

tures were kept iu the incubator at 37° for ten days. They

were then twice filtered through heavy Swedish filter-paper.

The second filtrate was allowed to fall into a large volume of

absolute alcohol feebly acidified with acetic acid. A volum

inous, flocculent precipitate resulted iu each case. After the

precipitates had subsided the supernatant fluid was decanted.

The precipitates were then treated with distilled water, in

which those from x and a were soluble, while that from A

proved insoluble. A large volume of absolute alcohol was

again added, and the mixture allowed to stand for four days.

The precipitates from x and a completely subsided, leaving

the supernatant fluids perfectly clear ; but in the case of A

the subsidence was not complete. The precipitates were col

lected, by decantation and filtration, on porous plates, and

dried over sulphuric acid. These substances are proteid in

composition, but differ from known proteids and from one an

other. That from x is slightly yellow, as seen deposited in

the alcohol, but becomes grayish on exposure to the air. It

is readily soluble in water, from which it is not precipitated

by heat or nitric acid, singly or combined.

It gives the biuret and xautho-proteid reactions. It is pre

cipitated by saturating its aqueous solution with ammonium

sulphate, and therefore cannot be classed with the peptons.

Sodium sulphate and carbonic acid fail to throw it down from

its aqueous solution, consequently we must say that it is not a

globulin.

This leaves us with no other choice than to place it among

the albumins, but we must admit that it possesses properties

which do not belong to the known albumins.

The proteid prepared from cultures of the germ a is, as seen

under the alcohol, very light, flocculent, and perfectly white,

but so soon as it is brought in contact with the air it begins

to blacken, and finally dries down on the porous plate in

black scales.

It possesses the same general properties in regard to the
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action of solvents and other reagents which were found to be

possessed by the proteid obtained from cultures of x.

The proteid of A is peculiar, inasmuch as it is practically

insoluble in water.

These three proteids are highly poisonous. When injected

under the skin of kittens or dogs they cause vomiting and

purging, and, when employed in sufficient quantity, collapse

and death. Post-mortem examination shows the small intes

tine pale throughout and constricted in places. The heart

has been invariably, so far, found in diastole and filled with

blood. The following brief notes from the record of experi

ments will illustrate the nature of the symptoms and the post

mortem appearances :

A small amount of proteid from bacillus x, dissolved in

water, was injected under the skin on the back of a kitten

about eight weeks old. Within one-half hour the animal

began to vomit and purge, and death resulted within eighteen

hours. The small intestines were pale, contracted in places,

and contained a frothy mucus. The stomach was distended

with gas and contained yellowish mucus. The liver was nor

mal, the spleen and kidneys congested, and the heart dis

tended.

Another kitten was treated with the proteid from bacillus

a, dissolved in water. The vomited and fecal matters in this

case were green. The animal died after fifteen hours, and

presented appearances practically identical with those men

tioned above.

A third kitten was treated with some of the proteid of bacil

lus A, suspended in water, and presented substantially the

same symptoms and post-mortem appearances.

A fourth animal was treated in the same manner as the

above with a proteid prepared from some canned meat. This

was done as a control on the above experiments, and the

kitten remained unaffected. This experiment demonstrates

the fact that the poisonous properties are peculiar to the

bacterial proteids.

Concerning the amount of one of these proteids necessary

S



200 BACTERIAL POISONS.

to produce a fatal result in the animals experimented upon a

few experiments have been made.

Under the skin on the back of a guinea-pig Vaughan in

jected 10 milligrams of the dry-scale proteid from bacillus a.

This caused death within twelve hours. Of two kittens treated

with 15 milligrams each of the a albumin, one died after

forty-eight hours and the other recovered after two days of

purging and vomiting. Two dogs, of about five pounds

weight, had each 40 milligrams, and, after serious illness of

two days' duration, speedily recovered.

During these two days of vomiting and purging the dogs

were constantly shivering, as with cold, but the rectal temper

ature stood at from 102.5° to 103.5° F.

There was in no case any sign of inflammation at the point

of injection.

Plate cultures have been made from the proteids themselves

and from the blood, liver, spleen, and kidneys of some of the

animals killed with the proteid, and these plates have remained

sterile, thus demonstrating that no germ has been introduced

into the animal along with the chemic poison.

What conclusions may we draw from these facts when con

sidered in connection with the results of the labors of Booker

and Escherk'H ? We will formulate our ideas in the fol

lowing propositions :

1. There are many germs, any one of which, when intro

duced into the intestines of the infant, under certain favorable

conditions, may produce diarrlnea.

As has been stated, many different germs have been found

in the intestines of infants suffering from summer diarrhea,

and we now find that three species of these are capable of

producing chemic poisons, which induce effects substantially

identical with the symptoms observed in the infants, and it is

not unreasonable to suppose that many other of these germs

produce similar poisons.

2. Many of these germs are probably truly saprophytic.

A germ growing in the intestine does not necessarily feed

upon living tissue. The food in the duodenum before absorp
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tion has no more vitality than the same material in the flask.

Moreover, the excretions poured into the intestines from the

body are not supposed to be possessed of vitality. A germ

which will grow upon a certain medium in the flask and pro

duce a poison will grow on the same medium in the intestine

and produce the same poison, provided it is not destroyed by

some secretion of the body.

3. The only digestive secretion which is known to have

any decided germicidal effect is the gastric juice ; therefore, if

this secretion be impaired there is at least the possibility that

the living germ will pass on to the intestine, will there multi

ply, and will, if it be capable of so doing, elaborate a chemic

poison which may be absorbed.

There is no longer any doubt that the acid of the. gastric

juice has a marked germicidal effect upon many of the micro

organisms.

Vaughan has found that an exposure to a two-tenths per

cent. solution of hydrochloric acid for half an hour will de

stroy Eberth's germ and two poison-producing bacilli which

he has isolated from drinking-water which was believed to

have caused typhoid fever. Although the germicidal effect of

this acid has not been tried on the bacteria under considera

tion, doubtless it will be found to be considerable.

The chief reason why the breast-fed child has a better chance

for life than the one fed upon cow's milk lies in the fact that

the former gets its food germ-free ; but a second reason is to

be found in the larger amount of acid required to neutralize

the cow's milk, as has been pointed out by EschEricir. The

gastric juice is the physiological guard against infection by

way of the intestines.1

It is also possible that some of the secretions poured into

the intestines have germicidal properties, or that the cells, in

1 It has been said that this statement cannot be true, because there are other

acids which are more powerful germicides than hydrochloric acid, but there is

no force in this argument. The question is not whether the stomach is supplied

with the very best germicide, but whether it is supplied with any at all. The

human eye may not be a perfect mechanism, but it is man's only organ of vision.
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absorbing the poisonous proteids, may to a limited extent so

alter them that they are no longer poisonous, or that in a

perfectly normal condition the liver may be able to prevent

these poisons from entering the general circulation without

change. These are all possibilities, which science at some

time in the future will investigate.

4. Any germ which is capable of growing and producing

an absorbable poison in the intestine is a pathogenic germ.

It is not necessary that a germ be capable of growing and

causing disease and death when injected under the skin or

into the blood in order to establish its right to rank with the

pathogenic germs. In the blood the organism is acted upon

by a wholly different fluid from that with which it is sur

rounded in the intestine, and the germicidal properties of the

blood have been unquestionably demonstrated.

5. The proper classification of germs in regard to their

relation to disease cannot be made from their morphology

alone, but must depend largely upon the products of their

growth.

As has been stated, three microorganisms, differing suf

ficiently to be recognized as of different species, produce

poisons, all of which induce vomiting and purgiug, and,

when used in sufficient quantity, death. Morphologically

these bacilli may not be closely related, but physiologically

they are near akin.

If these deductions be true, we will try to avoid the intro

duction into the alimentary canal not only of the so-called

specific pathogenic germs, but of all toxicogenic micro

organisms.

Baginskv and Stadthagen have obtained from cultures

of the " white liquefying bncterium " of the former a poisonous

proteid which produces in mice, after about five hours, slight

dyspnoea. The coat becomes rough, the animal sits with

drooping head, and when forced to move docs so sluggishly,

but without any evidence of paralysis. The marked apathy

increases, and death results after two or throe days. Section

shows an infiltration about the place of injection, congestion
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of the spleen, liver, aud peritoneum. The intestine is hyper-

lemie throughout its entire length, and its upper portion con

tains a reddish-brown fluid.

From cultures of the same bacterium Baginsky and

Stadthagen have also obtained a poisonous ptomain, which

is probably identical with one found by Brieger in putrid

horseflesh, and which has the formula C,H„NOr

That tyrotoxicon is one of the causes of the violent choleraic

diarrhoea of children there can scarcely be a doubt. The

symptoms induced by the poison cannot be distinguished

from those of the disease. The post-mortem appearances are

very much alike, if not identical, and the poison has been

found in a sample of milk a part of which had been given to

a child not more than two hours before the first symptoms of

a violent attack of the disease made themselves manifest.

Flugge has made a very important contribution to our

knowledge of the relation of the bacteria of milk to the

summer diarrhoeas of infancy. He has studied these bacteria

with special reference to their toxicogenic properties. He

finds four anaerobic bacilli frequently present in milk. Two

of these (III. aud IV.) produce poisons. A milk culture of

bacillus III. was freed from germs by filtration through a

Berkefeld filter and injected subcutaneously in mice in

doses of from 0.3 to 0.6 c.c. The animals died after from

three to fifteen hours, and section showed marked hypenemia

of the intestines and transudates in the peritoneal and pleural

cavities. Five c.c., given intra-abdominally, kill guinea-pigs

within from fifteen to twenty-four hours. In these, also, the

intestines are engorged and the abdominal cavity is filled with

a serous transudate.

Filtered cultures of bacillus IV. caused in guinea-pigs

whining, staggering, trembling, and marked dvspnoea, from

which recovery followed. Cultures thirty-six hours old and

those fourteen days old showed no difference in effects.

These germs cannot be considered as harmless. Little

danger is to be expected from b. IV., because milk in which

it develops has a most disagreeable odor, aud consequently is
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not likely to be taken. B. III. is only occasionally found in

milk. Summer diarrhoea can scarcely be attributed to these

anaerobic germs, and yet they cannot be regarded as harmless.

It is especially worthy of mention that anaerobic bacteria are

present in every sample of milk, that some of them are not

destroyed by boiling, and that they grow better at from 30°

to 37° than they do under 22°.

Of the peptonizing bacteria, twelve species were isolated

and studied. On the addition of a pure culture of one of

these germs to sterile milk a transparent zone forms under

the layer of cream, and extends deeper and deeper with more

or less rapidity according to the species and abundance of the

organisms until the whole of the casein has been digested.

The milk has the bitter, irritating taste characteristic of

peptons. However, during the first days of this growth the

taste is not sufficiently developed to attract attention. These

germs grow most rapidly when supplied with air; therefore

their development goes on faster in open than in closed ves

sels. Milk containing millions of these peptonizing bacteria

is apparently perfectly normal and will be readily taken by

infants. Milk containing them may be kept at 100° for two

hours or even for a longer time without destroying their

spores. Cultures kept at from 24° to 44° grow with enor

mous rapidity.

Different investigators who have tested the nutritive value

of various peptons and albumoses on the lower animals and

on healthy and sick men are unanimous in the verdict that

the long-continued employment of these preparations causes

in both men and dogs severe intestinal irritation. Zuntz

noticed that dogs fed on peptons suffered from an abundant,

watery diarrha'u, and eliminated from three to six times as

much nitrogen unused as those fed upon meat. Munk ob

tained like results. Pfeiffer induced in himself and another

man intestinal irritation and diarrhoea by large doses of

Koch's pepton. Neumeister states: "By long-continued

use of these preparations, symptoms of marked irritation and

injury to the intestines uniformly resulted, and consequently
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the prescription of albumoses in disease can scarcely be re

garded as rational." The reason why partially digested milk

has been so well borne by children is due to the fact that but

little pepton is formed. Certainly from all that we know of

the action of pepton the long-continued employment of pep

tonized milk in the feeding of infants cannot be recommended,

and the presence of peptonizing bacteria in the milk cannot

be regarded as harmless.

Of the twelve peptonizing germs in milk studied by Fi.ugge,

nine failed to show any toxic action. These do not produce

toxins, and any harmful effects that they might induce must

be due to the peptons. Dogs fed upon cultures of these

germs failed to manifest any untoward symptoms. However,

no positive conclusion can be drawn from this negative evi

dence, because the feeding was not continued for a sufficient

length of time.

" Wholly different results were obtained with the pepton

izing bacteria Nos. I., III., and VII."

" The two-days-old cultures of No. I. induce in frogs, on

the injection of two c.c. into the dorsal lymph-sac, first slow

ness of motion and reflexes, after an hour paralysis of the

extremities and complete loss of reaction, and after four hours

death. Mice die after from five to six hours from the sub

cutaneous injection of one-half c.c. With the exception of

lack of voluntary motion and tardiness of reaction, no symp

toms are manifest. Guinea-pigs, that have received about five

c.c. intra-abdominally, lie on the side and have marked dysp

noea; the abdomen is retracted, and handling them causes

pain. Death results after from four to seven hours. Section

shows hyperaemia of the kidneys, and the peritoneum and

serous coat of the intestines are markedly reddened. Nothing

else of interest is found. Dogs drink the milk cultures with

relish and in large quantities. After one hour severe diarrhoea

sets in with a movement every five minutes. When fed with

normal milk recovery follows."

"Two-days-old milk cultures of No. III. induce in frogs

and mice no symptoms. Guinea-pigs and rabbits after re

10
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ceiving intra-abdominal or intravenous injections remain quiet

in their cages, respond feebly to irritation, but gradually

recover. The cultures, when fed to puppies, induce sharp

diarrhoea and apparently severe pain in the abdomen. One

of the puppies showed on the second day progressive exhaus

tion, paralytic weakness of the extremities, and fall in the

temperature. He died on the third day. Section showed

hyperaeiuia of the kidneys, nothing else worthy of note."

" Bacillus No. VII. injected in milk cultures in frogs, mice,

and guinea-pigs had no marked action. When the culture

was filtered through a Chamberland filter and concentrated in

vacuo to one-fifth its volume, it killed mice and guinea-pigs

when injected in doses of six-tenths and five c.c. respectively.

Death, which followed in from six to twelve hours, was pre

ceded by dyspnoea and convulsive movements. Section showed

nothing characteristic. Even the unconcentrated milk cul

tures acted powerfully when fed to puppies. After feeding

for one or two days, profuse diarrhoea set in, but disappeared

the next day (the feeding being discontinued?). The diar

rhoea was accompanied by great emaciation, weakness of the

extremities, and tottering gait. As soon as the use of the cul

tures was discontinued, and ordinary milk given, improvement

began and continued to complete recovery. Two puppies,

after recovery, were again fed with the cultures. After a

short time the profuse diarrhoea with its accompanying symp

toms reappeared."

"The effect of bacilli Nos. I., III., and VII. on the intes

tines are scarcely attributable to the peptons. Bacilli V. and

X. produced peptons much more energetically, without in

ducing the symptoms. On the other hand, the highly virulent

bacillus III. produced the least peptons. Furthermore, the

symptoms that followed the injections were not those that are

caused by the injection of peptons. We failed to find on sec

tion the ecchymoses and hemorrhagic spots that are commonly

observed after pepton injections. At all events, each of these

bacteria forms poisons that are not found in cultures of the

other peptonizing bacteria. Whether special kinds of peptons
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are formed or the poisons that are formed have nothing to do

with peptons, cannot yet be determined. I have undertaken

a closer study of these bacterial poisons, but this work is ac

companied by no slight difficulties, which are greatly increased

by the fact that milk must be the basis of the culture medium.

My investigations in this direction, also the possible relation

of these poisons to the (angeblich von bac. butyricus gebil-

deten1) tyrotoxicon of Vaughan, must be deferred to a later

publication. For the present purpose of this article, the more

exact knowledge of these poisons is not necessary. It has

been shown that in ordinary market milk three peptonizing

bacteria are frequently found, pure cultures of which in milk

induce serious poisonous effects in animals, and especially when

fed to puppies cause a profuse diarrha;a, sometimes leading to

a fatal termination."

Flugge's most valuable article continues with the detail of

experiments on the sterilization of milk, and should be read

by all who are interested in the subject.

Tvphoid Fever.—In 1880, Eberth discovered a bacillus

which he believed to be the cause of typhoid fever, and this

belief has been quite generally accepted. In the first edition

of this work it was stated that the fever and the characteristic

lesions of the disease had been produced in animals by inocu

lation with this germ. This is now known to be erroneous.

As has been stated by Flugge, the essential lesions of typhoid

fever may be produced in animals with a number of micro

organisms, among which, however, the Eberth bacillus is not

included. The results obtained by Fraenkel and Simmonds

and Seitz have been shown by Beumer and Peiper to be

fallacious, and the germ with which the experiments were

made by Vaughan and Now, and mentioned in the first

edition, is known not to be identical with that of Eberth.

It is true that this germ induced in dogs a continued fever of

from twenty-eight to thirty-five days in duration, terminating

1 Evidently Flugge 1b unacquainted with the later researches of Vaughan. See

pages 197 et eeq.
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in some instances fatally and revealing ulceration and per

foration of the small intestine, but for this reason it is known

to be different from Eberth's bacillus, because the latter

never induces these effects. Notwithstanding this failure to

affect the lower animals, the majority of bacteriologists believe,

as has been stated, that the Eberth bacillus is the sole and

only cause of typhoid fever. In this belief Vaughan refuses

to concur, and claims that the Eberth bacillus as found in

the spleen after death is an involution-form of any one of a

number of germs which are found in certain waters. Vaughan

claims that the typhoid bacillus can be detected in drinking-

water by the following characteristics : (1) They grow at 37°,

while many of the non-pathogenic germs of water grow only

at lower temperatures. (2) They are pathogenic to rats,

guinea-pigs, mice, and rabbits. (3) They do not coagulate

milk. (4) When grown in milk or gelatin colored blue with

litmus, the color is not altered.

In 1885, Brieger obtained from pure cultures of the

Eberth bacillus a poisonous ptoma'in, which produced in

guinea-pigs a slight flow of saliva, frequency of respiration

dilatation of the pupils, profuse diarrhoea, paralysis, and death

within from twenty-four to forty-eight hours. Post-mortem

examination showed the heart in systole, the lungs hyperiemic,

and the intestines contracted and pale. At first Brieger was

inclined to regard this as the specific poison of typhoid fever,

and named it typhotoxin. However, he has more recently

modified his opinion and is inclined to regard typhoid fever

as due to a mixed infection.

Brieger and Fraenkel have found in the cultures of the

Eberth bacillus a proteid which causes death in rabbits after

from eight to ten days. They say nothing about the symptoms.

Pfeiffer finds that this typhoid poison is contained in the

bacterial cells. From three to four milligrams for each 100

grams of body-weight suffice to kill guinea-pigs. With

this poison animals can be rendered immune to the Eberth

bacillus, but not to the bacillus coli communis. This typhoid

antitoxin is also, according to Pfeiffer, present in the blood

of persons convalescing from typhoid fever.
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In 1889 Vaughan isolated from mixed cultures from

typhoid stools a base, forming crystalline salts and capable of

inducing in cats and dogs a marked elevation of temperature

accompanied by severe purging. The following is the record

of one experiment with this substance : " An aqueous solution

of the crystals was given to a dog by the mouth at 3 p.m.

The rectal temperature before the administration was 101° F.

At 3.15, retching and vomiting set in and continued at inter

vals for more than two hours. At 3.30, the temperature was

103° F. At 3.55, the animal began to. purge. The first dis

charges contained much fecal matter, but subsequently they

were watery and contained mucus plainly stained with blood.

At 4, the temperature was 103.5° F., and remained the same

at 4.30. The animal was not seen again until 10 a.m. the

next day, when its temperature was 100.5°, and recovery

seemed complete."

This base was not obtained in quantity sufficient for

an ultimate analysis. The platinochlorid crystallizes in

fine rhombic prisms and the hydrochlorid in long, deli

cate, red needles. The red color seems to be inherent to

the substance and not due to impurities. The mercury

and platinum compounds are insoluble in alcohol, soluble in

water. The hydrochlorid is soluble in both water and

alcohol.

In 1890 Vaughan reported the isolation, from water sup

posed to cause typhoid fever, of a number of toxicogenic

germs. The chemic products of two of these have been

studied. They belong to the proteids, and an analysis of one

of them by Fheer shows it to belong to the nucleins. These

poisons are soluble in water, the opalescent solution showing

a distinctly acid reaction. They are not precipitated by heat

or nitric acid singly or combined. They dissolve in nitric

acid, forming a colorless solution, which becomes yellow on the

addition of ammonia. They dissolve in caustic alkalis, and

the solution becomes purple on the addition of a dilute solu

tion of copper sulphate.

On white rats these poisons produce symptoms which are

identical with those which follow inoculations with the living
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germs. The rat seems to shiver with cold and gives evidence

of abdominal pain. It lies with its limbs flexed and head

drawn down for a few seconds, then stretches out the limbs.

It lies on the side for a short time, then sits with the head

drawn under the body.

Dogs shiver as with cold, but at the same time the rectal

temperature is from one to four degrees above the normal.

In some instances vomiting and purging have been induced.

The following experiments seem to show that the poison

accumulates in the nerve-centres :

Two guinea-pigs were treated with hypodermic injections of

one of these poisons, the amount used being about ten times

the dose which ordinarily proves fatal to these animals.

Within twelve hours both were dead. Plate cultures made

from the liver, spleen, blood, brain, and spinal cord remained

sterile. Small quantities of the brain and spinal cord were

rubbed up in a sterilized dish with sterilized water, and 2 c.c.

of the emulsion were injected under the skin of each of four

guinea-pigs. These animals seemed to be very excitable the

next day, throwing themselves about violently in the cages

when slight noises were made near them. Within a period of

from sixteen to twenty-four days all died. This experiment

needs repetition, and it will be necessary to prepare and inject

similar emulsions made from other organs before any positive

conclusions can be drawn.

In a study of fatal cases of typhoid fever at Bucharest

Babes finds that the typical germ differs markedly from that

of Eberth.

Swine-plague, or Hog-cholera. — The researches of

Loeffler, SchCtz, Lvdtin, and SchotTElius, in Europe,

and of Billings and Salmon, in this country, have demon

strated the existence among swine of at least three infectious

diseases. These are—

1. Hog-erysipelas, or rouget of France, or Sehweineroth-

lauf of Germany.

2. German swine-plague, or Schweineseuche.
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3. American swine-plague (Billings), or hog-cholera

(Salmon).

The first two of these are exclusively European diseases,

and their chemic poisons have not been studied.

The American swine-plague is preeminently a disease of the

digestive tract involving most markedly the large intestine.

It is the great swine disease of this country, and is probably

present in England, where it is associated with other diseases

under the name of swine fever. A disease which was observed

in Denmark and Sweden for the first time in 1888-89, and

known as swine-pest or swine-diphtheria, has been shown by

Selander and Frosch and others to be identical with our

swine-plague. In the summer of 1889 France was visited by

a swine disease, which is considered by Cornil and Chante-

messe to be identical with the German swine-plague, but which

Rietsch and Jobert, after a comparative study of the micro

organisms, pronounce as the American disease. In this coun

try we have at present no positive demonstration of the

existence of any other infectious swine disease. The swine-

plague of Salmon has been the subject of considerable dis

cussion, but its existence as a distinct epidemic disease can

hardly be said to be established.

The following statements concerning the chemic poisons

refer to the swine-plague of Billings or the hog-cholera of

Salmon, which are only two names for one disease.

In pure cultures of this bacillus Now has found a poison

ous base, which probably has the composition C16H,6N„ and

to which he has provisionally given the name susotoxin.

One hundred milligrams of the hydrochlorid of this base

cause in white rats convulsive tremors and death within one

and one-half hours. Post-mortem examination shows the

heart in diastole, lungs pale, stomach contracted, a serous

effusion in the thoracic cavity, and the subcutaneous tissue

pale and oedematous.

Novy has also obtained a poisonous proteid from cultures

of this germ. The following experiments illustrate the effects

obtained with this body: 100, 50, and 25 milligrams, respec-

r
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tively, were injected into three young rats from the same

litter. The animal which received 100 milligrams soon began

to crawl about on its belly, being unable to rise. The eyes

were soon filled with a thick secretion and the toes became

red. Finally it became quiet, lying on its belly, with feet

extended. The respirations became deeper, and a coma-like

condition set in. The animal died, without convulsions,

within about three hours. The rat which received 50 milli

grams went through the same course of symptoms, but these

were less intense. Death resulted four hours after the injec

tion. The one which received 25 milligrams became very

sick, but finally recovered, and one week later it was given

another injection of 30 milligrams, which produced scarcely

any effect. Then it was treated at intervals of five, three, five,

two, and four days, respectively, to 40, 50, 75, 100, and 125

milligrams without effect. Three days after the last injection

the animal was inoculated with 1 cubic centigram of a bouillon

culture of the highly virulent germ. Only a slight temporary

effect was observed during the first day, after which recovery

was complete and permanent. A control-rat which was given

the same quantity of the culture sickened the next day and

died one week later. From this it will be seen that the animal

was rendered immune against the disease.

Schweinitz also reports the detection of a slightly poison

ous base, which he designates as sucholotoxin, and a poisonous

protcid, and with these he has been able to secure immunity

in guinea-pigs against the virulent germ. The proteid body

is classed among the albumoses, and is said to crystallize in

white, translucent plates when dried in vacuo over sulphuric

acid and to form needle-like crystals with platinum chlorid.

No one else has reported a crystalline bacterial proteid, and

this body is deserving of a more extended study.

Schweinitz has also reported the isolation of soluble

ferments, or enzymes, from cultures of the hog-cholera germ.

From cultures in milk both peptonizing and diastatic ferments

were obtained. These were destroyed by heating above 55° ;

they contain nitrogen, and, when pure, do not give the albu
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minoid reactions. Injections of the soluble ferments conferred

immunity.

As stated above, immunity can be imparted to hog-

cholera by injection of toxic products and by ferments. In

1892 Novy obtained immunity in rabbits by injection of

blood-serum of immunized animals. Similar results were ob

tained by Schweinitz. In the same year Metschnikoff

published his studies on immunization with blood-serum of

rabbits immune to hog-cholera. According to Smith and

Moore, the latter did not work with the hog-cholera germ,

but with that of swine-plague. These investigators obtained

only partial immunity with blood-serum of immune guinea-

pigs, and none with that of rabbits.

Rabrit Septicemia.—Hoffa has killed rabbits by inoc

ulation with pure cultures of the bacillus of this disease, and

has isolated from the bodies of these animals methylghanidin,

while in the bodies of healthy rabbits this poison could not be

found. The fatal dose of methylguanidin for rabbits was

found to be 0.2 gram when given subcutaneously. Since

Hueppe has suggested that the bacterium of chicken-cholera

is identical with that of rabbit septicemia, chickens were

poisoned with methylguanidin, and the symptoms were ob

served to be analogous to those of the disease.

Pneumonia.—Bonardi has made a chemic study of the

diplococcus of Fraenkel. He finds certain poisons—ptomains

—which he has been unable as yet to obtain in quantity suffi

cient for ultimate analysis. He also claims to have secured

immunity against the germ by treating rabbits with small

quantities of the chemic poisons.

Malignant (Edema.—Kerry finds that the bacillus of

this disease decomposes albumin with the formation of fatty

acids, leucin, hydro-paracumaric acid, and a foul-smelling oil

of the composition C6H16Ot. This oil is insoluble in water,

alkalis, and acids, easily soluble in ether, benzol, bisulphide

10*
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of carbon, and alcohol. It is optically inactive, and on being

oxidized furnishes valerianic acid. Nothing is said concern

ing its action upon animals. Among the gaseous products

are carbonic acid, hydrogen, and marsh gas. The author was

unable to determine whether or not free nitrogen is formed.

Puerperal Fever.—Bourget claims to have isolated

several ptomams from the urine of women with puerperal

fever. His conclusions are as follows: (1) In puerperal fever

the urine contains highly poisonous bases. (2) The toxicity

of the urine is most marked when the symptoms of the disease

are most grave, and diminishes as the symptoms abate. (3)

The ptomains obtained from the urine prove fatal when injected

into frogs and guinea-pigs. (4) Toxic bases, resembling those

obtained from the urine, were extracted from the viscera of a

woman who had died of puerperal fever.

Glanders.—The poison of this disease is contained in the

bacterial cell, and is known as mallein or morvine. Sterilized

cultures of the glanders bacillus containing this chemic

poison are now used for the purpose of diagnosing the disease

in horses in the same way that tuberculin is employed to de

tect tuberculosis in cows. In glandered horses the subcuta

neous injection of small quantities of mallein causes a more

marked elevation of temperature than it does in healthy

horses. There is nothing specific, however, as has been shown

by the researches of SChattenfroh, in this action of mallein.

The same effect is produced in glandered horses by the injec

tion of toxins obtained from other bacteria.

Commercial mallein is prepared in a number of ways, one

of which is the following :

Growths of the glanders bacillus, from ten to fourteen days

old, on potatoes are removed with a sterilized spatula and

rubbed up with sterilized water in the proportion of one part

of the moist bacilli to nine parts of water. This emulsion is

allowed to stand for twenty-four hours, and then heated to

110° for fifteen minutes; next it is filtered through porcelain,



MASTITIS BO VIS. 215

thirty per cent. of glycerin added, and concentrated at low

temperature on the water-bath to one-eighth of the original

volume. This is again sterilized at 110°. The preparation is

now ready for use and consists of a clear, yellowish, odorless

fluid of feebly acid or neutral reaction.

Kressling found in mallein prepared by the above-given

method peptons, globulins, xanthin, guanin, small quantities

of tyrosin and leucin, and traces of volatile fatty acids and

ammonia.

Bonome fails to find any direct relation between the sus

ceptibility of an animal to glanders and the reaction produced

in the same species by mallein. Thus, dogs and guinea-pigs

are easily infected with glanders, while the chemic poison has

but little effect on these animals. He reports a case of glanders

in man apparently cured by the continued use of small doses

of mallein.

Mastitis Bovis.—At the request of the Swiss Minister of

Agriculture, several investigators undertook the study of in

flammation of the udders of cows and goats. Guillebeau,

who did the bacteriological work, found a number of micro

organisms present. Nencki has studied the chemic products

of the streptococcus mastidis sporadicae, the bacillus Guille

bean, and bacillus Guillebeau c.

The first produces in a solution containing pepton, salt,

grape-sugar, and calcium carbonate, traces of a volatile iodo-

form-forming substance, of volatile fatty acids and larger quan

tities of paralactic acid, and a large amount of carbonic acid gas.

The second, which is the most frequent cause of mastitis,

and which is said to be the cause of puffy cheese, produced

ethylic alcohol, paralactic acid, carbonic acid gas, acetic acid,

and hydrogen.

The third produced essentially the same substances as the

second.

Nencki thinks that these germs decompose the milk in the

gland and the acids formed set up the inflammation.



CHAPTER VII.

ThE GERMICIDAL CONSTITUENT OP BLOOD-SERUM.

As early as 1872 Lewis and D. Cunningham demonstrated

the fact that bacteria injected into the circulation rapidly dis

appear. In the blood of twelve animals that had been treated

with such injections bacteria could be found after six hours

in only seven. Of thirty animals, bacteria were found after

twenty-four hours in the blood of only fourteen, and of seven

teen animals, bacteria were found in only two when the exam

ination was made from two to seven days after the injection.

In 1874 Traube and Gscheidlen found that arterial blood,

taken under antiseptic precautions from a rabbit into the

jugular vein of which one and one-half c.c. of a fluid rich in

putrefactive germs had beeu injected forty-eight hours pre

viously, failed to undergo decomposition for months. These

investigators attributed the germicidal properties of the blood

to its ozonized oxygen. Similar results were obtained by

Fodor and by Wvssokowicz. The latter accounted for the

disappearance of the germs, not by supposing that they were

destroyed by the blood, but that they found lodgement in the

capillaries.

The first experiments made with extra-vascular blood were

conducted by Grohmann under the direction of A. Schmidt

in his researches ul»n the cause of coagulation. It was found

that anthrax bacilli, after being kept in plasma, were less vir

ulent, as was demonstrated by their effect upon rabbits. Groh

mann supposed that in some way the bacteria were influenced

by the process of coagulation.

In 1887 Fodor made a second contribution to this subject,

and in this he combated the retention-theory of Wvssokowicz.

One minute after the injection of one c.c. of anthrax culture
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into the jugular vein, in eight samples of blood, Fodor found

only one colony of the bacillus. Then he took the blood from

the heart with a sterilized pipette and added anthrax bacilli

to it. This was kept at 38°, and plates made from time to

time showed a rapid diminution in the number of germs ; after

a time, when the blood had lost its germicidal properties, the

number of germs began to increase.

In 1888, Nuttall, working under the direction of Fliigge,

used defibrinated blood taken from various species of animals,

rabbits, mice, pigeons, and sheep, and found that this blood

destroyed the bacillus anthracis, bacillus subtilis, bacillus

megaterium, and staphylococcus pyogenes aureus, when

brought in contact with them. He also confirmed the further

finding of Fodor that after a while the blood loses its germi

cidal properties and becomes a suitable culture-medium in

which the germs grow abundantly.

Nissen continued this work under Fliigge's direction and

reached the following conclusions :

1. The addition of small quantities of sterilized salt-

solution or bouillon to the blood does not destroy its germi

cidal properties.

2. Cholera-germs and Eberth's bacilli are easily destroyed

by fresh blood.

3. For a given volume of blood there is a maximum

amount of bacilli which can be destroyed.

4. Blood the coagulability of which has been destroyed by

the injection of pepton is still germicidal.

5. Blood in which coagulation is prevented by the addition

of 25 per cent. of magnesium sulphate has its germicidal

properties decreased.

6. Filtered blood-plasma from the horse is germicidal.

Behring has attributed the action of the blood of the white

rat on anthrax bacilli to its great alkalinity. He has made

a number of titrations, by which he shows that the blood-

serum of the rat is somewhat more alkaline than that of cer

tain animals that are more susceptible to anthrax, such as the

rabbit, the guinea-pig, and the cow. His deduction is not
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justified, because there are many other aud more important

points in which these animals differ more markedly from the

white rat than in slight differences in the alkalinity of the

blood-serum. Had he shown that the blood of the adult rat,

which is not susceptible to anthrax, is more alkaline than that

of the young rat, which is susceptible, his argument would

have been more plausible ; but even then it would not have

deserved the dignity of positive evidence.

In 1890, Buchner, aided by Voit, Sittman, and Orthen-

berger, made a most valuable contribution to our knowledge

of the germicidal properties of blood. The results of this

work are stated as follows :

1. The germicidal action of blood is not due to phagocytes,

because it is not influenced by the alternate freezing and

thawing of the blood, by which the leucocytes of the rabbit

are destroyed.

2. The germicidal properties of the cell-free serum must be

due to its soluble constituents.

3. Neither neutralization of the serum, nor the addition of

pepsin, nor the removal of carbon dioxid gas, nor treatment

with oxygen has any effect upon the germicidal properties of

the blood.

4. Dialysis of the serum against water destroys its activity,

while dialysis against 0.75 per cent. salt solution does not.

In the diffusate there is no germicidal substance. The loss by

dialysis with water must be due to the withdrawal of the

inorganic salts of the serum.

5. The same is shown to be the case when the serum is

diluted with water and when it is diluted with the salt solu

tion. In the former instance the germicidal action is de

stroyed, while in the latter it is not.

0. The inorganic salts have in and of themselves no germi

cidal action. They are active only in so far as they affect the

normal properties of the albuminates of the serum. The ger

micidal properties of the scrum reside in its albuminous con

stituents.

7. The difference in the effects of the active serum and that



GERMICIDAL CONSTITUENT OF BLOOD-SERUM. 219

which has been heated to 55° is due to the altered condi

tion of the albuminate. The difference may possibly be a

chemic one (due to changes within the molecule) or it may

be due to alterations in mycelial structure (micellaren Bau).

The albuminous bodies act upon the bacteria only when the

former are in an active state.

We wish at this point to call attention to an inconsistency

between the results obtained by Buchner and the conclusions

that he draws. In experiment No. 45 he renders the serum

slightly acid and adds 0.1 gram of pepsin to each 5 c.c. of

serum (showing by a side experiment that this pepsin actively

digests coagulated egg-albumin in neutral solution) and finds

that the digestive action of the pepsin does not lessen the

germicidal properties of the serum. In fact he states this in

his conclusions, but his ultimate opinion, and the one held by

him in his latest contribution, is that the germicidal constitu

ent of the blood is the serum-albumin. How much serum-

albumin remains in blood-serum after it has been thor

oughly digested with pepsin? He could scarcely have chosen

a more positive method of demonstrating that the germicidal

constituent is not serum-albumin. Either his pepsin was not

active, and on this supposition his experiment is without value,

or the active constituent of blood-serum is a substance that is

not destroyed or materially altered by peptic digestion. We

know that the peptous not only have no germicidal proper

ties, but that they belong to that class of proteids that is most

favorable to the growth and development of germs. We

recognize this fact when we add peptons to the various arti

ficial media of which we cultivate germs. However, we shall

return to this subject. At present we shall proceed with the

literature of the subject.

The successful researches of Buchner led many other in

vestigators to enter this field of experimentation, and some of

them have made valuable contributions to our knowledge of

the germicidal action of the blood under varying conditions,

but so far as the nature of the germicidal constituent is con

cerned but little or no progress has been made. Piuidden



220 BACTERIAL POISONS.

found that ascitic and hydrocele fluids restrain the devel

opment of certain germs. Rovighi reported that the germi

cidal action of the blood is increased in febrile conditions.

Pekelharing enclosed anthrax-spores in bits of parchment

and introduced them under the skin of rabbits. Thus treated,

the spores soon lost their virulence and finally their capability

of growth. The destruction of these spores could not have

been due to phagocytes, which did not penetrate the parch

ment, but must have been caused by soluble poisons. Behring

and N18SEN found that the serum of the white rat, the dog,

and the rabbit destroys anthrax bacilli, while serum obtained

from the mouse, sheep, guinea-pig, chicken, pigeon, and frog,

has no such action. It will be observed from this that there

is no constant relation between the germicidal action of the

blood of animals of different species and their susceptibility

to the disease caused by the germ. Thus, the rabbit is highly

susceptible to anthrax, notwithstanding the fact that its blood

destroys large numbers of these germs. On the other hand,

the chicken is immune to anthrax from the moment when it

comes from the shell, and yet the bacillus anthracis grows

luxuriantly in the extra-vascular blood of the chick. This

demonstrates that there is a great difference between the action

of extra-vascular blood and that circulating in the body, con

stantly fed, and, in case of need, altered in composition by

certain glands.

Halliburton has prepared from the lymphatic glands a

globulin which he designates as cell-globulin 15, and which

agrees with fibrin-ferment in inducing coagulation in plasma.

Hankin has tested the germicidal properties of this cell-

globulin. His experiments have been conducted in the fol

lowing manner : The lymphatic glands (in later experiments

the spleen also) of a dog, or of a cat, are freed as much as

possible from fat and connective tissue, then finally divided

and extracted with dilute solution of sodium sulphate (one part

of a saturated solution to nine parts of water). The cell-

globulin passes into solution, while the other proteids are but

sparingly soluble. After twenty-four hours the fluid is filtered

\
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and mixed with an excess of alcohol. The voluminous pre

cipitate containing the cell-globulin is collected on a filter and

washed with absolute alcohol. For use, a part is dissolved in

water, and a small quantity of a bouillon-culture of the an

thrax bacillus is added. From time to time plate-cultures are

made, along with control-plates, and in this way the germi

cidal properties of the substance are demonstrated. Hankin

closes this contribution with the following conclusions :

1. Halliburton's cell-globulin [1 has marked germicidal

properties.

2. In this respect it differs from fibrin-ferment.

3. The germicidal properties of this substance seem to be

identical with those of serum as described by Buchner, Nis-

sen, and Nuttall.

4. The active properties of the serum are probably due to

this or to an allied body.

Bitter has repeated the experiments of Hankin, but fails

to confirm them. Bitter states that he has followed Han-

kin's directions exactly. However this may be, it is certain

that the spleen contains a germicidal substance, but whether

it can be extracted by the method of Hankin or not we do

not know. That the germicidal constituent of the spleen is

identical with Halliburton's cell-globulin ft or with any

other globulin we very much doubt. It certainly is a nuclein,

and it is altogether possible that Hankin obtained traces of

this nuclein in his extracts. In this case the extract would

show, or fail to show, germicidal properties according to the

relative amounts of nuclein and other substances present.

The less globulin and the more nuclein present the more

marked would the germicidal effect be.

Chrlstmas has prepared a germicidal substance from the

spleen and other organs by the following method :

The animal is killed with ether, opened under antiseptic

precautions and the organ removed, cut into fine pieces, cov

ered with 50 cubic centimetres of glycerin and allowed to

stand for twenty-four hours, and then filtered. The filtrate is

precipitated with five times its volume of alcohol, and this
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fluid is immediately decanted. The precipitate is washed

with absolute alcohol in order to remove the glycerin. Then

the traces of alcohol are removed by pressure and the precip

itate dissolved in 25 cubic centimetres of distilled water.

Through this solution air is driven for some hours in order to

remove the traces of alcohol. Then the fluid is filtered and

its germicidal action tested.

Bitter has also examined this method, and the impartial

reader must see that he has not done so with fairness. How

ever, this fact renders the work all the more valuable because

his results confirm the statements of Christmas. Bitter

killed his animals by venesection, and, in some cases at least,

prepared the substance in unsterilized vessels ; but even when

this was done the solution was germ-free and manifested

marked germicidal properties. Bitter finally finds a differ

ence between this substance and the germicidal constituent of

blood-serum ; the latter, he states, is certainly destroyed by a

.temperature of 65°, while the solution of Christmas, after

having been heated to this temperature, is still capable of de

stroying from 35,000 to 40,000 typhoid bacilli within four

hours. Buchner, in his latest contribution to the subject,

has the following to say in condemnation of Christmas :

"A method given by Christmas for the preparation of

germicidal solutions from the organs of normal rabbits has

also been tested by Bitter. Germicidal solutions were in

deed obtained, which, however, differed materially from active

serum, for in three experiments, notwithstanding heating to

65°, the germicidal action remained."

It is altogether possible that the more powerful action of

the solution made by Christmas is due to the fact that it

contained the germicidal substances in more nearly a chem

ically pure condition than they exist in blood-serum. It is

also highly probable that the arrest of the germicidal activity

of blood-serum by a temperature of 55° is not due to the

destruction of its germicidal constituent, but is due to the

action of the heat on other constituents of the fluid.

Some attempts have been made to determine the nature of

X



GERMICIDAL CONSTITUENT OF BLOOD-SERUM. 223

the germicidal constituent by the action of precipitating re

agents on the proteids of blood-serum. In his latest contribu

tion, Buchner states that he has not been able to obtain a

germicidal solution by precipitating all the proteids with abso

lute alcohol, freeing the precipitate from alcohol, drying it,

and then redissolving. He does not give the methods em

ployed in freeing the precipitate from alcohol, the temperature

or the conditions under which it was dried, or the nature of

the menstruum by which resolution was effected. In the ab

sence of these needed details his conclusion that alcohol de

stroys the germicidal substance must remain open to question.

On the other hand, Christmas states that when the proteids

are precipitated with alcohol, and the precipitate dissolved in

a volume of water equal to that of the original serum, the

solution thus obtained has a more powerful germicidal action

than the serum. Bitter in an experimental review of the

statement of Christmas gives the following detailed account

of one experiment :

"Ten cubic centimetres of serum were poured into 50 cubic

centimetres of alcohol (strength of alcohol not given), stirred,

and the precipitate immediately separated from the alcohol by

filtration. (He fails to state whether or not sterilized filter-

paper was used.) The precipitate was freed from alcohol by

pressure between folds of filter-paper (again he fails to state

whether or not this paper was sterilized), then dried at 37°,

and mixed with 10 cubic centimetres of sterilized distilled

water. On being allowed to stand for a short time at 37°,

nearly all of the precipitate was redissolved. The solution

was then separated from the deposit by filtration (through

unsterilized filter paper?) and tested."

It can scarcely be a matter of surprise that Bitter found

germs nearly always present in the solution obtained in this

careless manner. However, he did find that the germs present

did not develop when the solution was kept at 37°, and,

moreover, that germs added to this solution were destroyed.

Bitter concludes that in truth anthrax and typhoid bacilli
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are destroyed by - precipitated serum," bat not so energetic

ally as by normal ^eram.

EitUeriCH, Tstboi. SrEnocrrz. and Low have made in

teresting and valuable contributions relating to the effect of

precipitation of the proteids upon the germicidal action of

blood-serum. An active serum was dialyzed in a sterilized

parchment-paper tube against water for from twelve to

eighteen hours. By the expiration of that time the serum-

globulin, becoming insoluble on account of the withdrawal of

inorganic salts, was deposited. The dialyier was dried with

sterilized filter-paper and the globulin-free serum was precip

itated with several volumes of alcohol. The precipitate was

collected on a sterilized " falten-filter " and the alcohol re

moved from the precipitate by sterilized porous plates and

filter-paper. The precipitate was then finely divided, dried

for half an hour in vacuo at 36°, then rubbed up in a

sterilized mortar and dissoh'ed in sterilized water, to which

Halt-solution had been added. In the solution thus prepared

germs did not show, after from three to four hours, either a

marked increase or decrease, but when the solution was heated

to 100°, allowed to cool, and then inoculated with germs,

the increase was four hundred fold within four hours. It was

next found that if instead of water a 0.05 per cent. aqueous

solution of potassic hydrate was employed in dissolving the

alcoholic precipitate in the globulin-free serum, this solution

possessed all the germicidal strength of the original serum.

The same was found to be true of dilute alkaline solutions of

the alcohol precipitate in serum from which the globulin had

not been removed. The dilute alkali was shown not to have

any germicidal action in and of itself. From those experi

ments the investigators mentioned conclude that the germi

cidal constituent of blood-serum is an alkaline compound of

serum-albumin. They also found that heating the serum-

albumin alkaline solution to 65°, or higher, destroyed its

germicidal action, and they explain this effect of heat on

blood-serum and on their artificial solution by supposing that

the high temperature breaks up the combination of the alkali
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with the serum-albumin. Furthermore, they found that a

serum that had been rendered inactive by a temperature of

55° could be regenerated, in part at least, by the addition

of the small amount of alkali mentioned.

Since Fodor and Zuntz have shown that freshly drawn

blood rapidly decreases in alkalinity on standing in vitro, an

explanation of the fact that blood-serum rapidly loses its

germicidal properties naturally suggests itself. Emmerich

and his coworkers confirm their belief in this theory by

demonstrating that blood-serum that has been rendered very

feebly acid (0.67 part of sulphuric acid per mille) has no

germicidal action, but furnishes a good culture-medium.

The foregoing investigations are very valuable, inasmuch as

they show the important role that the small amount of alkali

plays in the germicidal action of blood-serum. This had,

indeed, already been demonstrated by Fodor by quite a dif

ferent line of investigation. This experimenter found that

the resistance of rabbits to anthrax is markedly increased by

the administration, by the stomach or subcutaneously, of so

dium phosphate, carbonate, or bicarbonate, or of potassium

carbonate.

Low concludes that the introduction of the alkali into the

albumin-molecule increases its lability, and he cites examples

from organic chemistry in support of this view.

There are some additional poiuts of interest in the theory

of Emmerich and his assistants. As has been stated, they

believe that the serum-albumin is the germicide, but they

think it highly probable that only a comparatively small part

of the albumin is active, and this small part, they suppose,

originates in the albumin of the daily food, which is converted

into lymph-cells, and by the disintegration of these it passes

into solution in the blood. They admit, however, that there

are some reasons for believing, with Buchner, that the whole

of the serum-albumin is active. They state that it is possible,

but highly improbable, that the germicidal substance is not the

serum-albumin, but some substance that is precipitated along

with this by alcohol and other agents.
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We hope to show that the germicidal agent is not serum-

albumin, and that this " highly improbable " substance does

exist.

In a short and somewhat unsatisfactory review of the report

of Emmerich and his coworkers, Buchner devotes himself

to a consideration of the question of the regeneration of serum

rendered inactive by heating to 55° on the addition of an

alkali. He details one experiment made by himself on this

point. The experiment confirms the work of Emmerich,

but Buchner offers an interpretation that is wholly theoretic,

and by no means convincing. He finds that the regenerated

serum, when heated to 60°, still has a retarding effect upon

the growth of germs, and he argues from this that the germi

cidal action of the " regenerated serum " is (for some unknown

reason) due to its being less suited to the growth of bacteria.

No one knows better than Buchner the influence of various

chonuc substances on the temperature at which an active

serum is converted into an inactive form, and yet he overlooks

altogether the possible effect of increased alkalinity on this con

version. Had he heated the regenerated sernm to 100° he

would then have found that it forms a very fertile culture-

medium.

Hankin has recently published a paper that is more valu

able in its suggestions than in its experimental details. He

suggests that the germicidal substance is a special secretion of

the eosinophile granular cells. The granular matter in these

cells is, according to his theory, the antecedent of the germi

cidal substance.

hi 189.'$ Vaikuian and McClintock, after reviewing the

literature as just stated, report their work on the germicidal

constituent of blood-serum as follows:

1. The serum-albumin is not the germicidal substance in

blood-serum. Either this must be true, or the experiment by

which HiHhNKR demonstrated that an active pepsin does not

destroy the germicidal action of blood-serum must have been

un error ; because peptic digestion readily and completely

.
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converts serum-albumin into peptous, and we know that pep-

tons are especially favorable to bacterial growth.

2. The germicidal substance must belong to the proteids.

Otherwise it would be difficult to explain the fact that a

temperature of 55° renders blood-serum inactive.

3. The only proteid likely to be present in blood-serum

and which is not destroyed by peptic digestion is nuclein.

Having reached these conclusions, the following questions

naturally present themselves :

1. Is there a nuclein in blood-serum ?

2. Has the nuclein, if there be one, germicidal properties?

These questions we have attempted to answer.

Dogs and rabbits were the animals from which the serum

was obtained. Healthy animals that had not previously

undergone any experimentation were selected. The animal

was firmly fixed in a holder, the carotid was laid bare under

antiseptic precautions. A ligature and a small clamp were

applied to the artery about two inches apart, the former dis-

tad and the latter centrad. Then a slit in the artery was

made with a sterilized knife, and a small sterilized glass

canula, with sterilized and dried rubber tube leading into a

sterilized Erlenmayer flask, was introduced into the artery

and held in place by another ligature. Then the clamp was

removed and the blood flowed into the flask. In each case

the animal was bled to death. The flask containing the blood

was placed in the ice-chest, and allowed to remain for twenty-

four hours. By the expiration of this time a wine-colored

serum had separated. This serum was poured into a second

sterilized flask, and about ten volumes of a mixture of equal

parts of absolute alcohol and ether were added. This pro

duced a voluminous precipitate that was nearly white. This

was allowed to stand twenty-four hours, and in some cases

much longer, the alcohol and ether twice, or more often,

during the time, being decanted and replaced by equal vol

umes. Then the supernatant fluid was decanted, and an equal

volume of a 0.2 per cent. solution of hydrochloric acid con
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taining active pepsin was added, and the flask placed in an

incubator at 38°, and the digestion was continued until the

fluid failed to respond to the biuret-test for peptons. Each

time this test was made the fluid was decanted from the un

digested portion and replaced by an equal volume of fresh

digestive fluid. In some instances the flask containing this

fluid was allowed to stand in the incubator for several days.

This was not necessary in order to complete the digestion, but

was allowed as a matter of convenience. In all cases the

digestion was prompt, and proceeded to a certain point, when

it ceased altogether. The undigested portion was small in

amount and grayish in color. This was collected on a small

sterilized filter, and washed first with 0.2 per cent. solution of

hydrochloric acid, and then with alcohol. After the washing

with alcohol the filter was allowed to stand exposed to the air

for half an hour or longer in order that all of the alcohol

might pass through or evaporate. The precipitate was then

dissolved in a sterilized solution of potassic hydrate. The

strength of this alkaline solution usually employed was 0.12 per

cent. Usually this solution contained in addition to the alkali

0.6 per cent. of sodium chlorid. In some instances a solution

containing 1.2 grams of potassic hydrate, 6 grams of sodium

chlorid, and 1 gram each of sodium bicarbonate and disodium

hydrogen phosphate to one litre of water was employed as a

solvent. The solution was filtered through a Chamberland

tube and received in a sterilized flask.

The solution thus obtained was perfectly dear, colorless,

and did not respond to the biuret-test. The addition of

strong nitric acid produced a cloudiness, which dissolved on

the further addition of the acid. This acid solution did not

become yellow on being heated, but did so after the addition

of ammonia.

We have now answered the first question. Blood-serum

contains a nuclein. We hope to investigate, at some time in

the future, the relation between this nuclein and fibrin-

ferment.

The origin of the nuclein found now for the first time in
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blood-serum is an interesting question. Does it come from

the disintegration of the polynuclear cells, or shall we regard

certain white blood-corpuscles as unicellular organs whose

function it is to secrete this nuclein ?

In proceeding to determine whether or not this nuclein has

germicidal properties, the solution was distributed in sterilized

test-tubes, five c.c. being placed in each tube. It should be

stated that in dissolving the nuclein the volume of the solvent

employed was in all cases the same as that of the blood-serum

from which the nuclein was obtained. These tubes were inoc

ulated with different germs and plates made at varying inter

vals of time, in order to test the germicidal action. One and

the same platinum loop was used in the preparation of each

plate.

Experiment I.

A nuclein-tube was inoculated with the bacillus of Asiatic

cholera, and plates made from this gave the following results :

Time, Imme-

No.of ldlately

colonies, j 2100

5 mm. 15 min. 30 min. 1 hr. l^hr. 22hre.

a 54 71 'M 118 rjKi

That the alkali in which this nuclein was dissolved did not

cause the decrease in the number of germs is shown by the

subsequent increase.

Experiment II.—Staphylococcus pyogenes aureus.

Time, Immediately 1 hr. 4 hra. 7 hra. 24 hrs.

No. of colonies, 4000 1720 1050 810 0

Experiment III.—Anthrax-bacillus without spores.

Time, Immediately 1 hr. 4 hrs. 7 hrs. 24 hrs.

No. of colonies, 100 43 10 1 0

Experiment IV.—Cholera-germ.

Time, Immediately 1 hr. 4 hrs. 7 hrs. 24 hrs.

No. of colonies, 470 45 1 0 410

It may be stated that the final increase in the number of

cholera-germs occurred both in the nuelein-solution prepared

from the serum of the rabbit and that prepared from the

serum of the dog.
h 11
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Experiment V.—Staphylococcus pyogenes aureus.

Time, Immediately 1 hr. 5 hrs. 19 hrs. 24 hre.

No. of colonies, Countless 22,000 12,525 155 0

Experiment VI.—Anthrax-bacillus without spores.

Time, Immediately 1 hr. 5 hrs. 19 hrs. 24 hrs.

No. of colonies, 1120 165 0 0 0

All of the foregoing experiments were made with the solu

tion of nuclein in sterilized water containing 0.12 per cent,

potassic hydrate and 0.6 per cent, of sodium chlorid. The

following were made in the other solution mentioned. It may

be stated that the culture of the aureus experimented with re

tained its vitality for days in water containing 0.5 per cent, of

potassic hydrate :

Experiment VII.—Staphylococcus pyogenes aureus.

Time, Immediately 1 hr. 4 hrs. 7 hrs. 24 hrs.

No. of colonies, 5000 2500 1600 1200 o

Experiment VIII.—Anthrax-bacillus without spores.

Time, Immediately 1 hr. 4 hrs. 7 hrs. 24 hrs.

No. of colonies, 43 7 0 0 0

Ex perim ent IX.— Cholera- bacillus.

Time, Immediately 1 hr. 4 hrs. 7 hrs. 24 hre.

No. of colonies, 350 105 150 42 0

Experiment X.—Staphylococcus pyogenes aureus.

Time, Immediately 1 hr. 5 hrs. 19 hrs. 24 hrs.

No. of colonies. Countless 25,000 5515 65 500

Experiment XI.—Anthrax-bacillus without spores.

Time, Immediately 1 hr. 5 hrs. 19 hrs. 24 hrs.

No. ol colonies, 430 0 0 u 0

We have made many other tasfa of the germicidal action of

the nuclein obtained from blood-serum, but as all of them gave

practically the same results further repetition is unnecessary.

Hahn criticises the evidence, given in this chapter, that

blood-serum contains nuclein, stating that the portion of the

alcoholic precipitate undissolved by the pepsin and hydro

chloric acid might have been fibrin or albumin. This criti
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cism is much strained for the following reasons: (1) The

precipitate produced on the addition of alcohol to blood-serum

does not contain fibrin. (2) Fibrin would not be so readily

soluble in the very dilute alkali used. (3) Fibrin or albumin

dissolved in alkali would not fail to give the biuret and xan

thoproteic tests, nor would such solutions have any germicidal

action. However, the presence of nucleinic acid in blood-

serum has been confirmed by the work of Lilienfeld, whose

paper was published in 1895, while that of the American in

vestigators, as given in this chapter, was published in 1893.



CHAPTER VIII.

IMMUNITY, ANTITOXINS, AND SERUM-THERAPY.

The subject of immunity is one of the most interesting, and

at the same time one of the most perplexing problems with

which the student of scientific medicine can busy himself.

To render man immune to such deadly infectious diseases as

tetanus, diphtheria, cholera, typhoid fever, and tuberculosis is

the task that now occupies the time and energy of many hon

est toilers in the laboratories of science. The brilliant success

of Jenner with vaccination against smallpox and the great

achievement of Pasteur in hydrophobia have given ground

for the hope that like results may be secured in protecting

man from other diseases. Scores of busy workers have dis

covered many facts, some of which must ultimately prove of

benefit to mankind. The deduction of general principles and

the establishment of fixed laws seem, as yet, however, quite

impracticable. Among these discovered facts there are many

apparent contradictions, and those which have been found to

be true in the study of one disease in a given species of ani

mals are found to be false when applied to another disease, or

to the same disease as it manifests itself in other animals.

For the present we are compelled to content ourselves with a

statement of the most important and trustworthy of the an

nounced discoveries, trusting that the labors of the future will

unravel the many mysteries which the knowledge of the pres

ent cannot solve. It will be convenient to discuss the subject

under the two forms of natural and acquired immunity.

Natural Immunity.—Some animals are immune by na

ture to certain infectious diseases. The chick from the mo

ment when it breaks through the shell is immune to anthrax.
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This disease is common among cattle and sheep, and is easily

transmitted to mice, rabbits, and guinea-pigs by inoculation,

while the carnivora in general and birds are immune. How

ever, immunity to anthrax is not altogether, at least, limited

by those lines which diff'erentiate animals into species ; thus,

while ordinary sheep are very susceptible to this disease, and

the anunal loss in Europe among these animals from this

scourge is great, Algerian sheep are quite immune. The

lower animals are in nature practically immune to cholera,

typhoid and typhus fevers, relapsing fever, scarlet fever, diph

theria, and influenza. On the other hand, man is exempt

from certain septicaemias that manifest themselves among one

or more species of the lower animals, such as hog-cholera,

chicken-cholera, swine-erysipelas, etc. Some of the infectious

diseases are found most frequently among the members of a

given species, but are occasionally transmitted to others.

Thus, glanders, although essentially a disease of horses, may

be transmitted to man and certain other animals. Other

infectious diseases, as tuberculosis and tetanus, are common to

the most diverse species.

It is important to note the fact that certain animals may be

very susceptible to a given infection and yet be free from it in

nature. Probably of all animals the guinea-pig is the most

susceptible to tuberculosis, and yet this animal practically

never develops this disease unless it be inoculated. In the

more than two thousand guinea-pigs and rabbits used by

Cornet, only four spontaneously developed tuberculosis.

Both rabbits and guinea-pigs are highly susceptible to an

thrax, and yet no one has ever observed the spontaneous

development of this disease in either of these animals. These

animals are free from these diseases except when inoculated,

because they are not exposed to the infection in nature. Their

freedom is not due to the possession of any immunity, but to

the absence of exposure. Indeed, it is highly probable that

their marked susceptibility is due to the fact that for succes

sive generations they have not been exposed to the infection.

People of the North are free from yellow fever at home, but
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let them visit the South and expose themselves to the infec

tion, and their susceptibility is much greater than those who

have always lived in the South. The freedom of the Canadian

at home from yellow fever is not due to immunity, but to

absence of exposure. Instead of possessing immunity he is

highly susceptible, and this high degree of susceptibility is

probably due to the fact that neither he nor his ancestors

have been exposed to this infection. Instances of the great

susceptibility of races and nations when first visited by infec

tious diseases are common in the history of epidemics. Small

pox brought to the Western Hemisphere by the Spanish

discoverers soon destroyed entire tribes of Indians, and the

fearful mortality from the epidemic of measles along the

Amazon in 1749 was due, at least partially, to the fact that

the inhabitants were especially susceptible to a new infection.

Syphilis proved so disastrous to the people of the South Pacific

Islands for the same reason. Exposure to a given disease for

successive generations is one of the factors in the evolution of

natural immunity. AVe do not claim that this is an essential

factor, nor will we attempt to estimate its relative importance,

but will content ourselves with naming it as a factor.

Immunity is often at least only a diminished suscepti

bility. Absolute immunity would bc a condition in which no

quantity of the infecting agent, however virulent, could do

the organism the slightest harm. Such immunity probably

exists, but its possession is rare among the higher animals.

The adult rat is practically immune to anthrax, but it suc

cumbs to large injections of the virulent germ, or small doses

prove fatal, provided that the rat has been reduced in vitality

by exhaustive exercise before the inoculation is made. As

has been stated, the chick is naturally immune to anthrax,

but it can be rendered susceptible to this disease by artificially

reducing the body-temperature. Mice in health are not sus

ceptible to glanders, but susceptibility to the bacillus may be

established by rendering these animals diabetic by the admin

istration of phloridzin. According to Behring, white rats

become less immune to anthrax when confined exclusively to
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vegetable food. The simultaneous infection with two germs,

either of which would alone be harmless, may overcome a

natural immunity. Rabbits succumb to symptomatic anthrax

when inoculated simultaneously with the germ of this disease

and living cultures of the bacillus prodigiosus. Alessi has

found that rabbits, guinea-pigs, and rats become highly sus

ceptible to typhoid fever after having been compelled to

breathe for some weeks the gases given off from decomposing

excreta. Pigeons contract anthrax easily when the inocula

tions are made after prolonged deprivation of food, and sheep

that have been repeatedly bled become more susceptible to

the same disease. These and other illustrations that might

be given show that natural immunity is a relative condition

depending upon several influences. These facts suggest to us

certain factors in the evolution of natural immunity. Sup

pose that the water-supply of a city is contaminated with

typhoid bacilli. Not all of those who drink of this water will

acquire the disease. In the first place, the quantity of the

typhoid germ taken by the individual is a factor in the causa

tion of the disease. Since the germs are not distributed uni

formly in the water, and since the volume of water taken by

each of two persons may be quite different, it is not strange

that one acquires and the other escapes the disease. The one

who gets the germ but escapes the disease acquires in all prob

ability some degree of immunity to typhoid fever. At least

we have the right to draw this inference from the results that

we secure when we attempt to render animals immune to

typhoid fever. In another individual drinking of the same

water-supply escape from disease may be due not to the quan

tity of the germ ingested, but to the robust health and power

of resistance of the individual. Again, in this case, it is

altogether probable that lessened susceptibility results. It

must be that in this way natural immunity is slowly acquired,

and after many generations is transmitted from parent to off

spring, until it happens that the latter is immune at birth. In

other words, natural immunity to some diseases is an inherited

acquired immunity. We cannot say that natural immunity
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is universally evolved in this way. Indeed, there are many

reasons for believing that some animals possess a physiologic

immunity against certain diseases. The carnivorous animals

probably owe their freedom from the intestinal forms of an

thrax to the strong acid of the gastric juices. Wolves and

other beasts of prey may feed upon sheep and cattle, sick or

dead, with anthrax, and the millions of bacilli taken in this

food are destroyed in the stomach of the consumer. That

there are physiologic guards against infection, and that these

differ in efficiency in different species aud against different

germs, there can no longer be any doubt. Indeed, these

physiologic germicides and antitoxins are variable in strength

among individuals of the same species and in the same indi

vidual at different times. These variations are determined in

part by age and by the general health of the tissues which

supply the germicides and antitoxins. While the adult white

rat is naturally immune to anthrax, the young of the same

animal are susceptible. The child is highly susceptible to

diphtheria and scarlet fever, while the adult, though not

wholly immune, has lost very much in susceptibility, and is

likely to become infected only when much reduced in vitality

or after prolonged and aggravated exposure. The only ex

planation of this immunity is that it is inherited from the

parent cell, and comes as naturally as do the changes in form

and voice at puberty, or the growth of the beard in early

manhood. The evolution of this condition of immunity is

due to the natural development of the functional activity of

certain cells of the body. The cause of the difference in the

effect of the anthrax-bacillus on the young rat and that of the

same germ on the adult rat exists in the rat aud not in the

bacillus. A child and an adult are exposed to the Loeffler

bacillus from the same source : the former becomes infected,

the latter does not. The germ is the same, but in the devel

opment that converts the child into the adult the resistance

with which the germ moets has been strengthened. The im

munity that comes with adult life must be due to altered cell-

activity.
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The active agents that give natural immunity are germicidal

and antitoxic, in some instances the former and in others the

latter. The germ may be destroyed when introduced into the

body of the immune animal, or it may for a while retain life

and even multiply, but it is robbed of its virulence. The

nature of these germicidal and antitoxic substances will be

discussed later. It is enough to state here that natural im

munity is essentially cellular, and that the formation of

bactericides and antitoxins is dependent upon the cellular

activity of certain tissues of the invaded host.

Artificial or Acquired Immunity.—Artificial or ac

quired immunity may be induced by several methods, some of

which will now be discussed.

1. By an attack of an infectious disease ending in re

covery.

Until the discovery of Jenner this was the only known

cause of acquired immunity, and even now, so far as man is

concerned, it is supposed to be the most potent cause. How

ever, this form of immunity is only relative and not absolute.

A man may have smallpox a second time, provided that

several years have elapsed since the first attack, and provided

that the second exposure brings him in contact with a highly

virulent form of the infection, or the exposure continues

through a long time or occurs when the health is reduced.

The period of immunity given by an attack of some of the

infectious diseases is so short that many have reasonably ques

tioned its existence. It is generally believed to be true that

the more grave and virulent is the disease, the greater and

more persistent is the immunity. This indicates that there is

a quantitative relation between cause and effect in the pro

duction of this form of immunity. It should be borne in

mind that in inducing this immunity the substance of the

germ is introduced into the body. This method found a

practical application in inoculation-smallpox.

2. By vaccination with a modified and less virulent form

of the germ, or by the introduction of at first a small quantity

11*
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of the germs and by subsequent successive inoculations with

larger numbers.

Vaccination for smallpox, as discovered by Jenner and as

now practised, most probably is an example of this method of

inducing immunity. It has been claimed by some that

vaccinia in the cow is a disease wholly distinct from small

pox, but the weight of evidence, supported by analogy from

other diseases, renders it highly probable that the cause is the

same in both instances, and that the specific virus is atten

uated by its passage through the body of the cow.

Toussaint rendered animals immune to anthrax by moc

ulating them with the blood of an animal dead from anthrax,

heated to 55° for ten minutes. Chauveau secured a like result

by inoculations with diluted anthrax-blood, thus reducing to a

small number the germs introduced, also by inoculating first

with anthrax-blood heated to 50° for fifteen minutes, and

later with blood heated to the same temperature for ten min

utes. Later he employed pure cultures instead of anthrax-

blood, which was objectionable on account of the difficulty

experienced in maintaining every portion of the blood at the

same temperature. The same investigator also found that

cultures grown at 38°, under a pressure of eight atmospheres,

became sufficiently attenuated to serve the purpose of a vac

cine. Pasteur's method of attenuating the anthrax-bacillus

is as follows: The "first vaccine" consists of cultures that

have been grown for twenty-four days at from 42° to 43°, and

the " second vaccine " of cultures grown for twelve days at the

same temperature. The anthrax-bacillus may be attenuated

by exposure to germicidal solutions sufficiently diluted not to

kill the germ, but strong enough to diminish its virulence,

such as a one per cent. solution of carbolic acid. Pasteur s

method of vaccination against anthrax has now been in prac-

ae«l use for some thirteen years, and, according to Chamber-

U5R. the mortality has been reduced in France among sheep

-n-m : » per cent. to 0.94 per cent., and among cattle from 5

v rt.34 per cent.

physician Ferran first vaccinated against
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cholera. His experiments were made first on guinea-pigs and

then on men, more than 30,000 of the latter being thus treated.

He employed a virulent culture obtained from the stools of the

sick. The first inoculation consisted of eight drops of such a

culture and the second of 0.5 c.c. However, in many of the

cases one c.c. was injected into each arm. Although Ferran

was bitterly assailed, especially by the French and Italian

Commissioners sent to investigate his claims, subsequent re

searches have tended to the confirmation of his statements.

The numerous epidemics of cholera in Europe during the past

ten years have led many bacteriologists to study the methods

of protection against cholera, and on the lower animals, at

least, the claims of Ferran have been substantiated. In 1892

Ferran recommended that the people be vaccinated in mass

against cholera by the addition of attenuated cultures to the

drinking-water. In making this very questionable recom

mendation he assumes, as he has no right to do, that the

attenuated cultures would not acquire virulence, and that man

might be protected by way of the stomach as well as by sub

cutaneous inoculations. Indeed, the weakest point in all the

work on vaccination against cholera rests upon the last of

these assumptions. This point will be again referred to.

In 1888 Gamaleia prepared cholera-vaccines consisting of

cultures attenuated or sterilized by high temperature, and

demonstrated their protective action on lower animals.

Zaslein accomplished similar results by vaccinating with

small quantities of virulent cultures. The cholera-vaccines of

Haffkine are obtained in two ways: (1) by growing the cul

tures in an atmosphere containing an excess of oxygen at 39°,

and (2) by rubbing up agar-cultures with a 0.-5 per cent. solu

tion of carbolic acid. Brieger, Kitasato, and Wasser

man:!*" ascertained that the cholera-bacillus, as well as other

pathogenic microorganisms, are attenuated when grown in an

infusion of the thymus glands of calves. The cholera-anti

toxin of Theodorf is prepared by growing the cholera-germ

for seven days in thymus-bouillon at 35°, then heating for

fifteen minutes at 65°, and collecting the sediment that forms
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and dissolving it in glycerin. Klemperer states that the

cholera-germ may be attenuated by passing through the cul

ture for twenty-four hours an electric current of twenty milli-

amperes. The blood of persons recovered from an attack of

cholera has been found by Ferran and others to have im

munizing properties. These are the methods that have been

employed in obtaining vaccines for cholera.

These cholera-vaccines have been introduced into the body :

(1) By subcutaneous inoculation. The lower animals are

speedily rendered immune by this method. In many of them

the subcutaneous injection of a vaccine protects to such an

extent that an ordinarily fatal dose of a culture of the germ

of full virulence may be made sixteen hours after vaccination

without ill effect. However, if a strong vaccine is employed,

necrosis of tissue about the point of inoculation may result.

This is avoided by using two vaccines, a weak and a strong

one, with an interval of one day or more. (2) By injecting

the vaccine into the peritoneal cavity. This method also

gives a speedy and effective immunity. (8) By intravenous

injection of the vaccine. This frequently causes death by the

formation of emboli. (4) By administration of the vaccine

through the mouth.

An interesting question arises in regard to these methods of

vaccination. Do subcutaneous and intraperitoneal vaccina

tion protect against infection by way of the mouth? If this

question must be answered in the negative, these methods of

vaccination can be of no practical benefit to man, because

naturally man is infected only by way of the alimentary canal.

What is the evidence on this point ? Certain difficulties are

encountered in the experimental study of this question. Most

of the lower animals can be infected by the mouth only after

being placed under certain artificial conditions. First we

have the statistics of Ferran. Of these, Shakespeare, the

American Commissioner who investigated the matter, makes

the following statement : " From the Government statistics of

cholera throughout the province of Valencia, it appears that

among the villages invaded there were 62 attacks per thou
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sand of the population, and 31 deaths per thousand, which

give.* a mortality of 50 per cent. of those attacked. It appears

from analysis of published official statistics of cholera in 22

towns where inoculation was performed, the inhabitants were

divided as follows: 104,581 not inoculated, 30,491 inocu

lated. Of the latter there were 387 attacks of cholera, or 12

per thousand, and 104 deaths, or 3 per thousand ; the mor

tality of those attacked being 25 per cent. Of the former

there were 8406 attacks, or 77 per thousand, and 3512 deaths ;

being a mortality of those attacked of 43 per cent. It appears,

therefore, that among the population of villages wherein anti-

choleraic inoculations had been more or less extensively per

formed the liability of the inoculated to attacks of cholera was

6.06 times less than that of the non-inoculated, whilst the lia

bility of the inoculated to death by cholera was 9.87 times less

than that of the non-inoculated. These figures are based exclu

sively upon the data furnished by inoculations, the reinocula-

tions being left out of consideration because they are much

less numerous, although from the records of the inoculations

it would seem that the liability of attack, and especially of

death, by cholera is many times less among them than among

those inoculated a single time."

Haffkine had, up to January, 1895, inoculated 500 per

sons in India (who were subsequently exposed or supposed to

be). Of these, 21 were attacked and 19 died. At the same

time, of 1735 non-inoculated persons exposed, 174 were at

tacked and 113 died. This gives a mortality among the

vaccinated of 3.80 per cent., and among the unvaccinated of

6.51 . With so great a difference in the number of the two

classes, these figures are not of any special significance.

So far as we have experimental evidence from studies on

the lower animals, we must conclude that in these at least

subcutaneous and intraperitoneal vaccinations, while they

give immunity against the virulent germ introduced in the

same way, do not protect against intestinal infection. Met-

schnikoff has discovered that a true intestinal cholera may

be established in suckling guinea-pigs and rabbits by adding
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a few drops of a virulent culture to their milk, and that

subcutaneous and intraperitoneal vaccinations do not protect

against infections by way of the intestines. The Russian

marmot, spennophilus guttatus, develops a violent intestinal

cholera on receiving by mouth the cholera-germ, and Sabo-

lotnY finds that in these animals also subcutaneous and

intraperitoneal vaccinations fail to give immunity to the intes

tinal infection. From these facts some conclude that intes

tinal cholera and cholera -peritonitis are distinct diseases,

although caused by the same germ. The former is the disease

which afflicts man and the latter is an artificially induced

disease, and that immunity to the latter does not protect from

the former. Metschnikoif has given to men by the mouth

first a few drops of an attenuated, and later a like amount of

a more virulent culture, and he states that there is no evi

dence of the production of immunity. He believes that the

immunity or susceptibility of a given individual to cholera

depends upon the other germs present in the intestines, some

of which aid, while others prevent, the development of the

disease.

Is the immunity so easily established against cholera-peri

tonitis specific or not? In other words, can it be induced by

vaccination with other microorganisms than the cholera-ba

cillus, or with other chemic substances than the products of

this bacillus? Huepi'E protects animals against cholera-peri

tonitis by previous injections of certain enzymes, such as

papain. Klein secures the same results with sterilized cul

tures of the b. prodigiosus, b. coli, b. typhi, and proteus vul

garis. Fraenkel and Sobernheim deny that this immunity

is in any way specific. Vaccination with the vibrio Metsch-

nikovi protects against cholera (Palmirski, Weibel).

Pfeiffer and Issaeff state that while it is true that

animals immunized against the b. pyocyaneus, b. coli, b.

typhi, and proteus are also immune to the cholera-vibrio, yet

this immunity is not so great nor so lasting as that induced

by vaccination with the cholera-germ itself. They, therefore,

claim that the immunity is specific. Sanarelu finds that
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the blood of an animal immunized to the typhoid bacillus

will protect another animal against cholera-peritonitis, and

Metschnikoff immunized guinea-pigs against cholera with

the blood-serum of men who had never had the disease. On

the other hand, Pfeiffer states that if a mixed culture of

the cholera and the Nordhafen vibrios be injected into the

peritoneal cavity of a guinea-pig already immunized against

cholera, and the contents of the cavity be examined after a

few hours, all the cholera-vibrios will be found dead and all

the Nordhafen vibrios alive and in good health. On the

other hand, if the animal had been previously immunized to

the Nordhafen vibrio, these would all be killed and the

cholera-germs would remain unhurt. This statement should

be confirmed before it is generally accepted. Pfeiffer pro-

poses that this experiment be resorted to to decide the true

character of a suspicious vibrio. Sanarelli finds that true

cholera-germs from different localities show no constant vac

cinal reciprocity.

Pasteur attenuated the germs of chicken-cholera by ex.

posing the cultures to the oxygen of the air for some days.

Toussaint accomplished a like result by passing the germ

through the body of a rabbit, or by inoculating the fowl with

the blood of a rabbit just dead from the effects of the germ,

the latter animal being more susceptible than the former.

Kitt has ascertained that an immunizing substance is present

not only in the blood and tissue-juices, but also in the eggs of

vaccinated fowls. Not one of those methods has proved to

be of practical value.

Pasteur's vaccine for swine-erysipelas, or rouget, is ob

tained by passing the germ through rabbits. This vaccine

has been employed in France for more than seven years, and,

according to Chamberland, the mortality has been reduced

from twenty to one and one-half per cent.

For more than forty years the Boers of South Africa have

practised inoculation against pleuro-pneumonia in cattle.

Some of the fluid from the pleural cavity of an animal dead

from the disease is inoculated in the tails of the healthy.
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However, the death-rate from the protective inoculations has

been high on account of the virulence of the germ, and this

has led to a modification of the method. One of the herd is

inoculated in the tail, as stated above, and as soon as a swell

ing appears at the point of inoculation matter is taken from

this and is used in the protection of the others. The bacillus

of pleuro-pneumonia has not been identified unless it be that

of Abloing, but, whatever it may be, the virus of this dis

ease seems to become attenuated in passing through a series

of animals.

As early as 1882 Sternberg showed that the diplococcus

of pneumonia could be so attenuated under the action of

dilute germicidal substances that it might manifest a pro

tective influence. This has been repeatedly confirmed, aud

vaccination against the septicemia induced in lower animals

by this germ has been the subject of frequent study and will

be again referred to in this chapter.

The above-mentioned examples illustrate some of the

methods of inducing immunity with attenuated germs. By

this method the germ that causes the disease is employed in

attenuated form to induce immunity.

3. By one or more treatments with sterilized cultures of

the germ or with the blood-serum of an animal possessed of

either natural or acquired immunity to the special disease.

The production of immunity by the employment of chemic

agents is a subject specially germane to this book, and some

details must be given. We will first consider the immuniza

tion of animals against some poisons not of bacterial origin.

In 1887 Sewali, reported that he had immunized pigeons

against the poison of the rattlesnake. That this author com

prehended at that time the significance of the results which he

obtained is demonstrated by the following quotation : " This

work was undertaken with the hope that it might form a

worthy contribution to the theory of prophylaxis. I have

assumed an analogy between the venom of the poisonous ser

pent and the ptomain produced under the influence of bac

terial organisms." Having ascertained the minimum fatal
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dose, Sewall administered at first less than this quantity,

and by gradually increasing the size of the dose established

an immunity which enabled the pigeons to bear without injury

seven times the fatal quantity. "The prophylaxis gradually

fails after the inoculations are discontinued ; for an amount of

the poison which may be injected at the end of a series of

inoculations may be fatal if given a few months after the

prophylactic treatment has ceased. It has been found, how

ever, that immunity from the effects of ordinarily fatal doses

of the venom is retained over a period of at least five months

after the cessation of the course of preventive inoculation."

Recently (1895) Fraser has experimented with the venom

of the cobra of India, Naja tripudias, the rattlesnake of

America, crotalus horridus, a large colubrine snake of Aus

tralia, probably a species of diemenia, and the " rinkas " of

Africa, Sepedon hiemachates. The lethal dose of the dried

cobra poison per kilogram of body-weight of animal was, for

guinea-pigs, 0.00018 gram ; for rabbits, 0.000245 gram ; for

white rats, 0.00025 gram ; for cats, 0.005 gram ; and for the

grass snake, 0.03 gram. For rabbits the lethal dose per kilo

gram is, of the crotalus venom, 0.004 gram ; of the sepedon,

0.0025 gram; and of the diemenian, 0.0015 gram. How

ever, all of these venoms were mixed with more or less foreign

matter. These venoms exert a duplex action, one of which

manifests itself in local irritation and the other induces func

tional disturbances based upon no recognizable lesions. The

crotalus venom induces the most marked local effect. When

injected subcutaneously " the underlying muscles are reduced

to an abuost pulpy blood-stained substance, and post-mortem

decomposition occurs soon after death."

By beginning with less than lethal doses and gradually

increasing the amount, Fraser induced with the cobra-venom

an immunity capable of withstanding fifty times the ordinarily

fatal quantity. The immunity covers both factors in the du

plex action. There is neither local irritation nor functional

disturbance. Indeed, some of the animals took on flesh and

seemed markedly benefited by the immunizing treatment.
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" When an animal has acquired a resistant power over the

minimum lethal dose of one venom, that animal is also able

successfully to resist the lethal action of a dose above the

minimum lethal dose of other venoms. To a rabbit immu

nized by cobra-venom, a dose above the minimum lethal of

sepedon-venom has been administered ; to rabbits immunized

with crotalus-venom, doses above the minimum lethal of dia-

mantina- and of cobra-venoms have heen given ; to animals

immunized above the minimum lethal with the diamantina-

venom, doses above the minimum lethal of crotalus- and sepe

don-venom have been given ; and in each case the animal has

recovered and but few symptoms of injury were produced.

At the same time, in other experiments, indications were ob

tained that animals immunized with a given venom are capable

of resisting that venom more effectually than the toxic effects

of other venoms."

From three rabbits that had been immunized against thirty

times the minimum lethal quantity of the cobra-venom, blood-

serum was obtained, and with this animals were immunized

against all the venoms. Fraser calls this blood-serum anti-

venene, and an injection of 0.004 of a cubic centimeter per

kilogram sufficed to protect rabbits against the minimum fatal

dose, and 0.H cubic centimeter or more injected thirty minutes

after inoculation of the minimum fatal dose prevented death,

notwithstanding symptoms of poisoning had already mani

fested themselves. "I have also administered l.o cubic cen

timeter per kilogram of cobra-antivenene thirty minutes after

a dose one-twelfth larger than the minimum lethal doses

of the venoms, respectively, of the sepedon haemaehates, the

crotalus horridus, and the diamentina serpent, and the rab

bits experimented on have recovered. This success is all

the more remarkable when the intensely destructive local

effect of each, but especially of two of these venoms, is recol

lected."

Calmette has recently made an interesting and valuable

contribution to our knowledge of the action of venoms. He

finds that the longer the snake is kept without food the more
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deadly its poison becomes. Besides the points already men

tioned, Calmette discusses the following :

1. Dilute solutions of hypochlorite of lime and of chlorid

of gold destroy or neutralize venoms in vitro.

2. The toxicity of venoms is not destroyed by a temperature

of 80°.

3. The blood of all snakes, of the salamander, and of the

toad is poisonous.

4. The toxicity of the blood is destroyed by a temperature

of 68°. Therefore, the toxicity of the blood and that of the

venom is not due to the same constituent.

5. An animal may be immunized against the venom or

against the blood, but immunity to the venom does not give

immunity to the blood.

0. The mongoose (a species of ichneumon) is relatively to

other animals of its size immune to the venom of serpents.

Possibly some immunity is also possessed by the hog, but there

was no opportunity to demonstrate this.

7. The blood-serum of the mongoose is slightly antitoxic to

venom, and when both are injected simultaneously death is

delayed. Five or more cubic centimeters of the blood-serum of

dogs protected rabbits against the ordinarily fatal dose ofvenom.

8. An animal immunized against venom is not immune to

tetanus ; while antitetanous serum from the horse does retard

or wholly prevent the action of venom.

9. Antivenomous serum retards the poisonous action of

abrin and sometimes wholly prevents it. Antiabric serum is

also destructive to venom in vitro, but not protective in vita.

10. "Animals vaccinated against erysipelas or against rabies

have a serum so active on venom that in certain cases it may

even give immunity."

These facts show that the venom of animals immunized

against a certain virus or poison may be immune to another

virus or poison. They show also that the degree of resistance

of an animal is not always correlative to the antitoxic power of

its serum against the virus or poison to which it has been

immunized."
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" Can we conclude from this that the antitoxic serums have

no real specificity, and are we right in hoping that some day

an ideal serum will be discovered, giving immunity to the

most formidable poisons?"

" This hypothesis, however seductive, seems hardly admissi

ble, for we know of no serum capable of modifying different

toxins equally. For instance, the antivenomous serum is

much more active than any other serum or venom, and we

have seen that the same is true of abrin, tetanus, and diph

theria."

The fact that venom bears a relatively high temperature

enabled Calmette to determine whether or not the antiven

omous serum really neutralizes the venom in vitro. One milli

gram of venom mixed with 3 cubic centimetres of the serum,

allowed to stand for ten minutes, and then injected into a

rabbit, produced no ill effect. The same mixture after having

been heated to 68° for ten minutes killed rabbits. This

demonstrates that in this instance, at least, the antagonism

between the venom and the antivenomous serum is physiolog

ical and not chemical. It should be noted that Phisalix and

Bertrand (1894) showed that viper-venom heated for fifteen

minutes at 75° does not kill guinea-pigs. An exposure of five

minutes at 80° gives like results. Furthermore the heated or

attenuated venom confers immunity to animals.

In 1891, Ehrlich succeeded in establishing in animals a

high degree of immunity against two of the most potent veg

etable poisons known—ricin from the castor bean, and abrin

from the jequirity bean. One gram of ricin is sufficient to

kill one and one-half millions of guinea-pigs, and the potency

of abrin is about one-half that of ricin. Immunity was easily

established by feeding the animals upon small and gradually

augmented doses. These poisons are apparently proteid, and

in this respect, as well as in their great toxicity, resemble the

venom of snakes and the toxins of the pathogenic microbes.

Immunity established against one of these poisons does not

hold good against the other. As between the two the im

munity is specific. Later, Ehrlich ascertained that the
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nursing young of an immune mother secured immunity with

the milk.

The preceding statements concerning immunity to non-bac

terial poisons have been given on account of the light which

they throw upon the production of immunity to the infectious

diseases established by the employment of sterilized cultures

and the blood-serum of animals already rendered immune.

When Tous»aint, in 1880, rendered animals immune to

anthrax by treating them with defibrinated blood of animals

dead with the disease, heated for ten minutes at 55°, he em

ployed a sterilized culture, and this probably was the first

time that such cultures were used for this purpose. In 1880,

Salmon and Smith immunized pigeons to the bacillus of hog-

cholera with sterilized cultures, these animals having natur

ally only slight susceptibility to the living bacillus. Fraen-

kel and Simmonds, and Beu.mer and Peiper, in their

studies of the etiological importance of Eberth's bacillus,

observed that when an animal recovered from the effects of

sterilized or unsterilized cultures, and was again used, it bore

the second time a much larger quantity of these cultures than

that ordinarily required to cause death. The observation was

so patent in the experiments of Beumer and Peiper that

they began with small doses, and gradually increasing them

secured a high degree of immunity. In 1887, Koux and

Chamberland immunized animals against malignant oedema

and symptomatic anthrax with sterilized cultures, and Chan-

temesse and Widal did the same with the Eberth bacillus.

In the same year Foa and Bonome announced to the

Academy of Medicine at Turin some very important observa

tions.

Not only had they rendered animals immune to the pro-

tens vulgarus, diplococcus of pneumonia, and the bacillus of

chicken-cholera by treating them with sterilized cultures of

these germs, but they had discovered that the blood taken from

the heart or an infusion of the tissues of a rabbit dead from pro-

teus infection injected intravenously into another rabbit made

this animal immune to virulent culture of the proteus. More
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over, they ascertained that the blood and tissue-infusion, with

which the}- induced immunity, formed good culture-media on

which the proteus grew abundantly and remained possessed

of full virulence. This protective blood had no germicidal

properties.

In 1890 Behring began his work on immunity and cure,

a very brief resume of which can be given here. Animals

were rendered immune to diphtheria and tetanus by the sub

cutaneous injection of the specific toxins in gradually aug

mented doses. In this manner the resistance of the animal

could be increased a thousandfold, and the blood-serum of

such an immunized animal could be employed not only to give

immunity to men and animals, but to effect cures.

The effect of large quantities of virulent cultures of the

diphtheria-bacillus upon animals protected in different degrees

with the serum is thus described : If one injects into a guinea-

pig, which has just been infected with ten times the fatal dose

of a diphtheria-culture, au amount of the normal curative

serum in the proportion to the body-weight of the animal of

1 : 5000, death does not result, but the animal sickens. At first

the sickness is similar to that in a control-animal. There is a

local oedema that becomes harder and more extensive day by

day, and is filled with a firm, fibrinous exudate. Generally

about the eighth day, sometimes only after some weeks, a line

of demarcation forms about the tumor, which is often as large

as a child's hand. The separation continues until the skin

pulls off, leaving a permanently bare spot which covers over

with scar-tissue. With the same large quantity of the virulent

culture, but with an increase in the amount of the serum to

the proportion of 1 : 2000, there is a slight infiltration which is

soon absorbed, and nothing abnormal can be observed after

ten days. With the serum increased to 1:500, the animal

remains wholly free from any evidence of the disease.

After the animal has been thoroughlv immunized, portions

of blood are drawn from time to time under aseptic precau

tions. The blood is received in sterilized flasks, the bottoms

of which are covered with chloroform. These flasks are
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allowed to stand in an ice-chest until the serum separates.

The serum is then poured off, and 0.5 per cent. of carbolic

acid (or a proportional amount of some other preservative) is

added. Serum thus obtained should preserve its antitoxic

properties quite indefinitely.

The protective value of the serum might be estimated quan

titatively according to either of the following standards:

1. lis immunizing power against infection.

2. Its curative power against infection.

3. Its immunizing power against intoxication.

4. Its curative power against intoxication.

1. In order to determine its immunizing power against in

fection, a very virulent culture of the diphtheria-bacillus is

prepared, and the smallest fatal quantity of this per kilogram

of body-weight of guinea-pig is determined by experiments on

numerous animals. This being ascertained the work is facili

tated, and time saved by employing ten times the smallest

fatal dose as the \mit in estimating the strength of the serum,

because if the smallest dose was used death would result only

after many days, and some animals would escape death from

the smallest ordinarily fatal dose. By taking ten times the

smallest fatal dose death is certain in the control-animals,

and whether or not the treated ones will succumb is known

after a delay of a few days at most. The difficulties met with

in making this determination are the following : 1. The

diphtheria-culture should be of great virulence, and such

cultures cannot always be obtained at once. 2. Having ob

tained a culture of the desired virulence, it does not continue

of constant strength, but is likely to change from day to day,

or on account of a variation of a few degrees in the thermo

stat in which it is kept it may quickly become worthless.

This determination, therefore, is not made in the preparation

of the serum.

2. To determine the curative value of the serum against

infection would be a still more complicated task and the

results less certain. The virulence of the culture, its age, the

temperature at which it had been kept, the lapse of time
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between the infection and the beginning of the treatment, are

factors which it would not always be possible to measure, and

which would affect the results.

3. The determination ofthe immunizing power of the serum

against intoxication is easily made and gives uniform results.

This is the quantitative measure which is now employed in

the preparation of the serum. A culture of marked viru

lence is prepared and sterilized. This forms a diphtheria-

toxin which will retain its properties unchanged indefinitely.

It can be kept for months, and employed in determining the

strength of any number of samples of serum. The smallest

fatal dose of this is determined, and, for reasons already given,

ten times this amount is used as the unit for determining the

strength of the serum.

4. Behring and his associates made frequent tests of the

serum as a curative agent in animals to which a more than

fatal dose of the toxin had been administered, and in which

the symptoms had already developed. Even when death

seemed imminent a dose equivalent to six times the amount

necessary to immunize against the same quantity of the toxin

saved some of the animals.

Behring records the following noteworthy observations

made while immunizing animals : In immunizing sheep to

tetanus he found that it sometimes happened that the blood

no longer contained anv- antitoxin, and yet the animals pos

sessed a higher degree of immunity than they did when the

blood contained the greatest quantity of antitoxin. The

same thing has been observed by Schutz in horses rendered

immune to tetanus. Indeed, a horse in whose blood the

antitoxin had decreased a hundredfold in the course of a

year was at this time so thoroughly immune to the disease

that no culture could he found sufficiently virulent to cause the

slightest reaction. This shows that immunity is not dependent

upon the antitoxic properties of the blood. The living tissues

had in these animals acquired an immunity similar to that

possessed by animals naturally immune. Immunity may,

therefore, be due to insusceptibility of the tissues. The first
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may be called hematogenous, and the second histogenic.

The former is not transmissible from father to offspring.

Whether acquired histogenic immunity can be thus trans

mitted or not has not been experimentally determined. The

probabilities are that these are really not different forms,

but different degrees of immunity. On the other hand,

Behring observed that during the process of immuniza

tion some animals became exceedingly hypersuseeptible, and

this happened at a time when the blood was antitoxic to a

high degree.

" This can go so far that a horse may have in one c.c. of its

blood enough antitoxin to protect an untreated horse from a

quantity of the poison, a fraction of which would kill the

animal supplying the antitoxin."

Experimental immunity has been established in one or

more species of the lower animals by the employment

of sterilized cultures of the specific bacteria in anthrax

symptomatic anthrax, cholera, chicken-cholera, hog-cholera,

diphtheria, erysipelas of the hog, influenza, pneumonia,

pleuro-pneumonia, swine-plague, streptococcus infection, tet

anus, and typhoid fever. Babes states that he has ren

dered guinea-pigs immune to glanders by the employment of

sterilized cultures. However, mallein has not yet proved of

signal value either as a protective or curative agent, and its

sole use is for diagnostic purposes. Hericourt and Richet

claim to have immunized rabbits to tuberculosis by the intra

venous, and also by the subcutaneous injection of sterilized

cultures, and De Schweinitz states that he has successfully

vaccinated guinea-pigs against this disease by the employment

of attenuated cultures. On account of the well-known fact

that guinea-pigs are very susceptible to inoculation-tubercu

losis, full credence should not be given this statement until it

has further confirmation. This caution is applicable to the

above-mentioned claim of Hericourt and Richet also, in

asmuch as only half of their control-rabbits failed to develop

tuberculosis. This shows that the bacillus employed in these

inoculations could not have been very virulent.

12
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BruSChetTinr grows the influenza-bacillus in blood,

filters these cultures, and employs the filtrate in rendering

animals immune. From the immunized animals he claims to

have obtained a serum of great strength not onlv as an im

munizing, but as a curative agent.

In all of the preceding methods of inducing immunity the

germ or the poison against which the immunity is to be

induced is introduced into the body. In the production of

immunity (1) by one attack of the disease, (2) by vaccina

tion with attenuated cultures or with small quantities of viru

lent cultures, and (3) by one or more treatments with steril

ized cultures—in all of them—the germ itself living or dead

is the immunizing agent. The dinerenee between the living

and dead germ is one of degree rather than of kind. The

poison is the same. In the living germ the poison is capable

of growth and increase in quantity. In the dead germ the

amount of the poison is not increased after it is injected into

the animal. Even when the blood-serum, tissue-juiee, or

milk of one immune animal is employed to render a second

immune, the germ-poison is the immunizing agent. The

second animal has no immunity of its own. That which it

has is borrowed from the first, and will soon be lost. The

second is for the time physiologically a part of the first.

There is this, however, which may give the borrower actual

possession of the immunity: When the second animal is

inoculated with the germ in order to prove its immunity, and

when on account of its borrowed power it resists the infection,

then it may acquire an immunity of its own.

From the above-mentioned facts we conclude that certain

poisons, the venom of snakes, the blood of snakes, toads, and

salamanders, certain vegetable poisons, as abriu and ricin, and

ihe bacterial toxins awaken, and when repeatedly introduced

» tKm-lethal doses develop, in the animal body an antagonistic

«rb>« which tends to protect the body against the effect of

ihrso gxMsons.

T»u Stkrcuce between immunity and tolerance we believe

-. .» -an?- In the former the cells of certain organs of the
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body become aggressive ; a special function is developed ; the

poison introduced is destroyed. In tolerance there is no

aggressive action on the part of any organ ; there is no

development of special function ; the poison introduced is not

destroyed, it only fails to kill.

Antitoxins.—We know very little concerning these sub

stances. They are believed to be proteid bodies, but this

belief is not founded upon any positive knowledge. S0 far

we can only recognize their presence by their effects. Beh-

ring finds that the diphtheria-antitoxin is not altered by

peptic digestion. If this be true, it cannot be serum-albumin

or globulin, but must be a nuclein, since this is the only pro-

teid-like body in the blood that is not altered by peptic diges

tion. Behring believes that the action of antitoxin on toxin

is a chemic one, and he compares it to that of an acid on an

alkali, or to that of soluble sulphates on phenol in the body.

Buchner combats this idea on experimental grounds. He

finds that a mixture of tetanus-toxin and antitoxin, which has

no effect on mice, kills guinea-pigs, and he argues from this

that if the antagonism was a chemic one a mixture of given

ipiantities of toxin and antitoxin found to be harmless to the

mouse should also be harmless to other animals. This reason

ing seems to us to be good and conclusive. There is no posi

tive proof that toxins and antitoxins neutralize, one with the

other, in vitro. Again, as pointed out by Roux, a mixture

of the diphtheria-germ and antitoxin injected into an animal

previously treated with B. prodigiosus, streptococci, etc., is

fatal, although a similar mixture injected into a normal non-

treated animal is without effect. Because a mixture of these

substances that has been kept in a test-tube for so many

minutes fails to produce any effect when injected into an

animal, is no proof that neutralization has taken place in vitro

or is chemic ; it may have taken place in vita, and be physi-

logic. In fact, Buchner's and Roux's experiments fur

nish strong evidence in support of the view that the antago

nism is physiologic. This certainly is true of snake-venom
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and the antitoxin of antivenomous blood-serum, as demon

strated by Calmette.

The theory has been advanced that antitoxin is the toxin

modified by the fluids and tissues of the body. This may

possibly be true. The evidence against it is not altogether

conclusive. It maybe stated as follows: 1. The taking of

large quantities of blood, one-third or more of the contents

of the body, from immunized animals, at intervals of time

sufficiently long to allow the animal to recover to such an

extent that its health is not seriously impaired, does not di

minish the immunity of this animal as markedly as would be

expected if the antitoxin was a modified toxin, and the quan

tity of the former could not be greater than the quantity of

the latter employed in immunizing the animal. 2. If an

immunized animal be bled to death and its vascular system

be washed with physiologic salt-solution until all the blood

that can possibly be washed out is removed, yet infusions of

certain tissues of this animal contain an antitoxin. To the first

of these it may he answered that the blood may contain abso

lutely no antitoxin, as has already been stated, and yet the

animal possesses the most marked immunity. To the second

it might be answered that the tissues may retain some of the

modified toxin in the form of antitoxin after the most thor

ough washing of the vascular system.

Centanni has endeavored to determine experimentally

what organ or tissue of the body is affected in the production

of immunity against rabies. His work consisted in endeav

oring to induce immunity in a second series of rabbits by

treating them subcutaneously with the blood-serum and with

emulsions made from the various organs of the members of a

primary series already rendered partially or wholly immune

by the ordinary method. In doing this he has used amouuts

of each tissue proportional to the weight of the animal.

Thus, the central nervous system of an average rabbit is

equal in weight to one three-hundredth part of the total body-

weight of the animal, and the total blood of the same animal

furnished an amount of serum equal in weight to one one
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hundred-and-fiftieth part of its body-weight. Therefore he

injected into a rabbit weighing 1800 grams 6 grams of ner

vous tissue made into an emulsion, and into another of the

same weight 12 grams of blood-serum taken from rabbits

already made immune, and then tested the immunity of the

members of this second series. Emulsions of other tissues

were employed in proportionately the same doses. By this

procedure he found, as he thinks, that in the production of

immunity against rabies the immunizing substance is stored

up in the central nervous system. Moreover, he found that

the immunizing substance remains in the nervous tissue long

after it has disappeared from the blood and other organs

Thus it would seem that Pasteur hit upon the right thing

exactly when he selected emulsions of the spinal cord as the-

proper material with which he could best induce immunity

against hydrophobia. From these experiments, which need

to be confirmed, Centanni draws the general conclusion that

in the production of immunity against any disease the im

munizing substance is stored up in greatest quantity and most

permanently in that organ or tissue most seriously affected

by the disease. It is hardly necessary to add that a prin

ciple so general and so important as this cannot be safely

founded upon a single series of experiments confined to one

disease.

Smirnow has written quite at length to show that toxins

may be converted into antitoxins by the long-continued action

of an electric current. We fail to find in his recorded ex

periments any justification of his claim. He makes quite a

point of the fact that during the continuance of the electrolysis

the bouillon becomes more deeply colored at one pole and

nearly decolored at the other. Now, the merest tyro in physio

logic chemistry knows that acids deepen the color of beef-

tea, urine, or any other fluid the coloring-matter of which is

derived from haemoglobin. So much for his chemistry. His

physiology is worse. When he administers this artificial anti

toxin in too large doses he kills his animals; and of what do

they die—of diphtheria? He has only modified and reduced
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the virulence of his diphtheria-toxin by the acid generated

by the electrolvsis of the inorganic salts in the bouillon.

Toxins may be convertible into antitoxins, and electricity

may be the agent capable of inducing this, but Smtrnow has

proved neither one nor the other.

It is generally conceded that the germicidal and antitoxic

properties of the blood of an immunized animal are not due

to one and the same constituent. The blood-serum of a

guinea-pig that has been immunized to the cholera-germ has

both germicidal and antitoxic properties. If it be heated to

55° it is no longer germicidal, but is still antitoxic. If a

second animal be immunized with this heated blood, the blood-

serum of this animal is again both germicidal and antitoxic.

From these facts it is inferred that the germicidal and anti

toxic properties are due to two distinct constituents of the

serum. This inference, however, does not necessarily follow.

