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42 CHEAMICAL PRODICTS OF BRACTERIA.
them. We may divide the bacterial proteids into two classes : (1)

Those which constitute an integral part of the bacterial eells ; and
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It iz now quite certain that none of the proteids formed by the
aleavame action of b ria. on the normal constituents of 1-!||I_|JI'|,-
media. or on those of the animal body, are specific factors in the
production of disease. It is true that many Dacteria peptonize pro-
teids and the specific poisons of certain infectious diseases have been
sought for among the peptons; but there is no evidence that these
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The Bacterial Cellular Proteids.—Nencki was the first to at-
tempt to study the chemistry of the _]':""["r."'l! cell, [[H"'xi"'rlmrn;*g
were made with putrefactive bacteria, 'I-‘-'!-Ill'll. were -a|:t;1|I!|--i by de-
cantation of ligonid coltures, freed from fat with |-r'|u-!'1 dissalved L:I1
50 parts of a potash solution of 0.5 per cent., 'h--:um_l for some hours
at 100° and filtered. The filtrate was acidified with dilute hydro-




TOXINS. B

chloric acid and precipitated by the additron af F-.'i"fi .~'4||I:.._:|!"tP:I' ‘-'-'ii_i_-"jl
the precipitate was washed with saturated salt solution, dried at 1007,
and freed from zalt by washing with water, Wencki designates ihis
substance as "|u_'cu-;!:-:'nlvin,:' and finds that it has the formula
C_H_NO, Freshly prepared mycoprotein forms amorphous flakes,
which are soluble in water, alkalis and acids. The agneons solu-
tion is.acd in resction.  After being dried at 100° it iz no longer
wholly soluble in water. Nencki found that it is not precipitated
from aqueous solution by aleohol, but by pieric acid, tannie acid amnd
mercuric chlorid ; that it does not give the xanthoproteie, but does
Eh-,._- the Millon and the hiupret reactions. Ao I:I'Igifll_l_' to !“Lc"!'.:'i.llﬁli"r, it
18 |-|;|_;|;-|;|'-_.n. d '||_-.- aeids Into peptons, and on |!|r'i|'.:_'; fuzed with five parts
of potash it breaks up into ammonia, amylamin, phenol (0.15 per cent.
of its weight), valerianic acid (38 per eent.), leucin and traces of
indol and skatol. A proteid obtaived from the yeast plant has the
formula E'I:]l.,.:"-_.,”,, It should be understood that these formulse
are of but little value inasmuch as chemically pure bodies were not
secured,

The pyogenetic substance obtained from the pnenmonia bacillus
of Friedlander was found by Buchner to give the following reac-
tions: It is soluble in water and the conecentrated mineral acids,
very soluble in dilute alkalis, from which it is precipitated on
the addition of an acid. TFrom its agueous solution it is ot pre-
nIIIFi.I:l11'|.i EI:\ ||1'.'|.[_. nar .I'l_lll ."-.'I.r'.t":l'il:':’ 'I.'i:lil !"-'I:'l'l.illlll |'1|':"||'i.|]_ I:'l.g_l il-i l'lr'{'—
gipitated by magnesinm sulphate, copper sulpbate, platinum chlorid,
gold ehlorid, lead salts, picrie acid, tannic acid, and absolute aleohol.
It gives the xanthoproteie, Alillon and Binret reactions.

In old bouillon enltures, the dead, disin e Bodies of the
bacteria form 2 sediment. It is not at all ]ll'.l|'-::_]||u that an analysis
of this sediment represents fairly the constituents of the living germs,
During the disintegration certain constituents of the eell pass into
golution, and these soluble sulistances are probably the most impor-
fant parts of the hacterial cells, so far as thev are concerned in the
causation of disease. Similar processes undoubtedly oceur in the

|J'|!l||._‘|' of an animal infected with a E\::1|||:ﬂ_ nie organism and it s
E-E""""“”_"' believed that these soluble substances canse the symploms
of the dizease and death,

Toxing.—When it became known that some of the specific patho-
]:1-!|i|: perms elaborate both in artifieial enltures and in susceptible
animals poisonous basic substances or piomains, it was surmized that
the symptoms of the disease induced by the MICroOTFaAnIsms were

ne, in all cases, to specific basie |mi:—'n:::-c', and chemists labored dili-
]:.'l'lllf]_i-' to 1aolate tfrom coltures of cach rern 1is :-'||1'1'i fie toxic ilr:,:uhn-h._
rh"?'l:' labors soon led to the recognition of the fact that the above
mentioned surmige had been hastily deawn. Tt was found to be true
a


