Both of these properties may be possessed by one and the

same substance and the heat may destroy one property with

out destroying the other. The cholera-germ is possessed of

life and is a poison. A moderately high temperature will

destroy life, but the substance of the germ retains its poison

ous properties.

Phagocvtes.—The theories of immunity can only be re

ferred to here. The phagocytic theory was first suggested by

Sternberg in 1881, but Metschnikoff, ignorant of Stern

berg's suggestion, in 1884 stated the same theory supported

by experimental evidence, and since that time he has so mas

terly advanced and defended this theory that it is now gen

erally known as MetschnikoffV theory. In brief, this

theory makes the polyuuclear white blood corpuscles the chief

defenders of the body against bacterial invasion. It had

long been known that these ama'ba-like bodies take up small

particles of carhon and other dust-particles that get into the

tissues and blood, and Metscunikoff, in the study of the

daphnia, ascertained that these small animals are frequently

infected with a torula-like organism that enters by way of
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the alimentary canal. As soon as the invaders pierce the

intestinal walls the polynuclear cells gather about and engulf

them. If all of the parasites are taken up by the corpuscles,

the daphnia escapes the disease. If the invaders are too

numerous or the defending corpuscles too few, the host sickens

and dies. These observations suggested to Metschnikoff

that possibly the higher animals might be supplied with like

protective agents against bacterial infection. Investigation

showed this to be a fact. If anthrax-bacilli be injected under

the skin of a pigeon and the tissue about the point of inocu

lation be examined at different intervals of time, the follow

ing phenomena will be observed : After a few hours at most

it will be found that a large number of polynuclear corpus

cles have collected at this place, and many of these corpuscles,

it will be observed, contain bacilli. The longer the time

after the inoculation the more bacilli will he found in the

corpuscles, until finally all are taken up in this way. If some

days have elapsed, this material may be injected into a mouse

or other animal highly susceptible to anthrax, and the fact

that this animal suffers no inconvenience shows that the

bacilli are dead. Some experiments by Weyl nicely illus

trate these facts. Silk threads covered with the most virulent

anthrax-spores were introduced beneath the skin of chickens

and pigeons and left for from one to fifteen days. They were

then removed and each thread cut into three pieces. One

was placed in bouillon, the second on agar, and th"e third

under the skin of a mouse. The spores on the threads left

in the pigeon for six days or longer failed to grow in bouillon

or on agar, and also failed to kill mice. The researches of

Trapeznikoff carried on under the direction of Metschni

koff show that when spores are introduced in this way under

the skin of an immune animal the spores first develop into

bacilli and the latter are taken up by the phagocytes. The

theory of Metschnikoff teaches that the polynuclear white

blood-corpuscles feed upon and digest the invading bacilli.

It is only fair to state that the author of this theory has never

claimed that this method of defence is universal, or that the
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animal body might not be possessed of other means of pro

tection against bacterial invasion. He says : " Biologic

problems are so complex that when a rule concerning them

has been established one must expect more or less numerous

exceptions. What is more common than the shell in mol-

lusks or the teeth in vertebrates as means of defence, and yet

how many exceptions. Some mollusks are bare or have shells

as thin as paper and depend for safety upon their ability to

swim rapidly. Others escape their enemies by the secretion

of black ink. There are vertebrates that defend themselves

with beaks or claws instead of teeth." We cannot go into

all the evidence for or against the phagocytic theory. In our

opinion there can be no question concerning the correctness

of the observations upon which this theory is based. The

polynuclear corpuscles certainly are the most important de

fenders of the body against the pathogenic germs. Whether

they take up the living germs or first destroy them by means

of a germicidal secretion and then absorb them are questions

which, in our opinion, remain without positive solution.

Even if it be true that the phagocytes take up and digest the

living germs, this digestion must be accomplished by some

chemic constituent of the phagocyte. The facts that nuclein

is a prominent and abundant constituent of the phagocyte,

that this nuclein is a powerful germicide, and that the germi

cidal properties of blood-serum are due to nucleins which

come from the polynuclear corpuscles, lead us to formulate

the following statements, which, in our opinion, most nearly

express the facts as interpreted by the knowledge of the

present time :

1. The phagocytes, both the wandering polynuclear cor

puscles and the fixed endothelial cells, are the active defenders

of the body against bacterial invasion.

2. The phagocytes destroy bacteria by virtue of the nuclein

which they contain.

3. The germicidal properties of the humors of the body

are due to nucleins formed by the phagocytes.

The relation of nuclein to immunity has been demonstrated
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recently by Vaughan, who has rendered rabbits immune to

the diplococcus of pneumonia by previous treatments with

nucleinic acid obtained from yeast. The injections of nuclein

increase the number of polynuclear cells and thus strengthen

the resistance of the body. This method of inducing im

munity is quite different from those that have been discussed

in the preceding pages. In those the resistance of the body

is strengthened by exercise; in this, by feeding.

Serum-therapv. The preparation of curative blood-serum

has already been discussed. Roux made the preparation of

antidiphtheric serum more easy and practical when he substi

tuted the horse for the goat and sheep, previously used by

Beh ring, as the source. The toxin with which the horse is to

be immunized is prepared by growing the diphtheria-bacillus

for thirty days in a flask so constructed that a current of air

can be constantly drawn over the surface of the bouillon.

These flasks are kept in an incubator. At the expiration of

the time mentioned the fluid contents of the flask are decanted

from the deposit, which consists principally of dead, disin

tegrating bacilli, 0.5 per cent. of carbolic acid is added, and

the fluid thus obtained should be so toxic that 0.1 c.c. of it

will kill a guinea-pig of 500 grams weight within forty-

eight hours. Healthy horses are selected, and beginning with

injections of from £ to 2 c.c. of the toxin-solution, the dose

is gradually increased and given at intervals of from five to

eight days, until one-fourth of a litre is injected without

effect. (The rapidity with which the dose is increased bv dif

ferent experimenters is very variable, and a more speedy re

sult may be obtained by treating the horse with living cultures,

although by this method the danger of killing the horse is

increased.) From time to time small quantities of blood are

taken from the horse, and the immunizing power of the serum

tested on guinea-pigs by the method already given. This

curative serum has now been used in the treatment of many

thousands of children, and the following facts seem to be

demonstrated : 1. The treatment is practically free from ill

12*
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effects. 2. The mortality has only been from one-half to

one-fourth what it was during the year preceding the intro

duction of this agent. There are those who claim that diph

theria has suddenly decreased in virulence, and that by the

bacteriologic method of diagnosis many cases, which formerly

would not have been called diphtheria, have been included in

the statistics, and that these are the causes of the apparently

good results. However, the value of this method now rests

upon evidence that seems to us to be conclusive.

In studying the results that have been obtained by the

blood-serum treatment of tetanus, it is well to bear in mind,

as has been suggested by Rother, that there is a great differ

ence in the rate of mortality in this disease under any treat

ment or without treatment, the longer the period between the

injury and the first appearance of tetanic symptoms, or, in

other words, the longer the period of incubation, the less fatal

is the disease. When the period of incubation is less than

ten days the mortality is about 96 per cent. With this peruxl

increased to more than twenty days, 50 per cent. may recover

(Richter, Rose). In the acute form the muscles of the whole

body (with the exception of the arms) become tetanized in the

highest degree within from a few hours to two days, and death

results within from five to eight days. However, some of

these cases bccome chronic, and death results from prostra

tion or from failure of the organs of circulation or respiration.

In tetanus mitis the symptoms develop slowly. There is a

prodromal stage of several days, during which the patient

complains of pain in the limbs and difficulty of locomotion.

The tetanus of the muscles is slight, and recovery is not in

frequent. In the localized trismus of Richter and the head-

tetanus of Rose most of the cases recover. In general, how-

ver, the prognosis is bad. Of the 717 cases collected by

Richter, 631 (8S per cent.) died, and 40 (12 per cent.) re

covered. Of the 40 recoveries 13 consisted of localized

letanus.

Most of the cases of tetanus so far treated with serum that

have recovered belonged to the milder form of the disease.



CHAPTER IX.

METHODS OF EXTRACTING PTOMA1NB.

From what has been given in the preceding pages, one may

gather some idea of the peculiar difficulties with which the

chemist has to contend in his endeavors to isolate the basic

products of putrefaction. He has to deal with very complex

substances, of the nature and reactions of many of which he

must be ignorant. Besides, the substances which he seeks are

often most prone to undergo decomposition, and in this way

escape detection. Many ptomams are volatile or decomposable

at any temperature near that of boiling water. In these cases,

solutions cannot be evaporated in the ordinary way and the

poison separated from the residue. Indeed, the investigator

has frequently been disappointed when on the evaporation of

a solution, which he has demonstrated to be poisonous, he

finds that the residue is wholly inert. Again, he may destroy

the ptoma'in by the action of reagents which he uses. So

simple a procedure as the removal of a metallic base from

a solution containing a ptoma'in, by precipitation with hydro

gen sulphide gas, has been known to destroy wholly the

ptoma'in. Probably the most perplexing difficulty in the

isolation of these putrefactive alkaloids lies in the great num

ber, complexity, and diversity of the other substances present

in the decomposing mass. The same ptoma'in may be present

in equal quantities in two samples of milk, and yet it may be

easily obtained from the one, while from the other only minute

traces can be secured. The difference is due to the fact that

the oter constituents of the milk in the two samples are at

different stages of the putrefactive process, and, consequently,

differ greatly in their reactions and in their effects upon the

agents employed to isolate the poison. All chemists will ap

preciate these difficulties.
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One of the first things for the chemist who undertakes to

do this work is to ascertain whether or not his reagents are

pure. We have found a number of samples of German ether,

which was imported on account of its supposed purity, to

yield on spontaneous evaporation a residue which gave several

of the alkaloidal reactions, and a few drops of which, injected

under the skin of a frog, caused paralysis and death within a

few minutes. We would advise that 500 c c. of the ether to

be used should be allowed to evaporate spontaneously, and its

residue, if there be one, be examined both chemically and

physiologically. The basic substance which exists in some

samples of sulphuric ether is pyridin.

Guareschi and Mosso found commercial alcohol almost

invariably to contain small quantities of an alkaloidal sub

stance, the odor of which is similar to that of nicotin and

pyridin. Its solutions are precipitated by gold chlorid,

phosphowolframic acid, phosphomolybdic acid, potassium

iodid, and Mayer's reagent, but riot by platinum chlorid or

tannic acid. It does not reduce, or reduces feebly, ferric

salts. From one sample of alcohol they obtained a base

which, in addition to the above reactions, did give a precipi

tate with platinum chlorid. Alcohol may be freed from these

substances by distillation over tartaric acid.

In amylic alcohol, Haitinoer has found as much as 0.5

per cent. of pyridin. It may be purified in the same manner

as recommended for ethylic alcohol.

Chloroform, when found to leave any residue on evapora

tion, should be washed first with distilled water, then with

distilled water rendered alkaline with potassium carbonate,

then dried over calcium chlorid and distilled.

Petroleum-ether sometimes contains a base which has an odor

similar to trimethylamin or pyridin, and which gives a pre

cipitate with platinum chlorid, forming in oetahedra.

Benzol may contain a similar substance.

The following methods have been used for the purpose of

extracting the putrefactive alkaloids :
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The Stas-Otto Method.—This method depends upon the

following facts : (1 ) The salts of the alkaloids are soluble in

water and alcohol, and generally insoluble in ether, and (2)

the free alkaloids are soluble in ether, and are removed from

alkaline fluids by agitation with ether. These principles are

capable of great variety in their application. The usual

directions are as follows : Treat the mass under examination

with about twice its weight of pure 90 per cent. alcohol, and

from ten to thirty grains of tartaric or oxalic acid ; digest the

whole for some time at about 70°, and filter. Evaporate the

filtrate at a temperature not exceeding 35° either in a strong

current of air or in vacuo over sulphuric acid. Take up the

residue with absolute alcohol, filter, and again evaporate at a

low temperature. Dissolve this residue in water, render

alkaline with sodium bicarbonate, and agitate with ether.

After separation remove the ether with a pipette, or by means

of a separator, and allow it to evaporate spontaneously. The

residue may be further purified by redissolving in water, and

again extracting with ether.

The following modifications of this method are employed :

Instead of tartaric or oxalic acid, acetic acid is frequently

used.

When the fluid suspected of containing a ptomain is already

acid from the development of lactic or other organic acid,

the addition of an acid is often dispensed with.

Ether-extracts are made from both acid and alkaline solu

tions.

Chloroform, amylic alcohol, and benzin are used as sol

vents after extraction with ether.

The modification of this method, as carried out by Selmi

and MarinO-Zuco, is given in detail as follows :

The material is divided as minutely as possible, placed in a

large flask, and treated with twice its volume of 90 per cent.

alcohol, and acidulated with tartaric acid in the proportion of

0.5 gram to 100 c.c. of the mixture, taking care from time

to time that the reaction is permanently acid. The flask,

which is connected with a reflux condenser, is now placed on



266 BACTERIAL POISONS.

the water-bath and kept at the constant temperature of 70°

for twenty-four hours. While yet warm the liquid is trans

ferred to a special apparatus for filtration by the aid of

atmospheric pressure. The liquid is poured upon a wet cloth,

supported upon a perforated porcelain funnel, which is con

nected below with a receiver exhausted by a water-pump or

aspirator. In this way rapid filtration is secured, and by

repeated washing the extraction is made thorough. The acid

alcoholic liquid is now transferred to a special distillation-

apparatus.

A large tubulated retort of ten litres capacity is connected

by means of a cork to a large tubulated receiver. The tubu-

lure of the retort is provided with a small perforated cork,

which carries a glass tube finely drawn out and extending to

the bottom of the retort. The tubulure of the receiver is con

nected with Leibig's bulbs containing dilute sulphuric acid

(1 to 10), and the bulbs in turn are connected with a water-

pump or aspirator.

In order to prevent the passage of air through the corks,

they are covered with animal membrane which has been freed

from fat. By means of the aspirator a fine current of air is

drawn through the liquid and suffices to keep it constantly

agitated. The retort is kept on the water-bath at a tempera

ture of from 28° to 30°. The receiver is kept cold by a cur

rent of water. In this manner the distillation of the alcohol

goes on rapidly and conveniently. Moreover, decomposition

is so far prevented that volatile bases are never found in the

bulbs.

The aqueous residue, after the removal of the alcohol by

distillation, is filtered and extracted with other as long as any

thing is dissolved. It is then mixed with powdered glass and

evaporated to dryness in vacuo. This residue is repeatedly

extracted with absolute alcohol. The alcohol is distilled again

in the apparatus already described. The residue is taken up

with distilled water and filtered. It is then made alkaline

with sodium bicarbonate and repeatedly extracted with ether,

benzin, and chloroform.
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In order to obtain the base from the solvent, the greater

part may be evaporated on the water-bath and the remainder

allowed to evaporate spontaneously, or the remainder may be

treated with dilute hydrochloric acid and the evaporation con

tinued on the water-bath or in vacuo.

Dragendorff's Method.—The finely divided substance

is digested for some hours with water acidulated with sul

phuric acid at from 40° to 50°. This is repeated two or three

times, and the united filtered extracts are evaporated to a

syrup. This is treated with four volumes of alcohol and

digested for twenty-four hours at 30°. After cooling the alco

holic extract is filtered, the residue washed with 70 per cent.

alcohol, and the united filtrates freed from alcohol by distilla

tion. The aqueous residue, diluted if desirable, is filtered and

submitted to the following extractions :

1. The acid liquid is shaken with freshly rectified petro

leum-ether as long as this reagent leaves any residue on evap

oration.

2. The acid fluid is now extracted with benzin.

3. The next solvent used is chloroform.

4. The liquid is now again extracted with petroleum-ether

in order to remove traces of benzin and chloroform.

5. The liquid is now made alkaline with ammonia and

successively extracted with petroleum-ether, benzin, chloro

form, and amylic alcohol.

0. The remainder of the ammoniacal liquid is mixed with

powdered glass, evaporated to dryness, the residue pulverized,

and extracted with chloroform.

The residue obtained with each of the above solvents should

be examined for ptomains.

Brieger's Method.—The substance under examination

is divided as finely as possible, and then heated with water

slightly acidified with hydrochloric acid. During the heating

care must be taken that the feebly acid reaction is maintained.

The heating should coutinue for only a few minutes. The
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liquid is then filtered and concentrated, at first on a plate and

then on the water-bath, to a syrup. If one has material which

is highly odorous, as is the case frequently both with aqueous

and alcoholic extracts of putrid material, Brieoer recom

mends that a piece of apparatus devised by Bocklisch be

used. The fluid to be evaporated is placed in a globular flask,

the rubber stopper of which carries two small glass tubes.

One of these, it, extends to the bottom of the flask, while A

terminates just above the surface of the liquid. The tube, A,

is connected with a water-pump or aspirator, which draws the

vapor through the tube. In order to prevent the return of

condensed fluids, the end of A in the flask is curved upon

itself. The tube b is finely drawn out and through it a cur

rent of air is constantly moving. This prevents the formation

of a deposit or a pellicle in the fluid. By regulating the

amount of air coming through this tube, more or less of a

vacuum will be formed in the flask. After evaporation to

a syrup, an extraction is made with !)0 per cent, alcohol, and

the filtered extract is treated with a warm alcoholic solution

of lead acetate. The lead-precipitate is removed by filtration,
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the filtrate evaporated to a syrup and again extracted with

% per cent. alcohol. The alcohol is driven off; the residue

taken up with water ; traces of lead removed with hvdrogen

sulphid ; and the filtrate, acidified with hydrochloric acid,

evaporated to a syrup. This syrup is extracted with alcohol,

and the filtrate precipitated with an alcoholic solution of mer

curic chlorid. The mercury-precipitate is boiled with water,

and on account of differences in solubility of the double com

pounds with mercury one ptoma'in may be separated from

others at this stage of the process. (If thought best, the lead-

precipitate may be freed from lead and carried through the

following steps of the process. Brieger has found small

amounts of ptoma'ins in the lead-precipitate only in his work

with poisonous mussels.)

The mercury-filtrate is freed from mercury, evaporated, and

the excess of hydrochloric acid carefullv neutralized with soda

(the reaction is kept feebly acid) ; then it is again taken up

with alcohol in order to free it from inorganic salts. The

alcohol is evaporated, the residue taken up with water, the

remaining traces of hydrochloric acid neutralized with soda ;

the whole acidified with nitric acid, and treated with phospho-

molybdie acid. The phosphomolybdate double compound is

separated by filtration and decomposed by neutral acetate of

lead. This is hastened by heating on the water-bath. The

lead is removed by hydrogen sulphid, the filtrate is evaporated

to a syrup and taken up with alcohol, from which many pto-

mains are deposited as chlorids, or double salts may be formed

in the alcoholic solution. Brieger states that the chlorids as

deposited from the alcoholic solution are seldom pure, and he

advises for their purification, precipitation with gold chlorid

platinum chlorid, or picric acid, and, on account of differences

in solubility of these double salts, the process of purification is

rendered more easy. The chlorid of the base is obtained by

removing' the metallic base with hydrogen sulphid, while the

picrate is taken up with water, acidified with hydrochloric

acid, and repeatedlv extracted with ether, in order to remove

the picric acid.
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The Methods of Gautier and Etard.—The putrid

matters, liquid and solid, are distilled at a low temperature in

vacuo. The distillate (A) contains a considerable quantity of

ammonium carbonate, some phenol, skatol, trimethylamin,

and the volatile fatty acids. The residue after distillation is

treated in succession by ether and by alcohol.

The extraction with ether (B) separates the ptoma'ins and

some fatty acids. The alcoholic extract (C) removes the remain

der of the fatty acids, as well as the acid and neutral uitro-

genized bodies, almost all of which are crystallizable. The

insoluble residue is boiled with dilute hydrochloric acid, with

exclusion of air, finally evaporated to dryness, and the residue

again extracted with alcohol. This new alcoholic solution

(D) can be divided by acetate and subacetate of lead into two

principal portions.

By operating in this manner the complex products of putre

faction are readily separated into four portions.

Gautier has also employed the following method: The

putrid liquids, after the removal of fats, are feebly acidified

with very dilute sulphuric acid, then distilled in vacuo at a

low temperature. The distillate contains ammonia, phenol,

indol, and skatol. The syrupy residue, separated from any

crystals which may have formed, is rendered alkaline with

baryta, filtered, and extracted a great number of times with

chloroform, in order to dissolve the bases. The solution is

distilled at a low temperature, either in vacuo or in a current

of carbonic acid. The contents of the retort, on being treated

with water and tartaric acid, separate into a brown resin and

a liquid portion. The latter is removed and treated with a

dilute solution of potash, when it gives off the wlor of carbyl-

amin, which was discovered by Gautier in 1800, and which,

according to Calmel, is a constituent of the venom of toads.

The alkali also sets free the bases, which are removed by ex

traction with ether, and the ether evaporated in a current of

carbonic acid gas under slight pressure, then under a lie11-jar

over caustic potash. The bases may be separated by fractional
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precipitation with platinum ehlorid, or, if present in sufficient

quantity, by distillation in vacuo.

Gautier has in some instances modified his method as fol

lows : The alkaline putrid liquid is treated with oxalic acid

(instead of sulphuric acid) to free acidulation and as long as

the fatty acids continue to separate. The liquid is then

warmed and distilled as long as a turbid fluid passes over.

Pyrrol, skatol, phenol, indol, volatile fatty acids, and some of

the ammonia pass over. The portion which remains in the

retort is rendered alkaline with lime-water. The precipitate

which forms, and which contains the greater part of the fixed

fatty acids, is removed. The liquid portion, which is alka

line, is distilled to dryness, care being taken to receive the

distillate in very dilute sulphuric acid. The bases and am

monia pass over. The distillate is neutralized (with sulphuric

acid) and evaporated almost to dryness, then decanted from

ammonium sulphate, which crystallizes. The mother-liquor

is extracted with concentrated alcohol, which dissolves the

sulphates of the ptoma'ins. After driving off the alcohol the

residue is rendered alkaline with caustic soda, and successively

extracted with ether, petroleum-ether, and chloroform.

The lime-precipitate is dried and extracted with ether of

thirty-six degrees, which removes any fixed bases that may

be present.

Remarks upon the Methods.—The fundamental differ

ence between the Stas-Otto and the Dragendorff methods

consists in the fact that in the former the first extraction is

made with a dilute solution of an organic acid (tartaric

usually), while in the second a similar solution of a mineral

acid (sulphuric) is employed. In their various modified

forms any solvent may be used for separating the alkaloid

from the other constituents of the original solution. There

fore, the question has been asked, Which is the more suitable

acid for use in making the first solution? The answer to this

question will also be the one to the question, Which is the

better method of extracting ptoma'ins, the Stas-Otto method
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or that of Dragendorff? The Italian chemists Guareschi

and Mosso have attempted to answer this question experi

mentally, and the evidence which they have furnished is

condemnatory of the method of Dragendorff. They show

that basic bodies are formed by the action of the dilute

sulphuric acid upon albuminous substances. As this point is

of vital importance to the investigator in this branch of

chemical science, we will give a brief abstract of the work of

Guareschi and Mosso:

One kilogram offresh meat was treated with dilute sulphuric

acid (in the proportion recommended in the Dragendorff

method) and alcohol. The dark solution after filtration was

made alkaline with ammonium hydrate and extracted with

ether. The ethereal solution gave on evaporation an oily

substance which had the odor of extracts obtained from putrid

fibrin. This substance, which was obtained in considerable

quantity, was soluble in water and strongly alkaline in reac

tion. After neutralization with hydrochloric acid, its aque

ous solutions gave the following alkaloidal tests:

1. With platinum chlorid, a yellowish-red precipitate,

insoluble in water, alcohol, and ether, and apparently iden

tical with the compound obtained from putrid fibrin with the

same reagent.

2. With gold chlorid, yellow precipitate, then reduction to

metallic gold.

.'5. With phosphomolybdic acid, a heavy, yellow precipi

tate, forming a blue solution on the addition of ammonium

hydrate.

4. With phosphotungstic acid, a white precipitate.

5. With Mayer's reagent, a heavy, whitish precipitate.

<i. With picric acid, white precipitate, instantly.

7. With iodiu in potassium iodid solution, a heavy kermes-

red precipitate.

8. With tannic acid, white precipitate.

!t. With mercuric chlorid, white, amorphous precipitate.

10. With Marnie's reagent, heavy precipitate.

11. With potassium ferricyanid, no precipitate, but a
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cloudiness, with a formation of Prussian-blue on the addition

of ferric chlorid.

The same quantity of this meat was also treated by the

Pta-s-Otto method. The alcoholic extract was evaporated

on the water-bath, and not in vacuo. The acid was neutral

ized with sodium bicarbonate. The ether-extract gave on

evaporation a faintly yellow residue, of not unpleasant odor

and feebly alkaline reaction. After neutralization with

hydrochloric acid, it was only slightly soluble in water. The

pale yellow filtrate gave no precipitate with Nos. 1, 2, 8, 9,

and 10 of the above-mentioned reagents, but gave a slight

turbidity with Nos. 3, 4, 5, 0, and 7, and with 11 formed

Prussian-blue.

GuaKEschi and Mosso conclude from this and other ex

periments that the DragendorrT method is not suitable for

the extraction of ptomains, and they recommend the employ

ment of the Stas-Otto method with these conditions: (1) no

more acid should be added than is absolutely necessary to keep

the reaction acid ; (2) the heat used in evaporation should not

be great, and it is better that evaporation should be made in

vacuo. In this way. they say, no ptomain will be obtained

from fresh tissue.

The same investigators extracted fresh flesh without the

addition of any acid. Thirty kilograms of perfectly fresh

meat were digested for two hours at from 50° to 00° with

about one and one-half volumes of water. The fluids of the

meat contained enough acid to give to the whole of this solu

tion an acid reaction. It was evaporated to half its volume

on the water-bath, filtered, and evaporated still further. The

small residue was taken up with about four volumes of 90 per

cent. alcohol. The reddish, alcoholic solution left on evapora

tion on the water-bath a brownish residue, which was disT

solved in water and extracted with ether (A), then the solu

tion was made alkaline with ammonium hydrate and again

extracted with ether (B).

A gave on evaporation and cooling crystals of methyl-

hydantoin. while the mother-liquor contained acetic acid.



274 BACTERIAL POISONS.

B also yielded crystals of methyl-hydantoin, while the

mother-liquor gave alkaloidal reactions with most of the gen

eral alkaloidal reagents, none with platinum ehlorid. Methyl-

hydantoin does not give these reactions.

Marino-Zuco has made many comparative tests with these

two methods. He ascertained that by treating fresh eggs,

brain, liver, spleen, kidney, lungs, heart, and blood by either

of the methods, he could obtain a substance which gave alka

loidal reactions, and which he demonstrated to be cholin.

His experiments led him to believe that cholin did not exist

preformed in these fresh tissues, but that it resulted from the

action of the dilute acids upon lecithin. It was found most

abundantly in those tissues which are rich in lecithin, such as

the yolks of eggs, brain, liver, and blood ; while only traces

could be obtained from the whites of eggs, lungs, and heart.

The method of Drageudorff was found to furnish much

larger quantities of cholin than could be obtained by the

Stas-Otto method.

Coppola agrees with his countrymen, mentioned above, in

condemning the method of Dragendortf.

Enough has been said to show that results obtained by

the Stas-Otto method are much more reliable than those

secured by the method of Dragendortf. However, the former

is not a perfect method, nor has a perfect one yet been devised.

The principal difficulties met with in the Stas-Otto method

are as follows:

1. -In most instances the extraction of the base is very

incomplete. 2. The degree to which the putrefactive alkaloid

is removed by the solvent will depend very largely upon the

nature of the other substances present. This fact in some

cases aids and in others hinders the labors of the investi

gator. Thus, several ptomains, which when pure are wholly

insoluble in ether, may be removed, in part at least, from

organic mixtures by this solvent by passing into the solution

along with other substances; but if the attempt is made to

purify one of these bases by repeated solution and extraction

with ether, the result is a failure, because the more perfectly
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the alkaloid is freed from impurities, the less soluble it is in

ether. This criticism, however, is equally applicable to the

Drageudorti' method, and to all others in so far as extrac

tions are made.

However, we may state that whenever it is applicable this

method is the best now employed. By it the substances are

submitted to the least chemical manipulation, and the results

obtained are the most reliable. Many of the more complex

putrefactive products are so easily decomposed or otherwise

altered that the investigator should seek to isolate them by

the simplest methods possible. If it can be done without the

addition of any acid or without the application of heat, so

much the better.

Especially is the modification of this method employed by

MarinoZuco, and already described, to be commended.

By his method Briicger has discovered a considerable

number of basic bodies, and has given great impetus to the

study of the chemistry of putrefaction. The method is capa

ble of a great many modifications. As long ago as 1868,

Bergmann and Schmiedeberg employed precipitation with

metallic salts in order to obtain sepsin from putrid yeast. The

method used by them was as follows : Putrid yeast was dif

fused through parchment-paper; the diff'usate was acidified

with hydrochloric acid, and treated with mercuric chlorid

solution until a heavy cloudiness and, after some time, a slight

precipitate formed. This was removed by filtration ; the fil

trate was rendered strongly alkaline with sodium carbonate,

and then further treated with a solution of mercuric chlorid

as long as a precipitate formed. This precipitate was collected

on a filter, washed, suspended in a little acidified water, and

decomposed with hydrogen sulphid. The precipitate was re

moved, tbe free hydrochloric acid in the filtrate taken up with

silver carbonate, and the excess of silver removed with hydro

gen sulphid. The filtrate was evaporated to dryness; the

residue dissolved in alcohol (a part remaining insoluble), and

acidified with sulphuric acid, when a colorless or slightly yel
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low crystalline precipitate formed. The crystalline sepsiu

sulphate was purified by solution in water and precipitation

with alcohol.

Brieger has obtained some of his bases by a much simpli

fied modification of his complete method, which we have given

in full. For instance, in obtaining neuridin, he treated the

aqueous extract of the putrid material, after boiling and fil

tration, with mercuric chlorid, collected the precipitate, de

composed it with hydrogen sulphid, evaporated the filtrate on

the water-bath, and extracted the base from the residue with

dilute alcohol.

By this method and its modifications Brieger has obtained

many brilliant results, among which may be mentioned his

discovery of mytilotoxin, typhotoxin, and tetanin. However,

the method is not free from criticism. The great number of

chemical manipulations to which the organic matter is sub

jected is liable to lead to the formation of some basic substances

and to the destruction of others. One is justified in consider

ing the isolated base a.« pre-existing in the original material

only when it produces symptoms identical with those caused

by the substance from which it is extracted. There can be

no doubt that by this method many ptomams would be de

composed. With it Ehrenberg obtained from poisonous

sausage only inert bases, and tyrotoxicon, the ptomain of

poisonous cheese, is decomposed both by heat and the hydro

gen sulphid employed. The origin of the ptomains possessing

a muscarine-like action discovered by Brieger has been ques

tioned by Oram, who states that when the lactate of cholin,

an inert substance which is widely distributed both in plants

and animals, is heated, it is converted into a poison with such

an action. This, however, has been effectually disproven, as

will bo seen in a subsequent chapter.



CHAPTER X.

METhODS OF ISOLATING THE TOXINS.

Hankin employed the following process in preparing his

anthrax-proteid :

" The cultures are made in 0.1 per cent. Liebig's extract of

meat solution, to which some fibrin is added. The Liebig's

extract is very difficult to sterilize, and must be heated for

two or three hours in the steam sterilizer on two or three suc

cessive days. The fibrin must be added only after this has

been done, and then the flask is re-sterilized by repeated heat

ing to boiling-point, for a short time only on each occasion.

If the fibrin were added at first, it would be decomposed by

the prolonged boiling. By the above method this only occurs

to a slight degree, a mere trace of pepton being present in the

sterilized culture-fluid. After sterilizing, this is inoculated

with the blood of an animal dead of anthrax, and kept at the

ordinary temperature. The anthrax forms a typical growth

on the masses of fibrin, and samples of the liquid removed on

successive days show a gradual increase in the strength of

their biuret-reaction. After about a week the liquid is filtered

and the albumose extracted. The reason for not keeping the

flask at a temperature of 37° is that the albumose is gradually

decomposed into pepton by the anthrax-ferment present, and

this change takes place more rapidly at the higher tempera

ture. For instance, I have found scarcely a trace of albumose

in a culture which had been kept at 37° for a week, and which

gave a strong biuret-reaction. The albumose is separated

from the culture-liquid thus prepared by saturation with am

monium sulphate. It is better to acidulate it slightly by add

ing a little acetic acid. The bulky precipitate of albumose

which then appears is filtered off, and the salt separated from

13
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it by dialysis. An excess of thymol must be added at this

stage to prevent putrefaction, or the dialysis can be carried on

in a current of water which is warmed to from 45° to 50°,

at which temperature the growth of microorganisms is inhib

ited. After dialyzing for twenty-four hours or more the

greater part of the salt will have vanished, and the albumose

will be found in solution in a considerable quantity of water

which will not have passed through the parchment. It is now

necessary merely to concentrate the solution and precipitate

the albumose by the addition of alcohol. In my earlier ex

periments this was accomplished by evaporating in vacuo at a

temperature of 45° to 48°. When at length the liquid has

been reduced to a few cubic centimetres it is poured into alco

hol, and the precipitated albumose is filtered oft', washed with

the same reagent (alcohol), and dried.

" Evaporating in vacuo is a long and tedious process, ami

it requires a somewhat complicated apparatus. When it is

used for pathogenic albumoses there is always a risk of the

temperature employed destroying or diminishing their physio

logical properties. Further, if the albumose is allowed to

evaporate to dryness, it may be difficult to make it pass into

solution again. To avoid these difficulties I have designed a

method of concentrating such solutions which is less objection

able. It depends on the principle that, if alcohol and water

are placed on opposite sides of a membrane, the water rapidly

dialyzes through to mix with the alcohol, while only traces of

alcohol pass through to mix with the water. Consequently, if

a watery solution of albumoses is dialyzed against alcohol, the

solution diminishes in bulk and is rapidly concentrated, owing

to the passage of the water through the membrane.

" My modu* operandi is to place the dilute albumose-solutioii

in a parchment sausage skin which is immersed in a foot-glass

full of methylated spirit. The spirit can be changed after

some hours if it is desired to prolong the process ; but this is

not usually necessary. In this way I "have been able to bring

400 c.c. of albumose-solution down to 100 c.c. in the course of

a single night, at the ordinary temperature, without risk to
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the albumose or trouble to myself. The concentrated solution

is then poured into absolute alcohol, which precipitates the

albumose and removes any impurities that might be derived

from the methylated spirit. This prolonged treatment with

alcohol will tend to remove any free ptoma'ms or other sub

stances soluble in alcohol. Peptons and salts present in the

culture-liquid remained for the most part in solution when

the albumose was precipitated with (NH4)3S04. No soluble

proteids (except traces of peptou) were present in the culture-

medium."

Marmter isolates the anthrax-toxin found in his culture-

fluid, mentioned on page 155, in the following manner: The

culture is filtered and saturated with ammonium sulphate at

ordinary temperature. After standing for some hours the

precipitated toxin is collected on a filter and washed with a

saturated solution of ammonium sulphate. The precipitate is

then dissolved in water, freed from ammonium sulphate by

dialysis, concentrated over sulphuric acid, precipitated with

strong alcohol, washed with absolute alcohol, and dried.

The toxins obtained by these methods are far from pure.

They are carried down mechanically by the precipitation of

the proteid with ammonium sulphate.

Brieger states that the toxin of the most virulent tetanus-

cultures is not precipitated by ammonium sulphate. He has

employed neutral lead acetate, 5 grams to 100 c.c. of the cul

ture. All the toxin is carried down in this precipitation.

The precipitate is then shaken with sodium sulphate, whereby

the tetanus-poison is set free.



CHAPTER XI.

THE IMPORTANCE OF BACTERIAL PRODUCTS TO THE

TOXICOLOGIST.

The presence iu the cadaver of substances which give not

only the general alkaloidal reactions, but respond to some of

the tests which have hitherto been considered characteristic of

individual vegetable alkaloids, must be of the greatest impor

tance to toxicologists. The possibility of mistaking putrefac

tive for vegetable alkaloids should always be borne in mind

by the chemist in making his medico-legal investigations. On

the other hand, as we have seen in preceding chapters, cases

of poisoning by ptomains sometimes terminate fatally, and in

such instances the chemist should not be satisfied with deter

mining the absence of mineral and vegetable poisons, but

should strive to detect in the food or in the dead body posi

tive evidence of the presence of the putrefactive alkaloid.

We will give a brief account of those cases in which putre

factive substances have been found to resemble in their reac

tions the vegetable alkaloids.

Coniin-like Substances.—The most celebrated case in

which a substance giving reactions similar to those of con i in

has been found was the Brandes-Krebs trial, which took place

in Braunschweig in 1874. From the undecomposed parts of

the body two chemists obtained, in addition to arsenic, an

alkaloid which they pronounced coniin. This substance was

referred to Otto for further examination. Otto reported

that the substance was neither coniin nor nicotin, nor any

vegetable alkaloid with which he was acquainted. Otto con

verted the substance into an oxalate, dissolved it in alcohol,

evaporated the alcohol, dissolved the residue in water, ren
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dered this solution alkaline with potash, then extracted the

base with petroleum-ether. On evaporation of the petroleum-

ether the alkaloid appeared as a bright-yellow oil, which had

a strong, unpleasant odor, quite different, however, from that

of coniin. It was strongly alkaline and had an intensely

bitter taste. At ordinary temperature it was volatile. From

its aqueous solution it was precipitated by the chlorids of gold,

platinum, and mercury. In these reactions it resembled nico-

tin, from which it differed in the double refractive and crystal

line character of its hydrochlorid. With an ethereal solution

of iodiu this substance did not give the Roussin-test for nico-

tin, but instead of the long ruby-red crystals there appeared

small, dark-green, needle-shaped crystals.

This substance was found to be highly poisonous. Seven

centigrams injected subcutaneously into a large frog produced

instantaneous death, and forty-four milligrams given to a

pigeon caused a similar result. On account of its poisonous

properties the jury of medical experts decided that the sub

stance was a vegetable alkaloid. Otto says that this deci

sion astounded the chemists.

Brouardel and Boutmv found in the body of a woman

who had died, after suffering, with ten other persons, from

choleraic symptoms from eating of a stuffed goose, a base

which gave the odor of coniin and the same reactions with

gold chlorid and iodin in potassium iodid, etc., as coniin.

The same base was found in the remainder of the goose. Rut

it did not give a red coloration with the vapor of hydro

chloric acid, and it did not form butyric acid on oxidation,

and, although it was poiconous, it did not produce in frogs the

symptoms of coniin-poisoning.

Selmi repeatedly found coniin-like substances in decom

posing animal tissue. By distilling an alcoholic extract from

a cadaver, acidifying the distillate with hydrochloric acid,

evaporating, treating the residue with barium hydrate and

ether, and allowing the ether to evaporate spontaneously, he

obtained a residue of volatile bases, the greater part of which

consisted of trimethylamin. After removing the trimcthy-

S*



282 BACTERIAL POISONS.

lamin the residue had the odor of the urine of the mouse.

Later, Selmi obtained au unmistakable coniin-odor from a

chloroform-extract of the viscera of a person who had been

buried six months, and in another case ten months after

burial. Two or three drops of an aqueous solution of the

alkaline residue of the chloroform-extract allowed to evaporate

on a glass plate gave off such a penetrating odor that Selmi

was compelled to withdraw from close proximity to the sub

stance. The odor imparted to his hands in testing the sub

stance with the general alkaloidal reagents remained for half

an hour. This volatile base seemed to be formed by the

spontaneous decomposition of other ptomains.

An aqueous solution of a ptomain obtained by Selmi by

extraction with ether, according to the Stas-Otto method,

from the undecomposed parts of a cadaver, had no marked

odor, but after being kept for a long time in a sealed tube, it

not only gave off a marked coniin-odor, but the vapor turned

red litmus-paper blue. Again, the sulphate of a ptomain

obtained from putrid egg-albumin, on standing, formed in two

layers, one of which was a golden-yellow liquid, which on

being treated with barium hydrate gave off ammonia, and

later the odor of coniin. Since butyric and acetic acids were

formed by the oxidation of this base, Selmi concluded that

he had real coniin or methylconiin, and that it was formed

bv the oxidation of certain fixed ptomains, or by the action

of different amido-bases on volatile fatty acids. Therefore

Selmi believed in the spontaneous origin of coniin or closely

allied bases in putrid matter, also in the existence of a

" cadaveric coniin."

The substance which was found by Sonnenschein in a

criminal trial in East Prussia, and which was believed by

that chemist to be the alkaloid of the water-hemlock (cicuta

virosa), is thought by Otto, Husemann, and others, to be

a cadaveric coniin. Otto says that the symptoms reported

in the case were not those of either coniin or cicuta. Son-

nenschein obtained the base six weeks after the exhumation

of the body, which had been buried three months. The bas*,
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had the odor of coniin, the taste of tobacco, gave with potas

sium bichromate and sulphuric acid the odor of butyric acid,

and behaved with reagents like coniin.

Husemann states that at present it is very difficult, if not

impossible, for the chemist to state with certainty that he has

detected true coniin in the dead body. The symptoms and

the post-mortem appearances must conform with those induced

by the vegetable alkaloid. The analysis must be made before

decomposition sets in, and the amount of the base found must

be sufficient for physiological experiments to he made with it.

A NlCOTin-LIKE SUBSTANCE.—WoLCKENHAar obtained

from the decomposed intestines of a woman, who had been

dead six weeks, by extraction with ether from an alkaline

solution, a base which bore a close resemblance to nicotin.

The base was fluid, at first yellow, but on being exposed to

the air brownish-yellow. It was strongly alkaline in reaction

and gave off an odor resembling nicotin, but stronger, not

ethereal, benumbing and similar to that of fresh poppy-

heads. It was soluble in all proportions in water, and the

solutions, which did not become cloudy on the application of

heat, did not taste bitter, but were slightly pungent. The

peculiar odor did not disappear on saturating the base with

oxalic acid. The hydrochlorid was yellow, like varnish, had

a strong odor, and became moist on exposure to the air.

Under the microscope it showed no crystals, differing in this

respect from nicotin hydrochlorid. It differed from nicotin

also in its reactions with potassio-bismuthic iodid, gold chlorid,

iodin solution, mercuric chlorid, and platinum chlorid. It

also failed to give the Roussin-test for nicotin. Moreover, it

could not be identified with trimethylamin, spartein, mcrcu-

rialin, lobelin, or other fluid and volatile bases.

The studies of Rorsch and Fassbender (page 33), ot

Schwanert (page 33), of Liebermann (page 3/i), and of

Selmi (page 36), have already been referred to in a preced

ing chapter.
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Strvchnin-like Substances.—In a criminal prosecution

at Verona, Ciotta obtained from the exhumed, but only

slightly decomposed body, an alkaloid which gave a crystal

line precipitate with iodin in hydriodic acid, a red coloration

with hydriodic acid, and a color-test similar to that of strych

nin with sulphuric acid and potassium bichromate, and with

other oxidizing agents. This substance was strongly poison

ous, but did not produce the tetanic convulsions which are

characteristic of strychnin. Ciotta pronounced this sub

stance as probably identical with strychnin. Portions of the

body were subsequently submitted to Selmi for his opinion.

Selmi found that the substance which gave the color-reaction

was not crystalline, and that there was only " the presumption

of a bitter taste to it," while one part of strychnin in 40,000

parts of water is intensely bitter. Selmi also held that many

ptoma'ins give reactions similar to strychnin with iodin in

hydriodic acid and with hydriodic acid. He also held that its

physiological properties were such that it could not be strych

nin. This substance could hardly have been aspidospermin,

which reacts with sulphuric acid and potassium bichromate

similarly to strychnin, because quebracho-bark, in which this

alkaloid is found, was not at that time used as a medicine or

known in Italy.

Ptoma'ins giving reactions similar to those of strychnin, and

also causing tetanic spasms, have been found in Italy in de

composed corn-meal. Selmi obtained one of these suhstances,

but found that it differed from strychnin inasmuch as it could

not be extracted with ether.

Lomrroso has named the poisonous substance found in de

composed corn-meal pellagroeein, but this is really a mixture

of ptoma'ins, some of which produce narcosis and paralysis,

and others produce the symptoms of nicotin-poisoning instead

of the spasms caused by strychnin.

A Morphin-like Substance.—In the Sonzogna trial, at

Cremona, Italy, the experts seem to have confounded a pto-

main with morphin. This substance was not removed from
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either alkaline or acid solutions with ether, but could be ex

tracted with amy licalcohol. It reduced iodic acid, but in its

other reactions, as well as in its physiological properties, it

bore no resemblance to morphin. In frogs it arrested the

heart in systole, which is said never to happen in poisoning

with morphin. It failed to give both the ferric chlorid and

the Pellagri test for morphin.

In the same body there was found a substance which was

extracted from alkaline solutions with ether, and which gave,

with hydrochloric acid and a few drops of sulphuric acid, on

the application of heat, a reddish residue similar to that

obtained by the same reagents with codein, but in its other

reactions it did not resemble this alkaloid.

Many of the tests for morphin employed by toxicologists

are fallacious. In the examination of a stomach, and part of

a liver, sent from Lincoln, Neb., Vauohan, following the

method of Dragendorff, obtained in the amylic alcohol ex

tract from alkaline solution a residue that gave with more

or less distinctness all of the principal color-tests for morphin ;

but failing to obtain crystals that could be identified as those

of this alkaloid, the absence of morphin was reported.

Haines, working with the same material, obtained similar

reactions, but he also was unable to secure the crystals, and

made a negative report. Afterward, it was quite positively

shown that death had been caused in this case by a blow on

the back of the head with a heavy piece of iron.

In the Buchanan case in New York, the symptoms as

sworn to by the attending physician clearly were not those ot

morphin, and all the tests obtained by the experts were dupli

cated with putrefactive products.

These cases induced Vaughan to make some experimental

studies, which are reported in Hamilton's System of Legn

Medicine as follows :

The above-mentioned facts induced the writer to undertake

some experimental studies upon this point. In this work the

author has been greatly aided by one of his students E. M.

Houghton. The results which we obtained are sufficient to

13*
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convince us that the identification of morphin in the liver

and other organs in cases of suspected poisoning is beset with

difficulties not provided for by the methods now generally

employed.

Since the substances which vitiate the morphin-tests are of

bacterial origin, and since bacterial products vary with the

conditions under which the germs producing them grow, it is

essential that the putrefactive changes which the tissue under

goes before the tests are begun should occur under those con

ditions, as nearly as possible, which exist in the cadaver.

Neglect of this point has undoubtedly been the chief factor

in securing the confidence of toxicologists, generally in the

methods of Dragendorff and Stas-Otto. Many most skil

ful chemists have carried companion-portions of decom

posed tissue, one portion with, and the other without morphin,

through the process of extraction recommended by Dragen

dorff, and have obtained satisfactory results, finding that

the proper residue responds to the color-tests in the one

instance, and fails to do so in the other. Tissues have been

thus tested in apparently every stage of putrefaction, and yet

the results have been satisfactory and confirmatory of the

methods now generally employed. There is one point, how

ever, which has been constantly overlooked. The putrefaction

to which the tissues in these experiments are subjected has

been aerobic, while that occurring in the dead body is an

aerobic; consequently the putrefactive products are not the

same in the two cases. This leads us to state that in all ex

perimental studies of the value of the tests for morphin in

decomposing tissue, the decomposition must be allowed to

proceed in the absence of oxygen. This is the first point.

The second is probably of equal importance, and this con

cerns the kind of tissue employed. The upixT portion of the

small intestine (and the adjacent tissue after death) has a

bacterial flora peculiar to itself. These tissues are the ones

quite universally examined in medico-legal cases, and consist

of the small intestine itself, the stomach, the liver, the pan

creas, the spleen, and, in some instances, the kidneys. Of
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course, the bacteria present in the small intestine during life

may after death extend to all the abdominal and thoracic

viscera. Since the liver is so generally examined, we decided

to ascertain the effects, if any, of the putrefactive products

formed in this organ, decomposing under anaerobic conditions,

on the tests for morphin carried out according to the scheme

of Dragendorff. Recognizing the fact that arsenic is so fre

quently employed in the form of an embalming-fluid, it was

thought best to add this to the liver. The experiment is

detailed in the following statement :

Five kilograms of ox-liver chopped finely and mixed with

two grams of arsenic dissolved in caustic potash were placed

in a large bottle. The bottle was closed with a cork and

sealed with paraffin. A glass-tube bent at a right-angle was

inserted in the centre of the cork, while the other end of the

tube was connected by means of a short piece of rubber-tubing

with a Drechsel wash-bottle. The other arm of the wash-

bottle was connected with a receiver filled with water. The

rubber connecting the large bottle with the wash-bottle was

supplied with a clamp.

During the first fifteen or twenty days this clamp was left

open, and a large amount of gas passed through the wash-

bottle and collected in the receiver. After the above-men

tioned time, which varies according to temperature, the passage

of gas ceases, and the water rises in the receiver, absorbing

the collected gas. When this occurred the bottle containing

the tissue and the wash-bottle were disconnected, and the

clamp on the rubber-tubing was closed. By this time the

chopped liver has become sufficiently fluid to absorb the gas

as fast as it is formed, and unless the bottles are disconnected

the water in the wash-bottle may be drawn back into the large

bottle.

The fermentation was allowed to continue for thirty days,

counting from the beginning. Then the contents of the bottle,

decidedly acid in reaction, and giving off a not disagreeable

ethereal odor, were poured into a large dish. A considerable

portion of the tissue had become fluid by this time.
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One kilogram of this decomposed tissue was placed in each

of three evaporating-dishes, and these were marked A, B,

and C. To B, 130 milligrams of morphin sulphate were

added, and to C the same amount of morphin, together with

0.5 gram of indol, skatol, and phenol. No addition was

made to A. These portions were carried through the manip

ulations recommended by Dragendorff (Die gerichtlkh-

chemiache Ermittelung von Oiften, dritte Auflage, 1888).

To each 100 c.c. of the fluid 5 c.c.of dilute (1 : 5 sulphuric)

acid were added. Then 500 c.c. of distilled water were added

to each dish, and these were kept at from 40° to 50° for

eight horn's.

Next, each portion was filtered through a plaited filter

(No. 572 of Schleicher & Schull). The fluid passed through

quickly, and formed a clear, brownish filtrate. The filtrates

were evaporated at 50° to 600 c.c., and four volumes of

absolute alcohol were added to each portion. These mixtures

were allowed to stand for twelve hours, and in each a brown

resinous precipitate formed. After filtration the alcohol was

removed by distillation. A fatty-like residue formed in each

flask on the removal of the alcohol, and this was removed by

filtration.

The acid solutions were then thoroughly shaken, each with

four volumes of petroleum-ether. The ethereal layers, when

drawn off and evaporated in portions, left very slight residue.

The residues from A and B gave no reaction on the applica

tion of the color-tests for morphin mentioned below.

The residue from C showed minute traces of indol with

nitric acid alone, and with sulphuric acid containing nitric.

The acid solutions were next shaken with benzol. The

benzol-residues gave no response to the morphin-tests.

Chloroform was then applied as a solvent. The residue in

this case gave none of the reactions.

The acid solutions were now rendered alkaline with ammo

nium hydrate, and shaken successively with petroleum-ether,

benzol, and chloroform. None of the residues from these sol

vents responded to the morphin-test.
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The alkaline solutions, having been subjected to the above-

mentioned processes of purification, were shaken, each with

five volumes of amylic alcohol. The shaking was frequently

repeated during the afternoon, and then the mixtures were

placed in separators and allowed to stand for eighteen hours.

The amylic alcohol extracts (A, B, C) evaporated on the

water-bath gave the following reactions :

Keagents. A, B, C.

Nitric acid All gave a lemon-brown color.

Sulphuric acid .... None showed any change.

Sulphuric with nitric acid . All gave a lemon-yellow, slowly chang

ing to a pink.

Ferric chlorid .... All gave a dirty green.

Iodic acid All promptly reduced the iodic acid.

Frtsbde's reagent . . . All gave a blue color, without any violet.

Sulphuric acid and cane-sugar. All became brownish-red, changing to a

wine-red.

Portions of the amylic alcohol extract allowed to evaporate

spontaneously showed the same reactions as those given above.

The remaining portions of the amylic alcohol solutions were

now shaken with distilled water acidified with sulphuric acid.

After separation, portions of the amylic alcohol were evapor

ated and subjected to the above-mentioned tests, with negative

results in each case. This shows that amylic alcohol does not

dissolve from acid solutions the substance or substances inter

fering with the morphin-test.

The acid aqueous solutions of A, B, and C were again ren

dered alkaline with ammonium hydrate, and shaken with

amylic alcohol. The residues from these amylic alcohol ex

tracts were evaporated and subjected to the following tests :

Reagents. A, B, C.

Nitric acid All became lemon-yellow.

Sulphuric acid . . .No change in any.

Sulphuric acid with nitric acid. All became lemon-yellow.

Ferric chlorid .... All became bluish-green.

Iodic acid All promptly reduced iodic acid.

Frohde's reagent . . . All became blue, with a faint and eva

nescent purple in B and C.

Pellagri's reagent . . . All responded promptly.

The above-mentioned experiment, which has been repeated

with no variation in results, convinces us that the tests for
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morphin by following the scheme of Dragendorff are alto

gether untrustworthy. Naturally the question arises, "What

is the nature of the substance or substances which give these

color-reactions? Quite as naturally the answer that these

substances consist of indol and its derivatives suggests itself.

The probabilities in favor of this answer may be briefly stated

as follows :

1. Germs which produce iudol and its derivatives are native,

and, so far as we know, constant representatives of the bac

terial flora of the upper portion of the small intestine. There

are many indol-forming germs, and while some of these may

be present in any tissue, they are certainly present, in health

and in disease, during life and after death, in the small intes

tine.

'2. Indol and its derivatives are products of anaerobic putre

faction, and this accounts for the fact that the reactions which

we obtained are not familiar to those toxicologists who have

experimented with tissue allowed to putrefy in the presence of

oxygen. The apparatus which we used in our experimental

work is practically the same as that employed by E. and H.

Salkowski (Zeitxcln-ift f. phyaiologiiche Chemie, B. 8, S. 462)

in the preparation of indol. Moreover, in the preparation of

indol the same peculiarity in the evolution of gas is observed

as in our work.

It was on account of our belief that indol and its derivatives

had been in some instances mistaken for morphin that we were

led to add these substances to C in our experiment.

Wo have obtained several samples of indol and skatol, and

have compared the reactions obtained with these on the appli

cation of the color-tests for morphin.

The samples of indol may be briefly described as fol

lows :

No. 1 . Prepared by myself from decomposing pancreas. It

is a brown, granular substance, and is probably not chemically

pure. This fact, however, docs not unfit this sample for ex

periments on the point under consideration, because any im

purities which it may contain originated in the decomposing
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tissue, and may be present in the same substance obtained

from like tissue.

No. 2. Obtained from Merck. The order was simply for

" indol," without any specifications whether it should be syn

thetic or putrefactive. It is brownish-red in color.

No. 3. Obtained from Schuchardt and ordered as synthetic

indol, which it undoubtedly is. This sample is white and in

flakes.

No. 4. Obtained from Kahlbaum. Putrefactive indol was

ordered, and the label is simply " indol." This sample con

sists of white flakes.

These samples were submitted to the following tests :

Reagent. No. 1. No. 2. No. 3.

Nitric acid. Bluish-black with

violet border.

Reddish-brown. Reddish-brown.

Sulphuric acid. Yellowish-green. Brown. Greenish-yellow

Sulphuric acid

withnitricacid. Same as with ni

tric acid alone.

Ferric chlorid. No change at

first, but all be

come greenish-

blue.

Iodic acid. No reduction.

Fruhde's re Reddish, then Reddish, then Reddish, then

agent. dark blue. greenish-blue. greenish-blue.

Keagcnt. No. 4. Pure morphin

sulphate.

Nitric acid. Reddish-brown. Brownish - red,

passing into

Sulphuric acid. Brownish-red. lemon-yellow.

Faint yellow.

Sulphuric acid Brownish- red.

withnitricacid.

Ferric chlorid. Blue.

Iodic acid. Reduced.

Fruhde's re Reddish, then Purple, then blue.

gent. greenish-blue.

Two samples of skatol (No. 1 from Schuchardt and No. 2

from Kahlbaum) were compared with morphin with the fol

lowing results :
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Reagent No. 1. No. 2. Morphin sulphi

Nitric acid. All become lemon-

yellow.

Sulphuric acid. All become very

faintly yellow.

Sulphuric acid All become more

with nitricacid. of a red than

with nitric acid

alone.

Ferric chlorid. No change. No change. Blue.

Kruhde'6 re Green to.blue. Green to blue. Purple to blue.

agent.

Iodic acid. All promptly re

duce the acid.

While it would be comparatively easy to distinguish pure

morphin from either indol or skatol, it must be admitted,

from the results of the experiments already detailed, that the

separation of morphin from tissue, decomposing in the absence

of oxygen, and its identification, are, by the methods now gen

erally employed, so uncertain that the conscientious chemist

will seek for methods free from these sources of error before

he gives positive testimony of the presence of this alkaloid.

I have spoken of indol and its derivatives as being present

in the decomposing tissue, and it should be stated that the

number of known indol-derivatives is by no means small, and

how many others there may be which remain unknown, no

one can tell. Many of these substances give brilliant color-

reactions. Indol was first obtained by Baever by the re

duction of indigo. Later, Kuhne and Nencki independently

obtained indol with skatol by the putrefaction of albuminous

substances.

There has been some difference of opinion as to the identity

of the indol obtained by putrefaction and that which results

from the reduction of indigo. According to Baumann, neither

indol nor skatol originates directly from proteids, but both

arise from the decomposition of a substance soluble in ether

containing alcohol. Skatol is methyl indol.

Indoxyl is an easily decomposable substance, which gives

some striking color-reactions, among which may be mentioned

the production of indigo-blue with ferric chlorid in the pres

ence of free hydrochloric acid. Skatol-carbonic acid is another

product of putrefaction, E. and H. Salkowski having ob

-x
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tained 1.3 grams from 2 kilograms of moist fibrin after twenty-

six days' putrefaction. Among the known color- reactions of

this substance, Hoppe-Seyler mentions the following :

1. If a dilute solution of this acid (1 : 1000) be treated with

a few drops of pure hydrochloric acid of 1.2 specific gravity,

and then with a few drops of potassium nitrate solution (2 per

cent.), a cherry-red coloration is produced, and later a red pre

cipitate falls.

2. If such a solution be mixed with an equal volume of

hydrochloric acid, and then a few drops of chlorid of lime

solution (h per cent.) be added, a purple-red color is produced.

3. Treated with a few drops of hydrochloric acid, then with

two or three drops of a very dilute solution of ferric chlorid.

and heated, the mixture becomes intensely violet before boiling,

Skatol-carbonic acid is non-volatile.

Skatol acetic acid has been obtained by Nencki by the

anaerobic putrefaction of serum-albumin. The aqueous solu

tions of this substance give with ferric chlorid a white cloudi

ness, which on warming becomes a brick-red, and in more

concentrated solution fire-red.

Both indigo-red and indigo-blue may be formed by the oxi

dation of indol.

Knowing now that indol and its derivatives are formed in

anaerobic putrefaction, and that in Dragendorff's scheme

for the separation and identification of vegetable alkaloids

these substances appear in the residues which are tested for

morphin, and knowing the great number and variety of color-

reactions given by these substances, it may be asked how much

reliance can be placed on the color-tests for morphin ?

Besides the indol-bodies, certain other substances are formed

in the anaerobic putrefaction of proteid substances. Among

these are certain aromatic products of the putrefaction of tyro-

sin. The following may be mentioned :

1 . Hydroparacumaric acid (para-oxyphenvl-propionic acid).

This substance gives with ferric chlorid a distinct, but eva

nescent, blue coloration.

2. Para-oxyphenyl-acetic acid. This substance gives with

/^
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ferric chlorid a pale grayish-violet, which soon changes to a

dirty green color.

Among other products of the anaerobic putrefaction of pro-

teids phenol and parakresol may be mentioned.

Phenol gives with ferric chlorid a violet color.

Parakresol gives with ferric chlorid a blue coloration.

With the above-mentioned substances in a decomposing

liver, and knowing that some of them at least are present in

the amylic alcohol residue, following the process of Drageu-

dorff, how much reliance, may again be asked, can be placed

on the color. reactions of morphin? The conscientious chemist

who swears that he will tell the truth, the whole truth, and

nothing but the truth, may answer this question.

Atropin-like Substances.—Many investigators have

found products of putrefaction which in their mydriatic pro

perties resemble atropin and hyoscyamin. To this class

belongs the substance observed by Zuelzer and Sonnen-

schein. It was removed from alkaline solutions by ether,

and formed microscopic crystals, an aqueous solution of

which, when applied to the conjunctiva, produced a mydri

atic effect, and, when administered internally, increased the

action of the heart and arrested the movements of the intes

tines. Moreover, with certain alkaloidal reagents, such as

platinum chlorid, it resembled atropin. But when heated

with sulphuric acid and oxidizing agents it did not give

the odor of blossoms (Heuss's test). However, Selmi found

ptomatropins which with sulphuric acid and oxidizing agents

did give the blossom -odor as distinctly as the vegetable

atropin. These putrefactive bases also developed this odor

spontaneously after standing for two or three days, and this

does not happen with atropin. The odor was produced with

the ptomatropins by nitric and sulphuric acids, both in the cold

and on the application of heat, while these acids in the cold

do not produce the odor with atropin.

I'tomatropins have been found in decomposing fish, corned

beef, putrid game, and poisonous sausage. It is not known
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whether there is only one or more of these poisons. The symp

toms often resemble those of belladonna poisoning very closely.

The throat becomes dry, the muscles of deglutition seem to be

paralyzed, the secretion of perspiration and saliva is arrested,

mydriasis may be marked, and there may be paralysis of

accommodation, ptosis, and strabismus. In some instances

delirium, and in others convulsions appear. The heart-beat

becomes rapid and weak. The tongue is coated, and in the

most dangerous cases constipation is obstinate. The general

weakness may be extreme, and the voice wholly lost. Sec

tion shows the pharynx swollen, hemorrhagic spots in the

oesophagus, stomach and intestines, cloudy swelling of the

solitary follicles, and Fever's patches and degeneration of the

heart-muscles. The brain, lungs, and kidneys are often

hypenemie.

Extracts of putrid material will often cause more or less

dilatation of the pupil in the lower animals when applied

locally. The writer was recently appointed as one of a com

mission of two to inquire into the tests obtained by an e.\pert

who had reported four grains of atropin in the stomach of a

man who had been dead for some weeks. The chief test

relied upon by the chemist was that an ounce of an extract

from the stomach dilated a cat's pupil about as much as a

solution of four grains of atropin sulphate did. It is needless

to comment on the validity of such evidence.

According to Giotto and Spica, some ptomatropins give

Vitali's reaction.

Digitalin-like Substances.—Elsewhere we have re

ferred to the discovery of a ptomain belonging to this class

byRorsCH andFasBENDer (see page 33). Trottarelli ob

tained a similar substance from the brain of a man in whose

abdominal viscera he could find no poison. The sulphate of

this base gave on evaporation an aromatic-smelling and

astringent-tasting residue. It became purple with sulphuric

acid only, and dark red with hydrochloric and sulphuric

acids. On frogs this ptomain showed no toxic effect.
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A Veratrin-like Substance.—Brouardel and

Boutmv obtained from a corpse which had lain in water for

eighteen months, and a large portion of which had changed

into adipocere, a ptoma'in resembling veratrin. It was re

moved from alkaline solutions by ether. On being heated

with sulphuric acid it became violet. With a mixture of

sulphuric acid and barium peroxide it became, in the cold,

brick-red ; and, on being heated, violet. With boiling

hydrochloric acid it took on a cherry-red coloration. How

ever, it differed from veratrin, inasmuch as it reduced ferric

salts instantly, and when injected into frogs subeutaneously it

did not induce in them the spasmodic muscular contractions

characteristic of veratrin.

Bechamp obtained by the Stas-Otto method from the

products of the pancreatic digestion of fibrin an alkaloidal

body which gave with sulphuric acid a beautiful carmin-red,

similar to that given with gastric juice, and again extracting,

he obtained a body which behaved with sulphuric acid

similarly to curarin.

A Delphinin-like Substance.—In 1870 General Gib-

bone, an Italian of prominence, died suddenly. His servant

was accused of having poisoned him. Two chemists of some

reputation reported the presence of delphinin in the viscera.

It seemed somewhat improbable that the servant should

know anything of so rare a substance, or that he should have

liecn able to obtain it. However, two or more varieties of

staphisagria grow in Southern Italy, and it was possible that

the servant had used some preparation made by himself from

the plant. The supposed alkaloid was given to Selmi, of

Bologna, for further study. It was removed from alkaline

solutions by ether. When heated with phosphoric acid it

became red, and when brought in contact with concentrated

sulphuric acid, reddish-brown. In these tests the substance re

sembled delphinin but with sulphuric acid and bromin-water,

also with Frohde's reagent, the colorations characteristic of the

vegetable poison failed to appear. Moreover, Selmi showed
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that delphinin gave the following reactions to which the sus

pected substance did not respond : 1. Delphinin dissolved in

ether, and treated with a freshly prepared ethereal solution

of platinic chlorid, gave a white, flocculent precipitate, which

was insoluble in an equal volume of absolute alcohol. 2. Del

phinin gave precipitates with auro-sodium hyposulphite, and

with a sulphuric acid solution of cupro-sodium hyposulphite,

the latter precipitate being soluble in an excess of the

reagent.

Finally, Ciaccia and Vella showed that while delphinin

arrests the heart of the frog in diastole, the suspected sub

stance arrests it in systole.

A Colchicin-like Substance.—Baumert found in a

case of suspected poisoning, twenty-two months after death,

a substance which gave many of the reactions for colchicin.

It was extracted from acid solutions with ether, to which it

imparted a yellow color. On evaporation of the ether a

vellow, amorphous substance remained, and this dissolved in

warm water with yellow coloration. It could be extracted

from acid solutions also by chloroform, benzol, and amylic

alcohol, but not by petroleum-ether. It was removed with

much more difficulty from alkaline solutions.

All the extracts were yellow, and left on evaporation a

feebly alkaline, markedly bitter, sharp-tasting, amorphous

yellow residue, which dissolved in water and dilute acids in

completely, forming a resin. When this resin was dissolved

in dilute sodium hydrate, and the solution rendered acid by

sulphuric acid, the same reactions were obtained as with the

original extract.

With phosphomolybdic acid, phosphotungstic acid, potassio-

bismuthic iodid, potassio-mercuric iodid, iodin in potassium

iodid, tannic acid, and gold chlorid, this substance gave the

same reactions which were obtained by parallel experiments

with genuine colchicin ; thus, the tannic acid precipitates were

both soluble in alcohol, and the precipitates with phospho-

S
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molybdic acid in both cases became blue on the addition of

ammonium hvdrate.

Concentrated sulphuric and dilute nitric and hydrochloric

acids dissolved the supposed colchicin with yellow coloration.

Strong nitric acid (1.4 sp. gr.) colored the substance dirty red,

scarcely to be called a violet. When the substance was puri

fied as much as possible, this color became a beautiful carmin-

red. The addition of water changed the red into yellow, and

caustic soda produced a dark, dirty orange.

In general, in the above-mentioned reactions, the putrefac

tive product agreed with the real colchicin, but the former

gave precipitates with picric acid and platinum chlorid, while

the latter gave no precipitates with these reagents.

In lHK0, Zeisel proposed the following test for colchicin:

When a hydrochloric acid solution of the alkaloid is boiled

with ferric chlorid, it becomes green, sometimes dark-green

and cloudy. Now, if the fluid be agitated with chloroform,

the chloroform will sink, taking up the coloring matter, and

appearing brownish, granite-red, or dark, and the supernatant

fluid clears up without becoming wholly colorless.

Baumert applied his test to both colchicin and the putre

factive product. To from two to five cubic centimetres of the

suspected solution in a test-tube, he added from five to ten

drops of strong hydrochloric acid and from four to six drops

of a ten per cent. solution of ferric chlorid, then heated the

mixture directly over a small flame until it was evaix1niti-1l

to half its volume or less. In the presence of one milligram of

colchicin the originally bright-yellow solution became gradu

ally olive-green, and, on further concentration, dark-green

and cloudy. Then, on shaking the fluid with chloroform,

admitting as much air as possible, the chloroform subsided,

having a ruby-red color if as much as two milligrams of col

chicin were present, and a bright-yellow if only one milligram,

and the supernatant fluid became of a beautiful olive-green.

When ether, petroleum-ether, benzol, carbon disulphid, or

amylic alcohol was substituted for the chloroform, the colora

tion did not appear. From this Baumert infers that the red
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coloring matter is either soluble in chloroform only, or that it

is not formed until the chloroform is added.

Baumeet found this test of great value in deciding whether

or not the substance which he found was colchicin. The

putrefactive product did not respond to the test.

Some of this substance was sent to Brieger, who decided

that it was not a base, but a pepton-like substance. It was

also found to be inert physiologically.

Before these investigations were made by Baumert, Lie-

bermann had found the same or a similar colehicin-like sub

stance in the cadaver. His description differed from that of

Baumert only in regard to the taste of the substance, Lie-

bermann having failed to observe any marked taste in the

substance which he found, while, as has been stated, Baumert

reported a distinctly bitter taste.

A colchicin-like substance has been found in beer, and it

has been suggested that it was this which the above-mentioned

toxicologists found in the bodies which they examined, but

Lieberjiann states that the man whose body he examined

had been a total abstainer from beer.

Tamba compared the reactions of ptomains obtained from

putrid sausage with similar reactions of various alkaloids,

and then ascertained the effect upon the alkaloidal reactions

by mixing alkaloids with the ptoma'ins. Tamba's so-called

ptomains should be designated as extracts, and his results

should not be accepted as conclusive. They are given here

because they illustrate some of the difficulties met with in

detecting the vegetable poisons in the presence of putrefactive

products. They are as follows :

Morphin. Ptomains are colored yellow with nitric acid ;

reddish-yellow with concentrated sulphuric acid ; blue, violet,

then green with Frohde's reagent ; yellow when evaporated

with concentrated sulphuric acid, then treated with hydro

chloric acid and decomposed with sodium bicarbonate. The

ptomains reduce ferric chlorid, but not iodic acid. With sugar

and concentrated sulphuric acid, they give a yellow coloration.
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Many extracts from the stomach and liver in toxicological

examinations do reduce iodic acid promptly.

Mixtures of the ptomains and morphin give absolutely

characteristic reactions for morphin with sugar and sulphuric

acid, the violet coloration appearing distinctly ; and by

evaporation on the water-bath with sulphuric acid, addition

of hydrochloric acid and decomposition with sodium bicar

bonate, the violet coloring appears. Iodic acid is reduced

by morphin in the presence of ptomains, only when the

ptomams are present in minute quantity. (This statement is

not true of all extracts.)

The other reactions for morphin are not applicable in the

presence of ptomains.

Strychnin. — The characteristic color-reaction for this

alkaloid, with potassium bichromate and sulphuric acid, is not

affected by the presence of ptomains.1

Brucin.—The nitric acid reaction for brucin is not af

fected by ptomains. On the other hand, the reaction with

sulphuric and nitric acids, in which a red coloration is ob

tained, is scarcely visible in the presence of ptomains. The

action of mercuric nitrate and heat on brucin, by which a

violet coloration is produced, is not destroyed by the pres

ence of ptomains.

Veratrin.—The characteristic coloration 01 veratrin by

concentrated sulphuric acid is not influenced by ptomains.

The same is true of the cherry-red coloration with con

centrated hydrochloric acid. On the contrary, the action of

sugar and sulphuric acid on veratrin is without result in the

presence of ptomains.

Atropin.—The deep violet coloration produced by fuming

nitric acid, subsequent concentration, and the addition of

1 In contradiction to this, sec page 2*4.
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alcoholic potassium hydrate, is not affected by the presence

of ptomains. On the other hand, the characteristic odor

produced by the action of sulphuric a^id and heat on atropin

is scarcely recognizable when ptomains are present.

Narcein.—The blood-red color produced by concentrated

sulphuric acid fails in the presence of ptomains.

Colchicin.—Fuming nitric acid colors the ptomains red

dish-yellow, but the violet coloration of colchicin with nitric

acid appears in well-defined form, even in the presence of

ptomams. The other reactions for colchicin are valueless

when ptomains are present.

Codein.—The blue coloration of codein with concentrated

sulphuric acid holds good when ptomains are present. The

same is true of the reaction with sulphuric acid, heat,

and the subsequent addition of nitric acid. Frohde's re

agent fails with codein when mixed with ptomams, inasmuch

as the bluish coloration rapidly passes into a brown.

Aconitin.—Phosphoric acid and concentrated sulphuric

acid are without reaction on the alkaloid when mixed with

ptomains.

Picrotoxin.—The reducing action of picrotoxin on

alkaline copper sulphate solution is seriously affected by the

presence of ptomains. The same is true of other tests for

this poison.

Delphinin.—The reaction of delphinin with sulphuric

acid and bromin-water, as well as the one with FrOhde's

reagent, is so much influenced by the presence of ptomains

that the alkaloid cannot be recognized.

These results are to be accepted with caution, as it is not

reasonable to suppose that all ptomams will affect the

14
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test for the vegetable alkaloids in the same manner or to the

same degree. Moreover, there is no proof that Tamba worked

with pure ptoma'ins.

Tamba has also proposed to separate vegetable from putre

factive alkaloids by adding to ethereal solutions of mixtures

an equal volume of a saturated ethereal solution of oxalic

acid, and allowing to stand, when the oxalates of the vege

table alkaloids will separate in crystalline form, and the

oxalates of the ptoma'ins will remain in solution. In other

words, the oxalates of the vegetable alkaloids are insoluble in

ether, while the oxalates of the putrefactive alkaloids are

soluble in ether. But, in contradiction to this, Bocklish

states that the oxalate of cadaverin is insoluble in ether.

The most important work which the toxicologist is called

upon to do at present is to isolate and identify beyond all

question the bacterial poisons. This work has become im

portant on account of the frequent occurrence of poisoning

from articles of infected food.



CHAPTER XII.

CHEMISTRY OF THE PtoMAINS.

The basic substances described in the following pages are

arranged, as far as possible, in the regular natural order. An

inspection of the list of these bases will show the remarkable

fact of the predominancy of the amine type. Almost two-

thirds of the known ptoma'ins contain only C, H, and N, and

represent simple ammonia substitution-compounds. Of the

oxygenated bases, all of those whose constitution is known

possess the trimethylamin- molecule as their basic constituent,

and it is quite probable that most, if not all, of the remaining

ptoma'ins will be found to possess the same or a similar basic

nucleus.

It will be seen, furthermore, that a very large number of

the ptoma'ins described possess little or no toxic action, and

are, therefore, physiologically inert. It would seem, as

Brieger has already pointed out, that a certain quantity of

oxygen is necessary to the formation of poisonous bases. A

free supply of oxygen, on the other hand, invariably yields

non-toxic ptoma'ins. The poisonous bases begin to appear on

about the seventh day of putrefaction, and in turn disappear

if this is allowed to go on for a considerable period of time.

Methylamin, CH,.NH,.— This is the simplest organic

ba^e that is formed in the process of putrefaction. It is

ammonia in which one atom of hydrogen has been replaced

by the methyl radical. It occurs in herring-brine (Tollens,

1866; Bocklisch, 1885); in decomposing herring, twelve

days in spring (Bocklisch) ; in pike, six days in summer

(Bocklisch) ; in haddock, two months at a low temperature

(Bocklisch) ; in the fermentation of cholin chlorid (Hase
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brgek). Brieger has shown it to be present in cultures of

comma bacillus on beef-broth which were kept for six weeks

at 37°-38°. Ehrenberg reported its possible presence in

poisonous sausage, and obtained it by growing a bacillus

from this source on intestines (1887). In Brieger's method

methylamin is found in both the mercuric chlorid precipitate

and filtrate. The mercury double salt is readily soluble in

water, and can thus be separated from any accompanying

cadaverin or putrescin. Methylamin is an inflammable gas

of strong ammoniacal odor, and burning with a yellow flame.

It is readily soluble in water, and its solutions give reactions

similar to those of ammonia. Its saltsare, as a rule, also

soluble in both water and alcohol.

The Hydrochlorid, CH3NH, HCl, crystallizes in large

deliquescent plates. On being heated with alkali, it gives off

the odor of methylamin.

The Platinochlorid, (CH,.]STH5.HCl),PtCL, (Pt = 41.31

per cent.),1 yields hexagonal plates which usually occur heaped

up in several layers. It is soluble in about fifty parts of

water at ordinary temperature, and can be readily recrystallized

from hot water. It is insoluble in absolute alcohol aml in

ether.

The Aurochlorid, CH,.NH,..HCl.AuCl6 + H,0, forms

prisms, which are readily soluble in water. There is also a

readily soluble picrate.

Methylamin does not possess any toxic action, even when

given in fairly large doses. This physiological indifference is

shared by nearly all the monamins and diamins that have

been obtained among the products of putrefaction.

Dimethvlamin, (CHt),.NH, has been found in putrefying

gelatin, ten days at 35° (Brieger, 1885) ; in yeast decom

posing in covered vessels for four weeks during summer

(Brieger); in decomposing perch six days iu summer

1 Tbe percentages given in the following pages are calculated from Au= 196.64

(Kruss), Pt = 194.46 (Seubert), CI -= S5.37, O = 15.96.

L



CHEMISTRY OF THE PTOMAINS. 305

(Bocklisch) ; and iu herring-brine (Bocklisch, 1880). It

has been found in poisonous sausage, and in cultures of a

bacillus obtained from this source, on liver and intestines

(Ehrenbero, 1887). It is also formed together with tri-

methylamin, when neuridin hydrochlorid is distilled with

sodium hydrate (Brieoer, I., 23). It occurs in the mercuric

chlorid precipitate as well as filtrate. From cadaverin it

can be separated by platinum chlorid, since cadaverin platino-

chlorid is difficultly soluble in cold water, and recrystallizes

from hot water, whereas the dimethylamin double salt re

mains in the mother-liquor. In like manner it can be sepa

rated from neuridin. From cholin it can be isolated by re-

crystallizing the mercuric chlorid precipitate from hot water.

The free base is a gas at ordinary temperature, but can

be condensed to a liquid which boils at 8°-9°. The hydro

chloride, (CH,),.NH.HCl, crystallizes in needles, which de

liquesce on exposure to air and are soluble in absolute alcohol

(Brieoer, I., 56). It is insoluble in absolute alcohol (Bock

lisch), but soluble in chloroform (Behrend), and can then

be separated from methylamin hydrochlorid, which is insol

uble in chloroform.

The Platinochlorid, [(CH,),.NH.HCl],PtCl, (Pt =

39.00 iier cent.), crystallizes in long needles, which arc easily

soluble in hot water, less soluble in cold water. Sometimes it

forms orange-yellow plates or prisms, or else small needles.

The AuRocrilOriD, (CII.,)rNII.HCI.AuCl.„ forms needles

(Bocklisch), or large yellow monoclinic plates (Hjortdahl),

which are iasoluble in absolute alcohol.

Trimethylamin, C,H,N — (t,'FI,),N, has been known

for a long time to occur in animal and vegetable tissues.

Dessaiones showed its presence in loaves of Chenopodium

(1851), in the blood of calves (1857), and later in human

urine. It has been obtained from ergot (Secale cornutum) by

Walz (1852) and Brieoer (1886); from herring-brine by

Wertheim, Winkles, Tollens, and Bocklisch. In these

substances, with the exception of herring-brine, it probably
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does not exist pre-formed, but is rather a product of the method

employed for its isolation. In fact, Brieger has shown that

it does not exist in ergot, but is formed at the expense of the

cholin present, which, on distillation with potash, decomposes

and yields trimethylamin and glycol. Thus :

C.H,OH.N(CH,),.OH=N((;H3)5+C.H1(OH),.

It is also formed when betain and neuridin are distilled

with potash. It may have a similar origin in most of the

other cases, since cholin is now known to be widely dissemi

nated in plants and animals, either as such or as a constituent

of the more complex lecithin. Trimethylamin has been

found in the putrefaction of yeast (Hesse, 1857 ; Muller,

1858) ; in cheese after six weeks in midsummer (Brieger) ; in

human liver and spleen after from two to seven days (Brie-

ger) ; in perch after six days in midsummer (Bocklisch);

in mussel (Mytilus edulis) after sixteen days (Brieger) ; in

putrefying brains after from one to two months, and in fresh

brains (Guareschi and Mosso) ; in cultures of the strepto

coccus pyogenes on beef-broth, bouillon, meat-extract, and

blood-scrum; from cultures of the comma-bacillus (Brie

ger), and from cultures of proteus vulgaris (Carbone). It

has also been found in cod-liver oil. Ehrenberg (1887) re

ports its presence in considerable quantity in poisonous sau

sage, and in cultures of a bacillus, isolated from this, grown

on liver, intestines, and meat-bouillon. Stadthagen has

found it in normal urine; Kulneff in the feces of a case of

gastroptose.

Trimethylamin is found in both the mercuric chlorid pre

cipitate and filtrate. It remains in the mother-liquor from

which cadaverin, neuridin, and dimcthylamin platinochlorids

have crystallized. If an aqueous solution of mercuric chlorid

is used as the precipitant, the trimethylamin will be found

almost entirely in the filtrate, from which it can he obtained

ift>-,r removal of the mercury by evaporating the filtrate to

v4n*mt, extracting with alcohol, and treating the solution

'''VuimI with alcoholic platinum chlorid.

*
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The free base is a liquid possessing a strong, fish-like odor.

IUs boiling-point is 9.3°. It is strongly alkaline in reaction

and freely soluble in water.

The Hvdrochlorid, (CH,)3N.HCl, is deliquescent and

freely soluble in water and alcohol. Heated to 285° it decom

poses. With alkalis it gives off the odor of the free base.

The Platinochlorid, [(CH3)sN.HCl]sPtCl4 (Pt = 36.92

per cent.), is soluble in hot water, from which, on cooling, it

recrystallizes in orange-red octahedra or needles, which do

not lose water when heated at 100°-110° (Bocklisch).

The Aurochlorid, (CH3XN.HCl.AuCl4 (Au= 49.39 per

cent.), is easily soluble, and hence can be separated from

cholin aurochlorid, which is difficultly soluble. Similarly

this base can be separated from ammonia by the use of gold

chlorid.

Trimethylamin is not a strong poison, since very large

doses of it must be given in order to bring out any physio

logical disturbances.

Ethvlamin, C,H5.NH3, is formed in putrefying yeast

(Hesse, 1857); in wheat flour (Sullivan, 185M) ; and also

in the distillation of beat-sugar residues.

It is a strongly ammoniacal liquid boiling at 18.7° and is

miscible with water in every proportion. Like the other

amins, it is combustible. It possesses strong basic properties,

and is capable of expelling ammonia from its salts in a manner

analogous to the action of the fixed alkalis.

The Hydrochlorid, C,H5.NH3.HCl, forms deliquescent

plates, which melt at 76°-80°. It is readily soluble in water

and alcohol.

The Platinochlorid, (C1H5.NH,.HCl),PtCl4, forms

orange-yellow rhombohedra (Weltzien), or hexagonal-rhom-

bohedral crystals (Topsge).

The Aurochlorid, C,H5.NH,.HCl.AuCl„ forms gold-yel

low monoclinic prisms, readily soluble in water.

With picric acid it forms short brown prisms, not very solu

ble in water.
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Diethylamin, C4H„N = (C,H5\NH, has been obtained

by Bockijsch from pike which were allowed to putrefy for

six days in summer ; and by growing a bacillus obtained from

poisonous sausage on intestines and on meat-bouillon (Ehren-

berg, 1887).

It is an inflammable liquid which boils at 57.5°, possesses

strong basic properties, and is soluble in water.

The Hydrochlorid, (C,H5),NH.HCl, crystallizes in

needles (Bocklisch); in long needles and prisms from abso

lute alcohol ; in plates from ether-alcohol. These are not

deliquescent and are easily soluble in water and in chloro

form ; rather difficultly in absolute alcohol. Heated with

sodium hydrate it gives off alkaline vapors. From an alco

holic solution it is precipitated by addition of alcoholic mer

curic chlorid. The mercury double salt is difficultly soluble

in hot water, from which it recrvstallizes on cooling.

The Platinochlorid, [(C,H,\.NH.HCl],PtCl4, crystal

lizes in orange-yellow monocliuic crystals, which are easily

soluble in water.

The AuRochloRrd, (C,H5)3NH.HCl.AuCl3 (Au = 47.71

per cent.), forms trimetric crystals (Topsos), which are diffi

cultly soluble (Bocklisch). It melts at about 165°.

With picric acid it forms an easily soluble picrate (Lea).

Triethylamin, C,H15N = (C3H5),N, was obtained by

Brieger (188.5) from haddock which were exposed for five

days in an open vessel during summer. He obtained it by

distilling with potash, after removal of platinum by hydrogen

sulphid, the mother-liquor from which neuridin, the base

C.^H,N„ muscarin, and gadiuin had successively crystallized

(sec Gadinin). It has also been found by Bocklisch (1880)

in putrid pike, and by Ehrenberg (1887). The latter ob-

tained it from cultures of a bacillus, found in poisonous sau

sage, and grown on meat bouillon.

The free base is oily in character and possesses an ammo-

niacal odor. It is but slightly soluble in water, and boils at

89°-89.5°.
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The Platinochlorid, [(C,H5),N.HCl].PtClt (Pt=31.84

per cent.), crystallizes in needles which are readily soluble in

water.

With mercuric chlorid the aqueous solution gives no pre

cipitate.

With picric acid it yields yellow needles which are but

slightly soluble in cold water.

Propvlamin, C5H,.NH,, is isomeric with trimethylamin,

and can therefore be easily confounded with that base.

There are two propylamins possible represented by the

formulae CH,.CH,.CH,.NH, and (CH3),.CH.NH,. The

former, or the normal compound, boils at 47°-48°, whilst the

latter, or iso-propylamin, boils at 31.5°. Both are liquids

possessing an ammoniacal, fish-like odor. They form

crystalline salts ; the hydrochlorids melt respectively at

155°-158° and at 139.5°.

Iso-propylamin (?) has been found among the distillation-

products of the vinasse of beet-root molasses. Propylamin

has been obtained by Brieger (1887) from cultures of the

bacteria of human feces on gelatin. Schwanert has isolated

from the organs of a cadaver a basic substance which was

said to possess an odor similar to propylamin.

Butylamin, C4HUN, was obtained by Gautier and

Mourgues (1888) in cod-liver oil. It forms a colorless,

mobile, alkaline liquid, the boiliug point of which they found

to be 8G° at 700 mm. It absorbs carbonic acid from the

air and readily forms salts. The platinochlorid forms

golden-yellow plates which are quite soluble.

In animals it produces an increase in the function of the

skin and kidneys, and in large doses fatigue, stupor, and

vomiting.

Iso-amylamin, C5H1,N=(CH3),.CH.CH,.CH,.NH,, has

been obtained by Limpricht in the distillation ofhorn with pot

ash; it also occurs in the putrefaction ofyeast (Muller, Hesse,

14*
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1857); and in cod-liver oil (Gautier and Mourgdes)

1888), where it constitutes nearly one-third of the bases present.

It is a colorless, strongly alkaline liquid, possessing an

odor which is not disagreeable. At the ordinary pressure it

boils at 97°-98°.

The hydrochlorid forms deliquescent crystals, which have

a bitter, disagreeable taste. The platinochlorid crystallizes

in golden-yellow slender plates, which are very soluble in

boiling water. The base is, according to Gautier and

Mourgues, identical with that obtained by treating iso-

amylcarbimide with potash.

It is a very active poison, producing rigor, convulsions,

and death. Four milligrams produce death in a green

finch in three minutes.

Caproylamin (Hexylamin), C5H15N, has been found

to occur by Hesse (1857) in the putrefaction of yeast.

Hager isolated from some putrid material what he thought

to be a mixture of amylamin and caproylamin, and named

it septicin.

Hexylamin was found, in small quantity, in cod-liver oil,

by Gautier and Mourgues, and according to these authors

it resembles amylamin in its action, but is less toxic.

Tetanotoxin, C5H„N (?), was obtained by Brieger

(1880) as one of the products of the growth of the tetanus-

microbe on beef-broth or on brain-broth. It has also lieen

obtained by Kitasato and Wevl (1890) from pure cultures

of the tetanus-bacillus, kept eight days at 30°. For its isola

tion see Tetanin, and Tier. 19, 3120. It is tetanizing in

its action, produces first tremor, then paralysis and violent

convulsions. It forms an easily soluble gold double salt

which melts at 130°. The platinochlorid is difficultly solu

ble, and decomposes at 240°. The hydrochlorid is crystalline,

and is readily soluble in alcohol and in water. It melts at

alxmt 205°. From warm alcohol it crystallizes in flat,

pointed plates.
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Spasmotoxin, a base of as vet unknown composition, pro

duces in animals violent clonic and tonic convulsions. It

was obtained by Brieger (1**7; from cultures of the tetanus-

germ on beef-broth.

Another toxin was obtained by Briefer i 1887) in cultures

of the tetanus-microbe which produced complete tetanus, sali

vation, and tear-secretion. In its composition it is probably

a diamin. The platinochlorid forms plates which begin to

decompose at 240°. The hydrochlorid is very deliquescent.

Gold chlorid and picric acid form very soluble compounds.

Besides these three bases he isolated another toxic substance,

tetanin, and a base (see under Tetanin).

DihYDKOMJtidin, CiH,,^, was found in cod-liver oil by

Gautier and Movrgces (1888). It is the first known

hydrolutidin. It is a color less, somewhat oily, very alkaline

and caustic liquid, the odor of which is sharp, but somewhat

agreeable when dilute. It absorbs carbonic acid from the air,

darkens and thickens ; is feebly soluble in water, and boils

at 199° at 760 mm. pressure. The salts are bitter to the taste.

The hydrochlorid crystallizes in a confused mass of needles

or in plates. The nitrate reduces silver nitrate—a property

of all hydropyridin-bases (Hofmann). The sulphate forms

fine stellate deliquescent needles.

The platinochlorid is readily precipitated from concentrated

solutions as a canary-yellow precipitate. From warm solu

tions it crystallizes in lozenge-shaped plates which are often

imbricated. On boiling with water it loses hydrochloric acid

and forms ^C,HnNCl),PtCl„ which possesses a lighter color,

is more soluble than the normal salt, and crystallizes con

fusedly.

The aurochlorid crystallizes in needles which form fan or

lozenge-shaped masses. It is scarcely altered even in hot

water.

The Iodomethylate, C,HUN.CH3I, is obtained by mixing,

in the cold, the base and methyl iodid. The colorless com

pound thus obtained is soluble in water and in alcohol, and
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possesses a disagreeable, somewhat nauseating odor. Treated

with potash it yields a colorless, aromatic, very alkaline oil.

The base on oxidation with boiling potassium perman

ganate yields an acid, C,H,NO„ and from this fact the dis

coverers conclude that the base is a dihydro-dimethylpyridin,

C5H4(CH3XNH.

Physiological Action.—It is moderately poisonous. In small

doses it diminishes the general sensibility ; in larger doses it

produces trembling, especially of the head ; profound depres

sion alternating with periods of extreme excitement ; paralysis

of the posterior limbs, and death.

A Base, C6H„N, isomeric, but not identical, with aldehyde-

collidin, was obtained by Nencki as early as 1876, by allow

ing a mixture of 200 grams of pancreas and 600 grams of

gelatin in ten litres of water to putrefy for five days at 40°.

The method used by Nencki for its isolation is as follows :

The fluid mass was distilled with sulphuric acid, to drive off

the volatile acids, then rendered alkaline with barium hydrate,

and again distilled. The distillate was received in dilute

hydrochloric acid, and on evaporation gave a crystalline resi

due of ammonium chlorid, and of a salt which formed in

long rhombic plates. The latter were separated from the

ammonium salt by absolute alcohol. The free base was ob

tained from the salt by treating it with sodium hydrate, and

extracting the solution with ether.

This compound, as alreadv stated, is isomeric with collidin,

and also with O. he Coninck's base, with which it is possibly

identical. The latter, however, will be described separately.

The free base is oily in character, and possesses a peculiar,

not unpleasant odor. It readily absorbs carbonic acid gas

from the air, forming after a time a lamellar, crystalline mass

of the carbonate. The salt of this base on heating gives off

an oil which burns with a smoky flame, and possesses an odor

similar to that of xylol or cumol. Nencki was therefore at

first of the opinion that the ptomain was an aromatic base,

probably an isophenyl-ethylamiu of the following composition :

^V
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C6H5 — CH^-yjV1. He supposed that it was formed from

the putrefaction of tyrosin, according to the following equa

tion :

C,H1tNO,=C6H11N+C0,+0.

We know that tyrosin does split up, on being heated to 270°,

into carbonic acid and oxyphenyl-ethylamin, thus :

CH<CH,.CH,.NH1COOH = C.H<gipCH,NH,+CXi,

In 1883 Erlenmever and Lipp observed that phenyl-

a-amido-propionic acid (phenyl-alanin), on dry distillation,

decomposed with the formation, among other products, of a

base having the composition C6HUN. This base was found to

be identical with phenyl-ethylamin, C6H5.CH,.CH,.NH„ and

in its properties and composition it resembles Nencki's base.

Recently (1889), Nencki has taken up a similar view in re

gard to the nature of this base, and now regards it as possess

ing the formula just given—that it is phenyl-ethylamin. He

regards phenyl amido-propionic acid— one of the three aro

matic nuclei contained in the albumin-molecule—as the source

of this base. From the fact that phenyl « amido propionic

acid is a well-known putrefactive product, it would seem that

Nencki's base may arise either from the putrefactive decom

position of that acid, or from the splitting up of the acid as a

consequence of the method employed in isolating the base.

The latter would seem to be the most probable explanation of

the genesis of this base, inasmuch as Brieger, by using his

method for the isolation of i domains, has not been able to

obtain it from putrid gelatin.

The Platinochlorid, (C6HnN.HCl),PtCl4 (Pt=29.89

per cent.), is readily soluble in hot, and but slightly soluble in

cold water, and can be, therefore, recrystallized from water.

It forms beautiful flat needles. On dry heating it gives off

an oil which possesses an odor resembling very much that of

xylol or cumol, and burns with a smoky flame. This distin
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guishes Nencki's base from collidin, since the platinochlorid

of the latter does not show this behavior.

Nencki also obtained from putrid gelatin, under certain

ill-defined conditions, especially when no glycocoH was present,

a basic product which gave, with sulphuric acid, large lamellar

crystals. The free base forms a thick colorless syrup, possess

ing a nauseous, bitter taste. It did not become crystalline

even after standing some time. Unlike the base C6HnN, it is

not volatile, and is, therefore, obtained on evaporation of the

acidulated solution after previous removal of the volatile bases

by distillation with baryta.

A Base, C6H„N, isomer of collidin and of the preceding

base, with which it is possibly identical, was obtained by O.

de Comnck (1888) in the later stages of putrefaction of sea-

polyps (ponlpea marina). It forms a yellowish, rather mobile

liquid, possessing a strong benumbing (yireuae) odor, and is

but slightly soluble in water. It is soluble in methyl and

ethyl alcohol, ether and acetone. Its density is 0.9865. When

dried over potash it boils at 202° without undergoing decom

position. On exposure to the air it becomes brown, hydrates

rapidly, and the boiling point is then lowered. It has not

been noticed to absorb carbonic acid from the air. It resem

bles some of the bases obtained from Dippel's oil. The salt*

are in general less stable than those of the pyridin-bases, and

in this respect it approaches the dihydro-pyridin-bases.

The Hydrochlorid, 06H„N.H\'l, forms white or slightly

yellowish radiate masses which are deliquescent and very solu

ble in water. The hydrobromid, C6H„N.HBr, resembles it,

but is less deliquescent and a trifle less soluble in cold water.

The Platinochlorid, (C,H„N.HCl),PtCl4, is a dark

orange-colored powder, which is insoluble, or almost so, in

cold water, and is a rather stable compound. Boiling water

and water at 80° decompose it into hydrochloric acid and

(C6HnNCl),PtCl„ which is a light-brown powder, insoluble in

cold, scarcely so in hot water.

The Ai'RochloRid, CaH1IN.H('l.AuC'l„ forms a light
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yellow precipitate. It is quite stable in cold, but very un

stable in hot or even warm water. It cannot be modified by

withdrawal of hydrochloric acid.

It forms two compounds with mercuric chloride. (C6HnN.-

HCl),Hg€l3 crystallizes in small white needles, which are

slightly soluble in water and in dilute alcohol, insoluble in

absolute alcohol, and on exposure to moist air undergo change.

The second compound, 2(C6HnN.HO).3HgCl„ is obtained by

adding an excess of concentrated mercuric chlorid to a con

centrated solution of the hydrochlorid. It forms slightly

yellow, somewhat longer needles which are insoluble in the

principal solvents, and are likewise changed by atmospheric

humidity.

The Iodomethvlate, C^H^.CH,!, is formed by mixing

solutions of the base and methyl iodid in absolute ether. It

is deposited as a network of fine white needles, which are but

slowly altered in the air, and are soluble in absolute alcohol.

This solution on the addition of a little potash assumes a dark-

red color, which is heightened by the addition of a little

hydrochloric or acetic acid, and destroyed by ammonia with

out any resultant fluorescence. Warmed with excess of moist

solid potash it becomes garnet-red in color and gives off an

odor resembling that of the dihydropyridins. It thus be

haves the same as the pyridin iodomethylates.

On oxidation with potassium permanganate it yields an acid

which melts at 229°-230°, and begins to sublime at 150°. It

presents all the characteristics of nicotinic acid, C^H^NO3,

which is formed as the result of oxidation of nicotine. With

hydrochloric acid it forms the compound C6H5NO,.HC'l.

With copper acetate it forms a salt ; this, distilled with lime,

yields a substance which on boiling with platinum chlorid

and water forms the compound (C5H3NCl),.PtCl,. This same

substance forms an iodomethylate, which in alcoholic solution

gives, on addition of potash, the characteristic reaction of

pyridin-bases.

The base C6H„N, therefore, yields pyridin and nicotinic

acid.
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A Base, C6II„N, was obtained by Gautier and Etard

(1881) from the chloroformic extracts (see method, page 270)

from putrefying mackerel, as well as from the decomposing

flesh of the horse and ox. It is regarded by these authors as a

constant and definite product of the bacterial fermentation of

albuminoid substances, but this view is hardly justifiable, inas

much as the base has not been found by other investigators.

It is accompanied by the base C„H36N4 (page 351 ). Nencki

(1882) asserted the identity of this base with the one which he

had isolated in 1876, and to which he had ascribed the formula

C6HUN. On the other hand, Gautier and Etard consider

their base to be identical with the hydrocollidin obtained by

Cahours and Etard by the action of selenium on nicotin.

The free base is an alkaline, almost colorless, oily liquid,

possessing a penetrating odor resembling that of syringa. It

is volatile without decomposition, and boils at about 205°,

while hydrocollidin boils at 210°. Its density at zero is

1.0296. When exposed to the air it oxidizes slowly, becomes

brown and viscous, and at the same time absorbs carbonic

acid. It diners from a collidin in possessing a strong reducing

action, since both the gold and platinum double salts become

reduced on heating, and even in the cold.

The Hvdrochi-orid, C6H„N.HCl, is very soluble in water

and in alcohol, and usually forms fine needles resembling

snow-crystals. It is neutral in reaction and possesses a bitter

taste. In the presence of an excess of acid it reddens and

resinifies.

The Platinckhloride, (C6H1sN.HCl),PtGl4 (Pt=29.7

per cent.), is of a light-yellow, flesh color, crystalline, and but

slightly soluble. It dissolves on warming, and recrystallizes

in bent needles.

The Aurochlorid is rather soluble, and becomes slowly

reduced in the cold ; rapidly on warming.

Physiological Action.— This isomer of hydrocollidin is

strongly poisonous. Even so small a dose as 0.0017 gram

of the hydrochlorid produced, when injected under the skin

of a bird, marked unsteadiness of gait, followed by paralysis
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of the extremities, and finally death. The pupils are normal

and the heart stops in diastole. Larger doses (0.007 gram)

cause at first vomiting and staggering, which soon give way

to a condition of exaltation. Toward the end tetanic convul

sions set in, followed by almost complete paralysis.

A Base, C,Hi3N, isomeric with parvolin, has been ex

tracted by Gautier and Etard (1881) from decomposing

mackerel and horseflesh. The method employed by these

chemists for its isolation is given on page 270. The identity

of this base with the synthetic parvolin, obtained by Waage

by heating ammonia with propionic aldehyde in a sealed tube

at 200°, cannot be considered to be definitely settled, although

an apparent identity exists in regard to their boiling-points.

Thus, the synthetic parvolin boils at 193°-190°, while Gau

tier and Etard assign to their base a boiling-point a little

below 200°. Further investigation is necessarv to decide

upon the question of the identity of this base with parvolin,

or of the ptomain C6H„N with hydrocollidin.

The free base is an oily, amber-colored liquid, possessing the

odor of hawthorn-blossoms. It is slightly soluble in water ;

very soluble in alcohol, in ether, and in chloroform. Its boil

ing-point, as stated above, is a triffe below 200'. Like the

bases C6H1,N and C,6H15N it becomes brown and soon resinifies

on exposure to air.

The Platinochi.orii), (C,H„N.HCl)1PtCl4 (Pt = 28.65

per cent.), is slightly soluble, crystalline, and flesh colored ;

exposed to the air it soon becomes pink.

The Aurochlorid is quite soluble.

A Base, CioH15N, was isolated by Guareschi and Mosso

(1883) from ox-blood fibrin which had been allowed to putrefy

for five months. In 1887 it was re-obtained from putrid

fibrin by Guareschi, who this time ascribed to it the formula

H6'C„N. In 1880 Oechsner de Coninck found it among

the basic products formed in the putrefaction of the jelly-fish

(poiil1,ea viarihn, Hugounenij, page 21). The method used
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for its extraction was that of Gautier and Etard (see page

270). It forms a brownish oil of strong alkaline reaction,

which soon resinifies. It possesses an unpleasant, weak pyri-

din- or coniin-odor, and is but slightly soluble in water ;

soluble in ether and in chloroform.

In regard to the constitution of this ptoma'in we know

nothing, but from its physical characters it would seem to

possess a pyridin nucleus. It is isomeric with corindin, a

homologue of parvolin and collidin, which has been obtained

from coal-tar.

For the behavior of the hydrochlorid to alkaloidal reagents,

see Table I.

The Hvdrochlorid, C,6H15N.HCl, crystallizes in colorless

cholesterin-like plates which are somewhat deliquescent.

The Platinochlorid, (C^H^N-HClXPtCl4 ( Pt. = 27.52

per cent.), forms a light flesh-colored, crystalline precipitate,

and is insoluble in water, alcohol, and ether. It does not

resinify, and is stable at 100°.

rhysiohxjiml Action. — This ptoma'in resembles curara,

although it is by no means so strong. 0.012 gram of the free

base produced in a frog dilatation of the pupil and slowing of

the respiration. The nostrils were motionless, and within five

hours complete paralysis of the muscles took place. The

reflex excitability gradually diminished until it finally dis

appeared, An orange-blossom odor was observed about the

frogs which were poisoned by this ptoma'in. The same amount

of ptoma'in injected into a greenfinch produced vomiting, and

a condition of weakness and decreased sensibility, followed

soon, however, by recovery. A rat was not affected by 0.020

gram of the free base. The hydrochlorid acte much more

energetically.

A Base, C16H1,,N, was isolated by O. de ('oninck, in 1 H,s< ;

(HiHioi'NENQ, page 21, V. Rendu*, 1888), from sea-polyps in

an advanced stage of putrefaction, together with the base

C6HnN. The method employed for its extraction was that of

Gautier and Etard (see page 270). It forms a slightly
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yellow, viscous liquid, and possesses a pleasant odor resembling

that of blooming broom. Its density is about 1.18. It boils

at about 230° (uncorrected), with initial decomposition. In

water it is but slightly soluble, readily so in ether, alcohol,

acetone, and ligroin. It is rapidly oxidized by the air, be

comes brown, and resinifies, but does not absorb carbonic acid.

The Hydrochlorid, C'16H15N.HCl, forms fine yellowish,

very deliquescent needles, which in the presence of a trace of

air are at once colored red ; if more air is present, the red

changes to a brown, and in the open air a resin is formed the

same as from the free base. It is very easily soluble.

The Hydrobromid, C,6H15N.HBr, crystallizes in a net

work of fine deliquescent needles, which become likewise red

on exposure to air. It is very soluble in water; less so in

strong alcohol, and almost insoluble in ether.

The Platinochloride, (C,6H1sN.HCl),PtCl4, forms a

dark-red powder, which is insoluble in cold water ; verv solu

ble in warm water. It can be kept in dry air ; in moist air it

loses hydrochloric acid and becomes partially oxidized. Boiling

water decomposes it. (C16H1.,N.Cl)!tl1tCl3 forms clear-brown

plates, which are stable in moist air, and melt at 206°. It is

insoluble in cold water, soluble in boiling water, but decom

poses. In recrystallizing, warm previously boiled water

should be used.

The Aurochlorid, C16HtvN\HCl.AuCl„ occurs as a light-

yellow precipitate ; insoluble in cold water, soluble in warm

water. It is decomposed by boiling water; is stable when

kept in a moist atmosphere.

The Iodomethylate, CI6H15N.CH,I, in warm alcoholic

solution yields, on the addition of strong potash, a bright-red

color, which soons becomes brown, and in about an hour the

solution shows a greenish-blue fluorescence. This rapidity of

change is due to the extreme oxidizability of the ptomain.

On careful oxidation with potassium permanganate at

ordinary temperature it yields a solid acid, having a melting-

point of 228°-229,° the same as that of the pyridin carbonic

acid of Huber and Laidlin, obtained bv the oxidation of
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nicotin. The solubility in cold and in warm water and in

absolute alcohol is the same as that of nicotinic acid. It

begins to sublime at 150° a.* pearly spangles. The formula

is C6H5NOf. In distillation with lime pyridin forms. It is,

therefore, identical with nicotinic acid, an oxidation pro

duct of nicotin and other volatile alkaloids.

O. de Coninck considers this base, as well as CfHMN,

us belonging to the pyridin, and not to the hydropyridin

series.

A Base, C16H„N, was described by Griffiths (1890)

as derived from cultures on pepton-agar of the bacte

rium allii, a germ obtained from putrid onions. The base

(hydrochlorid ?) forms colorless, prismati, microscopic, very

deliquescent needles, which are soluble in warm water,

alcohol, ether, and chloroform. It gives a hawthorn-like

odor, especially when warmed. With phosphomolybdic acid

it yields a white ; with iodine in potassium iodide and with

tannic acid a chestnut-colored precipitate. Nessler's solution

produces a yellow chestnut-colored precipitate. Picric acid

throws down a yellow slightly soluble deposit. The pla-

tinochloride, (C^H„N-HCl^l'tCl4, is yellow, crystallin, and

difficultly soluble in cold water and in alcohol ; soluble

in warm water. Gold chlorid produces a thick yellow pre

cipitate soluble in water. Dilute sulphuric acid produces a

violet-red color. The base is apparently a hydrocoridin.

During the past five years Griffiths has described, together

with a variety of other products in physiological chemistry,

the basic compounds which are given in the subjoined table.

The method employed in the isolation of all but few of these

compounds is that of Luff (see next chapter under Urine).

Bacillus allu, CioHnN . 1S0O.

Scarlet-fever urine, Scarlatinin, CtH„NO, . . 1S91.

Diphtheria Dlphtherln, ChH.,NAi .
''

ParoUUs " Propyl-glycocynmln, CiHuNiOi .
'1

Glanders '' CuHinNtOi . . 1892.

Pneumonia " cV.HmN,O, .
"

Measles " Olycocyamidin, CtHiN,0
"
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Whooping-cough mine. C*H„SO,

Erysipelas Eryapelin. CnH1tNOs

Puerperal-fever " Puerperalin, CnH.^fO,

Epilepsy Ct,HitXtOr

Micrococcus tetrageuus. CiH^NO,

Bacillus pluviatilis. C,HaKA

Eczema urine. Eczemin, C,HuXO

Influenza " C,H,NO,

Putrid sardines, Sardiuin, C,,H„NQ,

Cancer urine. Cancerin, C,H5NO,

Pleurisy '. Pleuricin, CiH.O,

Angina-pectoriS urine, C,nHa1NO^

1S93.

IMS.

It is very suspicious to find such a long array of products, iso

lated apparently with the greatest ease by a most simple method.

This is all the more remarkable in view of the fact that other

skilled workers have utterly failed in some of these cases to

isolate basic substances. Thus cultures of the Loeffler-bacillus

of diphtheria have been shown by Brieger and Fraenkel

and others not to contain ptoma'ins, and yet Griffiths claims

to isolate a base from the urine in the disease, and also from

the pure cultures of the bacillus. The base is apparently so

abundant that in 1893 he was able to sacrifice 1.5 g.(!) in

order to show that a disinfectant "izal" destroyed its poison

ous properties( !). Again, from four gallons of scarlet fever

urine Luff succeeded in obtaining some crystals of a base in

sufficient, however, for analysis. Griffiths, however, not

only isolated it in sufficient quantity, but had 2.5 g. of it to

spare for testing the power of " izal." Further than that, he

succeeded in isolating scarlatinin from pure cultures of the

micrococcus scarlatinie( !). We have yet to learn that scarlet

fever is due to a micrococcus.

Equally interesting facts appear in connection with the base

of glanders, which was isolated from the urine and also from

pure cultures of the glanders-bacillus. Nencki, however, has

bad 10 litres of a bouillon-culture of the glanders-bacillus ex

amined according to Griffiths's method, and failed to obtain

a weighable quantity of a ptomain (Malv's Jahresbericht,

1894, 24, (iOl ). The action of this basic product of glanders

is remarkable, producing "an abscess at the point of inocula

tion, nodules in the lungs and spleen, and metastatic abscesses

in various organs."
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The description of these bases is so brief and unsatisfactory

that the description of one applies almost equally well to all

the others. Thus, the bases are all white, crystalline, and

soluble in water, imparting an alkaline reaction in all but two

or three cases. All but four or five are characterized as poi

sonous, but the dose employed is never given ; the method of

administration is mentioned but twice, and the kind of animal

employed but six times. All, or nearly all, form crystalline

hydrochlorids, aurochlorids, and platinochlorids. Reactions

are usually given with only three or four reagents. It

will be noticed that one of these products has no nitrogen and

yet is mentioned as a ptomain( !) ; further, that the formula

of five of these compounds is not in accord with the law of

even numbers. Considering the amounts of the bases avail

able for " izal " experiments, it is proper to expect accurate,

exhaustive, thorough work. Chemical science is not advanced

by coining names or establishing formulae.

A Base, C3,H31N, was obtained by Delezinier (1880) and

is said to be the alkaloid isolated in 1871) by Brouardel,

which in its chemical and physiological properties was de

scribed as similar to veratrin. It forms an almost colorless

oily fluid, which possesses a hawthorn-like odor. It is very

readily oxidizable and yields the veratrin-like reactions only

in the presence of air. It is soluble in alcohol, ether, toluene,

and benzene; and forms well-defined salts which are very

deliquescent. It appears to be an amin, and in its composi

tion differs from cevadin by 911,0. Nothing is stated in re

gard to its source or method of preparation. The analytical

requits given—C=89.41, H=7.3, N=3.03—correspond more

to the formula CMHBN.

Ethvlidenediamin(?), C,H,N,.—This base was consid

ered at first by Brieger to be identical with ethylenediamin,

but subsequent comparison showed this to be an error. Thus,

the former is poisonous and does not form a gold salt, while

the latter is not poisonous and does form a rather difficultly

soluble gold salt. Again, ethylenediamin forms a platinochlorid
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which is almost insoluble in hot water, whereas the platinum

double salt of the ptomain is much more easily soluble.

Brieger is, therefore, inclined to think that it is identical

with ethylidenediamin, CH,.CH(NH,).„ rather than with

ethyleuediamin, which has the structure CH,.NH.rCH,.NH,.

This ptomain was obtained by Brieger, 1885 (I., 44), from

decomposing haddock (see Gadinin). Kulneff has proba

bly met with this base in the liquids of the stomach in gastrec-

tasis. Carbone has reported it in cultures of the proteus

vulgaris with gadinin, trimethylamin, and cholin.

The free base can be obtained, without decomposition, on

distilling the hydrochloride with sodium hydrate.

The Hvdrochloride, OJd5N.^HCl, crystallizes in long

glistening needles which are readily soluble in water, insoluble

in absolute alcohol. It gives no combination with gold chlo

rid. For its behavior to alkaloidal reagents see Table I.

The Platinochlorid, C,H6N,.2HCl.PtCl4 (Pt=41.49 per

cent.), forms small yellow plates which are moderately diffi

cultly soluble in water. It can be readily recrvstallized from

hot water.

Physiological Action.—Frogs seem to be less susceptible to

the action of this poison than mice or guinea-pigs. In the

latter, it produces a short time after injection an abundant

periodic flow of secretion from the nose, mouth, and eves.

The pupils dilate and the eyeballs project. Violent dyspnoea

then comes on and predominates until the death of the animal,

which does not take place for twenty-four hours or more. The

heart is stopped in diastole.

Trimethvlenediamin (?), C3H16N,( ? ), is a toxic base

isolated by Brieger (1887) from cultures of the comma ba

cillus on beef-broth. It may be stated here that from the

same source, cholera cultures, Kunz (1888) obtained a base

which he considered to be identical with spermin or ethylenei-

min (see next chapter). It is present, however, in exceed

ingly minute quantity, and occurs in the mercuric chlorid

precipitate, from which it is obtained by the following method:
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The precipitate is decomposed by hydrogen sulphide, the fil

trate evaporated to drvness, and the residue taken up with

absolute alcohol and precipitated by an alcoholic solution of

sodium picrate. The precipitate thus obtained consists of the

pierates of cadaverin, creatinin, and of this new base. It is

boiled with absolute alcohol to remove the insoluble cadav

erin picrate ; the filtrate is evaporated to expel the alcohol,

and the bases then converted into the platinum double salts,

whereby the easily soluble creatinin platinochlorid ean be

separated from the corresponding less soluble compound of the

new base.

Owing to the small quantity of this substance present, a

complete study of its properties has not as yet been made.

It gives difficultly soluble precipitates with gold chlorid and

with platinum chlorid ; the compound with the latter crystal

lizes in long needles. With picric acid it gives a precipitate

consisting of felted needles, which resemble creatinin picrate ;

they melt at 198D. Phosphomolybdic acid yields a precipitate

crystallizing in plates, while potassium-bismuth iodid gives

dark-colored fine needles. From its physiological action it

seems to be identical with the basic substance isolated from

choleraic bodies by different observers. It causes violent con

vulsions and muscle-tremor.

Besides trimethylenediamin another toxin was obtained by

Briei,er from cholera cultures, but in quantity insufficient

for analysis. It was obtained from the mercuric chlorid

filtrate after elimination of methylamin, trimcthvlamin, and

traces of cholin and creatinin, as an insoluble platinum

double salt. Subcutaneous injection of this base into mice

produced a paralysis-like lethargic condition, slowing of res

piration and heart's action, lowering of temperature, and,

finally, death in twelve or twenty-four hours. In some cases

bloody stools were passed.

Putrescin, C^H^N„ is a diamin which almost invariably

occurs together with cadaverin, with which it is apparently

closely related. This base was also discovered by Brieger

V
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in 1885 (II., 42), who obtained it from putrefying human

internal organs (for four months at a low temperature with

out access of much oxygen) ; and from the same material de

composing at the ordinary temperature of the room for from

three days to three weeks. It has also been obtained from

herring, twelve days in spring; from pike, six days in sum

mer; from haddock, two months (Bocklisch). Also from

putrid mussel, sixteen days (Brieger) ; and from human as

well as horseflesh. Briec;er has obtained it from cultures of

the bacteria of human feces on gelatin, and in small quantity

in rather old cultures of the comma-bacillus on beef-broth ;

in larger quantity in cultures of the same germ on blood-

serum. Garcia found it in putrefying meat and pancreas,

together with cadaverin and hexamethylenediamin. The

diamin- production at 30° is considerable in twenty -four

hours; reaches its maximum in three days. Putrescin ap

pears on the first day. Roos found putrescin in stools of one

case of cholera and in two cases of diarrhoea or cholerin.

Udranszky and Baumann in 1888 demonstrated the ex

istence of putrescin and cadaverin in the urine of cystinuria.

They found the total amount of the dibenzoyl compounds in

the urine in 1888 to varv from 0.2-0.4 g. per day. Cadav

erin made up about I of this amount, and putrescin i-l

Garcia examined the same patient in 1892, and obtained,

as an average of seven days only 0.004 g. of the dibenzoyl-

compounds, which contained no cadaverin (!), only putres

cin. With ordinary diet the average of 11 days was 0.027

g. ; with cheese-diet an average of 8 days gave 0.136 g. ; while

a carbohydrate diet, an average of 7 days, gave 0.102 g. of

the dibenzoyl compound. In the feces of the same patient,

on the contrary, Udranszkv and Baumann found in 1888

that putrescin constituted by far the greater quantity, while

eadaverin formed but 10 to 15 per cent. Garcia, in 1892,

showed in the fame patient the presence of only putrescin

in the feces, no cadaverin. The feces contained on ordinary

diet, an average of 11 days, 1.123 g. ; on cheese-diet, average

of 8 days, 1.3978 g. ; on carbohydrate diet, average of 7

15
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days, 0.741 g. of the dibenzoyl compounds. Borissow, in

1894, again examined the feces of the same patient, and

found as an average of four days 2.0o'2 g. of the dibenzoyl-

compounds, which contained only traces of cadavcrin. It

is, therefore, evident that diet and the intensity of intestinal

decomposition influence the amount of excretion of diamins.

The administration of salol and sulphur (Mester), or

intestinal lavage (U. and D.), has no effect on diamin-

excretion. Normal feces, as well as the feces of various dis

eases, with the possible exception of cholera-stools, are free

from diamins. It would seem, therefore, that these bases

occur in cystinuria as the result of putrefactive changes

going on in the intestines; Deceming partly absorbed they

appear in the urine. In two cases of cystinuria, reported by

Brieger and Stadthagen, cadaverin was found almost

solely present in the urine.

According to Mester, the diamins are proportionate to

the amount of cystin excreted, and therefore constitute a

fixed symptom, the cause of which is the same as that of the

cystinuria.

Although putrescin is recognizable on about the fourth

day of the putrefaction, yet it does not occur in appreciable

quantity until about the eleventh day. The amount that is

formed increases as the putrefaction goes on, so that a con

siderable quantity may be obtained after two or three weeks.

A very good source for the preparation of putrescin, cadav

erin, and neuridin is gelatin which has been allowed to

decompose in contact with water for some weeks. Neuridin

is, apparently, formed first, but is soon replaced by the former

two bases. In the process of extraction it is first obtained

in the alcoholic mercuric-chlorid precipitate. For its separa

tion from cadaverin and other accompanying bases, see Saprin,

page 342.

From the urine of cystinuria it is best obtained by precipi

tation with benzoyl chlorid (Kallmann's method). For this

purpose about 1500 c.c. of urine are treated with 200 c.c.

of sodium hydrate solution (10 per cent.), then 20 to 25 c.c.
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of benzoyl chlorid is added, and the whole shaken till the

odor of the latter disappears. The yellowish-white precipitate

which forms may consist of insoluble phosphates, carbohydrates,

polyatomic alcohols, and diamins. The cystin-compound is

precipitated only in concentrated solutions. The precipitate

contains from a half to two-thirds of the diamins present ; it

is filtered off, digested with warm alcohol, and the solution

filtered. The alcoholic filtrate is concentrated and then poured

into about thirty times its volume of cold water. The diamin-

compounds then crystallize out. To separate the two diamins

they are redissolved in just sufficient warm alcohol to effect

solution, and this is then poured into about twenty times this

volume of ether. The putrescin- benzoyl compound is thus

thrown out of solution. The filtrate from this, on concen

tration, yields the cadaverin-compound. To isolate that por

tion of the diamins which remains in the original filtrate

with benzoyl-cystin, it is acidulated with sulphuric acid and

extracted with ether. The residue obtained on evaporating

the ethereal solution is first neutralized with a 12 per cent.

sodium hydrate solution, then mixed with three to four times

its volume of the same solution. The precipitate which forms

consists of the sodium compounds of benzoyl-cystin and the

diamins. It is washed with sodium hydrate, and the two

compounds separated by their different solubilities in water—

the cystin-compound is readily soluble, that of the diamins

insoluble. To purify the benzoyl-diamins they are dissolved

in warm alcohol and precipitated with excess of water.

Futresciu (from putresco, to rot, to putrefy) is a water-clear,

rather thin liquid which fumes in the air and has a peculiar

semen-like odor, almost undistinguishable from that of cadav-

erin, and reminding one somewhat of the pyridin bases. It

absorbs carbonic acid energetically from the air, without losing

thereby the repulsive odor. The boiling-point of the free

base, as ordinarily obtained, is about 135°. It is not decom

posed by distillation with potassium hydrate, and is rather

difficultly volatile with steam. With acids it forms beautiful

crystalline salts. Putrescin unites with water, like ethylene
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diamin, to form a hydrate, and this water can only be re

moved by distillation with metallic sodium. The perfectly

anhydrous base boils at 156°-157°, and then solidifies to plates

(Brieger), which melt at '24° (Udranszkv and Baumann).

The synthetic base boils at 158°-160°, and melts at 23°-24°

(Ladenburg). Like eadaverin it is difficultly soluble in

ether.

The constitution of putrescin has been determined by

Udranszky and Baumann (1888). They showed that the

dibenzoyl-compound of putrescin was identical with that of

the synthetic tetramethylenediamin and of the base which

they found in the urine of cystinuria.

Putrescin, therefore, is tetramethylenediamin, a homologue

of eadaverin, and its rational formula is :

NH,.CH,.CHrCH,. CHs.NH,.

The same authors (Zeitxrhr. f. Physiol. Chem., 13, 591) point

out that diamins may possibly occur in putrefaction as the

result of oxidation of monamins. Thus, putrescin might

arise from methylamin according to the equation :

CH,.CH,.NH, OH—CH —NH,

+ 0=| +H,0.

CH,.CH,.NH, CH—CH—NH,

In a similar manner eadaverin might form from ethyl and

propylamin. It is well known that in the decomposition of

proteids in the presence of carbohydrates no aromatic com

pounds, as indol, phenol, tvrosin, etc., form. With reference

to the formation of diamins Garcia has shown that, in the

presence of cane sugar, putrefying meat and pancreas yield

from one-half to less than one-tenth as much diamins as when

no sugar is present. A similar decrease of diamins in cystin

uria is observed ("page 325) when the patient is placed on a

carbohydrate- diet.

The relation of diamins to cystinuria is as yet hut little

understood. Baumann and Udranszky, accepting the intes

tinal origin of the diamins, supposed that these bases entered
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into combination with cystin, protecting it against oxidation.

When fed to dogs, however, the diamins are in part excreted

as such, but no cystin appears. Again, cystin is not present

in the feces of cystinuria. Verigo considers cadaverin as a

normal product of pancreatic digestion. Garcia has shown

in meat and pancreas putrefaction that diamin-formation

begins on the first day, and reaches its maximum on the third

day. Furthermore, meat and pancreas flasks inoculated with

the feces of a eystin-patient produced an increased formation

of diamins, thus confirming the view that diaminuria is the

result of the activities of certain bacteria in the intestines.

It is possible that in diaminuria some other product is

formed, which, when absorbed, combines with cystin and pro

tects it against oxidation, so that it appears in the urine.

Diaminuria and cystinuria certainly go hand in hand. Gar

cia endeavors to account for the presence of diamins in cys

tinuria by the supposition that cystin, the normal product of

the body, can undergo reduction and yield putrescin under

the influence of special intestinal bacteria. Cystin, however,

is not present in the feces in cystinuria, and when fed to dogs

it merely serves to increase the amount of sulphuric acid

eliminated. Moreover, the formula of cystin hardly permits

of the derivation of diamins.

With reference to cystin it may be well to note that it has

been met with, outside of cystinuria, only in a drunkard's

liver (Scherer) ; in beef kidneys (Clgetta) ; in decompos

ing pancreas (Kulz) ; and in horse-liver (Drechsel).

Putrescin can be prepared synthetically, according to

Ladenburg's method, by converting ethylene bromide into

the cyanide and then reducing this by means of sodium in

absolute alcohol. It is an isomer of Angem's dimethylethy-

lenediamine.

On heating the concentrated aqueous solution of the hydro-

chlorid with potassium nitrite there is produced an oil, solu

ble in water, from which it can be extracted with ether. This

oil, on treatment with phenol and sulphuric acid, gives Lie-

bermann's nitroso-reaction, which would seem to show that
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putrescin is not a primary diamin (butylenediamin), but

is rather a secondary diamin (Brieger, II., 42). As a pri

mary diamin it should take up, on repeated treatment with

methyl iodide, six methyl- radicals ; whereas, if it is a secondary

diamin, only four methyl radicals can enter the molecule.

Thus, to illustrate, methylamin, CH,.NH, (a primary amin),

combines with three molecules of methyl iodide to form

(CH,\N.HI. Similarly, dimethylamin, (CH,),.NH, requires

only two molecules to form (CH,),N.HI. In the case of dia-

mins, double this number of methyl-groups is required to

effect complete saturation. As a matter of fact, Brieger,

(III., 101), on treating putrescin with methyl iodide, has

succeeded in introducing four, and only four, methyl radicals.

From this, however, it does not follow that putrescin is not

a primary amin, since cadaverin, an unquestioned primary

diamin, yields a substitution-compound containing only two

methyl-groups (see p. 336).

The tetra-methyl substitution-product of putrescin, C4H,-

(CH,)4N„ can be distilled without decomposition. The free

base crystallizes in long prisms. The hydrochlorid forms

small needles which are easily soluble ; with phosphotungstic

acid it gives a white crystalline precipitate, with phosphomo-

lybdic acid a yellow crystalline precipitate, with picric acid

needles. Potassium-bismuth iodide gives a brownish-red amor

phous deposit, while the potassium mercuric iodide forms

prisms. Gold chlorid yields difficultly, and platinum chlorid

easily soluble octahedra ; aqueous mercuric chlorid forms

needles. The aurochlorid has the formula C6H,,N,.Au('l4.

This tetra-methyl derivative of putrescin is enormously

poisonous as compared with putrescin. The symptoms are

the same as those produced by muscarin or neurin. They

are: abundant salivation; dyspweu—respiration at first in

creases, then decreases; contraction of the pupils; paralysis

of the muscles of the limbs and trunk ; increased peristaltic

action of the intestines, ejaculation of semen, dribbling of

urine, and, finally, violent clonic convulsions. In the case of
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mice and guinea pigs the convulsions are prominent immedi

ately after the injection of the poison.

Putrescin Hydrochlorid, C4H13N,.2HCl, forms long

colorless needles, which are very easily soluble in water ; diffi

cultly so in dilute alcohol ; entirely insoluble in absolute alco

hol, and can thus be separated from cadaverin hydrochlorid.

To accomplish this separation it is, perhaps, better to dissolve

the mixture of the hydrochlorids in hot 90 per cent. alcohol.

On cooling the solution thus obtained the putrescin salt crvs

tallizes out, whereas that of cadaverin remains in solution.

Putrescin hydrochlorid differs from cadaverin hydrochlorid

in that it is not hygroscopic and can be exposed for days to

the air without suffering any change on the surface of the

crystals.

For the behavior of the free base and the hydrochlorid

to alkaloidal reagents, see Table I. Putrescin is not toxic,

though it possesses some marked physiological properties (see

Cadaverin, page 335). According to Scheurlen, putrescin,

like cadaverin, produces inflammation, suppuration, and ne

crosis. It is not poisonous to dogs (Udranszkv and Bau-

mann). It is optically inactive.

The Platinochlorid, 0)H1,N,.2HCl.PtCl1 (Pt = 39.16

per cent.), often appears under the microscope in the form of

cholesteriu-like plates. In the pure condition it appears as

six-sided plates, which are superposed in layers. The crystals

possess a splendid silvery lustre, and are rather difficultly solu

ble in cold water ; less so in hot water.

The Aurochlorid, CJH„N.,.2HC1.2AuCl4+2H,0, crys

tallizes likewise in plates, which are difficultlv soluble in cold

water. It can, therefore, be readily separated from cadav

erin aurochlorid, which is easily soluble in water. The water

of crystallization can be driven off completely only at 110°

(Brieger). According to Bockusch, it loses this water on

standing over sulphuric acid, or on heating at 100°.

The IVrate, C1H„N,.2C6H./N0,)3OH, is difficultly soluble,

and crystallizes from a hot aqueous solution in needles ; from

hot aqueous alcohol, on cooling, in yellow plates. It begins
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to brown at 230°, and on further heating becomes darker, till

finally, at 250°, it decomposes with rapid evolution of gas

(Bocklisch).

The Carbonate is crystalline.

The Mercury double salt is easily soluble in a large

quantity of water, and can thus be separated from the cadav-

erin salt, which is difficultly soluble. From hot concentrated

aqueous solution it crystallizes in needles.

The Dibenzoyl-futresctn, C1H6(NHCOC6H5\, forms

silky plates or long needles, which are more difficultly soluble

in hot alcohol than those of the eadaverin-compound. From

this solution it is reprccipitated by addition of water or ether.

Its melting-point is 175°. It sublimes without decomposition.

Cadaverin, C5H,5N„ is a diamin isomeric with saprin

and neuridin, and, like the latter, its occurs very frequently

in decomposing animal tissues. Twelve isomers of this com

position are possible. Another isomer, gerontin (see next

chapter), has been described by Grandis (1890). It is a very

striking fact, that in ordinary putrefaction as eholin disap

pears the diamins appear and increase in quantity according

as the time of putrefaction is extended. It is also worthy of

note that cadaverin appears in putrefaction before putrescin.

It has been obtained by Brieger (1885) from human lungs,

hearts, livers, etc. (hence the name), which were allowed to

putrefy at the ordinary temperature for three days; from the

same organs, and from horseflesh, after four months in a closed

vessel at —9° to +5° ; from horseflesh after four months at

15 ', together with eholin, and probably muscariu (Gule-

witsch) ; from putrid mussel after sixteen days; from putrid

egg and blood-albumin. It seems to be a constant product of

the growth of the comma-bacillus, irrespective of the soil on

which it is cultivated.

Bockllsch has isolated it from perch and pike, six days

in midsummer; from herring, twelve days in spring; from

haddock, two months at a low temperature ; from cultivations

of Finkler and Prior's vibrio proteus on beef-broth, thirty
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to thirty-five days at 37° to 38° (Ber. 20, 1441). Cadaverin

seetiis to be a constant product of the activity of the genus

vibrio, inasmuch as it does not occur in cultures in which this

genus is absent. Thus, it is not present in the excrements of

healthy or typhoid patients ; in cultures of Emmerich's bacil

lus, of Eberth's bacillus, and of the pyogenic bacteria. It

is said to occur in cultures of the bacillus of hog cholera

(v. Schweinitz). Oechsner de Coninck has found it in

putrid jellv-fish (Hugounenq). It is present with putres

cin in the urine and feces of cystinuria ((Udranszkv and

Baumann (1888), see page 325). The odor of cholera-stools

and the breath of cholera-patients may be possibly due to

cadaverin, although Roos has not been able to obtain dia-

mins from the rice-water discharges of cholera. In one of

four cases a small amount of a dibenzoyl-compound, crys

tallizing in small white plates and needles, and melting at

175°-177°, was obtained. This corresponds with the putres-

cin-compound. No diamins were found in two cholera-urines.

It would, therefore, seem that in Asiatic cholera diamins are

not usually found in the feces of cholera, and since they are

present in the feces and urine of cystinuria without bad re

sults, it is evident that they cannot exercise any great action

as intestinal poisons in cholera.

In a diarrhoea, where a coliform bacillus was present, Roos

found both cadaverin and putrescin in the discharges, but

not in the urine of one case. In another case cadaverin was,

likewise, probably present. Verigo has reported cadaverin

from the intestinal contents of a woman with intestinal fistula.

He would consider cadaverin as a normal product of pan

creatic digestion.

Brieger was the first to show that diamins were absent

from normal feces. Baumann and Udranszky confirmed

this observation with reference to man and the dog. The dis

charges of various diseases gave negative results except in

typhoid stools, where a very small amount of dibenzoyl-

compounds, melting at 140°, was found. Roos, in 1891, was

able to find but two cases with diamins in the feces. In

16*
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one case of dysentery and malaria of tropical origin cadav

eric was found, and in a case of cholerine putresciu was found.

It has also been obtained from caviar. LSbisch and Roki-

tansky have reported it in bronchiectasic sputum. Verigo

has obtained it from pancreas extracts before putrefaction has

set in ; while Garcia, from putrefying meat and pancreas iso

lates it together with putrescin and hexamethylenediamins.

Cadaverin occurs in the mercuric-chlorid precipitate, from

which it is isolated according to the methods given on pages

326 and 343. For its isolation and separation from putrescin

by the use of benzoyl chloride, see page 327.

This base was at first ascribed to formula C5H16N„ but sub

sequent researches led Brieger and Bocklisch to the adop

tion of the formula C5H14N,. In 1883, Ladenburg prepared,

as the first step in the synthesis of piperidin, a base, penta-

methylenediamin, possessing the same empirical formula as

cadaverin, and later (Ber. 18, 2956) he showed the possi

bility of the identity of these two bases. This led to their

direct comparison and the successful establishment of their

identity. In fact, Ladenburo, as a crucial test ofthe identity,

converted cadaverin into piperidin, and found the latter base

to agree entirely in its chemical and physical properties with

those of the natural alkaloid (Ber. 19, 2586). Ladenbiiu;,

however, observed one apparent difference between cadav

erin and pentamethylenediamin, and that was in the com

position of the mercury double salts. That of the former base,

whether obtained from alcoholic or aqueous solution (Bot'K-

LI8Ch, Ber. 20, 1441), was found to combine with four mole

cules of mercuric chlorid ; whereas the double salt of penta-

methylenediamin was found by Ladenbur1s to contain only

three molecules of mercuric chlorid. Subsequently he found

that he had prepared this salt by mixing the aqueous solutions of

the hydrochlorid of the base and of the mercuric chlorid in

the molecular ratio of 1 to 4, and on using a larger excess of

mercuric chlorid he obtained a salt containing four molecules

of mercuric chlorid {Ber. 20, 2216). The complete identity

of these two bases has, therefore, been established. The con

stitutional formula of cadaverin is, therefore :
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NH,-CH,-CH,-CHV-CH!1-CHs-NH,.

Cadaverin can be prepared synthetically according to Laden

burg's method. For this purpose trimethylene bromid is con

verted into the cyanid, and this is then reduced by sodium in

absolute alcohol.

Cadaverin forms a somewhat thick, water-clear, syrupy

liquid, which possesses an exceedingly unpleasant odor, re

sembling somewhat that of coniin (piperidin) and of semen.

When dehydrated with potassium hydrate it boils at 115°-

120° (Brieger). It boils at 175° (Brieger, III., 98), and

fumes in the air. The base eagerly absorbs carbonic acid

from the air, and solidifies into a crystalline mass, the car

bonate. It is volatile with steam, and can be distilled, with

out decomposition, even in presence of sodium or barium

hydrate, or soda-lime. Neuridin, its isomer, decomposes under

these circumstances. When heated with alcoholic potash and

chloroform it does not give the isonitril reaction, nor does it

give the characteristic odor of oil of mustard on treatment

with carbon disulphid and mercuric chlorid. The absence of

these reactions at first induced Brieger to conclude that

cadaverin and putrescin were not primary amins, but Laden-

burg (1885) showed that this conclusion was not justifiable.

These two reactions are given by primary monamins, but in

this case they are not given by cadaverin, a primary diamin.

It is probable that this behavior holds true for all diamins.

Cadaverin is, undoubtedly, identical with the so-called

" animal coniin," which has been isolated at various times

from cadavers.

Cadaverin and putrescin were at first regarded as physi

ologically indifferent, but more recent investigations by

Sf'HEt'RLEN, Grawitz, and others, show that both these bases

are capable ofproducing strong inflammation and necrosis. Ac

cording to Behring, in large doses it is poisonous to mice, rab

bits, and guinea-pigs ; it is not poisonous to dogs (UdrAn.szkv

and Baumann). Cadaverin is one of those substances which

can set up suppuration in the absence of bacteria. In cholera
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Asiatica the necrosis of the intestinal epithelium is quite com

mon, and it would seem that this pathological change, as well

as the muscular spasms and algidity, arc due to the presence

of these bases. It should be noted, however, that Udranszky

and Baumann failed to obtain any sign of intesinal irrita

tion on feeding dogs enormous doses of cadaverin ; and, more

over, Roos (page 333) failed to find these bases in the feces

of cholera. Besides these local effects, they prevent, even in

small quantity, the coagulation of blood, and render it " laky."

According to Grawitz, cadaverin seems to hinder the growth

of bacteria. The cystitis observed in cystinuria may possibly

be due to the presence of cadaverin and putrescin in the

urine. Both bases are optically inactive.

When cadaverin is treated with methyl iodide, a base is

obtained, the hydrochlorid of which gives with platinum

chlorid a double salt, having the composition : C5H„(CH,),-

N,.2HCl.PtCl4. This new base, therefore, is cadaverin in

which two atoms of hydrogen have been replaced by two

methyl-radicals. The platinochlorid of this derivative forms

long, clear red needles, which, unlike those of cadaverin, do

not change their shape on repeated recrystallization. It is

moderately difficultly soluble in water (Brieger, II., 41).

Since cadaverin is a primary diamin it should combine with

six molecules of methyl iodid to form a saturated compound.

This, however, has not been obtained.

The Hydrochlorid, C5HUN3.2HCl, crystallizes in beau

tiful, long deliquescent needles (Brieger). According to

BocKlisch, it forms long, colorless needles or prisms ; crystal

lizes from alcohol in plates, and is not deliquescent except on

long standing. From 95 per cent. alcohol it crystallizes in

short, pointed stellate prisms, which are not deliquescent

(Gulewitsch). On evaporation of an aqueous solution it

forms very long prismatic crystals. It shows no circumpolar-

ization. It possesses a slight bitter taste (Gn.ewrrsch). It

is soluble in water, alcohol, alcohol-ether; but is insoluble

in absolute alcohol, ether, etc. It can readily be separated

from putrescin hydrochlorid by its solubility in 9<1 per cent.
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alcohol (Bocklisch). The strictly pure base, as well as the

hydrochlorid, does not give a blue color with ferric chlorid

and potassium ferricyanid. For reactions of the hydro-

chlorid and of the free base, see Table I.

Cadaverin hydrochlorid on dry distillation decomposes

into NH„ HCl, and piperidin, C5HUN. The latter is a well-

known poisonous alkaloid which exists in the combined state

in black pepper. It is not known whether this change,

whereby the non-poisonous cadaverin is converted into a

toxic base, can take place under the influence of bacteria

during the process of putrefaction, or not. However, it does

not seem improbable that this simple chemical change should

be effected through the action of living organisms; for

Schmidt has already shown that the almost physiologically

indifferent cholin, when subjected to the action of the bac

teria of hay-infusion, decomposes into a neurin-like base

possessing a muscarin-like action, and under certain condi

tions it yields a base which in its action resembles pilocarpin.

The Sulphate likewise forms beautiful, well-formed needles,

and in its solubility corresponds to the hvdrochlorid.

The Platinochlorid, C5H14N,.2HCl.PtCl4 (Pt = 38.08

per cent.), crystallizes after some time, on the addition of

platinum chlorid, to a not too concentrated solution of the

hydrochlorid, in the form of long, beautiful orange -red

needles (Bocklisch). Ordinarily it is obtained at first in

long, dirty-red needles, which on repeated recrystallization

become clearer and assume a form similar to that of ammo

nium platinochlorid. It forms chrome-yellow rhombic prisms

which are short and octahedra-like. Variation in the crys

talline form is observed here as in the case of the mercury-

compounds. In polarized light they are strongly double re

fracting. It is very slightly soluble in cold water ; can be

recrystallized from hot water (Bocklisch). Its solubility in

water at 12° is 1 to 113-114; at 21° it is 1 to 70.8 (Gule-

witsch). It is soluble in alcohol. It decomposes at 235°-230°.

It does not lose weight at 125°-135°; at 195° it begins to

darken and melts with decomposition at 215° (Gulewitsch).
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The Avrochlorid, C,5H11N,.2HC1.2AuCl3 (Au = 50.41

per cent.), crystallizes partly in cubes, and partly in long

needles which at first possess a bright lustre, but under the

desiccator soon effloresce and become opaque. It crystallizes

from water, acidulated with hydrochloric acid, in plates or in

large, long, very pretty orange-yellow flat prisms. On rapid

crystallization bright platelets form (Gulewitsch). The

water of crystallization is completely removed on standing

over sulphuric acid. It is very easily soluble, and melts at

188° (Bocklisch) ; 186°-188° (Gulewitsch).

The Picrate, C5HMN,.2C6H,(NO,)3OH, forms yellow

plates which are difficultly soluble in cold water. From hot

water it crystallizes in long prisms, which melt at 221°

with decomposition. When crystallized from 95 per cent.

alcohol it forms long yellow needles, which are difficultly

soluble in cold, more easily in hot 9.5 per cent. alcohol. It

is insoluble, or very difficultly so, in absolute alcohol, and

can be recrystallized from hot dilute alcohol.

Cadaverin hydrochlorid combines with mercuric chlorid,

when the aqueous solutions of these two salts are mixed

in the molecular ratio of 1 to 4, to form C6H14N,.2HC1.

3HgCl,. This salt can be recrystallized from hot water (Laden-

burg). When an excess of mercuric chlorid is used the

double salt has the composition C5H14N,.2HC1.4HgCl4 This

last salt melts at 216° (Ladenburg) ; at 214° (Bock lisch).

It is difficultly soluble in cold water ; easily in hot water at

21° (1-32.5, Gulewitsch; ; from hot water it crystallizes

in needles or plates (Bocklisch). On heating even on the

water-bath it loses weight. At 125°-135° it loses 18.33 per

cent. of its weight, due to volatilization of mercuric chlorid

(Gulewitsch). As pointed out by Brieger, it is quite prob

able that other mercuric compounds exist than those men

tioned. Gulewitsch (1894) showed interesting polymorphism

of the mercury salts of cadaverin. He inclines to the belief

that it may form compounds with more than three or four

molecules of mercuric chlorid. On heating mercuric chlorid

U given off, and hence the varieties in form. This varia
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tion in form is, therefore, not necessarily due to impurities.

When first obtained the cadaverin mercurochlorid forms warty

aggregates of dark-brown prisms with pointed ends. By re

peated recrystallizntion from water it eventually forms single

or stellate rhombic plates, and on further crystallization very

thin, elongated, six-sided, or triangular plates form.

The Neutral Oxalate, C5H1)N,.H,C./)1+2H,0, was pre

pared by BockliscH by adding a little less than the calculated

quantity of alcoholic oxalic acid to the cadaverin. The

precipitate may be reerystallized from hot dilute alcohol,

when it is obtained in the form of needles, which melt at

about l60°, and at the same time give off gas.

The Acid Oxalate, C5H1^,.211,0,0,+H,0, is made by

bringing the neutral salt into alcoholic oxalic acid. It is

soluble in hot dilute alcohol, and recrystallizes from it in

quadratic plates, sometimes in glistening needles. It melts

at 143° with decomposition. After it has been dried over

sulphuric acid it loses, on being heated to 105°-110°, one

molecule of water (Bocklisch, Ber. 20, 1441). The insolu

bility of these oxalates in absolute alcohol shows the fallacy

of Tamba's distinction between ptoma'ins and vegetable

alkaloids. (See page 302.)

The DiBENzoYL-derivative, C3H16(NHCOC6H5)„ crystal

lizes in long or small needles and plates, readily soluble in

alcohol, difficultly so in ether, and insoluble in water ; hence

the alcoholic solution can be precipitated by addition of water

or ether (separation from the putrescin-compound, see page

327). It melts at 129°-130° ; at 130.5°-131.5° (Gule-

witsch). It is not changed by boiling with dilute acids and

alkalis ; but boiling with concentrated hydrochloric or sul

phuric acid for a long time finally breaks it up.

Neuridin, C5H14N„ was the first diamin isolated from

animal tissues (Brieger, 1883). It is one of the most

common products of putrefaction, and as such has been ob

tained by Brieger from putrid horseflesh, beef, human mus

cle, five to six days ; from haddock, five days in summer,

from cheese, six weeks in summer ; from gelatin, ten days at
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53° ; from decomposing human internal organs, three to

eleven days ; from cultures of the Eberth-bacillus, with mydin.

Bocklbm'H has obtained it from perch, six days in summer;

from barbel after three days in summer.

It has also been obtained from fresh eggs in the preparation

of cholin by heating with baryta ; and also from fresh brain

by heating with 2 per cent. hydrochloric acid (Brieger, I.,

57-0l.). Ehrenberg (1887) found it in poisonous sausage

and obtained it by growing a bacillus from this source on liver

and meat bouillon.

Neuridine is almost invariably accompanied by cholin, and

as the duration of putrefaction increases the latter gradually

decreases in amount and yields a corresponding increase in

trimethylamin, whereas the yield of neuridin increases from

day to day. The amount of neuridin formed depends upon

the nature of the organ employed in putrefaction. The

greatest yield is obtained from gelatinous tissues, such as in

testines ; and especially from pure gelatin. On the other

hand, such tissues as the spleen and liver yield but little.

Neuridin comes down in the mercuric chlorid precipitate

(sometimes it occurs in the filtrate), and can then be isolated

from the other bases present in a number of ways. One

method is given under gadinin. Another convenient method

of separation is to precipitate it from alcoholic solution by

alcoholic picric acid. The picratc thus obtained is, for the

purpose of further purification, recrystallized from absolute

alcohol, then decomposed by extracting its acid solution with

ether (to remove the picric acid) and evaporating the aqueous

solution to drvness. The residue is now extracted with alcohol

and the alcoholic solution precipitated by alcoholic platinum

chlorid. The platinochlorid can now be recrystallized from

hot water.

The free base, as obtained by the treatment of the hydro-

chlorid with moist freshly precipitated silver oxid, possesses

an extremely repulsive odor, similar to that of human semen.

On evaporation of its aqueous solution it yields a gelatin

ous-like mass, and at the same time slowly decomposes. It
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does not crystallize when evaporated in a vacuum, and de

composes even under these conditions. The same disagreeable

odor is obtained when the hydrochlorid is warmed with po

tassium hydrate. Brieger (I., 24) regards this decomposi

tion-product of neuridin as an oxidation-product of the

original substance.

The free base is very readily soluble in water, but is insolu

ble in ether and absolute alcohol ; difficultly soluble in amyl

alcohol. It gives white precipitates with mercuric chlorid,

neutral and basic lead acetates. When distilled with fixed

alkali it yields di- and tri-methylamin, thus probably show

ing some relation to neurin, hence the name neuridin. It

does not give Hofmann's isonitril-reaction, but it does not

follow from this, as shown under cadaverin, that it may not

be a primary diamin. It is isomeric with cadaverin, saprin,

and gerontin.

The Hydrochlorid, GTI^N^HCl, crystallizes in long

needles which are extremely soluble in water and in dilute

alcohol, but are insoluble in absolute alcohol, ether, benzol,

chloroform, petroleum-ether, benzine, amyl alcohol, etc. Its

insolubility in absolute alcohol may be used to effect a separ

ation from cholin hydrochlorid. It can be recrystallized

from slightly warm dilute alcohol. Although the pure salt is

insoluble in the reagents just given, nevertheless, in the pres

ence of other animal matter, it is dissolved in greater or less

quantity, and hence can be obtained by the Stas-Otto as

well as by the Dragendorff method. The crystals resemble

urea in form. On heating very cautiously the salt sublimes,

and at the same time appears to undergo a partial internal

decomposition, inasmuch as many of the groups of needles in

the sublimate are colored red or blue. For the behavior of

the hydrochlorid with the alkaloidal reagents, see Table I.

Pure neuridin is not poisonous, but as long as it is con

taminated with other putrefaction-products it possesses atoxic

action simliar to that of peptotoxin. This holds true for the

other non-poisonous bases.

The Platinochujrid, C5H^N,^HCLPtCl„ crvstallizes in
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beautiful flat needles. Recrystallized from hot water, it forms

aggregations of small, clear, yellow needles. It is readily

soluble in water, from which it is precipitated on the addition

of alcohol.

The Aurochlorid, CsH14N,.2HC1.2AUC13, is rather diffi

cultly soluble in cold water (Bocklisch), and crystallizes ou

cooling of the hot, saturated solution in bunches of clear,

yellow, short needles.

The Picrate, C5HMN,.2C6H,(NO,)3OH, can be recrystal

lized from boiling water, in which it is very difficultly soluble,

in the form of needles united in plumose groups. It is almost

insoluble in cold water ; less difficultly soluble in alcohol. It

is not fusible, but begins to brown and give off yellow vapors

at 230°, and carbonizes completely at 250°.

Saprin, C,H„N„, was found in human livers and spleens

after three weeks putrefaction (Brieger, II., 30, 46, 58).

It occurs together with cadaverin, putrescin, and mydalein

in the mercuric-chlorid precipitate. To separate these bases

Brieger (1885) used the following process: The mercury

salts were decomposed with hydrogen sulphide, the filtrate

evaporated to dryness, and the residue then extracted with

alcohol. The putrescin hydrochlorid is insoluble in alcohol,

and is thus removed. The alcoholic solution was treated

with platinum chlorid, which precipitated the greater part

of the cadaverin. The mother- liquor, on concentration,

yielded a mixture of the platinochlorids of cadaverin and

saprin. Each successive crop contained more of the saprin

double salt. The two kinds of crystals were now separated

by means of a magnifying glass. The saprin platinochlorid

thus obtained was finally purified by repeated recrystallization

from water. The mother-liquor, after the removal of the

saprin platinochlorid, contains the mydalein aslt, which, on

account of its solubility in water, crystallizes only on concentra

tion, or on standing under a desiccator. The mercuric-chlorid

filtrate contains some mydalein and the ptomain, which yields

a platinochloride containing 28.40 per cent. platinum.
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The free base is a diamin, and was first ascribed the

formula C,Hl6N,. It appears, however, to be isomeric

with cadaverin and neuridin. The term saprin is derived

from the Greek an-rpSc, signifying putrid. It possesses a

weak pyridin-like odor, and can be distilled with steam or

with potassium hydrate without undergoing decomposition.

In its reactions it behaves the same as cadaverin.except that

it gives an amorphous precipitate with potassium-bismuth

iodide, whereas cadaverin gives a crystalline precipitate. The

free base gives an immediate intense blue color with ferric

chlorid and potassium ferricyanid.

The Hydrochlorid, C5H„N3.2HCl, forms flat needles

which are not hygroscopic (distinction from cadaverin hydro

chlorid. Its reactions are the same as those of cadaverin

hydrochlorid. (See Table I.) It is, however, tinged slightly

blue by a mixture of ferric chlorid and potassium ferricyanid,

whereas the free base gives an intense blue. It differs from

cadaverin in that it does not give the reddish-brown color

with potassium bichromate and sulphuric acid. Again, it

forms no aurochlorid ; while, on the other hand, cadaverin

hydrochlorid yields an easily soluble salt, crystallizing in

splendid needles.

The Platinochlorid, C5H14N3.2HCl.PtCl4, forms paral

lel, aggregated, pointed crystals, which are somewhat soluble

in water, and are thus distinguished from cadaverin platino

chlorid, which crystallizes in rhombs, and is difficultly soluble

in water.

Physiologically, it is indifferent.

Hexamethylenediamin, C,H16N,,. This compound was

found by Garcia in decomposing meat and pancreas mixture,

seven days at 30°, by the benzoyl-chlorid method, together

with cadaverin and putrescin. The dibenzoyl-putrescin is re

moved in the usual way by precipitating the alcoholic solution

of the mixed benzovl diamins with ether. The separation of

cadaverin from the new compound is more difficult owing to

the great similarity iu the solubilities of the two compounds.
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Garcia succeeded in effecting a separation by dissolving the

mixture in alcohol, and raising the temperature on a water-

bath to 70° ; by gradual addition of water (50 volumes),

taking care not to allow the temperature to rise above 70°, at

which temperature the solution is left for twenty or thirty

minutes ; may be raised to 90° and kept there for one hour.

The solution is then rapidly filtered through an asbestos-plug

with the aid of a pump. On cooling, bright, long, crystalline

plates and needles separate from the filtrate. The residue,

dissolved in alcohol and again treated by this process, finally

yields a residue of pure benzoyl-cadaverin. The crystals

formed in the filtrate melt at 124.5°-125° ; cadaverin-com-

pound at 129°-130°.

The dibenzoyl-compound in heating with equal parts of

alcohol and concentrated hydrochloric acid on a water-bath

for forty-eight hours is decomposed. The hydrochlorid is

not deliquescent.

The Platinochlorid, C6H16N,.2HC1 TtCl4 (Pt = 37.01),

crystallizes from hot water on cooling in elongated, well-formed

needles (rhombic system) of dark-orange color. 8ome were

more than 1 cm. long. The crystallographic characters of the

salt agree in all respects with those of the cadaverin-com-

pound, with which it is therefore isomorphous. It is easily

soluble in water, difficultly in strong alcohol.

Gold chlorid produces no precipitate in aqueous or alco

holic solution of the base. Picric acid gives a compound easily

soluble in water and in absolute alcohol. It crystallizes in

needles and plates; at 200° becomes brown, and at 210° it de

composes. In its behavior to gold chlorid it resembles saprin.

This base is not present in cystinuria.

A Base, C,H16N,.—Until very recently the nature of the

basic substances which are formed as products of the alcoholic

fermentation of sugar or molasses has been but little under

stood. Kramer and Pinner, in 1809, found in crude fusel

oil a small quantity of a volatile base which they apparently

identified with a collidin. This observation was confirmed

by Ordonneau and others ; and still more recently (January,
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1888) Morin has contributed an elaborate paper upon the

bases formed during alcoholic fermentation. The portion of

crude fusel oil which boils above 130.5° was extracted with

slightly acidulated water, the acid aqueous solution thus ob

tained was made alkaline, and the oily bases which were thus

set free were then distilled with vapor of water. The free

bases were then dried over potassium hydrate and then sub

jected to fractional distillation. Three fractions were thus

obtained, boiling respectively at 155°-160°, 171°-172°, and

185°-190Q. Only the second fraction, which boils at 171°-

172°, was studied, and was found to possess the formula

C,H16N,. Heated with concentrated hydrochloric acid, it is

decomposed in part with the formation of ammonia. It com

bines with ethyl iodid to form a yellow crystalline compound

which is soluble in water and alcohol, insoluble in ether. The

hydrochlorid crystallizes in fine white needles, soluble in

water and alcohol, and but very slightly soluble in absolute

ether. The free base, as stated above, boils at 171°-172°, is

very soluble in water, alcohol, ether, etc. When pure it

forms a colorless, strongly refracting, very mobile oil, which

possesses a characteristic nauseating odor, but slightly resem

bling that of the pyridin-bases. Its density at 12° is 0.982b" ;

toward litmus-paper the base shows no decided reaction. The

platinochlorid is crystalline and is very soluble in water and

alcohol, slightly soluble in ether. Potassio-mercuric iodid

does not precipitate the aqueous solution of the free base, but

in solutions of the hydrochlorid it gives a yellow flocculent

precipitate, which soon crystallizes in long brilliant yellow

needles. This reaction takes place readily in solutions of 1

to 1000, and only after some hours in solutions of 1 to 10,000 ;

and is not given by the bases of the pyridic and quinoliuic

series. Mercuric chlorid produces an immediate flocculent

precipitate in solutions of the base having a concentration of

1 to 1000, but requires some time to appear in 1 to 10,000.

Phosphotungstic acid gives an immediate white precipitate

even in a dilution of 1 to 10,000. Phosphomolybdic acid in

solutions of the same strength yields a yellow precipitate.
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The physiological action of this base has been examined by

R. Wurtz, who found the lethal dose for rabbits, etc., to be

about one gram per kilogram of body-weight. It produces

stupor, paralysis, which at first appears in the rear extremities;

the sensibility becomes diminished and the pupils are dilated

and unresponsive to light ; the rate of heart-beat is lowered,

and the rectal temperature falls as low as 35° ; death follows

a more or less prolonged coma.

Tanret obtained by the action of ammonia on glucose a

number of bases, to which he applied the generic name of

glucosins. One of these, having the formula C„H19N, (C = 6),

corresponds in its formula and its general properties to

Morin's base, C,H16N, (C = 12), and, in fact, the two bases

are considered by Tanret to be identical.

It is interesting to note in this connection that alkaloidal

bases have been found in petroleum by Bandrowski, and

that similar basic substances have been detected by Weller

in paraffin-oil.

Most of the solvents in common use, such as alcohol, ether,

chloroform, benzole, petroleum-ether, amyl alcohol, etc., have

been shown at different times to contain basic pyridin-com-

pounds, though ordinarily in very minute quantity. On the

other hand, Haitinger has found in some specimens of amyl

alcohol as much as 0.o per cent. of pyridin.

Si'sotoxin, C,6H^N^?), is a base isolated by Now in 1H1)()

from cultures of the hog-cholera bacillus of Salmon (swine-

plague of Billings). It is probably identical with the base

obtained by v. Schweinitz from the same germ, although the

formula ascribed to it by him is C„HMN,. The free base has

not been obtained. The hydrochlorid forms a light-yellow

syrup which shows no tendency to crystallize. It is soluble

in water and in absolute alcohol, and is somewhat hygroscopic.

When heated with fixed alkali it gives on" a strong amin-

odor, such as is perceived on evaporating the original culture-

fluid, if it happens to be alkaline in reaction.

Tho platinochlorid is obtained by precipitation as a light,
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flesh-colored, granular precipitate. It is readily soluble in

water, from which it can be reprecipitated by addition of

absolute alcohol. From aqueous solution, when allowed to

evaporate slowly, it crystallizes in long, thick needles.

The mercurochlorid is thrown down from solutions of the

hydrochlorid in absolute alcohol, by alcoholic-mercuric chlo-

rid, as a heavy, white, granular precipitate. This readily

dissolves on the addition of a small quantity of water, and

can be perfectly reprecipitated by addition of absolute alcohol.

On treatment with hydrogen sulphid it is readily decomposed,

yielding the pure hydrochlorid.

The aurochlorid is very soluble in water and alcohol.

From the alcoholic solution it may be partially precipitated

by ether as a light-yellow, oily precipitate, which is adherent

to the sides and bottom of the tube.

PhysioIogical Action.—The base is toxic only in relatively

large doses, as seen from the following experiment. About

100 milligrams, dissolved in a little water, were injected sub-

cutaneously into a young rat. The animal was at first quiet,

apparently unwilling to move. After some ineffectual

attempts at jumping, it settled down to a recumbent position,

and when placed on its side was unable to rise. Respiration

was at first retarded, later increased, but toward the end was

again very slow. Convulsive tremors shook the body at fre

quent intervals. The animal kicked vigorously. Reflexes

were present almost to the end. As death approached, the

red eyes whitened and took on a glazed, opaque appearance.

Death resulted in one and a half hours. The animal was on

its side, the feet extended. Post-mortem examination showed

the heart arrested in diastole, lungs rather pale, stomach

contracted, serum in thoracic cavity, subcuta pale and

oedematous. Repeated doses of smaller quantities seem to

confer a partial immunity to the action of the germ.

Methvi^uani din, G,H1N„NH=C^y—CH3-

This base has long been known as a product of the oxida

tion of creatin and creatinin, but had never been met with
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in animal tissues. Brieger iu 1886 (III., 33) obtained it

from horseflesh which was allowed to decompose in a closed

vessel at a low temperature (—9° to -f- 5°) for four months.

Bocklisch (Ber. 20, 1441) isolated it from impure cultures

on beef-broth of Finkler and Prior's vibrio protcus, con

taining ordinary putrefaction-bacteria, for twenty to thirty

days at 37°-38°. Vibrio proteus alone seems incapable of

forming this base. The comma- bacillus, after some time (six

weeks), partially decomposes creatinin with formation of a

small quantity of methyl-guanidin (Brieger). The bacillus

of anthrax likewise is capable of transforming creatin into

methyl-guanidin.

It occurs in the mercuric-chlorid filtrate (Brieger), from

which it is obtained, after the removal of the mercury by

hydrogen sulphid, by precipitation with phosphomolybdic

acid. The precipitate is decomposed with neutral lead ace

tate, and the filtrate from this, after removal of the lead by

hydrogen sulphid, is concentrated, and then sodium picrate

added. The resinous picrate precipitate is purified by boil

ing with much water, and, finally, it is recrystallized from

boiling absolute alcohol. According to Bocklisch, it occurs

in the mercuric-chlorid precipitate (not in the filtrate), from

which it is isolated, after removal of the mercury and con

centration of the clear filtrate, by precipitation with sodium

picrate. The precipitate, containing cadaverin, methyl-guan

idin, and creatinin, is boiled with absolute alcohol (cadav

erin picrate is insoluble) and the alcoholic solution is then

evaporated to drive off the alcohol and taken up with water.

From this aqueous solution, after removal of picric acid,

methyl-guanidin is precipitated by gold chlorid. whereas crea

tinin remains in solution.

This ptomain is identical with the synthetic methyl-

guanidin (methyluramin), which can be readily obtained by

boiling a creatin solution with mercuric oxide or with lead

dioxide and dilute sulphuric acid (Dessaignes). The parent-

substance of methyl-guanidin as it occurs in putrefaction is

undoubtedly the creatin which exists preformed in the mus
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Hilar tissue. If such is the case, the bacteria engaged in its

production must be considered as possessing an oxidizing

action, since this base is prepared synthetically from creatin

by oxidation. That creatin does not offer much resistance to

the action of bacteria is shown in the fact that Friedlander's

pneumonia-coccus, which possesses but small chemical powers,

is capable of slowly but steadily decomposing creatin, yield

ing as one of the products acetic acid. Strecker and Erlen-

meyer, as well as Baumann, have shown that creatin,

although a substituted guanidin, is not poisonous, but is

readily converted into creatinin, which is a relatively toxic

substance. On the other hand, guanidin and methyl-guani-

din are quite violent poisons. This is, therefore, another

instance in which a toxic substance is formed by the action

of bacteria from a previously non-poisonous base (see page

309). According to Loksen, guanidin is formed, though in

small quantity, in the oxidation of albumin.

The formulae of these closely related substances are here

given for comparison :

Creatin, NH-C<^n,)-Cn.C0^

Creatinin, NH=C<N(CH.>fH'

XNH— CO

/N(CH,CH,

Methyl-hydantoin, 0=C\-yj| _ J,..

Methyl-guanidin, NH=C^i,,.' s

Guanidin, NH=CCjJJ,

Urea, 0_c(|{£

Methyl- guanidin forms a colorless, easily deliquescent

mass, possessing a strong alkaline reaction. On heating with

potassium hydrate it decomposes, and yields ammonia and

methylamin. It is a highly poisonous base.

16
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The Hvdrochloric, C,H1N,.HCl, cim be obtained from

the picrate by dissolving the latter in water acidulated with

hydrochloric acid, and extracting the solution with ether to

remove the picric acid. The colorless aqueous solution now

on evaporation vields a thin syrup which crystallizes in

vacuum to compact prisms. These are insoluble in alcohol,

and give with platinum chlorid a double salt of monoclinic

needles (Haushofer) which are very easily soluble (1 part

in about 7 parts of water, Tatarinow).

The Ai-rochlorid, C',H1N,.HCl.AuCl3 (Au =47.71 per

cent.), forms rhombic crystals (Haushofer) which are easily

soluble in ether, more difficultly in water or alcohol ; readily

soluble (Brieger). It readily decomposes on heating in pure

water, but may be recrystallized from water acidulated with

hydrochloric acid. It melts at 198°.

The Picrate, C,H,N,.C6H,(NO,)3OH, comes down at

first as a resinous precipitate, which when boiled with much

water solidifies in the form of felted needles. It is very diffi

cultly soluble in water, and can be purified by repeated reerys-

tallization from boiling absolute alcohol—distinction from

cadaverin. It melts at 192°.

The Oxalate, (C,H,N,),.H1C,O,+ 2H,0, forms crystals

which arc easily soluble in water.

Physiological Action.—Methyl-guanidin as obtained from

putrefying flesh is identical in its physiological action with

the synthetic base. It has already been stated that the non-

poisonous crcatin is readily converted into the relatively

energetic poison creatinin. The latter substance possesses a

paralyzing action differing very much from its decomposition-

product mothyl-guanidin. This base is very poisonous, and

the symptoms are marked by dyspmea, muscle-tremor, ami

general clonic convulsions. Brieger has observed the fol

lowing symptoms on injection of about 0.2 gram of methyl-

guanidiu into a guinea-pig : The respiration at once becomes

more rapid, and in a few minutes abundant passage of urine

and stool takes place ; the pupils dilate rapidly to the max

imum and cease to react. The animal is uneasv but motion-

v
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less, though not exactly paralyzed. Respiration becomes

deeper and more labored, the head moves from side to side,

the extremities become gradually paralyzed ; dyspnoea sets in,

the animal falls on its side, and dies (twenty minutes) amid

general clonic convulsions of short duration. Fibrillary

twitchings of the trunk-muscles are observed only in the

beginning. Post-mortem showed the heart to be stopped in

diastole, the intestines filled with fluid, the bladder contracted,

the cortex of the kidney hyperaemic, but the papilla: of the

kidneys surprisingly pale.

Morrhuin, C19H„N„ was obtained by Gautier and

Mourgues (1888) from the mother-liquors of asellin on

concentration of the platinum-containing liquid. This sub

stance constitutes about one-third (0.07 per cent.) of all the

bases found in cod-liver oil, and is named from Gadus

morrhua, the ordinary codfish. The free base is an oily,

very thick, amber-yellow liquid, the odor of which resembles

somewhat that of syringa. It floats on water and partially

dissolves ; is more soluble in ether and in alcohol. The

base is very alkaline, and is caustic to the tongue. It ab

sorbs carbonic acid, and is non volatile. The salts of cop

per are precipitated by it, but the hydrate formed is not

redissolved.

The hydrochlorid is very deliquescent. The gold salt

forms a yellow precipitate, which readily dissolves on warm

ing. The platinum salt, C19H„N,.2HCl.PtCl4 (Pt=27.56 per

cent.), crystallizes in barbed needles, which are quite soluble.

(Reparation from aselline, p. 352.)

Phyuloloyieal Action.—The base possesses the property of

exciting the appetite ; it acts as a diaphoretic and above all as

a diuretic. 0.029 gram given subcutaneously to a guinea-pig

produced in two and a half hours a loss of 13.5 grams in the

weight of the animal. The same effect is produced iu birds.

.Strong doses (0.1 gram per kilogram) produce fatigue and

hebetude.
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A Base, C^H^N,, was obtained as early as 1868 by Oser,

who observed its formation during the fermentation of pure

cane-sugar by means of yeast. The hydrochlorid when

dried in vacuo is said to form a white, very hygroscopic folia-

ceous mass, which soon becomes brown on exposure to air.

At first it imparts a burning taste, which is soon replaced by

a very bitter sensation.

A Base corresponding to the formula C„H^eN, was obtained

by Gautier and Etard from the mother-liquors of the pla-

tinochlorid of the base C,H„N. Very little is known, how

ever, in regard to the general properties of this base, owing

to the small quantity which could be isolated. This base and

the one obtained by Oser from the yeast-fermentation of sugar,

CUHMN,, and asellin, C?5HMN,, are the only ptomains thus

far isolated which are known to contain four atoms of nitrogen.

The Platinochlorid, C,,Hs,N,.2HCl.PtCl, (Pt = 27.52

per cent.), is readily soluble, and crystallizes in needles which

possess a light-yellow flesh color. When heated to 100°, it

slowly decomposes, giving off a syringa-like odor.

Asellin, CteHMN,, isolated by Gautier and Mouroues

(1888), together with five other hases from cod-liver oil.

It is present only in small quantity in the oil. The name

is derived from Asellus major, the great codfish. The

free base is thrown down from the solutions of the hydro

chlorid by the addition of alkali, in amorphous white floc-

cules which are almost insoluble in water. It is almost color

less, but on exposure to the air becomes slightly green. It is

not hygroscopic, and possesses a density of about 1.05. On

heating it melts to a viscid yellowish fluid, possessing an aro

matic odor; is non-volatile. Although almost insoluble in

water, it imparts to it an alkaline reaction and a bitter taste.

It is soluble in ether, more so in alcohol.

The salts are crystallizable, but are partially dissociated by

the action of warm water. The hydrochlorid forms crossed

or entangled needles which are quite bitter. The gold salt is
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very reducible. The platinochlorid, C',5H3,N4.2HCl.PtCl4

(Pt — 24.41), is orange-yellow in color; soluble in warm

water, insoluble in cold water (separation from morrhuin, p.

351), and is rapidly changed by boiling water. The mercury

salt is precipitated in the cold ; redissolves on heating, and

then, on cooling, recrystallizes.

In large doses it produces fatigue, short and rapid respira

tion, and stupor. Three milligrams of the hydrochlorid kill

a greenfinch in fourteen minutes.

Mydin, C6H1,]\"0, is a non-poisonous base which was ob

tained by Brieger in 1886 (III., 25) from the putrefaction

of about two hundred pounds of human internal organs; and

also in cultures of the Eberth bacillus on peptonized blood-

serum. It occurs in the mercuric-chlorid filtrate, and is iso

lated from it after the removal of the mercury by hydrogen

sulphide, by precipitation with phosphomolybdic acid. The

gummy precipitate which is produced is decomposed on the

water-bath with a solution of neutral lead acetate, and the fil

trate on evaporation yields a colorless hydrochlorid, crystal

lizing in plates. It is purified by recrystallization of the

picrate.

The free base is strongly alkaline, and possesses an ammoni-

acal odor. It is characterized by its strong reducing prop

erties. The name mydin is derived from fivtiau, to putrefy.

With platinum chlorid it gives, after a time, an extremely

soluble salt ; with gold chlorid, a precipitate of metallic gold.

On distillation it is decomposed.

The Hvdrochlorid, C6HnNO.HCl, crystallizes in color

less plates. It gives a blue color with ferric chlorid and

potassium ferricyanid.

The Picrate, C1H„NO.C6H.(NO,),OH, is obtained in

broad prisms, which melt at 195°. It is the only salt suitable

for manipulations.

In describing Nencki's collidin (page 312) it was stated

that tyrosin might be looked upon as the source of that base.

It would seem, however, to be more appropriately the parent
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substance of mydin, inasmuch as it decomposes on beiug

heated to 270° into carbonic acid and oxyphenyl-ethylamin,

C6H1,NO. The change that takes place can be represented

by the equation :

C.H<C2,.CHNH,.C01H^C.H4(gHCH5NH.+COr

Tyrosin. Oxvphenyl-ethvlamine.

A Base, C5H„NO„ was isolated by E. and H. Salkowski

(1883) from decomposing fibrin and meat. In its composition

it is isomeric with betain anhydrid. It is extremely soluble

in water, very difficultly so in alcohol, insoluble in ether, and

possesses a semen-like odor and saline taste. The aqueous

solution, which is not alkaline in reaction, yields on evapora

tion a stellate crystalline mass, which on standing over

sulphuric acid becomes a white powder, which melts at 150°.

It dissolves silver oxide, but not cupric hydrate, thus appar

ently indicating that it is not an amido acid. Moreover, it

does not give a precipitate or blue coloration with copper

acetate or ammoniacal silver nitrate. It thus differed from

the then known amido-valerianic acids, its isomers. Re

cently, however (1891), Gabriel and Aschan showed that

''-amido-valerianic acid agrees with this base in its reac

tions to copper nitrate. The gold salt of the synthetic base

possessed the same composition as that of Salkowski, and

melted at 86°-87°.

The identity of this base with 1!-amido-valcrianic acid

(homopiperidinic acid) would seem to be established, and

as such it is regarded. Its structure, then, is represented by

NHs.CH,.CH,.CII,.CH,.C0,H.

For its synthetic preparation see Iier. 24, 1305 (1891). The

base does not seem to possess toxic action.

The Hydrochlorid, C5H„NO,.HCl, forms colorless, stel

late crystals, which are permanent in the air, and are ex

tremely soluble in water, even in absolute alcohol.

The AuRochloRii), C5H1INO,.Hn.AuCI, + H.0, is ob

tained on slow evaporation, as large, well-formed, beautiful
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dark-yellow crystals. They are probably monoclinic, con

tain water of crystallization and melt at below 100°.

The Platinochlorid gave on analysis results corre

sponding to the formula (C,H15NO3.HCl);,PtCl4. This may

possibly be due to the presence of some higher homologues

of the base C^rlnNO,. It forms fine orange-yellow crystals,

which arc very difficultly soluble in alcohol, easily so in hot

water, from which, on cooling, it crystallizes in beautiful

plates.

Cholin Group.—The following four bases are closely

related, and, indeed, starting from cholin, the oldest and

best-known individual, the remaining bases can be readily

prepared from it. Moreover, they can all be prepared

synthetically according to methods that will be subsequently

indicated. As choliu is the most prominent member, we

have thought best to class these substances together as consti

tuting the cholin group. It is very probable that mydatoxin

and mytilotoxin, when their constitution becomes known, will

be found to be homologues of certain members of this group.

Neurin, C5H„NO = C,H,.N(CH,),.OH.—This substance

was obtained and named thus by Liebreich (1865), who

prepared it by boiling protagon for twenty-four hours

with concentrated baryta. Previous to its discovery as a

decomposition-product of protagon from the brain it was

prepared synthetically by Hoffmann (1858) by treating

trimethylamin and ethylen bromid with potassium hydrate

or silver oxide. Baeyer (I860), by boiling an alcoholic

extract of the brain with baryta water, obtained, on separa

tion by three different methods, abase, or rather a mixture of

bases, which, on analysis, gave results corresponding to the

three formula :

1 2 3

(C5II14NOCl)3PtCl4 (C5HI,>'Cl),PtCl, (C5H14NCl),PtCl4

Formula No. 3 was the one accepted by Liebreich for neurin,

but, according to Baever, Liebreich's neurin salt is not
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simple, but is a mixture of Nos. 1 and 2. He himself accepts

formula No. 1 as the platinochlorid of neurin, and distinctly

states (Annal, d. Chem. u. Pharm., 142, 323, 1807) that neu

rin is in composition trimethyl oxyethyl-ammonium hydroxid.

And, according to him, cholin from bile, and sinkalin from

white mustard, appear to be identical with neurin.

This nomenclature of Baeyer's was at first adopted by

Wurtz and others, who showed that the oxyethyl base

was identical with cholin and sinkalin. On that account

Strecker, in 1868 (AnnaL, 148, 79), suggested the restric

tion of the name cholin to the oxyethyl base, and to reserve

the name neurin for the base whose platinochlorid is repre

sented in No. 3, as originally was done by Lieureich. In

1H(>9 IjIeKReich showed conclusively that pure protagon,

when heated with baryta for twenty-four hours, yields a sub

stance having the composition of the vinyl base :

N(CH,),.C,H,.OH.

The platinochlorid of this base crystallized in five-sided

yellow plates, which, after a time, on exposure to the air,

became cloudy; on treatment now with water a portion dis

solved, and the solution was found to contain the oxyethyl

base. Furthermore, he observed that when the alcoholic ex

tract of the brain, from which all the protagon had been

removed, is treated with baryta, only the latter, the oxyethyl

base, is obtained. Finally, in 1870, Wurtz abandoned the

use of the term neurin to designate the oxyethyl base, and

returned to the name cholin, originally applied to the oxy

ethvl base by its discoverer, Strecker. Nevertheless, the

confusion in the use of these two terms continued to exist, and

even at the present time it is the cause of no little misunder

standing. Thus, Marino-Zuco (188;")), in his excellent re

searches on the genesis of ptoma'ins, applies the term neurin,

following Baever's precedent, to the oxyethyl base, C5H1sN0ft

which is really cholin, according to the proper nomenclature.

We have gone somewhat at this point in detail into the

history and proper use of the terms neurin and cholin be



CHEMISTRY OF THE PTOMA1NS. 357

cause of the confusion which is sure to arise if the distinction

is not thoroughly borne in mind. The name neurin, then,

should be used only to denote the vinyl base C5H„NO. It is

trimethyl-vinyl-ammonium hydrate. On the other hand,

cholin is applied to the oxyethyl base C5H15N0„ which is

trimethyl-oxyethyl-ammonium hydrate.

Neurin has been obtained by Brieger (1883) in the putre

faction of horse, beef, and human flesh for live or six days in

summer. It also occurs in the commercial, so-called " neurin,"

together with cholin (Brieger, I., 34) ; in commercial 25

per cent. cholin (Schmidt). Liebreich obtained it in the

decomposition of protagon by baryta. And Brieger (I., 60)

also has isolated it along with cholin from fresh human brains,

by boiling with baryta ; but has not obtained it by digesting

the brains on the water-bath with 2 per cent. hydrochloric

acid. It has been found in putrid, and as result of this change

poisonous, mushrooms (Berlinerblau, 1888).

The genesis of neurin is still rather obscure, and it is to be

hoped that future investigations may shed more light upon

the mysterious production of this highly poisonous base. Its

occurrence in the brain together with cholin would seem to

indicate that it is either derived from cholin by the removal

of water, or that it exists together with cholin, partly replac

ing the latter in the molecule of protagon (lecithin), accord

ing to the hypothesis put forward by Lippmann (page 366).

The question of its derivation from cholin by withdrawal of

a molecule of water has already been subjected to an interest

ing experimental discussion. Ch. Gram attempted to explain

the production of neurin and other muscarin-like ptomains

as due to the dehydrating action of the acids employed in the

methods of extraction, and, indeed, he claimed to have con

verted cholin platinochlorid, by heating with hydrochloric

acid, into neurin. This statement has been disputed by

Brieger, and by others, who showed that the platinochlorid

of cholin, as well as the hydrochlorid, may be heated with

fifteen or thirty per cent., or even concentrated hydrochloric

acid, for six to eight hours on a water-bath, without any con

16*
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version whatever (III., 15). That neurin may be obtained

from cholin, at least by chemical processes, was shown by

Baeyer, in 1866, who found that cholin chlorid, when

heated with several times its volume of concentrated hydriodic

acid and some red phosphorus, gave a compound C'dl^NI8

which, on digestion with fresh, moist silver oxide, yielded a

vinyl base identical with that previously obtained synthetically

by Hofmann, and now known as neurin. In Hofmann's

method for the synthesis of neurin the trimethylamin ethy

lene bromid (see synthesis of cholin, p. 364) is treated with

fresh moist silver oxide. Schmidt and Bode have shown

that the iodine compound resulting from the action of hydri

odic acid on cholin is the same as that formed by the action

of the acid on neurin ; and that on treatment with silver

oxide it yields neurin. Cholin, therefore, may be readily

changed into neurin. On the other hand, since neurin with

hydriodic acid forms the same compound, by heating with

silver nitrate cholin is formed. Hence neurin can be readily

changed into cholin (Schmidt). On distilling cholin with

water, or on dry distillation, a little neurin forms (Noth-

nakel). Brieqer has tried, unsuccessfully, to bring about

this dehydration by the putrefaction of pure cholin (I., 59).

However, Schmidt and Weiss (1887) were more successful,

and they found that cholin, as well as the hydrochlorid and

lactate, is changed by the action of micro-organisms into the

strongly poisonous neurin. Their results are given in full

under cholin (see page 'Mid). From what has been said it is

evident that neurin can only arise from cholin, and this, as

will be seen later, is derived from lecithin. Cholin may Ik.'

kept dry or in aqueous solution for four mouths without change

into neurin (Schmidt).

Neurin is almost invariably accompanied by cholin, from

which, however, it can be readily separated by the difference

in the solubilities of the platinochlorids. It occurs in the

mercuric chlorid precipitate (and in the filtrate), and from

this it can be obtained, after removal of the mercury, by pre

cipitating the solution of the mixed hydrochlorids in absolute
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alcohol by platinum chlorid. The platinochlorids are then

separated by recrystallization from water, since the neurin is

difficultlv soluble, while the cholin salt is readily soluble.

The free base possesses a strong alkaline reaction, and on

contact with the fumes of hydrochloric acid it yields a cloud.

According to Liebreich, the alkaline solution cannot be

neutralized by passing through it carbonic acid.

With hydriodic acid neurin at 140o-l50° forms trimethyl-

amin ethylene iodid, which on treatment with silver nitrate,

as stated above, forms cholin, or on treatment with silver

oxide regenerates neurin (Schmidt). This compound is the

same as that prepared by Baever. It melts at 231°.

Fuming hydrobromic acid has no action on neurin at ordi

nary temperature, or at 100° ; but at l00°-16o° it yields tri-

methylamin . ethylene bromid, which behaves with either

nitrate or silver oxide as above (Bode and Schmidt). Thus:

Br.N(CHO.X^Br + 2AgNO, + H,O = N0,.N(CH,\.

C.H.OH + 2AgBr + HNO,.

BrNCCH.X.G^Br + Ag,0 = OH.N(CH3),.CH + CH, +

2AgBr.

Hypochlorous acid, likewise, breaks up the vinyl group

in neurin to form a derivative of cholin, which with silver

oxide yields iso-muscarin (Bode).

It decomposes readily on standing ; more rapidly on heating

into trimethylamin.

The Chlorid, C.H„>J".Cl, is extremely poisonous, and

crystallizes in fine hygroscopic needles. It is easily soluble in

water and alcohol. By the action of hypochlorous acid it is

changed to iso-muscarin.

The Bromid, Br.N(OH3),.C,H„ is colorless, wart-like in

form ; hygroscopic and easily soluble in water and in alcohol,

insoluble in ether. It melts at 193° (Bode).

The Iodid, IN(CH3),.C,H„ forms colorless, permanent

needles; easily soluble in water; slightly in cold alcohol,

easily in hot alcohol. When heated to 180° becomes yellow,

and at 196° it melts (Bode).

r
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The Piatinochlorid, (C5H„N.Cl),PtCl4 (Pt = 33.60 per

cent.), is difficultly soluble in hot water, and crystallizes in

beautiful, well-formed, small octahedra belonging to the regular

system. The crystals are always single. No twin crystals

are observed. Sometimes the crystals contain water of crys

tallization, at other times they do not (Brieger, I., 33). It

melts at 211°-213° (Schmidt) ; 213°-214° (Bode'. Accord

ing to Liebreich, it forms from an aqueous solution in five-

or six-sided, heaped-up plates resembling urea nitrate, while

from an alcoholic solution it forms needles, which on exposure

to air become opaiiue, and are partially converted into the

oxyethyl base—cholin. The difficult solubility, octahedral

form, always single, and the melting-point distinguish it per

fectly from the cholin salt.

The Aurochlorid, C,HirN.Cl.AuCl4 (Au = 40.37 per

cent.), forms flat prisms, which are difficultly soluble in hot

water (Brieger). Dissolves easily, and can be purified by

crystallization (Liebreich).

Physiological Action.— Neurin is exceedingly poisonous,

even in small doses, and in its action it strongly partakes of

the characteristic stamp of poisoning by muscarin. The

injection of a few milligrams into frogs produces in a short

time a complete paralysis of the extremities, with deadening

of reflex excitability. Respiration stops first, while the rate

of heartbeat gradually decreases till, finally, stoppage in

diastole takes place. The injection of atropin at this point

does away with the effect of neurin, so that the heart begins

to beat again. Previously atropinized frogs, as a rule, with

stand the action of the poison. Immediately after the intro

duction of this substance there can be observed a distinct

period of exaltation, which, however, soon gives way to t he-

characteristic stage of depression seen in the progressive slow

ing of the rate of heart-beat. Of the warm-blooded animals,

cats seem to be much more sensitive to its action than mice,

rabbits, or guinea-pigs. The symptoms seen in rabbits nre

profuse moistening of the nasal cavities and upper lip, which

is succeeded by an intensely profuse salivation ; later on there

is noticeable an abundant secretion from the nasal mucous
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membrane and from the eyes ; the latter, however, ceases in a

short time. The movements of the heart and of respiration

are at first quickened and strengthened, but before long the

paralytic effects produce a constant slowing and weakening,

till finally complete cessation of both movements results. The

decided dyspmea observed gradually alters its character, and

just before death the respiration is irregular and superficial.

The heart, as in frogs, continues to beat after the respiratory

movements have ceased, until finally it stops in diastole.

Direct application of concentrated solutions of the poison to

the eyes produces almost always a contraction of the pupil,

while a similar but less constant contraction is seen when it is

injected. The peristaltic action of the intestines is heightened

to such an extent that continual evacuation takes place. Just

before death, violent clonic convulsions occur. Atropin

possesses a strong antagonistic action toward neurin, and the

injection of even a small quantity is sufficient to dispel the

symptoms just described.

Cholin, CTI15N0,=C,H4OH.N(CH3),.OH.—This base is

identical with the sinkalin of von Babo, the bilineurin of

Liebreu'h, and the neurin of Baever, Marino Zuco, and

others. According to Schmiedebero and Harnack, it is

identical with Letelllier's amanitin (agaricin), to which

they assign, however, the formula (CH3),N.(CHOII.CH3)OH.

Cholin was first prepared, and so named by Strecker, in

1862, by treating hog-bile with hydrochloric acid. It was

prepared synthetically by Wurtz (1868) by direct union of

ethylene chlorhydrin and trimethylamin. The reaction that

takes place can be represented by the equation :

CH,

C„H.-!O,? + GHL I N= SiS3VNCl.
CH, -) %&)

ia - g«. N= c3;
otlt > CJ^.OHJ

Baever (lH00) obtained it by boiling an alcoholic extract

of the brain with baryta water; and Liebreich, in 1869,

showed that if the alcoholic extract, from which all the prota-

gon had been removed, be thus treated, only cholin is formed,
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whereas pure protagon, on heating with baryta, yields neurin.

It has been obtained from the yelk of eggs ; from bile ; from

fresh brains (Brieger); from fresh eggs, blood, lungs, ami

hearts, and from lecithin (Marino-Zuco) ; from humitu

placenta (Bohm); from the eye; from commercial neuriu

(Brieger) ; neurin was found in a specimen of commercial

cholin (Schmidt); in commercial muscarin sulphate (Noth-

NAGEL) ; from fresh as well as decomposing internal organs of

the cadaver (Brieger, 1885); in fresh blood (neurin of

Marino Zuco and Martini) ; from herring-brine and decom

posing pike, three days in midsummer (Bocklisch). It has

also been isolated from cultures of vibrio proteus (Bocklisch,

Carbone) and of comma-bacillus (Brieger). Ehrenberi;

(1887) found it in poisonous sausage, and, by growing a bacil

lus obtained from this, on liver. Gulewitsch has isolated

cholin from horseflesh, putrefying at 15°-(- for four months,

together with cadaverin and probably muscarin.

Not only has cholin been met with in the animal tissues,

but it hns also been observed within the last few years to be

very widely distributed in the vegetable kingdom, especially

so in fatty seeds. Thus, it has been found (Harnack, 1870)

accompanying muscarin, in toadstool (Agaricus muscarius) ;

in hops, and hence in beer (Griess and Harrow); in the

seeds of Trigonella, in Indian hemp, areca- and earth-nuts,

hemp seeds and lentils (, Jahns) ; in the seeds of white mus

tard, as a glycosid (von Babo) ; in ergot (Brieger); in

the germs of pumpkins and lupines (Schulze, ZeiUchr. f.

Physiol. Chem., 11, 365) ; in beech-nuts and morels (Helvetia

esculenta, Boletus luridus, Amanita pantherina, Bohm); in

flores sambuci (elder), and extracts of belladonna, hyoscya-

mus, ipecacuanha root and Acorus calamus (Kunz), ipecacu

anha root (Arndt), and Scopolia Japonica (Schmidt and

Henschke); in the sprouts and cotyledons of Soja beans

(Schulze, 1888), in the fat from hog's bean, vetch, peas and

lupines (Jacobson, 1889); from the lecithin of lupine seeds

(Schulze and Steiger); and in Cheken leaves (Myrtus

cheken, Weiss). According to Lippmann (Ber. 20, 3206),



CHEMISTRY OF THE PTOMAINS. 363

it is present together with betain, in the molasses from beet

root sugar. Cholin (Ritthausen) and betain (Bohm) exist

together in cotton-seeds; hence, cholin occurs in the press-

cakes from cotton-seeds (Bohm). Maxwell by extraction of

cotton-seed cake with alcohol obtained about five times as

much betain as cholin. With betain it occurs in worm-seed

(Artemisia Cina, Jahns) ; in sprouts of malt and wheat

(Schulze and Frankfurt). According to Schulze, and

also Ritthausen, cholin occurs with betain and another

base in the seed of the vetch, and in peas with a base resem

bling betain. The two bases have also been found together

in the roots and leaves of Scapolia atropo'ides by Siebert.

Partheil found cholin, but not betain, in the seeds of

Cytisus laburnum. Kresling obtained it from the pollen of

the fir, Pinus sylvestris.

Schulze and his pupils have shown that arginin, cholin,

and xanthin bases occur in lupine sprouts. The same com

pounds with vernine occur in gourd sprouts, whereas in

the sprouts of Vicia sativa, betain, cholin, and guanidin.

Arginin on treatment with baryta yields urea. In the vetch,

therefore, where arginin is absent, it is replaced by a deriva

tive of urea, guanidin. Thus well-known animal products, as

the xanthin bases, guanidin, tyrosin, leucin, are also met with

in the vegetable kingdom.

Cholin may readily be prepared, after the method of

Diakonow, from the yelk of eggs. These are extracted with

ether, then with alcohol, and the extracts thus obtained evapo

rated, when the resulting residues are boiled with baryta for

one hour. The filtrate, after the removal of the barium by

carbonic acid, is evaporated and the residue is extracted with

absolute alcohol. The alcoholic solution is now precipitated

with platinum chlorid. Brieger (II., 5")) has presented a

method which is much simpler in its details and obviates the

use of the expensive platinum chlorid. The tissues rich in

lecithin, as yelk of eggs, brain, etc., are heated with concen

trated hydrochloric acid for some hours on the water-bath.

The insoluble residue is filtered off, andthe filtrate, after neu-

S
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tralizution of the excess of free acid with carbonate of sodium,

is evaporated. The residue is extracted with alcohol, and the

alcoholic solution is precipitated with alcoholic mercuric chlo-

rid. The precipitate thus obtained, on recrystallization several

times from a large quantity of boiling water, yields the pure

double salt of cholin.

If desirable, it can be made from pure lecithin, best pre

pared according to Gilson's method. Yelk of eggs is repeat

edly shaken up with ether until the latter is colored only a

faint yellow ; the ether solution then distilled, the residue taken

up in petroleum-ether and filtered. The filtrate, in a separa

tory funnel, is well shaken with 75 per cent. alcohol, and this

is repeated several times with fresh alcohol. The alcoholic

extracts are combined, allowed to stand for some time, then

filtered and subjected to distillation to remove traces of petro

leum ether. The solution is now set aside in a cool place for

several days ; the precipitate which forms consists of choleste-

rin, etc., and a little lecithin. The alcoholic solution is filtered

by decantation, then decolored by boiling with bone-black ;

rapidly evaporated at 50°-00° to a syrupy consistency. This

residue is extracted with ether, the solution filtered and evapo

rated. The lecithin thus obtained is almost perfectly pure,

but contains traces of cholesterin. To purify it completely,

it can be dissolved in as little absolute alcohol as possible, and

set aside to precipitate in the cold—5° to 1.3°.

Cholin may be prepared synthetically according to the

method of Wurtz, or of Hofmann and Bode. In the latter

ethylene bromid is heated with excess of alcoholic trimethy-

lamin. The resulting bromine compound is treated with silver

nitrate, filtered, and the filtrate heated on the water-bath for

about eight days yields cholin nitrate. This is the easiest

and cheapest method of preparation. It may be prepared

from neurin (page 358).

In regard to the genesis of cholin the preponderance of

testimony goes to show that it is derived from the decomposi

tion of lecithin, which, according to the researches of Diako-

now and others, is one of the most widely distributed com
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pounds, occurring in greater or less quantity in all of the

animal tissues. Lecithin, which is a complex esther

(Strecker, Hundeshagen, Gilson), decomposes under the

action of acids and alkalis into a base (cholin), glycerin,

phosphoric acid, and fatty acids (stearic, oleic, palmitic, etc.).

Gilson has shown that dilute sulphuric acid slowly decomposes

lecithin, forming cholin, which, after a few days, disappears ;

on the other hand, sodium hvdrate, in even 1 per cent. solu

tion, rapidly decomposes it. This change is undoubtedly

accomplished in a similar manner through the agency of

bacteria Brieger (II., 17) is inclined to believe that cho

lin exists preformed in the various tissues, inasmuch as he

has been unable to obtain it from the brain, which is rich in

lecithin, by boiling with 2 per cent. hydrochloric acid. (See

Schui,ze, page 367.) Prolonged heating with concentrated

hvdrochloric acid was necessary in order to obtain any cho

lin from the brain. This result of Brieger's is somewhat

at variance with that of Marino-Zuco (see Relaz'wne, etc.,

pages 21), 30, and 38), who obtained from 25 grams of

lecithin, by the method of Stas, a small quantity of the auro-

ehlorid of a base, while from a similar amount he obtained

more relevant quantities by the method of Drageudorff.

The occurrence of cholin in the vegetable kingdom would

be inexplicable to us at present were it not that we now know of

the existence of lecithin-like bodies in plants, from the decom

position of which substantially the same products are obtained

as from the lecithin obtained from the animal tissues. The

existence of such a body in plants was first predicted by

Scheibler in 1870, who was led to this conclusion in his

celebrated study of beet-root sugar, because of the presence of

oleic acid, glycerin, phosphoric acid, and betain, as well as

cholesterin, in the beet-root extracts. This hvpothesis was

confirmed by Hoppe-Seyler, who, in 1871), found a lecithin-

substance in yeast. Schulze found a similar compound in

the cotyledons of lupine, while Jacobson observed its presence

in mustard-seeds, in fenugreek-seeds, in maize and wheat, in

the fat from beans, peas, vetch, and lupines. Heck el
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showed its presence in globularia, and Lippmann has found

it in beet-root. According to Hoppe-Seyleb, this lecithin

like substance exists in all vegetable cells undergoing develop

ment. SchUlze and Likiernik (1891) were the first to

prepare lecithin in a pure condition from plants. It was found

to possess the same properties and yield the same decomposi

tion-products as lecithin from animal tissues. Up to the present

time lecithin has always been supposed to contain a radical,

which gives rise to cholin on saponification, as an essential

component, while on the other hand the fatty acids entering

its molecule are well known to be replaceable by one another.

Thus we may have a di-stearin lecithin as well as a di-olein

lecithin. The existence of several lecithins in the yelk of

eggs has been recognized for some time, and according to

Schulze and Likiernik this is also true of the lecithins in

plants. Recent observations of Lippmann (71V. 20, 3206)

show that the above basic radical, hitherto regarded as constant

in lecithin, may possibly be capable of replacement by other

similar radicals. He found on saponifying with baryta two

different specimens of lecithin, both obtained from beet-root,

that while one of them yielded oleic acid, glycerin, phosphoric

acid, and betain ; the other lecithin gave oleic acid (and some

other fatty acids), glycerin, phosphoric acid, and cholin, with

no betain—at least not in isolable quantity. This remark

able difference has led Lippmann to suggest an explanation

which, while it may not be the correct one, nevertheless pos

sesses a high degree of probability. According to him, the

lecithin molecule may contain interchangeable basic radicals

in the same manner that it contains interchangeable acid

radicals. This view is supported not only in the case of beet

root, where cholin and betain exist together, but the same

two bases have been observed in cotton-seed. A similar co

existence was observed in the toad-stool (Agaricus muscarius),

in which cholin and muscarin were found. And, lastly, the

same condition holds true probably for mytilotoxin and be

tain, which were shown to be present together in poisonous

mussels.

X
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Lecithin cannot always be regarded as the source of

cholin in plants, since this base is known to occur as a glu-

cosid in the seeds of white mustard. The sinapin decom

poses according to the equation :

C,6H„N05 + 2H,0= C3H15NO, + CnH„O,.

Sinapin. Cholin. Sinapic Acid.

According to Schulze (1891), the cholin which is isolated

from pea- and vetch-seeds, exists preformed in the seeds, and

does not result from lecithin by the process of extraction.

This is also probably true with reference to cotton-seed cake.

The condition in which betain exists is not determined.

The protoplasm itself is another possible source of cholin

as well as of other nitrogenous bases, as xanthin, etc. We

know from Drechsel's brilliant investigation (1890) that

casein on treatment with hydrochloric acid and stannous chlo-

rid yields ammonia, amido acids, and organic bases—lysatin,

C6II13N3O„ and lysatinin, C6H„N30—homologues of creatin,

C4H,N,O„ and creatinin, 0,11,^/I. From lysatinin urea

can be readily obtained by treatment with baryta. Subse

quently, .Siegfried (1891) showed that vegetable protoplasm

(conglutin from lupine) when treated in the same way yields

similar products. The two bases have since been prepared

from gelatin by Fischer ; from horn by Hedin. Later,

Schulze demonstrated that the base, arginin, C6H14N40,.

is formed in lupine sprouts at the expense of the proteids

present, and he pointed out that this base is probably related

to lysatin, from which it differs only by NH (see next

chapter). By the decomposition of horn substance with

stannous chloride and hydrochloric acid Hedin obtained

arginin. Schulze and Likiernik, by treatment with baryta,

have converted arginin, the same as lysatinin, into urea.

Decompositions of Cholin. — Baever (1806) suc

ceeded in converting cholin into neurin by a purely chemical

process. This was accomplished by heating cholin chlorid

with concentrated hydriodic acid and red phosphorus in a

scaled tube at 120°-150°, whereby the compound C5H„NI,
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was formed. Fuming hydrobromic acid heated to 160°-170°

may also be employed. The iod-iodid of eholin thus ob

tained, on treatment with moist silver oxid gave a base,

the platinochlorid of which corresponded to the formula

(C5H„NCl)1PtCl4 + HsO. This double salt, according to

Baever, is readily soluble in water, and gives reactions similar

to eholin. Although Baever is emphatic in his assertion that

this is the vinyl compound (neurin) formed from the oxy-

ethyl base (eholin), yet it seems that there is room for doubt

in regard to the interpretation of his results. Thus neurin

platinochlorid is difficultly soluble in water, contrary to the

behavior of the platinochlorid obtained by him. On the

other hand, eholin platinochlorid is easily soluble in water,

and it would seem, therefore, that Baever has not converted

eholin into neurin, but rather has regenerated eholin from

its iod-iodide. If such were the case, we would expect that

the iod-iodid of neurin, 05H13NI„ which has the same com

position as the corresponding derivative of eholin, would

yield, on treatment with silver oxide, the oxy-ethyl baso.

Baever has apparently not been able to effect this change,

since he holds that the vinyl base maybe prepared from the

oxy-ethyl, but that the reverse, the preparation of the oxy-

ethyl base from the vinyl compound, cannot be accomplished.

This has been successfully accomplished by Schmidt. Xeurin

can be changed into eholin, and vice verm eholin can be

changed into neurin (page 358).

Whether the change described by Baeyer takes place or

not, it is, nevertheless, certain that eholin does not readily

give up a molecule of water, and thus become converted

into neurin. Ch. Gram announced, in 1886, that eholin

chlorid and lactate, on heating on the water-bath with

dilute hydrochloric acid, decompose, and that this conversion

into the vinyl base was easy and complete when the aqueous

hydrochloric acid solution of eholin platinochlorid was heated

for five or six hours on the water-bath. In this way Gram

endeavored to explain the formation of neurin as due to

the action of acids upon eholin, but Brieger has shown
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that the platinum salt of cholin, as well as its hydrochlorid,

can be heated with fifteen or thirty per cent., or even con

centrated, hydrochloric acid for six or eight hours without

undergoing any change into neurin, thus disproving the

results obtained by Gram. E. Schmidt and Weiss have

independently confirmed BriegerV observations in regard to

the resistance of cholin to decomposition by acids. Schmidt

has gone further, and has shown by an examination ofGram's

original preparations that it was cholin, and not neurin.

Gulewitsch (1894) was likewise unable to split up cholin

by acids into neurin. Cholin, therefore, is not decomposed

by acids into neurin. What the action of acids has failed to

do is probably accomplished through the agency of bacteria.

Schmidt found that chlorin chlorid, when allowed to stand

with hay infusion, or with dilute blood, for fourteen days at

20°-30:', decomposed almost entirely, yielding large quantities

of trimethylamin and a base, the platinochlorid of which

resembles in form and solubility the double salt of neurin

and possesses a similar physiological action. When allowed to

decompose for ten days at 30°-33° neither cholin nor neurin

was present. Cholin lactate in hay infusion developed an

odor of trimethylamin in twelve hours, but at the end of

fourteen days a good deal of cholin was still present. In this

case no neurin was present, but instead a homologous base

was found, which can be obtained synthetically by the action

of trimethylamin on allyl bromid. According to Meyer,

of Marburg, this base does not possess the muscarin-like

action of neurin, but resembles more closely pilocarpiu.

The decomposition of cholin by putrefaction into neurin,

a highly poisonous base, may explain the production of poisons

in foods.

Brieger (I., 59) had unsuccessfully tried to transform

cholin into neurin by putrefaction. He observed that the

cholin decomposed with extreme slowness, even when the

putrefaction was carried on at a higher temperature, yielding

.only trimethylamin. Wurtz (1H08) showed that dilute

solutions of free cholin can be heated to boiling without any
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perceptible decomposition. Concentrated solutions, however,

decompose with the formation of trimethylamin and glycol,

C,Ht(()H), (see page 306). The decomposition of cholin

was studied somewhat by Mauthner (1873), who confirmed

Wurtz's observation that cholin was scarcely decomposed

by boiling water, and he showed that when exposed to the

action of decomposing blood it yielded trimethylamin. The

results obtained by K. Hasebroek (ZeiU-cIirlft f. Phy*ioL

('hem., 12, 151, 1888) deserve special mention at this place.

He carried on the putrefaction of very dilute solutions of the

chlorid of cholin in the presence of little or no oxygen in

Hoppe Sevier fermentation-flasks. Sewer slime, because of

its strong fermentative properties, was used to induce the pu

trefaction, and calcium carbonate was added to neutralize any

acidity that might develop during the fermentation.

The fermentation, as shown by the evolution of gases, lasted

for about three months. The total quantity of gas given off

was about one litre from 1.17 grams cholin chlorid. The

gases consisted almost entirely of carbonic acid and marsh

gas. No hydrogen was evolved. When the fermentation

ceased the flask was opened and several cubic centimetres of

the almost neutral clear liquid were injected under the skin of

a rabbit without producing the least effect.

This liquid distilled with alkali gave methylamin and

ammonia. What is remarkable about this experiment was

the total absence of the higher amins—as, for instance, tri

methylamin, which has been observed so many times as a de

composition product of cholin. The absence of any poison

ous base, as ueurin, was probably largely connected with the

absence of oxygen.

Free cholin ordinarily forms a strongly alkaline syrup

which combines readily with acids to form salts, most of which

are deliquescent. By oxidation it is converted into betain

(see page 370), and on treatment with concentrated nitric acid

it gives rise to muscarin (see page 380). These reactions can

be represented by the equations :
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CH,OH O0

| I OH

OH, +0,= CH, +H.0.

I ' I

N(CH3),.OH N(CH,),.OH

Cbolin. Betain.

CH.0H CH,0H

I ' I
CH, + 0 = C1I0II

i (CH,),.0H N(CH,),.0H.

MOSCAKIN.

By the action of dilute nitric acid cholin is converted

almost wholly into a base the platinochlorid of which is

efflorescent, and forms large, bright crystals grouped in

bunches. It corresponds to the formula (C,H16N,OsO)PtCl4

-f- 2H,0 (Schmiedeberg and Harnack).