BACTERIAL POISONS. 39

ammonia might bhave part i.u' their production. It} 1820, Kerna;
published his first essay on poisonous sausage, and this was followe
by a second in 1822, At that ttme he thought that the untoward
symptoms induced by eating poisonous sausage were due to a fatty
acid, similar to the sebacie acid of Thenard, and which originated
during putrefaction ; later, he modified these views and' sug'gest.ed
that the poison might be a compound consisting of sebacie am!i and
a volatile prineiple. This may be regarded as the first suggestion as
to the probability of a poisonous substance with basic properties in
decomposing matter. In 1822 Dupré observed a peculiar disease
among the soldiers under his care, who, during the warm and dry
summer of that year, were compelled to drink foul water ; the dis-
ease thus induced was probably due to infection rather than to in-
toxication. Later, Magendie, stimulated by the investigations of
Gaspard and the observations of Dupré, made many experiments,
in which dogs and other animals were confined over vessels contain-
ing putrid animal matter and eompelled constantly to breathe the
emanations therefrom. The effeets varied markedly with the species
of animal and the nature of the putrid material, but in some in-
stances symptoms closely resembling those of typhoid fever in man
were induced. It might be suggested here parenthetically that a
repetition of the experiments of Magendie, with such precautions
as modern methods would suggest, would not be without wvalue.
Leuret directed his attention to the chemical 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 Troussean studied alterations produced in the blood by these
injections,

During the third decade of the nineteenth century there were many
investigators, in addition to those mentioned above, who endeavored
to ascertain the active agent in poisonous foods. Dann, Weiss, Buch-
ner, Schumann, Cadet de Gassicourt, and Orfila studied poisonous
sausage, but made no advance beyond the work donme by Kerner.
Henneman, Hiinnefeld, Westrumb, and Sertiirner (the discoverer ot
morphin) made contribntions concerning poisonous cheese, but all
reached the conclusion that the easeic acid of Kerner is the poison-
ous prineiple.

In 1850, Schmidt, of Dorpat, studied the decomposition products
and volatile substances found in cholera stools, and two years later,
Meyer, of Berlin, injected the blood and stools of cholera patients
mto lower animals. Tn 1853, Stich made an important econtribution
on the eﬂ'ects‘ﬂf acate poisoning with putrid material ; he aseertained
that, when given in sufficient quantity, putrid material produced an
intestinal catarrh:., with choleraic stools. Nervous symptoms, tremb-
ling, unsteady gait, and, ﬁn_all:,:, convulsions, were also obgerved, and
careful post-mortem examinations were made, but no important or
























BACTERIAL POISONS. 47

From 1882 to 1888, Brieger succeeded in isolating and de:cermin—
ing the composition of a number of ptomains. From E?tnd flesh
he obtained neuridin, C,H,,N,, and neurin, C,H,,NO. The former
is inert, while the latter is poisonous. Frc_-m fiec:un:!pusmg fish he
separated a poisonous base, C,H (NH,),, which is an isomer of ethy-
lidenediamin, muscarin, C;H, NO,, and an inert base, CH,NO,
gadinin. Rotten cheese yielded neuridin a,qd tnmeth_vlamm.‘ ]?e-
composed glue gave neuridin, trimethylamin and a muscarlﬂ-hk:e
base. In the cadaver, he found in different stages of decomposi-
tion, cholin, neuridin, trimethylamin, cadaverin, C.H, N,, putrescin,
C,H,,N,, and saprin, CH, N, all of which are inert. After four-
teen days of decomposition he found a poigonous substance, mydalein,
and from a cadaver which had been kept at from — 9° to + 5° for
four months, he obtained mydin, C.H /NO, the poisonous substance
mydatoxin, C,H NO,, also the poison methyl-guanidin. From
poisonous mussel he separated mytilotoxin, C.H NO,.