Nothnagel has isolated the same compound, and, on

attempting to convert the platinum salt into the gold com

pound, he obtained the aurochlorid of trimethylamin. The

nature of this base, which is formed also in small quantity on

oxidation with concentrated nitric acid, is uncertain.

According to Mauthner, cholin resembles the caustic

alkalis in its action. Although putrefying blood decomposes

it into trimethylamin, yet, when present in the proportion of

1.4 per cent., it is said to arrest putrefaction. A 1 to 2 per

ceut. solution is said to dissolve fibrin or coagulated albumin

on boiling.

Nothnagel has shown, contrary to Arndt, that cholin

cannot be distilled unchanged with baryta water. It is de

composed into trimethylamin. On distillation with water it

yields a few drops of an aldehyde body, a little neurin (?),

and trimethylamin. On dry distillation of cholin it yields

also a little of the aldehyde body, a little neurin (?), and

chiefly cholin. The latter probably results from recombina

tion in the distillate of the trimethylamin, ethylene oxid,

and water.
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The free base, sis well as the carbonate, is dimorphous and

forms thin plates or long needles.

The Chlorid, C5H„NO.Cl, is easily soluble in water and

in absolute alcohol (separation from neuridiu hydrochlorid

and from betain). It crystallizes over sulphuric acid to

needles which readily deliquesce in the air. Potassium mer

curic iodid produces in solution of the chlorid a crystalline

precipitate. The nitrate possesses the formula :

(CHs),.N(NO^.CH,.CHsOH. (Schmidt).

The Bromid, Br.N(CH,),.C,H4OH, forms rather long,

colorless rhombic plates when ether is added to an absolute

alcohol solution of the salt. It deliquesces very rapidly in

the air and is decomposed by sunlight, changing color to vio

let and brown (Nothnagel).

The Iodid, I.N(C'Hs),.C,H4OH, can be crystallized in the

same way as the bromid. It is less deliquescent and is turned

yellow by sunlight (Nothnagel).

The Platinochlorid, (C5H„NO.Cl),PtCl4 (Pt =.11.04

per cent.), presents an interesting case of trimorphism. It

crystallizes in monocliuic plates (RinXE) which are easily

soluble in water, insoluble in alcohol; also in characteristic

superposed plates, sometimes in the form of orange-red flat

prisms (Brieger). From a warm saturated solution contain

ing 15 per cent. alcohol it crystallizes in yellow regular octa-

hedra containing one molecule of water of crystallization, from

aqueous solutions in six-sided plates (Jahns) ; from aqueous

solution on slow evaporation it forms plates, elinorhombic

plates, or needles (Hoppe-Sevler) which are anhydrous.

When rapidly crystallized it forms prisms (Hundeshagek,

Jahns, Schulze) ; and if the solution is concentrated the

prisms are very thin, almost needles. According to Schulze,

it sometimes forms beautiful orange-red, chiefly six-sided plates.

It is easily soluble, forming splendid, very large, red, superposed

monoclinic plates; may crystallize from cold saturated aque

ous solution in large, prismatic, or needle-shaped crystals

(Schmidt). Jahns maintains that the plates and prisms be
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long to the same system ; while Hundeshagen holds that

they are distinct. Instead of the salt presenting an instance

of trimorphism as first stated by Hundeshagen, it would

seem that but two forms occur—anhydrous monoclinic and

octahedra with one molecule of water of crystallization. It

contains always more or less water of crystallization, which it

does not give up completely over sulphuric acid, but only

at 110' (Brieger). The natural platinochlorid becomes

strongly electric on rubbing, whereas the synthetic cholin

double salt does not become electric. It melts at 225° with

effervescence (Jahns) ; at about 238° (Partheil) ; at 233°-

234° (Bode) ; at 232°-233°, and more often at 24<T-241°

(Schmidt), with marked effervescence. The solubility, crys

talline form, and melting-point render it wholly different from

neurin.

The Aimochlorid, C5H14NO.Cl.AuCl3 (Au = 44.48 per

cent.), is crystalline, and is difficultly soluble in cold water,

but can be recrystallized from hot water or from boiling alco

hol. It forms prisms, or gold-yellow long needles, which are

very easily soluble in hot water and alcohol (Lippmann). It

can be separated from neuridin aurochlorid by its solubility

in water (Brieger). On heating, the gold salt melt.* to a

brown liquid (Schulze), and decomposes at 264°. It melts at

244°-245° (Siebert, Jahns) ; at 245-246° (Schmidt).

The Picrate, C,HHNO.OC6H1(NO,)5, forms long, broad

needles which are more easily soluble than neuridin picrate,

and hence can be separated by recrystallization. It is more

easily soluble in alcohol than in water.

The Mercurochlorid, C5H^NO.Cl.OHgCl„ is extremely

difficultly soluble even in hot water. On this account the

mercury salt is very convenient for the separation of cholin

from accompanying bases. It is very difficult to separate it

from the cadaverin mercurochlorid on account of the simi

larity in solubilities. Gulewitsch secured a separation by

fractional precipitation and fractional solution. It forms

small, short, cross shaped prisms. Its solubility in water is

1 : 37.4 at 21° (Gulewitsch).

17
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Lactocholin Cl.NcCHs)a.CH,.CHsO \CHCH
lagtocholkn, Cl.N(CH3)s.CHs.CH,.CH,O.OC/L±1-cn-

This compound was obtained by Schmidt by heating an

aqueous solution of cholin lactate on a water-bath for six

days. The platinochlorid forms long prismatic crystals with

roof-shaped ends. It is easily soluble in water ; difficultly in

alcohol. It has two molecules of water of crystallization, and

melts at 220°-221°. The platinum compound on decom

position with hydrogen sulphid or potassium chlorid, and

precipitation with gold chlorid, yields, instead of a gold

salt,the aurochlorid of cholin. All attempts to obtain the

aurochlorid of lactocholin failed. Lactocholin is formed

from ethylidene, and not from ethylene lactic acid (Noth-

nagel).

Oxv-iso-butyro-eholin is produced in the same way as

lactocholin. The platinochlorid has the same form and

melting-point, 221°. The two molecules of water of crystal

lization are difficultly driven off. The gold-salt is not obtain

able on account of reversion to cholin. The formula cor

responds to that of lactocholin (Nothnagel).

Oxy-valero-cholin is also prepared the same as lacto

cholin. The platinum salt crystallizes in long compact

needles, containing two molecules of water of crystallization,

which are rather easily soluble in water, and melt at

223-224° (Nothnagel). Its composition also corresponds to

that of lactocholin.

Oxy-acetic, ethylene lactic, and salicylic acids do not form

anhydrid compounds. The above compounds result from

the union of two molecules of cholin and one molecule of

acid with elimination of two molecules of water. The plati

num salts of all three anhydrides belong to the same system ;

all have two molecules of water of crvstallization, difficultly

expelled at 100°. The melting-point is about the same in

all. They do not yield gold salts. The free anhydrids are

not permanent.

Acetyl-cholin. The gold salt of this compound was studied

first by Baever, later by Nothnagel. Baever obtained the
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acetyl compound by the action of acetyl chlorid on cholin

chlorid in the cold, but Nothnagel, did not succeed in intro

ducing the acetyl group short of 100°. The gold salt is anhy

drous, tree-like iu form, and melts at 154°-155.° On decom

position with hydrogen sulphid it yields cholin. The pla-

tinochlorid crystallizes in small anhydrous needles which

melt at 223°-224°.

Benzoyl-cholin is formed by heating dry cholin chlorid

on a water-bath with benzoyl chlorid. It forms a platinum

salt crystallizing in fine thread-like needles, which melt at

206°. The gold salt forms light-yellow flat needles which are

permanent in the air and melt at 183°. The hydrogen

in the hydroxyl group of the oxyethyl is, therefore, easily

replaced by acid radicals (Nothnagel).

Physiological Action of Cholin.—Cholin was regarded for

a long time as physiologically inert, but this belief was set

aside by Gaehtgens (1870), who showed that, when given in

large quantity, it possessed a marked toxic action ; 0.59 gram

producing almost instantaneous death in a cat. This obser

vation of Gaehtgens has since been confirmed by Glause and

Luchsinger, Brieger, and Bgehm. The chlorid of cho

lin produces in animals the same muscarin-like symptoms

of poisoning as are developed by the vinyl base neurin, the

only difference lies in the intensity of the action. In order

to bring about a physiological disturbance, cholin must be

given in relatively large doses. Thus Brieger found it

necessary to give about 0.1 gram of cholin chlorid hypo-

dermically to a one-kilogram rabbit in order to bring out

the same effects as are obtained by the injection of 0.005

gram of the neurin salt. He also found that the fatal dose

for a one-kilogram rabbit was about 0.5 gram, which is

about ten times as large as the fatal dose of neurin chlo

rid. Boehm observed that doses of 0.025-0.1 gram pro

duced in frogs general paralysis, which, in a short time, leads

to death or recovery ; and that in its curara-like paralyzing

action cholin resembles artificial musearin, although the

latter is about five hundred times stronger. Atropin, as in
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the case of neurin and muscarin, antagonizes the action

of cholin. Thus, 0.05 gram of the chlorid produced in

a frog in one hour diastolic stoppage of the heart. This

condition was removed by the injection of 0.001 gram of

atropin, the heart-beat rising to the normal in about four

teen minutes; 0.05 gram of cholin chlorid, given subcuta-

neously to a rabbit (1250 grams) produced salivation,

which lasted but a short time, and did not affect the heart

beat and respiration ; 0.10 gram was necessary to bring

out all the symptoms ; 0.05 gram, given to guinea-pigs, had

no effect whatever.

Betain (Oxyneurin), C5H„N0,.—This base has been

well known for some time, because of its occurrence in the

vegetable kingdom. Thus, it is present in cotton-seed (Bgehm,

Ritthau8EN and Weger, Maxwell), where it is about

five times as abundant as cholin); in beet-root juice (Beta

vulgaris , and hence in beet-root molasses (Scheibler,

1806). It occurs also in cattle-turnip and Lyeium bar-

barum (Husemann and Marme, Schutte, Siebert) ;

and is found with cholin and another base in vetch-seeds;

in peas a base similar to betain exists (Schulze\ With

cholin it occurs in the roots and leaves of Scopolia atropoides

(Siebert). It occurs in the leaves of the potato plant,

Solanum tuberosum, but not with cholin (Schutte); in

worm-seed (Artemisia Cina) in about 0.5 per cent. ; with cho

lin about 0.1 per cent (Jahns). The two bases are also

present in the sprouts of wheat and malt, betain more

abundantly (Schulze and Frankfurt). It does not exist

in these substances as such, but is formed from a more com

plex substance by the action of hydrochloric acid or baryta

(Liebreich). In this respect it rescmbl&s cholin, neurin,

and probably muscarin. Quite recently, Lippmann (1887)

has obtained a lecithin-like body from sugar-beet, which,

on heating with baryta, gave oleic acid, glycerin, and

phosphoric acid (glycerin -phosphoric acid), and betain.

Betain, however, does not seem to be a constant constitu
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ent, inasmuch as on one occasion he obtained chiefly cho-

lin, and little or no betain. These two bases also occur

together in cotton-seed, and this fact has led Scheibler to

the conclusion that it is no mere chance. Lecithin, as is

well known, may contain variable acid constituents (oleic,

stearic, palmitic, etc.), and reasoning on this fact, and on the

results of his experiments, Lippmann has been led to sup

pose that it may also contain different bases in variable pro

portions.

Betain was first discovered by Husemann and Marme in

1863 and 1864 and named lyeine. Schiebler found it in

1866 in beets, and gave it the present name. The identity of

the two compounds was shown in 1875 by Husemann.

A methyl-betain, trigonellin, exists in trigonella (Jahns,

Hantzch).

It has been obtained from human urine (Liebreich, 1869),

and from poisonous and non-poisonous mussel, but not from

putrid mussel (Brieger, 1855, III., 76). The method for its

separation from mussel is described on page 387.

Betain may be obtained synthetically in several ways: (1)

by oxidation of cholin with potassium permanganate; (2) by

heating sarkosin (methyl glycocoll) with methyl iodid and

methyl alcohol, or with methyl iodid alone, when betain-

methyl ether also forms (Paulmann) ; (3) by the action of

silver oxide on betain aldehyde; (4) by the action of

methyl iodid on glycocoll (Kraut); (5) by treating mono-

chloracetic acid with trimethylamin. The last two methods

are of value as indicating the constitution of betain, and

the changes which take place can be represented by the

equations :

NH, N(CH3)3I

I I
CH, + 3CH3I = CH, + 2HI.

I I

CO,H CO,H

Glycocoll. Betain Iodid.
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N(CH,\C1

CH,C1 I

| + N(CH,\ = CH,

CO,H I

CO,H.

MONOCHLORACETIC ACID.

From the formulae of the salts of betain it is evident that

betain has properly the composition C5H„N0„ which is ex

pressed by the structural formula :

N(CH,),OH

I
CH,

I
CO.H.

The free base is, however, readily converted into the anhy

dride. C5H„NO„ trymethyl glycocoll ; the structural formula

of which is :

CH-N(CH,),

I I

CO —o.

Betain aldehyde was prepared first by Berlinerblau and

Inter by Fischer. On oxidation with silver oxid it yields

betain.

Betain is ordinarily regarded as crystallizing with one

molecule of water, and the composition is expressed by the

formula: C,H11N01+H,0(=OH.N(CH,),.CH,.CO,H). It

loses this water of crystallization by heating at 100°, or on

standing over sulphuric acid, forming an anhydride of the

formula already given. Liebreioh claims that free betain

possesses the formula CsHnNO„ because it yields a compound

having the composition (C5H„NO)ZnCl4. The free base

separates from alcohol in large crystals which deliquesce on

exposure to the air. As obtained by Brieger from the hy-

drochlorid by treatment with moist silver oxid, it possessed

a sweetish taste and neutral reaction. When distilled with

potassium hydrate, it yields trimethylamin and other bases,

among which a base of the formula CSH„NO, occurs in the
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largest quantity. In 1893 Scheibler again studied the

action of sodium hvdrate on betain and found only tri-

methylamin ; no new base, but unchanged betain.

The Cnlorid, C5H„N0,.Cl, forms beautiful crystals, mono-

clinic plates, which are permanent in the air, and this can

be made use of to effect a separation from the cholin salt,

which is deliquescent. It crystallizes from aqueous solution

in monoclinic plates, from hot saturated 80 per cent. alco

holic solution in beautiful prisms, often several cm. long.

It melts at 227°-228° (Jahns). It is insoluble in absolute

alcohol. This fact can be made use of in their separation

(Lippmann, Maxwell). It can, moreover, be easily sepa

rated from other bases by its aurochlorid, which is easily

soluble. If a little potassio-mercuric iodid is added to a solu

tion of the chlorid, there forms a light-yellow or whitish oily

precipitate, which is soluble in excess, but on rubbing the sides

of the tube with a glass rod it reappears as yellow needles.

This is said to be a characteristic test (Brieger, Schulze,

1891). By the action of sodium amalgam on aqueous solu

tions of the chlorid a base is formed, the platinochlorid of

which in form, solubility, and composition agrees with mus-

carin (Schmidt, Nothnagel).

The Aurochlorid, C5HnNO,.Cl.AuCl3 (Au = 43.12 per

cent.), forms magnificent cholesterin-like four-sided plates (or

gold yellow needles, Paulmann), and is easily soluble (Brie

ger). The aurochlorid from sugar-beet is said to crystallize

in needles and plates, and to be difficultly soluble in cold water

(Scheibler, Lippmann). The double salt of the ptomain

melts at 209°, and in this it coincides with that obtained from

beet-sugar, as well as with that of the synthetically prepared

base (Brieger). According to Schutte, it melts at 218°,

220'-222°; at 223°-225° (Siebert) ; at 220°-221°, decom

posing at 222.5° (Paulmann). The platinochlorid (C5IIU-

NO,.HCl)5.PtCl4, is yellow and crystallizes in prisms. On

rapid cooling of hot saturated solution or on precipitation

with alcohol it forms more or less anhydrous fine needles ;

from cold saturated solution over sulphuric acid it crystallizes
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in plates which effloresce in the air (Jahns). It may crystal

lize with or without water. Liebreich obtained crystals with

four molecules, while Paulmann obtained crystals with one

molecule of water. Jahns obtained the salt with three mole

cules of water.

Betain is not poisonous. It is precipitated with mercuric

chlorid together with cholin. Schulze and Frankfurt

separate the mercury salts of betain and cholin by partial

crystallization ; betain is more soluble. The two bases can

be separated as chlorids by the solubility in absolute alcohol

(Maxwell, Schulze and Frankfurt, Jahns).

Muscarin, CdJ,5N0, = C5H1.,N0, + H,0, the well-known

toxic principle which Schmiedebero and Koppe obtained

from poisonous mushroom (Agaricus muscarius\ in which it is

present accompanied by cholin (Harnack). Bohm has found

cholin and muscarin together in Boletus luridus and Amanita

pantherina. Later, Schmfedeberc; isolated from a commercial

specimen of muscarin a base possessing an antagonistic action

to muscarin. Kobert believed that this " fungus-atropin " ex

isted in the fresh mushrooms, and showed that Russula emetica

contained this compound as well as cholin and muscarin.

This base is especially interesting because of the relation it

bears to cholin, for Schmiedebero and Harnack showed

that it is formed when cholin, or, better still, the platino-

chlorid, is oxidized by concentrated nitric acid. Nothnaoel

by the action of concentrated nitric acid on cholin obtained

muscarin, also a nitroso-derivative (nitric acid and cholin

ether), and a substance which is the chief product, besides

a little muscarin and the n it roso-com pound, when the oxi

dation is carried out with dilute nitric acid. The muscarin

from cholin does not combine with phenyl hydrazin ; be

tain aldehyde does. The chlorid on treatment with acetic

anhydride or benzoyl chlorid yields an anhydride of mus

carin (Nothnaoel), the exact composition of which is

yet undetermined ; the group —CH^(),, in muscarin is
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changed either into an aldehyde —COH group, or into

—(CHOH),.O.

In the preparations of muscarin from cholin a small quan

tity of a nitroso-compound forms, the platinum salt of which

resembles that of muscarin in solubility, but never in form,

which is always plumose. These crystals are permanent in

the air, and contain two molecules of water which are not

driven off at 100°. They melt at 223°-224° with decompo

sition. It possesses the formula :

(Cl.N(CH,\.CH,.CH,O.NO)5.PtCl4 + 2BL.O.

The gold salt forms fine, light-yellow needles which are anhy

drous and melt at 240°. It gives Liebermann's nitroso re

action—blue color with phenol and sulphuric acid.

A third " muscarin," OH.N\CHs),.CH,.COH, was prepared

by Berlinerblau by the action of baryta on trimethylamin

and chlorae«tal. Flscher prepared the same compound by

the action of concentrated hydrochloric acid on acetal-tri-

methyl ammonium hydroxide. This base, however, differs

from muscarin by the elements of water—anhydro-muscarin.

In reality it is betain aldehyde, since on oxidation with moist

silver oxide it yields betain (Fischer). Unlike real mus

carin, it has no action on the heart of frogs or on the pupils

of birds (Mever). Like most ammonium bases it induces

strong salivation and perspiration. Schmiedeberg found it

to resemble cholin in its action, whereas Luchsinger found

it to agree in its action with muscarin.

A fourth base, oxycholin —OH.N(CHs),.CH.OII.CH,OH,

was prepared by Bode by the action of silver oxide on hypo-

chlorous acid and neurin chlorid. Its platinum salt melts

at 2o4° (Nothnagel). Its physiological action is different

from that of muscarin. Thus, in frogs it slows the heart, but

does not cause stoppage. Atropin counteracts its action. In

mammals the pulse is lowered as a result of stimulation of

the central vagus ganglia, 10-15 mg. intravenouslv stimulate

the intracardiac exhibition. The blood-pressure is not lowered

as is the case in muscarin, but is somewhat raised. Neither

17*
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the intestines nor the iris of mammals is affected. The iris of

birds is contracted as with muscarin, and the glands are

affected. In cats and guinea-pigs salivation and flow of tear-

result. Like all ammonium bases it has a marked curara-

action.

A fifth base, resembling fungus- and cholin-muscarin in

the form, solubility, and composition of the platinochlorid,

was obtained by the action of sodium amalgam on aqueous

solutions of betain chlorid (Schmidt).

Lastly, Brieger in 1885 (1., 48) isolated a muscarin base

from haddock which had been allowed to decompose for five

days. The process by which its isolation was effected is de

scribed on page 391. Gulewitsch isolated a small amount

of a substance resembling muscarin, together with eholin

and cadaverin, from horseflesh kept at 15° -f- for four months.

It is barely possible that Brieger's base is distinct from

Schmiedeberg's ; nevertheless, it closely resembles it and

apparently is identical.

The Chlorid, C5Hi4NO,.Cl, is obtained on the decomposi

tion of the platinochlorid with hydrogen sulphid, as a syrupy

residue, which, under the desiccator, shows a tendency to

crystallize gradually (Brieger). It is deliquescent (Har-

nack). A commercial muscarin sulphate was found to be

chiefly eholin (Nothnagel).

The Platinochlorid, (05H14NO,.Cl)1PtCl4 (Pt = 30.08

per cent., Brieger \ forms as a crystalline deposit of pin-head

size, more or less well formed octahedra, which are difficultly

soluble in water. They lose their water of crystallization

(211,0) only by means of strong heating (Brieger, Noth-

nageiA It melts ut about 240° with decomposition.

The Aurochlorid, C5H„NO,.Cl.AuCl3 (Au = 42.82 per

cent.), crystallizes in needles, and is difficultly soluble in water

(Brieger); more difficultly soluble than the eholin double

salt (Harnack). From hot hydrochloric acid water it crys

tallizes as light-yellow, glistening platelets (Nothnagel). It

is scarcely to be distinguished from the corresponding salt ot

eholin (Nothnagel). It begins to run together at 174°,
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gradually melting, and decomposes at 232°. It has no water

of crystallization. The separation of mnscarin and cholin

is very difficult. Harnack separated the two by spreading

the mixed chlorids on a filter-paper which absorbed the mus-

carin salt. Nothnagel separated the two bases as platino-

chlorid by repeated recrystallization from hot water and

washing the crystals with cold water. The platinochlorid of

cholin is easily soluble in water.

Physiological Action.—Small doses of this ptomain induce

in frogs total paralysis, with stoppage of the heart in diastole,

and this action is antagonized by subsequent injection of atro-

pin, but in the case of previously atropinized frogs it fails to

antagonize. Very small doses produce in rabbits profuse sali

vation and lachrymation, contraction of the pupil, profuse

diarrhoea, and passage of urine and semen ; finally, the animal

dies in convulsions, which, however, are only of short dura

tion (Brieger). Although the natural and artificial mus-

carin and their salts are chemically and physically alike,

they are not, however identical, although so considered by

Schmiedeberg and Harnack. This is seen in their physio

logical action. Thus Rohm found that the artificial musca-

rin paralyzed intramuscular nerve-endings. According to

Mever, 79—zV mg. will do this, whereas the natural base will

not have this effect. Again, 1-2 drops of a 1 per cent. solu

tion of the artificial base will produce maximal myosis in birds

in a few minutes ; while the natural base has no effect on

birds' pupils. The action of betain aldehyde and iso-mus-

carin has already been stated. Brieger's ptomain would

seem to be nearly identical with the artificial muscarin.

Constitution of the Members of the Cholin Group.

—The structure of cholin was clearly demonstrated by Wurtz,

who accomplished the synthesis of this base by treatment of

ethylene chlorhydrin with trimethylamin. This same method

can be applied to the synthesis of betain and neurin by using

monochloracetic acid and vinylbromid instead of ethylene

chlorhydrin. The structural formulae which can be deduced

from these reactions are as follows :
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CH.OH CH, CO,H

J II J
CH CH CH,

NCCH.)rOH N(CH,),.OH N(CHa),.OH

Cholin. Neubin. Betain.

All these bases, since they can be prepared from cholin,

may also be considered as oxidation-products of trimethyl-

ethyl-ammonium hydrate :

CH,

|

CH,

I

N(CH,),.OH.

The constitution of muscarin is still unsettled. Schmiede-

HeRti and Harnack believed that it resulted from cholin by

the oxidation of hydrogen connected with the same carbon

us the hydroxyl group. Its formula would be either

OH.N(CH,),.CHrCH<tc5g

or

OH.N.CH,VCH,.COH

The former, analogous to chloral, would have two hydroxyl

groups attached to one carbon atom. The presence of hy-

droxyl groups in muscarin cannot, however, be demonstrated

with acetic anhydrid, or benzoyl chlorid (Xothnagel). The

second formula is that of betain aldehyd.

The formulae of the several muscarin compounds are here

with presented :

CIICOH), COH CH.OH.

I I I
CH, CH, CHOH

I I i
N(CH,\.OH N(CH,),.OH N(CH,),.OH

Muscarin. Bei-ain aldehyde. Iso-muscarin.

Tt will be observed that very slight differences in the chem

ical constitution of cholin, muscarin, betain, and neurine arc

accompanied by very great differences in the physiological
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action of these bases. Thus, as pointed out by Schmidt, cho-

lin may be considered as a primary alcohol and betain as a

monobasic acid. Between these two relatively non poisonous

bases is the intermediate oxidation-product, the aldehyde

muscarin, which is highly poisonous.

Again, it will be remembered that the artificial muscarin

formed by the oxidation of cholin had a markedly different

physiological effect on the intramuscular nerve-endings and

on the pupils of birds from that of the natural muscarin.

This difference must undoubtedly be ascribed to difference in

stereochemical structure, as in the case of active and inactive

lactic acids, of atropin. Furthermore, Bode's iso-muscarin

possesses likewise an entirely different action, differing only

in the position of the hydroxyl group. The same is true of

betain aldehyde, which differs from muscarin by the ele

ments of water.

The relatively non-poisonous cholin is readily converted

into the poisonous neurin, or, vice verm, neurin may be

changed into cholin by removing or respectively adding the

elements of water.

Mvdatoxis', C^H^5NO,. — This base was obtained by

Biueger in 18H0 (III., 25, 32) from several hundred pounds

of human internal organs which were allowed to stand in

closed but spacious wooden barrels for four months, at a tem

perature varying from —9° to -H~)°. He obtained much larger

quantities of it, however, from horseflesh which had putrefied

under the same conditions. In the process of extraction it is

found in the mercuric-chlorid precipitate together with eadav-

erin, putrescin, and another base, C,H1tNOr It can be iso

lated from this mixture by recrystallizing the mercury salts,

which removes the cadaverin, because of its difficult solubility

in water, and decomposing the soluble mercury salts by hy

drogen sulphid. The filtrate freed from mercury is now

evaporated to dryness and the residue repeatedly extracted

with absolute alcohol, in order to remove the putrescin hy-

drochlorid, which is insoluble. The alcoholic solution, after

standing some time to permit complete separation of any dis
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solved putrescin, is then evaporated to dryness and taken up

with water. This solution gives, on the addition of gold

chlorid, a precipitate of the aurochlorid of the base C,H„X< I,.

The filtrate from this precipitate, containing the mydatoxin, is

treated with hydrogen sulphid to remove the gold, and then

evaporated to dryness. The colorless, syrupy hydrochlorid

thus obtained forms with platinum chlorid a double salt which

is readily soluble in water, and can be purified by repeated

recrystallizations from absolute alcohol containing some hydro

chloric acid.

The name mydatoxin is derived from fiviau, to putrefy.

The free base is obtained from the hydrochlorid by treatment

with moist, freshly precipitated silver oxid, as a strongly alka

line syrup, which solidifies in vacuo to plates. It is insoluble

in alcohol, ether, etc. It does not distil without decomposi

tion. It is isomeric with the base C6H„NO„ obtained by

Brieger in 1888 from tetanus-cultures.

The Hvdrochlorid, C6Ht3NO.,.HC'l, is a colorless deliques

cent syrup which does not form any double salt with gold

chlorid. With platinum chlorid it gives an easily soluble salt.

Otherwise it combines only with phosphomolybdic acid, with

which it forms cubes. Ferric chlorid and potassium ferricyauid

yield, after a time, Berlin-blue. It is readily soluble in alcohol.

The Platinochlorid, (C,H1,NO,.HCl"!PtCl4 (Pt = 29.00

per cent.), melts at 193°, with decomposition. It crystallizes

in plates which are extremely soluble in water. It can be

readily recrystallized from absolute alcohol acidulated with

hydrochloric acid. The mercury salt is readily soluble in

water.

The exact formula of this base, of mytilotoxin, and some

other bases, cannot be considered to be permanently settled,

inasmuch as the formula of the hydrochlorid, OtIT1,NO„HC'I,

as deduced from the analysis of the platinum double salt,

may equally apply to the base 06H„NO,OII as to the base

( .,H1!tNO,. If the first formula is correct, then mydatoxin is

a homologue of betain, and its structure would be expressed

by (l).
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(1) (2)

o

CO,H C s

I |\H

CH, CH

I II

CH, CH

J.f(CH,),OH N(CH,)sOH.

The second formula would seem to correspond to an unsatu

rated aldehyde of the cholin group, and its structure may

be indicated by (2).

This ptoma'in, although it possesses toxic properties, is

not, however, a strong poison. Its action is the same as that

of the base C,H1,N0, (see page 395', with which it is asso

ciated, except that the symptoms ofpoisoning develop slower,

so that the death of a guinea-pig does not take place for

about twelve hours. White mice are very susceptible to the

action of these two poisons. A short time after the injection

of even small doses they are taken with convulsions which

come on in paroxysms. The eyeballs roll upward. Lachry-

mation, diarrhrea, and dyspnoea come on, and the mice die

within a short time.

A Base(?), C6H1sNO.„ an isomer of the preceding, was

obtained by Brieger in 1HK8 from tetanus-cultures. It is not

poisonous—-distinction from mydatoxin. It probably is an

amido-acid. The platinochlorid crystallizes in plates, is

easily soluble in water and in alcohol, and melts at 197° with

decomposition (see page 400).

Mytilotoxin, C6H15NO„ is the specific poison of toxic

mussel (Mytilus edulis), from which it was obtained by

Brieger in 1885 (III., 76). This poison is formed during

the life of the animal under certain conditions which have

been thoroughly studied by Schmfdtmann, Virchow, and

others (see p. 45). Brieger obtained the poison by extract

ing toxic mussel with acidulated water, and evaporating
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this solution to a syrupy consistency. The residue was

thoroughly extracted with alcohol, and this solution was

treated with lead acetate, in order to remove mucilaginous

substances. The filtrate was then evaporated, and the residue

extracted with alcohol. Any lead that had dissolved was

removed by hydrogen sulphide. The alcohol was expelled,

and the resulting syrup was taken up with water and de

colored by boiling with animal charcoal. The clear solution

was now neutralized with sodium carbonate, acidulated with

nitric acid, and precipitated with phosphomolybdic acid. The

precipitate was decomposed by warming with neutral lead

acetate, and the resulting filtrate, after the removal of the

lead by hydrogen sulphide, was acidulated with hydrochloric

acid and evaporated to dryness. The residue was extracted

with absolute alcohol, whereby betain, on account of its

insolubility, is removed, and the alcoholic solution was pre

cipitated by alcoholic mercuric chlorid. The mercury pre

cipitate is repeatedly recrystallized from water, and the poison

is obtained as an easily soluble double salt.

The free base as obtained by the addition of alkali to the

hydrochlorid possesses a disagreeable odor which disappears

on exposure to air, and the substance ceases to possess poison-

ous properties. Brieger has proposed the application of

this test for the recognition of poisonous mussel ; on treat

ment of these with alkali the characteristic odor is developed.

Mytilotoxin is also destroyed on distillation with potassium

hydrate, and in the distillate there are found an aromatic

non-poisonous product and trimcthylamin. The free base,

therefore, does not exist by itself for any length of time, but

soon becomes converted into an inert substance. H. Sa l-

kowski has also shown that it is destroyed on boiling with

potassium carbonate, whereas its hvdrochloric acid solution

can be evaporated to dryness, and heated to 110° without

destroying its poisonous property.

The Hydrochlorii), C,H1:1NO3.II(;l, prepared from the

aurochlorid, crystallizes in tetrahedra. It is extremely poi

sonous, and according to Brieoer produces exactly the same
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symptoms which have been observed by Schmidtmann in

persons who have partaken of poisonous mussels (see page

44). On standing, however, the pure hydrochlorid gradually

becomes dark, and decomposes with loss of its poisonous

property—a change corresponding to that which tetanin

undergoes (p. 400). The gold salt is better adapted for pre

servation. The ordinary alkaloidal reagents produce in its

solutions, if at all, onlv oily precipitates.

As stated under mydatoxin, the formula of the hydro

chlorid, C,H15N0,.HCl, is applicable to either one of the two

bases, C6H16NO,.OH or C6H1VN0,. The base corresponding

to the first formula is evidently a homologue of muscarin,

and should possess a similar physiological action. As a mat

ter of fact, mytilotoxin does resemble muscarin somewhat in

its action, and its occurrence together with betain would

seem to make it a decomposition-product of lecithin, in which

case this base must be looked upon as a member of the cholin

group. It is interesting to know that a compound correspond

ing to the formula C6H16NO,OrI has been known for some

time, and was prepared by Hanriot in a manner analogous

to Wurtz's synthesis of cholin, by treating glycerin mono-

chlorhydrin with trimethylamin. This base, trimethyl-gly-

ceryl-ammonium hydrate, has this structure :

CH,OH

I

GHOH

I

CH,

I

N(CH.)3OH.

It would seem that Hanriot's base might possibly be

identical with mytilotoxin, but a careful comparison made

by Brieger showed that it possesses no physiological action,

and that its chemical reactions are entirely different.

Mytilotoxin would, therefore, seem to possess the formula

C6Hl3NOs, as originally given by Brieger. From the fact

that on distillation with potassium hydrate it yields trimethyl
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iunin, it follows that mytilotoxin is a quarternary base. He is

inclined to regard it as a methyl derivative of betain, which

is so common in mussels, and represents it by formula No. 1.

(i) GO

CO.H CH„OH

I I
CH.CH, CH.CTT,

N(CH3),.OH N(CH3),.OH

No. 1, however, is C6H15N0„ instead of C6H15NO.,, as

above. The formula No. 2, C6H„NO„ would represent a

derivative of cholin or muscarin, with only a slightly higher

percentage of hydrogen.

The Aurochlorid, C6H15N0,.HCl.AuCl3 (Au= 41.66

per cent.), crystallizes in cubes. Its melting-point is 182°.

It is well to observe that Brieger has been unable to

obtain this base from mussels that were allowed to putrefy for

sixteen days.

Physiological Action.—According to Brieger, mytilotoxin

produces all the characteristic effects seen in mussel poison

ing, and it is, therefore, a strong paralysis-producing poison,

and resembles curara in its action. This action is explain

able now that Glause and Luchsinger have shown that all

trimethyl ammonium bases have a musearin-like action. For

the symptoms induced by poisonous mussel see page 44.

Gaihnin, C,H1,N0„ was found in haddock (1885) which

was allowed to decompose in open iron vessels for five days

during summer. Brieger has also obtained it from cultures

ofthe bacteria of human feces on gelatin. ( 'arbone has found

it in cultures of the Proteus vulgaris. The decomposing mass

was thoroughly stirred every day in order to bring it into con

tact with atmospheric oxygen (Brieger, I., 49). It was then

treated with water, and hydrochloric acid was added to acid

reaction, and after being warmed the mixture was filtered

and the filtrate concentrated on the water-bath to a syrupy

consistency. This syrupy residue was extracted with water,

and the aqueous solution was precipitated with a solution ot
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mercuric chlorid. This mercuricchlorid precipitate con

tained a base, the quantity of which, however, was insufficient

for a complete analysis (see page 405). The mercuric- chlo

rid filtrate, after the removal of the mercury by hydrogen

sulphid, was evaporated to a syrup, and this was then re

peatedly extracted with alcohol. The alcoholic solution thus

obtained contained neuridin, a base of the same composi

tion as ethylenediamin, muscarin, gadinin, and triethylamin.

These bases were separated in the following manner : The alco

holic solution gave with platinum chlorid a precipitate of

neuridin. The filtra'e from this platinum precipitate was

heated on the water-bath to expel the alcohol, and then the

platinum was removed by hydrogen sulphid. The aqueous

filtrate was concentrated to a small volume which, on addition

of platinum chlorid, gave a precipitate of the isomer of

ethylendiamin. The mother-liquor from this precipitate was

concentrated on a water-bath, and on cooling the platinochlo-

rid of muscarin crystallized out. From the mother-liquor

of this precipitate on standing in a desiccator, the gadinin

double salt crystallized. The mother-liquor from the gadinin

platinochlorid was treated with hydrogen sulphid to remove

the platinum, and the aqueous filtrate on distillation with

potassium hydrate gave triethylamin.

Gadinin (from Gadus callarias, haddock) in small doses

does not appear to be poisonous ; large doses (0.5-1 gram)

are decidedlv toxic and may kill guinea-pigs. The formula

of the free base as deduced from the analysis of the platino

chlorid may be either C,H„NO, or C,H16NOs.OH.

The Hvdrochlorid, C,H„NO,.HCl, as obtained by the

decomposition of the platinochlorid with hydrogen sulphid,

crystallizes under the desiccator in thick, colorless needles,

which are easily soluble in water; insoluble in alcohol. It

forms no combination with gold chlorid, but does give crystal

line precipitates with phosphomolybdic acid, phosphotungstic

acid, and picric acid.

The Platinochlorid, (C,H1,NO,.HCl),PtCl4 (Pt = 27.68

per cent.), is at first quite soluble, and on standing over a



392 BACTERIAL POISONS.

desiccator it crystallizes in golden-yellow plates, which, when

once formed, are again difficultly soluble in water. It can be

recrystallized from hot water. It melts at 214°.

Typhotoxin, C,H„NO,.—This base was named thus by

Brieoer in 18K.5 (III., 80), and was regarded by him as the

specific toxic product of the activity of Koch-Eberth's ty

phoid bacillus. It is, however, probable that, as in the case

of tetanus, there are basic and other products formed. He

obtained it by cultivating the bacillus on beef-broth for eight

to fourteen days at the temperature 37.5-38°. The nature of

the soil on which it grows has a great deal to do with the

formation of the poison. An especially important factor is

the temperature: for Brieoer has observed that no poison

was produced in one case where the temperature remained

by accident at 39° for twenty-four hours. In such cases crea-

tin is present in quantity, whereas otherwise the reverse is the

rule.

In the process of extraction it occurs in the mercuric chlo-

rid precipitate, and from this it is obtained, after the removal

of the mercury by hydrogen sulphid, as an easily deliquescent

hydrochlorid. This for the purpose of purification is con

verted into the difficultly soluble aurochlorid.

Typhotoxin is isomeric with gadinin and the compound

C,H1,NO,, which Brieoer obtained from putrefying horse

flesh. In its properties it is, however, very different. Thus,

the free base is strongly alkaline, and its hydrochlorid yields

a difficultlv soluble picrate. On the other hand, the isomer

from horseflesh possesses a slightly acid reaction, and does

not form a picrate. Again, typhotoxin gives with Ehrlich's

reagent (sulpho-diazobenzole) an immediate yellow color,

which disappears upon the addition of alkali, whereas the

isomer does not give this reaction. Furthermore, the two

bases differ in their physiological action and in their behavior

to alkaloidal reagents (see Table I.). Their aurochlorids,

however, possess the same melting-point.

The Hydrochlorid is readily deliquescent, and unites
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with platinum chlorid to form an easily soluble double salt

crystallizing in needles.

The Aurochlorid, C,H„NO,.HCl.AuCl, ' Au = 40.46 per

cent.), is difficultly soluble, and crystallizes in prisms, which

melt at 176°. In its melting-point and solubility (197°,

Brieoer, Arch. f. pathol. Annt., 115, 489) it agrees with its

isomer from horseflesh. From some of his first experiments

in the cultivation of the typhoid bacillus, Brieoer (II., 69)

obtained a basic product differing in some of its characters

from typhotoxin. Its aurochlorid, on analysis, gave 41.91

and 41.97 per cent, of An, 16.06 per cent, of C, and 3.06 per

cent, of H. ; while typhotoxin aurochlorid gave 40.78 per

cent. An, 1 7.38 per cent. C, and 3.85 per cent. II. For a

comparison of the reaction of these two substances, see Table I.

In its physiological action typhotoxin differs from its

isomer (page 395) in that the latter produces symptoms with

well-marked convulsions, whilst the former throws the animal

into more of a paralytic or lethargic condition. The action

ofthis base has been studied only on mice and guinea-pigs. It

produces at first slight salivation with increased respiration ;

the animals lose control over the muscles of the trunk and

extremities, and fall down helpless upon their sides. The

pupils become strongly dilated, and cease to react to light ; the

salivation becomes more profuse ; the rate of heart-beat and of

respiration gradually decreases, and death follows in from one

to two days. Throughout the course of these symptoms the

animals have frequent diarrhceic evacuations, but at no time

are convulsions present. On post-mortem the heart is found

to be in systole, the lungs are strongly hypercemic, the other

internal organs pale, the intestines firmly contracted, and their

walls pale.

A Base(?), C,HitNO„ was obtained by Brieger in 1886

(III., 2H) on working over about one hundred pounds of

horseflesh which had been allowed to undergo slow putrefac

tion with limited access of air and at a low temperature

(—9° to -{- 5°) for four months. It occurs in the mercuric
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chlorid precipitate together with cadaverin, putresein, and

mydatoxin, and from these bases it can be separated and

isolated according to the method on page 385.

A similar, if not identical, substance, having the composi

tion C,rI„NO„ was obtained by Baginsky and Stadthagen

(1890) from cultures on horseflesh, ten days at 35°, of a

bacillus, closely allied to Finkler-Prior's, and isolated from

stools of cholera infantum. The gold salt in crystalline form

and properties is the same as Brieger's, except that it pos

sesses a somewhat higher melting-point

The free substance possesses, even after most careful purifi

cation, a slightly acid reaction. This acidity is removed from

even a large quantity of the substance by the addition of a

drop of alkali. On account of the acid character of the

free substance Brieger does not consider it to be a base

(a ptomam). It differs, however, from the amido-acids in its

poisonous character; in the fact that, unlike an acid, it does

not unite with bases to form salts ; and in not giving the

characteristic rod coloration ( Hofmeister's reaction for the

amido-acids) with ferric chlorid. Whatever the true nature

of this substance may be, it nevertheless, in its other proper

ties, behaves like a base. Thus, it forms simple as well as

double salts. On boiling with copper acetate it gives amor

phous floccules. Under the desiccator it solidifies into plates

which deliquesce on exposure to the air. It does not com

bine either with silver oxide or with cupric hydrate. On dry

distillation it yields a distillate possessing a strong acid reac

tion and a peculiar odor. The distillate does not give any

precipitate with platinum chlorid, or with gold chlorid, nor

does it react with copper acetate. With phosphomolybdic

acid, however, it forms an amorphous mass; with ferric

chlorid and potassium ferricyanid it yields an immediate pre

cipitate of Berlin-blue, whereas the original substance does

not give any blue coloration.

The Hvdrochlorip, C,H„NO,.H< 1, crystallizes in fine

needles which are insoluble in absolute alcohol. When its

aqueous solution is treated with freshly precipitated silver oxid
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the resulting filtrate contains some silver oxid in solution,

from which it can be removed by hydrogen sulphid ; thus

differing from an ammoniacal silver solution, which gives no

precipitate on treatment with hydrogen sulphid. In this

respect it resembles Salkowski's base, page 3;14. For reac

tions of the hydrochlorid, see Table I.

The Aurochlorid, C,H„NO,.HCl.AuCL„ forms plates

which are difficultly soluble in water, and melt at 176°—the

melting-point of the gold salt of typhotoxin. It is dimor

phous, since sometimes it is also obtained in needles which can

be changed into plates.

It does not form a picrate, nor does it give a reaction with

sulpho-diazobenzole.

Physiological Action.—This substance, when injected into

frogs, produces a curara-like action. A few minutes after the

injection the animal falls into a condition of paralysis, and,

although it can still react toward reflexes, it cannot move from

its place. At times fibrillary twitchings pass over the body.

The pupils dilate, the heart-action becomes gradually weaker,

and finally, after several hours, the animal dies, with the heart

in diastole. Doses of 0.0") to 0.3 gram of the hydrochlo

rid, injected into guinea-pigs, produce in a short time a slight

tremor, gradual increase in respiration, and slight moistening

of the lower lip. The pupils at first contract, then dilate ad

maximum, and become reactionless. The temperature remains

at first normal ; chills of short duration follow in rapid suc

cession. The animal squats on the ground, with its snout

pressing against the floor in exactly similar manner as is caused

by the mussel-poison. Violent clonic convulsions follow in

continually shorter intervals, and at the same time lachryma-

tion and salivation become profuse, but not so excessive as in

the case of the muscarin-like ptoma'ins. The temperature

sinks with the decrease in the rate of respiration, the ears pre

viously gorged become pale and cold, and the heart-action

becomes irregular and less frequent than before. General

paralysis sets in, but the head still moves upward and back

ward. External stimuli induce violent clonic convulsions, the
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animal repeal? frequently choking movements, and at the same

time yields large quantities of saliva : finally, it falls upon its

side completely paralyzed, and dies. The heart stops in dias

tole, the intestines are pale and strongly contracted, and the

bladder is empty and likewise contracted.

Mokrhtic Acid, ClH0XOr was obtained by Gautier and

Mouroues (l»sSs from brown cod-liver oil, together with

six bases already described—namely, butylamin, amylamin.

hexylamin, dihydrolutidin. asellin, and morrhuin. These

bases constitute about 0.2 per cent. of the oiL The discoverers

regard them as true leucomalns, dissolved from the hepatic

cells by the oil. Bouilmit found that the mixed bases, or

total basic product, in a dose of 0.25-0.15 g. in man increased

the volume of urine and the quantity of urea. By a micro-

chemical reaction, exposing sections of liver to the fumes of

hydrochloric or hydrofluoric acid, he detects the bases in the

liver, especially in the bile-ducts. The bases, therefore, exist

preformed in the cod's liver, and are derived from the bile

It is more probable, however, that these compounds are the

products of initial decomposition, and for that reason they are

descrilied under the head of ptomains. This compound is

relatively abundant, and is basic as well as acid in character.

It is resinous in appearance, and can be crystallized in flattened

prisms, or large lance-shaped plates. When recently precipi

tated it is oleaginous, viscous, then gradually hardens. It

possesses a disagreeable aromatic odor resembling that of the

sea-weeds upon which the fish feed According to the dis

coverers, its probable source is the lecithin derived thus from

these weeds. It is soluble in alcohol, and but slightly in ether.

It reddens turmeric, decomposes carbonates, and with acids

forms salts which precipitate lead acetate and silver nitrate,

but not copper acetate, even on warming.

The hydrochlorid is crystalline, and is partially dissociated

by excess of water. The platinum salt is soluble, and crystal

lizes in very small cross-shaped prismatic needles. The gold

salt is amorphous, and is readily altered on heating.
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The properties of this compound show that it is of a pyri-

din nature, and inasmuch as it does not give a precipitate

with copper acetate, it would appear that the carboxyl is not

directly united to the pyridin-nucleus. This does not necessa

rily follow, now that we know that some amido-acids exist

which do not give a reaction with copper acetate (see page

354). Its pyridin nature is futhermore shown on distillation

with lime. An oily alkaline base is thus obtained which forms

an iodomethylate, and this with potassium hydrate yields quite

an intense red color, resembling lees (De Coninck's reaction).

On oxidation with permanganate of potassium it yields a mono

basic acid. According to Gautier and Mouroues, the com

pound is probably identical with De Jungh's gaduin, and

they ascribe to it the following constitution, which, it should

be said, lacks full confirmation :

H

('

/" \

HC COH

I II

H3C C-C,H6.CO,H.

\ /

N

II

Compare with tyrosin, C9H„N03 (page 313).

A Base, C5H,,N,04, was obtained by Pouchet (1884)

from the residual liquors resulting from an industrial treat

ment of debris of bones, flesh, and waste of all kinds, with

dilute sulphuric acid. It is accompanied by another base,

C,H16N,06, from which it can be separated by treatment with

alcohol. The base itself forms tufts of delicate needles which

alter or decompose less easily than the accompanying base.

The platinochlorid, (C5H„N,O4.HCl),PtCl4, forms a dull yellow

powder, somewhat soluble in strong alcohol, but insoluble in

ether. The platinochlorid, (C,H16N,06HCl),PtCl4, is insoluble

in ether.

The hydrochlorids of these bases form silky needles, which

18
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are altered by excess of hydrochloric acid and by exposure to

air. Pouchet considers them to be closely allied to the oxy-

betains. The general alkaloidal reagents precipitate these

bases ; the phosphomolybdic precipitate, on addition of am

monia, gives a blue tint. Both bases are toxic, and exert a

paralyzing action upon the reflex movements.

The method employed by Pouchet for their isolation was

to precipitate them as tannates. The precipitate was decom

posed by lead hydrate in the presence ot strong alcohol, the

excess of lead removed from the solution by hydrogen sul

phide, and the clear liquid thus obtained was submitted to

dialysis. The above bases occurred in the dialysate. In the

non-dialyzable portion volatile bases were found probably

identical with those described by Gautier and Etard.

Tetanin, CuH^N,O„ was obtained in 1886 by Brieger

(III., 94) by cultivating impure tetanus-microbes of Rosen-

bach, in an atmosphere of hydrogen on beef-broth for eight

days at 37°-38°. It likewise occurs in cultures on brain-

broth. Later (April, 1888), Brieger succeeded in obtaining

tetanin from the amputated arm of a tetanus-patient, iden

tical in its phvsiological action and chemical reactions with

that isolated from cultures of Rosenbach's germs on beef-

broth. The presence of tetanin during life in tetanus-

patients has thus been demonstrated. It has not been found

in the brain and nerve tissue of persons dead from tetanus. A

portion of the jelly-like mass taken from the amputated arm

was found to contain tetanus-bacilli as well as staphylococci and

streptococci, and when planted on beef-broth tetanin was

formed, but no tetanotoxin or spasmotoxin.

Kitasato and Wevl (1890), employing pure cultures of

the tetanus-bacillus, obtained from 1 ! kilogram beef used as

culture-medium 1.7118 gram of tetanin hydrochlorid (0.137

percent.). Tetanotoxin was also present.

For its isolation Brieger employed the following method :

The cultures were slightly acidulated with hydrochloric acid,

heated and filtered ; the filtrate was then treated with lead
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acetate and with alcoholic mercuric chlorid in the manner

described under mytilotoxin (page 388). Kitasato and

Weyl digest the cultures with 0.25 per cent. hydrochloric

acid for some hours at 60°, then render slightly alkaline,

filter, and distil in vacuo at 60°. The residue in the retort

is worked for tetanin by Brieger's method, while the distil

late contains tetanotoxin, ammonia, indol, hydrogen sulphid,

phenol, and butyric acid. The filtrate from the above mer-

curic-chlorid precipitate contains the greater part of the

active principle, provided the precipitate has been thoroughly

washed. After the removal of the mercury by hydrogen

sulphid it is evaporated, and the residue is repeatedly ex

tracted with absolute alcohol, in which the tetanus-poison

readily dissolves, and can thus be separated from the insoluble

ammonium chlorid. The alcoholic solution is treated with

alcoholic platinum chlorid, which precipitates the ammonium

and creatinin platinochlorids, whilst the platinochlorid of the

poison remains in solution. The filtrate from this precipitate

gives, on the addition of ether, a flocculent precipitate pos

sessing exceedingly deliquescent properties. The precipitate

is, therefore, rapidly filtered off by means of a pump, and dried

in vacuo. It can then be recrystallized from hot 96 per cent.

alcohol, and the beautiful clear-yellow plates thus obtained, if

dried again in vacuo, become rather difficultly soluble in

water, from which it can then be recrystallized and obtained in

a perfectly pure condition. If boiled with boneblack, it decom

poses, yielding a non-poisonous crystalline compound.

Phosphomolybdic acid cannot be used in the separation of

tetanin, inasmuch as it destroys the poison (Biue«er). Bock-

ltsch has also observed that it destroys the poison formed in

the putrefaction of fish.

Tetanin obtained by treating the hydrochlorid with freshly

precipitated moist silver oxide forms a strongly alkaline yellow

syrup. With alkaloidal reagents it gives the same reactions as

the hydrochlorid, except that it does not give a blue color with

ferric chlorid and potassium ferricyanid. It is easily decom

posed in acid solution, but is permanent in alkaline solution.
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The Hydrochlorid, C^H^N,O^HCI, is very deliquescent,

and is easily soluble in absolute alcohol. Besides with plati

num it combines only with phosphomolybdic acid to form an

easily soluble crystalline precipitate, which on the addition of

ammonium hydrate becomes white. If, however, the hydro-

ehlorid is impure, phosphomolybdic acid produces a precipi

tate which is colored an intense blue by ammonia. Potassium-

bismuth iodid yields a precipitate which is at first amorphous,

but soon becomes crystalline. Ferric chlorid and potassium

ferricyanid produce a slowly developing blue color, which

probably is due to impurities.

When kept for some months the highly poisonous hydro-

chlorid becomes syrupy, brownish, and wholly inert. Ex

amined at this stage, the syrup was found, by means of pla

tinum chlorid, to contain a substance the hydrochlorid of

which crystallized in plates. This is readily soluble in water

and alcohol, and melts at 197° with total decomposition, the

same as tetanin. It combines only with phosphomolybdic

acid to form an easily soluble compound. The platinum salt

has the composition C6H„NO,.2HCl.PtCl4. This substance is

non-poisonous, and probably an amido-acid. It is different,

however, from leucin and Ncncki's isomers of leucin, although

possessing the same composition. It is also isomeric with my-

datoxin, C,H|.tN08, but this is highly poisonous to mice, while

the former is inert (see page 387). Tetanin resembles mytilo-

toxin with respect to this loss of toxicity on standing.

The Platinochlorid, C,,HS6N,O4.2HCl.PtCl4 (Pt = 28.33

per cent.), is easily soluble in absolute alcohol, from which it is

precipitated on the addition of ether. From ninety-six per

cent. alcohol it crystallizes in clear yellow plates. After re

peated recrystallization from alcohol and drying in vacuo it

becomes difficultly soluble in water so that it can be recrystal-

lized from the latter. It decomposes at 197°.

This base produces the characteristic, though probably not

all the symptoms of tetanus, since we know of at least three

other toxins (pages 172, 310, 311) which occur with tetanin

in cultures of the tetanus-microbe. The symptoms induced
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by relatively large doses in warm-blooded animals, as mice,

guinea-pigs, and rabbits, exhibit two distinct phases. In the

first, the animal is thrown into a lethargic, paralytic condition,

then suddenly becomes uneasy, and the respiration becomes

more frequent. This is followed by the second phase, in which

tonic and clonic convulsions, especially the former, predomi

nate till death results. 0.5 gram has but slight action on

guinea-pigs. Small doses do not seem to affect guinea-pigs,

while frogs seem to be much less sensitive than mice. The

characteristic convulsions and opisthotonus seen in tetanus in

man are also produced in guinea-pigs on injection of large

doses of this base. Dogs and horses seem to be but slightly

sensitive to the action of this poison.

A Base, C„NMN,Ot, was isolated by Guareschi in 1887

from putrid fibrin. It occurs in the chloroform or ether ex

tracts along with the base C16H1SN, and is probably an amide-

acid (see page 317).

A Base, C,H16N,06, was isolated by Pouchet in 1884. It

is said to form short, thick prisms which become brown when

exposed to light.

The Platinochlorid, (C,H16N,06.HCL)3PfCl4, crystal

lizes in prismatic needles which are insoluble in strong alcohol.

For further details in regard to this base, see page 397.

A Base, C16H,3N.,04, was obtained by Lepierre (1894) in

small quantity from poisonous cheese by precipitating, in the

cold, with acetate of copper. It is crystalline, bitter, inodorous,

and shows slight acid reaction to phenol-phthalein ; is but

slightly soluble in water, soluble in alcohol. It is dextro

rotatory, is precipitated by phosphomolybdic and picric acids,

iodin in potassium iodid ; not by tannin. When fed to guinea-

pigs it produces diarrhoea. 0.05 g. injected intravenously into

a rabbit had no effect. The hydrochlorid is very soluble

and forms large needles. The platinum and gold salts are

crystalline.

V
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Tvrotoxtcon has been obtained in poisonous cheese (Vau-

ghan, Wallace, Wolff), in poisonous ice-cream (Vaughan,

Now, Schearer, Ladd), in poisonous milk (Vaughan,

Novy, Newton, Wallace, Firth, Schearer), and in

cream-puffs (Stanton). The methods of separating this

poison and its effect upon animals have already been given

with sufficient detail. Chemically, it is very instable. When

warmed with water to about 90°, it decomposes. Hydrogen

sulphid also decomposes it, therefore all attempts to isolate it

by precipitation with some base, such as mercury or lead, and

then removing the base with hydrogen sulphid, have failed.

Its unstable character is illustrated by the fact that it may

disappear altogether within twenty-four hours from milk rich

in the poison which is allowed to stand iu an open beaker.

With potassium hydrate it forms a compound which agrees

in crystalline form, chemical reactions, and the per cent. of

potassium which it contains, with the compound of diazoben-

zole and potassium hydrate. This substance is best obtained

from milk containing tyrotoxicon as follows: The filtered

milk, which is acid in reaction, is neutralized with sodium

carbonate, agitated with an equal volume of ether, allowed to

stand in a stoppered glass cylinder for twenty-four hours, the

ether removed, and allowed to evaporate spontaneously from

an open dish. The aqueous residue is acidified with nitric

acid, then treated with an equal volume of a saturated solu

tion of potassium hydrate, and the whole concentrated on a

water-bath (this compound is not decomposed below 130').

On being heated the mixture becomes yellowish-brown, and

emits a peculiar aromatic odor. On cooling the tyrotoxicon

compound forms in beautiful, six-sided plates along with the

prisms of potassium nitrate.

With equal parts of sulphuric and carbolic acids, pure tyro

toxicon gives a green coloration, but in whey the color varies

from yellow to orange-red. This color-reaction may be used

as a preliminary test in examining milk for tyrotoxicon. It

is best carried out as follows : Place on a clean porcelain sur

face two or three drops each of pure carbolic and sulphuric



CHEMISTRY OF THE PTOMAINS 403

acids. Then add a few drops of the aqueous solution of the

residue left after the spontaneous evaporation of the ether. If

tyrotoxicon be present, a yellow to orange-red coloration will

be produced. This test is to be regarded only as a preliminary

one, for the coloration may be due to the presence of a nitrate

or nitrite, or, as Huston and Weber have shown, to butyric

acid. The tyrotoxicon must be converted into the potassium

compound and purified before the absence of nitrate or nitrite

can be positively demonstrated. Moreover, the physiological

test should always be made in testing for this poison.

With platinum chlorid in alcoholic solution tyrotoxicon

forms a compound which explodes with great violence at the

temperature of the water-bath. This also corresponds with

the compound of platinum chlorid and diazobenzole.

Pure tyrotoxicon is insoluble in ether, and its extraction

from alkaline solutions by this solvent is due to the presence

of foreign matter, with which the poison is taken up by the

ether.

The physiological action of this ptoma'in has been suffi

ciently discussed in a preceding chapter.

Mvdalein (fivdalio^, putrid) is a poisonous base obtained

in 1885 from putrefying cadaveric organs, liver, spleen, etc.

(Brieger, II., 31, 48). Though it is apparently present on

about the seventh day, it is unobtainable until about the third

or fourth week. The method for its separation from the ac

companying bases is given under saprin (page 342). It is

liable to occur in the mercuric-chlorid filtrate, as well as in

the precipitate, inasmuch as the double salt is insoluble only in

perfectly absolute alcohol. In order to purify the platino-

chlorid obtained as on page 342, it is repeatedly recrystallized

from a very small quantity of lukewarm water. This base

has not been obtained in sufficient quantity to permit of a

complete determination of its composition. It is probably a

diamin, containing four or five carbon atoms, and hence is

nearly related to some of the diamins already described.
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The Platinochlorid, on analysis, gave: Pt = 38.74,

C = 10.83, H = 3.23. It crystallizes in small needles, and is

extremely soluble in water.

The Hydrochlorid crystallizes with extreme difficulty,

even on standing for some time in a desiccator. On exposure

to the air it rapidly deliquesces.

Physiological Action.—Mydalein has an entirely specific

action. Small quantities injected into guinea-pigs or rabbits

produce, after a short time, a moistening of the under lip, aud

an abundant flow of secretion from the nose and eyes. The

pupils dilate gradually to maximum, and become reactiouless ;

the ear-vessels become strongly injected, and the body tem

perature rises 1° to 2°. The hairs bristle, and the animal

occasionally shudders. Gradually the salivation ceases, the

respiration and heart-action, which were at first hastened, now

decrease, the temperature falls, the ears become pale, and the

animal finally recovers. During the action of the poison the

animal shows a tendency to sleep, and the peristaltic action of

the intestines is heightened. Larger doses (0.050 gram) in

duce an exceedingly violent action, which invariably results

in the death of the animal. On post-mortem the heart is

found to be stopped in diastole, and the intestines and bladder

contracted ; otherwise nothing abnormal is observed.

A Toxic Base.—From human livers and spleens which

were decomposing for two weeks in thorough contact with air

there was isolated, besides cadaverin and putrescin, a small

quantity of poisonous base (Brieger, II., 29, 48). The mer-

curic-chlorid precipitate was decomposed, and the hydrochlo-

rids were precipitated by gold chlorid (to remove cadaverin,

which is soluble), and the aurochlorid was then changed into

platinum salt, whereby the insoluble putrescin platinochlorid

was removed. In the mother-liquors from the putrescin salt

an easily soluble platinum compound was separated, and found

to contain 41.30 per cent. Pt. It crvstallized in fine needles.

The hydrochlorid formed small, readily deliquescent needles,

and did not produce a precipitate in alcoholic platinum chlo
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rid. Injected into guinea-pigs and rabbits it induced an ex

alted peristaltic action of the intestines, which lasted several

days, and produced in the animals, on account of the continu

ous evacuations, a condition of great weakness. No disturb

ance in the functions of the other organs was observed.

A Base was isolated from decomposing haddock which were

exposed for five days during summer in an open iron vessel.

Brieger (I., 42) found in the aqueous mercuric-chlorid pre

cipitate (see page 391) a base the hydrochlorid of which

crystallized in well-formed, small needles. The platinochlo-

rid likewise crystallized in beautiful needles, and gave, on

analysis, 36.03 per cent. of Pt ; 7.81 per cent. of N.

A substance of muscarin-like action was obtained by

Brieger (I., 59) from putrefying gelatin, ten days at 35°,

though in insufficient quantity to permit a determination of

its character. The residue containing this substance gave, on

distillation with alkali, only ammonia.

A Base was obtained by Bocklisch (III., 52, 53) from

herring which had undergone putrefaction for twelve days. It

was found in the distillate, together with trimethylamin and

dimethylamin, obtained by distilling the mercuric-chlorid

filtrate, after the removal of the mercury, with sodium hydrate.

The platinochlorid was easily soluble, and crystallized in large

thin plates. On analysis it gave: Pt = 28.57, C — 22.34,

'H = 4.66. The hydrochlorid is easily soluble in water and

in absolute alcohol, and besides with platinum gives only with

phosphomolybdic acid a yellow precipitate which is soluble in

excess, and with ammonia gives an immediate blue-color. It

immediately reduces a mixture of ferric chlorid and potas

sium ferricyanid with formation of Berlin-blue ; and simi

larly throws down metallic gold from solutions of gold chlorid.

From poisonous mussel, Brieger (III., 79) obtained an

aurochlorid of a base crystallizing in needles. The quantity

18*
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isolated was insufficient for analysis. It is interesting because

of its property of inducing salivation, a symptom which has

been observed by Schmidtmann and by Crumpe in some

cases of mussel-poisoning.

A Base was obtained by Guareschi and Mosso (Journ.

far praHisehe Chem., 28, 508) from fresh beef, in the alkaline

ether-extract obtained by Dragendorff's method. It formed

a yellowish alkaline fluid, of unpleasant odor, and after a time

gave a deposit of microscopic crystals. The hydrochlorid

gave the following reactions : Gold chlorid, yellow crystalline

precipitate ; platinum chlorid, precipitate ; potassium iodid

and iodiu in hydriodie acid, kermes-red precipitate ; phospho-

tungstic acid, nothing ; phosphomolybdie acid, an abundant

yellow precipitate; tannic acid, heavy, grayish precipitate,

same with Mayer's reagent ; picric acid, yellow precipitate ;

Marme's reagent, precipitate soluble in excess ; potassium

bichromate, nothing ; potassium permanganate and sulphuric

acid, violet color; potassium ferricyanid and ferric chlorid,

Prussian-blue precipitate.

By giving a precipitate with tannin, and not with phospho-

tungstic acid, it resembles neurin.

Ch. Gram has studied the decomposition of yeast under

the influence of an infusion of hay. The yeast was allowed

to putrefy for fourteen days, and was then treated with zinc

sulphate. The latter was precipitated by barium hydrate, and

the filtrate after the removal of the barium by sulphuric acid

was evaporated to dryness and extracted with absolute alcohol.

The alcoholic solution was evaporated, and the residue again

extracted with alcohol. The extraction-residue was taken up

with water, and again subjected to the above treatment with

sine sulphate, barium hydrate, etc.

The filtrate was poisonous, and produced, in frogs, paralysis

and stoppage of the heart in diastole. Addition of platinum

chlorid and alcohol precipitated two bases. One of these,

although possessing a curara-like action, did not affect the

^

.x
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heart. When its solution was heated for twenty-four hours

on a water bath it caused general paralysis and stoppage of

the heart. The platinochlorid contained 38.05 per cent. of

of platinum.

The other base also possessed a slight curara-like action, and

its platinochlorid gave, on analysis, 40.92 and 39.4 per cent,

of platinum.

Brieger found a basic substance in small quantities in

cultures of the staphylococcus pyogenes aureus on bouillon

and beef-broth (II., 74). The hydrochlorid formed groups of

colorless, non deliquescent needles. With platinum chlorid

it yielded a double salt, crystallizing in needles, and contain

ing 32.93 per cent. of Pt. For its reactions, see Tabic I.

From aqueous as well as alcoholic solutions of cultures of

staphylococcus aureus, Leber (1888) isolated a crystalline

substance which he named phlogosin. The composition of

this substance is not known. It does not seem to contain

nitrogen, and inasmuch as it blackens silver it probably con

tains sulphur. It crystallizes in fine needles which are soluble

in ether and in alcohol ; difficultly soluble in water. It sub

limes in needles. Alkalis precipitate it as amorphous yellow

floccules which are soluble in acid and then can be reerys-

tallized. With potassium ferricyanid and ferric chlorid it

yields a blue color, and with potassio-mercuric, cadmic, and

bismuth iodids precipitates which are soluble in excess. No

precipitate is produced by gold or platinum chlorid, phospho-

tungstic or molybdic, tannic, or picric acid.

A small quantity applied to the conjunctiva produces in

tense inflammation, suppuration, and necrosis. Introduced

into the anterior chamber it induces intense suppuration and

keratitis. The substance is entirely distinct from the base

obtained by Brieger, described above.

A Base—boiling-point about 284°— was obtained by

Brieger (II., 61) from human livers and spleens which were

putrefying for two to three weeks. It occurs in the mercuric
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chlorid filtrate, as described under saprin, page 342, together

with some mydalein, trimethylamin, and hydrocarbon. The

filtrate, after the mercury is removed by hydrogen sulphid,

is evaporated to dryness, and finally the last traces of water

are removed in a vacuum. The residue is then treated with

absolute alcohol, and from this alcoholic solution the myda

lein is precipitated by the addition of alcoholic mercuric

chlorid. The trimethylamin is separated by distillation of

the alkaline filtrate, previously deprived of its mercury by

hydrogen sulphide; while the mother-liquor yields an oily

mixture of hydrocarbons and bases. The latter were separated

by fractional distillation, whereby only one of the bases was

obtained in sufficient quantity for study. It boiled at about

284°, and gave with hydrochloric acid, on evaporation, a salt

crystallizing in beautiful, long needles, which were very easily

soluble in perfectly absolute alcohol. With gold chlorid and

picric acid it gave only oily products; with ferric chlorid

and potassium ferricyanid, an intense blue ; with platinum

chlorid, an extremely easily soluble double salt, which ap

peared under the microscope in the form of very fine needles ;

while from alcohol-ether the double salt slowly separated in

thin plates which contained 30.36 per cent, of platinum. The

free base showed a slight fluorescence. It is not poisonous,

and, according to Brieger, is probably a pyridin-derivative.

Other non-poisonous bases were present in very small quan

tity in the mother-liquor described above, after the separation

of the oily mixture.

Peptotoxin.—By this name Brieger (I., 14-19) has

designated a poisonous base which he has found in some pep-

tons, and hence in the digestion of fibrin ; in putrefying

albuminous substances, such as fibrin, casein, brain, liver, and

muscles. It is a well-known fact that animal tissues, in the

early stages of putrefaction, possess strong toxic properties,

even before the decomposition could have advanced far enough

to effect a splitting up of the proteid and carbohydrate mole

cules. Brieger and others have tried to seek an explanation



CHEMISTRY OF THE PTOMA1XS. 409

of this toxicity by connecting it with an early peptonization

of the proteids brought about by the action of ferments which

are distributed throughout the tissues, and which begin their

activity immediately after death. This poison has not been

definitely isolated, but its general properties and action have

been studied by Brieger, who prepared it by digesting fibrin

for twenty-four hours with gastric juice at the temperature of

the blood. The perfectly fresh pepton thus obtained was

evaporated to a syrupy residue, and this was then extracted

with boiling alcohol. The residue left on evaporation of the

alcoholic solution was digested for some time with amyl

alcohol, which on subsequent evaporation gave amorphous

brownish masses. This extract was then purified by neutral

lead acetate. The filtrate, after the removal of the lead by

hydrogen sulphid, was repeatedly extracted with ether, then

evaporated to dryness, and extracted as before, with amyl

alcohol. This final extract was evaporated to drive off the

alcohol, taken up with water, and filtered. The colorless

aqueous solution thus obtained contains the poisonous sub

stance, which, however, can only with extreme difficulty be

brought to crystallization in vacuo.

Salkowski in eight digestion-experiments with fresh fibrin

obtained a poisonous extract in but one case. On the other

hand, putrid fibrin or prolonged digestion, both implying bac

terial activity, yields a poisonous product. Peptic digestion of

serum-albumin, egg-albumin, and meat likewise gave negative

results. In view of these facts as well as its presence in putre

fying proteids, Salkowski concludes that a peptotoxin (in the

sense of Brieger) does not exist. That a poisonous product

exists in fresh meat and in proteids on putrefaction seems to

be well established. In 1891 Brieger ascribed a proteid na

ture to peptotoxin, excluding it from the bases. Stadthagen

examined normal urine for peptotoxin, but failed to find it.

From animals with extensive burns KijanitziN has iso

lated, by means of Brieger's method for peptotoxin, from the

urine, blood, and especially the organs, a substance resembling

peptotoxin in chemical and physiological behavior. Atropin
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antagonizes its action. The clinical symptoms in cases of

extensive burns are closely allied to those observed in animals

when a part or whole of the body is varnished. Rabbits die

when £-£ of the body-surface is varnished. Death in these

cases has been explained by excessive loss of heat or by lack

of excretion of waste-products of the skin. Kijanitzin holds

that the varnishing alters the chemical products of cells of

the skin so that poisons are formed and carried throughout the

body as in skin-burns.

Peptotoxin, when in its purest condition, as shown by its

failure to give the biuret-reaetion, possesses a neutral reaction.

Its behavior to Millon's reagent is quite characteristic ; it gives

a white precipitate, which on boiling becomes intensely red.

From this reaction, Brieger is inclined to regard this substance

as a hydroxyl or an amido-containing-derivative of benzole.

The ptomain can be extracted from acid as well as alkaline

solution by amyl alcohol—more difficult in the cold than on

heating. It is absolutely insoluble in ether, benzol, and

chloroform ; very soluble in water. It is not destroyed by

boiling, by passing hydrogen sulphide, or by strong alkalis ;

but is destroyed, however, when the putrefaction lasts longer

than eight days. For its behavior to reagents, see Table I.

Various observers have shown that pepton possesses a toxic

action, and some have been led to regard this toxicity as not

due to the pepton itself, but rather to the presence of this or

some other ptomain. At least Brieger found one specimen

of dry Witte's pepton to be perfectly harmless; whereas, the

fresh pepton formed by fibrin-digestion possessed strong toxic

powers. Moreover, this non-poisonous pepton when exposed

to the action of gastric juice was found to yield the poisonous

substance. The poisonous nature of proteids and the physio

logical action of this base will be described later.

Pvocyanin, C!14H„N,0, is the coloring-matter of blue pus,

and is produced by the action of the bacillus pyoeyancus. It

was isolated by Ledderhose (1887) and is said to be an an

thracene-derivative. On contact with the air it is oxidized to

pyoxanthose, a yellow substance. According to Kunz, it con
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tains nitrogen and sulphur. The picrate is of a dark reddish-

brown color ; the platinum salt is black, and sometimes is ob

tained as glittering fine golden needles.

Table of Ptomains.

Formula.

C HSN

CoH,N

C, H, N

C5H5N

C, H, N

C, H„N

C6HuiN

C, H, N

C,H„N

C5 H„N (!)

Ct HuN

C, H«N

CU^N

C6 H„N

C,HnN

CH„N

C, H„N

('ioH,5N

C«HaN

C, H, N,

C, Hfl N,

C, H6 N,

Ct H,,x,

C5 H„N,

Q, H„N.

C5 H1,N,

C. H1tn.,

C,,U«N,(?)

C, H, N,

CitHnN,

C1,IIB1N,

CiiH^N,

CttHg,N^

Ct H1:iN 0

C, "„N O

C, H„N O,

c, h„N o2

Name.

Methylamin.

Dimetbylamin

Trlmethylamin.

Spermin(?).

Ethylamin.

Dieihylamin.

TrietbylamiD.

Propylamin.

Butylamin.

Tetanotoxin.

Amylamin.

Hexylamin.

Di-hydrolutidin.

Oollidin (?).

Pyridin-base (?).

Hydrocollidin (?).

Parvolin (?).

Unnamed.

Pyrldin-base(?).

Unnamed.

Ethylidenediamin (?)

Antbracin.

Trimethylenediamin (?).

Putreacin.

Cadaverin.

Neuridin.

Saprin.

Hexamethylenedlamin.

Unnamed.

Susotoxin.

Metbylguanidin.

Morrhuin.

Unnamed.

Am:J1 in.

Neurin.

Mydin.

,I-amido- valerianic acid.

Cholin.

Mydatoxin.

Discoverer.

Hi ii : I; I i seli.

Brieger.

Dessaignes.

Kunz.

Hesse.

Bocklisch.

Brieger.

Gautier & Mourgues.

Brieger.

Hesse.

Physiological

action.'

Non-poisonous.

Polsonons(?).

Poisonous.

Gautier & Mourgues. o

Nenckl

O. de Coninck.

Gautier and Eiunl. i Poisonous.

Gnareschi & Mosso. j Poisonous.

0. de Coninck.

DelSzinler.

Brieger.

Hoffa (1889).

Brieger.

Poisonous.

Poisonous.

Not very poisonous.

Non-poisonous.

Garcia.

Morin.

Novy.

Brieger.

Gautier* Mourgues.

Oscr.

Gautier A Etard.

Gautier & Mourgues.

Brieger.

E. & H. Salkowski.

Brieger.

Non-poisonous.

Poisonous.

Diuretic, etc.

Poisonous.

Non-poisonous.

Poisonous.

1 Only those bases are here denoted as poisonous which possess a decided

toxicity.
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Table of Ptomains— Continued.

Physiological

Formula. Name.

Unnamed.

Discoverer.
action.1

C, H„N 0. Brieger, 1888 Non-poisonous.

(tetanus cult.).

C, H„N 0, Mytllotoxin. Brieger. Poisonous.

C, H„N 0, Gadinin.
" "

C, H„N 0, Typhotoxin.
" "

C, H„N 0, Unnamed.
" it

ChHuN5O Pyocyanin. I-edderhose. Non-poisonous.

C, H„N 0, Betain. Brieger.
"

0, H„N 0, Muscarin.
"

Poisonous.

C,H„NO, Morrbuic acid. Gautler & Mourgues.

C, HuN5O, Unnamed. Poucbet. Poisonous.

CH,6N/), Tetanin. Brieger.
"

Q,H,oN,O, Unnamed. Guareschi.

CuHnN5O,
»j

Lepierre. Poisonous.

Ct H„N,Ot Pouchet.

Tyrotoxicon. Vaugban.
.i

Mydalein. Brieger.
"

Spasmotoxin.
" "

A dlamin(?). " (tetanus cult.)
"

Peptotoxin.
!, "

Phlogosin. Leber. Inflammatory.

1 Only those bases are here denoted as poisonous which possess a decided

toxicity.

For Griffith's bases, see page 320.



CHAPTER XIII.

CHEMISTRY OF THE LEUCOMA1N8.

Under this head are classed those basic substances which

are found in the living tissues, either as the products of

fermentative changes, other than those of bacteria, or of

retrograde metamorphosis. Most of these substances have

already been known for many years, though their real signifi

cance as alkaloidal bodies and their relation to the functional

activities of the animal organism have been but little under

stood, or rather they have not been brought together under

the leading conception that they are alkaloidal products of

physiological change. The first attempt at the systematic

study and generalization of these basic substances was made

by Gautier, who applied to them the name leucoma'ins, a

term derived from the Greek, fad^u/m, signifying white of

eggs. Under this name he includes all those basic substances

which are formed in animal tissues during normal life, in

contradistinction to the ptoma'ins or basic products of putre

faction. The distinction between vegetable and animal

alkaloids is not very well defined, and, in fact, there seem to

be reasons for considering their formation as due to the same

causes which bear an intimate relation to the physiology of

the cells and tissues of both kingdoms. Thus, vegetable

tissues are known to contain not only what are ordinarily

designated as ptoma'ins, such as cholin, but also leucoma'ins,

as hypoxanthin, xanthin, etc. Indeed, in this latter group

must be placed, on account of their relation to xanthin, those

well-defined alkaloidal bases, caffein and theobromin. Not

only are the representatives of these two divisions of basic

substances common to both kingdoms, but their parent

bodies, lecithin, nuclein, etc., are known to occur in both,

thus giving rise to the same bases on decomposition.

So far as the genesis of most of the leucoma'ins is con
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cerned, we know very little, though Gautier is of the belief

that they are being formed continuously and incessantly in

the animal tissues side by side with the formation of urea and

carbonic acid, and at the expense of the nitrogenous elements.

It is quite probable, as Kossel has pointed out, that some of

these products are in themselves antecedents of end-products

of metabolism. This is unquestionably true of the imido-

group, which exists in the adenin and guanin molecules, and

through vital or putrefactive processes is split off, giving rise

to ammonia, which in turn serves to form urea. Bouchard

has sought an explanation of the presence of these bases in

the urine, by supposing that they were originally formed in

the intestinal tract, from which they were absorbed into the

system, to be subsequently eliminated by the kidneys. This

view has also been brought forward by Schar (1H80) who

holds that these bases, which may be formed by putrefactive

changes in the intestinal tract, are absorbed into the circu

latory system, whence they may be partly eliminated by the

kidneys, or may be partly deposited in the tissues themselves.

The views of Bouchard and Schar have, to a certain

extent, been confirmed by the investigations of Udranszkv

and Baumann, who showed that the well known ptomams

cadaverin and putrescin occur in the urine in cystinuria,

and are formed by putrefactive changes induced in the intes

tinal tract, probably by specific micro rganisms. Under this

same head fall the recent observations of Wolkow and

Baumann, that alkapton is produced from tyrosin by similar

changes in the intestines. The production of intestinal pro

ducts, their absorption and excretion by the kidneys, is like

wise seen in such well-known compounds as phenol, indol,

skatol, etc. The origin of the true leucomaiins cannot, how

ever, be accounted for in this manner, for they are indissol-

ubly connected with the metabolism of the cell itself, and are,

therefore, formed in the tissues and organs proper, especially

those rich in nucleated cells.

Another source of the nitrogenous bases must not be lost

sight of, and that is protoplasm itself. The researches of

Drechsel, Siegfried, and Schulze have shown that
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nitrogenous bases do result from the decomposition of animal

and vegetable proteids (see p. 367 ).

The leucomains proper can be divided into two distinct and

well-defined groups: (1) the Uric acid Group, and (2) the

Creatiuin Group.

The first of these divisions contains a number of well-known

bases which are closely related to uric acid. The order in

which they will be described is as follows :

Adenin, C5H5N5.

Hypoxanthin, C5H,N,O.

Guanin, C5H5NsO.

Xanthin, C5H,N/),.

(Uric Acid, C5H,N,0,.)

Hetcroxanthin, C,iI,N,0,.

Methylxanthin, CtHtN,0,.

Paraxanthin, C,H6N,Or

Carnin, G,H6N,0,.

Episarkin, C,HBN,0(?).

Pseudoxanthin, C,H5N5O.

Cytosin, C,1HMN1t0,.

Gerontin, C5H1,N,.

Spermin, C,H5N(?).

The members of the second group have all been discovered

by Gautier, and by him are regarded as allied to creatin

and creatinin. These two substances, especially the latter,

have been hitherto regarded as strongly basic in character,

but Salkowski has recently shown that creatinin, when per

fectly pure, possesses little or no alkaline reaction, and, more

over, does not combine with acids. The bases in this group are :

(Creatinin, C,H,N,0.)

(Creatin, C,H,NsO,.)

Cruso-creatinin, C5H,,N,().

Xantho creatinin, C5H16N,O.

Amphi-creatin, C91Ii9N,< ),.

Base, C„H,,N16O5-

Base, CnH,5Nn05.
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Besides these two general classes of leucoma'ins, there may

be made a third class of undetermined leucoma'ins, embracing

those bases which have been observed, but studied more or

less incompletely, in the various physiological secretions of the

body.

Leucoma'ins of the Uric-acid Group.

Adenin, C5H5N5, which was discovered by Kossel in

1885, forms the simplest member of the uric-acid group of

leucoma'ins, and as such it deserves special attention, inasmuch

as it shows most clearly the relation that exists between hydro

cyanic acid and the members of this group. This base is

apparently formed by the polymerization of hydrocyanic acid

—a view that is confirmed, at least in part, by the fact that

on heating with potassium hydrate to 200° it yields a large

quantity of potassium cyanide. Moreover, by the action of

reducing agents it is converted into a substance similar to, if

not identical with, azulmic acid. It has not been prepared

synthetically, though Gautier has claimed to have synthesized

two closely related bodies, xanthin and methyl-xanthin, by

simple heating of hydrocyanic acid in a sealed tube in contact

with water and a little acetic acid. The molecular weight of

aden in has been determined by Kossel according to Beek-

mann's method. The formula of adenin is, therefore, not a

multiple of that given above.

This base was first prepared from pancreatic glands—hence

the term adenin, which is derived from the Greek word a6ip"t

moaning a gland. It has since been shown to occur together

with guanin, hypoxanthin, etc., as a decomposition-product

of nuclein, and, therefore, it may be obtained from all tissues

and organs, animal or vegetable, rich in nucleated cells. Ac

cordingly, it has been found in the kidneys, spleen, pancreatic,

thymus, and lymphatic glands, in beer-yeast, in spermatic

fluids, but not in testicles of the steer; occurs also in tea-

leaves. In the latter adenin appears to exist in a preformed

condition, since it can be extracted without the use of acid

reagents. (Hypoxanthin absent, Kruger, 1896.) Tea-

^



CHEMISTRY OF THE LEUCOMAINS. 4J7

extract yields about 6 grams of adenin per liter (Kruger).

The thymus gland, as a prototype of embryonic, highly

cellular tissue, yields a considerable amount of adenin, but

no xanthin (Inoko) ; that from a calf, for instance, was

found by Sc:hindler to contain 0.18 per cent. The thymus

nucleinic acid yields only adenin, no xanthin (Kossel).

There are, therefore, no tissues known in which xanthin and

guanin are exclusively present—and the sarkin-bases nbsent

(Kossel). It has also been observed in the liver and urine

of leucocythfemie patients (Stadthagen) ; its occurrence in

this disease will be readily understood when it is remembered

that leueocythaemia is characterized by the presence in the

blood of an unusual proportion of the nucleated white blood-

corpuscles, which, owing to various unfavorable conditions,

become destroyed in time, and the contained nuclein, as a

result, splits up into adenin and guanin. These two bases

may, therefore, be expected in all pathological conditions where

there is an abnormal accumulation of pus. Indeed, as early as

1865, Naunvn extracted from pus, obtained from the pleural

cavity, a considerable quantity of a substance which was

probably either adenin or guanin, or both. Neither uric-

acid nor xanthin bases are present in fresh human blood

(100-300 c.c.) ; both are present in exudates and transudates

(Jaksch). Adenin does not occur, or only in minute traces,

in meat-extract ; and in this it resembles guanin, which is

present only in traces. This may be due to the fact that

adenin and guanin are readily converted into hypoxanthin

and xanthin respectively, as has been shown in the putrefac

tion-experiments of Schindler. This conversion of adenin

and guanin into hypoxanthin and xanthin takes place in

the pancreas immediately after death, so that the amount of

adenin found may be quite small. They may be considered

as transitional products of cell-metabolism, the amido-group

contained in each readily being replaced by oxygen, and giving

rise to ammonia, and this in turn to urea. Kossel, however,

explains this fact on the ground that the muscle-tissue is very

poor in nucleated cells, i. e., in nuclein. It would seem that

the muscle-cell in losing the morphological character of a cell
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has also suffered a corresponding loss in its chemical properties.

For while the decomposition products of nuclein — hypoxan-

thin, xanthin, phosphoric acid, etc.—are found in the muscle-

tissue, they do not exist in combination as they do in the

nuclein-molecules. This is seen in the fact that the bases exist

"in the free condition, since they can be extracted by water;

and again, the phosphoric acid is present in the muscle-tissue,

not in organic combination, but as a salt. In the nucleated

cell, adenin, guanin, etc., do not exist in the free condition,

but form, in part at least, with albumin and phosphoric acid,

a loose combination which is readily decomposed by the action

of acids at the boiling temperature. This same change takes

place spontaneously after death.

There can be no doubt that adenin and guanin play an

important part in the physiological function of the cell-nucleus,

which, from recent observations, appears to be necessary to the

formation and building up of organic matter. It is now known

that non-nucleated cells, though capable of living, are not

capable of reproduction. We must look, therefore, to the

nucleus as the seat of the functional activity of the cell—

indeed, of the entire organism. Nuclein, the parent-substance

of adenin and guanin, is the best known and probably most

important constituent of the nucleus, and as such it has boen

already credited with a direct relation to the reproductive

powers of the cell. This chemical view has recently been con

firmed by Zacharias, who showed that chromatin of histolo

gics is identical with nuclein. Liebermann has questioned

nuclein as being the source of xanthin-compounds, but in

this he is not supported by the mass of evidence.

L.IMEnfeld, in his study of the chemistry of leucocytes,

has shown that the nuclei of these cells contain a complex

body, nucleohiston, which is decomposed by acids into histon

and leuconuclein. The latter in turn can be decomposed

into albumin and nucleinic acid, which on heating with

mineral acids yields phosphoric acid, and the nuclein-bases

(adenin, hypoxanthin) and unknown products. As Koxsel

has pointed out, it is probable that ordinary nucleinic acid is
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a mixture of several, since two or more nuclein-bases form on

decomposition. The nucleinic acid from the thymus gland,

adenylic acid, yields on decomposition only one nuclein-base—

adenin. Another base, however, can be obtained. SeeCytosin.

The method employed by KosiSEL for the preparation of

adenin is as follows : The finely divided pancreatic glands

are heated to boiling for three or four hours with a large

quantity of dilute sulphuric acid (0.5 per cent. by volume of

concentrated acid), and the acid solution thus obtained is

treated with a slight excess of hot concentrated baryta-water.

The excess of baryta is removed by carbonic acid, and the

solution is then filtered ; the filtrate is concentrated to a small

bulk, about 100 c.c., rendered alkaline with ammonium

hydrate, and finally precipitated with an ammoniacal solution

of silver nitrate. The precipitate, consisting of the silver

compound of the xanthin- bodies, is partially dried by spread

ing over porous porcelain plates ; then dissolved in warm

nitric acid of specific gravity 1.1, to which a little urea has

been added to prevent the formation of hypoxanthin should

traces of nitrous acid be present. (Kruger recently, 1890,

showed that even large excess of urea does not prevent this

change of adenin into hypoxanthin.) The filtered acid solution,

treated with silver nitrate, on cooling gives a deposit of silver

salts of hypoxanthin, guanin, and adenin, which is filtered

off and thoroughly washed. The adenin separates out almost

quantitatively if a little silver nitrate solution is added. The

filtrate contains any xanthin silver-compound that mav be

present. The washed precipitate of the silver salts is sus

pended in water, nitric acid added, decomposed with hy

drogen sulphid (ammonium sulphid, or, better, hydrochloric

acid, may be used), and the clear filtrate is concentrated on

a water-bath to a small volume. It is then saturated with

ammonium hydrate and digested on a water-bath for some

time, whereby adenin and hypoxanthin go into solution,

while the guanin remains undissolved (see p. 423). Some

guanin, however, is dissolved, as has been shown by Wulff.

From the ammoniacal solution on partial concentration and
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subsequent cooling, the adenin crystallizes out first, whereas

the more soluble hypoxanthin remains in solution. If the

adenin is still colored, it can be purified by dissolving in

water and boiling with animal charcoal. The hot aqueous

solution is then rendered very slightly alkaline with ammo

nium hydrate and allowed to cool ; adenin crystallizes out, and

can be still further purified by recrystallization from water.

In the examination of meat-extracts, according to Neu-

bauer, the solution is precipitated with basic lead acetate,

avoiding an excess, filtered, and from the filtrate the lead is

removed with hydrogen sulphid. The filtrate is concentrated

on a water-bath to a thin syrup, and allowed to stand for

two or three days to allow creatin to crystallize. The fluid

is decanted, the crystals washed with 90 per cent. alcohol,

the combined liquids evaporated on a water-bath to expcl

alcohol, then rendered ammoniacal, and precipitated with

silver nitrate as above (Balke).

Ammonium sulphid has been employed by Schindleb,

and sodium sulphid by Balke, in place of hydrogen sul

phid, in decomposing the silver compounds of the above

bases. Bruhns recommends instead warming with very

dilute hydrochloric acid, especially if guanin is present. The

solution can then be neutralized with NaHCO„ using methyl-

orange as indicator, and the adenin separated from hypo

xanthin by the picric-acid method described below.

Another method for the separation of adenin from hypo

xanthin is based upon the behavior of the nitrates of these

bases in aqueous solution. From concentrated aqueous solu

tions of the nitrates free hypoxanthin crystallizes out first,

because the nitrate is decomposed; whereas, adenin, which is

a stronger base, remains in combination with the acid in

solution.

A still more recent method for the separation of adenin

and hypoxanthin is based on the fact that adenin is pre

cipitated from the solution of the base or salt by copper

sulphate and sodium hyposulphite (even 1 : 50,000), whereas

hypoxanthin, in even 0.5 per cent. solution, is.^not precipi
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tated in the cold. Ou heating, however, the cuprous com

pound forms (Kruger).

ScHim1ler determines adenin and hypoxanthin indirectly.

The ammoniacal solution which is filtered from the insoluble

guanin is evaporated to dryness on a weighed platinum dish,

dried at 110°, and weighed. A nitrogen determination is now

made of the mixed bases, and from these data the proportion

of each is calculated.

The best source of adenin, however, is the mother-liquor

from tea-leaves, which yields from 3 to 0 g. per litre. Ko.ssul

first isolated adenin from this source in 1886. The mother-

liquor was precipitated with basic lead acetate ; the lead re

moved from the filtrate by the addition of H3S0,. The

solution was then rendered ammoniacal and precipitated with

ammoniacal silver solution. The precipitate was then treated

as described above (p. 419). The method for its extraction

from this source, as modified by Kruger, avoids drying the

silver compounds on porous plates, and also the recrystalliza-

tion from hot nitric acid. The mother-liquor is diluted with

five volumes of water and the humin substances are then pre

cipitated by the addition of sulphuric acid. The liquid is then

separated by decantation and filtration, rendered strongly alka

line with ammonium hydrate, and the bases precipitated with

ammoniacal silver solution. The voluminous precipitate, after

standing twenty-four hours, is filtered through a plaited filter,

washed with cold, then with hot water, and finally is allowed

to remain on the filter for one to two days. It is then removed

from the filter, decomposed with concentrated hydrochloric

acid, filtered, and the filtrate neutralized with sodium hydrate.

The solution is then dissolved with animal charcoal, and con

centrated by evaporation. The crystalline mass which separ

ates out on cooling is filtered off with the aid of a pump and

washed with water. By repeating the process additional crys

tals are obtained from the mother-liquor. The rough product

is purified by dissolving in one per cent. hydrochloric acid with

the aid of heat, decoloring with charcoal, after which, on cool

ing, the almost pure adenin hydrochlorid separates out. On

19
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further concentration and cooling additional crystals are ob

tained. To purify the crystals still further they are dissolved

in hot water, and the hot solution is precipitated by addition of

ammonium hydrate. After twenty-four hours the crystals are

filtered off, dissolved, and again precipitated with ammonia.

For the application of the new copper method, which is

easier and cheaper than the silver method for the extraction

of adenin from tea extracts, see Kruger, ZeiUrhr. f. physiol.

Chem., 21, 274, 1896. Adenin is best purified from the crude

bases by crystallization as the sulphate.

By far the best method for the quantitative separation of

adenin and hypoxanthin is the picrate method of Bruhns.

The solution of the salts of the bases, preferably as nitrates or

sulphates, must be neutral or faintly acid ; excess of alkali or

acid interferes. Such a solution can be obtained by evapor

ating the filtrate from the guauin in Kossel's method (page

419), and dissolving the residue in nitric acid; this is neu

tralized with sodium carbonate, using methyl-orange as indi

cator. On the addition of excess of sodium picrate the ade

nin is thrown down as a clear yellow flocculent precipitate.

If the precipitation is made at the boiling temperature, on

cooling the adenin salt separates in a crystalline condition

and is more easily filtered and washed. After standing fifteen

minutes the precipitate is filtered off by the aid of a suction-

pump on a weighed filter, washed with cold water, and dried

at 100°. As a correction for the solubility of the adenin

picrate, 2.4 mg. per 100 c.c. filtrate can be added to the cal

culated amount of adenin.

The hvpoxanthin picrate is'not very soluble, as was supposed

by Bruhns, so that if the amount present is large and the

precipitate not filtered at once, somewhat higher results will

be obtained (Wulff). In the filtrate, however, it may be

estimated according to the method described on page 447.

For the estimation of adenin or hvpoxanthin by Kruger's

copper method see page 448.

Adenin, when crystallized from warm or impure solutions,

is obtained either as an amorphous substance, pearly plates,
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or in the form of very small microscopic needles ; from dilute

cold solutions it separates in long, needle-shaped crystals con

taining three molecules of water. This water of crystalliza

tion is lost on exposure to the air or on heating to 5.'}°, and

the crystals hecome opaque. By precipitating a concentrated

solution of the hydrochlorid with ammonia adenin may be

obtained as anhydrous, small whetstone-shaped crystals, which,

recrystallized from hot water, form large, regular, four-sided

pyramids, single or bur-shaped. It is soluble in about 1086

parts of water at the ordinary temperature ; more easily in

hot water, from which on cooling it recrystallizes. The aque

ous solution possesses a neutral reaction. The free base is

insoluble in ether, chloroform, and alcohol ; soluble in glacial

acetic acid, and somewhat in hot alcohol. It dissolves readily

in mineral acids, yielding well crystallizable salts. The fixed

alkalis dissolve it with ease, but on neutralization of the

solution it is reprecipitated ; from such solutions in alkalis

anhydrous large crystals are thrown down by acetic or carbonic

acid (Kruger). In aqueous ammonium hydrate it is more

readily soluble than guanin (which is insoluble, Schindler ;

somewhat soluble, Wulff), and more difficultly soluble than

hypoxanthin—a fact which is made use of to effect a separation

from these bases. It is but slightly soluble in sodium carbonate.

Adenin can be heated to 278° without melting; at this

temperature it becomes slightly yellow, and yields a white

sublimate. It can be completely volatilized without decom

position, by heating on an oil bath to 220° ; the sublimate

consists of pure, white, plumose needles of adenin, but at

250° partial decomposition occurs, and some hydrocyanic acid

forms. When heated with potassium hydrate to 200° on an

oil bath, it yields a considerable quantity of potassium cyanid.

Adenin is quite indifferent to the action of acids, alkalis,

and even oxidizing agents. Thus, it may be boiled for hours

with baryta, potash, or hydrochloric acid, without suffering

decomposition. But when heated with dilute hydrochloric

acid at 135° for several days, or with concentrated hydro

chloric acid, in a sealed tube at a temperature exceeding 100°,
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sulcuin is completely decomposed, with formation of carbonic

acid and ammonia:

C5H5N, + 5H,0 + 50 =5CO, + 5NH,.

On heating adenin with concentrated hvdrochloric acid to

lH0°-200° for 12—1 4 hours, Kruger obtained ammonia, car

bon dioxid, carbon monoxid, and glycocoll. The carbon

monoxid results from the splitting up of formic acid. This

decomposition is strictly analogous to that of hypoxanthin,

xanthin, etc.

C5H5N5 + 8H,0 = 4NH, + CO. + 2CH.A + C,H5NOr

The free base, as well as benzoyl-adenin, is unaffected by

the weak oxidizing action of potassium permanganate, but

on stronger oxidation it is wholly destroyed. Bromine-water

produces in aqueous solutions of adenin an oily precipitate,

which, on contact with potassium hydrate or ammonia, gives

a beautiful red or violet color. Sodium amalgam and zinc

chlorid appear to have no action ; but on boiling with zinc

and hydrochloric acid it yields a very unstable reduction-

product, which in the presence of oxygen, in alkaline solution,

first assumes a red color, and finally throws down a reddish-

brown precipitate. This brown substance appears to be iden

tical with azulmic acid, which has been known for a longtime

as a product of the polymerization of hydrocyanic acid.

Adenin and hypoxanthin do not give the xanthin reac

tion ; that is to say, when adenin is evaporated on a water-

bath with dilute or fuming nitric acid it gives a white residue

which fails to give any coloration with sodium, ammonium,

or barium hydrate (xanthin-reaction). Similarly, it does

not give the so-called Weidel's reaction on heating with fresh

chlorine water and a trace of nitric acid as long as gas is given

off, then evaporating to dryness on a water bath and expo

sure of the residue to an ammoniacal atmosphere. In this

respect it resembles hypoxanthin, which, when pure, does

not answer to either of these tests. When either of these

bases, however, is evaporated on a water-bath with bromine-

water and nitric acid a residue is obtained which with alkalis
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is colored red (Kossel). Another test for adenin, which is

given also by hypoxanthin, but not by guanin, caffein, and

episarkin, is as follows : The substance to be tested is digested

for half an hour with zinc and hydrochloric acid in a test-tube

on a water bath. If adenin is present, the solution will

assume on standing, more rapidly on shaking, a ruby-red

coloration, which later on turns into a brownish-red. This

reaction depends upon the formation of a reduction product,

which, owing to its unstable nature, is soon oxidized by the

oxygen of the atmosphere into a brownish, amorphous sub

stance, apparently identical with azulmic acid.

Ferric chlorid imparts to an aqueous solution of adenin

an intense red color which is not affected by heating. Copper

sulphate produces an amorphous grayish-blue precipitate,

which is easily soluble in dilute acids and ammonia. The

light-blue solution in fixed alkalis on warming gives a pre

cipitate of copper oxide.

Drechsel's reaction. In 1892 Drechsel showed that

certain xanthin bases are precipitated by an ammoniacal solu

tion of cuprous chlorid ; or from fixed alkaline solution by

Fehling's solution in the presence of a reducing-substance.

In addition to uric acid, which has been known to give this

reaction, xanthin, guanin, hypoxanthin, creatin, and crea-

tinin, the latter in boiling, reacted. Balke applied the test

to fixed alkaline solutions, using Fehling's solution, and as

reducing substances hydroxylamin hydrochlorid, or dex

trose. He found that adenin, hvpoxanthin, xanthin, hetero-

xanthin, paraxanthin, curnin, protamin, and uric acid gave

precipitates, whereas theobromin and caffein did not. Kruger

employed copper sulphate and sodium bisulphite, the advantage

being that the precipitation can take place in neutral, acid, or

alkaline solutions. The results differ somewhat with the kind

of reducing agent employed. Thus, copper sulphate and

sodium bisulphite precipitate uric acid, adenin, methyl-

adenin, hypoxanthin, guanin, also dimethyl- hypoxanthin from

cold concentrated solution; theobromin, caffein, creatin, crea-

tinin are not precipitated. With copper sulphate and sodium
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hyposulphite adenin, methyl-adenin, and guanin arc readily

precipitated ; hypoxanthin only on heating (separation from

adenin\ whereas the other six compounds are not precipitated.

The precipitates are soluble in excess of sodium hyposulphite.

Adenin and hypoxanthin can, therefore, be completely

precipitated, especially by the aid of heat, from their solution

by copper sulphate and sodium bisulphite. Hence this reagent

could be used as a substitute for ammoniacal silver solutions

in the method of separation and even of estimation by deter

mining either the amount of copper or of nitrogen by Kjel-

dahl's method. The adenin precipitate is colorless and gelat

inous ; changes on exposure to a light or brownish green,

and on drying it becomes dark green. It is easily soluble in

mineral acids, especially nitric ; slowly soluble in hot acetic

acid. It is not decomposed with sodium hydrate ; readily

decomposed with alkali sulphids, and is readily soluble in

ammonia. It is soluble in about 200,000 parts of hot water.

On treatment with nitrous acid it is converted into hypo

xanthin according to the equation :

C5H5N5 + HNO, = C5HtN40 + N, + HaO.

Kossei, obtained 72 per cent. of the theoretical yield.

Since then Kruger, by modifying the experimental condi

tions, adding sodium nitrite in small portions to a solution of

adenin in dilute sulphuric acid at 70°, obtained an almost

quantitative conversion.

This formation of hypoxanthin from adenin is analogous

to Strecker's transformation of guanin into xauthin by a

similar action of nitrous acid (see Guanin). In both cases

the change of a highly nitrogenized into a less uitrogenized

body is accomplished by replacing an NH group by O. The

change is somewhat analogous to that seen in the conversion

of primary amins into primary alcohols. Thus,

C,H5.NH, + HNO, = C,H5OH + N, + H,0.

Ethyi.amin. Ethyl Alcohol.

In the extraction of adenin from the mother-liquor of tea-

leaves after removal of caffl'in, if urea is not added to the



CHEMISTRY OF THE LEUCOMAINS. 427

nitric acid, nearly one-half of the adenin may be converted into

hypoxanthin. By processes of putrefaction adenin is converted

into hypoxanthin and guanin into xanthin (Schindleb). A

similar conversion of adenin and guanin takes place rapidly

in the pancreas after death. The change is, therefore, some

what analogous to that produced by nitrous acid. Adenin

undergoes this decomposition much more rapidly than the

other xanthin compounds.

The ease with which adenin and guanin are oxidized out

side of the organism shows that similar changes may take

place within the cell-nucleus proper. For we know that every

cell is endowed with an enormous reducing power, and hence

it is not difficult to see how the oxygen-free adenin can be

readily converted into a body or bodies which greedily take

up oxygen. We must, therefore, look upon adenin and

guanin not only as the antecedents of hypoxanthin and xan

thin, but also as intermediate products which, when they

form in the cell, may give rise to important chemical pro

cesses, especially those of a synthetic nature. It is highly

probable that the study of the decomposition-products of

nuclein will explain to us many of the metabolic changes in

the organism, and throw additional light upon the migration of

the amido-group from the proteid molecule to the amido-acids

and urea-derivatives. Thus, the formation of xanthin from

guanin represents the conversion of a guanidin residue into a

urea residue. A similar change is probably effected in the

transformation of adenin into hypoxanthin.

Adenin unites with bases, acids, and salts. The salts of

adenin with mineral acids can be recrystallized, thus differing

from the corresponding salts of guanin and hypoxanthin,

which are dissociated by the action of water. The solutions

of the salts, however, show an acid reaction to litmus, but not

to methyl-orange.

The hydrochlorid, C5H.N5.HC1 + JH,0, forms colorless,

transparent, strongly refracting crystals. One part of the

anhydrous salt is soluble in 41.9 parts of cold water. Micro

scopically it is distinct from that of hypoxanthin and adenin
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hypoxanthin. From the composition of the gold salt it is

highly probable that a hydrochlorid, C5H5N5.2HCI, exists

analogous to that of guanin.

The nitrate, CJI5N,.HNO, + iH,0, crystallizes from the

aqueous solution in fine, stellate needles. One part of the dry

salt dissolves in 110.6 parts of water.

The sulphate, (C5H5N5),.H,SO1 + 2H,0, can be obtained

from the aqueous solution in two different crystalline forms.

This may possibly be due to the presence of adenin hypo

xanthih compound (Bruhns). It is easily soluble in hot

water, and at the ordinary temperature it is soluble in 153

parts of water.

The oxalate, C5H5N5.C,H,04 + H/), is obtained by dissolv

ing adenin in hot, dilute, aqueous oxalic acid, from which

solution, on cooling, it separates as a voluminous difficultly

soluble precipitate of roundish masses which are composed of

long, delicate needles. The oxalates of guanin, hypoxanthin,

and xanthin are more easily soluble than than that of adenin,

and exhibit, moreover, a different appearance.

Adenin bichromate, (,('5H5N5),.H,C30,. This compound

separates in a few hours from a mixture of adenin and

chromic acid solutions in well-formed yellowish-red crystals

(Bruhns). According to Kruoer, it forms six-sided plates,

is easily soluble in hot water, difficultly in cold, and is un

changed by heating to 150°. The corresponding salt of gua

nin readily dissociates.

Adenin metaphosphnte, C5H.N5.HP0,. According to Kos-

sel, adenin is not precipitated with metaphosphoric acid,

but this is not strictly true. Aqueous, or even cold saturated

solutions of adenin give on the addition of a few drops of

metaphosphoric acid an amorphous precipitate, appearing

under the microscope as fine round granules or extremely thin

membranous masses. It has not been obtained in a crystalline

condition. Like the corresponding guanin compound, it is

difficultly soluble in cold water. It is easily soluble in alkalis

and in ammonia ; is more or less soluble in dilute acids

according to the concentration, and is soluble in excess of
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metaphosphoric acid. Hence a strongly acid, not too con

centrated, solution of adenin is not precipitated (Wulff).

Adenin is precipitated less completely than guanin, whereas

hypoxanthin does not give a difficultly soluble metaphosphate.

The chloracetate, C.H^N5.ClCH3.CO,H, was prepared by

Kruger by adding an excess of chloracetic acid to a hot

aqueous solution of adenin. On cooling it crystallizes in

right-angled plates and in stellate four-sided prisms. It is

easily soluble in water and in hot aqueous alcohol ; difficultly

in cold alcohol. At 162°-163° it melts, giving off hydro

chloric acid and forming a yellowish-red fluid which gradually

becomes intensely red.

Potassium ferro- and ferrieyanid produce no precipitate in

a solution of adenin, but if acetic acid is then added the

former gives rise to a precipitate of thin plates ; the latter,

a precipitate of light-brown crvstals grouped in bunches

(Kruger). According to Bruhns, adenin gives with potas

sium ferrieyanid brownish-green needles.

The picrate, C.H5N,.C6H.,(N0,)sOH -f H,0, is thrown down

as a bright-yellow flocculent precipitate when aqueous solutions

of adenin salts arc treated with sodium picrate. Recrystal-

lized from hot water it forms bright-yellow, very voluminous

bunches of long, fine needles, which, on drying, acquire a silky

lustre and form a felted mass. It is difficultly soluble in cold

water (1:3500); more readily in hot water and in alcohol

(96 per cent.) ; is insoluble in dilute acids. It dissolves readilv

in a solution of sodium phosphate, from which solution it is

precipitated by hydrochloric acid. < )ther salts of adenin, as

the metaphosphate, we have in the same way. Uric acid is also

dissolved by sodium phosphate (Wulff). The water of crys

tallization is not lost on exposure to air, but is driven off at

100° ; the salt then remains unchanged even at 220°. A cold

concentrated aqueous solution of the salt treated with one-

tenth its volume of cold concentrated solution of sodium picrate

produces a precipitate of short, fine needles, consisting of most

of the adenin picrate (five-sevenths). The solubility of the

picrate can thus be reduced to as low as 1 : 13750, and on this

19*
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fact is based the quantitative method of Bruhns. The salt

can also be obtained in its characteristic groups by combining

cold saturated aqueous adenin solution (1 : 1086) with picric

acid ; with sodium picrate, however, adenin gives no precipi

tate, since the picrate is soluble in an equivalent quantity of

sodium hydrate. Thus is explained Kossel's statement that

adenin forms an easily soluble compound with picric acid.

Heated on platinum foil it burns slowly and leaves consider

able carbon- residue. The very bright yellow color of the salt

serves to distinguish it from most of the other picrates, especi

ally guanin picrate. Adenin may be isolated from its picrate

by extraction of the hydrochloric acid solution with ether, by

precipitation of the ammoniacal solution with silver nitrate,

and best, according to Kruger, by dissolving the picrate in

hot dilute ammonia, and when cold precipitating most of the

picric acid with ammoniacal copper sulphate solution. The

filtrate can then be evaporated, dissolved in dilute rL,S04, and

the last traces of picric acid removed with ether.

It may be noted that adenin and guanin form difficultly

soluble picrates, whereas xanthin and hypoxanthin form rela

tively easily soluble compounds.

The platiuochlorid, (C5H5N5.HCl),PtCl1, crystallizes from

dilute aqueous solution in small yellow needles. The con

centrated aqueous solution of this salt, when boiled for some

time, decomposes, with the separation of a clear, yellow powder,

which is but slightly soluble in cold water, and has the com

position C5H5N5.H01.PtCl4.

The aurochlorid, on evaporation, yields very characteristic

forms. It has been more recently studied by Wulff, and found

to possess the formula C5H5N5.(HCl),.AuCls + H3O. From

the hydrochloric acid solution of adenin aud gold chlorid, on

sufficient concentration, or from dilute solutions by gradual

evaporation, it separates in bright, well-formed orange-colored

crystals, which may attain a length of 1.2 cm. As pointed

out by Kossei,, this salt is well adapted for the qualitative

recognition of adenin, especially in the presence of guanin.

which gives no such compound.



CHEMISTRY OF THE LEUCOMAINS. 431

Adenin-lead was prepared by Kruc.er by adding a solu

tion of adenin and sodium hydrate to an aqueous solution of

lead acetate. It forms lustreless needle-shaped crystals. The

composition appears to be C5H,PbN5. On friction it becomes

strongly electric. Heated with methyl iodid it gives rise to

addition products (see page 439).

The silver salt of adenin, C5H4AgN5, is formed when silver

nitrate is added in molecular proportion to a boiling ammo-

niacal solution of adenin. On heating this compound for

thirteen hours at 130° with methyl iodid no appreciable

change results (Kruger), although Thoiss obtained a com

pound, presumably a methyl addition product. An ex

cess of silver nitrate produces, in the cold, the compound

C5H3AgsN5 -f- H.0, which is converted slowly in the cold, im

mediately on warming, into the other salt, according to the

equation :

2(C5H,Ag,N5 + H,0) = 2C5H4AgNs + Ag,0 + H,0.

Owing to this instability the two compounds are always

found together in varying proportion. Both are difficultly

soluble in water, and in ammonia even at the boiling-point.

The precipitation of adenin by an ammoniacal silver solution

is complete, and is therefore available for quantitative estima

tion. The precipitate of adenin, as well as of other xanthin-

bases, is soluble in excess of sodium hyposulphite (Ko&sel,).

Adenin silver nitrate, C5H.N5.AgN03 (Ag=35.4 per cent.),

corresponds to the similar hypoxanthin and guanin salts. It

is obtained by dissolving the above silver compound in hot

nitric acid; and from this solution, on cooling, it separates in

needle-shaped crystals, which are not permanent. This lack

of stability, as compared with the permanent hypoxanthin

silver nitrate, was first pointed out by Kossel, and was thought

to be due to loss of nitric acid in washing, and also by heating

at 100°. Bruhns, however, has shown that the acidity of the

wash-water is indicated by litmus, but not by methyl-orange,

which is not colored red by silver nitrate. It would seem that

adenin, as well as hypoxanthin, and possibly xanthin, form

X
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silver compounds containing one and two molecules of silver

nitrate; the greater the quantity of silver nitrate used the

higher is the per cent. of silver, i. e , the more of the latter

compound is formed. These are very unstable, and are decom

posed by dilute nitric acid, more so by water, into silver nitrate

and the compound containing one molecule of silver nitrate.

We have in this behavior an interesting case of mass-action

and chemical equilibrium between adenin, silver nitrate, nitric

acid, and water. Ammonium hydrate removes the nitric acid

from this as easily as from the hypoxanthin compound, and

there is formed, according to the composition of the original

salt, a varying mixture of C5H,AgN5 and CVH,Ag5N5 + H,0.

The solubility in nitric acid is about the same as that of hypo

xanthin silver nitrate.

Adenin silver picrate, C,5H1AgX,.C6H,(NO,)3OH + H.O,

is obtained as an amorphous voluminous yellow precipitate

when silver nitrate is added to a cold aqueous solution of

adenin picrate. If the latter solution is previously raised to

the boiling-point, the precipitate then soon becomes crystalline

and rapidly subsides. The adenin can thus be almost wholly

removed from solution. The crystalline form loses its water

of crystallization at 120°, while the amorphous form does not

appreciably decrease in weight, and its composition does not

appear to be so constant as that of the corresponding hypo

xanthin compound. On treatment with ammonium hydrate

the picric acid is removed, and adenin-silver, C5H,AgN5, is

left, stained yellow by traces of picric acid.

Adenin-mercury picrate, (C5H.N^Hg^C.H/ NO,0),OH,

can be prepared by treating a hot concentrated aqueous solu

tion of adenin picrate with an excess of sodium picrate,

and then with mercuric chlorid. It forms a vellow granular,

crystalline precipitate (microscopic needles) which rapidly

subsides and increases in quantity as the solution cools.

Its composition apparently varies, containing one to two

molecules of water, according to the temperature of the

solution. One molecule is given off at 100° and the second

at 105°-120°. The latter preparation, then, on exposure to
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the air, rapidly absorbs one molecule of water. The ob

ject of the sodium pierate in the precipitation is to com

bine with the hydrochloric acid, which is set free. The

precipitate produced by mercuric chlorid in cold adenin

pierate solution shows yellow and white granules, and is not

homogeneous. Bruhns considers it to be a mixture of the

adenin-mercury pierate and the compound CsH5N,Hg,Cl4 ; if

sodium pierate is added, however, the pure adenin-mercury

pierate forms, since no hydrochloric acid is set free.

Adenin-mercuric chlorid, C5H,N5HgCl, is thrown down as

a white, finely granular precipitate when a boiling aqueous

adenin solution is treated gradually with concentrated mer

curic chlorid solution (Bruhns). On neutralizing the fil

trate from this precipitate a second deposit forms. Accord

ing to Kruger, the reaction that takes place is as follows :

2C,H5N5 + 2HgCl4 = C5H4N,.HgCl + C3H5N5.HCl.HgCT,.

C5H5N5.HCl.HgCls+Na,C03=C5H4N5.HgCl+2NaCl+

CO,+H,0.

Heated with alkyl iodids it does not give rise to substitution-

compounds. Free hydrochloric acid is indicated by the reac

tion with methyl-orange. Treated with ammonium hydrate

the chlorine is removed, and there is formed apparently the

compound C5H,N5HgOH. If dissolved in warm dilute hydro

chloric acid and allowed to crystallize, the double salt C5H5N5.-

HCI.IIgCI,+2H,0 separates in long, stellate, silky needles.

Another mercury compound, C5H4N5Hg,Cl„ is obtained

when the precipitation takes place in the cold. The precipi

tate is white, floccuient, and anhydrous. In this reaction, as

above, for each adenin molecule an equivalent of hydro

chloric acid is set free. This same body is also produced when

an adenin solution is boiled with a large excess of mercuric

chlorid and as little hydrochloric acid as possible to effect solu

tion. On cooling small stellate needles separate out, which

do not lose their weight at 110°. It can also be obtained by

boiling the following compounds with water.

When adenin is boiled with a large excess of mercuric

/"
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chlorid and much hydrochloric acid to dissolve completely

the precipitate that first forms, there is deposited on cooling

a crystalline product, which is variable in its composition,

and apparently consists of double salts of adenin and mer

curic chlorid, such as C5H5N5.HCl.SHgCl4 and C,HsNrHCL-

OHgCl4. On boiling with water these rapidly decompose,

forming the compound C5H5N,.Hg,Cl3. The formation of a

double salt, C5H3N5.HCl.HgCl4+2H.p, is described above.

Adenin-mercury cyanid, (CiHiN5),Hg(CN)„ separates as

stellate needles and plates when a mixture of hot solutions of

adenin and mercuric cyanid are allowed to cool.

An adenin-bismuth iodid, C5H5N5.HI.2BiI, + 2H,0, is

obtained when an aqueous adenin solution is treated with

potassium-bismuth iodid containing free hydriodic acid. The

heavy precipitate, which in color resembles carbon monoxid

haemoglobin, consists of microscopic glittering red needles.

On contact with much water it partly decomposes, forming

light reddish-yellow amorphous floccules, which become

darkish brown at 100°.

Brom-adenin. By treating well-dried adenin with excess

of dried bromine a dark-red body is obtained which appears

to contain six atoms of bromine, C5H5N5.Br, (Bruhns). On

mere exposure to the air, more rapidly on heating at 100°-

120°, it becomes light vellow and decomposes, yielding bro

mine, brom-adenin, C,H4BrN., and its hydrobromid, C5H,Br-

N-.HBr. Brom-adenin is white, difficultly soluble in cold

water (1 : 10,000), more readily in hot water, very easily in

ammonia and in fixed alkalis. It crystallizes from water or

dilute ammonia in stellate needles or very thin plates, which,

when dried in air, often assume a silky lustre. The crystals

contain a variable amount of water depending on the temper

ature at which the crystallization takes place. Thus, the

crystals may contain almost two molecules of water, whereas

when crystallization occurs at above 60° the crystals are

anhydrous. It is a rather strong base and forms well-char

acterized salts which arc difficultly soluble in cold water, more

easily in the presence of an excess of acid, from which it is

.

X
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thrown down as a white micro-crystalline precipitate by addi

tion of ammonia. It is also formed from the original dark-

red body by treatment with sodium bisulphite, or better by

dissolving the body iu ammonium hydrate, or, according to

Kruger, by heating to 130°, then dissolving in sodium hy

drate and precipitating with carbonic or acetic acid. It is

only difficultly attacked by boiling alcohol or aqueous potash

or alcoholic ammonia. The atom of bromine cannot there

fore be replaced by an amido- or by a hydroxyl-group.

Sodium alcoholate heated with brom-adenin at 145° for

hours has no effect.

Brom-adenin is very easily and completely changed to

adenin by the action of sodium amalgam in the cold, or by

boiling for several hours with zinc-dust No azulmic acid is

formed. It is not affected by iron-dust (Bruhns). Accord

ing to Kruger, it is affected by heating with concentrated

potash at 180°-190°, and the bromine is not replaceable by

radicals as phenol.

Chlor-adenin has not been obtained, since chlorine passed

over dry adenin in the cold, or at 100°, or into a boiling

chloroformic suspension of adenin is without effect. Phos

phorus pentachlorid heated with adenin at 160°-170° for

some hours gave a light brown body of uncertain composition.

The study by Bruhns of the decomposition of the dark-

red body, mentioned above, has shown that it is very prob

ablv a hydrobromid of brom-adenin, tetra -bromid, C5H,BrN5.-

Br,.HBr. According to Kruger, this compound does not

always form by the addition of bromine to adenin. Ordi

narily the hydrobromid of brom-adenin forms, unless a very

large excess of bromine is used. Compounds similar to brom-

adenin are formed by hypoxanthin, guanin, xanthin, and

caffein. Azulmic acid reacts with bromine in much the

same way as adenin.

The hydrochlorid, sulphate, and nitrate of brom-adenin

have been prepared and analyzed by Bruhns.

Brom-adenin picrate, C5HtBrN5.C6H,(N0,)3OH -f H,0,

resembles that of adenin, but is more voluminous. It is pre
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cipitated under the same conditions as adenin. The solubility

in cold water is about the same (1:3220). It is likewise

almost completely thrown out of solution by sodium picrate.

Under the microscope, however, it can be readily distinguished

from adenin picrate, since it does not form distinct crystals,

but rather bundles of thin thread-like needles.

The metal-derivatives of brom-adenin are analogous to

those of adenin. Thus, ammoniacal silver solution gives rise

to a mixture of C5H,AgBrN5 and C^Ag^rN5.H.O. Silver

nitrate produces a gelatinous precipitate which, like the ade

nin silver nitrate, has an inconstant composition ; on careful

heating with nitric acid (1.1 sp. g.) it can be obtained in needles

which resemble exactlv those of the adenin compound. Pro

longed boiling with nitric acid results in the separation of silver

bromide. Mercuric chlorid, cadmium chlorid, potassium-bis

muth iodid, etc., give precipitates with brom-adeuin the same

as with adenin.

Brom-adenin gives the xanthin-reaction, whereas adenin

itself does not. Thus, if evaporated with strong nitric acid

on the water-bath to dryness, and the cold yellowish or red

dish residue is touched with sodium hydrate, a bluish-violet

color forms. With ammonia it is a purple-red ; with baryta-

water a pure violet.

Dry chlorine gas passed over warm dry brom-adenin has no

effect. If, however, the brom-adenin is moist, decomposition

and solution result. On evaporation of the solution the resi

due gives with potassium hydrate an intense violet-red color;

baryta produces a bluish-green precipitate.

It is therefore evident from t he above reactions with nitric

acid and chlorine that brom-adenin is more readily destroyed

or oxidized than adenin. Inasmuch as all attempts at ob

taining oxidation-products of adenin which would shed light

on its constitution failed, the study of the oxidation-products

of brom-adenin therefore possessed special interest. Kruoer

has succeeded in oxidizing brom-adenin with hydrochloric

acid and potassium chlorate in warm solution, into alloxan,

urea, and oxalic acid. A reddish substance which dissolved
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in alkalis with a purple-red color was also produced in small

amounts. Its alkaline solution gave a dirty-blue precipitate

with baryta. The amount of alloxan found was very small ;

indeed, in one experiment it was entirely absent. Neverthe

less, it was sufficient to prove that in adenin, and hence in

hypoxanthin, an alloxan-group and probably a urea-residue

were present as in uric acid and xanthin.

When adenin is treated with zinc and hydrochloric acid in

the cold it forms a difficultly soluble crystalline double salt

which has not been obtained in the pure state. This double

salt is not obtained by direct treatment of adenin hvdro-

chlorid with zinc chlorid.

One of the hydrogen atoms of adenin is capable of replace

ment by organic radicals, as seen from the following compounds :

Acetyl-adenin, C5H4N5.CO.CH„ can be obtained by heat

ing the anhydrous base with an excess of acetic anhydride for

some time, in an oil-bath, at 130°. It crystallizes in small

white scales which dissolve but slightly in cold water and in

alcohol ; more readily in hot water, in dilute acids and alkalis.

Heated to 200° it become* yellow, but does not melt.

Benzoyl-adenin, ('5H4N5.CO.C6Hw is obtained by the action

of benzoic anhydrid, but not of benzoyl chlorid or adenin.

It crystallizes from water in long, lustrous, thin needles which

sometimes are grouped in bundles and melt at 234°-235°. It

is easily soluble in hot alcohol, from which it recrystallizes on

cooling ; also in dilute acids and in ammonia With ammo-

niacal silver nitrate it gives a precipitate resembling that of

adenin, but is more readily soluble in ammonia. This com

pound is quite stable, since it decomposes very slowly on boil

ing with hydrochloric acid; on protracted boiling with water

it is changed into adenin and benzoic acid.

Mono-benzyl adenin, C5H4N5.CH,.C6H5, was obtained by

Thoiss by heating well-dried adenin with benzyl chlorid to

boiling (178°) on an oil-bath. It can also be obtained, accord

ing to Kruger, by heating adenin in a flask with benzyl

chlorid in a sulphuric acid bath ; also by heating adenin with

alcohol, potassium hydrate, and benzyl chlorid under an in
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verted condenser. It crystallizes from alcohol in short, glisten

ing prisms, frequently in small pointed crystals grouped in plate

like aggregations. A ten per cent, alcoholic solution gives reac

tions with silver nitrate, ammoniacal silver solution, mercuric

chlorid, picric acid, and platinum ehlorid. Gold chlorid

gives no precipitate. The compound forms pure white micro

scopic crystals and melts at 259°. It is easily soluble in hot

water and in hot alcohol ; but little in ether. Its solubility

in water at 15° is 1 : 2250 ; in water at 100° is 1 : 320. With

acids it forms salts from which alkalis throw down the

base. The hydrochlorid, ('5H1(C,H,)NJ.HCl, forms fine glassy

needles or four-sided glassy prisms with inclined end-surfaces,

which are readily soluble in alcohol and in water, but not in

ether. The sulphate and nitrate possess similar properties.

The sulphate, (C5H/ (C,Hr)N5),.H,S0,, forms glassy long prisius

containing five molecules of water, four of which easily pass

off at 100°, and the fifth at 110°. Like adenin, it yields a

silver compound which is insoluble in ammonia. On reduction

with zinc and hydrochloric acid it forms an amorphous red

unstable compound. Treated with nitrous acid, benzyl-adeniu

is reduced to benzyl-hypoxanthin, thus showing that the

benzyl-group replaces a hydrogen atom in the group C,K^N,,

which Kossel has called adenyl (see page 452).

Benzyl-adenin picrate, Ci,HMN,.GtH,(N0.1),iOH, is ob

tained as fine felted yellow needles, which are fairly soluble

in water and in alcohol ; insoluble in ether.

like adenin, the benzyl compound is very resistant to oxida

tion with potassium permanganate. On treatment with sul

phuric acid and chromic acid a part is completely oxidized and

the remainder is unchanged. Bromine acts energetically,

forming a dark-red sticky mass, which at 1201 only gradually

gives off a part of the bromine and becomes dark-yellow in

color and firmer in consistency. Apparently four atoms of

bromine unite with one molecule.

On decomposition with concentrated hydrochloric acid at

180°-200° it yields glycocoll, volatile bases, and a resinous

body, C,,H„, identical with that obtained by Caunizzaro by

the action of dehydrating agents on benzyl alcohol (Kruuer)-
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Dibenzyl adenin, C5H3(CTH1\N5, is produced, according to

Kruger, iu small amount in the preparation of the mono-

benzyl compound. It is best obtained by treating mono-benzyl

adenin with benzyl chlorid ; or by the action of benzyl

chlorid on an alcoholic solution of adenin and potassium

hydrate. The free base is obtained by precipitating a solu

tion of the hydrochlorid with ammonium hydrate. It forms

fine silky needles which melt at 171° to a yellow fluid. It is

easily soluble in ether, very easily in alcohol. In cold water

at 13.5° the solubility is 1 : 13,800; in water at 100° it is

1 : 1300. A 1 per cent. alcoholic solution gives reactions with

silver nitrate, ammoniacal silver solution, mercuric chlorid,

copper sulphate, platinum chlorid, and picric acid. Gold

chlorid, lead acetate, basic lead acetate, give no precipitate.

The hydrochlorid, C5H3(C,H1),N5.HCl, crvstallizes in fine

silky needles, frequently in long prisms with a silky lustre

resembling that of caffeiu. It is easily soluble in water and

in alcohol ; insoluble in ether. It is thrown out of water solu

tion, in part, by the addition of hydrochloric acid—a reaction

not given by the mono-benzyl compound. The melting-point

isat219°-220°.

The nitrate, C5H3(C,H1),N5.HN03, crystallizes in fine, long

glistening needles, which are difficultly soluble in cold dilute

nitric acid. It melts at 167° with solution of gas. On de

composition with concentrated hydrochloric acid at 180°-200°

it yields the same products as mono-benzyl adenin (Kruger).

Mono-methyl-adenin, C5H/CH3)N3, was first prepared in a

condition of purity by Kruger. The methyl-adenin de

scribed by Thoiss and prepared by the action of methyl iodid

on adenin-silver at 1 00° is probably an addition-product, not

methyl-adenin. The introduction of the methyl-group in

this way does not take place readily, according to Kruger,

owing to the formation of addition-products. This addition

of methyl iodid can be overcome readily by the pr&sence of

sodium alcoholate. This can be done by dissolving adenin

in alcoholic sodium hydrate and then adding methyl iodid

and allowing to stand for some months, or, better, by warming
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under an inverted condenser. It crystallizes from water in

anhydrous, long, silky needles or glassy prisms resembling

caffein. On drying in the air the silky lustre disappears. It

may crystallize with one and a half molecules of water and

does not melt at or below '270°. The gold salt of methyl-

adenin crystallizes in fine yellow lustreless needles. The

platinochlorid is rather difficultly soluble in cold water and

crystallizes in bright six-sided or four-sided rhombic plates.

A 1 per cent. aqueous solution of methyl-adenin gives reac

tions with picric acid, silver nitrate, ammoniacal silver solu

tion, mercuric chlorid, copper sulphate, and sodium bisulphite.

The precipitate bv the latter reagent is more soluble than that

of adenin. Lead acetate and basic lead acetate give no

precipitate. Like adenin, it forms a mono-hrom derivative

(Kri/gerJ. The methyl compound of Thoiss gave reactions

with baryta water, alcoholic zinc chlorid, mercuric nitrate, and

cadmium chlorid, while basic lead acetate was without effect.

On decomposition with concentrated hydrochloric acid at

180°-200° it yields ammonia, methylamin (distinction from

adenin), carbonic acid, formic acid, and glycocoll, according

to the equation :

C,H4(CH3)N5 + 8H/) =- 3NH, + CH3NH, + CO, +

2H.CO.OH + NILX,H..(,OOH.

Mono-methyl-adenin methyl iodid, CirI,(CH3)N5.ClI,I, is

obtained by the action of methyl iodid on adenin-lead. It

crystallizes from alcohol in coarse, glassy small crystals which

are easily soluble in alcohol and in water ; insoluble in ether.

Simple substitution-products do not form readily, but rather

addition products.

Ethyl-adenin, C,H/C\H5)N3, was prepared by Kruger

according to the principle employed for the preparation of the

methyl-derivative. It is easily soluble in water and alcohol,

and its aqueous solution gives reactions with silver nitrate,

ammoniacal silver nitrate, mercuric chlorid, copper sulphate,

and sodium bisulphite, picric acid, platinum chlorid, gold

chlorid. The sulphate crystallizes from concent ratal solu

tions in roundish mass of crvstals.

X
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Iso-amyl adenin, C5H1(C3H1,)N;i, was also obtained by

Kruger by heating adenin with alcohol, sodium hydrate,

and iso-amyl iodid. It is easily soluble in alcohol, acetone,

chloroform, hot benzol ; difficultly soluble in ether and carbon

disulphide. The solubility in water at ordinary temperature

is 1 : 1430, and is not increased by sodium or ammonium

hydrate. It is easily soluble in acids. It forms large bright

irregular plates which melt at 148'-150°. A 0.7 per cent.

aqueous solution reacts with silver nitrate, ammoniacal silver

solution, mercuric chlorid, picric acid, and gold chlorid.

Platinum chlorid does not give a precipitate.

Nothing definite is known in regard to the physiological

action of adenin, except that when fed to dogs it appears to

be eliminated as such, in part at least, by the urine.

Adenin-hvpoxanthin, C5H5N5-l-C5H1N40. The occur

rence of this compound was observed by Kossel, but it

was isolated and studied for the first time by Bruhns. It

can be prepared by cooling a hot aqueous solution of equal

parts of the two bases. At first it is obtained as thick,

starch-like, semi-transparent masses, which later in part be

come white and chalky. By spontaneous evaporation of its

s dution in very dilute ammonia it forms pearly aggregates of

very small radially arranged needles, which contain water of

crystallization. These effloresce somewhat and lose the water

at 100'. The compound is more readily soluble in water than

its components, but an exact determination of its solubility is

impossible, inasmuch as the separation from hot solutions is

not completed for somc weeks. Any adenin present can be

separated by recrystallization. It forms a distinct crystalline

hydroehlorid, which should be borne in mind when examin

ing microscopically for the two bases ; but the combination is

loose, since addition of gold chlorid brings down the charac

teristic gold salt of adenin. Ordinarily it does not form

salts with sulphuric or nitric acid, but more often is decom

posed by these, so that the difficultly soluble adenin crys

tallizes out. Once, however, Bruhns obtained a sulphate
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which differed from the pure adenin and hvpoxanthin sul

phates ; thus is perhaps explained the observation of Kossel

that adenin sulphate forms crystals belonging to two systems.

The compound can be decomposed into its constituents by

fractional crystallization of the sulphate or nitrate; but better

by forming the picrates, which are very unequally soluble in

water. The existence of this compound undoubtedly explains

many of the mistakes and discrepancies concerning the proper

ties of hypoxanthin, which it resembles more than adenin, and

for the same reason, perhaps, adenin was so often overlooked.

Adenin-theobromin, C3H5N5.C,H6N40,. This compound

resembles the preceding, and was prepared by Kruger(1896)

from tea-extract. It is easily soluble in hot, more difficultly

in cold water. On recrystallization from water partial decom

position takes place. From aqueous solution picric acid

throws down adenin, while theobromin remains in solution.

It can be obtained, by crystallizing an aqueous solution of

equal molecules of the two bases, as fine, long prisms of marked

silky appearance.

Hypoxanthin, C6H4N40, sometimes also known as sar-

cin or sarkin, was discovered by Scherer (1850) in splenic

pulp and in the muscles of the heart, and was named thus

because it contains one atom of oxygen less than xanthin.

It has since been obtained, usually accompanying adenin

and guanin, from nearly all of the animal tissues and organs

rich in nucleated cells, i. e., in nucleiu. It has been found in

blood after death, but not in blood when flowing through the

bloodvessels. Sa.lo.mon has recently shown it to be a normal

constituent of urine, present, however, in an exceedingly

minute quantity. In the blood and urine of leucocythiomic

patients it occurs in increased quantity owing to the abnor

mally large number of nucleated white blood-corpuscles in cir

culation (see page 417). Bence Jones observed in the urine

of a boy, who about three years before showed the symptoms

of renal colic, a deposit of characteristic whetstone-like crys



CHEMISTRY OF THE LEUCOMAINS. 443

tals, resembling uric acid, but differing from the latter by

dissolving readily on the application of heat, while from hydro

chloric acid it crystallized in elongated six-sided plates

These crystals he believed to be those of xanthin, but

Scherer and others consider them to be hypoxanthin. It

is therefore quite possible, though very rare, for this base to

form a deposit in the urine and to be confounded in shape with

uric acid. Thudichum has obtained it from the urine of per

sons sick with liver or kidney diseases. According to Jaksch,

it is present in exudates and transudates with uric acid.

Among other places it has been found in the brain, muscle,

serum, marrow of bones, kidney, heart, spleen, liver, peripheral

muscles (sarkin of Strecker) ; in the spawn of salmon

(Piccard), in the testicles of the bull (Salomon), in the

nuclein of pus and red corpuscles (Kossel), in developing

eggs, and in putrefaction of albumin (Salomon). It has also

been found in the spores of lycopodium, and in the pollen of

various plants, in seed of black pepper, in grass, clover, oats,

bran of wheat, larvae of ants ; in the juice of potato (Schulze) ;

in certain wines (Kayser) ; in the aqueous decoction of yeast

of beer (Schutzenberger) ; and also in the liquid in

which yeast is grown (Bechamp). Demant has shown it to

be relatively abundant in the muscles of pigeons in a state of

inanition, while in muscles of well-fed pigeons it is said to be

entirely absent. Salomon found hypoxanthin and xanthin

in the cotyledons of lupine, as well as in the sprouts of malt,

while Reinke and Rodewald observed these two bases

together with guanin in vEthalium septicum— with adenin,

xanthin, and theophyllin, it occurs in tea-leaves (Kossel) ;

but Kruger (1896) showed that it is present in traces, if at

all, when the copper method is used. In other words, by the

action of nitrous acid, even in presence of urea, adenin is par

tially changed to hypoxanthin when the silver salts obtained

by the old method are treated with nitric acid. Balke has

found it in malt-sprouts by the copper method. In the pollen

of the fir (Pinus sylvestris) Kresling found hypoxanthin,

xanthin, and quinin, but not adenin. In the seeds of Randia
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dumetorum Vogtherr found hypoxanthin and guanin, but

no xauthin.

Hypoxanthin has been extracted from the pancreas. Ade-

niu and guanin in the pancreas readily change after death

into hypoxahthin and xanthin (Inoko). It seems that hypo

xanthin bears a relation to adenin similar to that which we

see between glyeocoll and glycocollic acid.

Hypoxanthin occurs frequently in plants together with the

other members of this group, namely, adenin, guanin, and

xauthin. The widely distributed character of these bases is

due to the presence of a parent substance, viz., nuclein, the

necessary constituent of all cells capable of development,

which under the influence of acids, and probably likewise of

ferments, decomposes into the above-mentioned bases. They

may, therefore, be considered as the first steps in the retro

grade metamorphosis of all tissues, since they have their

origin in nuclein, an important proteid substance. Recent

advances in biological chemistry have shown that the unde

veloped eggs of various insects and birds yield much less

quantity of xanthin-bodies (hypoxanthin, xanthin, etc.) on

treatment with dilute acid than the partially developed eggs

(Tichomiroff, Kossel). This is dependent upon the re

markable fact observed by Kossel that the nuclein of unde

veloped chicken eggs differs from the nuclein of cell-nuclei

and resembles that obtained from milk. For, while the

nuclein from the cell-nuclei decomposes into adenin, guanin,

hvpoxanthin, etc., that from undeveloped eggs and from milk

yields no nitrogenous bases on treatment with acids. But as

the egg develops, i. e., the nucleated cells increase in number,

this latter nuclein is gradually converted or gives way to the

ordinary cell-nuclein, and hence it is that the chick embryo

yields guanin, hypoxanthin, and possibly adenin.

Unquestionably, the presence of hypoxanthin, etc., in de

veloping cells is due to the presence of the nucleinmoleeule,

from which it is readilv split off. In muscle, however, hypo

xanthin and xanthin appear to exist preformed, and bear no

relation to nuclein, since they are in the free condition, and

N
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can be extracted from the tissue by water. For an explana

tion of this peculiar tact, see Adcnin, page 417, and Gua-

nin, page 458. For the accidental formation of hypoxanthin

from adenin by nitrous acid in the silver method, see page 443.

According to the observations of Salomon and Chitten

den, hypoxanthin is formed by the digestion of blood-fibrin

with gastric juice, pancreatic juice, or on heating with water

or dilute acids. Egg-albumin under the same conditions does

not yield any hypoxanthin, except when treated with pan

creatic juice. These observations require repetition, inasmuch

as the fibrin used undoubtedly contained nuclein, which, as

we now know, readily decomposes under those conditions into

its characteristic nitrogenous bases.

When a mixture of guanin, xanthin, and hypoxanthin is

allowed to putrefy, the bases decompose and disappear in

the order named. Hypoxanthin resists bacterial action the

longest, and this corresponds with its behavior to reagents

(Baginskv). Adenin during putrefaction, in the absence of

air, is converted into hypoxanthin, and guanin is correspond

ingly changed into xanthin (Schindler). An imido-group

is, therefore, replaced by oxygen, aud probably goes to form

urea. This conversion is a very important fact, since the

process of putrefaction, as Hoppe-Seyler has repeatedly

pointed out, is analogous to the vital process, and the same

chemical change may take place in the animal organs. The

same change very probably takes place in the auto digestion

of yeast. Its formation under these conditions can be repre

sented thus :

C5H3N, + H,0 = C5H,N40 + NH,

Hypoxanthin can be readily obtained from a number of

closely related substances. Thus, carnin, by the action of

oxidizing agents, is converted into hypoxanthin. For this

reason Weidel aud Schutzenberger regarded hypoxan

thin as derived from carnin, but this view is now entirely

set aside by our present knowledge of the relation of this base

to nuclei n.

20
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Again, it can be obtained from adenin (page 420) by tbe

action of nitrous acid. The relation that hypoxanthin bears

to uric acid had not been definitely established until Kruoeb

showed that the constitution of hypoxanthin was closely con

neeted with that of uric acid and the xanthin-compounds.

Strecker's belief that hypoxanthin by oxidation yields xan-

thin, and that uric acid by reduction with sodium-amalgam

yields first xanthin and then hypoxanthin, was not confirmed

by Kossel or by Fischer. In 1895, however, Fiscuer suc

ceeded for the first time in demonstrating the relation of uric

acid to the xanthin-bases by changing brom-theobromin to a

uric acid derivative. Subsequently the reverse change was

accomplished by converting a uric acid derivative into theo-

phyllin and this into caffein.

Hvpoxanthin has been hitherto regarded as a step lower

than guanin in the series of nitrogenous products of regres

sive metamorphosis, and consequently was considered as de

rived from guanin. The investigations of Kossel, however,

show that it arises not from guanin but from adenin. On

the other hand, guanin is to be looked upon as the source of

xanthin. It is probable that in the organism it is oxidized

as soon as it is set free from the nuelein, forming successively

xanthin, uric acid, urea, etc., and the small quantity present

in the urine is all that has escaped oxidation. When fed to

dogs, it was observed that the amount of hypoxanthin present

in the urine decreased, and even became less in amount than

before the experiment ; but, on the other hand, the amount of

xanthin in the urine was found to have increased above the

normal. This shows that hypoxanthin in the body is oxidized

probably first to xanthin, then into uric acid. According to

Roi,ert, hypoxanthin is a true muscle stimulant.

The fact that hypoxanthin is so widely distributed in the

organism, and in much larger quantities than was formerly

supposed, shows that it may constitute, together with the

closely related bodies creatin, xanthin, guanin, etc., a part

of the antecedents of urea and of uric acid. This view is

furthermore strengthened since hypoxanthin is especially
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abundant in those organs which are most active in producing

metabolic changes in the body, viz., the liver and spleen.

It may be prepared from the urine, according to the

method given under paraxanthin ; or from extract of meat,

or from glandular organs, such as the liver, spleen, etc.,

bv the process on page 419. Nuclein on decomposition

with acids yields about one per cent. of this base. It can be

determined with adenin indirectly by Schindler's method

(page 421) ; but better still directly by Bruhns' picrate

method (see page 422). After the adenin has been precipi

tated by sodium picrate, the determination of hypoxauthin

in the filtrate is not difficult if hydrochloric and other acids,

the silver salts of which do not quite dissolve in ammonia,

are absent. The filtrate from the adenin picrate is rendered

slightly alkaline with ammonia and precipitated with silver

nitrate at the boiling-point. The slightly yellow-colored pre

cipitate is washed with hot water till the wash-water is color

less ; then dried at 120° for from two to three hours, when it

has the composition 2C5HaAg8NtO + H,0. It contains, how

ever, traces of picric acid and some adeniu-silver, and hence

the quantity of hypoxanthin calculated from the weight ob

tained is higher than it really is. Bruhns, as a correction,

subtracts 3.0 mg. from the calculated quantity of hypoxan

thin.

A more convenient method than the preceding is to esti

mate hypoxanthin as hypoxanthin silver picrate. The filtrate

from the adenin picrate (page 422) is raised to the boiling-

point and silver nitrate solution gradually added. The pre

cipitate is washed with cold water till the wash-water is color

less, then dried at 1 00°, when its composition is represented

by the formula CiHsAgN4O.CtH,(N0,)3OH. The calculated

quantity of hypoxanthin here is likewise slightly higher than

it should be. Bruhns deducts 1.0 mg. from the calculated

result.

In the presence of hydrochloric acid, etc., the determina

tion of hypoxanthin is somewhat circuitous, since the precipi

tated silver chlorid must be separated from the hypoxanthin
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compound. The best procedure in this case is to saturate the

filtrate from adenin picrate with ammonia and precipitate it

completely with silver nitrate. The precipitate is washed with

hot water (a thorough washing is not necessary), then it is

boiled several times with nitric acid of 1 .1 specific gravity. The

acid each time is rapidly decanted on to a small filter, and

finally the residue washed on the filter with 10 c.c. of the hot

acid (total 100 c.c.). To the combined acid filtrate silver nitrate

is added, and the whole set aside for twenty-four hours. The

precipitate is dried at 100°. The amount of hypoxauthin

lost depends upon the quantity of silver chlorid present. The

correction to be added is 3.1 mg. (Bruhns). In Xeubauer-

Kossel's method the mixed adenin and hypoxanthin silver

salts can be decomposed with a little hydrochloric acid and

estimated in this way.

Hypoxanthin is a white, colorless, crystalline powder, some

times in part amorphous ; according to Bruhns, pure hypo

xanthin does not form floccules and bunches of microscopic

needles, but usually coherent crusts, which consist of roundish,

sharp-cornered granules; some resemble quadriatic octahedra.

It is soluble in about 300 parts of cold water (Strecker).

The base separates slowly from aqueous solutions, and when

pure the solubility, even in the beginning, is less than 1 : 300.

At the end of four days Bri'hns found it to be 1 : 1880. It

is more easily soluble in boiling water (78 parts), and, on cool

ing, separates in the form of white, crystalline floccules, thus

differing from xanthin, which is amorphous. The solubility

in cold alcohol is very slight, about 1 : 1000. It dissolves in

acids and alkalis without decomposition, and from solutions

in the latter it can be precipitated by passing carbonic acid,

or by the addition of acetic acid. The aqueous solution pos

sesses a neutral reaction. The free base can be heated up to

150° without suHering decomposition, but above this tempera

ture it sublimes, and partially decomposes, with evolution of

hydrocyanic acid. When heated with potassium hydrate to

200° it yields ammonia and potassium cyanide. Heated with

water to 200° it decomposes into carbonic acid, formic acid,
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and ammonia, and in this respect it agrees with adenin (page

423). The properties of Strecker's sarkin agree closely

with those of adenin-hypoxanthin ; and, inasmuch as the

latter has been often described as hypoxanthin, it is very

desirable that the properties of hypoxanthin be redetermined.

When evaporated with an oxidizing agent, chlorine-water

and nitric acid, the residue is said to give on contact with

ammonia vapors a rose-red color (Weidel test). Kossel,

however, has shown that this is due to the presence of

xanthin, and that pure hypoxanthin does not give either

the murexid test or the xanthin-reaction. According to

Strecker, concentrated nitric acid converts hypoxanthin

into a nitro-compound, which in turn, by the action of a re

ducing agent, is changed into xanthin. This statement has

not been confirmed either by Fischer or by Kossel. It does

uot give a green color with sodium hydrate and chlorid of

lime—distinction from xanthin (page 473).

Like adenin, when evaporated with bromine water and

nitric acid on a water-bath it gives a residue which with

alkalis turns red, whilst nitric acid alone, as given above, has

no effect (Kossel).

For the behavior of hypoxanthin and other bases to

Drechsel's reaction, see page 425. With copper sulphate

and sodium bisulphite it forms a whiter, more flocculent pre

cipitate than adenin, soluble in 250,000 parts of hot water

(Kruger). Its solubility and properties are about the same

as those of the adenin-compound. 0.5 per cent., and even

stronger solutions, are not precipitated in the cold by copper

sulphate and sodium hyposulphite. It is, however, precipi

tated on heating, whereas uric acid is not. It is, therefore,

possible to separate uric acid from adenin and hypoxanthin

by precipitating the latter two bases in hot solution with

copper sulphate and sodium hyposulphite. The method,

however, is of little practical value, since uric acid can be

readily separated from these two bases with dilute acids. The

separation may be useful for guanin and xanthin, which

are leas soluble in dilute acids, and hence difficult to separate



450 BACTERIAL POISONS.

from uric acid. By effecting the precipitation in cold solu

tion of the two bases, adenin can be separated from hypo-

xanthin.

With acids it yields crystallizable compounds, and, like the

amido-acids, it forms compounds with bases and also with

metallic salts, such as silver nitrate and copper acetate.

The hydrochlorid, C.H.N.O.HC1 4- H.O, crystallizes in

needles, and, like the nitrate ami sulphate, it is dissociated ou

contact with water. The crystalline form is characteristic and

distinct from that of adenin, as well as adenin-hypoxanthin.

The nitrate forms thick prisms or roundish masses readily

soluble in water and ammonia. Platinum chlorid forms

a yellow crystalline double salt, having the composition

0,H,N,O.HCl.PtCl,.

It does not form a difficultly soluble metaphosphate as ade

nin or guaniu (see page 428).

The picrate forms bright yellow prisms easily soluble in hot

water, which solution is not affected as that of adenin by

sodium picrate. According to Wulff, it possesses the formula

05H,N,O.C5H,(N0,)sOH + H:O. It is obtained by addition

of picric acid to a solution of adenin, or of sodium picrate to

an acid solution of adenin. Depending ou the concentration,

it precipitates in greater or less length of time. It is difficultly

soluble in cold water; easily in alkaline, also in ammonia.

The estimation of adenin or guanin by picric acid in the

presence of hypoxanthin is likely to give a high result.

Hypoxanthin-lead can be prepared, according to Krcoer,

by adding a solution of hypoxanthin in sodium hydrate to

a solution of lead acetate. It is amorphous.

Hypoxanthin silver, C5H,Ag,N,O.H,0. All attempts to

obtain a compound containing but one atom of silver in the

molecule, corresponding to the adenin-compound C5HiAgNi,

have failed. The above compound was first prepared by

Strecker, and given t he formula C5H,N,O.Ag,0 ; but the

former is preferable, since on heating at 120° two aud a half

molecules of water are lost and 2C5H,Ag,N,0 -j- H,0 (Ag —

60.2 per cent.) results. At 140°-150° it loses again in weight
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and becomes gradually gray ; on exposure to air it absorbs

moisture. In this form hypoxantbin can be estimated quanti

tatively (see page 446) ; the presence of sodium picrate does

not interfere, but chlorids, etc., do. It is insoluble in hot water.

The compound C5H3Ag.,N40.3H,0 is obtained in the form of

microscopic needles, by treating pure hypoxanthin silver

nitrate with excess of aqueous ammonia. On boiling with

ammonia-water it is but slightly dissolved, and appears to

lose slowly a part of its water of crystallization. As a result

of the decomposition one half of the hypoxanthin passes into

solution, and can be recovered on boiling with addition of

silver nitrate in the crystalline form ; or in the cold, as the

usual amorphous precipitate, C5H,Ag,N40.H,O.

Hypoxanthin silver nitrate, C5H,N4O.AgN03 (Ag = 35.29

per cent.), is the best-known compound ; its formula was

established by Strecker. It is obtained by dissolving the

above precipitate, produced by addition of silver nitrate to an

amtuoniacal solution of the base, in hot nitric acid, specific

gravity 1.1 ; on cooling the hypoxanthin silver nitrate crystal

lizes in the form of tufts of microscopic needles or plates.

Heated at 100°-1"20° it remains constant in weight; the

quantity of silver present, when determined, is always some

what higher than the theoretical, especially if an excess of

silver nitrate is employed in the precipitation. The explana

tion of this fact is probably that given under adenin, though

presence of silver chlorid may partly be the cause. On

treatment with ammonia it loses not only nitric acid, but also

half of the hypoxanthin, and C5H,Ag,Nt0.3H,0 forms. The

change takes place readily even in the cold, and if during the

digestion an excess of silver nitrate is added, the hypoxanthin

set free is converted into this compound, which is wholly con

stant in composition compared with the hvpoxanthin silver

nitrate. The conversion is quantitative. Very dilute hydro

chloric acid, as well a* hydrogen sulphide, removes the silver

from this compound.

Hypoxanthin-silver picrate, C5H,AgN4O.C6H,(N0,),OH

(Ag = 22.88 per cent.), is gradually formed by adding silver
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uitrate to a boiling solution of hypoxanthin pierate. The

precipitate is granular and of a lemon-yellow color, and con

sists of aggregations of fine, short needles. It is slightly soluble

in hot, insoluble in cold water. It is, therefore, applicable for

a quantitative determination of the base. Aqueous ammonia

very readily and completely removes the picric acid from the

compound, and the residue is hypoxanthin silver, which is

slightly colored yellow by a trace of picric acid ; half of the

hypoxanthin passes into solution. Nitric acid with difficulty

converts it into hypoxanthin silver nitrate.

Hypoxanthin mercuric chlorid, CiH3N4OHgCl, is obtained

by adding an equivalent quantity of mercuric chlorid to a

boiling solution of hypoxanthin. The precipitate, which

increases on cooling, is crystalline.

A second compound, C,H5N,OHg^l4, is produced by adding

a strong excess of mercuric chlorid, in the cold, to an aque

ous solution of hypoxanthin. It forms a heavy granular

micro crystalline precipitate, which contains some water of

crystallization.

By boiling the preceding compound with just sufficient

hydrochloric acid to effect complete solution, there is formed

on standing a precipitate of white roundish aggregates of leafv

or needle shaped glittering crystals which have the composi

tion C5H,N,O.HgCl, + Hp. "

The following table of Bruhns illustrates the analogy ex

isting between the mercury-compounds of adenin and hypo

xanthin and similar derivatives of ammonium :

Ammonii-m. Adenin. Hypoxanthin.

NH,lIgCl C5U1N6HgcU C5H,N,OHgCK + H.O)

NH.Ug,Cl, CsII,N5IIg.a, C,HsNtOHg1Cl1( + Bfi)

(XH^HgCI,;
j (CsHsNSLHg(CN)3

„„ CsH^OHgCV i H,0)

i,OH

Hypoxanthin, as well as guanin and xanthin, forms readily

soluble compounds with fixed alkalis. From these solutions

the alkali compounds tend to crystallize on gradual evapora

tion, in rosettes or bundles of needles—diliercnce from hetero-

xanthin and paraxanthin (Salomon). The alkali solutions

of the xauthin-bases are precipitated by carbonic acid and
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behave with acid salts, biearbonates, and ammonium salts the

same as the heteroxanthin-sodium compound.

According to Bruhns, hypoxanthin and uric acid are un

affected by the action of dry bromine, even at 100°, but

Kruger has shown this statement to be incorrect. Bromine

has no action on hypoxanthin at ordinary temperatures, but

at 100° and as high as 150° the latter is changed quantita

tively into brom-hypoxanthin. A dark-red crystalline mass

is obtained which contains six atoms of bromine to one mole

cule of hypoxanthin. It is a tetra-bromid of brom-hypo-

xauthin hydrobromid, C-H3BrN4O.HBr.Br„ analogous to the

similar compound of adenin. It loses bromine slowly in the

cold, rapidly at 120°, and brom-hypoxanthin hydrobromid

remains, C5H,BrN,O.HBr. From this salt the free base can

be obtained after conversion into the sodium compound.

For this purpose the solution of the salt is treated with sodium

hydrate or carbonic acid, or saturated direct with sodium car

bonate, then concentrated to crystallization.

Brom-hypoxanthin, C5H3BrNtO + ^H,<). This can be

prepared as just described, or bv the action of nitrous acid on

brom-adeuin at 70°. It forms a heavy powder of small,

coarse crystals ; may form spherical groups of long, hair

like needles containing 11 molecules of water. It is diffi

cultly soluble in water ; easily soluble in acids and alkalis.

The aqueous solution reacts strongly acid. It has the prop

erties of a base and an acid, behaving with alkalis and alkali

carbonates the same as uric acid, setting free carbonic acid

from the latter.

An aqueous solution of brom-hypoxanthin reacts with

silver nitrate, ammoniaeal silver solution, mercuric chlorid,

copper sulphate, and sodium bisulphite. In acid solution it

is precipitated by tannic acid, phosphotungstic acid, phospho-

molybdic acid, by basic lead acetate ; and is not precipitated

by lead acetate or by barvta-water.

On heating brom hypoxanthin with sodium carbonate, or

on passing carbonic acid into a solution of the base in sodium

hydrate, the sodium compound of brom-hypoxanthin forms,

20*
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C5H,XaBrN,0 + 2H.0. It is easily soluble in hot water ;

rather difficultlv in cold water. The solution has an alkaline

reaction. The free base can be obtained by adding the calcu

lated quantity of acid. The corresponding barium-compound

i> obtained by passing carbonic acid into a solution of brom-

hypoxanthin in barium hydrate. On concentration it crys

tallizes in fine white needles, and has the composition (C5H.

BrXtO),Ba. The lead-compound forms on the addition of

lead acetate to a solution of the base in sodium hydrate as an

amorphous precipitate.

The bromine in brom-hypoxanthin is held as firmly as

that in brom adenin. Thus, it is not affected by heating with

alcoholic potash for three hours.

On decomposition of brom-hypoxanthin with hydrochloric

acid and potassium chlorate Kruger obtained alloxan and

urea. The yield of alloxan is not greater than that from

adenin, and much less than that from xanthin, due un

doubtedly to the alloxan-uueleus splitting up into simpler

bodies because of a different arrangement of bonds.

Benzyl-hypoxanthin, C5H5X,O.CH,.C6!!., was obtained by

Thoiss by the action of nitrous acid on beuzyl-adenin. It

forms a white crystalline mass which under the microscope

consists of thin plates. It is easily soluble in hot water,

dilute alcohol, and in acetic ether ; insoluble in ether and

chloroform. It melts at 280°. It appears, as Kossel has

pointed out, that adenin and hypoxanthin contain a group,

C5H,X4. which he named adenyl. The formation of the

benzyl derivatives of these two bases shows that the hydrogen

atom which is replaced occurs in the adenyl- and not in the

imido group. According to this view, adenin is to be con

sidered as adenyl-imid (C5H4N4.NH) and hypoxanthin as

adenyl oxid (C5H4X40).

Dimethyl-hypoxauthin, C5H,(CHs),N4O. This compound

was prepared by Bruhns, in the same way as methyl-adenih,

by heating hypoxanthin with alcohol, sodium alcoholnte, ami

methyl iodid. A compound of dimethyl hypoxanthin with

sodium iodid, C5H1(CH,),N4O.NaI+3H,0, formed first, which
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crystallized from alcohol forms prismatic crystals, easily solu

ble in water and in hot alcohol, insoluble in ether. Other

bases of the uric acid group are not known to form similar

compounds. Even caft'ein, which resembles dimethyl-hypo-

xanthin, does not enter into such a combination.

The free base is obtained by treatment of this compound

with freshly precipitated silver oxide. From chloroform it

crystallizes in fine silky needles, containing three molecules

of water of crystallization. From alcohol it crystallizes in

groups of small pointed anhydrous crystals. It is easily soluble

in water and chloroform ; less so in alcohol. A strong solu

tion of the base reacts with silver nitrate, with nitric acid,

and silver nitrate, with copper sulphate and sodium bisulphite

(in the cold, not on warming). Copper sulphate and sodium

thiosulphate do not give a precipitate. A one per cent.

solution of the base gives precipitates with mercuric chlorid,

platinum chlorid, and gold chlorid, but not with lead acetate,

basic lead acetate, picric acid, and ammoniacal silver solution.

The existence of this base demonstrates the presence in

hypoxanthin, and hence in adenin, of two imido groups.

On account of the solubility of this base in water and chlo

roform ; the fact that it is not precipitated by ammoniacal

silver solution, which precipitates all bases of the uric

acid group containing a replaceable imido-group ; also on

account of its behavior with copper sulphate and mercuric

chlorid, Kruger concluded that hypoxanthin contains only

two imido-groups capable of substitution. In addition to these

adenin contains a third amido-group, which is not replace

able, and which with nitrous acid is replaced by oxygen.

On decomposition with concentrated hydrochloric acid at

180°-200° it yields one molecule of methylamin, two mole

cules of ammonia and sarkosin, according to the equation :

CIR/CH^N/} + 7H.O = 2NH.+ CH,NH, + CO, +

2HCOOH + CH,.NH.CH,.COOH.

Diethyl-hypoxanthin ethyl iodid, C5H,(C,H3),NtO.C,HsI.

This compound was also prepared by Kruger, by heating
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hypoxanthin-lead with ethyl iodid. It crystallizes from alco

hol in beautiful four-sided glistening prisms, which are easily

soluble in water and in hot alcohol ; insoluble in ether. The

existence of this body, as well as the preceding, shows that

hypoxanthin, and hence adenin, contains two imido-groups

which can be substituted by alkyl radicals. Under the same

conditions adenin always forms the mono-substituted com

pound.

Iso-amyl hypoxanthin, C5H,,(CsH11)N,0, was likewise pre

pared by Kruger by heating hypoxanthin in the presence

of sodium hydrate and alcohol with amyl iodid. It forms

six-sided rhombic plates, and is easily soluble in chloroform,

difficultly in cold water, insoluble in ether.

Di-iso-amyl hypoxanthin, C3H8(C5Hn),N40, is formed in

small amount at the same time as the preceding. It yields a

hydrochlorid crystallizing in small needles. The base is set

free from solutions of salt as an oil, which on cooling becomes

crystalline. The formation of these two compounds is anal

ogous to the benzyl substitutions in adenin.

Ethyl chloro-carbonate, acting on hypoxanthin in the

presence of sodium hydrate, produces a precipitate, which,

recrystallized from hot water, forms elongated sharp-angled

plates which melt at 185°-190°. It is insoluble or difficultly

soluble in cold or hot alcohol, in ether, and in cold water ;

easilv soluble in hot water, in sodium hydrate, and in hydro

chloric acid. Its formula corresponds to CiH,N/XCO.C,Hi.

It is, therefore, considered by Kossel to be a urethan of

hypoxanthin.

Phosphomolybdic acid precipitates hypoxanthin from acid

solution, and in general it gives the ordinary alkaloidal reac

tions.

It is not precipitated by ammoniacal basic lead acetate.

Copper acetate does not precipitate it in the cold, but does on

boiling. This fact has been made use of in the isolation of

hvpoxauthin. Mercuric eWorld, as well as mercuric nitrate,

produces a flocculent precipitate.

Altogether, in its behavior to reagents it resembles xanthin
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to a very considerable degree. The two can be separated,

however, by the different solubilities of the hydrochlorids in

water, and more especially of the silver salt in nitric acid.

Physiological Action.—25-100 mg. begin to act on frogs

in from six to twenty-four hours, and produce increased

reflex excitability and convulsive attacks ; 5-100 mg. are fatal

(Filehne). When injected subcutaneously into hepatot-

omized geese or chickens, or when fed to chickens, a cor

responding increase in uric acid secretion is observed (v.

Mach). This conversion is analogous to that observed by

Stadthagen in the case of guanin (page 459), and shows that

in the xanthin-bodies we may have antecedents of uric acid

apart from the synthesis of the latter from ammonia in the

liver, or from the direct decomposition of nucleins. The pro

cess by which this change is effected is undoubtedly one of

oxidation.

Guanin, C3H^0, was discovered, in 1844, by Unger,

as a constituent of guano, in which it is present in varying

quantities according to the region from which the guano

comes. Thus the Peruvian guano is reported as containing

the largest proportion of this base, and on that account this

variety is employed when it is desired to prepare guanin.

Since its discovery by Unger it has been met with in a

very large number of tissues, both animal and vegetable ;

in the liver, pancreas, lungs, retina, in the thymus gland of

the calf, and in the testicle-substance of the bull ; in the

scales of the bleak, and in the swimming-bladder of fish, as

well as in the excrements of birds, of insects, as the garden

spider, in which it occurs with a small quantity of uric

acid ( Weinmann), and is to be regarded as a decomposition-

product of proteids formed in the tissues of the spider. It is

also found in the spawn and testicle of salmon, and Schulze

and others have shown it to be present in the young leaves of

the plane-tree, of vine, etc., also in grass, clover, oats, as well

as in the pollen of various plants. Kresling has found

it in the pollen of the fir with hypoxanthin and xanthin.
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Guanin and hypoxanthin, but no xanthin, are present in the

seeds of Randia dumetorum (Vootherr). Schctzenberoer

has isolated it, together with hypoxauthin, xanthin, and

carnin, from yeast which had been allowed to stand in con

tact with water at near the body-temperature. Pathologi

cally, it occurs in the muscles, ligaments, and joints of swine

suffering from the disease known as guanin gout. Normally,

guanin, like adenin, is present in muscle-tissue only in traces.

It has never been found in the urine, though xanthin has been

mistaken for guanin by some. In some cases of exudates

and transudates guanin is present in considerable amount

(Jaksch).

As to the origin of this substance in the organism very

little has teen known up to within a few years, except so far

as it has been shown to be, together with other members of

this group, a transitory product in the retrograde metamor

phosis of nitrogenous foods and tissues. In the case of the

lower animals it is evidently the end-product of all change,

inasmuch as it is excreted as such. Our knowledge as to the

immediate origin of this and the other allied bases has lately

been extended by the brilliant researches of Kossel and his

pupils on the decomposition-products of nuelein, in which he

has shown that this essential constituent of all nucleated cells,

whether animal or vetetable, decomposes under the action

of water or dilute acids into adenin, guanin, hypoxanthin,

and xanthin. We know that the first two bases are readily

converted by the action of nitrous acid into the other two ;

that is to say, a NH group in these bases is replaced by an

atom of O—a change which it is not at all unlikely takes

place in the tissues, perhaps in every cell-nucleus. That such

a change is quite probable is shown by the putrefaction-

experiments of Schindler, whereby adenin and guanin were

converted respectively into hypoxanthin and xanthin. If

this explanation is correct, then adenin and guanin are

transition products between the complex proteid molecule on

the one hand, and hypoxanthin and xanthin on the other.

These two, in turn, form the connecting link to the last step
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in the regressive metamorphosis of the nitrogenous elements

of the tissues, viz., the formation of uric acid and urea. We

can thus trace a succession of steps from the complex nuclein-

molecule, which is apparently indispensable to the functional

activity of all reproductable cells, to the physiologically waste-

products urea and uric acid.

Schulze and Bosshard recently (1886) found in young

vetch, clover, ergot, etc, a new base, to which they have given

the name vernin. It has the formula C.16HMN6Ow and is of

especial interest at this point, since on heating with hydro

chloric acid it apparently yields guanin. We have, there

fore, at least two well-defined sources of guanin, the nucleins

and vernin.

Neither adenin nor guanin occurs in normal muscle further

than in mere traces, a fact which can only be explained on

the ground that the muscle-tissue is poor in nucleated cells,

and hence in nuclein. Just as the muscle-cell has become

morphologically differentiated from the typical cell, it may be

looked upon also as having undergone a concomitant chemical

differentiation, inasmuch as we no longer find the phosphoric

acid, xanthin, and hypoxanthin in the same chemical com

bination as they occur in the original cell. The phosphoric

acid, instead of existing as a part of an organic compound,

is present in the muscle-tissue as a salt ; similarly the hypo

xanthin and xanthin occur in the free condition, extraetable

by water, and no longer in combination with other groups of

atoms constituting a part of a more complex molecule—nuclein.

Guanin and creatin apparently mutually replace one an

other. Thus, in the muscle, as just stated, guanin occurs

only in traces, whereas creatin is especially abundant. This

may find its explanation in the fact that both are substituted-

guanidins. Creatin is regarded by Hoppe-Seyler as an

intermediate product in the formation of urea, and a similar

rote probably belongs to guanin. From Stadthagen's ex

periments on dogs we know that guanin ingested produces

an increase in the amount of uric acid and urea excreted, and

the same is also true of the nuclein derived from yeast. These

s
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results have led him to the conclusion that in mammals uric

acid is a direct, or more or less altered cleavage-product of

proteids, notwithstanding the fact that in birds it is the result

of synthesis in the liver.

In the decomposition of nuclein-containing substances, such

as yeast, liver, spleen, etc., by dilute acids, neither adenin

nor guanin is found alone, but they are always accompanied

by hypoxanthin, and usually by a very small quantity of

xanthin.

Guanin may be readily prepared from Peruvian guano by

boiling it repeatedly with milk of lime until the liquid be

comes colorless. The residue, consisting largely of uric acid

and guanin, is boiled with a solution of sodium carbonate,

filtered, and the filtrate, after the addition of sodium acetate,

is strongly acidulated with hydrochloric acid. This precipi

tates the guanin, together with some uric acid, The pre

cipitate is dissolved in boiling hydrochloric acid, and the

guanin then thrown out of solution by the addition of am

monium hydrate.

A more convenient method of isolation of guanin from

Peruvian guano is that of Wulff. The guano is boiled with

about 5 per cent. sulphuric acid for 4-0 hours, then cooled,

and at once filtered. The filtrate is rendered alkaline with

sodium hydrate and again filtered. This filtrate, containing

guanin and a little uric acid, is now precipitated with am-

moniacal silver solution. The voluminous precipitate, after

standing twelve hours, is transferred to a thick plaited filter,

and washed first with cold then with hot water. While still

moist the precipitate is removed from the filter and introduced

gradually into hot, dilute hydrochloric acid. The silver

chlorid is filtered off, and the filtrate digested on a water-

bath with animal charcoal. The clear solution is then satu

rated with ammonium hydrate to precipitate the guanin.

In order to destroy the traces of uric acid which accompany

the guanin the precipitate is dissolved, together with a small

amount of urea, in boiling 20 per cent. nitric acid, then set

aside to crystallize. The nitrate of guanin is now dissolved
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in dilute sodium hydrate, and reprecipitated by addition of

ammonium chlorid, thus removing any traces of xanthin that

may be present.

Inasmuch as the guanin is present in guano in combination

partly with calcium, partly as a nuclein-like body, it is not

all set free by a single boiling with dilute acid. The extrac

tion should, therefore, be repeated until it ceases to be

given off.

Guanin is also obtained in the decomposition of nnclein

with dilute acids, and can, therefore, be prepared from such

cellular organs as the spleen, pancreas, etc. It should be noted

here that in the decomposition of the mixed silver-compounds

with hydrogen sulphid or ammonium sulphid (Schindler)

the guanin, often only in part passes into solution withadenin

and hypoxanthin, and the remainder is held back in the silver

sulphid precipitate. The latter should, therefore, be boiled

with dilute hydrochloric acid, and on saturating the filtrate

with ammonia the guanin after a while separates. That por

tion of the guanin which did pass into solution with the

other two bases is separated from them by digestion with am

monia on a water-bath. The two portions are then combined,

transferred to a filter previously dried at 110°, and weighed,

washed well with ammonia, then dried and weighed.

Owing to the slight solubility of guanin picrate it has been

proposed by Wulff as a means for the estimation of guanin.

For this purpose the neutral or acid guanin solution is pre

cipitated while warm, with a sufficient amount of cold satu

rated picric acid solution. After standing twenty-four hours

the solution is filtered through a hardened filter, and the pre

cipitate well drained. It is then washed with one per cent.

picric acid, and allowed to drain, after which it is placed be

tween two watch-glasses, and dried by slowly raising the tem

perature, finally for one and a half hours at 110°. A deduction

is made for the free picric acid by determining the amount of

water in the precipitate, from the difference in the weights,

before and after drying. Allowance should be made for one
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molecule of water of crystallization that is driven off. A

further correction for the solubility of the guanin salt should

be made by adding 0.0035 for each 10o c.c. of the combine*1

filtrate and wash-water. The results thus obtained are quite

satisfactory. Bri'HNS has employed the picrate of adenin

in the estimation of adenin. Xanthin and hypoxanthin were

supposed to yield soluble compounds with picric acid, so that

either adenin or guanin, or both, could be separated from

these bases in this way. Wilff, however, has shown that

when guanin is precipitated by picric acid in the presence of

hypoxanthin some of the latter is also precipitated, so that it

is not possible to separate the two bases in this way. The

same is true of adenin and hypoxanthin if the picrate is not

filtered off until after some hours.

In the separation of adenin and hypoxanthin from gua

nin by heating with ammonium hydrate, some guanin is

dissolved, so that the filtrate cannot be used with accu

racy for the separation of adenin from hypoxanthin by

Bruhns' method. Wulff has endeavored to replace the

ammonia with metaphosphoric acid. Guanin is precipi

tated from feebly acid solutions by metaphosphoric acid

almost completely. The precipitate filtered off, washed with

cold water, dried at 110°, and weighed as C5H5NiO.HPO, -f

jH,0, gives usually slightly low results, owing to the diffi

culty of washing the precipitate, and the fact that the amount

of water retained in drying varies through the partial con

version into orthophosphate. Where more accurate results

are desired the precipitate can be transferred to a Kjeldahl

flask, and the nitrogen determined. The guanin can then

be calculated from the amount of nitrogen found.

Although adenin is precipitated slowly by metaphosphoric

acid, it does not interfere with the separation of guanin, since

it is soluble in large excess of reagent. Hypoxanthin does

not give rise to a difficultly soluble metaphosphate, hence

does not interfere with the precipitation of guanin. In the

filtrate from guanin metaphnsphate the hypoxanthin can

be determined directly by Brihns' hypoxanthin silver
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picrate method, though on account of the excess of metaphos-

phoric acid in the filtrate it is not to be recommended. It

would be better to precipitate the filtrate with ammoniacal

silver solution, to decompose the silver salts with dilute

hydrochloric acid, and then in the filtrate to separate, accord

ing to Bruhhs, the adenin from the hypoxanthin. The

precipitation of guanin in the presence of adenin should be

carried out iu very dilute solutions, and, as stated, an excess

of reagents should be employed. The method possesses de

cided advantages over the ammonia method of separation,

owing to the solubility of guanin in ammonia, especially

when hot. According to Wulff, 100 c.c. of a five per cent,

solution of ammonia dissolves in the cold 0.01 g. of guanin.

For the volumetric estimation of guanin by the copper

method of Balke, see page 477.

The free base forms a white, amorphous powder, insoluble

in water, alcohol, ether, and ammonium hydrate ; easily solu

ble in mineral acids, fixed alkalis, and in excess of concen

trated ammonium hydrate. It can be heated to above 200°

without undergoing decomposition. When evaporated with

strong nitric acid it gives a yellow residue, and this on the

addition of sodium hydrate assumes a red color, which on

heating becomes purple, then indigo-blue ; on cooling it re

turns to a yellow, passing through purple and reddish-yellow

shades, due, according to v. Brucke, to absorption of water.

This is the so-called xanthin-reaction, and is supposed to be

due to the formation of xanthin and a nitro-product. It is

given best by guanin, then by xanthin, and is not given by

either hypoxanthin or adenin.

Nitrous acid converts it directly into xanthin, thus :

C5H5N50 +HNO, =C,H,N40, + N, + HO.

This reaction is identical with that of adenin, whereby

hypoxanthin is formed (see page 426). By putrefaction in

the absence of air it forms xanthin (Schindler). The

change can be represented by the equation :

C5H5N50 + H,0 = G5H4N4O3 + NHS.
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On oxidation with potassium permanganate it yields urea,

oxalic acid, and oxy-guanin. By hydrochloric acid and

potassium chlorate it is oxidized to carbonic acid, guanidin,

and parabanic acid, according to the equation :

CO—XH. „ ~.

CiH5X,O - H,0 4- 30 = l >CO +StS >C=NH + CO,.

CO—XHX Ht^/

Parabanic Acid. Gcanidin.

This decomposition by Strecker was repeated and con

firmed by Fischer, who was unable to obtain alloxan and

urea, as in the case of xanthin, but instead parabanic acid and

guanidin.

According to Strecker, a small amount of xanthin is

formed in this reaction, and it is quite possible that this base

is also formed on oxidation with nitric acid, especially if it

contains nitrous acid.

On decomposition with concentrated hydrochloric acid at

lS0°-200° Wilff obtained similar cleavage-products as

those of xanthin, namely, ammonia, glycocoll, carbonic acid,

and formic acid. The reaction is as follows :

C.H.X.0 + 7H,0 = 4XH, + C.H.SO, + 2C0, + CR.O,.

Guanin combines with acids, bases, and salts. It is a very

feeble base as seen from the fact that some of its salts, as the

hvdrochlorid, bichromate, etc., readily dissociate on contact

with water, especially at higher temperatures. On the other

hand, adenin is a much stronger base. It unites with bases

to form crvstalline compounds; and with one or two equiva

lents of acid to form crystallizable salts. Thus*, with hydro

chloric acid it forms the two salts, C^H^O-(HCl), and l\H&-

N O.HC1 + H O. Similar combinations can be obtained

with nitric acid. The sulphate, (C5H5NiO)sH,S04, crystal

lizes in long needles, and, like the other salts, is decomposable

bv water The nitrate, oxalate, and tartrate are also known.

' The platinochlorid, (C^NAHCD.PtCl4 + 2H,0, is

readily obtained in a crystalline condition. The silver com

pound is soluble in hot nitric acid, and on cooling recrvstal-

lizes in fine, needle-shaped crystals, having the composition
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(^H5N,O.AgNO,. For its behavior to Drechsel's reaction,

precipitation with copper solution in the presence of reducing

substances, see page 42;i. The compound forms as a white

floeculeut precipitate, which soon turns greenish and tends to

dissociate on contact with water (Balke). It probably has the

formula C5HsN5O.Cu,0. As it has more imido-groups than

adenin and hypoxanthin, it is probable that its solubility is

less than that of the copper compound of these bases.

The solutions of the hydrochlorid are precipitated by mer

curic chlorid and nitrate, potassium chromate, potassium

ferricyanide, and by picric acid. Basic lead acetate gives a

precipitate only on addition of ammonium hydrate.

Guanin bichromate, (C5H5N50 ),.H,Cr,0„ is in composition

analogous to that of adenin, and was obtained by Wulff by

adding potassium bichromate to a hydrochloric acid solution

of guanin. It appears as well-formed, bright, orange-colored,

elongated, four-sided prisms, with truncated ends. On con

tact with water it readily dissociates, especially at 100°. When

heated above 100° it gives off water, whereas adenin, which

is a stronger base, does not dissociate on contact with water,

and is permanent at above 100°.

Guanin metaphosphate, C5H5N5O.HPOs + H,0, has also

been studied by Wulff. It is characterized by extremely

slight solubility in water and in dilute acids. Pohl first ob

served that sodium metaphosphate gave with guanin hydro

chlorid a precipitate, insoluble in excess of acids, but solu

ble easily in alkalis. Liebermann obtained a precipitate

by adding metaphosphoric acid to a solution of guanin in

sodium hydrate. The same precipitate, according to Wulff,

forms when an acid solution of guanin is treated with meta

phosphoric acid. Contrary to Liebermann, the salt has a

definite composition, and is not prone to dissociation as is the

case with other compounds of guanin. The precipitation of

guanin is so complete that in the filtrate picric acid gives no

reaction, and silver nitrate produces only a slight flocculent

precipitate. Inorganic salts, as magnesium sulphate, may

prevent or retard the precipitation. It forms an amorphous,
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porcelain-like mass, which is ignited with difficulty. Dried

at 120° it still retains one-half molecule of water. In the

presence of water at high temperature, as in drying, a part

of the compound is converted apparently into the ortho-

phosphate, so that very accurate quantitative results are not

possible.

Liebermann's view that nuclein is a metaphosphate of

albumin containing mechanical admixtures of metaphosphates

of xanthin-bases has been shown to be wrong. As additional

evidence is the fact that guanin metaphosphate is very diffi

cultly soluble in ammonium hydrate, while nuclein is ex

tremely soluble in dilute ammonia.

Guanin ferricyanid, (CsH.NsO),.HsFe(CN ), + 8H,0. This

compound separates slowly, when potassium ferricyanid is

added to a hydrochlorid guanin, as small, bright, brownish-

yellow four- or six-sided prisms. At 100° it slowly loses

weight, and heating for several hours at 120'-130:> is neces

sary to expel all the water. The composition of this salt is

noteworthy, for one molecule of acid combines with four of

guanin. The trivalent ferricyanic acid does not always exist

as such in combination, as in the case of the salt of guanin.

On the other hand, as pointed out by Wulff, guanin, though

usually a monacid base, may unite with different proportions

of acid. Thus four nitrates are known, while in the oxalate

and tartrate three molecules of guanin unite with two mole

cules of acid.

Guanin also forms a compound with ferrocyanic acid,

which appears as almost colorless needles.

Guanin nitroferricyanid, (C5H5N,OX.H5NOFe.CN)i +

UH3O. This is likewise obtained by adding sodium nitro-

prussid to a solution of guanin hydrochlorid. It forms large,

glistening, bright brick-red, four-sided prisms with pointed

ends.

I'otassium-bismuth iodid produces in even very dilute solu

tion of the salts of guanin a precipitate which consists of

fine, rather long red needles. When dry it forms a loose, deep-

red mass. On heating even below 100° water is given off and
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the color changes to a dark violet. It dissociates readily on

contact with water. The formula as determined by Wulff

ia C5H5N5.OHI.2BiI, + 2H,0.

Guanin picrate, C5H5N5O.C6H,(NO3),OH + H30. The re

action with picric acid (Capranica) is said to be very char

acteristic, and a means of distinguishing this base from xan-

thin and hypoxanthin. It is best obtained by adding a cold,

saturated solution of picric acid or of sodium picrate to

the warm acidulated solution of guanin, when a light, crys

talline precipitate forms. Under the microscope it appears in

pencil-shaped, fern-like tufts of fine, orange-yellow needles,

rarely in bunches of large needles. Adenin picrate has a

lighter color. This compound is characterized by its crystal

line form and its extreme insolubility in cold water and in

dilute acids. Guanin solutions, 1 : 30,000, are still precipi

tated by picric acid, though after some time. When dry it

has a gold-yellow color, felt-like consistency, and silky lustre.

On heating it becomes almost orange-red, and on cooling the

original color returns. At H01 it loses water of crystalliza

tion, the silky lustre, and becomes light yellow ; at 1 90° it

begins to decompose. It dissolves easily on warming in fixed

alkalis and carbonates. A solution of guanin-sodium is there

fore precipitated only by excess of picric acid. It is rather

easily soluble in warm dilute acids ; difficultly in cold acids.

It is dissociated by water, alcohol, and ammonia, especially

when warmed (Wulff).

Guanin silver picrate, CvH,AgN5O.C6H,(NCV5OH +

HH/), is thrown down from a boiling solution of a guanin

salt, treated with excess of picric acid, by silver nitrate as a

voluminous, lemon yellow amorphous precipitate. It is very

difficultly soluble in hot water, almost insoluble in cold water.

It tends to become dissociated on contact with water—picric

acid being removed. Ammonia removes the picric acid easily

and completely, leaving guanin-silver (Wulff).

Guanin sodium dissociates on contact with water.

Brom-guanin, C5H4BrN50, was prepared by Fischer and
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Reese in 1883, and is analogous to brom-caffein, adenin, autl

hypoxanthin. The hydrochlorid dissociates at ordinary tem-

perature. By the action of nitrons acid it it changed into

brom-xanthin just as brom-adenin is converted into brom-

hypoxanthin.

Acetyl-guanin, C5H4N,O.CO.CH„ was prepared by Wuur

by heating drv powdered guanin with acetic auhydrid. It

forms small, colorless, silky needles which are very difficultly

soluble in cold water—in about 4000 parts ; more difficultly

in cold alcohol and almost insoluble in ether. It is soluble in

about 150 parts of boiling water ; less easily in hot alcohol. It is

easily soluble in dilute acids, alkalis, and ammonia, especially

on warming. On heating with acids and alkalis it is com

pletely saponified. From a solution in cold dilute sodium

hydrate it is precipitated unchanged by carbonic acid. It is

likewise unaffected by boiling water. At '260° it is apparently

unchanged.

Propionyl-guanin, CIH,N,O.CO.CH,.CH3, was also pre

pared by Wulff by heating dried guanin with propionic

anhydrid. Only a small part of the guanin euters into com

bination. It forms peculiar crystals, which, under the micro

scope, appear as rather long plates or scales with frequently

notched edges. The precipitate is very voluminous, and when

dried forms a light, felt-like, white mass having a mother-of

pearl lustre. Its properties correspond to the acetyl com

pound. It is likewise apparently unaffected at 260°.

Benzoyl-guanin, OII5N.O.CO.C6H3. Benzoic anhydrid

reacts even less energetically than propionic anhydrid on

guanin, and only a very small quantity of the esther forms.

It appears as small round masses, which consist of fine stel

late or bunched needles. It is difficultly soluble in hot water

and alcohol, insoluble in ether. At very high temperature

decomposes with brown coloration. It is rather resistant to

the action of boiling water, but is readily saponified by hot

dilute acids. Attempts to obtain this compound by the action

of benzoyl chlorid on guanin or on guanin-silver failed.

Alkyl-derivatives of guanin. Fischer and Rr.raE at-
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tempted unsuccessfully to prepare alkyl-derivatives of guanin

by the action of methyl iodid on the lead and silver compounds

of guanin. Wulff endeavored to prepare benzyl-guanin in

the same way that Thoiss made beuzyl-adenin, but failed.

Even heating benzyl chlorid with guanin in the presence of

sodium hydrate failed. Attempts to prepare a dimethyl-deriv

ative were likewise resultless.

Ethyl-guanin, C,H,N5O.C,H„ was obtained by Wulff by

heating guanin with ethyl iodid in the presence of sodium

hydrate and alcohol. It forms small needle-shaped crystals.

When dry it yields a light, dry mass. It is difficultly soluble

in water, very difficultly in alcohol, easily in mineral acids.

In general it gives the same reactions as guanin. Thus, it

yields a silver compound difficultly soluble in ammonium

hydrate ; a finely crystalline picrate, etc. The boiling-hot

aqueous solution is precipitated by gold chlorid. Apparently

it is not altered by heating at 280°.

Physiologically guanin, like uric acid, is inert (Filehne).

Xanthin, C5H4N,0„ is also very widely distributed m the

organism, and has been met with in almost all the tissues and

liquids of the animal economy. Together with hypoxanthin,

guanin, and possibly adenin, it occurs in many plants, among

which may be mentioned lupin, sethalium, sprouts of malt,

tea-leaves (Baginskv), auto-digestion of yeast, gourd seeds,

soja beans, etc., in sprouts of Cicer arietinum (Belsung).

Xanthin bases are found in sprouts of lupin and of the gourd ;

with hypoxanthin and guanin it occurs in the fir, Pinus

sylvestris. It was first discovered by Marcet (1819) in an

urinary calculus, and since then has been frequently found as

the only or chief constituent of many calculi. Unger and

Phipson have extracted it from guano, while Salomon has

shown it to be one of the products formed in the pancreatic

digestion of fibrin, and also to be present in malt-sprouts.

The latter has been recentlv confirmed by Balke. SchOt-

zenberger found it together with carnin and hypoxanthin in

the liquors from yeast. It is a normal constituent of the urine,

21
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but is present only in extremely minute quantities. From

10,000 liters of urine Kruger and Salomon isolated 13 g. of

xanthin, 12.5 g. of paraxanthin, and 7.5 g. of heteroxauthin.

During the use of sulphur-baths, or after the thorough appli

cation of sulphur salves, the quantity of xanthin in the urine

is considerably increased. It is likewise more abundant in

the urine of leucocythiemic patients, for the reasons already

given on page 417. From small amounts of leukemic urine

(two cases) .Salomon, however, was not able to isolate it with

the sodium-reaction. It was found in one out of four pneu

monic urines ; and in two out of ten normal urines from which

at times it may be wholly absent. Baginskv holds that the

amount of xanthin normally present in the urine may be in

creased tenfold in the case of acute nephritis. Bence Jones

observed in the urine of a child sick with renal colic a deposit

of crystals which he considered to be xanthin, but other ob

servers are inclined to regard the crystals as those of hypo-

xanthin. Vaughan has reported the presence of xanthin in

deposits from the urine of patients with enlarged spleen.

According to Schindler, in the thymus gland and in the

spermatozoa of the carp there are but very small amounts, if

any, of xanthin, whereas the sarkin bases, especially adcnin, are

present in abundance This observation has been confirmed

by Inoko. The xanthin bases (xanthin and guanin) are

present in variable but greater amount than the sarkin bases

(adcnin and hypoxanthin) in spermatozoa of bull, boar, sal

mon ; in pancreas and nucleinic acid from bull's testicles.

The bases rich in oxygen, as hypoxanthin and xanthin, are

more abundant (2 to 1 ; than those rich in nitrogen (adcnin and

guanin) (Inoko). Drechsel isolated xanthin and cystin

from the liver of the horse.

Xanthin can be obtained most conveniently by the action

of nitrous acid on guanin. It was held by Strecker that it

may be obtained by reduction of uric acid with sodium

amalgam according to the equation :

C.H.N.O, + H, =W,0, + HA

Uiui Acid. Xanthin.
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This view, however, has not been confirmed by Fischer (see

page 482). Recently (1895) Fischer effected the synthesis

of eaffein (trimethyl- xanthin) from dimethyl uric acid ; also,

the conversion of theobromin into the same uric acid de

rivative. The reverse operation, the conversion of hypo-

xanthin into xanthin, likewise reported by Strecker, has

not been confirmed by Fischer or by Kossel. It is, there

fore, evident that while these bodies apparently form a con

tinuous oxidation series with uric acid as the final product,

and although this change probably goes on in the animal

economy, yet all attempts to reproduce it in the laboratory

by oxidation with potassium permanganate or nitric acid

have yielded only negative results. Again, xanthin may be

prepared from guanin by putrefaction of the latter, or, as

stated above, by oxidation with nitrous acid. The change

may be represented by this equation :

C5H5N50 + HN0, = C5H4N10, + N, + H,0.

Goanis. Xanthin.

This reaction, first described by Strecker (1858), and later

by Fischer, corresponds exactly to the one by which Kossel

has transformed adenin into hypoxanthin (see page 426).

Gautier, starting out on the hypothesis that xanthin is a

polymerization-product of hydrocyanic acid, has endeavored

to prepare it directly from this compound. Indeed, he claims

to have succeeded in effecting the synthesis of not only

xanthin, but also its homologue, by simply heating hydro

cyanic acid in a sealed tube with water and a little acetic

acid, the latter being added to neutralize any ammonia that

might form. He expresses the reaction as follows :

11HCN + 4H,0 = C5H,N40, + C6H,N,0, + 3NH,.

Xanthin. Methyl-xanthin,

Nearly all the methods that have been employed for the

preparation of xanthin are based upon its precipitation as

the insoluble silver compound. From the urine it can be

isolated according to the method given under paraxanthin.

It may also be obtained from the urine by Hofmeister's
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method. The urine, acidulated with hydrochloric acid, is

precipitated with phosphotungstic acid ; the precipitate is

decomposed by warming with baryta, filtered, and the filtrate

is freed from barium by the cautious addition of sulphuric

acid. The solution is then made alkaline with ammonium

hydrate, any traces of phosphates that appear are filtered off,

and finally it is precipitated by the addition of ammoniacal

silver nitrate. The precipitate which forms consists of the

silver compounds of the xanthin bodies, and is purified by

dissolving in hot nitric acid, as given on page 419. Xanthin

has been shown to be formed at the same time with guanin,

adenin, and hypoxanthin, in the decomposition of certain

nucleins or their nucleinic acids by means of dilute acids. It

may, therefore, be prepared from cellular organs according to

the method given under Adenin. For the isolation and esti

mation of xanthin, see page 480.

Xanthin is a white, granular, amorphous body, and is de

posited from hot aqueous solution on cooling in colorless

floccules, or as a fine powder, which, under the microscope, is

seen to consist of rounded granules. When occurring in

calculi, it forms compact, moderately hard, yellow, or brown

fragments, which, on being rubbed with the finger-nail,

assume a wax-like appearance; when isolated from the urine

it is yellowish, and even when prepared from guanin it is still

colored. The decoloration can be effected, according to

Balke, by converting the xanthin into the mono-sodium

compound, which can be recrvstallized and then decomposed

with acetic acid. The base is thus obtained in snow-

white floccules. It is difficultly soluble in cold water (about

14,000 parts), alcohol, and ether; somewhat more soluble in

boiling water (about 1200 parts). It is soluble in alkalis

and alkali carbonates, not bicarbohates, and from these solu

tions it is precipitated on neutralization with acids, or by

passing carbonic acid. In warm ammonia it dissolves more

readily than does uric acid or guanin, and on cooling the

ammonium compound recrystallizes. The solubility in cold,

even strongly acid solutions, is very slight (Wolff). It acts

"X
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as a weak base and as a weak acid ; with salts of the heavy

metals it forms difficultly soluble or insoluble compounds. Its

basic properties, however, are weaker than those of hypo-

xanthin or guanin.

When xanthin is evaporated with nitric acid it leaves a

lemon-yellow residue (hence its name), which is not changed

by ammonium hydrate—distinction from uric acid—but with

potassium hydrate becomes yellowish-red, on heating purple-

red. This, the so-called xanthin-reaction, is not given by

hypoxanthin or by adenin. When added to a mixture of

bleaching-powder and sodium hydrate in a watch-glass the

solution becomes covered by a dark-green scum, which

changes to a brown, and soon disappears—distinction from

hypoxanthin.

By means of a very interesting synthetic reaction, xanthin

may be converted into theobromin, the active constituent of

Theobroma cacao. Thus, the xanthin is dissolved in a suffi

cient quantity of sodium hydrate, necessary to form the neutral

compound C5H5Na^N4O„ and this product, when treated with

boiling acetate of lead, yields a white precipitate of lead-xan-

thin, C5H.T*bN40,. This is dried at 130°, then heated for

twelve hours at 100° with methyl iodid, when the dimethyl-

derivative, C,H,(CH3),N,0„ is formed. This compound is

identical with the natural theobromin, and by a similar treat

ment is converted into trimethyl xanthin or caffein. The

relation of xanthin to thein (caffein) is shown in the fact that

it exists together with hypoxanthin, adenin, and possibly

guanin, in fresh tea-leaves. It is, therefore, clear, that by

starting from guanin of guano we can produce successively

xanthin, methyl-xanthin, dimethyl-xanthin, and trimethyl-

xanthin, the last two compounds being identical with the

alkaloids of theobroma and of coffee.

On heating xanthin a small portion volatilizes ; the greater

part decomposes into ammonium carbonate, cyanogen, and

hydrocyanic acid. Heated to 200° with hydrochloric acid,

it decomposes with the formation of ammonia, carbonic acid,

formic acid, and glycocoll (E. Schmidt, see page 486). When
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bromin is allowed to act on xanthin, there is formed a sub

stitution-compound, having the formula C5H3BrN4O,. It

may also be obtained by the action of nitrous acid on brom-

guanin (page 467). With potassium chlorate and hydro

chloric acid it yields alloxan and urea (page 485).

Xanthin is a weak base, which dissolves in acid-* with the

formation of salts.

The hydroehlorid, C6H4N,0,.HCl, is difficultly soluble in

water, more so than the corresponding salt of hypoxauthin,

from which it is deposited in glistening six-sided plates, often

forming aggregations. Its solution does not precipitate pla

tinum chlorid. The nitrate forms fine yellow crystals.

The sulphate, CSH^,O,.H3SO, -f- H,0, crystallizes in micro

scopic glistening rhombic plates, decomposable by water.

With baryta-water xanthin forms the difficultly soluble

compound C5H4N4Os.Ba(OH )„ which corresponds to the hypo

xauthiu salt CBH4N4O.Ba(OH)„ and to that of guaniu.

On the addition of a very small amount of sodium hydrate

to xanthin it dissolves, and very soon small white needles

separate. The crystals dissolve in excess of alkali. This

xanthin-sodium compound, C5H3NaN40, -f- H,0, is also ob

tained by passing carbonic acid into an alkaline solution of

xanthin. It forms small bunched needles, which are rather

easily soluble in water, imparting an alkaline reaction. On

the addition of acetic acid the pure white base is thrown down.

The compound is partly dissociated by hot water, and resembles

the corresponding primary uric acid salts. It is probable that

xanthin can form, like uric acid, a soluble secondary salt,

since with excess of sodium hydrate it forms a readily soluble

compound, which probably contains two atoms of sodium.

For the reactions of this compound, see page 452. (See hetero-

xanthin aud paraxanthin.) It does not give a mouo-methyl

xanthin by heating with methyl iodid (Balke). The water

of crystallization is expelled only at 190°-200°.

From ammoniacal solution silver nitrate precipitates the

compound CsH5N.O,.Ag/I, which is insoluble in ammonia, hut

soluble in hot nitric acid. From the nitric acid solution, on
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long standing, there separates the compound C5H4N40,.AgNO,,

which, on contact with water, decomposes, giving off nitric

acid. The ammoniacal solution is also precipitated by lead

acetate—separation from hypoxanthin—also by calcium and

zinc chlorids. Cupric acetate gives a precipitate only on boil

ing. The aqueous solution is not precipitated by lead acetate,

but is by phosphomolybdic acid, phosphotungstic acid, by

mercurous and mercuric salts. Picric acid gives an easily

soluble compound, which resembles that of hypoxanthin, but

differs from that of guanin. Xanthin gives with copper solu

tions and reducing substances (Drechsel's reaction, see page

42.1) a milk-white precipitate which eventually becomes bluish-

green (Balke). Since xanthin has more imido-groups than

adenin or hypoxanthin and less than uric acid, it is probable

that the solubility of the copper compound will be between the

solubilities of the corresponding compounds of hypoxanthin

and uric acid ; that is, between 1 : 250,000 and 1 : 300,000, the

solubilities respectively in hot water. Uric acid (copper com

pound) is soluble in 560,000 parts of cold water (Krugeb).

As to the physiological relation of xanthin very little need

be said. It bears the same relation to guanin that hypo

xanthin does to adenin, and, like the latter, is to be looked

upon as an intermediate compound, a step lower than guanin,

and nearer the limit of oxidation—uric acid. It is quite

probable that in the body it is oxidized about as rapidly as it

is formed. Like hypoxanthin, it is to be regarded as a true

muscle stimulant, especially of the heart (Baginskv). Ac

cording to Filehne, it produces in frogs a decided muscular

rigor and paralvsis of the spinal cord. The heart muscle is

also affected, which is not the case with caffein or theobromin.

The fatal dose is less than one-half pro mille. In its action it

is stronger than theobromin, while caffein is weaker than either

of the two. Paschkts and Pal hold that the reverse is true.

Isolation and estimation of the xanthin bases.

Neubauer's method, which has been employed in some

modification or other for the isolation of xanthin bases, de
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pends upon the fact that all xanthin bases are precipitated

from an ammoniacal solution by an ammoniacal silver solu

tion. This reaction, as Kruoer has pointed out, is given by

all xanthin bases which contain an imido-group capable of

substitution. It is not given by caftein, the fully methylated

xanthin, or by dimethyl-hypoxanthin. The further tepara

tion of the bases is accomplished by dissolving the silver pre

cipitate, together with a little urea, to destroy any nitrout; acid,

in boiling nitric acid of 1.1 specific gravity. The hot solu

tion is filtered, and from the filtrate on cooling the " hypoxan-

thin fraction" of Salomon, hypoxanthin, guanin, carnin,

adenin, and episarkin, crystallize as the corresponding silver

nitrate compounds. The portion of silver salts remaining in

solution in the nitric acid, the " xanthin fraction," consists of

xanthin, paraxanthin, and heteroxanthin.

The application of this method to urine, and especially the

separation of the latter three bases, is fully described on page

471. The method of extraction from meat, glands, etc., is

given on page 419.

The separation of the bases of the hypoxanthin fraction is

given on pages 419-422.

The usual method, then, for the separation of the four

common xanthin bases is to dissolve the silver precipitate

obtained from ammoniacal solution in boiling nitric acid of

1.1 sp. g. The filtrate, on cooling, yields a precipitate of

the silver nitrate compounds of adenin, hypoxanthin, and

guanin. The xanthin compound remains in solution. The

silver salts of the three bases mentioned are decomposed

with dilute hydrochloric, or with hydrogen or sodium

or ammonium sulphide, and the acid solution of the three

bases is then heated on the water-bath with excess of am

monia, (Iuanin is thus thrown out of solution (page 419).

In the ammoniacal filtrate the adenin is separated from the

hypoxanthin and estimated by picric acid (see page 422).

The hypoxanthin is estimated as hypoxanthin silver picrato

(page 448). Instead of the separation of guanin from the

three buses by ammonia, Wulff's metamosphate method may
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be used (page 462). The adenin and hypoxanthin are then

precipitated from the filtrate by ammoniacal silver solution.

The silver salts decomposed with hydrochloric acid, and in

the filtrate the adenin can be estimated as the picrate ; the

hypoxanthin as the hypoxanthin silver picrate.

Again, guanin may be estimated according to the copper

method of Balke.

Adenin and hypoxanthin are separated by precipitation in

the cold with copper sulphate and sodium hyposulphite

(Kruger).

A second method for the extraction of the xanthin bases is

based upon Drechsel's reaction, namely, that they are pre

cipitated by copper solutions in the presence of reducing

agents (see page 425). The precipitation is so complete that

the filtrate does not react with ammoniacal silver nitrate.

The reliability of the process has been quantitatively tested

by Balke, who found the yield of xanthin bases from meat-

extract to be slightly greater by the copper method over

Neubauer's silver nitrate process. In addition to cheapness

the method possesses an advantage in the less bulky pre

cipitates. Kruger has also applied this method advan

tageously for the isolation of adenin from tea-extracts.

All the xanthin compounds, containing an imido-group

capable of substitution, with the exception of theobromin, are

precipitated. Caffein and dimethyl-hypoxanthin contain no

imido group, and are therefore not precipitated, creatin and

creatinin are not thrown down. The more imido-groups

present in a compound the less soluble is the precipitate.

The method as applied by Balke to a fresh meat-extract

was as follows : The clear solution is rendered alkaline with

sodium hydrate and the slight precipitate of phosphates

removed by filtration. To the filtrate, hydroxylamin hydro-

chlorid is added, and then gradually Fehling's solution.

The flocculent yellowish-brown precipitate is washed by

decantation with a solution of sodium acetate, and then

filtered. The precipitate is suspended in water, to which some

ammonia is added, and decomposed with hydrogen sulphid.

21*
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The filtrate from the copper sulphid is concentrated, rendered

ammoniacal, and precipitated with basic lead acetate. Lead

compounds of carnin, hypoxanthin, and xanthin are precipi

tated completely, since the filtrate from the lead precipitate

gives no reaction with silver nitrate. The precipitate is re

peatedly boiled with water to remove the soluble carnin-

lead compound. This solution is decomposed with hydrogen

sulphid, and proceeded with according to Weidel's method

for carnin.

The insoluble lead salts are decomposed with hydrogen

sulphid ; the filtrate on concentration yields a yellowish-white

mass of xanthin and hypoxanthin. These can now be separated

by conversion into the silver salts and solution in nitric acid

of 1.1 specific gravity.

The copper method is of special value in the examination

of vegetable extracts for xanthin bases. Owing to the abun

dant presence of reducing substances the silver method is

scarcely applicable. Balke examined malt-sprouts by this

method. The sprouts were boiled for several hours with 0.5

per cent. H,SO„ filtered, concentrated to a small bulk, and

the dark solution precipitated with neutral lead acetate, to re

move sulphates, humus-substances, etc. The filtrate is decom

posed with hydrogen sulphid, again heated to about 70°-80°,

and copper sulphate solution gradually added with stirring.

The addition of a reducing substance is unnecessary. The

flocculent precipitate is allowed to settle, then filtered. To

purify the copper precipitate it is then suspended in water,

decomposed with hydrogen sulphid, filtered, and the filtrate

again precipitated, as above, with copper sulphate. The

purified copper precipitate is again decomposed, the filtrate

rendered ammoniacal, and precipitated with silver nitrate.

The flocculent silver precipitate is then treated with boiling

nitric acid of 1.1 specific gravity in the usual way.

The copper method may be employed for the volumetric

estimation of the xanthin bodies. Thus, Arthaud and

Butte have devised a method for the titration of uric acid

as cuprous urate. Balke applied it to the estimation of
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guanin. To the alkaline solution of ghanin a solution of

hydroxylamin hydroehlorid is added, and Fehling's solution

gradually added from a burette. The end-reaction is attained

when the yellowish-white precipitate is turned yellowish red

by the cuprous oxid derived from the excess of copper. The

precipitate is assumed to be the pure cuprous oxid compound,

C5H5N5O.Cu,0. The results are a triffe low. The difference

with 1 per cent. solution is about 1 per cent. With very

dilute solutions the error is much greater.