During the later years of the ninth decade of the nineteenth cen-
tury, chemists began to study the products of bacterial growth in
pure cultures. In this work, Brieger, following a method devised
by himself, succeeded in isolating a number of basic substances,
which were at that time supposed to be the specific toxins of certain
diseases. He obtained typhotoxin from cultures of the typhoid bac-
illus, and four erystalline bodies in growths of the tetanus organism.
In 1888 Roux and Yersin made an important contribution in their
classical work upon the diphtheria toxin, and two years later Brieger
and Friinkel confirmed these discoveries and extended this line of
research. Sewall, Salmon and Smith opened up a fruitful field for
investigation by showing that immunity can be secured with chem-
ical poisons, the first-mentioned having worked with snake venom,
while the others used sterilized cultures. A few years later this
work was taken up and greatly advanced by Ehrlich in his now
classical studies on immunity, which were first made with the poison-
ous principles of castor bean and jequirity, and later extended to
bacterial products. In 1887 Fodor made his second contribution on
the germicidal action of the blood in vita. This work, developed by
the researches of Nuttall, Buchner, Metschnikoff, Pfeiffer, Ehrlich,
Bordet and numerous others, has greatly advanced our knowledge of
the manner in which the animal organism protects itself from bac-
terial invasion, and has given us some practical tests, as the Widal re-
action, which are useful in the diagnosis of diseases. In 1892, blood
serum therapy, which had been attempted before by Babes and Tiz-
zonl, was brought into prominence by the researches of Behring, and
confirmed by Roux in 1894. As a practical result of this line of
I‘esenrch_wra have. the antitoxin treatment of diphtheria, probably the
most brilliant discovery yet made within the domain of curative
medicine. All of these subjects will be dwelt upon in detail in sub-
sequent chapters,




























































TETANUS. 67

vitro, was necessary for complete neutralization. When the toxin in
this amount was injected intravenously and the corresponding amount
of antitoxin injected into the same vein of the opposite ear within
two minutes, the animals invariably died of tetanus. In order to save
his animals treated with this amount of toxin it was found necessary
to nearly double the dose of antitoxin when injected within two
minutes ; while if four minutes elapsed between the injection of the
toxin and the antitoxin, six times the quantity necessary for neutrali-
zation in vifro was required, and when this time was extended to
one hour, twenty-four times this amount was necessary. Of course,
in the disease the toxin is generated slowly and in relatively small
amounts ; therefore, the proportion between toxin and antitoxin
necessary to neutralize the effects of the former is not found to be so
great. The same experimenter demonstrated that when tetanus is
induced by inoculation with the bacillus, the antitoxin may, experi-
mentally at least, serve as a curative agent. He has also shown that
animals treated with very small quantities of tetanus toxin may die
of marasmus, and thus there may be such a thing as tetanus sine
tetano, 'This has been observed in some other infectious diseases.
Wassermann and Takaki,’ have shown that tetanotoxin combines
with nervous tissue, forming a compound which, when injected into
susceptible animals, is found to be inert. They prepared a solution
of tetanotoxin, to which an equal part of glycerin was added for pres-
ervation purposes. This solution was of such strength that one
thousandth of a cubic centimeter sufficed to kill mice in the course of
three days. Quantities of this solution, containing from one to ten
fatal doses were rubbed up into emulsions with the substance of the
spinal cord or brain, and this mixture was injected subcutaneously
into mice. As a control, equal quantities of tissue from the liver,
kidney, spleen, and bone marrow were mixed in the same way with
the tetanotoxin and likewise injected into mice. Asa further control,
corresponding amounts of tetanus poison without admixture with any
tissue were injected. In the preparation of the emulsions the organs
were taken from animals immediately after death and rubbed up in
a mortar with physiological salt solution. For the cord from a
guinea-pig, 3 c.c. of salt solution were used, and for the brain from
the same animal, 10 c.c. were employed. By these experiments it
was conclusively demonstrated that the normal cord and brain form
an mert compound with the toxin of tetanus, while none of the other
organs has any such effect. It was found from about two hundred
experiments that one cubic centimeter of the brain emulsion neutral-
1zes ten fatal doses of the tetanus toxin, and has a marked inhibitory
action on several times this amount. The antitoxic action of the
ﬂm‘fl was found to be less marked than that of the brain substance.
This is somewhat unexpected, inasmuch as the symptoms manifested

! Berliner klinische Wochensehrift, 35, 1808.




