Kruger obtained good results by precipitating adenin, as

well as hvpoxanthin, with copper sulphate and sodium bisul

phite, collecting the precipitate on a weighed filter, and dry

ing at 100° to constant weight. From the nitrogen as

determined by Kjeldahl's method the amount of adenin is

calculated. Excellent results are also obtained with uric

acid, which, however, is not precipitated by copper sulphate

and sodium hyposulphite. The cuprous, as well as the silver

compound of uric acid aud the xanthin bases, are soluble in

excess of sodium hyposulphite.

Recently (1894) Kruger and Wulff have perfected a

copper method for the estimation of the alloxuric bodies and

bases (see page 482) in the urine. The method can be ap

plied to extracts of organs as well. Copper sulphate and

sodium hyposulphite is a specific reagent for the alloxuric

bodies, since urea, creatin, creatinin, amido-acids, pepton,

albumose, allantoin are not precipitated. The amount of

nitrogen in the alloxuric bases is found by subtracting the

amount of nitrogen in the uric acid found by the Salkowski-

Ludwig method from the amount of nitrogen in the alloxuric

bodies precipitated by the copper method. The reagents em

ployed are a 13 per cent. solution of copper sulphate and a

solution of sodium bisulphite (1-2).

100 c.c. of the urine, freed from albumin, is placed in a

beaker and boiled ; then 10 c.c. of sodium bisulphite solution

and 10 c.c. of the copper solution are added and the whole

raised to boiling. Finally, 5 c.c. of a 10 per cent. solution of

barium chlorid are added. This causes the precipitate to
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settle rapidly and permits washing. The precipitate is al

lowed to stand two hours, then filtered through a 10-12 cm.

Swedish plaited filter and washed about five times with warm

water (60°). The filter and its moist contents are placed in

a Kjeldahl round digestion-flask (150 c.c.), and 15 c.c. of

concentrated sulphuric acid added, together with 10 g. of

potassium sulphate and 0.5 g. copper sulphate. On boiling

for about one hour the solution becomes clear. The solution

is then transferred to a flask, rendered alkaline with sodium

hydrate, and distilled. Talc can be advantageously used to

prevent bumping. The distillate is titrated with Tx0 oxalic

acid, using rosolic acid as an indicator.

By subtracting now from the nitrogen thus obtained, the

nitrogen calculated from the uric acid estimated by the Sal-

kowski-Ludwig method, the difference gives the nitrogen in

the alloxuric bases in 100 c.c. of the urine. According to

Baginsky, the 2.8-3.8 mg. of xanthiu bases are present in

100 c.c. of urine. This corresponds to 0.042-0.057 g. per

day. Kruoer and Wulff found by the method just given

that on an average 0.1325 g. of alloxuric bases was excreted

in the urine per day. The proportion of uric acid nitrogen to

the nitrogen of the alloxuric bases was, on an average, 3.82 : 1.

In a case of leukaemia, Bondzynski and Gottlieb found

this proportion to vary from 1.00 : 1 to 3.22 : 1. The daily ex

cretion of alloxuric bases was 0.5-0.6 g.

Separation of uric acid from xanthin bases.

In the precipitation of uric acid by the silver method the

xanthin bases if present are likewise thrown down. However,

as adenin and hypoxanthin are readily soluble in acids and

alkalis, they are readily separated after decomposition of the

silver precipitate. Xanthin and guanin are less soluble, and

hence may render the uric acid impure, especially when this

is isolated from animal organs. Wilit detects the presence

of xanthin in a uric acid precipitate by destroying the uric

acid with hot dilute nitric acid—the xanthin remaining un

changed. The substance is heated on the water-bath with
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dilute nitric acid (100 parts water and 5 parts nitric acid, 1.14

sp. g.), and after gas ceases to be given off it is boiled for a

short time, rendered ammoniacal, and if xanthin is present it

gives a precipitate with silver nitrate. The precipitate can be

collected on a weighed filter, dried at 120°, and weighed as

C5H4N40,.Ag,0 ; or from the weight of silver after ignition

the amount of xanthin calculated. If the amount of xanthin

is large, it can be weighed directly on weighed filter and dried

at 1 1 0° by rendering the solution slightly ammoniacal after the

oxidation with nitric acid, then acidulating with acetic acid

and adding equal volume of alcohol. After twelve hours

filter, wash with dilute alcohol, dry at 110°, and weigh.

Horbaczewski's method for the separation of uric acid

from xanthin is as follows : The mixture of the two sub

stances is dissolved with aid of gentle heat in a platinum

dish in concentrated sulphuric acid (2 c.c. for 0.1 g. sub

stance). The solution is diluted with four parts of water,

stirred thoroughly, and set aside for 3-6 hours. The uric acid

is thus precipitated, and is then collected on a small filter,

washed with water, acidulated with sulphuric acid, then with

pure water. Then it is transferred to the dish in which it was

precipitated, dissolved in a little pure sodium hydrate (e natrio),

strongly acidulated with hydrochloric acid, and evaporated

to a few c.c. After standing one hour it is filtered through

Ludwig's glass-wool filter, washed with HCl-water, then with

water, finally with alcohol and ether, dried at 110°, and

weighed. The filtrate and wash-water are combined, and a

correction is made for the solubility (1 : 16,000) of uric acid.

This correction is added to the weighed amount. The results

obtained by this method are excellent. The separation from

guanin and xanthin is complete.

Constitution of the bases of the uric acid group. These

bases are commonly spoken of as xanthin bases or as nuclein

bases, since they are derived from the nucleins. The nucleins

vary chemically among themselves, but in general they are

decomposable into an albumin and into a nucleinic acid. The
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latter on decomposition with acids, as a rule, yields one or

more of the bases of the uric acid group. Although consid

erable similarity exists between the four members of the

group, it does not follow that any one of the bases can be

converted successively into all of the others. As shown in the

preceding pages, adenin is readily changed into hypoxanthin

and guanin into xanthin. The statement made by Streckeb

that hypoxanthin by the action of fuming nitric acid yields

a nitro-product, which on reduction gives xanthin, was sup

posed to show that hypoxanthin possessed a constitution simi

lar to that of xanthin. Kossel, however, showed in 1882

that this conversion of hypoxanthin into xauthin did not take

place, and in this he was confirmed by Finch er in 1884. In

the same way the observation of Rheineck, reported by

Strecker, that uric acid is converted by sodium amalgam

into xanthin, and this still further reduced to hypoxanthin,

has been shown to be incorrect by Fischer, who failed to

change xanthin into uric acid or uric acid into xanthin.

While, therefore, uric acid, xanthin, and hypoxanthin con

tain three, two, and one atoms of oxygen, respectively, and

are structurally closely allied, nevertheless thus far it has not

been possible to convert any one of those compounds into the

others. For this reason Kossel suggested that the nucleiu

bases be divided into two groups: (1) Xanthin bases, which

include guanin, xanthin, and its methyl-derivatives ; (2)

Sarkin bases, which include adenin, hypoxanthin, and their

methyl-derivatives. Uric acid may be said to constitute a

third group, standing as it does by itself, also derived un

doubtedly from nuclein.

More recently (1894) Kossel and Kruger introduced a new

general term based upon the fact that uric acid and the xan

thin bases contain alloxan and urea-residues. Alloxuric bodies,

therefore, include uric acid and the xanthin bases. On the

other hand, alloxuric bases include xanthin, guanin, adenin,

hypoxanthin, heteroxanthin, paraxanthin, theobromin, theo-

phyllin, caffein, carnih. Fpisarkin would not be included in

this group, as it probably has only an alloxan residue.

The classical investigations ofFischer have shown that there
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is a close structural relationship between uric acid and the xan-

thin bases, as mentioned above. On the other hand, by the

failure to convert hypoxanthin into xanthin, or the reverse,

the constitution of hypoxanthin and of adenin has remained

uncertain. The recent investigations of Kruger, however,

have furnished the experimental proof of the relationship of

the sarkin bases to the xanthin bases and to uric acid.

The conversion of a member of the xanthin group into a

uric acid derivative and the reverse change have at last been

accomplished by Fischer {Berkhte, 28, 2473, 2480, 3135).

Brom-theobromin was changed to d-dimethyl uric acid. The

latter compound on treatment with phosphorus pentachlorid

yields a purin body identical with that obtained from theo-

bromin and caffein by similar treatment. ^-dimethyl uric

acid with this reagent, however, gave chlor-theophyllin, which

on reduction with hydriodic acid gave theophyllin. By in

troducing a methyl group into the latter caffein was obtained.

The complete synthesis of theophyllin and caffein has, there

fore, been accomplished.

In 1881 Fischer showed that caffein possessed the struc

tural formula as given below. In the following year he suc

ceeded in changing xanthin by heating xanthiu-lead with

methyl iodid into theobromin, and thus, once for all, estab

lished the constitution of xanthin, since the silver compound

of theobromin, as shown by Strecker, on treatment with

methyl iodid, yields caffein. These investigations therefore

demonstrated that theobromin is a dimethyl-xauthin, and

that caffein is a trimethyl-xanthin. In his second paper on

uric acid in 1884 FrschER was able definitely to establish the

constitution of uric acid.

NH-CO (2) NH—CH

LCO C—NH CO C—NH (3)

CO CO

NH—C—NH (1) NH—C=N

Uric Acid. Xanthin.

C5H4N40, C5H,N10,
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By replacing a hydrogen atom in either one of the three imido-

groups, 1, 2, or 3, in xanthin by a methyl-group a mono-

methyl-xanthin results. Three such derivatives are possible,

and it is probable that heteroxanthin, CtH,N,Or is one of

these. This has, indeed, been demonstrated by KrCoer and

Salomon (1895), who showed that it is xanthin with a methyl-

group in position 3. By the introduction of two methyl-groups

into the xanthin molecule three compounds result, according as

the substitution is 1 and 2, 1 and 3, or 2 and 3. Theobromin

results from substitutions in the imido-groups, 2 and 3. Theo-

phyllin, a new base isolated by K,:1ssel in 188* from the caffein

mother-liquors from tea-leaves, and synthesized, as stated

above, by Fischer in 1895, is also a dimethyl-xanthin, and

its silver salt heated with methyl iodid yields caffein. On

oxidation it yields dimethyl-alloxan, and hence the methyl

groups occupy positions in the imido-groups, 1 and 2. Para-

xanthin, C,H,N,0,, is probably a third dimethyl-xanthin,

but its constitution has not been established. Because of its

relation to heteroxanthin it may be an ethyl-xanthin. By

substituting three methyl-groups in xanthin in the imido-

groups, 1, 2, and 3, caffein results.

N.CH,—CH N.CH,—CH N.CH,—CH

CO C—N.CH, CO C—NH CO C—N.CH,

Ao

NH — C= N

TiIEOBROMIN.

(O ho

N.CH,—C=N N.CH,—C=N

Theophylun. Caffein.

CsH,iCH,),NA CiH,(CH,)tN,01 Ctn(CHOJSflr

Gautier, starting out with the idea that they are poly

merization-products of hydrocyanic acid, has deduced theo

retically cyclic formuhe, recalling the hexagon of the benzol

derivatives. These formulae, though formidable in appear

ance, are a complete failure so far as they are expressions of

chemical reactions. Thus, the formula of guanin :
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N^CH

H —CO—N^ XC = NH

HN NH

fails to show either a urea or a guanidin-residue, and yet it

is a well-known fact that guanin on oxidation yields para-

banie acid and guanidin (page 4(H). In a similar manner,

his xanthin formula fails to show up the urea-residues which

we know to be present.

In 1891 and 1893 Kruger established a chain of evidence

which connects adenin and hypoxanthin with uric acid and

xanthin in an indisputable manner. Thus, the bromine-deriv

atives of adenin and of hypoxanthin correspond to those of

xanthin, guanin, and caffein ; on oxidation with chlorine yields

alloxan and urea. The analogy to the other members of the

uric acid group is seen from the following equations :

C5H.N.O, + O + H,0 = C4H,N,04 + CON,H4.

Uric acid.

C5H4N40, + 20 + H,0 = C4H,N,04 + CON,H4.

Xanthin.

CSH4N40 + 30 + H,0 = C4H,N,04 + CON,H4.

Hypoxanthin.

C5H5N5O + 30 + 11,0 = C,H,N,(), + C.NH.N.H4 + CO,.

Gcanin. Parabanic Acid. Guanidin.

C5HSNS + 30 + 2H.0 = C4H,N,04 + CON,H4 + NH,. (?)

Adenin.

The equations for adenin and hypoxanthin are not fully

established, but the bromine compounds are decomposed into

alloxan. In addition to this urea and oxalic acid are formed,

both of which may be derived from alloxan by decomposition,

though some of the urea may be independent of the breaking

down of the alloxan group.

Again, adenin and hypoxanthin on decomposition with

concentrated hydrochloric acid yield the same products (gly-

cocoll, ammonia, formic and carbonic acids) as xanthin,
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guanin, etc. This decomposition is best seen from the follow

ing equations :

C5H,N,Os + 5H,0 = 3NH, + C,H,NO, + 3COr

Uric Acid.

O.H.N.O, + 6H,0 = 3NH, + C.H.NO, + 2CO, + CH.O,.

Xanthin.

QH5NsO + 7H,0 = 4NH, + C,HsNO, + 2CO, + CH,Or

Gi'ANIN.

C5H,N,0 + 7H,0 = 3NH, + C,H5N,0 + CO, + 2CH.O,.

Hypoxanthin.

C5H5N5 + 8H,0 = 4NH, + C.H.NO, + CO, + 2CH:O,-

Adenin.

Uric acid has no CH group, hence does not yield formic

acid, whereas xanthin and guanin have each one CH group

and yield one molecule of formic acid. Hypoxanthin and

adenin therefore have two CH groups.

Furthermore, uric acid contains three CO groups and yields

three CO., molecules, whereas xanthin and guanin have two CO

groups and yield two CO, molecules. Hence, adenin and hy

poxanthin have but one CO group, since they yield but one

CO, molecule.

The existence of dimethyl-hypoxanthin shows that hypo

xanthin has two imido-groups capable of substitution by

alkyls. Adenin therefore has three NH groups, one of which

is replaced by oxygen when the base is changed to hypoxan-

thin. Again, uric acid has three atoms of O and four re

placeable NH groups, while xanthin has two atoms of O and

three replaceable NH groups. Hypoxanthin therefore with

one atom of O should have two NH groups. This analogy

does not extend to adenin and guanin. Hypoxanthin con

sequently contains two CH, one CO, two NH1 and an alloxan

group.

The bromine-derivatives of hypoxanthin, adenin, xanthin.

guanin, and caffein result by the substitution of bromine in

the CFI group of xanthin.

As pointed out by Fischer, hypoxanthin possesses one of
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three formulae, depending on which of the two CO groups in

xanthin is replaced by the CH group. The three possible

formulae of hypoxanthin are :

1. 2. 3.

NH—CH N — CH NH—CH

CH C—NH

I
CO

N . C=N

CH C—NH

I
CO

I

NH—C=N

CO C—N

I

CH

NH—C=N

To decide positively as to which of these three formulae be

longs to hypoxanthin is as yet impossible. Kruger considers

the third formula as the least probable for the reason (1)

that brom-hypoxanthin yields but a very small amount of

alloxan, whereas according to formula 3 it should yield as

much as xanthin ; (2) that the dimethyl-hypoxanthin is de

composed by hydrochloric acid, yielding methylamin and

methyl-glycocoll, according to the equation given on page

455. Kruger, however, assumes, with Fischer, that gly-

C—NH

cocoll is derived from the atom complex . Con-

C

sequently the dimethyl compound, according to formula 3,

should yield two molecules of methylamin and one of gly-

cocoll. There is no evidence, however, to exclude the group

C

[ from consideration as the glycocoll residue.

NH—C

Formula 1 can yield methyl-glycocoll only from the group

C-NH

i , but formula 2 can yield it either from this group

C

C

or from the group , and, lastlv, the formula 3 can

NH—C

yield it from the last group. The fact that brom-hypoxanthin

yields on oxidation but a small amount of alloxan, cannot

decide against formula 3 until it has been shown that brom
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xanthin on oxidation yields a much larger amount. The

oxidation of brom-hypoxanthin cannot be compared direct

with that of xanthin.

Apparently the only means of deciding between these

formuke is to oxidize the dimethyl-hypoxanthin. Formulae 1

and 2 should yield mono-methyl alloxan and mono-methvl-

urea, whereas formula 3 should yield dimethyl-alloxan and

urea. Kruger employs the first formula to designate hypo-

xanthin. The methyl groups in the dimethyl compound

therefore are introduced into the imido-groups 2 and 3 as

indicated on page 483.

The constitution of adenin will depend upon which one of

the three possible formulae of hvpoxanthin is the correct one.

For the present, then, we have three possible structural for

mulae of adenin :

1. 2. 3.

N — CH NH—CH

II II I II

OH C-NH NH=C C—N

NH—CH

I II

CH C—NH

C=NH

i

.NHC

I

- C=N NH—C=N

Formula 1 is the one assumed by Kruger

CH

Ml -C=N

Methyl-adenin

on decomposition with hydrochloric acid yields mcthylamin

and glyeocoll (see page 440). The methyl group is therefore

placed in imido-group 2 (sec xanthin formula). It would

occupy the same position in formula 3, which will also allow

C

the formation of glyeocoll from the group . For-

NH—C

mula 3, compared with the commonly accepted one of guaniu

(1), should on oxidation yield nearly the same products as

guanin on oxidation, namely, guanidin, carbonic acid, and

possibly parabanic acid. In one oxidation experiment Kri1;er

obtained from 17 g. of brom-adeniu only about 1 g. of alloxan.

From a second experiment with 20.0 g. bromadeuin no al

loxan was obtained.
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Constitution of guanin. The fact that guanin is readily

changed into xanthin shows that the two bases are closely re

lated. In fact, the relation is the same as that between

adenin and hypoxanthin. By decomposition with concen

trated hydrochloric acid Wulff obtained the same products

as are given by xanthin. On oxidation, however, with

chlorine neither Strecker nor Fischer were able to obtain

alloxan and urea, but instead obtained parabanic acid, guani-

din, and carbonic acid. A guanidih-residue is contained in

the molecule in place of an urea-residue in xanthin. Two

formulae are therefore possible for guanin ;

NH

NH—CH

J II
=C C—NH

io

NH—C=N

NH—CH

I II

CO C—NH

NH

C=NH

—C=N

On account of the behavior to chlorine Fischer considered

the first formula as the more probable. It will be observed,

furthermore, that the second formula should yield alloxan the

same as xanthin. The difficulty of preparing alkyl-deriva-

tives of guanin, compared with the ease with which the other

xanthin compounds form them, renders it as yet impossible

to decide between the two formulae. Fischer and Reese

failed in preparing alkyl-derivatives, and Wulff succeeded

only with ethyl-guanin.

Heteroxanthin, C6H5N/I„ is a new base which was iso

lated from the urine in 1884 by Salomon, and again in 1893

by Balke. In its composition it is methyl-xanthin, and is in

termediate between xanthin and paraxanthin or dimethyl-

xanthin. It occurs in the urine of man and of the dog in

about the same amount as paraxanthin, and the method for

its isolation will be found under the description of that base.

It is a remarkable fact that this base occurs in dog's urine

unaccompanied by paraxanthin, and the same seems to hold

r
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true for the uriue of leucocythaemic persons. Salomon ex

amined the liver, muscles, and kidneys of a dog, but was un

able to obtain any heteroxanthin or paraxanthin, and the

total amount of xanthin bodies present was about normal

Hence, he is inclined to think that these two bases may possi

bly have their origin in the kidney. Paraxanthin and hetero

xanthin are not present in the urine or kidneys of the cow.

Salomon found this base in the urine of one out of two leu

kemic patients ; in one with splenic tumor, and three times

out of ten normal urines. Unlike the other xanthin bodies,

heteroxanthin has not as yet been isolated from plants, meat-

extract, or guano. The amount of xanthin bodies present in

the urine is unaffected by phosphorus-poisoning. Neither

this base nor paraxanthin has been found in bull's testicles;

xanthin is also absent, and only hypoxanthin and guanin were

found to be present. Inoko found in the semen of bull the

four bases, adenin, guanin, xanthin, and hypoxanthin. In

the nucleinic acid from bull's testicles 6.039 per cent. of xan

thin was found ; guanin was absent. The amount of hypo

xanthin was also large, 1.96 per cent. against 0.736 per cent.

of adenin.

From 10,000 liters of urine Kruger and Salomon (1895)

obtained 13 g. of xanthin, 12.") g. of paraxanthin, and 7.5 g.

of heteroxanthin.

Heteroxanthin forms a white amorphous powder, which

sometimes on prolonged contact with water forms microscopic

crystalline tufts Balke also described a crystalline modifi

cation. It is very difficultly soluble in cold water; much

more easily in hot water, and the solution thus obtained is

neutral in reaction. It is easily soluble in ammonium hydrate,

but is insoluble in alcohol and ether. Like uric acid, it is

readily soluble in piperazin. When heated it volatilizes

without melting, and at the same time gives off a small quan

tity of hydrocyanic acid. On evaporation with nitric acid

on the water bath (xanthin-reaction) it remains as a pure

white residue, which on contact with sodium hydrate develops

only a trace of reddish coloration or none at all Weidel's
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test (page 424) produces a splendid red color, which becomes

blue on the addition of sodium hydrate. Simple evaporation

with chlorine-water gives a similar though not so strong a color-

reaction.

On heating with concentrated hvdrochloric acid, or with

dilute sulphuric acid, at 180°-200° it decomposes and yields

sarkosin and other products, according to the equation

(KrI'ger and Salomon) :

GfiJSflt + 5H.0 = 2C0, + CO + 3NH, +

CHs.NH.CH,.COOH.

On treatment with methyl iodid it yields caffein. For its

structure, see page 484.

Silver nitrate produces in ammoniacal as well as in nitric

acid solutions a precipitate which readily dissolves on warm

ing in even very dilute nitric acid ; from this solution, if not

too concentrated, the heteroxanthin silver nitrate compound

crystallizes in well-formed plate-like prismatic crystals. Copper

acetate produces in the cold, in solutions of heteroxanthin, a

clear-green precipitate. It is also precipitated by phospho-

tuugstic acid, and by ammoniacal basic lead actatc. Picric

acid does not give a yellow-colored precipitate in solutions of

the hydrochlorid. Mercuric chlorid readily precipitates hete

roxanthin in the form of a grayish-yellow compound, which

standing twelve or twenty-four hours becomes converted into

pure white crystalline aggregations. This mercuric compound

can be converted directly into the corresponding silver com

pound by the addition of silver nitrate and ammonia, as

described under paraxanthin. For Drechsel's reaction with

copper, see page 42o. The precipitate that forms is gelat

inous, milk-white, but soon turns green, as in the case of

guauin and xanthin. The solubility of the copper compound

would be about the same as of adenin and hypoxauthin, since

it has two imido-groups.

The hydrochlorid is characterized by its rather difficult

solubility and ready crystallization (a distinction from the

paraxanthin salt\ The salt forms large colorless tufts of
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crystals, which oil contact with water soon lose their trans

parency and become opaque ; gradually their crystalline form

disappears, till finally they completely decompose with the

formation of heteroxanthin. This decomposition is hastened

by warming, either with or without addition of ammonia.

Platinum chlorid produces in the hydrochloric acid solution

a precipitate of crystalline double salt.

This base resembles paraxanthin in its property of yielding

a difficultly soluble precipitate with the fixed alkali. This

reaction is best brought about by dissolving the heteroxan

thin hydrochlorid in warm dilute sodium hydrate, when, on

cooling, the corresponding sodium salt will crystallize out in

oblique-angled plates ; or clear long prisms. Long-pointed twin

crystals are the most characteristic. The crystals show greater

variations in form than those of paraxanthin. The behavior

of the twin crystals with polarized light is of service in iden

tification. These crystals dissolve easily in water, and on

neutralization of the solution with an acid a dense pulverulent

precipitate of heteroxanthin forms. The sodium compound,

as well as that of paraxanthin, is permanent, non-deliquoseent ;

on moderate heating becomes cloudy, and melts above 300°.

It is more difficultly soluble in water than the paraxanthin

compound ; the solution has an alkaline reaction. It is solu

ble in mineral acids and ammonia, the latter redeposits it un

changed on evaporation. On neutralization of its solution

with mineral acids, lactic, or acetic and carbonic acids, the

pure base separates out as amorphous or crystalloidal roundish

masses, while paraxanthin under the same conditions forms

its characteristic crystals. The sodium is also removed from

both compounds by borax, potassium bisulphate, biphosphate

of sodium, bisulphite of sodium and potassium bicarbonate,

ammonium bitartrate. Ammonium chlorid, nitrate, sulphate,

carbonate, oxalate, tartrate, are transposed to form sodium

salts, and the free bases are thrown down. Similar decompo

sition of the sodium salts of the two bases occurs when placed

in urine or in meat-extract.
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For illustrations of the sodium compounds of the two bases,

see Virchow's Arehiv, 125, 556.

The potassium compounds of heteroxanthin and paraxan-

thiu are well-crystallized bodies, of high melting-point, and

are more soluble than the sodium compound. Their decom

positions are the same as those of the sodium salt.

The reaction with sodium is the basis for Salomon's method

of recognition of these bases in small quantities of urine. (See

page 498.)

It can thus be distinguished from iiaraxanthin, the sodium

compound of which, on similar treatment, yields the charac

teristic crystalline form of the free base. This sodium reac

tion, therefore, distinguishes it at once from xanthin, hypo-

xanthin, guanin, and paraxanthin. It differs from the latter,

as has already been indicated, in the solubility and amorphous

character of the free base ; in the behavior of the hydro-

chlorid and the sodium compound, and in the not giving a

precipitate with picric acid, nor the characteristic odor given

by paraxanthin on heating.

In its composition heteroxanthin is, as has already been

stated, a methyl-xanthin, and may be related to if not

identical with an isomeric body obtained synthetically by

Gautier. The fact, nevertheless, remains that in the urine

we have normally a homologous series of xanthin bodies,

namely, xanthin, heteroxanthin, and paraxanthin. It is

possible, as Bondzvnskt and Gottlieb have pointed out

that heteroxanthin results from the splitting up of more

complex xanthin bodies introduced into the body with vege

table food. This origin is indicated in the minute amounts

that it exists in the urine, in the fact that it has not been

found in the decomposition of nuclein, and in the further fact

that caffein and theobromin are excreted by the urine as

methyl-xanthin.

The physiological action of heteroxanthin has been studied

by Krihier and Salomon (1895). Its action is almost the

same as that of paraxanthin (page 502), indicating a close

chemical relation. Its action, however, is much less intense.

22
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A dose two to three times greater than that of paraxanthin

must be injected into frogs to produce the same symptoms.

It has a local action producing early contraction and rigor of

the muscles. Its general action is seen in the gradual or rapid

paralysis of respiration, according to the dose ; in the loss of

motion in the extremities, and in the decrease of reflexes.

Methvl-xanthin, C6H6N40,. This compound, isomeric if

not identical with heteroxanthin, was isolated in 1895 by

Bondzvnski and Gottlieb from the urine of dogs, rabbits,

and men after administration of large doses of theobromin.

Ingestion of large doses of caffein likewise seems to give rise

to this base. 19 per cent. of the theobromin fed to a rabbit

appeared in the urine as such ; whereas 24.6 per cent. was

excreted as methyl-xanthin. When caftein is fed the per cent.

of methyl-xanthin is less.

It separates from hot-water solution on cooling in crusts, or

in the form of microscopic prisms, or as long needles. On

rapid concentration of its solution it is thrown down in an

amorphous condition ; likewise by addition of acetic acid to

its solution in alkalis. The amorphous floccules soon change

to crystals. From the solution in sodium hydrate it is pre

cipitated by ammonium salts. It melts at near 310° with de

composition and sublimation. The solubility in water at 18°

is 1:1592; at 100° is 1:109; in absolute alcohol at 17°,

1 : 7575 ; at 1001, 1 : 2250. It is insoluble in chloroform.

It is precipitated by copper sulphate and sodium hyposul

phite as a flocculeut greenish-white precipitate, which later

becomes brownish. Silver nitrate produces in ammoniacal

solution a gelatinous precipitate, insoluble in excess of am

monia, readily decomposed by warming with hydrochloric

acid. From solutions in hot sodium hydrate it separates

as the sodium salt, C€HsNaNtO, + 4H,C), which crystallizes

in very long rhombic plates and prisms. The barium salt,

(C,H5N,0,),Ba, is formed by dissolving the base in barium

hydrate, or by addition of barium chlorid to the solution
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in alkali-. When recrystallized it forms rosettes or balls of

crystals.

On heating the silver compound with methyl iodid and

methyl alcohol in a sealed tube at 100° it yields caffein.

It gives Weidel's test, but not the xanthin-reaction.

Paraxanthin, C,HiN,O„ was isolated in 1883 by Salo

mon, who has since shown it to be a constituent of normal

urine, although present in exceedingly minute quantity. Thus

from 1200 liters of urine only 1.2 grams (0.0001 per cent.) of

this substance were obtained. It has not been found in the

urine of dogs or in that of leucocytluemic patients. By the

sodium-reaction Salomon failed to detect paraxanthin in the

urine of two leukaemic patients, one with splenic tumor, and

four pneumonia cases. On the other hand, it was found in

nine out of ten normal urines, twice accompanied by hetero-

. xanthin. The proportion of the two bases varies: Thus

from 5 liters of one normal urine 10 mg. of well-crystal

lized paraxanthin and as much heteroxanthin were obtained.

Thudichum was the first to isolate paraxanthin from urine,

and he named it urotheobromin (1879). It has been met

with again by Balke in 1893.

The method emploved for the isolation of this base is, with

a slight modification, that of E. Salkowski, as originally

proposed for the preparation of xanthin bases from urine.

The urine in portions of 25 to 50 liters is made alkaline with

ammonium hydrate and allowed to stand twenty-four hours.

The clear supernatant fluid is decanted from the precipitate

of phosphates and treated with silver nitrate (0.5 to 0.6

gram per liter). The grayish precipitate of xanthin com

pounds which forms is transferred to a filter and washed

with water till free from chlorid ; it is then suspended in

water and decomposed (1) with a current of hydrogen sulphid.

The liquid is filtered by decantation.

a. The filtrate is evaporated to dryness ; the residue is ex

tracted with 3 per cent. sulphuric acid to remove uric acid ;

the solution thus obtained, after it has been rendered alkaline

r
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with ammonia, and filtered, if necessary, is precipitated by sil

ver nitrate.

b. A better procedure is to concentrate the filtrate direct ly

over the flame or on the water-bath, till the uric acid begins

to crystallize out. It is then filtered, and the filtrate, after

diluting somewhat with water, is rendered alkaline with am

monium hydrate in order to precipitate any remaining uric

acid and phosphates. The whole is allowed to stand one or

two days, then filtered, and the filtrate again precipitated

with silver nitrate.

(2) The decomposition of the washed silver precipitate

was made by Balke with sodium sulphid, as in Ludwig's

method. The filtrate containing the sodium compounds was

decomposed with hydrochloric acid to precipitate the uric

acid. The solution filtered, concentrated, and treated with

ammonia. The precipitate, which according to Salomon

consists of phosphates, was found by Balke to be urates and

oxalates with no phosphates. It is filtered otf', and the am-

moniacal solution precipitated with silver nitrate.

The thoroughly washed precipitate of the silver xanthin

compounds, now free from uric acid, and obtained by either

one of the three above-mentioned methods, is dissolved in as

little as possible of hot nitric acid of specific gravity 1 .1 , to which

a little urea has been added, and the clear solution, with addi

tion of a little silver nitrate, is set aside for twenty-four

hours. The silver salt of hypoxanthin crystallizes from the

solution and is filtered off. It can be purified by repeated

recrystallization from hot nitric acid containing a little urea,

then decomposed with hydrogen sulphid, and the filtrate,

rendered alkaline with ammonium hydrate, is concentrated to

a small volume. On standing, pure hypoxanthin crystallizes

out.

Balke, by digesting the hypoxanthin silver nitrate on a

water-bath with dilute ammonia, converted it into hypoxan-

thin-silver. From the feebly ammoniacal filtrate, on standing

twelve hours, the small needles of episarkin separate and can
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be recrystallized from hot water. A part of the episarkin

remains on the filter as a compound with two atoms of silver.

Hence, on decomposition of the hypoxanthin silver with hy

drogen sulphid the filtrate on concentration will give a

crystalline deposit of hypoxanthin and episarkin. The two

bases are then separated, as given on page 504, by dissolving

in very little dilute ammonia, and then passing through the

solution a current of carbonic acid, which precipitates the

episarkin, probably as an ammonium salt, in small whetstone

shaped needles, which, recrystallized from hot water, yield

the base.

The filtrate from the silver salt of hypoxanthin on being

rendered alkaline with ammonium hydrate gives a precipitate

which formerly was regarded as consisting entirely of the

xanthin silver compound, but which from the investigations

of Salomon has been shown to be a mixture of the salts of

xanthin, paraxanthin, and heteroxanthin.

The separation of these bases is effected by the solubility

of the free bases in ammonium hydrate. For this purpose

the precipitate of the mixed silver salts is decomposed with

hydrogen sulphid, and the filtrate, rendered ammoniacal to

remove traces of phosphates and oxalates, is moderately con

centrated. After standing twenty-four hours, heteroxanthin

crystallizes out, partly in finely formed sheaves and tufts of

needles, partly in radially striated masses. The fluid is de

canted from the crust of heteroxanthin which forms in the

bottom of the beaker, and after being concentrated somewhat

is again allowed to stand. In this way a second crop is ob

tained, and this is repeated till finally the separated masses

scarcely give a precipitate with sodium hydrate. All the

heteroxanthin is now united and dissolved in a little hot

water by the aid of sodium hydrate. After twenty-four

hours the greater part of the heteroxanthin crystallizes out

in bunches of crystals of sodium heteroxanthin, while a small

part together with any traces of xanthin remains in solution.

The crystalline mass is dried by pressure, dissolved in a little

water, and the solution neutralized by addition of hydro
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chloric acid, when the heteroxanthin separates as a pulveru

lent precipitate. To remove any traces of paraxanthin, dis

solve in hydrochloric acid; on standing forty-eight hours the

heteroxanthin salt separates, while the easily soluble salt of

paraxanthin remains in solution. To obtain the pure free

heteroxanthin, the hydrochloric salt is evaporated with am

monium hydrate ; the well-washed residue of heteroxanthin

is then dissolved in dilute ammonia, the solution filtered,

evaporated slowly, and the precipitate which forms is finally

washed with alcohol and ether.

The original ammoniacal mother-liquors of heteroxanthin

yield on further concentration amorphous floccules of xan-

thin, which are removed by filtration; from the filtrate,

when concentrated still more, paraxanthin crystallizes out.

Detection of xauthin, heteroxanthin, and paraxanthin, in

small quantities of urine (1-5 liters or more). After the de

composition of the first ammoniacal silver precipitate with

hydrogen sulphid, the filtrate is evaporated to dryness, and,

in order to remove uric acid, extracted with dilute sulphuric

acid (1 : 30). Any crystals, granules, or masses in the residue

on evaporation are carefully removed with platinum spatula,

rinsed, and treated as follows :

(1) Crystals or crystalline granules; the water solution

on cooling gives typical paraxanthin crystals. A crystal is

moistened with water and covered with a little sodium

hydrate. The formation of a crystalline scum confirms pres

ence of paraxanthin.

(2) Granules; the water solution on cooling gives amor

phous or roundish masses. Treat some granules as under 1.

(a) A crystalline scum forms. Transfer to unglazed por

celain, wash, place in a solution of ammonium nitrate or

chlorid.

I. Typical paraxanthin crystals or bundles of long needles

separate, paraxanthin.

II. Amorphous masses separate which gradually assume

the roundish form. Heteroxanthin is probably indicated.
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Boil all the material with a little water ; treat the insoluble

portion with dilute sodium hydrate, and allow it to evaporate.

Twin crystals and their polariscopic behavior prove the

presence of heteroxanthin.

(6) The granules dissolve easily and rapidly. Xanthin

is probably present. Apply the xanthin-reaction.

(3) The substance is homogeneous and amorphous. The

dried mass is rinsed with water to remove ammonium salts,

dissolved in a little sodium hydrate, and set aside in a

watch-glass to evaporate. The crystalline tufts are transferred

to porcelain, drained, washed, and placed in an ammonium

salt solution.

(a) Paraxanthin crystals separate.

(6) Amorphous masses form—probably heteroxanthin.

On converting the apparently pure xanthin, prepared as

above, into the lead compound, for the purpose of decolora

tion, decomposing it with hydrogen sulphid, and allowing

the filtrate, rendered ammoniacal, to stand over night, Balke

obtained a deposit of the crystalline modification of hetero

xanthin.

Paraxanthin is obtained in colorless, glassy, generally six-

sided plates, which are arranged in tufts or rosettes. From

very concentrated aqueous solutions it crystallizes in long,

colorless, interwoven needles, which on drying exhibit the

silky lustre of tyrosin. The crystals belong to the monoclinic

system, and may crystallize with, as well as without water.

For photographic illustration of the crystals, see Salomon,

1884.

If water is present, on careful heating (110°) the crystals

lose their brilliancy and become whitish and opaque, and at

120°-130° the water is completely driven off. The condi

tions under which crystals containing water are formed are

not known, probably by slow crystallization, whereas rapid

crystallization from hot concentrated solution yields the

anhydrous needles. At about 170°-180° sublimation takes

place. The melting-point is at about 284° (Kossel). It

can be heated to 250° without melting or suffering any de
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composition, but when heated more strongly it gives off white

vapors which possess a distinct iso-nitril odor, at the same

time it carbonizes and takes fire. When evaporated with

concentrated nitric acid, as in the ordinary xanthin-test, it

gives only a slight yellow residue. On the other hand,

Weidel's test, evaporation with chlorine water containing a

trace of nitric acid, and then placing the dry residue into

an ammoniacal atmosphere under a bell-jar, gives a beautiful

rose-red color.

It is difficultly soluble in cold water (though more easily

than xanthin) ; somewhat more readily soluble in hot water,

and insoluble in ether and alcohol. It is soluble in ammo

nium hydrate, hydrochloric acid, and nitric acid. Its solu

tions are neutral in reaction.

Silver nitrate produces in nitric acid, as well as in ammoni

acal solutions, a flocculent or gelatinous precipitate, which

in concentrated solutions forms an almost perfect jelly-like

mass. This silver precipitate is soluble in warm nitric acid,

from which on cooling it separates in white crystalline tufts

possessing a silky lustre. On decomposition with hydrogen

sulphid the silver salt yields pure paraxanthin. Picric acid

produces in the hydrochloric acid solution a precipitate con

sisting of densely felted yellow crystalline spangles.

It is also precipitated by phosphotungstic acid and copper

acetate; mercuric chlorid when added in excess gives after

some time a precipitate composed of a mass of colorless

prisms, which are rather difficultly soluble in water ; ea<ily in

hot water. The crystals of paraxanthin mercuric chlorid when

moderately heated become opaque from loss of water of crys

tallization ; at a higher temperature they melt, undergoing

at the same time partial decomposition, and on strong heating

they evolve disagreeable nauseating vapors. The aqueous

solution of this mercuric double salt gives with silver nitrate

an abundant precipitate of silver chlorid, which disappears

on the addition of ammonium hydrate, and is replaced by the

flocculent gelatinous precipitate of silver paraxanthin. The

hvdrochloric acid solution of paraxanthin crystallizes with
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difficulty even when strongly concentrated, and on the addi

tion of platinum chlorid it yields a well-crystallizable orange-

colored paraxanthin platinochlorid. It is not precipitated by

basic lead acetate nor by mercuric nitrate. Copper solutions,

in the presence of reducing substances, give a flocculent milk-

white precipitate, which on washing turns greenish by oxida

tion (Balke, page 425). Picric acid gives a yellow precipi

tate in a hydrochloric acid solution of the base.

In its behavior to the xanthin test this base resembles hypo-

xanthin, whereas in giving Weidel's reaction it approaches

xanthin. Finally, it coincides with guanin by yielding a

precipitate with picric acid. Although it thus agrees in some

of its reactions with all three of these xanthin bodies, it can,

however, be easily distinguished from them by its behavior

with the fixed alkalis. Sodium or potassium hydrate dis

solves these bases and holds them in solution, but when added to

concentrated paraxanthin solution the alkali produces a pre

cipitate of long, glittering, crystalline spangles, which under

the microscope are seen to consist of delicate rectangular,

often longitudinally striated, plates which are isolated or

united in tufts. The plates show double refraction. Besides

these crystals there are also present hexagonal plates resem

bling cystin. The crystals are soluble in a little water, or

on warming, but precipitate again on cooling. Paraxanthin,

however, shares with heteroxanthin the property of forming a

difficultly soluble compound with the fixed alkalis, but can

be distinguished from the latter by neutralizing with an acid

the solution of the sodium or potassium compound, when, in

the case of paraxanthin, there will be obtained a precip

itate of the characteristic crystals of that base ; whereas

heteroxanthin is obtained on similar treatment as a dense

pulverulent precipitate. This reaction is not given by theo-

phyllin.

It is interesting to observe that paraxanthin is isomeric

with theobromin, theophyllin, and also with a body recently

described by Fischer as dioxy-dimethyl-purpurin. In its com

position it is, therefore, a dimethyl- or an ethyl xanthin.

22*
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Tin' physiological action of paraxanthin has been studied by

Salomon. Injections into the muscles of 1-2 mg. produced

almost at once a rigor moWiVt-like condition of the muscles

affected, with diminished reflex excitability without previous

increase; 0-H mg, introduced into the lymph sac bring on a

gradual loss of voluntary motion as well as of reflex excita

bility ; the rigor is more marked in the anterior extremities,

which have a wooden or waxy consistency. Dyspnoea is like

wise an early symptom, but as soon as rigor sets in the respi

rations drop far below the normal, and may be absent for

several minutes. At times the lungs are enormously dilated,

same as with theobromin. The heart's action is intact till the

very last. In mice the reflexes are increased almost to a

tetanus. An injection of 0.2 g. in a 500 g. guinea-pig pro

duced convulsions and death in a half an hour. The same dose

introduced into the vein of a rabbit had no effect. The lethal

dose for frogs, subcutaneously, was found to be 0.15-0.2 per

cent, of the body-weight—somewhat lower than that of the

obromin and xanthin. The action of these three bases is very-

similar. They produce in common the slow-creeping move

ments, followed by cessation of spontaneous muscle-action,

complete loss of reflex excitability without a previous rise,

and the heart's action is not affected till in the latest stages.

Carnin, C,HaN,05, was isolated in 1871 from American

meat-extract by Weidel, but has not been obtained from

muscle-tissue itself. Balke, however, has isolated it from fresh

horse-meat extract. It has also been obtained from yeast

liquors by Schutzenberoer, and from urine by Pouch et.

Salomon ( 1 893) obtained a body resembling carnin from

leukemic urine. It can be separated from the meat-extract by

the following method originally employed by Weidel: The

extract is dissolved in six or seven parts of warm water, then

concentrated baryta-water is added, avoiding, however, an

excess. The filtrate is precipitated by basic lead acetate. The

precipitate is collected, thoroughly washed and pressed, and

finally it is repeatedly extracted with a large quantity of
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boiling water. The carnin lead salt is thus dissolved out ; the

filtrate, after removal of the lead by hydrogen sulphid, is

evaporated to a small volume. The concentrated solution

thus obtained is treated with silver nitrate, which gives a pre

cipitate of silver chlorid and of the silver salt of carnin. By

treatment with ammonium hydrate the silver chlorid can be

completely removed from the precipitate, whereas the silver

compound of carnin is insoluble in that reagent. To obtain

pure carnin the silver salt is decomposed with hydrogen

sulphid, and the filtrate, after purification by bone-black, is

evaporated to crystallization. According to Weidel, carnin

forms about 1 per cent. of the meat extract. Kemmerich

(1893) has found only one-quarter of 1 per cent., or even

less. The amount, therefore, varies considerably, and may be

very small in the fresh extract.

For the separation of carnin from the meat-extract by the

copper method, see page 477.

Carnin forms white crystalline masses, which on drying

become loose and chalk-like. It is very difficultly soluble

in cold water, easily and completely in boiling water, and

recrystallizes on cooling. It is insoluble in alcohol and ether.

The taste is decidedly bitter, and the reaction is neutral. The

base is not precipitated by neutral lead acetate, but is pre

cipitated by the basic salt as a flocculent white precipitate

soluble in boiling water. On heating carnin decomposes and

takes fire, and at the same time gives off a peculiar odor. It

crystallizes with one molecule of water, which it loses at

100°-110°.

The hydrochlorid, C,H6N40,.HCl, forms pretty prisms

(Kemmerich), and decomposes on heating with concentrated

hydrochloric acid.

The platinochlorid, C,H^N^.HCl.PtCl4, forms a fine,

sandy, golden-yellow powder.

With silver nitrate carnin unites to form a white flocculent

precipitate, insoluble in nitric acid or in ammonium hydrate.

Its formula corresponds to 2(C,HTAgN4Os) + AgNO,.



504 BACTERIAL POISONS.

With copper solution and reducing agent it gives a yellow

precipitate which on washing becomes grass-green (Balke).

Carnin is not affected by prolonged -boiling with concen

trated barium hydrate. Bromine-water decomposes it with

the evolution of gas and the formation of hypoxanthin. This

change takes place according to the following equation :

C,H6N403 + 2Br = CsH4N4O.HBr + CH,Br + CO,.

A similar decomposition into hypoxanthin is brought about

by the action of nitric acid, though in this case oxalic acid

and a yellow body are formed. When carnin is evaporated

with chlorine-water containing a little nitric acid the residue,

on contact with ammonia, gives a rose-red color (murexid-

test). This is due, according to Weidel, to the formation of

hypoxanthin, but it has since been shown that the latter base

does not give this reaction, and hence it is due to the produc

tion of xanthin, or some similar body.

The physiological action of carnin has been examined

somewhat by BrC'CKE, and according to him it \s not very

poisonous. The only effect observed, when taken internally,

was a fluctuation in the rate of the heart-beat, though even

this was by no means definite in its nature.

Episarkin, CJigN,O. This new base was isolated by Balke

in 185W from urine. From about 1600 liters of urine only

about 0.4 g. was obtained. It accompanied the hypoxanthin

silver nitrate (page 4D0). The mixture on digestion with

dilute ammonia on a water-bath is changed into hypoxanthin-

silver, whereas episarkin, in part, passed into solution. The

solution was filtered, and the slightly ammoniacal filtrate on

standing for twelve hours gave a crop of small needles of

episarkin. The hypoxanthin-silver still contained an ad

mixture of the new base, as was found by decomposition

with hydrogen sulphid and concentration. The crystals

are more difficultly soluble in water, and their crystalline

form is distinctly different from that of hypoxanthin. A

separation can best be accomplished by dissolving the mixture



CHEMISTRY OF THE LEUCOMAINS. 505

of the two bases in as little dilute ammonia as possible, then

on saturating this solution with carbonic acid small whet

stone-shaped needles separate, which recrystallized from hot

water yield the small prisms or needles. These may attain a

length of 1 cm. and may be grouped in bunches. They are

white and glassy, and when dry form a felt-like mass. The

crystals are permanent and do not effloresce. With the xan-

thin-reaction, evaporation with concentrated nitric acid, it

gives a yellow residue, which with sodium hydrate becomes

paler. On evaporation with nitric acid and chlorine-water

(Weidel's reaction), it gives a white residue unaltered by

ammonia. When evaporated on a water-bath with hydro

chloric acid and potassium chlorate it leaves a white residue,

which becomes colored an intense violet by ammonia. This

reaction certainly shows a relationship of episarkiu to the

xanthin bases, and should be compared with Kossel's bro

mine-reaction for adenin and hypoxanthin (page 424).

It is difficultly soluble in hot water ; almost wholly insolu

ble in cold water (1 : 13,000). It is readily soluble in dilute

hydrochloric acid, from which, on evaporation, the hydro-

chlorid crystallizes in easily soluble, pretty needles. The base

does not yield an insoluble compound with sodium hydrate,

though it is possible that the whetstone-shaped crystals men

tioned above represent an ammonium salt. With silver

nitrate it gives a precipitate which is insoluble in nitric acid,

easily soluble in ammonia. In other respects the salt resem

bles that of hypoxanthin. Thus, by boiling with nitric acid

(1.1 sp. g.) a crystalline silver nitrate compound forms which

probably contains one atom of silver, and on digestion with

dilute ammonia yields a silver compound with two atoms of

silver—since a part of the episarkin passes into the filtrate

and crystallizes out on cooling. The base gives white precipi

tates with phosphotungstic acid, mercuric chlorid, and am-

moniacal basic lead acetate.

It is distinguished from adenin and hypoxanthin by its

almost complete insolubility in cold water ; from the latter by

not being precipitated by picric acid, and by not giving the

.-'
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characteristic ruby-red coloration in the alkalinized filtrate

after reduction with zinc and hvdrochloric acid (page 424).

From xanthin it is distinguished by the absence of the xan-

thin reaction ; from hetero- and paraxanthiu by the absence

of the insoluble sodium compound; from guanin and adenin

by not clouding at 53°, and by the picric acid reaction.

Salomon has since called attention to the fact that he had

met with a compound resembling episarkin on several occa

sions. Thus, in 1884, from hog's urine (0.02 g. in 5$ liters ;

in 1888, from cow's urine (0.05 g. in 60 liters) ; and, 1892 and

1893, in two cases of leukemic urine (0.02 g. in 11 liters, 0.13

g. in 35 liters). The specimen from the hog urine gave the

xanthin-reaction when heated over a free flame, but not when

heated on a water-bath. Furthermore, in all three cases it

gave an insoluble precipitate of yellow rosette-shaped crystals

with picric acid ; whereas Balke's episarkin gives no precipi

tate. Salomon isolated it from the leuka:mic urine as fol

lows : After removal of the phosphates by ammonia (see page

495), the urine was precipitated by silver nitrate, the precipi

tate decomposed by hydrogen sulphid, the filtrate evaporated

to dryness and digested with 3 per cent. sulphuric acid.

The filtrate was now rendered slightly ammoniacal and after

a few minutes filtered. The filtrate from this on standing

twenty-four hours gave a deposit of vellow-colored crystals.

These were filtered off and the ammonia expelled from the

filtrate, which contains xanthin bodies. From the hypoxan-

thin fraction of these an additional yield of crystals was se

cured. The combined crystals were then dissolved in dilute

hydrochloric acid, filtered ; the filtrate saturated with am

monia gave a dense white precipitate which was brought into

solution again by dilution and hent. The base then separated

slowly in long colorless prisms, which on the filter appear as

a felt-like, silky mass.

Kruger, in 1895, from tea-extract isolated a base resem

bling somewhat episarkin. It differs, however, from the latter

in giving with picric acid a very fine crystalline compound.

It is more soluble in water, and gives different color-reactions.
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Nothing definite can be stated regarding the constitution of

episarkin. The formula as given by Balke is open to the

objection that the sum of the hydrogen and nitrogen atoms

is an odd number. Changing for this reason the number of

hydrogen atoms to seven, we would then have a compound,

C4H,N30, distinguished from hypoxanthin by having three

atoms of H more and a carbon and nitrogen atom less. In

asmuch as it gives the modified xanthin-reaction an alloxan

group must be present, and in that case it can only be derived

from the hypoxanthin formula 3. Whether its structure

NH—CH,

I II
would then correspond to CO C=NH, remains to be as

certained.

NH—CH,

Epiguanin, C16H13N,O„ is a base obtained by Kruger

and Wulff, in 1893, from urine. It forms silky needles and

is different from tbe base isolated from tea-extract (page 506).

Another base was present in small quantity in the same urine.

Cvtosin, C,1Hit11N1604 + 5H,0, was obtained by Kossel

and Neumann by the decomposition of adenylic acid (from

thymus glands) by heating with 20 per cent. sulphuric acid

in sealed tube at 150° ; also by the action of water at 170°.

The yield is about 2 per cent. It forms rectangular plates,

often with blunted corners. On slow separation the crystals

may attain a length of a centimetre. The water of crystalli

zation is expelled at 100°. It is easily soluble in hot water,

from which it separates on cooling; difficultly soluble in

alcohol ; insoluble in ether.

It forms well-crystallized salts. Thus, the sulphate forms

needles ; the chlorid is easily soluble and appears in prisms.

The nitrate, platinochlorid, and aurochlorid likewise crystal

lize easily. A brick-red precipitate forms in even very dilute

acidulated solution by the addition of potassium-bismuth

iodid. Silver nitrate produces a precipitate which is in-

/
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creased by addition of a little ammonia, but dissolves grad

ually by an excess, and on warming the ammoniacal solutiou

it dissolves completely, bat reappears in crystalline form on

cooling.

The picrate, C11H36H1tO,.2C6H,N,Ot, is difficultly soluble

and crystallizes in yellow needles.

A Base, C,H5X50, was obtained by Gaitier from fresh

muscle tissue of beef, according to the method given on page

516, and on account of a resemblance in some of its properties

with xanthin he named it pseudoxanthin. This name is very

inappropriate, not only because it differs so much in its em

pirical formula from that of xanthin, C3H4N,0„ but also

because the term pseudoxanthin has already been applied by

SChultzen and Filehne to a body isomeric with xanthin,

which was obtained by the action of sulphuric acid on uric acid.

The free base forms a light yellow powder, slightly soluble

in cold water, soluble in weak alkali and in hydrochloric acid,

The hydrochlorid is very soluble, and it forms stellate prisms

with curved faces, which resemble the corresponding salt of

hypoxanthin, and to some extent, also, the whetstone-shaped

crystals of uric acid.

Like xanthin, its aqueous solution is precipitated in the

cold by mercuric chlorid, silver nitrate, and by ammoniacal

lead acetate, but not by normal lead acetate. < hi evaporation

with nitric acid, the residue gives, on contact with potassium

hydrate, as in the case of xanthin, a beautiful orange-red

coloration (xanthin-reaction). It differs from xanthin, not

only in its empirical composition, but also in its greater solu

bility and in its crystalline form. It is possible that this base,

on account of its great resemblance to xanthin, may have beeu

mistaken, at different times, for that compound. It will be

seen from the formula that it differs from xanthin apparently

by an NH group replacing a CO group.

Gerontin, C5H,4N„ is a new base which was isolated by

Grandis in 1890. It has been repeatedly observed in the
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form of peculiar crystals found in the cell nuclei in the liver

and kidneys, particularly of old dogs. The free base is an

isomer of cadaverin, etc., and resembles it somewhat. It

crystallizes in needles which are readily soluble in water and

alcohol ; possesses a strongly alkaline reaction, and yields the

ordinary alkaloidal reactions.

The hydrochlorid forms prismatic crystals, which are deli

quescent and easily soluble in alcohol.

The platinochlorid, C5H„N,.2HCl.PtCl4, is soluble in water

and crystallizes in spindle-shaped needles, arranged in rosettes.

It decomposes at 115°.

The gold salt forms small needles, and is easily soluble in

water and alcohol

It combines with one molecule of mercuric chlorid to form

deliquescent cubes or rectangular prisms containing two mole

cules of water of crystallization. It decomposes above 100°.

This distinguishes it from cadaverin, which combines with

three to four molecules of mercuric chlorid. The crystals

observed in the liver are probably the phosphate.

The new base also yields a benzoyl compound which melts

at 175°-176°.

Physiological Action.—It seems to exert a paralyzing action

upon the nerve-centres and heart-ganglia, and leaves the nerves

and muscles unaffected. 0.5 mg. kills 10 g. frogs.

Spermin, C,H5N, or C,HUN„ is the basic substance ob

tained by Schreiner (1878) from semen, calf's heart, calf's

liver, bull's testicles, from the organs of leucocythaemics, and

also from the surface of anatomical specimens kept under

alcohol. Poehl has found it in the testes, ovaries, prostate,

thyroid gland, pancreas, and spleen. In 1888 Kunz reported

the presence of a non-poisonous base, C,H5N, spermin or ethyl"

eneimid in cholera cultures. In this case it occurs, then, as a

ptoma'in. A confirmation of the identity of the two bases is

necessary. Previous to this, however, it had been known for

a long time under the name of " Charcot-Neumann or Ley-

den crystals," which are the phosphate of spermin. These
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peculiarly shaped crystals have been found in the sputa of a

case of emphysema with catarrh, in the bronchial discharges

in acute bronchitis, as well as in sputa of chronic bronchitis,

in the blood, spleen, etc., of leueocythiemics and anaemics, and

in the normal marrow of human bones, as well as in human

semen, also in nasal secretions and in feces. Altogether it

seems to have a very wide distribution, especially in certain

diseases, as in leueocythiemia.

It can be prepared from fresh human semen in the following

manner : The semen is washed out of linen by a little warm

water, evaporated to dryness, boiled with alcohol, and the

insoluble portion is allowed to subside by standing some hours.

The precipitate is filtered off, washed, and dried at 100°. This

residue, containing the spermin phosphate, is triturated, and

then extracted with warm ammoniacal water. From this

solution, on slow evaporation, the phosphate crystallizes in its

peculiar-shaped crystals.

The free base is obtained, on decomposing the phosphate

with baryta and evaporating the filtrate, as a colorless liquid,

which, on cooling, crystallizes. From alcohol it crystallizes

in wavellite-shaped crystals, which readily absorb water and

carbonic acid from the atmosphere. They are readily soluble

in water and in absolute alcohol, almost insoluble in ether,

and possess a strongly alkaline reaction. When heated on

platinum foil it gives off thick, white fumes and a weak ammo

niacal odor. With potassium-bismuth iodid it yields orange-

colored crystalline floccules, which under the microscope

appear as long, sharp, plumose needles — distinction from

diethvlenediamin. The aqueous solution of the base is precip

itated by phosphomolybdic and phosphotungstic acids, tannic

acid, gold and platinum chlorids. It cannot be volatilized

from alkaline solution by steam without undergoing decompo

sition (Majert and Schmidt). It is not poisonous.

The hydrochlorid, C,H5N.HC1 (?), crystallizes in six-sided

prisms, united in tufts, and is extremely soluble in water.

almost insoluble in absolute alcohol and ether.

The aurochlorid, C,H5N.HCl.AuCl5 (?), forms shining,
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golden-yellow, irregular plates, and when freshly precipitated

it is easily soluble in water, alcohol, and ether, but the dried

salt is incompletely soluble in water. The aqueous solution,

treated with magnesia, gives off a sperm-like odor. The

platinochlorid crystallizes in prisms.

The phosphate, (C,H3N),.H3P04 + 3H,0 (?), forms prisms

and slender double pyramids arranged in rosettes. It is diffi

cultly soluble in hot water, insoluble in alcohol, easily soluble

in dilute acids, alkalis, and alkali carbonates. It melts with

decomposition at about 170°. It is probable that the above

formula does not represent the salt as found, and from theo

retical considerations Ladenburg was inclined to think that

Schreiner's phosphate had the composition fC,H5NH),Ca-

(Vox

Ladenburg and Abel prepared in 1888 a compound,

ethyleneimin, which was first supposed to be isomeric with

spermin. The reaction whereby it is prepared is similar to

the one by which Ladenburg effected the synthesis of piperi

din. Ethylenediamin hydrochlorid is subjected to dry dis

tillation, when it decomposes into ammonium chlorid and the

hydrochlorid of the new base. The reaction was supposed to

be represented by the equation :

, CH,NH,.HC1 CH,.

| = | >NH.HC1+NH,C1.
—
/

1 ^n2y

= I >NH.l

CH3NH,.HCl CH/

Since then Ladenburg has shown that the boiling-point

of this compound did not agree with what it should be theo

retically, if represented by the above formula. A determi

nation of the vapor density showed that the molecular weight

was twice that corresponding to the formula given, and hence

was C,H16N,. Majert and Schmidt assuming spermin to

be ethyleneimin, as was apparently shown by Ladenburg

and Abel's investigation, attempted to prepare the latter on

a manufacturing scale with the expectation that it might

be used as a substitute for Brown-Scquard's testicular fluid.

They were soon able to show, however, that ethyleneimin did
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not possess the composition assigned to it, but that it was

identical with Hofmann's diethvlenediamin (piperazin),

jt/CH,.CHt\i\tH

\CH,.CH,/- ".

This was soon confirmed by Hofmann and by Ladenbcrg.

Spermin was then assumed to be identical with piperazin, but

recently (1891) Majert and Schmidt compared some sper

min from SenREINer with their own piperazin and found the

two bases to be distinct, especially with reference to the phos

phates and the potassium-bismuth iodid precipitates. Pgehl

confirmed the difference between spermin and piperazin.

About the same time (1891) Pgehl announced that the

composition of spermin was more complex than what it had

been hitherto supposed to be. He ascribed to it the formula

Cf^L^S,. The formula of the platinum salt corresponded to

C16HsX4.4HC1.2PtCl, ; and that of the gold salt was repre

sented bv C16H3,N4.4HCl 4AuCl,. Later he gave the formula

cshmn;

From this it would appear that spermin is essentially dis

tinct from piperazin. The composition and structure of this

interesting base must therefore be considered as not settled.

According to Pgehl, it acts as a tonic on the entire ner

vous system.

The nuclein of the spawn of salmon has been found by

Miescher to exist in a salt-like combination with a basic

substance, to which he applied the name protamin. Pic-

card has found it in the same source, together with hypoxan-

thin and gnauin, but no xanthin. The formula assigned to

this base is quite complex, and cannot be considered as defi

nitely settled. It would seem from the copper-reaction to be

related in some way with the xanthin bases. Analysis of the

platinochlorid gave: Pt = 24.64, CI = 26.45, N = 15.03,

C= 22.80, H = 4.15, O = 6.93. The hydrochlorid forms an

amorphous, hygroscopic, sticky mass. It does not give the

xanthin-reaction. With sodium hydrate and copper sulphate

it gives the biuret-reaction ; the xanthoproteic and Millon's

tests are not given. The alkaline copper solution with hy
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droxylamin hydrochlorid gives a clay-yellow precipitate and

the violet solution becomes colorless. The precipitate on expo

sure to air becomes bluish-green ; on decomposition it yields

pure protamin hydrochlorid (Balke).

Leucomains of the Creatinin Grout.

The knowledge of the formation of basic substances (pto

mains) during the putrefaction of nitrogenous organic matter

led to a series of investigations having for their object the

isolation of alkaloidal bodies, if such existed, from the normal

living tissues of the organism. A number of compounds

possessing alkaloidal properties, such as the xanthin-deriva-

tives, already described, had been known for a long time,

although their physiological relation to the animal economy

was little, if at all, understood. Guareschi and Mosso, in

the course of their researches on ptomains, were among the

first to direct their attention to the possible presence of

pkmia'in-like bodies in fresh tissues. They obtained in those

cases where the extraction was carried on without use of acids

only very minute traces of an alkaloidal body (possibly cho-

lin), and an inert substance, methyl-hydantoin, which,

although it can scarcely be classed as a basic compound, is

closely related to creatin, and fortius reason will be described

at the end of this section. Other Italian chemists, as Paterno

and Spica and Marino-Zuco, had also shown that the normal

fluids and tissues of the body were capable of yielding sub

stances alkaloidal in nature, and these were regarded by them

as identical with, or similar to, the ptomams of Selml

Arginin, C6H„N,O.„ is a base obtained by Srtiulze from

the conglutin of lupin sprouts, and according to him it is re

lated to creatinin and possibly to the leucoma'ina ofGAtmEr.

A compound having the same composition and probably iden

tical with arginin has been obtained by Hedin by the

decomposition of born substance with hydrochloric acid and

stannous chlorid. Schulze and Likiernik have de

monstrated the interesting fact that arginin on heating with

baryta yields urea. Arginin is present in the sprouts of lupin
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and of gourd, but not in the sprouts of Vicia sativa, where it

appears to be replaced by guanidin.

Lysatin, C6H„N,0„ and lysatinin, CBH„N,0, are analogous

bases, obtained by Drechsel from casein (page 367). These

two bases are also obtained by decomposition with hydro

chloric acid, of gelatin (E. Fischer) ; of other proteids

(Siegfried) ; and of horn substance (Hedin).

Lysatinin has also been isolated from the elastic substance

of the aorta by heating with hydrochloric acid and stannous

chlorid tSchwarz). Hedin (1895) pointed out that lysatinin

is probably a mixture of lysin (lysatin) and arginin.

The various tissues of the body on boiling with hydrochloric

acid yield variable amounts of arginin. Thus, horn yields at

least 2.25 per cent. ; gelatin, 2.6 ; conglutin, 2.75 ; albumin

from yelk, 2.3; albumin from egg, 0.8 ; dry blood-serum, 0.7 ;

casein, 0.25 per cent. (Hedin)- Schulze found the dried

cotyledons of lupines to yield 4 per cent.

These three bodies can properly be looked upon as important

sources of the nitrogenous bases found in animals and plants.

Lierreich, in 1869, discovered . in normal urine an oxida

tion-product of cholin, probably identical with betain (page

376), ;and Pouchet, in 1880, announced the presence in the

same secretion of allantoin, carnin, and an alkaloidal base,

which, however, was not obtained at that time in sufficient

quantity to permit a determination of its character. Sub

sequently he succeeded in isolating this base as well as another

closely related body, both of which will be described in their

proper place. Gautier devoted a number of years to the

study of the leucoma'ins occurring in fresh muscle tissue, and

he succeeded in isolating several new compounds.

A number of these substances are credited with possessing

an intensely poisonous action, and if such is the case, it is very

evident that any undue accumulation of such bases in the sys

tem, resulting from an interference in the elimination, may

give rise to serious disturbances. The amount of these sub

stances present in the daily yield of the urine is very small—
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so small, indeed, that we must rather look upon this small

quantity as having escaped oxidation in the body. It is well

known that the living tissues possess an enormous oxidizing

and reducing power, and, according to Gautier, there is

constantly going on in the normal tissues of the body a cycle

of changes—the formation of leucoma'ins and their subse

quent destruction by oxidation, before they have accumulated

in sufficient quantity to produce poisonous effects.

The following method was employed by Gautier in his study

of the leucoma'ins of muscle tissue : The finely divided fresh

beef-meat or the Liebig's meat-extract is treated with twice its

weight of water, containing 0.25 gram of oxalic acid, and one

to two c.c. of commercial peroxid of hydrogen per liter. The

purpose of these precautions is to prevent fermentation. At

the end of twenty-four hours the liquid is raised to the boiling-

point, then filtered through linen, and the residue is thoroughly

squeezed. The filtrate is again raised to the boiling-point in

order to coagulate any remaining albumin, and finally filtered

through paper. The clear liquid thus obtained is evaporated

in a vacuum at a temperature not exceeding 50°, and the acid

syrupy residue is extracted with 99 per cent. alcohol ; the

alcoholic extract is in turn evaporated in a vacuum, and the

residue taken up with warm alcohol of the same strength. The

filtered alcoholic solution is set aside for twenty-four hours,

and any deposit which forms is removed by filtration ; ether

(65°) is then added as long as a precipitate continues to form,

and the whole is again allowed to stand for twenty-four

hours. The ether-alcoholic filtrate from this precipitate is

evaporated first on the water-bath, and finally in a vacuum ;

the slight residue obtained contains a small quantity of basic

substances possessing an odor of hawthorn.

The syrupy precipitate produced by the ether partially

crystallizes on standing ; a little absolute ether is then added,

and after standing several days more the liquid is separated

by means of an aspirator from the deposit of crystals (A).

These are first washed with 99 per cent. alcohol, and then

extracted with boiling 95 per cent. alcohol. The alcoholic

,'
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solution, concentrated by evaporation, gives, on cooling, a

deposit of lemon-yellow crystals of xautho-creatinin (B),

from the mother-liquor of which there separates a crop of

new crystals (C). The residue of the crystals (A) left after

treatment with the boiling 95 per ceut. alcohol is extracted

with boiling water, which afterward gives a slight deposit of

yellowish white crystals of amphi-creatin (D). The aqueous

mother -liquor on concentration yields another deposit of

orange-colored crystals of cruso-creatinin (E). Gautier has,

furthermore, separated three other bases from the mother-

liquors of the crystals obtained as above. Thus, a base

which he named pseudoxanthin is stated to have been ob

tained by evaporating the alcoholic mother-liquors of B, D,

E (?) in a vacuum, taking up the residue with water, and

precipitating the hot solution with copper acetate. The pre

cipitate is decomposed with hydrogen sulphid, and the aque

ous solution, filtered while boiling-hot, yields a deposit of a

sulphur-yellow powder of pseudoxanthin. Thus, by the use

of alcohol, ether, and water, Gautier, according to his state

ment, has succeeded in obtaining a sharp separation between

these bases. The importance of the subject is such as to re

quire not only confirmation of the results arrived at by Gau

tier, but also a more detailed and exact study of the chemi

cal and physiological behavior of these bodies.

The following method was employed by Gautier and

Landi in 1892 in their study of the changes in meat. The

meat-extract was concentrated in a vacuum to one-eighth its

volume, then cooled, precipitated with neutral lead acetate,

filtered, and after washing the precipitate, the filtrate was again

concentrated to one-half its volume, and the lead removed by

hydrogen sulphid. The filtrate was again concentrated to

one half its bulk and dialyzed. The bases are present in the

dialysate. The dialyzed portion therefore was concentrated,

acidulated with nitric acid, and precipitated with phospho-

molybdic acid. The precipitate is collected and washed at

once with very dilute nitric acid, then with water. It is then

boiled with neutral lead acetate ; the bases and the greater

V
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part of the xanthin aud carnin pass into solution. After

removal of the lead, the filtrate is evaporated in a vacuum,

then extracted with alcohol. The residue is examined for :

Ba*e.* A . It is treated with dilute ammonia ; this dissolves

xanthin, hypoxanthin, guanin, carnin, etc., whereas creatin,

etc., are insoluble. The ammonia is allowed to evaporate,

and hence adenin and guanin separate out. Hypoxanthin

and xanthin remain in solution.

Bases B. The alcoholic filtrate from above residue is neu

tralized, concentrated, and treated with mercuric chlorid.

The mercury precipitate is washed, decomposed with hydro

gen sulphid, the solution filtered, and the filtrate is precipi

tated with copper acetate :

(1) In the cold—acids of the carbopyridic series, which are

crystalline and give crystalline platinochlorids.

(2) In boiling solution—xanthin bases.

(3) The portion not precipitated by cold or hot copper

acetate is the most important. The copper is removed with

hydrogen sulphid, the filtrate evaporated to dryness, and ex

tracted with alcohol—guanin, creatin, neurin, chlorin, butyl-

enediamins, etc., neuridin, ethylenediamin ; hydropyridin

bases and homologues, and bases that give pyrrol on distilla

tion with lime ; all are very poisonous.

Base* C. The mercuric chlorid filtrate is concentrated to

drive off the alcohol and the mercury removed with hydro

gen sulphid. Lead acetate is added, the liquid filtered, and

after removal of the lead is evaporated to dryness and ex

tracted with dilute alcohol—the residue was creatin ; the

filtrate contained oxy-ethyleneamin, methyl-guanidin, etc.

Almost all of these are poisonous. They are less abundant

than the others.

(a) Xanthin bases. Exist in minute amount in meat and

are not toxic.

(b) Carbopyridic bases. Likewise present only in small

amount. They produce stupefaction in animals, but other

wise are not dangerous.

(c) Neurin and hydropyrrolic bases. They are the most

23
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abundant leucoma'ins in meat, and are the most poisonous.

Minute doses in mice produce dyspnoea, spasmodic movements

of the extremities, bristling of the hair, paralysis, tetanic

convuUions, and death.

(rf) Creatin bases. These produce in mice vomiting, diar

rhoea, tetanic convulsions, followed by paralysis of the ex

tremities.

To the physiological chemist these substances are of especial

interest because of the possible relation which they bear to

the formation of creatin and creatinin in the muscles. It

will be seen that in the leucomains of this group, as well as in

those of the uric acid group, hydrocyanic acid plays a very

important part in the molecular structure of these bases.

Just what the function of this cyanogen group is, so far as

the vital activity of the tissues is concerned, we know very

little, though recent investigations seem to show that the seat

of the cyanogen formation lies within the nucleated cell, and

is intimately connected with the functions of the nuclein

molecule.

Crusocreatinin, CsH6X40, forms orange-yellow crystals

which are slightly alkaline in reaction and possess a some

what bitter taste. It yields a soluble, non-deliquescent hydro

chlorid crystallizing in bundles of needles ; also a soluble

platinochlorid which forms tufts of beautiful, slender prisms.

The aurochlorid is obtained as slightly soluble, crystalline

grains, and, like the platinum double salt, is partially decom

posed on heating. It is not precipitated by acetate of zinc

or by mercuric nitrate, but is precipitated in the cold by so

lutions of alum. Zinc chlorid produces in somewhat con

centrated solutions a pulverulent precipitate which dissolves

on heating, and recrystallizes again on cooling. Like xantho-

creatinin, it is not thrown out of solution by oxalic or nitric

acid, and is thus distinguished from urea and guanidin ; nor

is it precipitated by acetate of copper—a distinction from

xanthin- derivatives. Mercuric chlorid produces an abun

dant tlocculeut precipitate which on heating partially dis
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solves, decomposing at the same time. Sodium phosphomo-

lybdate gives a heavy yellow precipitate, whereas potassium

mereuro-chlorid aud iodin in potassium iodid have no effect.

Potassium ferricyanid is not reduced. This base differs in its

composition from creatinin by HCN, the elements of hydro

cyanic acid, but in its crystalline form and alkaline reaction,

and some other properties, it would seem to be closely related

to this latter substance. Because of this apparent relation

ship and its golden-yellow color, Gautier named it cruso-

creatinin.

Xantho-creatinin, C5H^N,O, is the most abundant of

muscle-leucomains. It crystallizes in sulphur-yellow, thin

spangles, consisting of nearly rectangular plates which resem

ble somewhat those of cholesterin. It is soft and talc-like

to the touch ; possesses a slightly bitter taste, and when dis

solved in boiling alcohol it gives off the odor of acetamid,

though ordinarily in the cold it has a slight cadaveric odor.

When heated, the substance evolves an odor of roast meat,

carbonizes in part, and yields ammonia and methylamin.

The crystals are amphoteric in reaction, are soluble in cold

water, and can be recrystallized from boiling 99 per cent.

alcohol.

It forms a hydrochlorid crystallizing in plumose needles,

and a very soluble platinochlorid ; the aurochlorid crys

tallizes with difficulty. Like creatinin, it is precipitated by

zinc chlorid ; the yellowish-white precipitate dissolves with

partial dissociation on warming, and on cooling separates as

isolated or stellate groups of fine needles which possess the

composition (C5H16N4O),ZnCl3. Silver nitrate throws down,

in the cold, a flocculent precipitate which likewise dissolves

on heating, and recrystallizes in needles. Mercuric chlorid

produces a yellowish-white precipitate. It is not precipitated

by oxalic or nitric acid, nor by potassio-mercuric chlorid, or

iodin in potassium iodid. Tannin produces in time a slight

turbidity, while sodium phosphomolybdate gives a heavy

yellowish precipitate. This base is distinguished from the
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members of the uric acid group by not giving a precipitate

with copper acetate, not even on heating.

On gentle oxidation with potassium permanganate it is

converted into a black substance insoluble in acids and

alkalis, and resembling azulmic acid. By treatment with

recently precipitated mercuric oxid it yields a substance which

can be recrvstallized from boiling 93 per cent. alcohol in

needles which possess a slight alkaline reaction, and forms

a slightly soluble, crystalline platinochlorid. This new sub

stance is precipitated from alcoholic solution, by the addition

of ether, aa a mass of beautiful, white silky needles resem

bling caffein. These crystals melt at 174°; caffein melts at

178°.

Xantho-creatin, giveu in fairly large doses, is poisonous,

producing in animals depression, somnolence, and extreme

fatigue, accompanied by frequent defecation and vomiting.

In its general properties this base resembles creatin very

much, and it was on account of this resemblance and its yel

low color that it was named xantho-creatinin. This relation

becomes especially evident since this base appears in the

physiologically active muscle at the same time with creatinin,

constituting sometimes one-tenth of the creatinin present.

Monari has found this base in the aqueous extract of the

muscles of an exhausted dog, and also in the urine of soldiers

tired by several hours' march. He also demonstrated its

presence in the urine of a dog after previous injection of

creatinin. Stadthagen was not able to isolate this base from

his urine after prolonged muscular exercise, and arrived at

the conclusion that it does not occur in the urine, and that

Monari's base was an impure creatinin. Colasanti, in

1884, and again in 1891, isolated from lion's urine by Neu-

bauer's zinc-chlorid method for creatinin the latter com

pound and a yellow body which crystallized as canary-yellow,

small, opaque scales, or as small, orange-yellow, granular

masses composed of needle-shaped crystals. This he considers

to be xantho-creatinin, derived from the large excess of cre

atin in the food.
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Amphi-creatin, C.HuN,O,, is slightly soluble, and crys

tallizes from boiling water in yellowish-white oblique prisms,

which possess, if any, a slightly bitter taste. When heated to

100° it decrepitates somewhat, and at 110° it becomes opaque

white. Potassium hydrate does not decompose it in the cold.

Although a weak base, it combines to form salts just as the

preceding members of this group. The hydrochlorid is

crystalline, and is not deliquescent ; the platinochlorid

forms rhombic plates, which are soluble in water, but are

insoluble in absolute alcohol ; the aurochlorid crystallizes in

easily soluble, very small, microscopic crystals, which are

tetrahedral to hexahedral in their habit. It is not precipi

tated by copper acetate or by mercuric chlorid ; nor does it

give the murexid test, or the xanthin reaction. Sodium

phosphomolybdate produces a yellow, pulverulent precipi

tate. In its properties it resembles creatin, and indeed

Gautier thinks it may be possibly a combination of creatin,

C4H9N30„ and a base C5H^N4O^, which, it will be seen, differs

from the former only by a HON group. This second com

pound, if it really exists, has an analogy in cruso-creatinin,

the relation of which to creatinin may be expressed by the

equation :

C5H6N,0 = C4H1N30 + HCN.

Cruso-creatinin. Cbeatinin.

In a similar manner, amphi-creatin may be regarded as

C9H19N,04 = 2C1H,NS0, + HCN.

Amphi-creatin. Creatin.

A Base, CnH,,N11105, was isolated by Gautier from the

mother liquors of xantho-creatinin. It crystallizes in color-

less or yellowish, thin, apparently rectangular plates, which

are tasteless, and possess an amphoteric reaction. The hydro

chlorid forms bundles of fine needles ; the sulphate yields a

confused mass of needles ; the platinochlorid is soluble, non-

deliquescent, and crystalline. When heated with water in a

sealed tube at 180°-200° it gives off ammonia and carbonic

acid, and is converted into a new base, which, however, has
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not been studied. This reaction may be expressed by the

equation :

CuH^A = 2C.H..N,0, + C0CNH,)P

Ueea.

The urea which at first forms is, in turn, decomposed,

thus :

CO(NH,), + H,0 = CO, + 2NH,.

It is to be observed that this base differs in composition from

the following one by HCN, the hydrocyanic acid molecule.

A Base, C„HbNu05, was obtained from the mother-

liquors of cruso-creatinin, and forms rectangular silky plates,

resembling those of the preceding base and of xantho-creati-

nin. It forms crystallizabls salts.

These complex bases will require further study in order to

elucidate their physiology, and the possible connection which

they may have with the formation of urea and of the creati-

nin-derivatives already described.

MeTHYL-HYDanTOIn, C,HtN,0, = CO^^tt' _^" Qtj.

This substance was obtained by Guareschi and Mosso

(1883), by extracting fresh meat with 1-1.5 volumes of water

(without addition of acid), for two hours at 50°-60°. The

aqueous extract was evaporated on a water-bath and the

residue was extracted with 95 per cent, alcohol. This alco

holic solution, after the alcohol was driven off, was taken up

in water, filtered, and the aqueous solution was first extracted

with ether, then rendered alkaline with ammonia, and again

extracted with ether. The alkaline ether-extract gave on

evaporation a white crystalline residue of methyl-hydantoln.

The amount of this substance present in flesh appears to be

quite variable, since, at times, none whatever can be extracted.

Albertoni has isolated it from dog's flesh. Previous to its

discovery in flesh by Guareschi and Mosso, it was known

for a long time as a decomposition-product of various nitro

genous bases of the body. Thus, Neubauer prepared it by

heating creatinin with barium hydrate, while Huitert ob
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tained it by fusing together sarcosin with urea. As it occurs

in muscle, it is probably derived from the creatin, though

under what conditions this splitting up takes place is not

definitely known. Acetic and lactic acids are incapable of

effecting this change. At all events, it belongs to the

ureids, and is intermediate between creatinin, sarcosin, and

urea. Compare the above formula with that of creatinin,

p. 349.

Methyl-hydantoin forms prisms which are easily soluble in

water and alcohol, and but slightly soluble in cold ether. It

melts at 156° (Salkowski) ; at 159°-160° (Guareschi and

Mosso). Its aqueous solution is slightly acid in reaction.

On strong heating it volatilizes. When fused with potassium

hydrate it gives off ammonia ; it reduces mercuric nitrate in

the cold. Treated with mercuric oxid it assumes an alkaline

reaction, and the filtrate on heating yields metallic mercury.

With silver oxid it forms pearly lanceolate plates having

the composition C,H5N,0,.Ag. It does not give any alka-

loidal reactions.

Undetermined Leucoma'i'ns.

Leucomaim of Expired Air.

It was shown at quite an early period that exhalations from

animals contain, besides an increased amount of carbonic acid,

some organic matter, the nature of which, on account of the

exceedingly minute quantity in which it occurs, has never

been satisfactorily determined. Ransome, in 1870, estimated

the organic matter in expired air by permanganate of potash

to be about 0.2 g. per day. Later Uffelmann showed that

the amount of the organic matter in occupied closed rooms

increased in almost the same ratio as carbonic acid. Herr

manns, however, denied the existence of organic substances

in the expired air. Nevertheless, various observers did not

hesitate to ascribe to it the ill effects consequent upon breath

ing impure air, while at the same time the carbonic acid

formed during respiration was considered as either entirely
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inert or as insignificant in its action. Thus, respired air from

which moisture and carbonic acid have been removed, but

which still contains the organic vapors, has been found to be

highly poisonous. On the other hand, if the respired air is

drawn through a red-hot tube to destroy the organic matter,

the air thus purified is capable of sustaining life even in pres

ence of a large percentage of carbonic acid. While it cannot

be, therefore, doubted that the organic matter of expired air

plays a most important part in producing the well-known

noxious effects resulting from breathing confined and vitiated

air, nevertheless it would seem from experiments made by

Angus Smith that the increase of even such small quantities

of carbonic acid in the air as from 0.04, the normal amount

present, to 0.1 per cent., is capable of producing systemic dis

turbances characterized by a decrease in the pulse-rate and

an increase in the rate of respiration.

Smith is consequently of the opinion that the constant low

ering of the pulse in impure air, occasioned by the presence of

carbonic acid, must have a depressing effect on the vitality.

Whatever ill effects the carbonic acid may produce of itself,

it remained quite certain that this gas was not the most

potent and most injurious constituent of respired air; and the

investigations of Hammond, Nowak, Seegen, and others

pointed to the organic matter as the direct and immediate

agent which produces those symptoms of sickness and nausea

experienced in badly ventilated closed rooms.

Of special importance to the sanitarian and physician is the

work on the nature and action of the poisonous principle of

expired air which has been done by Brown-Sequard, d'Ar-

sonval, and R. Wurtz. The first two observers found that

the vapors exhaled by dogs, when condensed, and the aque

ous liquid ("20-44 c.c.) thus obtained was injected into other

animals, death was produced, generally within twenty-four

hours. The symptoms observed were dilatation of the pupil,

increase of heart-beat to 240-280 per minute, which may last

for several days or even weeks, while the temperature remains

normal ; the respiratory movements are generally slowed, and

x
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usually there is observed paralysis of the posterior members.

Choleraic diarrhoea is invariably present. As a rule, it

appears that larger doses cause labored respiration, violent

retching, and contraction of the pupil. A rapid lowering of

temperature, 0.5° to 5°, is sometimes observed. These same

symptoms, apparently in aggravated form, were obtained

when the liquid had been previously boiled for the purpose of

destroying any germs that might be present. The appear

ances presented on post-mortem were much like those observ

able in cardiac syncope.

The above work has been confirmed in part by R. Wurtz,

who, by passing expired air through a solution of oxalic acid,

has obtained, besides ammonia, a volatile organic base which

is precipitated by Bouchardat's reagent and by potassio-

mercuric iodid. It is said to form a platinum double salt

crystallizing in short needles, and a soluble gold salt. When

heated to 100° it gives off a peculiar odor. This basic sub

stance may properly be looked upon as a leucoma'in. The

possibility of its being an ammonium compound is not ex

cluded. The existence of a basic product in the expired air

has not been confirmed by Lehmann and Jessen or by Ben.

Merkel obtained a very small amount of a salt insufficient

for study.

Dastre and Loye, and Lehmann and Jessen and

Merkel have repeated the above experiments with wholly

negative results. It is possible that the most highly poisonous

substances formed in the body when there is an insufficient

air-supply are not eliminated in the exhaled air. Similar nega

tive results were obtained by Hoffmann-Wellendorf and

by Russo-Gilberti and Albsi, who injected the condensed

moisture from expired air without effect. Ben, in 1893, has

again taken up the subject of the toxicity of expired air.

From about 3000 liters of his expired air (eight hours) he ob

tained about 100 c.c. of condensed water having a peculiar,

not unpleasant odor. It gives a distinct reaction for ammonia

with Nessler's reagent, but contained no alkaloids. The or

ganic substance amounted to 5 mg., or for twenty-four hours

28*
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to 15 mg. By repeating Wurtz's experiment with 500 and

700 liters of expired air no alkaloidal reactions were obtained

or effects produced in animals. From these and other experi

ments, he concludes that the organic matter of expired air

cannot induce acute intoxication. The dyspnoea observed in

confined spaces is due to the lack of oxygen. Carbonic acid

may give rise to dulness and headache, but the amount may

rise considerably and be harmless so long as oxygen is not

decreased too much.

Sewer-air, according to observations made by Odling, con

tains a basic substance which is probably in composition a

compound ammonia. It contains, however, more carbon than

methylamin and less than ethylamin.

It should be remarked that Jackson (1887) announced the

presence in expired air of quantities of carbon monoxid gas

sufficient to produce the ill effects ordinarily attributed to the

organic matter. The presence of this poisonous gas must first

be fully demonstrated before it can be taken into account in

the consideration of the toxicity of air ; certainly, even if

present, it cannot explain the results obtained by the French

investigators as stated above.

According to Ilosva, expired air contains nitrous acid.

Tins may possibly be derived from that which is constantly

being formed in the mouth, probably by the reduction of

nitrates (Miller).

Leucoma'ins of the Urine.

A number of basic substances have been isolated at different

times from the urine, and on that account they may be prop

erly classed as leucoma'ins. Thus, Liebreich (1869) found

in the urine a base which apparently was an oxidation-product

of cholin, and which has since been regarded as identical with

betain. In 1866 Diipre and Bencb Jones found, among

other things in the urine, an alkaloidal body which in sul

phuric acid solution possessed a blue fluorescence (see p. 30).

Most of the members of the uric acid group of leucoma'ins



CHEMISTRY OF THE LEUCOMAINS. 527

have been detected in the urine and on account of their well-

defined nature they are described by themselves.

In 1871t, Thudichum announced the presence in the urine

of four new alkaloids, one of which, urotheobromin, was

subsequently rediscovered by Salomon and named para-

xanthin. Another base which was obtained, namely, reducin,

yielded a barium salt which readily reduced the salts of

silver and mercury. Its formula probably corresponded to

C„H31N609 or C6HnN304. A third alkaloid, parareducin,

formed a zinc compound having the composition C6H,N,0.-

ZnO. A fourth base is said to give a compound with platinum

chlorid and to contain an aromatic nucleus (aromin). Besides

these four bases Thudichum describes two other substances

which he considered to be basic. These were urochrome, the

normal pigment of the urine, and creatinin.

In 1880, Pouchet announced the presence of carnin,

C,H6N40„ and of another base which he subsequently ana

lyzed and found to have either the composition C,H„N40, or

C,H14N,O,. This substance formed deliquescent fusiform

crystals, sometimes crystallized in bundles or irregular spheres,

which possessed a slightly alkaline reaction and combined with

acids to form crystallizable salts. It was soluble in dilute

alcohol, almost insoluble in strong alcohol, insoluble in ether.

The hydrochlorid yielded double salts with gold chlorid,

platinum chlorid, and mercuric chlorid. The platinochlorid

formed deliquescent golden-yellow rhombic prisms. This base

occurred in the dialysate (see page 398). From the non-dia-

lyzable portion, Pouchet obtained another base correspond

ing to the formula C3H.N0„ which he called the " extractive

matter of urine." It gave precipitates with the general alka-

Ioidal reagents, was non-crystallizable, and is altered on expo

sure to air and resinified by hydrochloric acid. On the addi

tion of platinum chlorid it was rapidly oxidized, but did not

yield a platinochlorid. The bases were poisonous to frogs,

produced paralysis, loss of reflexes, and stoppage of the heart

in systole. The same author regarded the urine as containing

very small quantities of some pvridin bases, analogous to or jf
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identical with those obtained by Gautier and Etard from

decomposing fish.

Baumstark isolated a compound from the urine having

the composition C,HgN^O. In forty liters of urine it could

just be detected ; was more abundant in one case of icterus.

It was not present in dog's urine, except when it was fed ben

zoic acid. It crystallized from water in white prisms resem

bling hippuric acid. The crystals decrepitate on heating ;

are unchanged at 250°, but at higher temperature give oft

dense, white vapors having a peculiar odor ; melt and take

fire. The odor is that of burned horn. It is rather easily

soluble in hot water, difficultly in cold water and in alcohol ;

not in absolute alcohol or ether. The solutions are neutral.

It forms easily soluble salts. The hydrochlorid, C5H5N,O.-

HCl, crystallizes difficultly in dendritic masses ; is deliques

cent and soluble in alcohol. It does not combine with bases,

and is precipitated by mercuric nitrate, resembling allantoin

and urea. When heated in a glass tube or with soda-lime, it

gives off a combustible gas having the odor of ethylamin.

On boiling with baryta or ammonia ethylamin and barium

carbonate result. With nitrous acid it gives sarcolactic acid.

A somewhat similar substance was isolated by Meissner

from the urine of the dog.

The distinguished Italian toxicologist Selmi was, perhaps,

the first to draw attention to the probable formation of basic

substances in the living body during those pathological changes

brought on by the presence of pathogenic germs ; and in a

memoir presented to the Academy of Sciences of Bologna, in

December, 1880, he announced that infectious diseases, or those

in which there occurs an internal disarrangement of some

element, either plasmic or histological, must be accompanied

or followed by an elimination of more or less characteristic

products which would be a sign of the pathological condition

of the patient. To support this theory he examined a num

ber of pathological urines, and succeeded in obtaining from

them basic substances, some of which were poisonous, others

not. Thus, a specimen of urine from a patient with progres
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sive paralysis gave two bases strongly resembling nicotin and

eoniin ; from other pathological urines the bases obtained

usually had either an ammoniacal or trimethylamin odor. It

is well to note that in normal urine ammonia and trimethyl

amin are present, while organic bases, as peptotoxin, are ab

sent (Stadthagen). Selmi proposed to designate the basic

substances found in disease as pathoamins. The term uro-

toxin is likewise sometimes employed to designate the urine

poison. A strong confirmation of Selmi's theory is seen in

the observations made by Bouchard, Villiers, Lepine,

Gautier, and others, all of whom have apparently found

basic substances in the urine of various diseases.

Thus, Bouchard asserted the presence in normal urine of

two bases, one soluble in ether, the other insoluble in ether,

but soluble in chloroform. By the extraction of urine from

typhoid fever, pneumonia, pleuritis, and icterus with ether he

obtained substances that gave alkaloidal reactions. Lepine

and Guerin likewise extracted alkaline urine with ether and

obtained a poisonous substance. The extracts from pathologi

cal urines were more poisonous than those from normal urine,

and the tvphoid extract reacted differently from that of pneu

monia. Villiers found the basic substances, as a rule, in

pneumonia, tuberculosis, abscesses, but absent in tetanus. In

all these cases only extracts were employed, the substance not

being isolated in a degree of purity and iu amount sufficient

for analysis. It is comparatively easy (from the result of the

application of the so-called alkaloidal tests) to report upon

the presence of alkaloids in so complex a fluid as the urine.

It is much more difficult, however, to isolate such bodies in a

chemically pure condition, satisfying the requirements of exact

research.

The criticisms on these older examinations apply with equal

force to many of the more recent investigations of the urine

in disease. Thus Chiaruttini applied Spica's method for

the extraction of ptomains to the urine of various nervous

diseases with convulsions. In twelve cases alkaloids were ob

tained which produced similar toxic effects in animals. Ars
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LAN from the urine of two children with ankylostomiasis

separated a toxin that induced anaemia in rabbits. Boinet

and SrLbeRET isolated three bases from the urine of Base

dow's disease that in animals produced similar effects as ol)-

served in the disease. Marino-Zuco showed that the poison

ous action of extract of the adrenals, as observed by Foa and

Pellacani, was due to cholin (neurin of Marino-Zuco).

With Dutto, he found in the urine of Addison's disease a

base which behaved with reagents like cholin. They there

fore consider the disease as due to slow auto-intoxication with

this base. It may be mentioned in this connection that

eclampsia is considered by Favre as a ptomain,emia, whereas

Bouchard regards it as due to the non elimination of the

normal poisons of the urine. There is more reason, however,

in considering it as due to perverted cell-metabolism, just as

the varnishing of a part or the whole of the skin results, as

Klianitzin has pointed out, in the alteration of the chemical

products of the underlying cells. The same author has shown

the urine, as well as the blood and organs, to contain a basic

poisonous substance, presumably peptotoxin (see page 408) in

cases with extensive skin-burns.

In 1889 Luff examined the urine of infectious diseases

for basic products by the following method : A large quan

tity of the urine was rendered alkaline with sodium carbon

ate, and agitated with one-half its volume of ether. After

standing for some time the ether was removed, filtered, and

then agitated with a solution of tartaric acid, to remove the

alkaloids as soluble tartrates. The aqueous acid solution is

then rendered alkaline with sodium carbonate, and agitated

with one-half its volume of ether. The ether is removed,

allowed to evaporate spontaneously, and the residue, after

drying over sulphuric acid, is examined for alkaloids.

The urine of typhoid fever, collected during a high fever

for four days, gave a small quantity of a white crystalline

substance. When dissolved in hydrochloric acid it gave

reactions with phosphomolybdic acid, potassium mercuric

iodid, iodin solution, tannic and picric acids, and gold
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chlorid ; failed to react with phosphotungstic acid and pla

tinum chlorid. The examination of a second case was

negative.

Scarlet-fever urine collected during the height of the fever

(four gallons) gave a small amount of a white semi-crystalline

alkaloid. The solution in water was faintly alkaline. The

hydrochloric acid solution did not react with tannic acid or

platinum chlorid, but gave precipitates with the other reagents

mentioned above. The amount of substance was insufficient

to allow of analysis. In normal urines no such residues were

found.

Hunter, in 1890, examined the urine of pernicious anaemia

by the benzoyl-chlorid method, and obtained a very small

quantity of a benzoyl compound, which was extremely soluble

in alcohol, insoluble in water. It crystallized from alcohol

in long, fine needles, grouped in rosettes. The melting-point

was at 174°-175°. The crystalline form and the melting-

point agreed with putrescin. This compound was usually

alone, but sometimes was accompanied by another, forming

elongated, rectangular prisms. The crystalline form resem

bled that of the cadaverin compound. One specimen of

urine furnished a dibenzoyl compound, crystallizing in long,

rectangular prisms having a melting point between 70° and

80°. Binet isolated a thermogenic substance from the urine

of tuberculosis, and to a less extent from normal urine.

A most prolific supply of alkaloids from the urine of infec

tious diseases has been furnished by Griffiths. During the

past four years he has supplied formidable names and formulae

for fifteen bases isolated from the urine of as many infectious

diseases. The method employed was identical with that de

scribed by Luff. A list of these bases, together with others,

is given on page 320.

Certain basic substances, as the diamins, cadaverin, and

putrescin, have been isolated in a perfectly pure condition.

These two basic substances (see page 325) were observed by

Baumann and Udranzskv in one case of cystinuria. Later,
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Brieoer and Stadthaoen demonstrated the presence of

these same bases in two or more cases of cystinuria. They are

absent in normal urine and feces, and exceedingly rare in

other diseases. Thus, Roos has found diamins (putresciu) in

only one case of cholera, and then in the feces, not in the

urine ; more frequently in diarrluea or cholerine ; also in one

case of dysentery and malaria. As stated above, Hunter has

succeeded in apparently isolating putrescin from the urine

of pernicious anaemia.

Pgehl has proposed the following method for the estima

tion of the leucomains in the urine. To 100 c.c. of the

urine, 25 c.c. of hydrochloric acid (sp. g. 1.134) and 10

c.c. of a 10 per cent. solution of phosphotungstic acid are

added. Albumin and pepton must first be removed if

present. The precipitate is allowed to subside in a graduated

tube, and the number of cubic centimetres occupied by the

precipitate divided by 8 is to represent the approximate

weight of leucomains per liter of urine. The amount thus

found in the two cases was 0.ti and 1.69. Cavallero and

Olivctti have, with justice, severely attacked this method,

and have shown its utter unreliableness.

It is now a well-established fact that the urine of certain

infectious disea«os, as cholera (Bouchard) and septicaemia

(Feltz), etc., is far more poisonous than normal urine. That

the poisons, basic or otherwise, which are generated within

the body by the activity of bacteria can be excreted in

the urine is seen in the fact that immunity to the action of

bacillus pyocvaneus has been conferred on animals by pre

vious injection of urine taken from animals inoculated with

that bacillus (Bouchard) or with filtered cultures of the

same (Charrin and Ruffer).

Furthermore, the excretion of the tetanus and diphtheria

poisons by the urine has been shown to take place. Thus,

Brunner demonstrated the tetanus poison in the urine of ex

perimental animals, but failed with the urine of the disease in

man. BRuschEttrNM, however, with the urine of a tetanus
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patient, produced tetanic symptoms in mice by the injection

of 3-10 c.c. subcutaneously. In the urine from diphtheria

patients Roux and Yersin demonstrated the presence of the

diphtheritic poison by inducing paralysis in animals. Al

though basic substances are not present in the urine of cho

lera, they are present, but less frequently than was expected,

in the discharges (putrescin in only one of four cases, Rocs).

From cholera-feces Pouchet extracted an oily fluid very

poisonous to frogs ; whereas, Villiers obtained a base which

produced convulsions in guinea-pigs. Kulneff pointed out

the presence of ethylenediamin (?) in the stomach-fluids of

gastrectasia, while from the feces of a case of gastroptosis he

isolated trimethylamin.

In the consideration of the toxins in the urine of infectious

diseases it must not be forgotten, as pointed out by Jawein,

that the poison as well as the specific germ may be present in

the urine. Thus, in rabbits that died as a result of infection

with anthrax-bacillus, erysipelas-streptococcus, Eberth's ba

cillus, and Fraenkel's diplococcus, the urine was found to

contain these organisms. It, therefore, becomes difficult to

decide as to whether the toxin is elaborated within the body

or formed subsequently to the secretion of the urine.

The question of the toxicity of normal urine has been the

subject of considerable controversy. The early explanations

of the cause of unemia assumed that urine was poisonous, and

that unemic symptoms were the result of the retention of

urine. Actual demonstrations of the toxicity of urine were

made early in the century by Vauquelin and others. On the

other hand, disbelievers in the toxicity of urine were not

wanting. Thus Frerichs maintained that death, resulting

from intravenous injections of urine, was due to suspended

solid elements of the urine ; that urea itself was harmless, but

that it could by the action of a ferment give rise to the poi

sonous ammonium carbonate. Voit was among the first to

point out that potassium salts, on account of their toxicity,

could play an important part in uraemia. It can now be

positively stated that normal urine does possess a certain
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degree of toxicity. It is more difficult to decide upou the

nature of this poison. Feltz and Ritter (1881), and inde

pendently Astaschewskv, arrived at the opinion that the

toxicity was chiefly due to the potassium salts of the urine.

Schiffer, while acknowledging the presence and action of

the inorganic salts, maintained that the urine contained a

definite organic poison, for the reason that the concentrated

aqueous solutions from alcoholic extracts of the urine-residue

killed large rabbits in doses corresponding to 1-1 j liters of

urine, deprived of inorganic salts.

According to Bouchard, 30 to 60 c.c. of normal urine,

injected intravenously, will kill a rabbit weighing one kilo

gram. Hence a man weighing 60 kilograms, and excreting

per day 1200 c.c., would, if 50 c.c. are necessary to kill one

kilogram of living matter, secrete enough poison to kill

twenty-four kilograms of animal. Inasmuch as the amount

necessary to kill one kilogram of animal is designated as one

urotoxy, therefore, in the above case twenty-four urotoxics are

formed per day. The urotoxic coefficient is the number of

urotoxies which one kilogram of man forms in twenty-four

hours. Therefore, $-$=0.4, the urotoxic coefficient. The

average normal urotoxic coefficient is placed by Bouchard

at 0.464. It follows, therefore, that an average man would,

if the excretion of urine was stopped, be killed in fifty-two

hours. The variations of the urotoxic coefficient in the normal

individual is limited. In disease it rarely exceeds 2, and

rarely falls below 0.10.

' According to Bouchard, five kinds of poisons may be met

with in the urine, producing narcosis, salivation, mydriasis,

p&ralvsis, and convulsions. The day urine, which is chiefly

narcotic, is 2-4 times more toxic than the sleep urine, which

induces convulsions and is antagonistic of the former. The

toxicity is independent of the density, since night urine is

none dense than that secreted during the day.

The greater part of the toxicity of urine is ascribed by

"Ronrs,kRD to organic poisons, especially coloring-matters,

thanj. potassium salts are regarded as the cause of but a

4maT. frartiwn of the toxicity.
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Lepine likewise found that about 60 c.c. of urine sufficed

to kill one kg. of animal. The inorganic salts, however, are

ascribed by him a much greater importance, inasmuch as he

estimates that 85 per cent. of the intoxicatioh is due to this

cause. The remainder of the toxicity is due to organic mat

ter. Stadthagen has arrived at practically the same results,

that 80-85 per cent, of the toxicity is due to the inorganic

constituents. A part of the toxicity, 15-20 per cent., is there

fore due to organic substances. No one organic substance in

the urine, as urea, creatin, etc., possesses this toxicity. Stadt

hagen has further shown that alkaloidal bodies as pepto

toxin, guauidin, methyl-guanidin, cholin, neurin, xantho-

creatinin are absent from normal urine. 100 liters of urine

examined by Brieger's method for bases gave only am

monia, a little trimethylamin, besides creatinin. Gautier

has supposed that the urine poison was a proteid analogous to

that in the venom of serpents, but Stadthagen showed that

proteids were absent.

Ferments like pepsin are also excluded from consideration

because of their minute amount, while his experiments were

largely negative, so far as the detection of an organic poison

was concerned. Stadthagen disproved the existence of a

special urine poison. The poisonous action of normal urine

is therefore due to the sum total action of the inorganic salts,

chiefly potassium, and the normal organic constituents as

urea, creatinin, etc., which by themselves possess but a slight

action.

Guinard has recently tested the action of normal urine

from different animals. On an average, the toxicity per kg.

rabbit was as follows : Dog, 193 c.c.; man, 132 7 c.c.; pig,

53 c.c. ; ox, 38.5 c.c. ; guinea-pig, 35 c.c. ; sheep, 33.8 c.c. ;

goat, 32 c.c. ; ass, 29.4 c.c. ; horse, 29.2 c.c.; rabbit, l0 c.c. ;

eat, 13 c.c. The urine of a bear possessed toxicity similar to

that of the dog ; that of the lion and tiger corresponded to

that of the cat. In the case of the horse the urine was less

toxic from weak animals, from young animals, and from

males than from stronjj or old animals or females. The urea
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per liter of urine varied from 15 g. in the dog to 118 g. in

the cat. While rabbits are killed, per kilo, by an injection of

45 c.c. of normal urine, dogs are killed by an intravenous

injection of 100 c.c. per kilo (Mairet and Bosc). If the

thyroid gland is removed, the toxic effects are increased

(Godart and Slosse).

While Guinard failed to observe any effect or toxicity of

urine by pregnancy, Chambrelent and Demont found that

it was diminished in the later months. The average urotoxic

coefficient was 0.27. Mairet and Bosc examined the toxicity

of the urine in nervous disorders and found it to be increased,

especially in lypemania and mania. In general, however,

the toxic action was the same as that of normal urine, though

at times it produced specific nervous symptoms approximating

those of the disease.

Increased toxicity of the urine was observed by Sdrmont

in atrophic cirrhosis, tuberculosis, and carcinoma of the liver.

On the other hand, the toxicity was normal or subnormal in

hypertrophic cirrhosis, in hepatic congestion, and in infec

tious icterus.

Roque and Lemoine showed that there are marked changes

in the toxicity of the urine in malaria before and after au

attack. Before an attack the urotoxic coefficient was 0.13

and 0.274, whereas after an attack it rose to 0.684 and 1.276.

It would appear, therefore, that toxic products result from

the growth of the malaria plasmodium in the blood, and are

largely eliminated bv the kidneys. Quinin favors this excre

tion of poisons.

It does not follow from what has been stated that the urine

of disease is always more poisonous than in health. There

are diseases, as anemia, where, as shown by Schiffer and

by Bouchard, the urine is less toxic than in health. In this

disease or condition this may be due to a retention of the salts

of potassium.

Letteomaim of the Saliva.

According to Gautier (1881), normal human saliva con

tains divers toxic substances in small quantities which differ
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very much in their action according to the time of their se

cretion, and probably according to the individual gland in

which they are secreted. The aqueous extract of saliva at

100° is poisonous or narcotic in its action toward birds. To

show the presence of basic substances, the aqueous extract

was slightly acidulated with dilute hydrochloric acid, then

precipitated by Mayer's reagent ; the precipitate was washed,

then decomposed by hydrogen sulphid, and the solution fil

tered. The filtrate on evaporation gave a residue consisting

of microscopic slender needles of a soluble hydrochlorid.

This salt, purified by extraction with absolute alcohol, formed

soluble, crystalline, but easily decomposable double salts with

platinum chlorid and with gold chlorid. The solution of the

hydrochlorid produces an immediate precipitate of Prussian

blue in a mixture of potassium ferricyanid and ferric chlorid,

and when injected into birds produces stupor.

Leueoma'ins from other Tissues of the Body.

Selmi's work upon the formation of ptoma'ins during the

process of putrefaction led many investigators to doubt the

production of these bases by the decomposition of the proteid

or other complex molecules. To substantiate this, a number

of chemists, especially Italian, endeavored to show that

Selmi's bases, to a large extent at least, exist preformed in

the various tissues. Paterno and Spica (1882) succeeded

in extracting from fresh blood as well as from fresh albumin

of eggs substances identical, or at least similar, to those desig

nated under the name of ptoma'ins. Their observations, how

ever, were confined to the detection of alkaloidal reactions in

the various extracts obtained by Dragendorff's method, and

at no time were they in possession of a definite chemical

individual. Marino-Zuco (1885) was more successful, inas

much as he succeeded in obtaining from fresh tissues and

organs relevant quantities of a base identical with cholin, and,

in addition, he obtained extremely minute traces of other

alkaloidal bodies. One of these, obtained by the Stas method
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from the liver and spleen of an ox, exhibited in hydrochloric

acid solution a beautiful violet fluorescence resembling very

much that of the salts of quinin. A similar base, probably

identical with this one, was obtained by Bence Jones< and

Dupre (1856) from liver, nerves, tissues, and other organs,

and was named by them " animal chinoidin." A greenish-

blue fluorescence is frequently observable in the alcoholic ex

tracts of decomposing glue as well as from other putrefying

substances, and is undoubtedly due to products formed by

some one of the fluorescing bacteria. From a number of

very thorough experiments, he concluded that basic substances

do not pre-exist in fresh organs, but that the acids employed

in the process of extraction exert a decomposing action upon

the lecithin present in the tissues, resulting in the formation

of cholin. He further showed that the method of Dragen-

dorff, on account of the larger quantity of extractives which

forms, invariably gave a larger yield of this base than did

the Stas-Otto method. Similar olservations were made by

Guareschi and Mosso, by Coppola and others. At the

present time there is no doubt that some basic substances,

among these cholin, can be formed by the action of reagents,

and, on the other hand, it is equally well demonstrated that

similar bases do pre-exist in the physiological condition of the

tissues and fluids of the body.

Recently R. Wurtz has obtained from normal blood a

number of crystalline products of alkaline reaction, which

form well-crystallizable double salts with gold, platinum, and

mercuric chlorids. These, however, have not been as yet

subjected to analysis, because of the minute quantities which

were isolated.

Marino-Zuco and Martin in 1894 showed the presence of

cholin in fresh blood.

In extensive skin-burns Kijanitzin isolated a peptotoxin-

likebase from the urine and blood, more abundantly from the

organs. A similar base was shown by him to be produced by

the action of gastric juice on the blood in the presence of

bacteria; also in the early stages of the decomposition of
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blood. The explanation of the fatal results following the

varnishing of a part or the whole of the body is given on

page 409. A similar explanation undoubtedly holds true for

uriemia.

The presence of specific toxic substances in the blood of

infectious diseases is well recognized. Nissen has shown that

the blood in suppuration was toxic. In the blood of tetanus

in man Kallmever and Nissen demonstrated the presence

of the tetanic poison. Immerwahr showed the same to be

true with the organs of experimental tetanic animals, and that

the blood of scarlet fever during unemia was toxic. Brieger

was the first to show the presence of tetanin in the amputated

arm of a patient.

Morelle (1886) showed the presence, in the spleen of the

ox, of a base, the hydrochlorid of which crystallized in del

iquescent needles and likewise formed crystalline platino- and

aurochlorids. From experiments made by Laborde, the

base would seem to possess decided toxic properties, bring

ing on a dyspnoeic condition with convulsive movements and

loss of motion. The post-mortem examinations revealed an

extended visceral oedematous infiltration, and stoppage of the

heart in systole. For the presence of the xanthin bases,

cystin, gerontin, etc., in the organs of the body, see preceding

pages.

Viron found a very poisonous albuminoid in a hydrocele

fluid from a sheep.

A. W. BrA"rn has claimed to have isolated from milk two

alkaloidal substances, namely, galactin, the lead salt of which

is said to have the formula Pb.,0,.CMH16N40.a, and lactochrome,

the mercury salt of which is represented by the formula

HgO.C6H16NO,

Venom* of Poisonous Serpents.

The study of the chemistry of the venoms of serpents and

of batrachians is fraught with so many difficulties and with

so much danger, that we cannot wonder at the present unsat
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isfactory condition of our knowledge in regard to the poison

ous principles which they contain. Much of the work that

has been done hitherto is not only inaccurate and very con

tradictory, but is far from meeting the requirements of exact

toxicological research. From recent investigations it seems,

however, to be quite certain that the most active constituent

of the venom of serpents is not alkaloidal in its nature, as has

been supposed by some. In 1881 Gautier announced the

isolation of two alkaloids from the venom of the cobra which

gave precipitates with tannin, Mayer's reagent, Neasler's

reagent, iodin in potassium iodid, etc. They formed erystal-

lizable platinochlorids and aurochlorids, and also crystalline,

neutral, somewhat deliquescent hydrochlorids. The neutral

or slightly acid solutions produced an immediate precipitate

of Prussian blue in a mixture of potassium ferricyanid and

ferric chlorid. The substances possessed a decided physiologi

cal action, but Gautier himself did not consider them to be the

most dangerous constituents of the venom. This observat ion

of Gautier as to the presence of distinct basic substances in

venoms is at variance with that of Wolcott Gibbs, who was

unable to obtain an alkaloid from the rattlesnake (Crotalus)

venom. S. Weir Mitchell and E. T. Reichert were like

wise unable to substantiate Gautier's statements. Still more

recently Wolfenden, in an elaborate paper on the nature of

cobra-venom, has confirmed Wolcott Gums as to the entire

absence of any alkaloidal body.

Mitchell and Reichert made a careful study of the

venoms of various serpents, such as cobra, rattlesnake, moc

casin, and Indian viper, and succeeded in isolating two pro-

teid constituents, one belonging to the class of globulins and

the other to the peptons. The pepton is said to be non-

precipitable by alcohol. According to them, the globulin

constituent consisted of at least three distinct globulins.

They found that boiling coagulated and destroyed the glolv

ulin as a poison, but that the venom pepton was toxieallv

unchanged, so that the solution, though still poisonous, fails

to produce the characteristic local lesions due to fresh or
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unboiled venom. On the other hand, Gautier asserted

that the venom was not sensibly altered on being heated

to 120°-125, and that the toxic action remained constant

even when all the proteid constituents are removed thus

showing that the toxic action cannot be attribued to the albu

minoids. Later, Quartier acknowledged that viper venom

was destroyed at 100°. Calmette found it to be destroyed

at 98°, while still later PhisAlix and Bertrand showed

that an exposure of five minutes at 80°-85° destroyed the

toxicity. The venom pepton from the rattlesnake or the

moccasin, however, when injected into animals produced toxic

effects which were marked by an oedematous swelling over the

site of injection ; the tumor was filled with serum, and so also

was the subcutaneous cellular tissue. Furthermore, a gradual

breaking down of the tissues occurred, accompanied by rapid

putrefactive changes and a more or less extensive slough.

That peptons may possess intensely poisonous properties has

been shown to be the case by a number of authors, among

whom may be mentioned Schmidt-Mulheim, Hofmeister,

Pollitzer, and others. Brieger has, moreover, demon

strated that the formation of peptons in the process of diges

tion is accompanied by the development of a toxic ptomain,

which he has named peptotoxin. As stated elsewhere, Sal-

kowski doubts the formation of peptotoxin in ordinary diges

tion of proteids.

The venom globulins, on the other hand, though present in

less quantity than the peptons, induced the same remark

able local effects seen on injection of the pure venom. They

caused local bleedings, destroyed the coagulability of the

blood, and rapidly corroded the capillaries.

These results of Mitchell and Reichert, which are given

here somewhat in full, have been questioned by Wolfenden,

who, while agreeing in the main that the poisonous property

of venom is due to proteid constituents, regarded their pepton

not as a true pepton, but rather as one or more bodies of the

albumose group of proteids. He likewise regards the globu

lin of moccasin venom to be some other proteid body.

24
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According to him, the cobra venom owed its toxicity to the

proteids, globulin, serum albumin, and acid albumin. Occa

sionally there seem to be present traces of pepton and of

hemialbumose.

BRiEUERwas at first apparently inclined to believe that the

action of venom is due to animal alkaloids, on the ground that

these bases are extremely soluble, and hence always go into so

lution, along with the likewise very soluble proteid constitu

ents, and that the difficulty in their isolation lies in the elimina

tion of these proteids. Since then Brieger and Fraenkel

pointed out the poisonous nature of some bacterial proteids,

and also showed that cobra poison yields with alcohol a pre

cipitate which gives proteid reactions.

The proteids of serpents' venom should be compared with

the poisonous proteids formed by the activity of the pathogenic

bacteria, and more especially with the bacterial toxins, also

with similar compounds, the phytalbumose* of castor seeds,

jequirity, etc., and with the enzymes. Possibly similar com

pounds will be found in croton and other species of ricinus,

jatropha, loco-weed, etc. The poisons secreted by certain

spiders and fish may be mentioned in this connection.

The researches of the past two years on the venom of ser

pents have been productive of very important results, especi

ally from the standpoint of immunity to and cure from the

bites of venomous serpents. Although in the higher lati

tudes poisoning from snake-bites is comparatively rare, it

should not be overlooked that in certain portions of the globe,

notably India and Australia, the mortality from this cause is

exceedingly high, and may well claim the attention of gov

ernments. Thus, it is estimated in India that over 20,000

persons die annually from the bites of serpents.

Phinalix and Bertram) in 1893 confirmed Fontana's

previous observation that the garter-snake (couleuvre) was

unaffected by repeated bites from vipers or by subcutaneous

injection of the venom of the viper. These authors showed

that a dose of the venom sufficient to kill 15-20 guinea-pigs

was without effect on the garter-snake. The natural immu
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nity of the garter-suake to the viper venom is thus firmly estab

lished. From previous researches on the natural immunity

of the "crepaud" and viper to their own venoms Phisalix

and Bertrand showed that the blood or serum of these ser

pents contained the same poison, echidnin, as was present in

the venom. Similarly the blood or serum of the garter"

snake when injected in doses of 1.5 c.c. intraperitoneal^ into

guinea-pigs produced death in two hours with the same symp

toms as are observed after poisoning with viper venom. Al

though the several forms of garter-snakes are considered as

non-venomous, they nevertheless secrete through the superior

maxillary gland (or special glands, Jourdain) toxic pro

ducts analogous to echidnin, which are excreted into the blood,

rendering this, therefore, highly poisonous, and at the same

time establishing natural immunity. After the ablation of

the venom glands in the viper the blood loses a part of its

toxicity, showing that the source of the poison in the blood is

the venom gland. It would seem that this immunity is one

of tolerance and analogous to that which Sewall obtained

with rattlesnake venom.

Later (February, 1894), Phisalix and Bertrand showed

that viper venom heated to 75°-85° for five minutes lost its poi

sonous property with respect to guinea-pigs and acted as a vac

cine. The temperature of animals, however, was raised, whereas

with unheated venom it is lowered. They were, therefore,

led to believe that viper venom contained (1) a phlogogcnic

substance like the diastases—echidnase, and (2) a general

poison- echidnotoxin. Since both are destroyed by heat the

vaccine results either from the destruction of these two

substances or is preformed in the venom and acts after the

toxic principles are destroyed. This behavior of venom to

heat and to the production of immunity is analogous to

Friinkel's method of producing immunity to diphtheria.

The heated viper venom, or vaccine, does not impart imme

diate immunity to guinea-pigs, but this condition follows after

the lapse of several days—a result of the reaction of the or

ganism. An antitoxin appeared in the blood after the injec
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tion of the echidnovaccine, and in less amount in the blood

when immunity has been established by tolerance. The

amount of the antitoxin in the blood could be increased as in

the case of tetanus and of diphtheria. A very short time

afterward Calmette confirmed the observations that animals

could be immunized by repeated injections of the venom, be

ginning in small doses and gradually increasing. A single

non-fatal injection of venom may produce antitoxin in the

blood of the animal. He furthermore obtained immunity by

applying the method employed by Roux and Vaillard in

their work on tetanus, that is, by repeated injections of the

venom mixed with gold chlorid, or sodium or calcium hypo

chlorite. The serum of the immunized animal was found to

be antitoxic in the same sense as the serum of animals immu

nized to diphtheria or tetanus. Furthermore, not only was

the blood shown to be antitoxic to the venom employed, but

also to the venoms of other serpents. Thus, the serum of a

rabbit immunized against the cobra venom is not only anti

toxic to this venom, but also to the viper of France, the black

snake of Australia, etc.

Immunity therefore to venom can be obtained (1) by re

peated injections of small doses (Sewall, Phisalix and

Bertrand, Calmette) ; (2) by the use of heated venom or

vaccine (Phisalix and Bertrand); (3) by repeated injec

tions of venom mixed with hypochlorite solution (Calmette) ;

(4) by injections of antitoxic serum (Phisalix and Bert

rand, Calmette). The immunity according to the first

method, by tolerance, has been shown to be due to the

presence of antitoxin substances in the blood (Phisalix and

Bertrand, Calmette, Fraser). The second and third

methods are explainable in the same way.

The application of the latter principle in the treatment of

bites from serpents was suggested by Phisalix and Bertrand

and carried out by Calmette. The rabbit, dog (?), guinea-

pigs (Phisalix and Bertrand), horse and ass have been

employed to furnish serum antitoxic to venom. Calmette

has prepared a serum of a strength of 1 : 10,000; that is,
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rabbits given a dose of venom sufficient to kill in three or

four hours are saved if a quantity of antitoxic serum corre

sponding to ToftO0 of their weight is injected not later than

one hour after the injection of venom. As stated above, this

antitoxic serum protects against all venoms.

Calmette has also shown that the ichneumon of the An

tilles is naturally immune to venom, and that it owes this

condition to the antitoxic property of its blood. Just as the

serum of man was sometimes found to be antitoxic to the

diphtheria poison, so the serum of dogs was occasionally found

to be antitoxic to venom.

Fraser has independently arrived at substantially the

same results as the French investigators. Serum that is anti

toxic to venom is designated by Fraser as antivenen. He

immunized the horse and cat against the cobra venom. The

cat was also rendered immune by administration through the

stomach. It is interesting to note that Repin obtained im

munity in guinea-pigs to abrin, the poisonous albumose of

jequirity, by repeated administrations of small doses by the

mouth. Ehrlich has shown that while T\j mg. of abrin is

sufficient to kill a guinea pig in two or three days when in

jected subcutaneously, one hundred times this amount, 10 mg.,

is necessary to kill by the mouth. Roux and Yersin endeav

ored to produce immunity to diphtheria by the mouth, but

were unsuccessful.

According to Fraser, 0.18 mg. of cobra venom consti

tutes the minimum fatal dose for 1 kilogram of rabbit. The

guinea-pig is less susceptible, and the kitten still less so, re

quiring 2 mg. The minimum fatal dose of the rattlesnake

venom, per kilogram of rabbit, is placed at 4 mg. The

cobra venom is, therefore, 16-20 times more powerful than

that of the rattlesnake.

Calmette has successfully saved rabbits from intoxication

by venom by injecting in a circle, at a distance from the

wound, a solution of fresh calcium hypochlorite. In the

case of man an injection of 20-30 c.c. of the fresh solution

obtained by diluting a 1 : 12 solution (5 c.c.) with boiled
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water (45 c.c.). Maeret and Bosc consider this protection

by hypochlorite solution as due to a direct action on the venom

poison, and not to the formation of antitoxin. This method

of treating venom-bites has been tried with success in Aus

tralia. It should be noted that a solution of hypochlorite

not only destroys the poison of venom, but also the toxin of

glanders (Pench), of tetanus, and diphtheria (Koux).

It is therefore evident that a striking similarity exists in

the action of venom of plant albumoses, of bacterial toxins,

and of enzymes. The similarity is strengthened further by the

behavior of these poisons to heat, to chemicals, and lastly by

development of antitoxic substances in the blood of animals

artificially immunized against these poisons.

The blood or serum of the common turtle(?) (Bufo vul

garis) is in 1 c.c. dose toxic to frogs. This property of the

blood, therefore, is a result, as in the case of the viper and

the garter-snake, of the " inner secretion " of toxic glands

(Phisalix and Bertrand).

Cloez and Gratiolet in 1852 examined the poison con

tained in the cutaneous pustules of some batrachians, and

succeeded in extracting a substance which gave a white pre

cipitate with mercuric chlorid and formed a platinum double

salt. Beyond this meagre information very little is known in

regard to the character of these poisons, though Zalesky, in

1866, announced the isolation of an alkaloid to which he

assigned the formula C,4H66N,O5, and which he named sala-

mandarin. According to Dutartre (1890), this base is a

leucomain, and similar products, but with different physiolo

gical action, are to be found in other batrachians, as the toad,

triton(?), green and red frogs, and in the epidermis of some

fish. According to Calmeil, the poison from the toad con

tains methyl-carbylamin and isocyanacetic acid. According

to Phisalix and Contejean, the blood of the salamander

possesses antitoxic action with reference to curare. The sala

mander, therefore, is naturally immune, and, moreover, its

blood will protect frogs against curare.
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Table of Leucomains.

Formula. Name. Discoverer. Source.
Physiological

action.

C,H,N5 Adenin. Kossel. Nuclein-con-

taining organs.

Non-poisonous ;

muscle-stimulant

C5 H, N, 0 Hypoxanthin. Seherer. Nuclein-con- Non-poisonous ;

taining organs. muscle-stimulant

Ct Ht Ns 0 Guanin. linger. Nuclein-con- Non-poisonous ;

taining organs.

guano.

muscle-stimulant.

Ct Ht N, 0, Xanthin. Marcet. Nuclein-con- Non-poisonous ;

; taining organs,

calcull

muscle-stimulant.

C,HtN, 0. Heteroxanthin.

|
Salomon. Urine. Poisonous.

C, HtN,O, Methyl-xauthin

1

Bondzynski

and Gottlieb.

'

C, Hs N, 0, Paraxanthin. Thudichum.

Salomon.

C7 h, N,0a carnin. Weidel. Liebig's meat- Non-poisonous ;

extract. muscle-stimulant

C,H,N,0(?) Eplsarkin. Ballte. Urine.

CmHuN.O. Epiguautn. Krnger and

Wulff.

C^ri,)NpiO, Wosin. Kossel and

Neumann

Adenylic acid.

C, H5 N5 0 Pseudoxanthin. Gautier. Muscle.

C,H, N, O Unnamed. Baumstark. Urine.

Ct H1,K, Gerontin. Grandis. Liver of dogs. Poisonous.

Cs H..N, Spermin. Schreiner. Spcrma, in tis

sues of leuco-

cythaemies.

Non-poisonous.

Protamin. Miescher. Salmon-spawn.

Cs Ut Nt 0 Cruso-creatinin. Gautier. Muscle.

C, U1,N, 0 1 Xantho-creatinin.
"

Poisonous.

C, H,tn, 0, Amphl-creatin. "

CnHfiN10O5 Unnamed.
" "

CiaHatNiicV
ti "

C, H,.,N, ,), Pouchet. Urine.

C, H5NO,
" "

Csi^flo^a 0& Salamandarln. Zalesky. Salamander. Poisonous



CHAPTER XIV.

THE AUTOGENOUS DISEASES.

All living tilings are composed of cells. The simplest

forms of life are unicellular, and in these all the functions of

life devolve upon the single cell. Absorption, secretion, and

excretion must be carried on by the same cell. A collection

of unicellular organisms might be compared to a community

of men with every individual his own tailor, shoemaker, car

penter, cook, farmer, gardener, blacksmith, etc. However,

only the lowest forms of life are unicellular ; all others are

multicellular. In the higher animals there is a differentiation

not only in the size and structure of the cells, but in the labor

which they perform. The body of man may be compared to a

community in which labor has been specialized. Certain

groups of cells, which we designate by the term " organ," take

upon themselves the task of doing some special line of work,

the well-doing of which is essential to the health, not only of

that group, but of other groups as well, or of the body as a

whole. There is an interdependence among the various

organs. Certain groups of cells supply the fluids or juices

which act as digestants, and among these there is again a

division of labor. The salivary glands supply a fluid which

partially digests the starch of our food : the peptic glands

supply the gastric juice which does the preliminary work in

the digestion of the proteids; while the pancreatic juice com

pletes the digestion of the starches begun in the mouth, of the

proteids begun in the stomach, and does the special work of

emulsifying the fats. But even some of these products of

complete digestion would be harmful should they enter the

circulation unchanged. The peptons must be converted into

serum albumin by the absorbing mechanism of the walls of the
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intestines, and while 10 per cent. of the fat of the food is split

up into glycerin and fatty acids by the action of the pancre

atic juice, a much smaller per cent. enters the thoracic duct

in this divided form. The food may be taken in proper

quality and quantity ; the digestive juices may do their work

promptly and properly, but if the absorbents fail to perform

their functions properly disease results. It may happen

that the failure lies in improper or imperfect assimilation,

and the result becomes equally disastrous, and with the

effects of non-elimination we are fairly conversant. Of the

myriads of cells in the healthy human body there is none

which is superfluous. It is true that among these ulti

mate entities of existence death is constantly occurring, but

in health regeneration goes on with equal rapidity, and

each organ continues to do its daily and hourly task. The

microscope has made us familiar with the size and shape of

the various cells of the body, and students of pathology have

described the alterations in form and size characteristic of

various disease-states. But we must remember that in the

study of these ultimate elements of life there are other things

beside their morphological history to investigate. They are

endowed with life, and they, as well as the germs, have a

physiology and chemistry which we know but slightly. They

are influenced beneficially or harmfully, as the case may

be, by their environment. They grow and perform their

functions properly when supplied with the needed pabulum.

They are not immune to poisonous agents. They are in

jured when the products of their own activity accumulate

about them.

The object in writing this chapter has been to collect what

evidence we may concerning those diseases which arise from

imperfect or improper activity of the cells of the body, not due

to the introduction of foreign cells. To designate this class

of diseases we have selected the word autogenous, and we un

derstand that in these diseases the inateries morbi is a product

of some cell of the body, and not, as in the case of the infec

tious diseases, of cells introduced from without the body.

24*
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It is true, without exception so far as we know, that the

excretions of all living things, plants and animals, contain

substances which are poisonous to the organisms which excrete

them. A man may drink only chemically pure water, eat

only that food which is free from all adulterations, and

breathe nothing but the purest air, free from all organic mat

ter, both living and dead, and yet that man's excretions

would contain poisons. Where do these poisons originate?

They are formed within the body. They originate in the

metabolic changes by which the complex organic molecule is

split up into simpler compounds. We may suppose—indeed,

we have good reason for believing—that the proteid molecule

has certain lines of cleavage along which it breaks when cer

tain forces are applied, and that the resulting fragments have

also lines of cleavage along which they break under certain

influences, and so on until the end-products, urea, ammonia,

water, and carbon-dioxid, are reached; also that some of these

intermediate products are highly poisonous has been abun

dantly demonstrated. The fact that the hydrocyanic acid

molecule is a frequent constituent of the leucomains is one of

great significance. We know that chemical composition is an

indication of physiological action, and the intensely poison

ous character of some of the leucomains conforms to this

fact. It matters not whether the proteid molecule be broken

np by organized ferments, bacteria, or by the unorganized

ferments of the digestive juices, by the cells of the liver, or by

those still unknown agencies which induce metabolic changes

in all the tissues—in all cases poisons may be formed. These

poisons will differ in quality and quantity according to the

proteid which is acted upon, and according to the force which

acts.

Peptons and albumoses formed during digestion do not in

health reach the general circulation. When injected directly

into the blood they act as powerful poisons. They destroy the

coagulability of the blood, lower blood-pressure, and in large

quantities cause speedy death. Brunton attributes the lassi

tude, depression, sense of weight in the limbs, and dulness in the
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head occurring in the well-fed, inactive man, after his meals,

to poisoning with peptons. The remedy which he proposes is

less food, especially less nitrogenous food, and more exercise.

That some substance resulting from the proteids of the food is

the cause of this trouble Brunton thinks is evidenced by the

fact that the weakness and languor are apparently less after

meals consisting of farinaceous foods only.

That pepton finds its way into the general circulation fre

quently is shown by its detection in the urine in many dis

eased conditions, some of which are infectious and others

autogenous in character. However, propeptonuria, or albumo

suria, is more common than peptonuria, and we have already

seen that many of the bacterial albumoses are among the most

highly poisonous bodies known, but the action of the albu-

moses formed during digestion has not, so far as we know, been

studied. The valuable work of KnrnE and Chittenden on

the chemical character of these bodies should be supplemented

by a thorough investigation of their physiological effects

when injected into the blood. It is more than probable that

valuable information would be secured by such studies. That

albumose is frequently found in the urine is shown by the fol

lowing list of diseases in which it has been observed, given in

the last edition of the work of Neubaoer and Vogeloh the

urine: Kosner has found it in spermatorrhoea ; Koppen, in

mental diseases without spermatorrhoea ; Kahler, in osteo

malacia; Bence Jones, in multiple myeloma; Senator

and others in dermatitis, intestinal ulcer, liver -abscess,

croupous pneumonia, apoplexy, vitium cordis, resectio-coxae,

parametritis, endocarditis, typhoid fever, nephritis, phthisis,

etc. ; Lgeb, in measles and scarlet fever ; Leube, in urti

caria ; and Lassar, after inunctions of petroleum. K6tt-

nitz, Furstner, and others, find albumose frequently in the

urine in mental diseases. Evidently, there is much to learn

from the study of the conditions accompanied by the elimina

tion of the albumoses in the urine. It is more than probable

that the acute Bright's disease following scarlet fever, diph

theria, and the other acute infectious diseases, owes its exist
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ence to the toxins of these diseases. Prior has shown that

undigested egg-albumin is sometimes absorbed and produces

marked disturbances. A boy, after eating sixteen raw eggs,

had a high fever accompanied by the appearance of both

albumin and haemoglobin in the urine.

Brieger obtained by digesting fibrin with gastric juice a

substance which gives reactions with many of the general

alkaloidal reagents, and to which he has given the name

" peptotoxin." A few drops of a dilute aqueous solution of

this substance sufficed to kill frogs within fifteen minutes.

The frogs became apparently paralyzed, and did not respond

to stimuli. Slight tremor was perceptible in the muscles of

the extremities. Rabbits of about one kilogram weight were

given from 0.5 to 1 gram of the extract subcutaneouslv.

About fifteen minutes after the injection paralysis, beginning

in the posterior extremities, set in ; the animal fell into a

somnolent condition, sank and died. In some rabbits several

hours elapsed before the above mentioned symptoms ap

peared.

Peptotoxin was found by Brieger to be formed not only

by the digestive juice, but to be among the first putrefactive

products of proteids, as fibrin, casein, brain-substance, liver,

and muscle.

It is highly probable that many of the nervous symptoms

which accompany some forms of dyspepsia are due to the

formation and absorption of poisonous substances.

In some persons the tendency to the formation of poison?

out of certain foods is very marked. Thus, there are some to

whom the smallest bit of egg is highly poisonous ; with others

milk will not agree ; and instances of this kind are sufficiently

numerous to give rise to the adage, " What is one man's meat

is another man's poison."

Brunton is of the opinion that the condition which we

term " biliousness," and which is most likely to exist in those

who eat largely of proteids, is due to the formation of poisou-

ous alkaloids ; but of this we have uo positive proof.

Whether or not the unorganized digestive ferments ever
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find their way into the blood in quantity sufficient to cause

deviations from health, we are not in a position to state defi

nitely. The older physiological chemists teach us that pepsin

and trypsin are frequent, if not constant, constituents ofnormal

urine, but their experiments were made without any reference

to the possibility of the ferments which they found being

formed by the bacteria of the urine, and after carefully going

over the literature of the subject we are not prepared to pass

judgment on the truth of their statements. However this

may be, the fact that these ferments manifest a marked toxi-

cological effect when introduced into the blood is of great

interest, especially at this time. Hildebrandt has reported

the results of some experiments made by himself upon this

subject. He finds that a fatal dose of pepsin for dogs is from

0.1 to 0.2 gram per kilogram of body-weight. The subcuta

neous injection of these quantities is followed by a marked

elevation of temperature, which he designates as " ferment-

fever." This fever begins within an hour after the injection,

reaches its maximum after from four to six hours, and may con

tinue for some days. On the day preceding death the tem

perature generally falls below the normal. During the period

of elevation there are frequent chills.

The symptoms accompanying the fever vary somewhat with

the species of animal. Rabbits lose flesh notwithstanding the

fact that they continue for a while to eat well, they become

very weak, and death is preceded by convulsive movements.

Dogs tremble in the limbs, become uncertain in gait, and

vomiting, dyspnoea, and coma are followed by death.

On section there are observed parenchymatous degeneration

of the muscles of the heart and similar changes in the liver

and kidney. There are abundant hemorrhages in the intesti

nal canal, in Pever's patches, in the mesenteric glands ; and

in the lungs in cats. Thrombi are frequently found in the

lungs and in some cases in the kidneys.

The effect upon the coagulability of the blood is worthy of

note. At first there is a period during which the coagula

bility of the blood is greatly lessened, then follows a period
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of greater rapidity in coagulating, and it is in this latter stage

that the thrombi are formed.

That certain febrile conditions are autogenous there can be

no doubt. These, like other diseases originating within the

system, may be due to either of the following causes : 1 .

There may be an excessive formation of poisonous substances

in the body. Thus, Bouchard has shown that the urine ex

creted during the hours of activity is much more poisouous

than that excreted during the hours of rest. Both physical

and mental labor are accompanied by the formation of these

deleterious bodies, and if the hours of labor are prolonged

and those of rest shortened, there will be an accumulation of

effete matters within the system. 2. The accumulation of the

poisonous matters may be due to deficient elimination. 3.

Some organ whose duty it is to change harmful into harmless

bodies may fail to perform its functions properly. Illustra

tions of diseased conditions arising from these several causes

will be given.

First, we may mention fatigue-fever, which is by no means

uncommon, and from which the overworked physician not in

frequently suffers. One works night and day for some time ;

elimination seems to proceed normally ; but after a few days

there is an elevation of temperature of from one to three de

grees, the appetite is impaired, and then if the opportunity

for rest is at hand sound and restful sleep is impossible. The

tired man retires to his bed expecting to fall asleep imme

diately, but he tosses from side to side all night, or his sleep is

fitful and unrefrewhing. The brain is excited and refuses to

be at rest. The senses are alert, and all efforts to sink them

in repose are unavailing. Fatigue-fever is frequently ob

served in armies upon forced marches, especially if the troops

are young and unaccustomed to service. Moswo has studied

this fever in the Italian army, lie states that in fatigue the

blood is subjected to a process of decomposition brought about

by the infiltration into it from the tissues of poisonous sub

stances, which, when injected into the circulation of healthy

animals, induce malaise and all the signs of excessive exhaus
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tion. It is possible that in this decomposition of the blood

the fibrin-ferment, which, according to Schmidt, is held in

combination in the colorless corpuscles, is liberated ; and it

has been shown by Edelberg that the injection of small

quantities of free fibrin-ferment into the blood causes fever,

while the injection of larger quantities is followed by the

formation of thrombi, as has been demonstrated by the ex

periments of Edelberg, Bonne, Birk, and Kohlar.

Fatigue-fever is often accompanied, especially during the

period of elevation, by chilly sensations, and consequently it

is pronounced malarial and quinin is administered, but it

does no good—often harm, by increasing cerebral excitement.

The proper treatment is prolonged rest, with proper attention

to elimination.

Then there is the fever of exhaustion, which differs from

fatigue-fever only in degree. It is brought on by prolonged

exertion without sufficient rest and often without sufficient

food. The healthy balance between the formation and elimi

nation of effete matter is disturbed, and it may be weeks be

fore it is re-established—indeed, it may never be regained, for

some of those cases terminate fatally. The fever of exhaus

tion may take on the typhus form, delirium may appear,

muscular control of the bowels may be lost, and death may

result.

That the fever of exhaustion has been mistaken for typhoid

by some of the ablest clinical teachers is shown by Peter in

the following quotation. "It was in 1852," says he, "when

entering upon my clinical studies and ardent in my attend

ance at the clinic of Chomel, I was witness of the following

instance : A young man was received under the celebrated

professor's charge suffering from prostration, muscular pain,

and rhachialgia. Chomel made the examination with all the

care and attention used by him ; then—as was also usual with

him in the presence of the patient—he gave the diagnosis in

Latin, which was 'Aut febri* peyerica, ant variola ineipientis '

(either typhoid fever or incipient smallpox). I felt rather

dissatisfied at a diagnosis so little precise by one so eminent in
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his art. The truth of the matter was, though Chomel was

not aware of it, this young fellow in a state of destitution had

walked from Compi§gne to Paris, sleeping by the wayside at

night and nourishing himself with such refuse food as chance

supplied. It was under such circumstances the patient had

developed febrile symptoms. The day after his admission,

and simply from rest in bed, he felt better, and the day fol

lowing he was altogether well."

That all cases of the fever of exhaustion do not terminate

so rapidly as that instanced above many physicians know.

We have seen at least one such case terminate fatally.

Then, again, there is the fever of non-elimination, which all

physicians of experience have observed. There is a feeling

of languor, the head aches, the tongue is coated, the breath

offensive, and the bowels constipated. The physician fears

typhoid fever, but finds that a good, brisk cathartic dissipates

all unpleasant symptoms, and the temperature falls to the

normal. This fever is also liable to appear among those who

are confined to bed from other causes. Brunton says : " No

one who has watched cases of acute diseases, such as pneu

monia, can have failed to see how a rise of temperature some

times coincides with the occurrence of constipation, and is re

moved by opening the bowels." The surgeon and obstetrician

have often had cause to rejoice when they have found a fever,

which they feared indicated septicemia, disappearing after

free purgation.

Bouchard has shown that normal feces contain a highly

poisonous substance, which may be separated from them by

dialysis, and which, when administered to rabbits, produces

violent convulsions. He estimates that the amount of poison

ous alkaloids formed in the intestines of a healthy man each

twenty-four hours would be quite sufficient to kill, if it was

all absorbed. He proposes the term " stereoncmia " for that

condition which results from arrest of excretion from the intes

tine.

It is more than probable that the poisons of the intestines

are due to the bacteria which are normally present ; but this
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would not exclude the fever of non-elimination from the list

of autogenous diseases. The bacterial cells which are nor

mally present in the intestines cannot be regarded as invaders

from without.

It would seem from some recent studies that not all surgi

cal fevers are due to bacterial activity. The absorption of

aseptic blood-clots and of disintegrated tissue in cases of com

plicated fractures and contusions of the joints is accompanied

by an elevation of the temperature above normal. A like

result may follow the intravenous injection of a sterile solu

tion of hiemoglobin or of the blood of another animal. The

causative agent in the production of these fevers remains un

known. In the blood of twelve out of fifteen patients with

aseptic fever, at the clinic of Nothnagel, Hammerschlag

has found free fibrin- ferment, but in five persons without

fever he found the same substance in the blood. This leaves

the causative agent in the production of the aseptic, or, more

properly speaking, the non-bacterial, fevers unknown.

The chemical theory of so-called unemia has received sup

port in recent researches, notwithstanding the fact that the

old idea that urea is the active poison and the theory of

Frerichs that ammonium carbonate is the active agent

have been abandoned.

Landois laid bare the surface of the brain in dogs and

rabbits, and sprinkled the motor area with creatin, creatinin,

and other constituents of the urine. Urea, ammonium car

bonate, sodium chlorid, and potassium chlorid had but slight

effect ; but creatin, creatinin, and acid sodium phosphate

caused clonic convulsions on the opposite side of the body,

which later became bilateral. The convulsions continued at

intervals for from two to three days, when, growing gradually

weaker, they disappeared. Landois concludes that chorea

gravidarum is a forerunner of eclampsia. These experiments

have been confirmed by Lecbcscher and Zeichen.

Falck injected into both sound and nephrotomized animals

fresh urine, urine, and the ferment of Muscclus and Lea,

and urine which had undergone spontaneous decomposition,

without producing any symptoms which were comparable



558 BACTERIAL POISONS.

with those observed in uraemia. However, he did find that if

a few drops of an infusion of putrid flesh were added to the

urine before injection all the typical symptoms of unemia

were induced. That the infusion of putrid flesh alone had

no effect was also demonstrated. This would lead us to be

lieve that some ferment in the infusion converts some constitu

ent of the urine into a highly poisonous body. In this con

nection attention may be called to the fact that creatin

may he converted by the action of certain germs into methyl-

guanidin, which produces convulsions. Whether such con

version ocellrs in uraemia or not, and if it does what the cause

of it is, are questions which must be left for future investiga

tions to decide. It would be well for someone to test the brain

and blood of a person who has died in unemic convulsions

for methyl-guanidin.

That there is a marked disturbance of tissue-metabolism

caused by the inhalation of vitiated air has been shown by

Arakl In the urine of animals rendered unconscious by

being kept in a confined space this experimenter found albu

min, sugar, and lactic acid. If the animals had been kept

without food for some days before being subjected to this ex

periment, albumin and lactic acid were found, but no sugar

appeared. This was undoubtedly due to the fact that the

glycogen of the body had been exhausted by the fasting.

Identical results were observed in animals poisoned with car

bon monoxid. Dogs poisoned with curare, and in which the

respiratory movements were maintained artificially, secreted

very little urine ; but the blood was found to contain consid

erable quantities of sugar and lactic acid. The urine of frogs

in which the respiration was retarded by the production of

tetenus with strychnin secreted urine containing sugar and

lactic acid. In the urine of three epileptics there were found

albumin and lactic acid directly after the seizure. The factor

common to all these cases is diminished oxygenation of the

blood, and to this is ascribed the appearance of the abnormal

constituents of the urine. These investigations demonstrate

the influence of impure air upon the chemistry of the living

cells of the animal bodv.



)F T/

-gna

pctlo

,f pntr<

and cad

rytta

I'itut

I

ino, to

; odor t

ie of m

' precip

I precip

I I tri

te.

.broirf

;ipltatd

nnge-r<

-

• oil.

t- fl, i t

'ulut .

rop

or of h

acid.

'olorlei

-poisonous







.
^M

..-



BIBLIOGRAPHY.

(Arranged according to chapters.)

Chapter I.

. Ueber Ptomaine, ii. 67; iii. 85, 1885-86. Berl. klin.

ochenschr., 1888.

Zeitschr. f. Hygiene, 19, 101.

u. Cohn. Zeitschr. f. Hygiene, 15, 1.

u. Fraenkel. Berl. klin. Wochenschr., 27, 241, 267, 1133

890). Ber. d. Chem. Gesellsch., 23, Ref. 251.

.. Journ. Chem. Soc., 1886.

ier. Berl. klin. Wochenschr., 27, 216, 1084.

Ber. d. Chem. Gesellsch., 9, 1848 ; 10, 176 ; 11, 42, 1870 ;

3, 1307 ; 15, 867.

iM, C. Hyg. Bundschan, 1894.

See Vaughan.

rt. Intoxikationen.

ne. Zeitschr. f. Biolog , 30, 239.

hr, Deutsch. med. Wochenschr., 1890, p. 81, 108.

H. Journ. f. prakt. Chemie, [2] 20, 454.

eur. Compt. Rendus, 1861.

'kauer u. Beck. Zeitschr. f. Hyg., 18, 128.

.r and Yer*in. Annates de l'Institut Pasteur, 2, 629; 3, 273 ;

. 4, 385.

homiroff. Zeitschr. f. physiol. Chemie, 21, 90, 1895.

hin>ky. Arch, de m6d. Exp., 5, 293, 1893. Centralbl. f.

Bakteriologie, 14-

.sbrook. Annales de l'Institut Pasteur, 318.

wffer. Journ. f. prakt. Chemie, [2] 23, 302.

• 'mi. Rendct. d. Accad. d. Scienze d. Institute d. Bologna, Dec.

j-.' 1875, p. 36.

ft eber. Journ. f. prakt. Chemie, [2] 23, 419.

I aughan. Trans. Seventh International Congress of Hygiene, 3,

I 118.





BIBLIOGRAPHY.

(Arranged according to chapters.)

Chapter I.

Brieger. Ueber Ptomaine, ii. 67; iii. 85, 1885-86. Berl. klin.

Wochenachr., 1888.

Zeitschr. f. Hygiene, 19, 101.

u. Cohn. Zeitschr. f. Hygiene, 15, 1.

u. Fraenkel. Berl. klin. Wochenschr., 27, 241, 267, 1133

(1890). Ber. d. Chem. Gesellsch., 23, Ref. 251.

Brown. Journ. Chem. Soc., 1886.

Bw-hner. Berl. klin. Wochenschr., 27, 216, 1084.

Fitz. Ber. d. Chem. Gesellsch., 9, 1848 ; 10, 176; 11, 42, 1870;

13, 1307 ; 15, 867.

Fraenkel, C. Hyg. Rundschan, 1894.

Freer. See Vaughan.

Kobert. Intoxikationen.

Kuhne. Zeitschr. f. Biolog , 30, 239.

Loeffler. Deutsch. med. Wochenschr., 1890, p. 81, 108.

Nencki. Journ. f. prakt. Chemie, [2] 20, 454.

Pasteur. Compt. Rendus, 1861.

Proskauer u. Beck. Zeitschr. f. Hyg., 18, 128.

Rour and Yerain. Annates de l'lnstitut Pasteur, 2, 629; 3, 273 ;

4, 385.

Tichomiroff. Zeitschr. f. physiol. Chemie, 21, 90, 1895.

Uschin>ky. Arch, de med. Exp., 5, 293, 1893. Centralbl. f.

Bakteriologie, 14.

We*brook. Annates de l'lnstitut Pasteur, 318.

Schiiffer. Journ. f. prakt. Chemie, [2] 23, 302.

Selmi. Rendct. d. Accad. d. Scienze d. Institute d. Bologna, Dec.

1875, p. 36.

Sieber. Journ. f. prakt. Chemie, [2] 23, 419.

Vaughan. Trans. Seventh International Congress of Hygiene, 3,

118.



560 BIBLIOGRAPHY.

Chapter II.

Babes. Annales d. l'lnstitut Pasteur, 3, 384.

Bchring. Deutech. med. Wochenschrift, 19, 389, 415, 543, 565.

594; 20, 169, 251, 343, 437, 453, 645, 686, 865.

Bchring u. KiUxtato. Deutsch. med. Wochenschrift, 16, 1113.

Bergmann. Das Putride Gift und die Putride Infection. Dorpat,

1868.

u. Schmiedeberg. Med. Centralbl., 1869, 497.

Bouchard. Lecons sur les Auto-intoxications, etc. Paris, 1887.

English transl., Davis, Phila., 1893. Vide Chapter XII.

Brieger. Vide Chapter XII.

u. Fraenkel. Vide Chapter I.

Brugnatrtli et Zenoni. Journ. de Med. et de Chim., [4] 78, 41,

1877. Ber. de Chem. Gesellsch., 9, 1437.

Buchner, H. Archiv. f. Hygiene, 10, 84.

Biichner. Toxicologic, 1829.

Cadet de Gassieourt. Journ. de Pharm.

Calmette. Vide Chapter VIII.

Christmas. Annal. de l'lnstitut Pasteur, 1891, p. 487.

Dann. De Veneni Botulini Viribus et Natura, 1822.

Dupr'e. Magendie'a Journ. de. Phys., 3, 72, 1823.

Dupuy, M. Arch. gen. de Med., 11, 297, 1826.

et Trousseau. Arch. g6n. de Med., 11, 373, 1826.

Ehrlich. Deutsch. med. Wochenschrift, 17, 976, 1218.

Firth. London Lancet, 1887, 1, 213.

Fodor. Archiv. f. Hygiene, 4, 130. Centralblatt f. Bakteriologie,

8,753.

Gaxpard, B. Magendie'a Journ. de Physiol., 2. 1, 1882 ; 4, 1, 1824.

Gaulier, A. Monit. Scientif.. [3] 11, 736, 738. 1881 ; 12, 422. 1882 ;

16, 241, 1886. Chem Jahrb., 1881, 1059. Virchow's Jahres-

berichte, 1881, 1, 126. Journ. de l'Anat. et Physiol., 17, 333,

1883 ; 1881, 330. Bull, de l'Acad. de Med., [2] 10, 776 ; 15.

65, 115, 1886; 620, 1881. Arch. d. Pharm., 219, 396, 1881 ;

221, 483; 223, 513, 1883. Compt. Eendus, 94, 1119, 1298,

1882. Chem. Jahrb., 1882, 1116. Agric. Chem. Jahrb., 25,

428, 1882. Rev. d. Naturw., 1883, 576. Ann. d'Hyg., 1881.

[3] 5, 546. J. d. conn. mod. prat., Paris, 1881, 48, 355, 364,

372, 380, 388, 397. Soc. de med. et pharm. de l'Isere, 1881-82,

6, 9, 34. Tribune med., Paris, 1886, 18, 78, 87. Cincin.

lancet-Clinic, 1886, n. s. 16, 628. Rep. d. Pharm., 9, 278,



BIBLIOGRAPHY. 561

1881. Gaz. MeU, [2] 23, 483, 1881. Bull. Soc. Chim., 43,

158. Schmidt's Jahrb., 210, 3, 1886.

Qautier, A. Sur les Alcaloides. Ptomaines et Leucomaines, Paris,

1886. Bull, de l'Acad. de M6d., 1886. [2] 11, 158. Ber. d.

Chem. Oesellsch., 20, Bef. 337. La Chimie de la cellule

vivante, 1895.et Etard, A. Gaz. de Paris, 27, 337, 1882. Bull. Soc.

Chim., 37, 305, 1882. Schmidt's Jahrb., 195, 10, 196, 1882.

Chem. Centralbl., 1882. Rev. d. Naturw., 1883, 576. Compt.

Rendus, 94, 973, 1357, 1598, 1601, 1882 ; 97, 263, 325. Monit.

Scientif., [3] 12, 694. Chem. Jahrb., 1882, 1236. Arch. d.

Pharm., 221, 485. Agric. Chem. Jahrb., 26, 419, 1883.

Zeitschr. f. Anal. Chem., 21, 623.

Guare5chi, J. Annal. di Chim. e Farmacol., 1887, 237. Archiv.

d. Pharm., [3] 26, 83, 1888. Gaz. Chim., 17, 503, 1887. Ber.

d. Chem. Gesellsch., 21, Ref. 359.

et Monari. Riv. di Chim., [3] 2, 190, 1884.

et Mosto. Les Ptomaines, Turin, 1883. Arch. Ital. de

Biol., 2, 367, 1882; 3, 241, 1883. Ber. d. Chem. Gesellsch.,

1876, 197 ; 17, 84. Gaz. chim. ital., 13, 493, 538, 1883. Journ.

f. prakt. Chem., [2] 27, 425 ; 28, 504. Chem. Jahrb., 1883,

1357. R. Acad. d. Lincei, 1882. Journ. Chem. Soc., 44,

1156 ; 45. Riv. di chim. med. e farm., Torino, 1883, 1, 54,

92, 191.

Holler. Physiologic, iii. 154.

Hankin. British Med. Journal, 1889, 810.

Hemmer. Experimentelle Studien fiber die wirkung Faulender

Stoffe auf den thierischen Organismus. Miinchen, 1866.

Hennemann. Hufeland's Journal, 57, 2, 106.

Hoffa. Die Natur des Milzbrandsgiftes, Wiesbaden, 1886. Lan-

genbeck's Archiv, 39, 273. Sitzungsber, d. Phys. med. Ges.

Wurzburg, 1889, 96.

Hiinnefeld. Horn's Archiv, 1827,1, 203. Physiologische Chemie.

Breslan, 1826, 1, 116.

Jones, Bence H, and Dupr'e. Med. Times and Gaz., Aug. 18, 1866,

163. Schmidt's Jahrb., 132, 4, 1866. Zeitschr. f. Chem. u.

Pharm., 1866. Pharm. Centralhalle, 16, No. 10. Ber. d.

Chem. Gesellsch., 1874, 1491. Proc. London Roy. Soc., 15,

73, 1886.

Kerncr. Nouvelles Observations sur les Empoisonments mortels

qui arriventsi souvent dans le Wurtemburg par I' usage des



562 BIBLIOGRAPHY.

Bonding fumt'es. Tiibingen, 1820. Das Fettgift oder die

Fettsaure u. ihre Wirkungen auf. d. their. Organ, Stuttgart,

1822. Henke's Zeitschrift, 1821-22. Hanle's Magazine,

1824-25.

Kinnicutt. Boston Med- and Surg. Journal, 120, 64.

Kitasato. Zeitschrift f. Hygiene, 10, 267.

Koch, R. Mittheilungen aus dem kaiserl. Oesundheitsamt., 1881,

Bd. I. Berlin, klin. Wochenschr., 1884-85.

Ladil, E. F. Fourth Annual Report of the Board of Control of

the New York Experiment Station, Elmira, N. Y., p. 318.

Ibid., Fifth Annual Report, p. 362.

Leuret. Arch. gen. de med., 11, 98, 1826.

Levy. Archiv f. experiment. Path. u. Pharm. 14.

Licbermann, L. Maly's Jahrb. i. Thier-chemie, 1885. Ber. d.

chem. GesellBch., 18, 598.

Lombrono, C. Riv. Chim., [2] 12, 368. Gaz. de Paris, 51, 653,

1875. Med. Centralbl., 14, 228, 1876. Hoffmann, Ger. med..

p. 631. Gazz. Lomb., J. S., 2, 38, 1875.

et Erba. Pharm. Zeitg., 1879, 346.

Magendie. Magendie's Journ. de Phys., 3, 81, 1823.

Marino-Zu.co, F. Vide Chapter XII.

Martin. Proceedings of the Royal Society of London, 1890,

May 22.

Mchchnikoff. Annates de l'lnstitut Pasteur, 1894.

Meger, J. Virchow's Archiv, 4, 29, 1852.

Moriggia et Battistini. Vide Chapter III.

Nencki, Ueber die Zersetzung der Gelatine und des Eiweisses bei

der Faiilniss mit Pankreas, Bern, 1876. Journ. f. prakt.

Chem. N. F. 26, 47, 1882. Agric. Chem. Jahr., 25, 428, 1882.

Schmidt's Jahrb., 196, 1882. Ber. d. chem. Gesellsch., 17,

2605, 1884 ; 22, Ref. 701, 702. Monats. f. Chem., 10, 506.

Newton and Wallace. Phila. Med. News, Sept. 25, 1886.

Nirati et Birttch. Journ. de Pharm. et de Chim., 12, 385. 1885.

Archiv. de Pharm., 224, 41. Deutsch. med. Zeitz., 2, 992,

1885. Compt. Rendus, 99, 928.

Novy. Vide Chapter III.

Nuttall. Zeitschrift f. Hygiene, 4. 353.

Ogata and Jamhara. Centralblatt f. Bakteriologie, 9, 25, 597.

Orfila. Traite des Poisons, 3 ieme ed., 2, 492.Traite, etc. London Med. and Physical Journal, 46, 68.



BIBLIOGRAPHY. 563

Panum. Anna), de China, et de Phys., [5] 9, 350. Archiv d.

Pharm., 212, 88, 1878. Schmidt's Jahrb., 9, 213, 1859. Vir-

chow's Archiv, 10, 301 ; 15, 441 ; 16 ; 25, 308, 433 ; 27, 240 ;

28 ; 29 , 40; 60, 301, 1874. Bidrag til Laeren om den Saal-

naletteellerseptisce Infection. Bibliothek fiir Laeger, 1856.

Phisalix et Bertrand. Vide Chapter VIII.

Borsch u. Fassbender. Ber. d. chem. Gesellsch., 7, 1064.

Roux et Yersin. Vide Chapter X.

Snlmon and Smith. Transactions of the Ninth International Con

gress of Medicine, 3, 403.

Schaffer. Iowa State Register.

Schmidt, A. Untersuchungen fiber das Sepsin. Inaug. Disserta

tion, Dorpat, 1869.

C. Charakteristik der epidemischen Cholera. Leipzig u.

Mitan, 1850.

Schumann. Archiv f. med. Erfahrung, 1829, 1, 30, 75.

Schwanert. Ber. d. chem. Gesellsch., 7, 1322, 1874. Archiv d.

Pharm., 206, 272, 1875.

Schwrinitz. Vide Chapter VIII.

Schwenninger. Ueber die Wirkung fanlender organischer Sub-

stanzen auf den lebenden thierischen Organismus. Miinchen,

1866. Bayr. Aerztl. Int.-Bl., 1806, 42, 47. Schmidt's Jahrb.,

4, 171, 12.

Sclmi. Ptomaine od alcalvidi cadaverici. Bologna, 1881.

Sertiirner. Horn's Archiv, 1828, 1, 65.

Stanton. Lancet Clinic, 1887.

Stwh. Annal. d. Charit^-krankenh., 3, 192, 1853.

Tizzoni and Cattani. Centralblatt f. Bakteriologie, 9, 189.

Vanffhan. Vide Chapter III.

Wallace. Phila. Med. News, 1887.

Weber, C. O. Deutach. Klinik, 1864, 1865.

//. A. Journ. Amer. Chem. Soc., 12, 485, 1890.

Weiss. Die neuesten Vergiftungen durch verdorbene Wiirete.

Carlsruhe, 1824.

Westrumb. Horn's Archiv, 1828, 1, 65.

Wolff 11. Therap. Gaz., 1888, [3] 4, 21.

Ziilzer u. Sonnrnschcin. Berl. klin. Wochenschr., 6, 121, 1869;

Wiener med. Wochenschrift, 1891, No. 10.



564 BIBLIOGRAPHY.

Chapter III.

Allaben. New York Med. Record, 1886.

Anrep, B. v. St. Petersb. med. Wochenschr., 8, 35, 281, 1883.

Deutsch. med. Ztg., 1884, 5. Vratsch. St. Petersburg, 1883,

4, 433, 452, 1889. Maly's Jahresberichte, 20, 445. Arcb.

Slaves de Biol. Paris, 1886, 1, 341.

Aruttanww. Therapeutische Monatshefte, 6, 323; Vratsch. 1891,

No. 19.

Ballard. Ninth Annual Report of the Local Gov. Board. Tran

sactions of the Seventh International Congress of Hygiene,

3, 102.

Basenau. Archiv. f. Hygiene, 20, 242.

Blanchard. Transactions of the Seventh International Congress

of Hygiene, 3, 127.

Bohn. Vide Chapter XII.

Bollard. Compt. rendus. de la Soc. de Biol. 41, 131.

Bouchardat. Annales d'Hygtene, 17, 360.

Bouligny. Annales d'Hygiene, 21, 234.

Brieger. Vide Chapters I. and XII.

Buchner. Vide Chapter II.

Burrow. London Med. Repository, 3, 445.

Cameron, C. A. Tr. Sanit. Inst. Gr. Brit. London, 1885, 6, 321.

Camman. New York Med. Journ., 60, 573.

Chritlison. A Treatise on Poisons, 1845.

Coldstream. Christison on Poisons, 1845, 482.

Combe. Edinburgh Med. and Surg. Journ., 29, 1888.

Dann. Vide Chapter II.

IH Mallei. Centralbl. f. med. Wissensch., 1868, Nos. 1, 7, 28.

Chem. Jahresb., 1868, 730 ; 1867, 776. Arch. p. 1. Sci. m6d.,

(! F. 3, 245, 1882.

Doolitlle. Vide Wallace.

Edwardx. Christison on Poisons, 1845, 478. Orfila's Toxikoligie

Cu'nerale, 2, 44.

Ehrenberg, E. Zeitschr. f. Physiol. Chem., 11, 145, 438, 239 ; 12,

145. Ber. d. Chem. Gesell., 20, Ref. 629, 656. Journ. f. prakt.

Chem., 36, 117.

Ehrhardt. Schmidt's Jahrb., 213, 248.

Firth. Vide Chapter II.

Fodere. Medecine legale, iv. 85. Gazette de Santi, 1812, 1813.

Gaffky. Deutsch. med. Wochenschrift, 18, 297.u. Paak. Arbeiten a. d. kaiserl. Gesundlieitsamtes, 6, 159.



BIBLIOGRAPHY. 565

Gartner. Corresp. Bl. d. Aerzt. Vereins v. Thiiringen, 1888, No. 9.

Geiseler. Rust's Magazine, 16, 111.

Gibson. New York Med. Record, 1886, 2.

Grcshof. Report from the Botanical Gardens, Batavia, 1890.

Griffiths. Vide Chapter XII.

Gunlher. Handbuch der Ichthyologie, Wien, 1866. Schmidt's

Jahrbuch, 216, 142.

Hiller. Die Lchre von der Faulniss., Berlin, 1879. Centralbl. f.

Chirurg., 1876.

Hoist. Nord. Med. Archiv., 1892,

Hoppe-Scylcr. Handbuch d. phys. u. pathol. Chem. Analyse. 6te

Aufgabe. Ber. d. Chem. Gesellsch., 12, 702, 2251.

Hunnefeld. Vide Chapter II.

Htuemann, Th. Arch. d. Pharm., 216, 169; 217, 327; 219, 187,

204, 415, 424; 220, 270; 221, 401, 481; 222, 521. 1884.

Schmidt's Jahrb., 186, 123 ; 191, 6. Chem. Jahrb., 1881, 975;

1882, 1116; 1883, 1357. Chem. News, 1882. Ann. d'Hyg.,

1880, [3] 4, 480. Zeitschr. d. allg. Oesterr. Apoth. Verein.,

Wien, 1882, 20, 33, 54. Am. Joum. Pharm., 1882, [3] 12,

764. Am. Observer, Detroit, 1881, N. S., 18, 297.

Deutsche mcd. Wochenschrift, 1880.

Jager. Henke's Zeitschrift, 1824.

Kerner. Vide Chapter II.

Kinnicutt. Vide Chapter II.

Klein. Vide Ballard.

Robert, R. Schmidt's Jahrb., 189, 219; 201, 1, 1884; 186, 123,

1880 ; 196, 6, 1882; 195, 3, 1884. Archiv. f. experim. Pathol.

u. Pharmak., 18, 316. St. Petersburg, med. Wochenschr.,

1891. Ann. di chim. e di farm. Milano, 1888, [4] 7, 32.

Reprint, 1891. Therap. Monatsh., 51, 129; Maly's Jnhres-

berichte, 21, 457. Vide under Leucomains. Die Intoxica-

tionen.

Ladd. Vide Chapter II.

Iximormux. Orfihi's Toxicologic.

Lewix. Chem. News, 67, 52, 1893.

Liebig. Annal. d. Chem. u. Pharm., 42, 278.

Lindner. Centralblatt f. Bakteriologie, 3, 352.

Lohmeger. Virchow's Archiv, 104, 169.

Ix)mbrom. Vide Chapter II.

Lubarsch. Jahresbericht f. Kinderheilkunde, 1894.

Mitchell and Reichert. Smithsonian Contributions to Knowledge.

25



566 BIBLIOGRAPHY.

Mobiux. Kieler Zeitung, Dec. 17, 1885.

Miihring. Acta Physico-medica, 1744. Dc Mytilorum quorundam

venino. Appendix, 124.

Morrow. New York Med. Record, 1886, 2.

Mouo. Archiv. f. Exper. Path. u. Pharm., 25, 111.

Muller, A. Chem. Jahresb., 1857, 402

Miiller, L. Experimentelle Studien fiber die Krankheits- und

Todesursache in faulenden Stoffen, das sogenannte Putride

Gift. Mfinchen, 1867.

Newton and Wallace. Vide Chapter II.

Ollivier. Annates d'Hygifine, 20, 413.

Paiguier. Journ. de Pharmacie, 5, 25.

Pennavaria. II farmacista italiano, 12, 328.

Poels. Niederl. Tiydschrift v. Genusk., 1893, 157.

Pohl. Prager med. Wochenschrift, 1893.

Potain. L'Union Medical, 1892.

Prochorow. Wratsch, 1884, 54.

Bchn. Hygienisches Rundschan, 4, 964

Remy. Comp. Rendus de la soc. de biol., (1883) 4, 263.

Rdser. Medical Gazette, 1842-43, 1, 271.

Schearer. Report of Iowa State Board of Health, 1886.

Seldossberger, J. Archiv. f. physiol. Heilk , 1852. Archiv. f.

pathol. Anat, 11, 569, 1857. Archiv. d. Pharm., 220, 270.

Schmidt's Jahrb., 97. 157, 1858.

Schmidt. Tagesblt d. 60ten Vcrsamml. d. Deutsch. Naturf. u.

Aertze, 1887. Pharm. Rundsch., 5, 266.

Schmidtmann. Wilhelmshavener Tagesbl., Oct. 20, 1885.

Schumann. Vide Chapter II.

Serturner. Christison on Poisons.

Sieber. Gazeta lekarska, 1895. Centralblatt f. Bakteriologie, 17,

888.

Siedler. Hiifcland's Journal.

Springfield. Inaug. Dissertation, Greifswald, 1887.

Stevenson, Th Brit. Med. Jouru., 1884, 1, 1136.

Takahaxhi u. Inoko. Archiv. f. exper. Path. u. Pharm., 26, 401,

453.

Vancouver. Voyage of Discovery, 2, 285.

Van den Corput. Du Poison qui se developpe dans les Viandes et

les Bondins fumues., BruxelUs, 1855. Presse Med., 38, 17,

121, 129, 1886. Bull. Acad. Roy. de Med. de Belg., Brux.,

1886 [3] 20 181. Art Med., Brux., 1886-87, 22, 97.



BIBLIOGRAPHY. 567

Vaughan, V. C. Zeitschrift f. physiolog. Chemie, 10, 146.

Schmidt's Jahrbiicher, 209, 249. Archiv. d. Pharm., 224,

213. Journal Amor. Med. Assoc., Sept. 17, 1877. Journal

Analyt. Chemistry, 1, 24. Archiv. f. Hygiene, 7, 420. Med.

News, 57, 158. Med. and Surg. Reporter, 68, 584. Archives

of Pediatries, 7, 863. Transactions of Amer. Pediatric Soc.,

2, 109.and Novy. Ptoma'ins and Leueomains, 1888, 1891. First

Quarterly Report of Michigan Laboratory of Hygiene, 1888.

Pharm. Rundschan, 6, 27.

\lrchow. Ges. Abhandl. z. Wissens. Med., 1856, 636. Med.

Reform, 1884. Berl. klin. Wochenschr., 1885, No. 48. Vir-

chow's Archiv, 104, 161.

Virey. Journal de Pharmacie, 5, 509.

Wallace. Vide Chapter II.

WeMrumb. Vide Chapter II.

Wolff. Vide Chapter II.

Chapter V.

Baumgarten. Lchrbuch der Pathologischen Mykologie, s. 109.

Bollinger. Zur Pathologie des Milzbrandes. Miinchen, 1872.

Brieger, L. Vide Chapters I., II. and XII.

Buchner, II. Berliner klin. Wochenschr., 1890, 673.

Charrin. Journ. de Chimie. et d. Pharm. 16, 241, 1887. Archiv.

d. Pharm. [3] 25, 1027.

et Capitan. Soc. de Biol., 862,1882.

et Roger. Compt. Rendus Soc. Biol., 1886, 607 ; 1887, 145 ;

Ber. d. Chem. Gescllsch., 20, Ref. 438, 1887. Med. Record,

32, 455, 1887. Pharm. Journ. Trans., Dec. 1887. Maly's

Jahresberichte, 1886, 489; 1887, 430.

Colin. Compt, Rend., 1876, 1880.

Davaine. Compt. Rend., 57 and 67.

Feser. Jahrb. von Virchow u. Hirsch, 1876.

Klcb«. Allgemcine Pathologie, s. 374.

Koch, R. Mittheilungen aus d. Kais. Gesundheitsamte, 2, 1.

Arbeiten aus d. Kais. Gesundheitsamte, 3. Deutsch. med.

Wochenschrift, 16, 1029; 17, 101, 1189.

Lm. Zeitschrift f. Hygiene, 7, 505.

Metwhnikoff. Virchow's Archiv, 96. Annates de l'lnstitut

Pasteur, 1894.

NecUen. Archiv. f. klin. Chirurgie, 1884.



668 BIBLIOGRAPHY.

Novy, F. G. Medical News, Jnly, 1895.

OemUr. Berl. Archiv., 1876-80.

Paxlnir. Compt. Rendus, 48, 158 ; 50, 849 ; 90, 239 ; 91, 455, 673.

697; 92, 429; 95, 1120, 1250. Bull. Acad, de Med., 8, 1222.

Rev. de Med. 1879, 193.

Boloff. Der Milzbrand, 1882.

Sialamgrotzky. Zeitechr. f. Thiermedeein.

Szpilmann. Zeitechr. f. Physiol. Chem., 4, 350.

Toepfer. Die neueren Erfahrungen u. d. Aetiologie d. Milz-

brandes, 1883.

Touunint. Recherches sur la Maladie Charbonneuse, 1879. Comp.

Rendn, 91, 195; 93, 163.

Vaughan. Vide Chapter III.

Virchow. Vide Chapter VIII.

Welch. Journal American Med. Assoc., 1889.

Chapter VI.

Babes, A. Virchow's Archiv, 119.

Bagintky u. Stwlthagen. Berl. klin. Wochenschr., 27, 294, 1890.

Belfanti e Pencarolo. Centralbl. f. Bakt.

Bo,,ner u. Peiper. Zeitechr. f. Hyg., 1.

Billingx. Swine Plague, 1888-89.

Bitter. Zeitechrift f. Hygiene, 12, 298.

Bollinger. Zur Pathologie des Milzbrandes, Munich, 1872.

Bonardi, E. Rivera Clinica Med., 1889, No. 7. Gazz. med. Ital.

Lomb., Milano, 1888, 43, 61.

Bonhoff. Archiv. f. Hygiene, 22, 351. Hygienische Rundschan,

4,961.

Bmwme. La Riforma Medica, 1894, Nos. 120, 122.

Booker. Transactions of the Seventh International Congress of

Medicine.

Bouchard. Transactions of the Tenth International Med. Con

gress, 1890. Compt. Rendus, 110.

Brauell. Virchow's Archiv, 1857.

Brieger, L. Vide Chapter XII.

u. Oohn. Zeitechrift f. Hygiene, 13, 1.

u. Fraenkel. Vide Chapter I.

Bruschettini. Riforma Medica, 1892, 1893. Archiv. per le

Scienze Mediche, 1892.

Buchner. Archiv. f. Hyg., 10, 84.



BIBLIOGRAPHY. 569

Bujwid, O. Ber. d. Chem. Gesellsch., 1883, 432. Arch. f. Pathol.

Anat., 1883, 91, 190. Archives des Sciences Biolog., St.

Petersburg, 1892, 243.

Canlani. Deutsch. med. Wochenschr., 1886, No. 45.

Centanni. Deutsch. med. Wochenschrift, 1894, Nos. 7, 8 and 12.

e Brunchettini. Deutsch. med. Wochenschrift, 1894.

Chauveau. Jour, de Med. Vet., 1880, 449. Compt. Rendus, 91,

1880.

Crookxhank and Herroun. British Med Journ., 1891, 401.

f'zaplewski. Zeitschrift f. Hygiene, 12, 348. Berliner klin.

Wochenschrift, 1892, No. 29.

Davaine. Compt. Rendus, 58, 220.

DeBary. Vorlesungen fiber Bakterien, 1885.

Delofond. Traite sur la Maladie de Sang des Betes a laine, 1843.

rhierzfuwuki u. Rekowxki. Archives des Sciences Biolog., St.

Petersburg, 1, 1<37.

Eberth. Virchow's Archiv, 81.

Ermengem. Deutsche med. Wochenschrift, 1885.

Exefirrirh. Jahrbuch. f. Kinderheilkuude, 33, 3C9.

Fermi. Archiv. f. Hyg., 10, 1.

c Pernosni. Zeitschrift f. Hygiene, 16, 383.

Fliigge. Die Mikroorganismen. Zeitschrift f. Hygiene, 17, 272.

Fraetikel a. Shiwmiuh. Zeitschrift f. Hygiene, 2, 138.

Gamaleia. Compt. Rendus, 109, 110.

Gerhuh. Magazin f. Thierheilkunde.

Grminger. Infektionskrankheiten, p. 320, 1885.

Grlgoriew. Archiv. f. Hygiene, 21, 142.

Guillebeau. Vide Nencki.

Hammer!. Hygienische Rundschan, 1893.

Hammerschhtf. Deutsch. med. Wochenschrift, 19, 711.

Hankin. British Med. Journ., 1890 (2), 12. Proc. Royal Soc.,

48, 93, 1890.

Hericourt et Ricket. La Bulletin Med., 1892, 243.

Heuringer. Die Milzbrandkrankheiten der Thiere und de

Menschen.

Hocksinger. Centralblatt fur Bakteriologie, 1887.

Hoffa. Uber de Natur des Milzbrandgiftes, Wiesbaden, 1886.

Hmy)pe. Deutsch. med. Wochenschr., 1884, Nos. 48-50.

u. Scholl, Berl. klin. Wochenschr., 1891.

Hunter. British Med. Journal, 1891.

Kerry u. Fraenkel. Monatoh. f. Chem., 12, 350. Ber. d. Chem.

Gesellsch., 23, Ref. 663, 24, Ref. 918, 1891.



570 BIBLIOGRAPHY.

Kincheniky. Medizinskoje Obozrenie, 1888.

Kitfuato. Zeitschrift. f. Hygiene, 12, 321 ; 8, 41. Wiener meiL

Zeitung, 1889, No. 20.

Kaufh. Ueber der Milzbrand des Rindviche>, 1805.

Klebt. Allgemeine Pathologie, 374. Die Bchandlung der Tuber

culosis mit Tuberculocidin, Hamburg, 1892.

Koeh. Conn's Beitrage, 2, 277.

W. Milzbrand u. Rauschbrand, Stuttgart, 1886.

Krchl. Archiv. f. Exper. Path. u. Phann., 35, H. 2, 3.

Kremling. Archives des Sciences Biolog., St. Petersburg, 1, 711.

Leber. Fortschritte d. Medicin, 6, 460. Deutsch. med. Wochen-

schrift, 16, 807.

Liermann. Archiv. £ Exp. Path., 27, 241.

Isiffler. Arbeiten a. d. kaiserl. Gesundheitsamte, 1, 46.

Lydtin u. Sckottelinx. Der Rothlanf d. Schweine, 1885.

Maffua-i. Centralbl. f. Pathol., 1, 440, 449, 825.

Marmfliano. Berliner klin. Wochenschrift, 32. 113.

Marmier. Annal. d. l'lnstitut Pasteur, 189-5, 533.

Martin. Proc. of the Royal Society, May 22, 1890.

Mattfiex. Deutsches Archiv. f. klin. Medicin, 1894.

Munk. Vide Flugge.

A'encki. Archives des Sciences Biol., St. Petersburg, 1, 25.

Neume'wter. Vide Flugge.

Nictiti u. Rietxch. Vide Chapter II.

Nicolaier. Deutech. med. Wochenschr., 1884, No. 52.

Novy, F. G. Vide Chapter II.

Paguin. Journal of American Med. Assoc., 24, 341.

Pasteur. Bull. Acad, de M&l.. 8, 1222; Gazette MeU, 1879.

Petri. Arbeiten a. d. kaiserl. Gesundheitsamte, 6, I.

Poehl. Petersb. med. Wochenschrift, 8. 30.

Poltrnder. Casper's Vierteljahresschr., 8, 103.

Pourhet. Vide Chapter XII.

RieUu-h. Vide Xicati, Chapter XII.

Roloff. Vide Chapter XII.

Ro«enbarh. Mikroorganismen b. d. Wundinfektionskrankheiten

des Menschen, Wiesbaden, 1884.

Roux and Yrrsin. Vide Chapter II.

&ilko)etki. Vide Chapter XII.

Salnum. Reports of the Bureau of Animal Industry, 1884, 'SF,,

'86, '87, '88.

Sehotl. Berl. klin. Wochenschr., 27, 933. International klin.

Rundschan, 1890, 1726.



RlRtlOGRAPHY. 571

Selmttetins. Zeitschrift f. Hygiene, 18, 407.

Schnchardt, P. Untersuchungen iiber Leichenalkaloide, Leipzig,

1884.

Schiltz. Arbeiten a. d. kaiserl. Gesundheiteamte, 1, 56, 376.

Schweinitz, v. Medical News, 57, 237, 332. Joura. Am. Chem.

Soc., 13. 61.

Shaketpeare. Journ. of Amer. Med. Assoc., 1887.

Spronck. Centralbl. f. Pathol., 1, 217.

Stern. Zeitschr. f. klin. Medicin, 1890, No. 18.

Straws. Compt. Rendu Soc. de Biol., 1889, 409. La Cbarbon

des Animaux et de l'homme, Paris, 1887.

Tangl. Centralbl. f. Pathol., 1, 795.

Tizzoni e Cattanr. Centralbl f. Bakter., 9, 085, H, 82.

Trudeau. New York Med. Journal, 1893, 2, 97.

Vaughan, V. C. Med. News, 57, 158. Med. and Surg. Reporter,

68, 584. Archives of Pediatries, 7, 863. Trans, of Am.

Pediatric Soc., 2, 109. Journ. of Am. Med. Soc.. 13, 831.

Canadian Practitioner, 16, 77.

and Novy, F. G. Vide Chapter V.

nlliers,A. Journ.de Pharm. et de China., [5] 11, 257, 1885.

Arch. ,1. Pharm., 223, 512, 1884. Compt. Rendus, 100, 91,

1246, 1885. Bull. Soc. Chim., 43, 466.

Mrrliow. Vide Chapter XII.

Ynlpiits. Dcutsch. mod. Wochenschrift, 1894.

Widenmann. Zeitschr. f. Hyg., 5, 522.

Winter and LeSage. Bulletin Med., 1890, 328.

Wyxxohnoitach. Zeitschr. f. Hyg., 1, 1.

Zuelzer. Archiv. f. exper. Path. u. Pharm., 8, 133, 1878.

Zuntz. Vide Fliigge.

Chapter VII.

Aronsnn. Berl. klin. Wochenschr., 1893.

Rchring. Zeitschr. f. Hygiene, 6, 117, 467.

Bitter. Zeitschr. f. Hygiene, 12, 298.

ISninton and Ridenhauss. Brit. Med. Journal, 1891, 114 ; 1893, 10.

Ruchner. Archiv f. Hygiene, 10, 17, 112, 138. Centralbl. f Bak-

teriologie, 12, 769, 855.

Chriatmtu. Annales dc l'lnstitut Pasteur, 5, 487.

Emmerich. Centralbl. f. Bakteriologie, 12, 364, 417, 449, 636.

Fodnr. Centralbl. f. Bakteriologie, 7. Archiv f. Hygiene, 4, 130.

Deutsch. mod. Wochenschr., 1887.



572 BIBLIOGRAPHY.

Qrohmann. Ueber die Einwirkung des zellenfreien Blutplasma

auf einige pflanzliche Mikroorganismen. Dorpat, 1884.

Halliburton. Physiological Chemistry.

Hankin. Centraibl. f. Bakteriologie, 9, 320, 336, 372, 12, 777, 809.

Lewis and Cunningham. Eighth Annual Report of the Sanitary

Commission of the Government of India.

Low. Centraibl. f. Bakteriologie, 12, 364, 417, 449.

Nixsen. Zeitschr. f. Hygiene, 6, 487.

Nuttall. Zeitechr. f. Hygiene, 4, 353.

PekelhariiKf. Ziegler's Beitrage, 8.

Prudden. Medical Record, 1890.

Rovighi. Atti d. Accad Med. di Roma, 1S90.

Steinnwtz. Centraibl. f. Bakteriologie, 12, 364, 417, 449.

Iraube u. G«cheWen. Schlesische Gesellsch. f. Vaterland. Cultur,

1874.

Tmboi. Centraibl. f. Bakteriologie, 12, 364, 417, 449.

Vaughin and MeClintock. Medical News, Dec. 1893.

. Nonf and MeClintock. Medical News, May, 1893.

WyuokowiUch. Zeitschr. f. Hygiene, 1, 3.

Zuntz. Centraibl. f. med. Wissensch., 1867.

Chapter VIII.

Alexsi. Centralblatt f. Bakteriologie, 15, 228.

Arloing. Comp. Rend., 116, 166.

Babes. Annales de l'Institut Pasteur, 3, 384. Deutsch. med.

Wochenschrift, 1892.

Bearing. Deutech. med. Wochenschr., 1888, 14, 653, 19, 1263.

Zeitschr. f. Hygiene, 6, 117, 12, 45. Das Tetanusheilserum u.

seine Anwendung, Leipzig, 1892.

Beumer and Peiper. Zeitschrift f. Hygiene, 11, 110.

Brieger, Kitasato and Wasxermann. Zeitschrift f. Hygiene, 12.

Bruschettini. La Riforma Medica, 1893, 81.

Bitchner. Centralblatt f. Bakteriologie, 5, 817; 6, 1, 561; 12.

Munchener med. Wochenschrift, 1891, '92, '94. Berliner

klin. Wochenschrift, 1892, 449.

Calmette. Annales de l'Institut Pasteur, 8, 275.

Centani. La Riforma Medica, 1892. Deutsch. med. Wochen

schrift, 1893, 1061, 1115.

Ch'imberland. Annales de l'Institut Pasteur, 1894, 161.

C'hanlemetse et Vidal. Annales de l'Institut Pasteur, 1888, 54;

1892, 755.



BIBLIOGRAPHY. 573

Chauveau. Compt. Rendus, 89, 96. Gaz. Hebdom. de Med. et

Chir., 1884. Annales de l'lnstitut Pasteur, 2.

Cornet. Die Verbreitung der Tuberkelbacillen ausserhalb des

Korpers, Leipzig, 1889.

Ehrlich. Zeitschrift f. Hygiene, 12, 183. Deutsch. med. Woch

enschrift, 1891.

Ferran. Acta de la Societa Scientifica de Barcelona, 1884. Compt.

Rend., 100, 959.

Foa and Bonome. Zeitschrift f. Hygiene, 5, 415.

Fraenkel u. Sobernheim. Hygienische Rundschan, 1894, Nos. 3, 4.

u. Simmondx. Die iitiologische Bedeutung des Typhus

Bacillus, Hamburg, 1884.

Fraser. British Med. Journal, 1895, 1, 1310.

Gamaleia. Annales de l'lnstitut Pasteur, 1, 127, 296. Archives

de Med., 4, No. 2. Semaine Medical, 1888, 334.

Haffkin. Compt. Rend, de la Soc. de biolog. 1892, 671. Semaine

Medical, 1892, 285. British Med. Journal, Jan 26, 1895.

Hericourl et Riehet. Etudes exper. et clin. sur la Tuberculo.se, 1892.

Hueppe. Berliner klin. Wochenschrift, 1894, Nos. 17, 18.

Kilt. Deutsch. Zeitschrift f. Thier-Medicin, 13. Revue f. Heil-

kunde u. Thierzucht, 1886. Centralblatt f. Bakteriologie, 1887,

2, 693.

Klein. Centralblatt f. Bakteriologie, 13, No. 13.

Kkmperer. Berliner klin. Wochenschrift, 1891, Nos. 34, 35. Cen

tralblatt f. klin. Med., 1892, 40. Virchow's Archiv, 96. 117.

Mtttchnikoff. Annales de l'lnstitut Pasteur, 1, 321; 3, 289; 4,

65, 193; 5, 465, 567; 1894, 469, 529.

Palmirski. Gazeta Lekarska, 1893, No. 31.

Patteur. Compt. Rendus, 91, 673 ; 105. 1120 ; 108, 1228.

Pieiffer. Zeitschrift f. Hygiene, 1892, 393; 1894, 1. Deutsch. med.

Wochenschrift, 1894* 898.

u. Imeff. Zeitschrift f. Hygiene, 17, 355. Deutsch. med.

Wochenschrift, 1894, No. 13.

Phi-alix ct Bertrand Compt. Rendus, 118, 356.

Bother. Deutsch. med. Wochenschrift, 19, 152.

Roux. Annales de l'lnstitut Pasteur, 1887, 87 ; 1894.

et Chamberland. Annales de l'lnstitut Pasteur, 1, 561.

Sabolotny. Centralblatt f. Bakteriologie, 15, 150.

Salmon and Smith. Trans, of the Ninth International Congress of

Medicine, 3, 403. Farmers' Bulletin, No. 8. Centralblatt f.

Bakteriologie, 1891.

25*



574 BIBLIOGRAPHY.

ScmareUi. II Policlinic©, 2, 1 et 2.

Schutz. Arbeiten am d. kais. Gesundheit&amte, 1. Zeitechrift f.

Hygiene, 12, 58.

ScwaU. Transactions of the Ninth International Congress of

Medicine, 3, 388. Journal of Physiology, 8, 203.

Shakespeare. Vide Chapter VI.

Smirnmc. Berliner klin. Wochenschrift, 1895, 645.

Sternberg. Med. News, 1887. Studies from Biological Laboratory

of Johns Hopkins University, 1882.

Theoforf. Zeitschrift f. Hygiene, 5, 423.

Towuaint. Compt. Bend., 1880.

Trapeznikoff. Annates de l'Institut Pasteur, 1891.

Vanghan, V. C. Medical News, Dec. 15, 1894.

Wcibel. Archiv f. Hygiene, 1894, 22.

Wvjl. Zeitschrift f. Hygiene. 11. 381.

Zaxlein. Archiv. Ital. di Clinica Medica, 1890.

Chapters IX., X. and XI.

Baumann. Zeitschr. f. physiol. Chem., 1, 60; 10, 123. Schmidt's

Jahrb., 210, 5, 1886.' Ber. d. Chem. Gesellsch, 9, 54, 1389,

1715, 1747 ; 19, 3218 ; 21, 2744. Vide Udranszky.

u. Qergenx. Pfliiger's Archiv, 12, 205.

Bauuiert, G. Archiv. d. Pharm., [3] 25, 911, 1887.

Bichamp, A. Theorie Generate de la Nutrition et Origine des

Ferments, etc. Paris, 1886.

Bergmann u. Srhmiedeberg. Vide Chapter II.

Bocklitch. Vide Chapter XII.

Boulmf. Annal. d'Hygiene pub!., [3] 4, 193, 1880. Vide Bron-

ardel.

Brieger. Vide Chapter XII.

Brouardel, P., et Boutmy, E. Bull. d. l'Acad., [2| 10, 588, 768,

1881. Compt Rendus, 92, 1056. Soc.de Med. i6g.de Fr.,

1880-81, 6, 376. Assoc, franc, p. l'Avance de Sci., Compt.

Rend., 1880, 9. 986. Gaz. de Paris, 20, 284. 1881. Schmidt's

Jahrb , 191, 11, 1881. Chem. Jahrb., 1881, 975, 1058. Rep.

de Pharm., 8, 406, 1880; 276, 1881 ; 26, 404, 1879. Archiv.

d. Pharm., 219, 396, 462, 1881 ; 221, 404, 1883. Mouit. Scientif.,

[3] 2, 732, 736,738. Annal. d'Hygifine, [3] 6, 9, 1881. Annal.

d'Hyg. publ. et de Mud. legale, [3] 4, 253, 335, 344, 1880; 5,

497, 1881.



BIBLIOGRAPHY. 575

Brouardel, P., Ogier, et Mnovici. Bull. Acad, de M&L, 1887, [2]

17, 692.

Ciolto. Parte chimica di uu caso di perizia per sospetto veneficio.

Padova, 1880.

Coppola, F. Gazz. chim. ital., 12, 511; 13, 11, 1883; 14, 124.

Chem. Jahrb., 1883, 1357. Agric. Chem. Jahrb. 26, 419,

1883. Arch. Ital. de Biolog.,4, 63, 1883; 6, 97. 1884. Gazz.

chim. ital., 13, 11. Fortschr. d. Med., 2, 53, 1884. Journ.

Chem. Soc., 43, 522. Chem. Zeit., 7, 204. Yearbook of

Pharmacy, 1885, p. 110.

Dragendorff. Die gerichtliche chemische Ermittelung der Gifte,

1876, 1888. Beitriigc zur gerichtlichen Chemie einzelner

organischer Gifte, St. Petersburg, 1872. Arch. d. Pharm.

221, 415, 1883. Pharm. Zeitschr. f. Itussland., 1882, 21, 512,

531.

Gautier. Vide Chapter XII.

et Etard. Vide Chapter XII.

Guaretchi et AIonso. Vide Chapter II.

Haitinger. Monatebl. f. Chem., 3, 688.

Ilankin. Vide Chapter VIII.

I/oppe-Scyler. Handbuch der Physiolog. Chemie.

Hutemann. Vide Chapter XII.

Neneki. Vide Chapter VI.

Otto. Anlietung z. Ermittelung d. Giften. Braunschweig, 1893.

Rorsch u. Faesbender. Vide Chapter II.

Salkowski, E. u. H. Vide Chapter VI.

Schwanert. Vide Chapter II.

Sclmi. Vide Chapter II.

Tamba, A'. Studien iiber das Verhalten der Ptomaine bei foren-

sisch-chemischen Arbeiten. Inaug. Dissertation, Erlangen,

1887. Archiv. d. Pharm , [3] 25, 408, 1887.

Trottarrtli. Annal. Univ., 247, 329, 1879.

Wolckenhaar. Correspondenzbl. d. Vcr. anal. Chem., 1, 1878.

Archiv. d. Pharm., 221, 406, 1883.

Zuelzer u. Sonnentchein. Vide Chapter II.

Chapter XII.

Aitken, Wm. On the Animal Alkaloids. Lond. and Phila., 1887,

2d ed. 1890.

Alberloni, A. Sperimentale. Firenze, 1883, 55.



576 IilBLIOGRAPHY.

Albertoni, A. e Lussana. Sulla velenosita degli eatratti cadaverici.

Bergamo, 1877, 80. Journ. d'Hyg., Paris, 1881, 6, 255.

Alberts, J. E. Geneesk. courant. Tiel, 1886, 40, Nos. 9, 10, 11, 12.

Altdorfer, M. Med. Pr. and Circ. London, 1888, 45, 452.

Anderson, L. B. Gaillard's Med. Journ. New York, 1886, 42,

234; 1887,44,325.

d'Ardenne. Rev. m6d. de Toulouse, 1886, 20. 303.

Arndt, E. M. Inaug. Dissertation, Berlin, 1890. Apotheker

Ztg., 1890, 780.

Arnold, C. Archiv. d. Pharm., 221, 435, 1 883 ; Chem. Jahrb., 1883,

1357 ; Agric. Chem. Jahrb.. 26, 419, 1883 ; Deutoch. med. Ztg.,

2, 503, 1884.

A mould, J. Gaz. de Paris, 3, 1882.

Auerbach, B. Vierteljarhschr. f. ger. Med., N. F., 11, 66. 1884.

Baeyer, A. Annal. d. Chem. u. Pharm., 140, 306 ; 142, 322. Ber.

d. Chem. Gesellsch., 1883, 1186.

Baginsky, A. Zeitochr. f. physiol. Chem., 12. 434; 13, 352. Ber.

d. Chem. Gesellsch., 23, Ref. 27.

Bullion, A. P. Arch. d. Med. et Pharm. mil. Paris, 1885, 6, 174.

Balbiano. Zeitochr., f. anal. Chem., 23. 451.

Baltand. Journ. de Pharm. et de Chim., 12, 341, 1885; Arch. d.

Pharm., 224, 93, 1886.

Bamberger, II. v. Wien. klin. Woch., 1888, 1, 673. Med.-chirurg.

Centralbl., Wien, 1888, 23, 614. Zeitochr. f. Therap., Wien,

1888, 6. 177.

Barbaglii, G. A. Alcaloidi e Ptomaine. Pisa, 1887.

Birnhill, J. U. Cleveland Med. Gaz., 1885-6, 1, 293.

Battle, E. Etude des Ptomaines. Montpellier, 1883.

Baumttark, F. Zeitochr. f. Physiol. Chem., 9, 168. Annal. de

Chem., 173, 342. Berichte de chem. Gesellsch , 6, 883, 137S.

Beach C. V. New York Med. Journ., 46, 205, 1887.

Beckurts, II. Arch. d. Pharm., 220, 104, 1882. Schmidt's Jahrb ,

195, 9, 1882. Chem. Jahrb., 1882, 1115.

Belky, J. Kozeg. es TSrveny. Orvos. Budapest, 1881, 89.

Bergeron et L'Hote. Compt. Rendus, 91, 390, 1880. Rep. de

Pharm., 8, 458. Archiv. d. Pharm., 219, 132. 1881 ; 221, 416,

1883.

Berlinerblau. Berichte d. chem. Gesellsch , 17, 1139, 1888.

Berry, J. J. Phila. Times and Reg., 1889, 20, 201 .

Bertiielot. Compt. Rendus, 112, 195. Ber. de Chem. Gesellsch.,

24, lief. 216; 22, Ref. 700.



BIBLIOGRAPHY. 577

Biffi, Scra/. Ann. Univ., 223, 497, 1875.

Billroth. Untersuchungen fiber die Vegetationsformen von Coc-

cobacteria septica, etc. Berlin, 1874.

Bitchoff, F. C. Deutsch. med. Ztg., 11, 898, 1885. Vierteljahrscbr.

f. gerichtl. Med., 1886, 44, 208.

Blankenhorn. Vide Gavigee.

Boeci. Med Centralbl., 1882.

Bockluch, O. Ber. d. Chem. Gesellsch., 18, 86, 1922; 20, 1441.

Vide Brieger, Ueber Ptoma'in, III., 42.

Bode, J. Inaug. Dissertation, Marburg, 1889. Annal. d. Cbem.,

267, 268.

Biihm. Arch. d. Pharm., 224, 41.3, 1886. Zeitschr. f. Zucker Ind.,

13, 107. Archiv. f. experim. Pathol., 19, 60, 87. Ber. d.

Chem. Gesellsch., 19, Ref. 37.

Bond, A. K. Maryland Med. Journ. Baltimore, 1889-90,22, 166.

Boriuow, P. Zeitschr. f. physiol. Chem., 19, 510, 1894.

Bouel. Virchow's Archiv, 11.

Bouillot, J. Compt. Rendus, 115, 754, 1892 ; 116, 439, 542, 1893.

Brieaer, L. Ueber Ptomaine, I., II., III. Theile, Berlin, 1885-80.

Microbes, ptomaines, et maladies, transl. Roussy et Winter.,

Paris, 1887. Ber. d. Chem. Gesellsch., 16, 1186, 1405; 17,

415, 515, 1137, 2741 ; 18, 1922; 19, 3120; 20, Ref. 67, 68, 656,

797. Zeitsch. f. Physiol. Chem , 3, 135 ; 7, 274 ; 8 ; 9, 1 ; 11,

184. Zeitschr. f. Anal. Chem., 22, 638. Verhandl. d. Physikal.

Gesellsch. zu Berlin, 1882-83. Deutsche med. Wochenschr.,

1885 ; 1887, 13, 469, 303. Berlin, klin. Wochenschr., 21, 209 ;

23, 18, 281 ; 24, 817 ; April 23, 1888, 26, 849, 1889. Zeitschr.

f. klin. Med , 3, 465 ; 10, 268 ; 11, Heft 2, 3. Deutsche med.

Ztg., 11, 429, 747, 1885 ; 1883, 497 ; 1886, 472. Fortech. d.

Med., 2, 434. Archiv. f. Anat. u. Physiol., 1883, 277. Agr.

Chem. Jahrb., 1883, 26, 419. Archiv. d. Pharm., 221, 370;

223, 193. Chem. Jahrb., 1883, 1359. Centralbl. f. Bacteri-

ologie, 1, 662, 1887. Verhandl. d. Congr. f. innere Med.,

Wiesbaden, 1883, 2, 277 ; 1886, 5, 83. Verhandl. d. Deutsch.

Gesellsch. f. Chirurg., 1888, 17, 18. Arch. f. pathol. Anat.,

112, 549 ; 115, 483, 1889. Deutsch. med. Wochenschr., 1891,

821, 917.

u. Hhrl'wh. Berliner klin. Wochenschr., 1882, No. 44.

u. Stadthagen, M. Berl. klin. Wochenschr., 26, 344, 1889.

Arch. f. Pathol. Anat., 115, 483, 490, 1889. Zeitschr. f. anal.

Chem., 29, 379.



578 BIBLIOGRAPHY.

Brown, Adrian J. Journ. Chem. Soc , 1886.

Brovn, A. M. Pror. Med. Joam., 1889, 8, 10. A Treatise on the

Animal Alkaloids, Cadaveric and Vital, London, 1887.

Brnnton, T. Lauder. Practitioner, 25, 349, 18*0 : 30, 1885 ; 35,

112, 192, 268, 1885.

Buchheim, E. De trimethylamino. Inang. Dissertation, Dorpat.

Buehmann, C. Chem. Centralbl., 1884, 975. Beitrage zar Kennt-

niss der Faulniss-alkaloide, Wurzburg, 1884.

fhdinc et Malei. Compt. Rendus, 103. S98. Ber. 20, Ref. 437.

Oihu y Balmanya. Rev. de Cien. med. Baroel., 1885, 11, 483.

Camnt, F. Arch. d. Med. et Phann. Mil. Paris, 1886. 7, 14.

Carbone, T. Ri forma Med., 1891 ; Maly's Jahresberichte, 21. 457.

Oimli, A. Riv. clinic. [3] 1, 331, 1881. Gazz. chim. Ital.. 11,

314, 1881. Chem. Jahrb. 1881, 975. Schmidt's Jahrb., 195,

9, 1882. Archiv. d. Pharm., 221, 69, 485, 540, 1883. Annal.

d. Chim , 1882. Ann. di Chim. appl. alia Pharm. ed alia Med ,

1882, 75, 65, 129; 1883, 147. Ann. Univers., 261, 32, 1882.

Ann di Chim., 188, 89, 147, 1883.

feme, A. Normandie M6d. Rouen, 1887, 3, 137.

Vhitlick, W. R. Am. Lancet. Detroit, 1889, N. S., 13, 211.

Colin. Compt. Rend., 1876, 1880.

Comby, J. Progres Med. Paris, 1884, 12. 431.

Corona. Rassegna di Sc. med., Modena, 1886, 1, 393. Vide

Gianetti.

Corre. Archiv. de Physiol., norm, et pathol., 4, 405.

Corlfz. Dragendorff's Jahrb., 1878, 615.

Curtman, C. O. Pharm. Rundschan, 5, 275, 1887.

Czumbetitz. Pharm. Post., 14, 47. Arch. d. Pharm., 219, 63, 1881.

Bull, de I'Acad., [2] 15, 239, 270, 303, 345, 390, 425, 1886.

De Iircltm, II. Sur la Mycose septique. These inaug. Dorpat.

De Coninck, O. Compt. ltendus, 106, 858, 1604 (1888); 108, 58.

809 (1889) ; 110, 1339 (1890) ; 112, 584 (1891) ; 117, 1097, 1894.

Arch. d. Pharm., 1888. Ber. d. chem. Gesellsch., 21, Ref. 359,

533, 604 ; 22, Ref. 2(;5, 400 ; 23, Ref. 585, 593 ; 24, Ref. 319.

et IHnet. Soc. de Biol., 1882; 1885, 108.

De l'irtra Santa. Journal d'Hygiene, 30 Juin, 1881.

De Raison, W. Notes experimentales relatives a la Connaissanee

de l'lntoxication putride. These inaugurate, Dorpat.

De Ranne. Vide Ranse, F. de.

Delafond. Traite sur la Maladie de Sang ties Betes a laine, 1843.



BIBLIOGRAPHY. 579

Delizinier, A. M. Bull. Soc. Chim , [3] 1, 178, 1889. Ber. d.

chem. Gesellsch., 22, Ref. 326. Zeitschr. f. anal. Chem., 29,

78.

Dessaignes. Chem. Jahresb., 1851, 481; 1857, 382. Annul, d.

Chem. u. Pharm., 100, 218.

IHakonow. Tubingen, Med.-chem. Untereuch., Heft 2, 1867.

Centralis, f. mod. Wissensch., 1868, Nos. 1, 7, 28. Chem.

Jahresb., 1867, 776 ; 1868, 730.

Dickinson, W. Weekly Med. Rev., St. Louis, 1889, 19, 673.

IMeris et Butte. Compt. Rendus Soc. d. Biol., 1886 [8], 3, 82.

Duelaux. Compt. Rendus, 101, 1885 ; 115, 155.

Ihijardin-Beaumetz. Bull. gen. de Therap., etc., Paris, 1888, 115,

193. Therap. Gaz., 4, 721. L'hygiene prophylactique, mi

crobes, ptomaines, etc. Paris, 1889.

Dupetit. Compt. Rendus, 95, 13(;7. Rep. de Pharm., 11, 125.

Arch. d. Pharm., 221, 462, 1883.

Ernst, M. Wien. med Bl., 1886, 9, 802, 836.

Etard. Vide Gauticr.

Ettlinger, A. Bcitragc zur Kenntniss d. Faulniss-alkaloide des

Fischfleisches. Wiirzburg, 1884.

Farguharson, A. C Ptomaines and other Animal Alkaloids.

Bristol, Wright, 1892.

Ftusbender. Vide Rorsch.

Fayrer, J. Brit. Med. Journ., 1884, 205. Fortschr. d. Med., 2,

314, 1884.

Felilrisen. Arbeiten a. d., Chirurg-klinik d. Univ. Berlin, III.

Theil.

u. Grawitz. Virchow's Arch., 110, 1.

FeMAs, E. Pester med.-chir. Presse, 10, 1874.

Fer,luson, E. D. New York Med. Journ., 1888, 48, 113.

Fitippi, A. Imparziale. Firenze, 1882, 22, 681.

Fbn-her, E. Berichte d. chem. Gesellsch., 1893, 468 ; 1894, 166.