TUBERCULOSIS, 79

that this body corresponds closely to teraconic acid and its discoverer
believes that the necrotic effects observed in tuberculosis are due to
this agent. It is also a fever-reducing substance, while the albu-
minoid obtained from cultures of the tubercle bacillus causes an ele-
vation of temperature. »

Klebs ! states, as a result of his investigations, that the tubercle
bacillus contains two fafty bodies. One of these may be extracted
with ether ; it has a reddish color, melts at 42°, and constitutes 20.5
per cent. of the weight of the bacillus. The other fat is insoluble in
ether, but may be extracted with benzol ; its melting point has not
been accurately determined, but is something over 50°, and it con-
stitutes 1.14 per cent. of the substance of the germ. The specific
coloration of tubercle bacillus with carbolic fuchsin is due to the
presence of these fatty bodies, and after their removal the bacilli,
although retaining their form, fail to stain. The greater part of the
tubercle bacillus, after the removal of the above-mentioned fats, con-
sists of a nuclein, which may be purified after digestion with pepsin
and hydrochloric acid, by solution in dilute alkalis and precipitation
with aleohol. 1In this way Klebs obtained a nuclein which yielded
between 8 and 9 per cent. of phosphorus. The third important con-
stituent of the tubercle bacillus is the glycerin-water extract, which
probably consists of a mixture of substances, some of which are pro-
teid in character.

Ruppel ? thinks that there are three kinds of fatty substances in
the tubercle bacillus. The first constitutes about 8 per cent. of the
total weight of the organism, from which it ean be removed with cold
aleohol. During the process of extraction the aleohol becomes in-
tensely red, and this is supposed to be due to a chromogen
contained in the bacillus, which develops into the coloring matter on
exposure to air. On evaporation of this aleoholic extract there re-
mains a smeary mass, consisting largely of free fatty acid. When
the free fatty acids are removed by the ordinary method of treatment
with soda solution and ether, the mass obtained on the evaporation
of the ether melts between 55 and 60°. This substance is easily
saponified, and contains along with the free fatty acids another sub-
stance soluble in ether, which is believed to be one of the higher
alcohols. The second form of fat contained in the bacillus may be
extracted from the residue left after extraction with cold alcohol, by
means of hot aleohol. This substance begins to liquefy at 65°, but
does not become altogether clear until a temperature of 200° is
reached. The hot aleoholic extract saponifies with difficulty, and
appears to consist of fatty esters of the higher alcohols. The third
fatty substance may be removed by means of ether. It melts at from
65 to 70°, and on being heated gives off an odor similar to that of

' Centralblat f. inlogie, ;
+ Zeitshrit . phyvil. Cheml, 96, 1809












TUBERCULOSIS. 83

increased frequency of respiration (to 180 per minute ?) and an ele-
vation of temperature of from 0.5° to 1°. Marked profrusio bulbi
was a constant symptom and the pupils were dilated. From two to
three cg. sufficed to kill rabbits, death occurring in from two to four
days. The place of injection was found to be reddened and hemor-
rhagic spots were observed in the mucous membrane of the stomach
and small intestines. Oeccasionally considerable amounts of clear
fluid were found in the peritoneal cavity. As early as 1888, Ham-
merschlag had ascertained that cultures of the tubercle bacillus are
toxie to certain animals. Subsequently he reported that almost 27
per cent. of the cellular substance of the bacillus tuberculosis is solu-
ble in alcohol and ether. In this extract, he found, in addition to
fat and lecithin, a poison which induced in rabbits and guinea-pigs
convulsions followed by death. The part of the germ insoluble in
aleohol and ether was found to consist of cellulose and proteids.
Weyl obtained by macerating the bacillus in dilute soda solution an
extract which, when injected into animals, caused local neecrosis,
Prudden and Hodenpyl summarized the results which they obtained
by the inoculation of animals with dead tubercle bacilli, as follows :
“These dead tubercle bacilli are markedly chemotactic. When in-
troduced in eonsiderable amount into the subcutaneous tissue or into
the pleural or abdominal cavities, they are distinctly pyogenetic,
causing aseptic, localized suppuration. Under these condifions they
are capable, moreover, of stimulating the tissues about the suppurative
foci to the development of a new tissue, closely resembling the diffuse
tubercle tissue induced by the living germ.” We have found that
dead tubercle bacilli introduced in small numbers into the blood
vessels 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 the vessel walls for many
days without inducing any marked changes in the latter. After a
time, however—earliest in the lungs, later, as a rule, in the liver—
a cell proliferation occurs, in the vicinity of these dead germs, which
leads to the formation 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 evi-
dence of proliferation of the bacilli, but rather a steady diminution
in their number. Tt seems to us that the new structures regenerate
In a proliferation of the vascular endothelium under the stimulus of
the dead and disintegrating germs.” Babes and Broca showed that
the introduction of dead tubercle bacilli into the bodies of animals
rendered them susceptible to the action of tuberculin, and the re-
action was most marked when the tubereulin had not been extracted
from tt&e _bae'llh. They also claimed that the local changes induced
by the injection of dead bacilli were improved and could be healed
by injections of tuberculin ; but that under the influence of the tuber-
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jeetion of various substances. For instance, pat:alactic acid was
found to act similarly to tuberculin and on section of tubercular
animals treated with this agent the diseased areas were observed to
be hyperemicand to contain hemorrhagic spots. ~ Matthes ascertained
that certain albumoses and peptons affect tubercular animals in much
the same way, though to a less degree, as tuberculin does.