Fit*. Ber. d. Chem. Gesellsch., 1882 u. 1884.

Fleck. Jahresb. d. Chem. Centralstelle f. off. Gesundhtspfl.

Dresden, 1881-82, 10, 11, 72.

Fletcher, A. Amer. Journ. Med. Sciences, 1883, 131. Fortschr.

d. Med., 2, 133, 1884.

Ftiess. Archiv. f. Anat. u. Phys., 1882, 111; 1883, 190. lining.

Dissertation, Berlin, Leipzig, 1883.

Frank, B. Ber. d. Botan. Gesellsch., 3, 1885.



580 BIBLIOGRAPHY.

Freire, I). J. Ann. Acad. d. MeU d. Rio de Jan., 1885-86, [6] 1,

129.

Frenkel, O. Wiadomosci farma. Warszawa, 1887, 14, 151, 181.

Gabriel, S. u. Aschan, W. Ber. d. Chem. Gesellsch., 24, 1364,

1891.

Gachlgens, C. Ber. d. Oberhess. Gesellsch. f. Nat. u. Hcilk.

Giessen, 1883, 23, 339. Dorpat med. Zeitschr., 1, 1870.

Gamgec and Blankenhorn. Journ. of Physiol., 2, 113. Ber. d.

Chem. Gesellsch., 12, 1229.

Garcia Afercef, M. Gac.deSanid.mil. Madrid, 1885, 11, 471.

Garcia, S. A. Zeitschr. f. physiol. Chem., 17, 543, 555, 570, 577,

1893 ; 19, 511.

Gamier, S. Ann. d'Hyg. publ., [3] 9, 78, 1883. Union Pharm.,

1883, 216. Rev. med. de l'Est, Nancy, 1882, 14, 454.

Gautier, A. et Mourgues, L. Compt. Rendus, 107, 110, 254, 626,

740 (1888).

Gemmell, J. E. Liverpool Med.-Chir. Journ., 1888, 8, 94.

Gergens. Vide Baumann.

Giaeomelli, L. Zeitschr. d. Oesterr. Apothekervereins, 1884.

Archiv. d. Pharm., 222, 290, 1884. Agric. Chem. Jahrb., 27,

688, 1884. Deutsch. med. Ztg., 1884, 131. Sperimentale,

Firenze, 1883, 52, 408.

Giannetti e Corona. Sugli alcaloidi cadaverici o ptomaine del

Selmi. Mem. Accad. d. 8c. d. 1st. di Bologna, 1880, [4] 1,

689. Arch. d. Pharm., 219, 198.

Glavxe. u. Luchsinger. Fortschr. d. Med., 2, 276, 1884.

Gr&bner, F. Beitriige zur Kenntniss der Ptomaine. Inaug. Dis

sertation, Dorpat, 1882.

Gram, Ch. Archiv. f. experim. Pathol., 20, 116, 1885. Ber. d.

Chem. Gesellsch., 19, Ret 503. Chem. Centralbl., 1888, 913.

Grawitz. Virchow's Archiv, 110, 1. Ber. d. Chem. Gesellsch.,

21, Ref. 482.

u. De Bary. Arch. f. Pathol. Anat., 108, 67.

Greene, W. H. Phila. Med. Times, 1883-4, 14, 246.

Griess, P. and Harrow, G. Ber. d. Chem. Gesellsch., 18, 717.

Griffiths, A. B. Compt Rendus, 110, 416, l 890; 113, 656, 1891;

114, 496, 1382, 1892 ; 115, 185, 418, 667, 1892 ; 116, 1205, 1893 ;

118, 1350, 1894. Proc. Roy. Soc., Edinburgh, 15, 40. Ber. d.

Chem. Gesellsch., 23, Ref. 300. Manual of Bacteriology.

Bull, de l'Aead. Roy. d. Belgique, (3) 23, 840. Researches

on Micro-organisms, Bull. Soc. Chem., (3) 7, 332, 1892. Chem.

News, 68, 45, 238, 1893 ; 70, 199, 1894.



BIBLIOGRAPHY. 581

Griffiths, A. B. and Ladell, R. S. Compt. Rendus, 117, 744, 1893.

and Mcusey, C. Compt. Rendus, 120, 1128, 1895.

Gmber, J. Med.-chir. Centralbl., Wien, 1887, 22, 109, 121, 133.

Guirin, G. Bull, de Pharm. de Lyon, 1882-3, 5, 478.

Gulewitsch, W. Zeitschr. f. physiol. Chem., 20, 287, 1894.

Gussenbauer. Septhaemie, pyohamie, and pyosepthaemie. Stutt

gart, 1882.

Hager. Pharm. Centralhalle, 15, 16. Arch. d. Pharm., 221, 405,

' 1883.

HammersUin, O. Upsala, Lakaref. Forh., 1884-5, 20, 464.

Hanriot. Compt. Rendus, 1878, 1335.

Ifackawy. Ueber Basische Fiiulnissprodukte. Inau^. Disserta

tion, Strassburg, 1877.

Ifarnnck. Chem. Jahresb., 1876, 803. Archiv. f. experim. Pathol,

u. Pharmak., 4, 168 ; 5, 182, 168. Vide Schmiedeberg.

Harr(rw. Vide Griess.

Hasebroek, K. Zeitschr. f. physiol. Chem., 12, 148, 1888.

Heekel. Compt. Rendus, 102, 1317.

Hermanides, F. R. Nederl. Weekbl., 1886, 10. Nederl. Tijdschr.

v. Geneesk., Amsterdam, 1886, 22, 221.

//owe. Chem. Jahresb., 1857, 403; 1861, 500. Journ. f. prakt.

Chem., 71. 471. Ann. d. Chem. u. Pharm., 119, 368.

H./minn, A. If-. Zeitschr. f. ger. Med., N. F., 13, 1, 1870. Ber.

d. Chem. Gesellsch., 4, 666. Chem. Centralbl., 1858, 913.

Hugounenq, L. Les Alcaloides d'origine animale. Paris, 1886.

Hundeshagen, F. Journ. f. prakt. Chem., 28, 345.

Hunter, W. Vide under Leueoma'ins.

Huxeinann, A. Archiv. d. Pharm., 206, 216, 1875.

and Marine.. Annal. de Chim., 1862; Supplem. II., 1863,

383 ; Supplem. III., 1864, 245.

Huston, H. A. Trans. Am. Assoc. Adv. Sc. Indianapolis, 1890.

Jacobion. Chem. Centralbl., 87, 1295. Zeitschr. f. physiol. Chem.,

13, 32, 1889.

Jagodzinski, A. A'. Ptoma'iny i leukomainy, etc. St. Petersburg,

1888.

Jatins, E. Ber. d. Chem. Gesellsch., 18, 2520 ; 20, Ref. 576 ; 23,

2973; 26, 1493, 1893. Chem. Centralbl., 87, 1082. Archiv.

d. Pharm., |3] 25, 479 ; 229, 675, 1891.

Jeannel, Deutsch. med. Ztg., 11, 379, 1885. Rev. med. de Tou

louse, 1886. 20, 269.

et Laulanie. Cong, franc, de Chirurg., 1885, 1, 80.



582 BIBLIOGRAPHY.

Jeanneret. Untersuchungen fiber die Zersetzung von Gelutine

und Eiweiss durch die geformten Pankreasfermente bei Luft-

abschluss. Leipzig, 1877.

Joffroy, A. Arch. Physiol., 1886, 300.

John, S. Hygeia. Stockholm, 1888, 1, 467.

Jonqinlrre, G. Mitth. d. Naturf. Gesellsch. in Bern, 1889, 104.

Kelhier, O., u. Yoshii, T. Zeitschr. f. Physiol Chem ., 12, 95, 1888.

Kijanitzin, J. Virchow's Archiv, 131,437, 1893. Wratsch, 1892,

371.

Kilnmlo, S. u. Weyl, Th. Zeitschr. f. Hyg., 8, 404, 1890.

Koppr. Chem. Jahresb., 1870, 876. Vide Schmiedeberg.

Kbrbrkh,A. Chem. Zeii,, 4, 196, 1881 ; 5, 196, 1882. Rep.de

Pharm , 26, 404, 1879. Chem Jahrb., 1881, 976.

Kraut. Annal. d. Chem., 180, 182.

Krrxling, K. Archiv. d. Pharm., 229. 407, 1891.

Kulneff, N. Berlin, klin. Wochenschr., 1891, 1071.

Kunz, J. Archiv. d. Pharm., 223, 701; 225, 465; 226, 532.

Zeitschr. f. :in:il. Chem., 26, 113. Monatsh. f. Chem , 1888,

9, 861. Bull. Soc. Chim., [3] 2, 771, 1889.

Ixihorde. Soc, de Biol., 1885, [8] 2, 29.

Ladenburg. Ber. d. Chem. Gesellsch., 18, 2956, 3100; 19, 2585;

20, 2216.

lAipeyrlre. Arch, de Med. nav. Paris, 1882, 37, 151.

iAta. Chem. Jahrb, 1862,331. Ber.de Chem. Gesellsch., 17, 1137.

Lc Bon, O. Compt. Rendus, 1885. 1882, 95. 259.

Lr Dantec. Ann. d l'lnstitut Pasteur, 6, 861.

Lrihhrho6f, G. Deutsch. Zeitschr. f. Chirurg., 28. 201, 1888.

Centralbl. f. Bakter., 4, 432.

Lrnz. Zeitschr. f. anal. Chem., 21, 622. Agric. Chem. Jahrb.,

27. 458, 1884.

Lrom, T. Archiv. f. Hygiene, 1886, 168.

Lrpierre, Ch. Compt. liendus, 118, 476, 018, 1894.

IJpine, R. Cong period, intermit, d. Sc. Med. C. R., 1884. Copen

hagen, 1886, 2, 83. Rev. d. Med., 1889, 9, 514; 1885, 415.-etAubert. Compt Rend., 101, 90, 1885; 1886. Deutsche

med. Ztg., 1886, 117. Lyon Med., 1885, 1, 101.et Guerin. Rev. de Med., 4. 765, 1884. Lyon Med., 1884,

47, 206 ; 42, 1884. Mem. et C. R. Soc. d. Sci." M.'d. de Lyon,

1885,24, 204.

I'ewkouittch. Ber. d. Chem. Gesellsch., 1883, 1586, 2722.

L'Hule. Vide Bergeron.



BIBLIOGRAPHY. 583

Liebrrich. Ber. d. Chem. Gesellsch., 2, 12; 3, 161. Annal. d.

Chem. u. Pharm., 134, 29.

Lierenthal, E. Pharm. Zeitschr. f. Russland. St. Petersburg,

1887, 26. 305, 321.

I.intler. Centralblatt fur Bacteriologie, 1888.

Limprieht. Annal. d. Chem. u Pharm., 101, 296.

Linosner, G. Arch. d. l'Anthrop. crim. Paris, 1886, 1, 507, 536.

Lippmann, E. v. Ber. d. Chem. Gesellsch., 20. 3201, 1887.

Lobisch and Rokihtnsky. Centralbl. f. klin. med., 11, 1. Maly's

Jahresberichte, 20, 429.

Luchini, A. Orosi. Firenze, 1886, 9, 73.

Lurluinger. Berichte d. chem. Gesellsch., 17, 1144. Vide Gfnute.

Luff, A. P. British Medical Journal, 1889, 2, 193.

Lnkjanoff, S. M. Ejened. klin. Gaz. St. Petersburg, 1882, 2, 529,

545, 565, 580.

Lussana. Gazz. Lomb., 1875. Med. Amtsbl., 1875, 176. Fried-

rich's Bl., 1876, 166. Hofmann, Lchrbuch d. gerichtl. Med.,

p. 630. Vide Albertoni.

Luxardo, O. Gazz. chim., 13, 94. Journ. Chem. Soc., 44, 1156,

1883.

Maas, II. Verhandl. d. Deutsch. Chir. Gesellsch, 12; 2, 167,

1883, Berlin, med. Centralbl., 21, 715. Centralbl. f. klin.

Med., 1884, 9. Archiv. f. klin. Chir., 29, 531, 1883. Chem.

Centralbl., 30, 14, 712, 1883; 1884, 925. Chem. Jahrb., 1883,

1359. Deutsch. med. Ztg., 1, 130, 1884. Archiv. de Pharm.,

222, 291, 1884. Fortschritte d. Med., 1883, 473 ; 2, 729, 1884.

Magendie. Magendie's Journ. de Phys., 3, 81, 1823.

Maggi, L. Gazz. med. Ital. Lomb. Milano, 1886,46, 513, 528;

1887, 47, 13.

Mallet. Vide Cadeac.

Mann, J. D. Med. Chron. Manchester, 1887-8, 7, 460; 1888,

8, 10.

Marino-Zuco, F. Relazione della Esperienze fatte sulle cosi dette

Ptomaine, Roma, 1885. Gaz. Chim. Ital., 13, 431, 441, 1881.

Ber. d. Chem. Gesellsch., 17, 142, 1043. Arch. Ital. de Biol.,

1883, 4, 279. Arch. d. Pharm., 222, 197. 1884. Jahrb. f.

Chem., 1883, 1359. Deutsch. med. Ztg., 2, 245, 1884. Journ.

Chem. Soc. Abstr., 342, 1884. Yearbook of Pharmacy, 1884,

p. 80.e Dutto, V. Moleschott's Untersuch. zur Naturlehre., 14,

617. Maly's Jahresberichte, 22. 548.



584 BIBLIOGRAPHY.

Marino-Zuco e Martini, F. Atti d. R. Accad. d. Lincei Rndet.,

1894, 1. Sem., 396. Berichte d. chem. Gesellsch., 27, Rcf., 420.

Mackiewiez, B. Medycyna. Warszawa, 1884, 12, 437, 453, 469.

Marquardt. Vide Hagar.

Marsh, J. P. New York Medical Journal, 1889, 1, 516.

Martens, E. v. Virchow's Archiv, 104, 174.

Mauthner, J. Annal. d. Chem. u. Pharm., 166, 202.

Maxwell, W. Amer. Chem. Journ., 13, 469, 1891.

Mager, H. Archiv f. experim. Pathol, u. Pharmacol., 21, 2, 119,

1886. Schmidt's Jahrb., 200, 133, 1886.

Memner, G. Zeitschr. f. rat. Med., [8] 31, 317.

Mater, B. Zeitschr. f. physiol. Chem., 14, 109, 1890. Inaug.

Diss., 1889.

Mikulicz. Archiv. f. klin. Chirurg., 22, 253, 1878.

Miura. Virchow's Archiv., 114, 388; 117, 159; 123, 280.

and Takesaki. Virchow's Archiv, 122, 92.

Morelle, E. F. J. Recherches des Leucoma'ines dans le Rat. Lille,

1886.

Moriggia, A. Experiences de Physiotoxicologie sur le chlor-

hydrate de trimethyl-vinyl-ammonium et de chlorhydrate de

trimethylamine, Rome, 1885. Sulla velenosita naturale del

cadavere umano, Roma, 1875.et Battislini. Gazz. Chim. Ital., 1875. Ber. d. Chem.

Gesellsch., 9. 197, 1438, 1876. Med. Centralbl., 1875, 176.

Fricdrich's Bl., 1876, 166. Hofmann, Gerichtl. Med , p. 630.

Arch. d. Pharm., 221, 416, 1883. Maly's Jahresb.. 1875, 77.

Bull. d. Sci. Med., Bologna, 1876. Sulla velenosita naturale

dell'estratto di cadavere umano, Roma, 1875. Atti d. R. Accad.

di Lincei, 272, 350.

Mourson, J. et iSchlagdenhuuffen, F. Compt. Rendus, 1882, 95, 791.

Netter. Archiv. gen. de Med., Paris, 1, 720, 1884; 2, 74, 447.

Niemilowicz, L. Wiener Acad. d. Wissensch., Mai 20, 1886.

Nodari, G. Gli alcaloidi cadaverici considerati nclla loro genesi

e portati nell' arringo delle cause penali. Padova, 1885.

North, J. Ninth International Med. Congress, Washington, 1887,

3, 424.

Nothnagel, G. Archiv. d. Pharm., 1894, 261. Berichte d. Deutech.

Chem. Gesellsch., 26, 801, 1893.

Kovy, F. G. Pharm. Rundschau (N. Y.), 5, 152, 1887. Phila.

Med. News, 57, 231, 1890. Vide Vaughan.



BIBLIOGRAPHY. 585

Odermatt. Zur Kenntniss der Phenolbihlung. Inaug. Disserta

tion, Bern, 1878.

Oeffinger, H. Die Ptomaine oder Kadaver-alkaloide. Wiesbaden,

1885.

Ogston. British Med. Journ., 1881.

Oliver1. Ber. d. Ohem. Gesellsch., 19, Ref. 876. 1886.

Oscr, J. Bull. Soc. Chim., 10, 295, 1868. Journ. f. prakt. Chem.

103, 192, 1868. Pol. Centralbl., 1869, 701.

Oml. Experimentelle Untersuchungen iiber das Anthraxgift.

Inaug. Dissertation, Dorpat, 1855.

Partheil, A. Inaug. Dissertation, Marburg, 1890. Annal.d. Chem.,

267. Archiv. d. Pharm., 230, 457, 1892.

Posset. Fortschr. d. Med., 3, 33, 68.

Palerno, E. et Spica, P. Ricerche sulla genesi delle Ptomaine.

Accad. dei Lincei, 1881-82, Roma, 1882. Gazz. Chim. Ital.,

12, 63, 1882. Monit. Scientif., 131, 12, 580. Chem. Jahrb.,

1882, 1115. Schmidt's Jahrb., 195, 10, 1882.

Paulmann, W. Archiv. d. Pharm., 232, 612, 1894.

Pellacani, P. Mem. d. R. Accad. mem. di Genoa, 1888, 1, 363.

Riv. sper. di Freniat. Reggio- Emilia, 1884, 10, Pt. 2, 45 ; 11,

Pt. 2, 150, 13, Pt. 2, 237.

Peter. Bull. de l'Acad. [2], 15, 175, 1886.

Petersen. Nouveaux documents sur Taction du Venin putride du

Sang qui pourrit. These inaugurale, Dorpat.

Phillip, R. W. Edinburgh Med. Journ., 1887-88, 33, 711.

Planta, A'ehile v. Ann. d. Chem. Pharm., 89, 124, 1854.

Pohl, A. Petersb. med. Wochenschr., 8, 30, 1883. N. F. 1886, 3,

357. Ber. d. Chem. Gesellsch., 16, 1975, 975, 1883 ; 19, 1159,

1886. Archiv. d. Pharm , 221, 760, 1883. Chem. Jahrb.,

1883, 1359. Journ. Chem. Soc., 44, 1157, 1883. Compt.

Rendus, 115, 129, 1892. Maly's Jahresberichte, 21, 45, 46, 56,

57 ; 22, 349, 350, 365; 23, 390. Vide under Leucomains.

PollitziT. Journal of Physiology, 7, 283, 1886.

Pontnpidilnn. Hosp. Tid., [3] 1, 45, 1062. Copenhagen, 1883.

Pouchet, A. Gabriel. Compt. Rendus, 97, 1560 ; 99, 20, 848; 100,

220, 362; 101, 510, 1885. Journ. de Pharm. et de Chim., |5]

9, 251; 12, 375, 1885. Archiv. d. Pharm., 222, 327, 1884;

224, 92. Gazz. Hebdom., [2] 23, 570, 1886. Monit. Scientif.

d. Quesneville, 1884, 253. Journ. Chem. Soc., 46, 615, 1884.

Rev. de Med., Paris, 1887, 7, 233. Ann. de Med. vet., Brux.,

1886, 35, 421. Contribution a la connaiss. des mat. extract.

d. l'urine, Paris, 1880.



586 BIBLIOGRAPHY.

Prjibit. Vestnik Sudeb. Med., etc., St. Petersburg, 1882, 1, Pt. 2, 1 .

Radziszewski. Annul, d. Chem. u. Pharm., 203, p. 330, 1880.

RaffaeUe, A. La Putrefazione solto il Rapporto della Medecine

legale, Napoli, 1879, p. 148. Archiv. d. Pharm., 221, 416,

1883. Giorn. internaz, della Sei. Med., 1, 10, 1196, 1879.

Raimondi, C. . La Salute, [2] 18, 4, 5, 25, 34, 81, 1884.

Ranse, F. de. Bull. Acad. de M6<1., 1886, [2] 15, 313. Gaz. Med.

de Paris, 1886, [7] 3, 113.

Reiset. Oompt. Rendus, 96, 682, 745.

Rinne. Ber. d. Chem. Gesellsch., 18, 2520.

Rizzi, P. Gior. di Med. mil., Roma, 1882, 30, 589.

Ritthanscn. Journ. f. prakt. Chem., 30, 32.

Robin. L'Union pharm., 23, 458. Archiv. d. Pharm., 209, 385,

1881. Gaz. Med. de Paris, [4] 7, 309, 465, 1878.

Roger, S. H. Compt. Rend., 1889, 192. Gaz. d. Hop. , Paris, 1887,

60,525.

Rons, E. Berlin, klin. Wochenschr., 1893, 354. Zeitschr. f. physiol.

Chem., 16, 192.

Rouguetle. Gaz. Hebdom., [2] 23, 145, 1886.

Rouxxy. Rev. des Sci. Med., 1888. Deutsch. med. Wochenschr.,

16, 807, 1890.

Salkowski, E. Zeitschr. f. physiol. Chem., 13, 507, 1889. Virchow's

Archiv, 124, 409; Deutsch. med. Wochenschr., 1891, 897, 963.m.H. Ber. d. Chem. Gesellsch., 16, 1191, 1798, 1883.

Fortschr. d. Med., 1, 129, 1884. Chem. Jahrb., 1883, 1360.

Virchow's Archiv, 102, 578.

Schdr. Chem. Zeitg., 1886.

Scheibler, C. Ber. d. Chem. Gesellsch., 3, 155; 26, 1330, 1893.

Zeitschr. f. Zucker-Ind., 19, 425 ; 24, 309.

Schcurkn. Arbeiten a. d. chirurg. Klinik d. Univ. Berlin., III.

Theil.

Schiffer. Deutsch. med. Wochenschr., 1883, 229; Archiv. t'.

Physiol, 1883, 127.

Schlagdenhauff'er. Journ. de Pharm. et de Chim., [5] 6, 128.

Journ. de Pharm. d'Alsace-Lorraine. Archiv. d. Pharm., 221,

146, 1883.et Gamier. Gaz. des Hopitaux, 88, 1882. Rev. M,kl. de

l'Est, 15, 1882. Deutsch. med. Zeitg., 1883, 316.

Schloesnng u. Miintz. Compt. Rendus, 1879.

Schmidt, E. Tagesbl. d. 60te Versamml, d. Deutsch. Naturf. u.

Aerzte, 1887. Pharm. liundsch. (N. Y.), 5, 266, 1887. Archiv.



BIHLIOGRAPHY. 587

d. Phurm., 229, 467, 1891 ; Annal. d. Chem., 267, 251, 300;

268, 143. Zeitschr. f. physiol. Chem., 20, 304, 1894. Berichte

d. chem. Gesellsch., 26, 806, 1893.

Schmidt, E. u. Weiu. Chem. Centralbl., 87, 1345.

Sckmiedeberg, 0. Archiv. f. exp. Path. u. Pharmakol., 14, 376.u Harnack. Archiv. f. exp. Pathol, u. Pharm., 6, 101.

Chem. Centralbl., 1875, 629; 1876, 554, 560.

u. Koppe. Das Muscarine. Leipzig, 1869.

Schmitz, A. Sur la question du Poison putride. These inaugurate,

Dorpat.

ScholUr, M. Experimentelle Beitriige zum Studium der Septischen

Infection. Greifsw. Habil.-Schrift, 1876.

Schreiber. Berlin, klin. Wochenschr., 1884. Fortschr. d. Med., 2,

383, 1884.

Schreiner. Ann. d. Chem., 184, 68, 1878. Schmidt's Jahrb.,

191, 4.

Schulze u. Bosshard. Zeitschr. f. physiol. Chem., 10, 134, 1886.

Deutsch. med. Zeitg., 1886, 437.

Journ. d. prakt. Chem., 27, 337.

E. Zeitschr. f. physiol. Chem., 11, 365, 61. Vide under

Leucoma'ins.

/'. E. Virchow's Archiv, 104, 171.

Schutte, W. Archiv. d. Pharm., 229, 523, 1891.

Schwalbe, C. Archiv. f. experim. Pathol., 105, 486. Iter. d. Chem.

Gesellsch., 20, Ref. 591. Deutsch. med. Wochenschr., 1890,

807.

Sclmi, F. Ptomaine od Alcaloidi cadaverici. Bologna, 1878, also

1881. Monit. Scientif, [3] 8, 499. 877, 1400. Chem. Jahrb.,

1878, 889, 917, 1084. Iter. d. Chem. Gesellsch., 6, 141, 1873;

8,1198; 9,195,197; 11,808,1691,1838; 12,297; 13,206

1880. Atti d. R. Accad. d. Lincei, [3] 2, 4, 75 ; 6, 8. Journ.

d'Hygiene, 6, 305, 1882. Acad. d. Biol., Dec. 12, 1878.

Di alcuni Criterii per la Ricorca degli Alcaloidi vegetali

in differenza delle Ptomaine. Bologna, 1880.

Alcaloidi venefici e Sostanza amiloide dall' Albumina in

Putrefazione. Roma, 1879. Arch. d. Pharm., 219, 415 ; 220,

275. Gaz. chim. ital., 11, 546, 1881 ; 1875, 396. Chem. Jahrb^

1881, 1059. Rendic. d. Acad. Sci. di Bologna, 1875, 1876^

1880. Ann. di Chim. appl. a. Med. Milano, 1879, 68, 141.

Bull. d. Sci. Med. di Bologna, 1879, [6] 3, 438; 1880, 6, 35.

109. Riv. sper. di Freniat., Reggio-Emilia, 1881, 7, Pt. 2, 144.



588 BIBLIOGRAPHY.

Annal. d. Chim. e d. Farmacol., 8, 3, 1883. Chem. CentralbI.,

1883, 1554.

Selmi, F. et Pcsci. Bull. d. Sci. Med. d Bologna, 1877, [5J 23, 417.

Scnator. Berlin, klin. Wochenschr., 1873, No. 11.

Siebert, C. Arch. d. Pharm , 228, 139, 144, 1890. Ber. d. Chem.

Gesellsch., 23, Ret'. 207. Inaug. Dissertation, Erlangen, 1889.

Sirolviin. Zeitschr. f. Hygiene, 1.

Sizer, N. B. Proc. Med. Soc. Kings Co., Brooklyn, 1882-83, 7, 41.

Soldaini. Giorn. internaz. d. Sci. Med., [3] 11, 999, 1206, 1881.

Gazz. Chim. Ital., 11, 548; 13, 325. Chem. Jahrb., 1883,

1358, 1884, 975. R. 1st. Lomb. d. Sci. e Lett., Milano, 1881,

[2] 14, 359.

, e Coronn. Giorn. internaz. d. Sci. Med., 1882, 28.

Stmnennchtin. Vide Zi'ilzer.

Spica. Gazz. Chem. Ital., 11, 486, 1881. Ber. d. Chem. Gesellsch.,

14, 27. Chem. Jahrb., 1886, 975. Atti. d. r. 1st. Veneto di

Sci. Lett, ed Arti., 1880-81, [5] 7, 15, 741. Riv. sper. di

Freniat., Reggio-Emilia, 1887, 7, Pt 2, 153.

Vide Paternd.

Stadtluigen, M. Vide Brieger, also Baginski.

Stinde, J. Pop. Sci. Monthly, New York, 1886, 29, 250.

Strecker. Annal. d. Chem. u. Pharm., 123, 353 ; 148, 77.

Sullivan. Chem. Jahrb., 1858, 231.

Szpilmann. Zeitschr. f. physiol. Chem., 4.

Tamaxsio, A. Riv. esper. d. Frencatria e d. Med. Leg., [3] 8, 153,

1882.

Tanret, C. Compt. Rend., 92, 1163; 94, 1059, 1882. Journ.de

Pharm. et de Chim., [5] 4, 153. Archiv. d. Pharm., 219, 369,

1881.

Taglor. On Poisons. London, 1875, p. 533.

Thierry, M. de. Alcaloides miorobiens et physiologiques. Paris,

1889.

Thiench. Pathol.-anatom. Beobachtungen iiber Pyaemia nebst

kritischen Bemcrkungen fiber die Theorie der Pyoemie.

Miinchen, 1849.

Thommn, W. H. Med. Rec., New York. 1889, 35, 133.

Tkaelu-nko, N. N. Vet. Vestnik., Charkoff, 1888, 6, Pt. 2, 65.

Tollem. Zeitschr. f. Chem., 1866, 516.

Udr&nszky, L. v. und Bnumann, E. Zeitschr. f. physiol. Chem.,

13, 562, 1889; 15, 77. Ber. d. Chem. Gesellsch., 21, 2744,

2938, 1888; 24, Rcf. 467, 1891. Zeitschr. f. anal. Chem., 28,

382 ; 29, 238.



JiWLIOGRAPHY. 589

Underhill, A. 8. Public Health, London, 1889-90, 2, 99.

Van de Veldt; G. Archiv. de Biol., Gand, 1884, 5, 305.

Van Dmel. Vide Wefers.

Van Ermengen. Bull, de l'Acad. d. MCd. de Belgique, No. 12.

Van Qelder. Nieuw Tijdschr. voor d. Pharm. in Nederl., 1878,

275.

Variot, G. Gaz. meU de Paris, 1881, [6] 3, 670, 686.

Vaughnn, Victor C. Zeitschr. f. physiol. Chem., 10, 146, 1886.

Schmidt's Jahrb., 209, 249, 1886. Archiv. d. Pharm., 224,

413. Journ. Amer. Med. Assoc., Sept. 17, 1887. Journ. Anal.

Chem., 1, 24, 1887. Proc. Quarantine Conference, Mont

gomery, Ala., 1889, 103.

and Novy, F. G. Ptomains and Leucomains, or the Putre

factive and Physiological Alkaloids, Phila., 1888. 2d ed.

1891. First Quarterly Report of Michigan Laboratory of

Hygiene, 1888. Pharm. Rundschau (N. Y.), 6, 27, 1888.

Veltz, V. Compt. Rendus, 102, 880. Ber. d. Chem. Gesellsch.,

20, Ref. 437.

Verigo. Archiv. d. physiol., 51, 362, 1892.

Wiih. Chem. Jahresb., 1852, 552.

Wtmnund, R. Chem. Centralbl., 1884, 975. Ucber FSulniss-

alkaloide der rohen und gekochten Rindfleisches, Wurzburg,

1884.

Wtfers, U. B. u. Vnn Di*sel, W. J. Nieuw Tijdsch. voor Pharm.

Nederl., Feb. 1884. Ber. d. Chem. Gesellsch., 1884, 379.

Wndenbaum. Etudes experimentales sur 1'Isolement du Poison

putride. ThCse inaugurale, Dorpat.

Wem, J. Arch. d. Pharm., 226, 665. Annal. d. Chem., 268, 143.

Zeitschr. f. Naturwiss., 60,239, 267; Berichte d. Chem. Ge

sellsch , 14, 1351. Inaug. Dissertation, Erlangen, 1887.

Wertheim. Chem. Jahresb., 1851, 480.

Wii-ke. Annal. d. Chem. u. Pharm., 91, 121.

Wiebecke, B. Geschichtliche Entwickelung unserer Kenntniss

der Ptomaine und Verwandter Korper, Berlin, 1886. Monatl.

Mittheil. a. d. Gesammtgeb. d. Naturw., 1886-87, 4, 161, 193.

WMgerodt, C. Ueber Ptomaine, etc., Freiburg i. B., 1883.

Deutsch. med. Zeitg., 1883, 245. Chem. Zeit., 6, 825.

Wtnde, P. S. Korp. Tidente, [2] 9, 17. Schmidt's Jahrb., 194,

251, 1882. Hosp. Tid., 1882, [2J 9, 362.

Winkles, G. H. Annal. d. Chem. u. Pharm., 93, 321.

Wolff, M. Virchow's Archiv, 103, 187 ; 104, 180.

26



590 BIBLIOGRAPHY.

Wormley, T. G. Micro-chemistry of Poisons. Phila., 1885.

Wurtz, A. Annal. d. Chem. u. Pharm., Suppl. 6, 116, 197, 1868;

7, 88, 1870; 110, 127. Compt. Rendus, 65, 1015.

Wyborn, J. M. Chem. News, 1889, 59, 2.

Yoshii, T. Vide Kellner.

Zmi, G. Gazz. Ferrar., 1882. Archiv. d. Pharm., 221, 485.

Ziero, G. Giorn. internaz. d. Sci. Med., [2] 3, 319, 1880.

Zuber, O. Gaz. Hebdom., [2] 18, 26, 409, 441, 1881.

Chapter XIII.

Aducco, V. Arch, de Biol. Ital., 9, 203. Centralbl. f. Physiol.,

1888, 291.

Alt, K. Deutsch. med. Wochenschr., 1892.

Arslan, E. Rev. d. malad. d. l'Enfance, Dec. 1892. Maly's Jahres-

berichte, 23, 549.

Arthaud and Butte. Soc. de Biol., 1889. La Sem. Med , 1889, 425.

Arzruni. Zcitschr. f. klin. Med. Jubel-Heft. Sep. Abdr., S. 16.

Aslaschewnky. Petersburg, med. Wochenschr., 1881.

D' Arsonval. Vide Brown-S6quard.

Bnginsky. Zeitschr. f. physiol. Chem., 8, 395, 1884. Ber. d. Chem.

' Gesellsch., 18, Ref. 356.

Baike, P. Inaug. Dissertation Barth., Leipzig, 1893. Journ. f.

prakt. Chem., 47, 537, 1893. Berichte d. Chem. Gesellsch.,

26, Ref. 895.

Bandrotoski, F. X. Monatsh. f. Chem., 8, 224. Archiv. d. Pharm ,

[3] 25, 739.

Barbieri, J. Vide Schulze.

Barreswill. Compt. Rendus, 53, 246.

Bechamp. Compt. Rendus, 94, 973, 1533, 1882.

Bchrens, Koxsel, u. Schiefferdecker. Die Gewebe des menschlichen

Korpers und ihre mikroskopische Untersuchung. Braun

schweig, 1889.

Belsung. Ann. d. sc. Nat., [7] 15, 203.

Bernard, CI. Lecons sur les substances toxiques.

Ben, J. Zeitschr. f. Hyg., 14, 64.

Binet, P. Compt. Rendus, 113, 207, 1891.

Bocci. Centralbl. f. med. Wissenschr , 1882.

Bode, J. Ann. d. Chem., 267, 268. Inaug. Dissertation, Mar

burg, 1889.



BIBLIOGRAPHY. 591

Bogoslowsky. Archiv. f. Anat. u. Physiol., 1872, 347.

Boinet et Silberet. Revue de Mfid , 1892. Maly's Jahresberichte,

22, 495.

Bondzynski, St. u. Gottlieb, R. Berichte d. chem. Gesellsch., 28,

1113, 1895. Archiv. f. exper. Path. u. Pharm., 36, 44, 56, 127.

Bouchard, Ch. Compt. Rendus, 102, 669, 727, 1127. Ber. d.

chem. Gesellsch., 20, Ref. 437. Soc. de. Biol., 1882. Revue

de Med., 1882, 2, 825. Logons sur les auto-intoxication dans

les Maladies. Paris. English translation, Davis, Phila.,1894.

Gaz. Hebdom., [2] 23, 13, 205, 1886. Compt. Rendus Soc.

d. Biol. Paris, 1882, [7] 3, 604, 1882 ; [7] 4, 604. Med. clin.,

Paris, 1886, 2, 121. France Med , 1886, 1, 482, 493. Tribune

Med., 1886, 18, 159, 172, 195. Union Med., 1886, [3] 41, 577.

Riforma Med., Napoli, 1886, 2, 550, 556. Vide Chapter II.

Brown-Seguard et d'Arsonval. Compt. Rendus, 105, 1056 ; 106,

106, 165, 1888. Soc. Biol., 1888, 90.

Briicke, E. v. Monatsh. f. Chem., 7, 617. Ber. d. Chem. Ge

sellsch., 20, Ref. 712.

Bruhns, G. Zeitschr. f. physiol. Chem., 14, 533. Ber. d. Chem.

Gesellsch., 23, 225, 1890.

u Kossel, A., Zeitschr. f. physiol. Chem., 16, 1, 1891.

Brunner, C. Deutech. med. AVochenschrift, 1892.

Brmcheltini, A. Deutsch. med. Wochenschrift, 1892.

Caprnnica. Zeitschr. f. physiol. Chem., 4, 233.

thvalero, G. e Olivetti, B. Gazz. med. di Torino, 44. Maly's

Jahresberichte, 23, 253.

Cliambrelent et Dcmonl. Soc. Biol., 1892, 27. Maly's Jahresberichte,

22, 494.

Charrin et Roger. Compt. Rendus, 1886, 607. Ber. d. Chem.

Gesellsch., 20, Ref. 438 ; 21, Ref. 302. Compt. Rend. Soc. d.

Biol , 1887, 145.

Chiaruttini, E. La Riforma med., 1893, 133. Maly's Jahres

berichte, 23, 548.

Chibret et ham. Compt. Rendus, 102, 1172. Ber. d. Chem.

Gesellsch., 19, Ref. 514.

Chittenden, R. If. Journ. of Physiology, 2, 28, 1879.

Colamnti, G. Gazz. chim., 21, II., 188, 1891. Berichte, 24, Ref.

835, 1891.

Dastre et Loge. Societe do, Biologie, 1888, 91.

Demant. Zeitschr. f. Physiol. Chem., 3, 381.



592 BIBLIOGRAPHY.

Drechsel, E. Ber. d. Chem. Gesellsch., 23, 3098 ; 25, 24*4 ; Ref.

913, 1892. Journ. f. prakt, Chem., [2] 39, 425. Archiv. f.

Physiol., 1891, 236, 242.

Dufour, C. L. A. Contrib. a l'ctude des Auto-intoxications, Paris,

1888.

Dupard, O. Contrib. a l'fitude des certains Principea toxiques des

Urines. Lyon, 1883..

Erlenmeger, O. u. Lipp. Annal. d. Chem. u. Pharm., 219, 202, 1883.

Ber. d. Chem. Gesellsch., 15, 1006, 1882.

Favre, A. Virchow's Archiv, 127, 33 ; 139.

Feltz u. Ehrmann. Acad, de M6d. Ber. d. Chem. Gesellsch., 20,

Ref. 437. Compt. Rendus, 102, 880, 1886 ; 104, 1877, 1887.u. Bitter. Acad. d. Med., 1881-1884. Ber. d. Chem.

Gesellsch., 20, Ref. 437. Centralbl. f. med. Wiss., 1881. 814.

Compt. Rendus, 102, 880.

Filchne, W. Arch. f. Anat. u. Physiol. Phys. Abth., 1886, p. 72.

Ber. d. Chem. Gesellsch., 19, Ref. 618. Vide Schultzen.

Fuiclier, E. Ber. d. Chem. Gesellsch., 14, 637, 3912, 1881 ; 15, 29,

453, 1882; 329, 1884; 17, 328, 537, 1776, 1884; 28, 2473, 2480-

Ann. d. Chem., 215. 258, 311.E. u. Beese, L. Annal. d. Chem., 215, 253 ; 221, 336,

1883; Berichte, 16, Ref. 3071, 1883.

E. u. Ach, L. Berichte d. Chem. Gesellsch., 28, 3135.

Frey, Max v. Ber. d. Chem. Gesellsch., 19, Ref. 505, 1886.

Gautier, A. Bull. Acad, de Med., Juillet 26, 1881, [2] 10, 599,

776, 947 ; Juin, 1884, 1886. Journ. d. Anat. et de Phys. de

Ch. Robin., 1881, 330, 358. Ber. d. Chem. Gesellsch., 20,

Ref. 337.

et Lamii. Compt. Rendus, 114, 1048, 1154, 1312, 1449, 1892.

QiUon, E. Zeitschr. f. physiol. Chem., 12, 585, 1888.

Goddirt ct Slour. Journ. d. med., d. chir., et d. pharmacol., 1893.

Maly's Jahresberichte, 23, 549.

Qorup-Bcmncz u. Will. Annal. d. Chem. u. Pharm., 69, 117.

Grandit, V. Atti d. R. Ace. d. Lincei Itndet, 1890, II. Sem , 213,

230. Ber. d. Chem. Gesellsch., 24, Ref. 330, 331,1891. Giorn.

d. R. Acad. di med. d. Torino, 53. Maly's Jahresberichte, 21,

57, 1892.

Griffith«. Vide under Chapter XII.

Guell y Bitcignlnpi, E. L'immunite par les Leucoma'ines. Paris,

1886. Transl., New York, 1889.



BIBLIOGRAPHY. 593

Quinard, L. C. R. Soc. Biol., 45, 489, 493. Maly's Jahresberichte,

23, 549.

Hedin, S. G. Zeitschr. f. physiol. Chem., 20, 186, 1894; 21, 155,

297, 1895.

Hermanns. Arch. f. Hyg., 1, 1, 30.

Hofmann, A. W. Ber. d. Chem. Gesellsch., 23, 2332, 3297, 3718,

3723.

Wellendorf. Wiener klin. Wochenschr., 1888.

Horbaczewski, J. Monatsh. f. Chem., 8, 4; 1889,624; 1891,221.

Pharm. Journ. Trans., [3] 18, 70. Ber. d. Chem. Gesellsch.,

20, Ref. 723, 1887 ; 26, Ref. 820. Zeitschr. f. physiol. Chem.,

18, 341, 1893.

Hunter, Wm. Brit. Med. Journ , 1890, [2] 82, 1891.

Huppert. Vide Neubauer u. Vogel.

Ifotca. Ber. d. Chem. Gesellsch., 22, Ref. 798.

Iuimerwahr. Deutsch. med. Wochenschr., 1891.

Inoko, Y. Zeitschr. f. physiol. Chem., 18, 541, 1893.

Jnfoch, R. v. Harnsaiire u. Xanthinbasen in Blute. Berlin, 1891.

Jnwein, J. Wratsch, 1893. Maly's Jahresberichte, 23, 548.

Janet, Benee. Journ. Chem. Soc.^ 15, 78, 1862; [2] 6, 211, 1868.

Kallmcger. Deutsch. med. Woehenschr., 1892.

Kagser. Ber. d Chem. Gesellschr., 1881, 2308.

Kemmerich, E. Zeitschr. f. physiol. Chem., 18, 409, 1893.

Kijttnilz'm. Vide Chapter XII.

Kolwh u. Dostal. Wiener klin. Wochenschr., 1895, Nos. 23, 24.

Kouel, A. Zeitschr. f. Physiol. Chem., 3, 284; 4, 290; 5, 152; 6,

422; 7, 7; 10, 248; 12, 241, 1888; 13, 298, 1889. Ber. d.

Chem. Gesellsch., 1880, 1879; 1882, 1770; 18,79, 1918; 19,

Ref. 316, 770; 20, 3356; 21, 2164; 25, Ref. 472. Verhandl.

d. physiolog. Gesellsch. zu Berlin, 1892-93. DuBois Rey-

mond's Archiv, 1893, p. 101. Archiv. f. Physiol., 1891, 1881 ;

1893, 157. Centralbl. f. Wissensch. med., 1889, 418.

u. Neumann, A. Berichte, 26, 2753; 27, 2215, 1895.

Kramer, 0., u. Pinner, A. Ber. d. Chem. Gesellsch., 2, 401, 1869;

3, 75, 1870.

Kronecker, F. Virchow's Archiv, 107, 207. Ber. d. Chem. Ge-

Bellsch., 20, Ref. 659.

Kriiger, M. Ber. d. Chem. Gesellsch., 26, 1914, 1893; 27, Ref.

167. Deutsch. med. Wochenschr., 1894. Zeitschr. f. physiol.

Chem., 16, 160, 329, 1891 ; 18, 351, 423, 459, 1893 ; 20, 170,

1894; 21,274,311.

26»



594 BIBLIOGRAPHY.

Kriiyrr, M. u. Solomon. Zeitschr. f. physiol. Chenl, 21, 169, 1895.u. Wulff. Zeitschr. f. physiol. Chem., 20, 170, 1894.

Deutsch. mod. Wochenschrift, 1895.

Kunz, J. Monatsch. f. Chem., 9, 361. Bull. Soc. Chinl, [3] 2, 771,

1889.

Ladenburg, A. Ber. d. Chem. Gesellsch., 23, 3740.

u. Abel, J. Ber. d. Chem. Gesellsch., 21, 758, 2706, 1888.

Lchmann u. Jmsen. Archiv. f. Hygiene, 10, 367.

Lepine. Vide Chapter XII.

Leyden. Arch. f. pathol. Anat , 54, 324.

Liebermann, L. Ber. d. Chem. Gesellsch., 18, 598 ; 21, 598, 1888.

Central, f. med. Wochensch., 1889, 225.

Lilienfeld, L. Zeitschr. f. physiol. Chem., 18, 473, 1893.

Luff, A. P. Brit. Med. Journ., 1889, [2] 193.

Mnch, W. v. Ber. d. Chem. Gesellsch., 20, Kef. 801 ; 22, Ref.

697. Arch. f. experim. Pathol., 24, 389 ; 23, 148.

Mairet et Bose. Arch, de Physiol., 24, 12, 1891 ; 1894 ; C. R. Soc.

biol., 1890. Comptes Rendus, 119, 292, 1894. Maly's Jahres-

berichte, 21, 163 ; 23, 601.

Majert, W. u. Schmidt, A. Ber. d. Chem. Gesellsch., 23, 3718;

24, 241.

Marcel. Essay on the Chemical History and Chemical Treatment

of Calculous Disorders. London, 1819.

Marino Zuco. Vide Chapter XII.

Merkel. Archiv. f. Hyg., 1892, 15.

Miacher. Berichte d. Chem. Gesellsch., 7, 376, 1874.

Miller, W. D. Die mikro-organismen d. Mundhohle, Berlin, 1893.

Monari. Gazz. Chim. Ital., 17, 367, 1887. Journ. Chem. Soc.

Abstr., 1887, 615 ; 1888, 174. Ber. d. Chem. Gesellsch., 20,

225; 21, Ref. 143, 1888. Atti d. R. Ace. d. Lincei., 2, 202,

1886. Archiv. Ital. d. Biol., 1887, 186. Chem. Centralblatt,

1887. 340, 1562. Bull. d. R. Accad. di Roma, 15, 101, 1889.

Morin, E. Ch. Compt. Rendus, 105, Nov. 21, 1887; 106, 360,

1888. Ber. d. Chem. Gesellsch., 2, Ref. 187.

Nageli, E. Vide Schulze.

Neubauer. Zeitschr. f. anal. Chem., 6, 33 ; 7, 398.

u. Kerner. Annal. d Chem. u Pharm., 101, 318.

Nisncn. Deutsch. med. Wochenschr., 1891, 1892.

Ordonneau. Bull. Soc. Chim., 45, 333, 1886.

Oner. Wiener Akad. Ber., 2, 89, 1867.

Piceard. Ber. d. Chem. Gesellsch., 7, 1714, 1874.



BIBLIOGRAPHY. 595

Pinner, A. Vide Kramer.

Pochl, A. Ber. d. Chem. Gesellsch., 24, 359, 1891. St. Peters-

burger med. Wochenschr., 1890, p. 271. C. R. Soc. biol., 45,

177. Maly's Jahresberichte, 23, 550.

Pohl. Zeitschr. f. physiol. Chem., 13, 293.

Planta, A. v. Vide Schulze.

Pollitzer. Journ. of Physiology, 7, 284.

Pouchet, Gab. Ber. d. Chem. Gesellsch., 17,- Ref. 49. Contribu

tion a l'6tude des matieres extractives de l'urine, Paris, 1880.

Compt. Rendus, 97, 1560.

Ransome. Journ. of Anat. and Physiol., 1870, 4.

Reichert, E. T. Vide Mitchell.

Reinke, J. u. Rodewald, H. Untersuchungen aus d. Botan.

Laborat in Gottingen, 2, 47.

Rodewald, H. Vide Reinke.

Rogue et Lemoine. Rev. de Med., 1890. Centralbl. f. Bakt , 9, 353.

Rmso-Gilberti e Alensi. Bolletino d soc. d'igiene di Palermo, 1888.

Salkowski, E. Virchow's Archiv, 50, 195. Zeitschr. f. physiol.

Chem., 13, 507, 1889.

Salomon, G. Ber. d. Chem. Gesellsch., 1878, 574; 16, 195, 1883;

18, 3406 ; 21, 24, Ref. 753, 1888; 25, Ref. 171 ; 26, Ref. 895.

Archiv. f. Physiol., 1882, 1884. Zeitschr. f. klin. med., 7

Suppl. Heft., p. 68, 1884. Zeitschr. f. physiol. Chem., 2, 90;

11, 410, 1887; 13. 187, 1889; 15, 319, 1891; 18, 207, 1893.

Arch. f. Anat. u. Physiol , physiol. Abtheil., 1878, 320, 1887,

p. 582. Verlmndlung. d. Physiol. Gesellsch. zu Berlin, 1880-81.

Virchow's Archiv, 95, 527, 1884; 125, 554, 1891. Maly's

Jahresberichte, 1884, 66 ; 21, 53.

u. Krawe. Ber. d. Chem. Gesellsch , 1879, 95.

Schar, E. Chemiker Zeitung, 1886, No. 32.

Scherer. Annal. d. Chem. u. Pharm., 73, 328 ; 107, 314 ; 112, 257,

276. Journ. f. prakt. Chem., 70, 406.

Shiffer. Verhandl. d. Ver. f. innere Med., 3, 13, 1883-84. Vide

Chapter XII.

Schindler, S. Zeitschr. f. physiol. Chem., 13, 432, 1889. Ber. d.

Chem. Gesellsch., 24, Ref. 329.

Schmidt, E. Annal. d. Chem. u. Pharm., 217, 229, 270, 308, 467.

Bull. Soc. Chim., 40, 379. Berichte, 24, Ref. 966, 1891.

Schreiner, Ph. Annal. d. Chem. u. Pharm., 194, 68, 1878.

Schulze, E. Zeitschr. f. physiol. Chem., 11, 43, 61, 365; 12, 405;

15, 140, 1891 ; 20, 306," 1894. Ber. d. Chem. Gesellsch., 19,



596 BIBLIOGRAPHY.

1177 ; 21, Ref. 23 ; 22, 1827 ; 24, 1098 1891 ; 25, Ref. 84,

1892.

Schulze, E. u. Barbieri, J. Ber. d. Chem. Gesellsch., 16, 1711, 1883.

Journ. f. prakt. Chem., [2] 25, 145 ; 27, 337. Zeitschr. f.

Physiol. Chem.

. u. Bosshard, E. Zeitschr. f. physiol. Chem., 10, 80, 86,

1886. Ber. d. Chem. Gesellsch., 19, 261, 498, 1886.

u. Frankfort, S. Berichte d. Chem. Gesellsch., 26, 2151, 1893.

u. Likiernik, A. Ber. d. Chem. Gesellsch., 24, 71, 2701,

1891 ; 669.

u. Nageli, E. Zeitschr. f. physiol. Chem., 11, 201, 1887.

u. Steiger, E. Zeitschr. f. physiol. Chem., 13, 365, 1889.

Ber. d. Chem. Gesellsch., 24, Ref. 327, 2701.

u Planta, A. v. Zeitschr. f. physiol. Chem., 10, 326. Ber.

d. Chem. Gesellsch., 19, Ref. 772, 1886.

Schitltzen, O. u. Filchne, W. Ber. d. Chem. Gesellsch., 1, 150, 1868.

Schiitzenberger. Bull. Soc. Chim., 7, 192 ; 21, 204.

Schwarz, H. Zeitschr. f. physiol. Chem., 18, 487, 1893.

Sieber. Ber. d. Chem. Gesellsch., 23, 326.

Siegfried, M. Ber d. Chem. Gesellsch., 24, 418.

Stadthagen, G. Zeitechr. f. klin. Med., 15, 383.M. Arch. f. pathol. Anat., 109, 390. Ber. d. Chem. Ge

sellsch, 21, 192. Zeitschr. f. klin. Med., 15, 389, 1889; 20,

Hefte 5 u. 6.

Slrecker. Annal. d. Chem. u. Pharm., 118, 151 ; 108, 129, 156

(1858); 131, 121; 146, 142; 148, 77.

Surmont, H. C. R. soc. biol., 44, 23. Maly's Jahresberichte, 22,

495.

Tanret. Compt. Rendus, 100, 1540 ; 106, 418, 1888.

Teissier, J. et Rogue, G. Compt. Rendus, 107, 272. Ber. d. Chem.

Gesellsch., 21, Ref. 756.

Tholes, 6. Zeitschr. f. physiol. Chem., 13, 395, 1889. Berichte,

24, Ref. 328.

Thudichum, J. L. W. Grundziigc d. Anatom. u. klin. Chemie,

Berlin, 1886. Annals of Chemical Medicine, 1, 160-174, 1879.

Compt. Rendus, 106, 1803. Ber. d. Chem. Gesellsch., 21, Ref.

667.

Tichomiroff. Zeitschr. f. physiol. Chem., 9, 518, 566. Ber. d.

Chem. Gesellsch., 19, Ref. 315, 1886.

Uffelinann. Archiv. f. Hyg., 8, 335.

Umfer. Annal. d. Chem. u. Pharm., 59, 58.



BIBLIOGRAPHY. 597

Vettz, V. Compt. Rendus. 102, 880. Ber. d. Chem. Gesellsch.,

20, Ref. 437.

Viron.L. L' Union Pharm., 1892. Chem. Centralb., 1892, [1] 998.

Voit. Zeitschr., f. Biolog., 4, 140.

Wridel, H. Annal. d. Chem. u. Pharm., 158, 353, 1871.

Weinland, C. Guanine. Dissertation, Munich, 1888. Arch. f.

Biol., 25, 390. Ber. d. Chem. Gesellsch., 23, Ref. 352.

W«Uer,A. Ber. d. Chem. Gesellsch., 20, 2097. Archiv. d. Pharm.,

[3] 25, 824.

Will. Vide Gorup-Besanez.

Wulff, C. Zeitschr. f. physiol. Chem., 17, 468, 634, 1892. Vide

Krtiger.

Wurtz, R. Compt. Rendus, 106, 213, 363, 1888. Les Leucomains

du Sang normal, Paris, 18S9.

Venom of Serpents.

Alt. Maly's Jahresberichte, 22, 247.

Oalmeil. Monit. Seient. de Quesneville, 1884, 392.

Calnutte, A. Ann. d. l'Institut Pasteur, 6, 160, 1892 ; 8, 275, 1894 ;

9, 225, 1895. Compt. Rendus, 118, 720, 1004, 1894 ; 120, 1443,

1895. Bull. Soc. Biol., 1894.

Cloez. Journ. f. prakt. chem., 1853, 468.

and GratioM. Compt. Rendus, 34, 729, 1852.

ConUjean. Vide Phisalix.

Dutartre, A. Compt. Rendus, 110, 199, 1890.

Frater, T. R. Brit. Med. Journ., 1895, 1, 1309.

Jourdain, S. Compt. Rendus, 118, 207, 1894.

Kanthack, A. A. Journ. of Physiol., 13, 272, 1893.

Kanfmann. Mem. d. l'Acad. de M6d., 1889. Revue Scientif., 45,

180, 1890; 13, 401.

Kobert. Lchrbuch d. Intoxicationen, Stuttgart, 1893. Toxicologic.

Mairet and Bote. Compt. Rendus, 119, 292.

Mitchell, S. W. and Reichert, E. T. Researches upon the Venoms

of Poisonous Serpents. Smithsonian Contributions to Knowl

edge, 1886.

PhUalix, C. Compt. Rendus, 109, 405. C. R. Soc. Biol., 42, 225.

and Bertrand, G. Compt. Rendus, 116, 1080 ; 117, 1099 ;

118, 76, 289, 356, 935, 1071, 1894 ; 119, 919, 1894; 120, 1296,



598 BIBLIOGRAPHY.

1895. Archiv. de physiol., 1894 ; 25, 511. C. R. S. Biol.. 45,

477. Sem. Med., 1894. Bull. Soc. Biol., 1894.

Phisalix, C. and Contejean, Ch. Compt Rendus, 119, 434, 1894.

Mem. Soc. Biol., 1891.

and LangloU. C. R. Soc. Biol.

Ragotzi, V. Virchow's Archiv, 122, 401.

Repin. Annal. Pasteur, 9, 517, 1895.

Scwall, H. Trans, of the Internat. Med. Congress, vol. iii.

Vollmer, E. Maly's Jahresberichte, 22, 366.

Waddell, L. A. Maly's Jahresberichte, 20, 313.

Wolfenden, R. M Journ. of Physiol., 7, 327. Lancet, 1883, 2, 852.



INDEX.

ABRIN, 41, 248

Acetyl-adenin, 437

-cholin, 374

-guanin, 468

Aconitin, 301

Adenin, 416

-hypoxanthin, 441

-theobromin, 442

Adenylic acid, 507

Aerobic bacteria, 18

Agaricin, 361

Albumins, poisonous, 96

Albumoses, 40

effect on temperature, 146

immunity from, 545

in urine, 551

Alcohol, basic substances in, 264

dialysis into, 278

Alcoholic fermentation, bases in,:3-14,

352

Aldehyde eollidin, 312

Alkaloids, 16

interference in reactions of, by

ptomains, 29V

separation from ptomains, 302

Alkapton, 414

Allantiasis, 58

Alloxuric bases, 479, 482

bodies, 479, 482

Amanitin, 361

American swine-plague, 210

Amido- valerianic acid, 354

Amphi-creatin, 521

Amyladenin, 441

-hypoxanthin, 456

Amylamin, 309

Amylic alcohol, impurities in, 264

Anaerobic bacteria, 18

Animal chinoidin, 30, 526, 538

-coniin, 335

-parasites, 14

Anthracen, 410

Anthracin, 153, 155

Anthrax, 15, 21

theories of, 129 it scq.

bacillus, products of, 40, 152

Anthrax, proteid, 153, 277

albumose, 153, 277

toxin, 155

Antitoxin, action, 41, 255

nature, 254, 258

of diphtheria, 261

of tetanus, 262

of venom, 544

preparation, 257

Antivenen, 545

Antivenomous serum, 41, 544

Appendicitis, 113

Apricots, poisonous, 82

Arginin, 363,367,513

Aromin, 527

Arrow poison, 52, 177

Asellin, 352

Aseptic fever, 557

Asiatic cholera, 157

bacillus of, products of, 157

Atropin-like substances, 32, 294, 300

Autogenous diseases, 15, 548

Azulmic acid, 416, 424, 520

BACILLUS, anthracis, 81

bovis morbificans, 77

butyricus, 18

coli, 80, 116, 118, 333

enteriditis, 73, 75

piscicidus agitis, 57

pneumonite, 72

Bacon, poisonous, 82

Bacteria in summer diarrhoeas, 197

Bacterial cellular proteids, 20

methods of extraction,

193

diseases, 14

poisons, definition and classifica

tion of, 16

historical sketch of. 26

foods containing, 42

of the infectious diseases,

128,144

proteids, 19

method of extraction, 276
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Bacterium termo, 69

Batrachians, poison of, 546

Baumstark's base, 528

Beef, 68, 73, 76, 7», 8I

Beer, colchicine-like substance in,

299

Benzol, impurities in, 264

Benzoyl adenin, 437

cholin, 375

guanin, 468

Benzyl adenin, 437

hypoxanthin, 454

Bergmann and Schmiedeberg's me

thod, 275

Betain, 376, 514, 526

aldehyde, 381

Bibliography of the leucomains, 590

of the ptomainB, 559

Bilineurine, 361

Biliousness, 552

Blood, germicidal properties, 216

-serum, 41, 250

protective value, 251

leucomains in, 537

Bocklisch's base, unnamed, 405

Bois bracelet, 53

Botulinic acid, 63

Botulism, 48

Bread, poisonous, 122

Brieger's bases, unnamed, 311, 387,

393, 404, 405, 407

methods, 267

disadvantages of, 275

Brom-adenin, 434

-hypoxanthin, 453

-guanin, 467

-xantbin, 474

Brouardel's veratrin, 322

Brucin,300

Hujwid's cholera-reaction, 164

Butylamin, 309

Butyro cholin, 374

CADAVERIC alkaloids, 16

coniin. 282, 335

Cadaverin, 39, 58, 160, 3:S2

Cam-in, 483, 491

Canned fish, poisonous, 82

fruits, poisonous, 82

meats, poisonous, 82

Caproylamin, 310

Carbon monoxide in expired air, 526

Carbonic acid, 524

Carbopyridic bases, 517

Carnin, 502, 514, 527

Caseic acid, 27, 63, 83

Causation of disease, 13

Charcot Neumann, crystals of, 509

Cheese, poisonous, 27, 83, 401, 402

ptomaine, 401, 402

Chemotaxis, 193

Chicken cholera, 243

poisonous, 79

tuberculosis, 183, 185

Cholera, 40, 157

bases in, 325, 333

Bujwid's reaction, 164

-blue, 166

chicken, 79

immunity, 239

-infantum, 197

-red, 164

-stools, 27, 333

-toxin, 162

Cholin, 39, 160, 361, 530, 537

decompositions of, 367

-group, 355

constitution of, 383

Chorea gravidarum, 557

Cicuta virosa, 282

Classification of disease, 13

Cobra venom, 545

Codein-like substances, 285, 301

Cod-liver oil, bases from, 352

Colchicin-like substances, 297, 301

Zeisel's test for, 298

Collidin, 33, 312, 314

Comma bacillus, ferments produced

by, 157

products of, 157 ft s&f.

Coniin, difficulties in detection of, 283

-like substances, 33, 35, 36, 280

Copper in foods, 42

method, 477

Coridin, 320

Corindin, 318

Corn-beef, 80

-meal, ptomains in, 38, 122, 284

Cornutin, 37

Creatin, 349. 367, 459

Creatinin, 160,349, 367

-group, 415, 513

Cruso-creatinin, 518

Curara, 38, 46, 94, 546

Cyanogen, role of, 518

Cystin, 329

Cystinuria, bases in, 325, 414, 531

Cytosin, 507

DE CONINCK'8 bases, 314, 318

Delezinier's base, 322

Delphinin, 301

-like substances, 296

Derris, 52

Deutero-albumose, 154

Dialysis, concentration by, 278
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Diamins, 325, 531

Diaminuria, 329

Diarrhoeas of infancy, 197

Diethylamin, 308

Digitalin-like substances, 33, 295

Dihydrolutidin, 311

Dimethylamin, 39, 304

Dimethyl-hypoxanthin, 454

-xanthin, 501

Diphtheria, 186

bacillus of, products of, 22, 40,

186

immunity to, 41, 190, 250

serum, 190

Dippel's oil, 314

Diseases, classification of, 14, 128

relation of bacterial poisons to,

128

Dragendorffs method, 267, 271

Drechsel's reaction, 425

Dysentery, 334

Dyspepsia, 552

EBERTH'S bacillus, 17,207

products of, 207

Echidnas. 543

Echidnin, 543

Echidnotoxin. 543

Eclampsia, 557

Eel, poisjnous, 47

Ehrlich's reagent, 392

Enteritis, 116

Enzymes, 157. 187

Eniguanin, 507

Episarkin, 504

Ergot, 38

Ethyl adenin, 440

hypoxanthin, 455

xanthin, 501

Ethylainin, 307

Ethylenediamin, 533

Ethyleneimin, 323, 511, 509

Ethylidenediamin, 39, 322

Expired air, leucomains in, 523

Examination of poisonous foods,

123

FECES, poisons in, 556

Ferments, 157, 1S7

from comma bacillus, 157

from hog-cholera bicillm

212

in urine, 552

Fever, aseptic, 557

of exhaustion, 555

of fatigue, 554

of non-elimination, 556

Fish, poisonous, 48, 542

ptomains, 54

Fluorescing bacteria, 30

Fowls containing bacterial poisons,

42

Friedlaenders bacillus, 21

Fugu, 50, 55

Fungous diseases, 14

0A.DIXIX, 39. 390

Gaduin,397

Gulaetin, 539

Gautier's pseudo-xanthin, 508

Gautier and Etard's buses, 316, 317,

352, 521, 522

methods, 270

extraction of leU'romatns, 515

German swine-plague, 210

Germs, relation of, to disease, 129 ct

seq.

Germicidal action, 40

Gerontin, 508

Glanders, 214

immunity, 253

Globulins, germicidal properties of,

220

Glucosins. 346

Glycol, 306

Goose grease, poisonous, 81

Gram's bases, 406

Griffith's bases, 320

Guanidin, 349, 363,464

Guanin, 457

constitution, 489

Guareschis base, 401

and Mosso's bases, 317, 406

FTHEMATOGENIC immunity, 253

H Halichthytoxin. 54

Hiirn, poisonous, 64, 81

tlankin's method, 278

Heteroxanthin, 489

Hexamethylenediamin, 34'1

Hexylamm, 310

Ilistogenic immunity, 253

Historical sketch of the bacteria! poi

sons, 26

Hog-cholera, 40, 210

immunity, 213

-erysipelas, 210, 243

Homo-piperidinic acid, 354

Hydrocollidin, 316

Hydrocoridin, 320

Hydrocyanic acid, 53. 62, 416, a50

Hydrolutidin, 311

Hvoscyamin-like substances, 32

Hypoxanthin, 442

27
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ICE-CREAM, poisonous, 118

Ichneumon, immunity to venom.

247, 545

Ichthyotoxicum, 47

Immunity, 232

and tolerance, 254

artificial, 237

by intoxication with ptomaine,

347

from blood-serum, 232, 247, 255

hematogenic, 253

histogenic, 253

hypersusceptibility in, 253

methods of securing, 237, 253

natural, 232

producing substances, nature of,

255

to abrin, 248

to anthrax, 238, 249

to chicken cholera, 243

to cholera, 239. 25s

to diphtheria. 250

to glanders, 253

to pneumonia, 243. 261

to rabies, 256

to rouget, 243

to smallpox, 257

to swine-plague, 249, 213

to tetanus, 177, 262

to tuberculosis, 253

to venom, 244, 542

Indol, 164, 290

Infectious diseases, 128, 144

definition of, 136

how produced, 129

poisons of, 8, 44

Influenza bacillus, 149

immunity to, 254

Intoxications, 15

Iso-amylamin, 309

Iso-cyanaeetic acid, 546

Iso-muscarin, 381, 385

Iso-propylamin, 309

J^AKKE, 57

V. Koch's rules, 137

LACTIC acid, 158

Lactocholin, 374

Lactochrom, 539

Lecithin, decomposition of, 363

preparation of, 304

Lepierre's base from cheese. 401

Leucin,21, 154, 161

Leucocytbremia, urine in, 417, 480

Leucomains, bibliography of. 59U

chemistry of, 413

Leucomains, extraction of, 475, 515

pathological importance of, 550

tables of. 547

Leukamia, 480

Lutidin, 311

Lycin, 377

Lysatin, 367, 514

Lysatinin, 367, 514

Lysin, see Lysatin.

IfALARIA, 334

111 Malignant oedema, 213, 249

Mallcin, 25, 214, 253

Marino-Zuco's method, 265

Mastitis bovis, 215

Meal and bread, poisonous, 122

Meat, poisonous, 31, 64

Methyladenin, 439

Methylamin, 303

betain,377

carbylamin, 546

guanidin, 39, 160, 213, 347, 558

hydantoin, 273, 349, 522

method of extraction, 273

hypoxanthin, 454

uramin, 348

xanthin,489, 193,494

Meissner's base, 528

Milk, leucomains in, 539

poisonous, 98

Monamins, 3o3

Mongoose, 247

Morin's base. 345

Morphin-like substances, 284, 290,

299

Morrhuic acid, 396

Morrhuin, 351

Morvin, 214

Murena, 47

Musearin, 39, 380

Mussel, poisonous, 42, 387

Mutton, poisonous, 82

Mycoderma aceti, 18

Mycoproteiu, 21

Mydatuxin, 39, 385

isomer of, 3S7, 400

Mydalein, 39, 403

Mydin,39,353

Mytilotoxin, 39, 46, 387

-VTARCEIN, 301

i.1 Narcotic substance of Panum,

29

in urine, 30

Nencki's base, 312

Neuridm, 39, 80

Neurin, 39, 355,361
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Nieotin-like substances, 33, 264, 28:i

Nicotinic acid, 320

Nucleins, 41. 209,226, 260

bases, 482

Nucleinic acid, 25, 231,418

Nucleohiston, 418

OSER'S base, 352

Oxy-betains, 398

Oxy cholin. 380

Oxy-neurin, 376

Oxygenated bases, 353

Oysters, poisonous, 47

PACHYRRHIZID, 53

Panum's narcotic substance, 29

putrid poison. 28

Paraffin oil, bases in, 346

Parareducin, 527

Puraxanthin, 4S5

Parvolin, 317

Pathoainins, 529

Pellagrocein, 284

Pentamethylenediamin, 334

Pepsin, action of, 553

Peptons, poisonous nature of, 550

ct neq.

Peptotoxin, 408, 538, 552

Pernicious anUinia, 531

Petroleum, bases in, 346

Petromyzon, 51

Phagocytes. 258

Phenolj 280

Phenyl-etbylamin, 313

Thlogosin, 193,407

Phosphorus-eon taining substances,

36

Phytalbuinose, 542

Picrotoxin,30l

Piperazin, 512

Piperidin, synthesis of, 334

Pleuro-pneumonia, 243

Pneumonia, chemical products in,

67,71, 74, 149,213

Poisonous foods, 42

Pork, 64, 67. 68, 72. 82

Pouchet's bases, 31)7, 401, 527

Propylamin, 303

Protalbumose. 154

Protamin, 512

Proteus infection, 31

Protozoal diseases. 14

Pseudo-xanthin, 508

Ptomains, bibliography of, 559

chemistry of, 303

definition of, 16

table of, 411

Ptomains, separation of alkaloids

from, 302

methods of extraction of, 263

remarks upon, 271

Ptomatins, 16

Ptomatropin, 295

Puerperal fever, 7fi, 214

Putrefactive alkaloids, 16

Putrescin, 39, 160,324, 551

Putrid poison of Panum, 28. 31

material, effects of, 26

Pyocyanin, 410

Pyogeuetic proteids, 21, 193

Pyoxanthose, 410

Pyridin. 159, 264, 346, 315, 318, 320,

408, 527

Pyroligneous acid, 62

Pyrotoxina bacterica, 147

RABBIT septicaemia, 213

Rabies, immunity to, 256

Rattlesnake venom, 244

Reagents, purity of, 2G4, 346

Reducin, 527

Reus's test for atropine, 294

Ricin,41. 248

Rouget, 210, 243

Roussin's test for nicotin, 283

SALAMANDER, blood, 546

Salamandarin, 546

Saliva, leucoinains in, 536

Salkowski's base, 354

Salmon, 56, 68

Saponin, 53

Saprin, 39, 342

Sarcina botulina, 63

Sarcin, 442

Sarcosin, 523

Sardines, poisonous, 55, 57

Sarkin bases, 482

Sausage, poisonous, 26, 58

Schweineseuche, 210

Sebacic acid, 26, 63, 83

Selmi's method, 32, 265

Sepsin, 30

method of extraction, 275

Septicemia of rabbits, 213

Septicin, 310

Serum-therapy, 261

Siguatera,48

Silver method, 475

Sinapin, 367

Sinkalin, 361

Skatol, 280

Skin burns, 538

Spasmotoxin, 171, 311
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Turtle, 546

Typhoid bacillus, 207

products of, 208

fever, 207, 249

Typhotoxin, 39, 208, 392

isomer of, 390. 393

Tyrosin, 154, lfll, 313,414

Tyrotoxicon, 40, 87, 98, 104, 118,207,

402

in summer diarrhoea, 207

Tyrotoxin, 94

I

Spermin,323, 509

Spleen, leueomains in, 539

Staphisagria, 296

Staphylococcus pyog. aureus, bases

from, 40, 4<)7

Stas-Otto method, 265, 271

Stercoraemia, 556

Strychnin-like substances. 37, 38,

122, 284, 320

reactions, 38, 300

Sueholotoxin, 212

Sugar solutions, base in 352

Summer diarrhoeas of infancy, 197

Suppuration, 192

Susotoxin, 211, 346

Swine-plague, American, 210

products of bacillus of, 211

German, 210

TEA-EXTRACT, examination, 421

Temperature, effect of bacterial

products on, 144

Tetanin, 39, 171, 398, 539

Tetanizing substance, 36, 37

Tetanotoxin, 171, 310

Tetanus, 168

bacillus, products of, 22, 40, 171

et acq.

immunity to, 41, 177, 262

neonatorum, 169

toxins, 23,171,279,387,310,311,

398, 400

Tetramethylenediamin, 328

Tetramethyl-putrescin, 330

Tetrodon, 50, 55, 57

Thein, 473, 484

in urine, 495

Theobromin, synthesis of, 473,4,84, 501

Theophyllin, 483, 501

Tolerance, 254

Toxalbumins, 16, 23, 172, 184, 189

Toxicogenic bacteria, 141

Toxicology of bacterial products, 280

Toxins, 16, 22

methods of isolating, 277

Toxopeptons, 162

Traumatic disease, 15

Triethylamin, 308

Trigonellin, 377

Trimethylamin, 38, 39, 264, 305

Trimethylenediamin, 160, 323

Tuberculin, 25, 41, 146, 17S

Tuberculosis, 178

immunity, 253

products of bacillus of, 179

serum, 185

thermogenic product in urine,

531

ITNDETERMINEDleucomaius,523

) ptomaius, 402 el seg.

I Uraemic poisoning, 557

Urea, 349, 367, 513

Uric acid, 483

group of leueomains, 415

separation of, from xanlhiu

bases, 480

Urine, ferments in, 552

leueomains in, 526

toxicity of, 533

i Urochrom, 527

Urotheobromtn, 495, 527

Urotoxin, 529

Urotoxy, 534

Urotoxic coefficient, 534

VALERIANIC acid, 354

T Valero cholin, 374

Vanilla, 121

Veal, poisonous, 69, 80, 81

Venom of serpents, 41, 244, 539

immunity to. 542

Verntrin-hkesubstanees,29fi,30u,322

Vernin, 363

Vibrios, action of, 163

Viper venom, 248. 542

Vitiated uir, effects of inhalation of,

558

llTEIDEL'S reaction, 504, 424

Tl White liquefying bacterium.

products of." 202

Winckel's disease, 74

V ANTHIN, 469

A bases, 482

detection of, 480

Uroup, constitution of, 481

isolation of, 475

reaction, 473

X.mtho-creatinin, 519

i/EISEL'S test for colchicin, 298
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JAMIESON (W. ALLAN). DISEASES OF TIIE SKIN. Third

edition. In one octavo volume of 656 pages, with 1 engraving and 9

double-page chromo-lithographic plates. Cloth, $6.

JONES (C HANDF1ELD). CLINICAL OBSERVATIONS ON

FUNCTIONAL NERVOUS DISORDERS. Second American edi

tion. In one octavo volume of 340 pages. Cloth, $3.25.

JULER (HENRY). A HANDBOOK OF OPHTHALMIC SCIENCE

AND PRACTICE. Second edition. In one octavo volume of 549

pages, with 201 engravings, 17 chromo-lithographic plates, test-types of

Jaeger and Snellen, and Holmgren's Color-Bliudness Test. Cloth,

$5.50 ; leather, $6.50.

KING (A. F. A.). A MANUAL OF OBSTETRICS. Sixth edition.

In one 12mo. vol. of 532 pages, with 221 illus. Cloth, $2.50.

KIRK (EDWARD C). OPERATIVE DENTISTRY. See American

Text-Books of Dentistry, p 2.

KLEIN (E.). ELEMENTS OF HISTOLOGY. Fourth edition. In

one pocket-size 12mo. volume of 376 pages, with 194 engravings.

Cloth, $1.75. See Student's Series of Manuals, p. 14.

LANDIS (HENRY G.). THE MANAGEMENT OF LABOR. In one

handsome 12mo. volume of 329 pages, with 28 illus. Cloth, $1.75.

LA ROCHE (R). YELLOW FEVER. In two 8vo. volumes of 1468

pages. Cloth, $7.PNEUMONIA. In one 8vo. volume of 490 pages. Cloth, $3.

LAURENCE (J. Z.) AND MOON (ROBERT C). A HANDY-

BOOK OF OPHTHALMIC SURGERY. Second edition. In one

octavo volume of 227 pages, with 66 engravings. Cloth, $2.75.

LAWSON (GEORGE). INJURIES OF THE EYE, ORBIT AND

EYE-LIDS. From the last English edition. In one handsome octavo

volume of 404 pages, with 92 engravings. Cloth, $3.50.

LEV (HENRY C). CHAPTERS FROM THE RELIGIOUS HIS

TORY OF SPAIN; CENSORSHIP OF THE PRESS; MYSTICS

AND ILLUMINATI ; THE ENDEMONIADAS ; EL SANTO NINO

DE LA GUARDIA; BRIANDA DE BARDAXI. In one 12mo.

volume of 522 pages. Cloth. £2.50.
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LEA (HENRY C). A HISTORY OF AURICULAS CONFESSION

AND INDULGENCES IN THE LATIN CHURCH. In three

octavo volumes. Vol. I., 535 pages. Cloth, $3. Just ready. Vols.

II. and III. shortly.

FORMULARY OF THE PAPAL PENITENTIARY. In one

octavo volume of 221 pages, with frontispiece. Cloth, $2.50.

SUPERSTITION AND FORCE; ESSAYS ON THE WAGER

OF LAW, THE WAGER OF BATTLE, THE ORDEAL AND

TORTURE. Fourth edition, thoroughly revised. In one hand

some royal 12mo. volume of 629 pages. Cloth, $2.75.

STUDIES IN CHURCH HISTORY. The Rise of the Temporal

Power—Benefit of Clergy—Excommunication. New edition. In one

handsome 12mo. volume of 605 pages. Cloth, $2.50.

AN HISTORICAL SKETCH OF SACERDOTAL CELIBACY

IN THE CHRISTIAN CHURCH. Second edition. In one hand

some octavo volume of 685 pages. Cloth, $4.50.

LEE (HENRY) ON SYPHILIS. In one 8vo. volume of 246 pages.

Cloth, $2.25.

LEHMANN (C G.). A MANUAL OF CHEMICAL PHYSIOLOGY.

In one 8vo. volume of 327 pages, with 41 engravings. Cloth, $2.25.

LEISHMAN (WHJUAM). A SYSTEM OF MIDWIFERY. Includ

ing the Diseases of Pregnancy and the Puerperal State. Fourth edi

tion. In one octavo volume.

LOOMIS (ALFRED L.) AND THOMPSON (W. GILMAN).

A SYSTEM OF PRACTICAL MEDICINE. In Treatises by Vari

ous Authors. In very handsome 8vo. volumes with illus. Preparing.

LUCAS (CLEMENT). DISEASES OF THE URETHRA. Preparing.

See Series of Clinical Manuals, p. 13.

LUDLOW (J. L.). A MANUAL OF EXAMINATIONS UPON

ANATOMY, PHYSIOLOGY, SURGERY, PRACTICE OF MEDI

CINE, OBSTETRICS, MATERIA MEDICA, CHEMISTRY, PHAR

MACY- AND THERAPEUTICS. To which is added a Medical For

mulary. Third edition. In one royal 12mo. volume of 816 pagea, with

370 engravings. Cloth, $3.25 ; leather, $3.75.

LUFF (ARTHUR P.). MANUAL OF CHEMISTRY, for the use of

Students of Medicine. In one 12mo. volume of 522 pages, with 36

engravings. Cloth, $2. See Student's Series of Manuals, p. 14.

LYMAN (HENRY M.). THE PRACTICE OF MEDICINE. In one

very handsome octavo volume of 925 pages, with 170 engravings.

Cloth, $4.75: leather, $5.75.

LYONS (ROBERT P.). A TREATISE ON FEVER. In one octavo

volume of 362 pages. Cloth, $2.25.

MAISCH (JOHN M.). A MANUAL OF ORGANIC MATERIA

MEDICA. New (6th) edition, thoroughly revised by II. C.C. MaIsch,

Ph. ci., Ph. I1. In one very handsome 12mo. volume of 509 pages, with

285 engravings. Cloth, $3.

MANUALS. See Student's Quiz Series, p. 14, Student's Series of Manu

als, p. 14, and Series of Clinical Manuals, p. 13.

MARSH (HOWARD). DISEASES OF THE JOINTS. In one 12mo.

volume of 468 pages, with 64 engravings and a colored plate. Cloth, $2.

See Series of Clinical Manuals, p. 13.

MAY (C H.). MANUAL OF THE DISEASES OF WOMEN. For

the use of Students and Practitioners. Second edition, revised by L.

S. Rav, M. D. In one 12mo. volume of 360 pages, with 31 engrav

ings. Cloth, $1.75.

MILLER (JAMES). PRINCIPLES OF SURGERY. Fourth Ameri

can from the third Edinburgh edition. In one large octavo volume of

6"" pages, with 240 engravings,- " T|75.
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SOLLER (JAMES). THE PRACTICE OF SURGERY. Fourth

American from the last Edinburgh edition. In one large octavo vol

ume of 682 pages, with 364 engravings. Cloth, $3.75.

MITCHELL (JOHN K.). REMOTE CONSEQUENCES OF IN

JURIES OF NERVES AND THEIR TREATMENT. In one

handsome 12ino. volume of 239 pages, with 12 illustrations. Cloth,

$1.7."t. Just ready.

MORRIS (HENRY). SURGICAL DISEASES OF THE KIDNEY.

In one 12mo. volume of 554 pages, with 40 engravings and 6 colored

plates. Cloth, $2.25. See Series of Clinical Manuals, p. 13.

MORRIS (MALCOLM). DISEASES OF THE SKIN. In one

square Hvo. volume of 572 pages, with 19 chromo-lithographic figures

and 17 engravings. Cloth, $3.50.

MULLER (J.). PRINCIPLES OF PHYSICS AND METEOROL

OGY. In one large Svo. vol, of 023 pages, with 538 cuts. Cloth, $4.50.

MUSSER (JOHN H. ). A PRACTICAL TREATISE ON MEDICAL

DIAGNOSIS, for Students and Physicians. In one octavo volume

of 873 pages, illustrated with 102 engravings and 2 colored plates.

Cloth, $5 ; leather, $6.

NATIONAL DISPENSATORY. SeeStilll, MaUchic Caspari, p. 14.

NATIONAL MEDICAL DICTIONARY. See Billings, p. 3.

NETTLESHIP (E.). DISEASES OF THE EYE. Fourth American

from fifth English edition. In one 12mo. volume of 504 pages, with

104 engravings, test-tvpes and formula; and color-blindness test.

Cloth, $2.

NORRIS (WM. F.) AND OLIVER (CHAS. A.). TEXT-BOOK OF

OPHTHALMOLOGY. In one octavo volume of 041 pages, with 357

engravings and 5 colored plates. Cloth, $5 ; leather, $0.

OWEN (EDMUND). SURGICAL DISEASES OF CHILDREN.

In one 12mo. volume of 525 pages, with 85 engravings and 4 colored

plates. Cloth, $2. See Series of Clinical Manuals, p. 13.

PARRY (JOHN S.). EXTRA-UTERINE PREGNANCY, ITS

CLINICAL HISTORY, DIAGNOSIS, PROGNOSIS AND TREAT

MENT. In one octavo volume of 272 pages. Cloth, $2.50.

PARVIN (THEOPHILUS). THE SCIENCE AND ART OF OB

STETRICS. New (3d) edition. In one handsome octavo, volume of

077 pages, with 207 engravings and 2 colored plates. Cloth, $4.25;

leather, $5.25.

PAVY (F. W.). A TREATISE ON THE FUNCTION OF DIGES

TION, ITS DISORDERS AND THEIR TREATMENT. From the

second London edition. In one 8vo. volume of 238 pages. Cloth, $2.

PAYNE (JOSEPH FRANK). A MANUAL OF GENERAL

PATHOLOGY. Designed as an Introduction to the Practice of Medi

cine. In one octavo volume of 524 pages, with 153 engravings and

1 colored plate.

PEPPER'S SYSTEM OF MEDICINE. See p. 2.

PEPPER ' A. J.). FORENSIC MEDICINE. In press. Sec Student's

Series of Manuals, p. 14.

SURGICAL PATHOLOGY. In one 12mo. volume of 511 pages,

with 81 engravings. Cloth, $2. See Student's Series of Manuals, p. 14.

PICK (T. PICKERING). FRACTURES AND DISLOCATIONS.

In one 12mo. volume of 530 pages, with 93 engravings. Cloth, $2.

See Series of Clinical Manuals, p. 13.

PIRRIE (WILLIAM). THE PRINCIPLES AND PRACTICE OF

SURGERY. In one octavo volume of 780 pages, with 310 engravings.

Cloth, *3.75.
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PLAYFAIR (W. S.). A TREATISE ON THE SCIENCE AND

PRACTICE OF MIDWIFERY. Sixth American from the eighth

English edition. Edited, with additions, by R. P. Harris, M. D.

In one octavo volume of 697 pages, with 217 engravings and 5 plates.

Cloth, $4 ; leather, $5.

THE SYSTEMATIC TREATMENT OF NERVE PROSTRA

TION AND HYSTERIA. In one 12mo. vol. of 97 pp. Cloth, $1.

POLITZER (ADAM). A TEXT-BOOK OF THE DISEASES OF THE

EAR AND ADJACENT ORGANS. Second American from the

third German edition. Translated by Oscar I)ODl), M. D., and

edited by Sir William Dalby, F. R. C. S. In one octavo volume of

748 pages, with 330 original engravings. Cloth, $5.50.

POWER (HENRY). HUMAN PHYSIOLOGY. Second edition. In

one 12mo. volume of 396 pages, with 47 engravings. Cloth, $1.50.

See Student's Series of Manuals, p. 14.

PURITY (CHARLES W.1. BRIGHT'S DISEASE AND ALLIED

AFFECTIONS OF THE KIDNEY. In one octavo volume of 288

pages, with 18 engravings. Cloth, $2.

PYE-SMITH (PHILIP H.). DISEASES OF THE SKIN. In one

12uio. vol. of 407 pp., with 28 illus., 18 of which are colored. Cloth, $2.

QUIZ SERIES. See Student's Quit Series, p. 14.

RALFE (CHARLES H.). CLINICAL CHEMISTRY. In one

12mo. volume of 314 pages, with 16 engravings. Cloth, $1.50. See

Student's Series of Manuals, p. 14.

RAMSBOTHAM (FRANCIS H.). THE PRINCIPLES AND PRAC

TICE OF OBSTETRIC MEDICINE AND SURGERY. In one

imperial octavo volume of 640 pages, with 64 plates and numerous

engravings in the text. Strongly bound in leather, $7.

REICHERT (EDWARD T.). A TEXT-BOOK ON PHYSIOLOGY.

In one handsome octavo volume of about 800 pages, richly illustrated.

Preparing.

REMSEN (IRA). THE PRINCIPLES OF THEORETICAL CHEM

ISTRY. Fourth edition, thoroughly revised and much enlarged.

In one 12mo. volume of 325 pages. Cloth, $2.

REYNOLDS (J. RUSSELL). A SYSTEM OF MEDICINE. Ed

ited, with notes and additions, by Henry HartshorNe, M.D. In

three large 8vo. vols., containing 3056 closelv printed double-columned

pages, with 317 engravings. Per volume, cloth, $5; leather, $6; very

handsome half Russia, $6.50. For sale by subscription only.

RICHARDSON (BENJAMIN WARD). PREVENTIVE MEDI

CINE. In one octavo volume of 729 pages. Cloth, $4: leather, $5.

ROBERTS (JOHN B.). THE PRINCIPLES AND PRACTICE OF

MODERN SURGERY'. In one octavo volume of 780 pages, with

501 engravings. Cloth, $4.50 ; leather, $5.50.

THE COMPEND OF ANATOMY. For use in the Dissecting

Room and in preparing for Examinations. In one 16uio. volume of

196 pages. Limp cloth, 75 cents.

ROBERTS I SIR WILLIAM). A PRACTICAL TREATISE ON

URINARY AND RENAL DISEASES, INCLUDING URINARY

DEPOSITS. Fourth American from the fourth London edition. In

one very handsome 8vo. vol. of 609 pp., with 81 illus. Cloth, $3.50.

ROBERTSON (J. MCGREGOR). PHYSIOLOGICAL PHYSICS.

In one 12mo. volume of 537 pages, with 219 engravings. Cloth, $3.

See Student's Series af Manuals, p. 14.

ROSS i JAMES). A HANDBOOK OF THE DISEASES OF THE

N ERVOUS SYSTEM. In one handsome octavo volume of 728 pages,

with 184 engravings. Cloth, $4.50; leather, $5.50.
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SAVAGE 1GEORGE H.). INSANITY AND ALLIED NEUROSES,

PRACTICAL AND CLINICAL. In one 12mo. volume of 551 pages,

with 18 typical engravings. Cloth, $2. See Series of Clinical Man-

mils, p. 13.

SCHAFER !EDWARD A.). THE ESSENTIALS OF HISTOL

OGY. DESCRIPTIVE AND PRACTICAL. For the use of Students.

New (4th) edition. In one handsome octavo volume of 311 pages,

with 288 illustrations. Cloth, $3.

SCHMITZ AND ZUMPT'S CLASSICAL SERIES.

ADVANCED LATIN EXERCISES. Cloth, 0O cents; half bound,

70 cents.

SCHMIDT'S ELEMENTARY LATIN EXERCISES. Cloth, 50 cents.

SALLUST. Cloth, 0O cents; half bound, 70 cents.

NEPOS. Cloth, HO cents; half bound, 70 cents.

VIRGIL. Cloth, 85 cents; half bound, $1.

CURTIUS. Cloth, 80 cents; half bound, 90 cents.

SCHOFIELD 1ALFRED T.). ELEMENTARY PHYSIOLOGY

FOR STUDENTS. In one 12iuo. volume of 380 pages, with 227

engravings and 2 colored plates. Cloth, $2.

SCHREIBER 1JOSEPH). A MANUAL OF TREATMENT BY

MASSAGE AND METHODICAL MUSCLE EXERCISE. Trans

lated by Walter MendelsoN, M. II., of New York. In one hand

some octavo volume of 274 pages, with 117 fine engravings.

SEILER (CARL). A HANDBOOK OF DIAGNOSIS AND TREAT

MENT OF DISEASES OF THE THROAT AND NASAL CAVI

TIES. Fourth edition. In one 12mo. volume of 414 pages, with 107

engravings, and 2 colored plates. Cloth, $2.25.

SENN (NICHOLAS). SURGICAL BACTERIOLOGY. Second edi

tion. In one octavo volume of 268 pages, with 13 plates, 10 of which

are colored, and 9 engravings. Cloth, $2.

SERIES OF CLINICAL MANUALS. A Series of Authoritative

Monographs on Important Clinical Subjects, in 12mo. volumes of about

550 pages, well illustrated. The following volumes are now ready :

Broadbent on the Pulse, $1.75; Yeo on Food in Health and Disease,

$2; Carter and Frost's Ophthalmic Surgerv, $2.25; Hutchinson

on Syphilis, $2.25 ; Marsh on Diseases of the Joints, $2 ; Morris

on Surgical Diseases of the Kidnev, $2.25; Owen on Surgical

Diseases of Children, $2; Pick on Fractures and Dislocations, $2;

Butlin on the Tongue, $3.50; Savage on Insanity and Allied Neu

roses, $2 ; and Treves on Intestinal Obstruction, $2. The following

is in press: Lucas on Diseases of the Urethra.

For separate notices, see under various authors' names.

SERIES OF STUDENT'S MANUALS. See next page.

SIMON (W.). MANUAL OF CHEMISTRY. A Guide to Lectures

and Laboratory Work for Beginners in Chemistry. A Text-book

specially adapted for Students of Pharmacy and Medicine. New (5th)

edition. In one 8vo. volume of 501 pages, with 44 engravings and 8

plates showing colors of 64 tests. Cloth, $3.25. Just ready.

SIMON (CHARLES E.). CLINICAL DIAGNOSIS, BY MICRO

SCOPICAL AND CHEMICAL METHODS. Handsome octavo,

riehlv illustrated in black and colors. In press.

SLADE" (D. D.i. DIPHTHERIA; ITS NATURE AND TREAT

MENT. Second edition. In one royal 12mo. vol., 158 pp. Cloth, $1.25.

SMTH (EDWARD). CONSUMPTION; ITS EARLY AND REME

DIABLE STAGES. In one 8vo. volume of 253 pp. Cloth, $2.25.

SMITH (J. LEWIS). A TREATISE ON THE DISEASES OF IN

FANCY AND CHILDHOOD. New (8th) edition, thoroughly revised

and rewritten and much eularged. In one large 8vo. volume of 983

pages, with 273 engravings and 4 full-page plates. Cloth, $4.50;

leather, $5.50. Just ready.

SMITH (STEPHEN). OPERATIVE SURGERY. Second and thor

oughly revised edition. In one octavo volume of 892 pages, with

1005 engravings. Cloth, $4 ; leather, $5.

SOLLY (S. EDWIN). A HANDBOOK OF MEDICAL CLIMA

TOLOGY. Handsome octavo. Preparing.
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STILLE (ALFRED). CHOLERA; ITS ORIGIN, HISTORY, CAUS

ATION, SYMPTOMS, LESIONS, PREVENTION AND TREAT

MENT. In one 12ino. volume of 10.'5 pages, with a chart showing

routes of previous epidemies. Cloth, $1.25.

THERAPEUTICS AND MATERIA MEDICA. Fourth and

revised edition. In two octavo volumes, containing 1930 pages.

Cloth, $10; leather, $12.

STILLE (ALFRED), MAISCH (JOHN M.) AND CASPARI

(CHAS. JR.). THE NATIONAL DISPENSATORY: Containing

the Natural History, Chemistry, Pharmacy, Actions and Uses of

Medicines, including those recognized in the latest Pharniacorxeiaa of

the United States, Great Britain and Germany, with numerous refer

ences to the French Codex. Fifth edition, revised and enlarged,

including the new U. S. Pharmacopieia, Seventh Decennial Revision.

With .Supplement containing the new edition of the National Formu

lary. In one magnificent imperial octavo volume of about 2025 pages,

with 320 engravings. Cloth, $7.25; leather, $8. With ready reference

Thumb-letter Index. Cloth, $7.75; leather, $8.50. Just ready.

STIMSON (LEWIS A.). A MANUAL OF OPERATIVE SURGERY.

New (3d) edition. In one royal 12mo. volume of 614 pages, with 306

engravings. Ju«t ready. Cloth, $3. 75.

A TREATISE ON FRACTURES AND DISLOCATIONS. In

two handsome octavo volumes. A'ol. I., Fractures, 582 pages, 360

engravings. Vol. II., Dislocations, 540 pages, 163 engravings. Com

plete work, cloth, $5.50; leather, $7.50. Either volume separatelv,

cloth, $3 ; leather, $4.

STUDENT'S QUIZ SERIES. A New Series of Manuals in question and

answer for Students and Practitioners, covering the essentials of medical

science. Thirteen volumes, pocket size, convenient, authoritative,

well illustrated, handsomely bound in limp cloth, and issued at a low

price. 1. Anatomy (double number); 2. Physiology; 3. Chemistrv and

Physics ; 4. Histology, Pathology and Bacteriology ; 5. Materia Jfedica

and Therapeuties; 0. Practice of Medicine; 7. Surgery (double num

ber); 8. Genito-Urinarv and Venereal Diseases; !i. Diseases of the Skin;

10. Diseases of the E"ye. Ear, Throat and Nose; 11. Obstetries; 12.

Gynecology; 13. Diseases of Children. Price, $1 each, except Nos.

1 and 7, Anatomy and Snnjery, which being double numbers are priced

at $1.75 each. Full specimen circular on application to publishers.

STUDENT'S SERIES OF MANUALS. A Series of Fifteen Man

uals by Eminent Teachers or Examiners. The volumes are pocket'Size

12mos. of from 300-540 pages, profusely illustrated, and bound in red

limp cloth. The following volumes may now be announced: Her

man's First Lines in Midwifery, $1.25 ; Luff's Manual of Chemistry,

$2; Bruce's Materia Medica and Therapeuties (fifth edition), $1.50;

Treves' Manual of Surgery (monographs by 33 leading surgeons) 3

volumes, per set, $0; Bell's Comparative Anatomy and Physiology , $2;

ROBERtsON'S Physiological Physies, $2; Gould's Surgical Diagnosis,

$2; Klein's Elements of Histology (4th edition), $1.75; Pepper's

Surgical Pathology $2j Treves' Surgical Applied Anatomy $2 ;

Power's Human Physiology (2d edition), $1.60; Ralfe's Clinical

Chemistrv, $1.50; and Clarke and Lockwood's Dissector's Manual,

$1.50. The following is in press: Pepper's Forensic Medicine.

For separate notices, sec under various authors' names.

STURGES (OCTAVIUS). AN INTRODUCTION TO THE STUDY

OF CLINICAL MEDICINE. In one 12mo. volume. Cloth, $1.25.

SUTTON (JOHN BLAND). SURGICAL DISEASES OF THE

OVARIES AND FALLOPIAN TUBES. Including Abdominal

Pregnancy. In one 12mo. volume of 513 pages, with 119 engravings

and 5 colored plates. Cloth, $3.

TUMORS, INNOCENT AND MALIGNANT. Their Clinical

Features and Appropriate Treatment. In one 8vo. vol. of 526 pp., with

250 engravings and 9 full-page plates. Cloth, $4.50. Ju»t ready.

TAIT (LAWSON). DISEASES OF WOMEN AND ABDOMINAL

SURGERY. In two handsome octavo volumes. Vol. I. contains 546

pages and 3 plates. Cloth, $3. Vol. II., preparing.
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TANNER (THOMAS HAWKES). A MANUAL OF CLINICAL

MEDICINE AND PHYSICAL DIAGNOSIS. Third American

from the second revised Enylish edition. Edited bv Tn.BURY F,)X,

M. D. In one handsoine 12mo. vol. of 362 pp., with illus. Cloth, $1.50.

ON THE SIGNS AND DISEASES OF PREGNANCY. From

the second English edition. In one octavo volume of 4W pages, with

4 colored plates and H5 engravings. Cloth, $4.25

TAYLOR (ALFRED S.). MEDICAL JURISPRUDENCE. Eleventh

American from the twelfth English edition, specially revised by Clark

BEI.L, Esq., of the N. Y. Bar. In one octavo volume of 787 pages,

with 50 engravings. Cloth, $4.50; leather, $5.50.

ON POISONS IN RELATION TO MEDICINE AND MEDICAL

JURISPRUDENCE. Third American from the third London edition.

In one 8vo. vol. of 788 pp., with 104 illus. Cloth, $5.50 ; leath., $0.50.

TAYLOR (ROBERT W.). THE PATHOLOGY AND TREAT

MENT OF VENEREAL DISEASES. In one very handsome octavo

volume of 1002 pages, with 2.50 engravings and 7 colored plates.

Cloth, $5.50 ; leather, $6.50. Just ready.

A CLINICAL ATLAS OF VENEREAL AND SKIN DISEASES.

Including Diagnosis, Prognosis and Treatment. In eight large folio

parts, measuring 14 x 18 inches, and comprising 213 beautiful figures

on 58 full-page chromo-lithographic plates, 85 fine engravings, and

425 pages of text. Complete work now ready. Price per part, sewed

in heavv embossed paper, $2.50. Bound in one volume, half Russia,

$27; half Turkey Morocco, $28. For sale by subseription only. Address

the publishers. ' Specimen plates by mail on receipt of ten cents.

IMPOTENCE AND STERILITY. In one octavo volume. In

actire prcfmration.

TAYLOR (SEYMOUR). INDEX OF MEDICINE. A Manual for

the use of Senior Students and others. In one large 12mo. volume of

802 pages. Cloth, $3.75.

THOMAS (T. GAILLARD) AND MUNDE (PAUL F.). A PRAC

TICAL TREATISE ON THE DISEASES OF WOMEN. Sixth

edition, thoroughly revised by Paul F. MUnDE, M. D. In one

large and handsome octavo volume of 824 pages, with 347 engravings.

Cloth, $5 ; leather, $6.

THOMPSON (SIR HENRY). CLINICAL LECTURES ON DIS

EASES OF THE URINARY ORGANS. Second and revised edi

tion. In one octavo vol. of 203 pp., with 25 engravings. Cloth, $2.25.

THE PATHOLOGY AND TREATMENT OF STRICTURE

OF THE URETHRA AND URINARY FISTUL.E. From the

thinl English edition. In one octavo volume of 359 pages, with 47

engravings and 3 lithographic plates. Cloth, $3.50.

TODD (ROBERT BENTLEY). CLINICAL LECTURES ON CER

TAIN ACUTE DISEASES. In one 8vo. vol. of 320 pp., cloth, $2.50.

TREVES (FREDERICK). OPERATIVE SURGERY. In two

8vo. vols, containing 1550 pp., with 422 illus. Cloth, $!1 ; leath., $11.

A SYSTEM OF SURGERY. In Contributions by Twenty-five

English Surgeons. In two large octavo volumes. Vol. I., Just rendu.

178 pages, 463 engravings and 2 colored plates. Per volume, cloth,

$8. Vol. II., preparinq.

A MANUAL OF SURGERY. In Treatises by 33 leading sur

geons. Three 12mo. volumes, containing 1866 pages, with 213 engrav

ings. Price per set, $6. See Student's Series of Manuals, p. 14.

THE STUDENTS' HANDBOOK OF SURGICAL OPERA

TIONS. In one 12mo. vol. of 508 pp., with 94 illus. Cloth, $2.50.

SURGICAL APPLIED ANATOMY. In one 12mo. vol. of 540 pp.,

with 61 engravings. Cloth, $2. Sec Student's Series of Manuals, p. 14.INTESTINAL OBSTRUCTION. In one 12mo. volume of 522

pages, with 00 illus. Cloth, $2. See Series of Clinical Manuals, p. 13.

TUKE (DANIEL HACK). THE INFLUENCE OF THE MIND

UPON THE BODY IN HEALTH AND DISEASE. Second edition.

In one 8vo. volume of 467 pages, with 2 colored plates. Cloth, $3.
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