There has been some question among pathologists concerning the
manner in which tuberculin acts on tubercular tissue, and in this
connection Baumgarten makes a statement which may be condensed
as follows: 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 may, under the influence of the exudative fluid
and the polynuclear lencocytes, break down and form abscesses.
The bacilli themselves are in no case harmed by the use of tuber-
culin, 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 injec-
tions are made, but a positive statement on this pointis 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 focl in animals in which from 7 to 12 grams of the orig-
inal lymph (an amount which would be equivalent to from 70 to 180
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.

Suppuration.—As early as 1879, Leber concluded from his ob-
servations on infective keratitis, that the aspergillus must produce
certain soluble products which diffuse through the cornea and set up
an inflammation in the adjacent vascular tissue. In 1882 he showed
that suppuration could be induced by the introduction of sterilized
mercury and copper, and that the pus formed is free from microor-
ganisms. In 1884 he induced suppuration by the injection of cul-
tures of the staphylococcus pyogenes aureus that had been sterilized
by being boiled for hours. In 1888 he reported that he had found
an aleoholic extract of the dried staphylococeus to be highly pyoge-
netic, and from this extract he prepared a crystalline body which he
calls ““phlogosin.” This substance is readily soluble in alcohol and
ether, sparingly soluble in water, and crystallizes in needles. The
crystals can be sublimed, leaving no residue, and the sublimate, which
forms in rosettes, still possesses pyogenetic properties, Alkalis pre-
cipitate this substance from its solutions in amorphous granules,
which dissolve in acids, forming erystalline salts.
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rhea of infancy, are probably only putrefactive or saprophytic in
character, and that they prove harmful by producing toxins ; while
those that cause the choleraic form or serous diarrhceas, are more
than putrefactive, they are pathogenic. At that time it was gener-
ally believed that a specific germ would be found ; but the truth of
the above statement has been made more manifest with every ex-
perimental study of the subject. More recently, Booker ' makes the
following statement : “ No single microdrganism is found to be the
specific exciter of the summer diarrheeas of infancy, but the affection
is generally to be attributed to the result of the activity of a
number of varieties of bacteria, some of which belong to the well-
known species and are of ordinary occurrence and wide distribution,
the most important being the streptococcus and proteus vulgaris.”
Vaughan has studied the chemical properties of the germs x, a
and A of Booker’s list in the following manner and with the result
as stated below : Beef broth cultures were kept in the incubator at
37° for ten days. They were then twice filtered through heavy
Swedish filters, and the second filtrate was allowed to fall into a
large volume of absolute aleohol, feebly acidified with acetic acid.
A voluminous, flocculent precipitate resulted in each case, and after
subsidence the supernatant fluid was decanted. The precipitates
were then treated with distilled water,-in which those from @ 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 # and a completely
subsided, leaving the supernatant fluids perfectly clear; but in the
case of A the subsidence was not complete. The precipitates were
collected, 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 another. That from z
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 itis precipitated by either heat or nitric acid, singly or combined.
It gives the biuret and xanthoproteic reactions and is precipitated
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 ; conse-
qllleu];éy dlt is not i gﬁ}l})ulin, and for the present at least it must be
classiied among the albumins ; however, it possesses properti '
do not belong to the known aﬁaumins, e, L
The proteid prepared from cultures of the germ @ is, as seen under
the' aleohol, very light, ﬂmcul*ent, and perfectly white ; but so soon
as 1t 1s bll'ﬂught- In contact with the air it begins to blacken, and
finally dries down on the porous plate in black scales, Tt possesses
the same general properties in regard to the action of solvents and

' Jokns Hopkins Hospital Reports, 6, 1897.
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to be taken. Summer diarrheeas can scarcely be attributed to these
anaérobic germs, and yet they cannot be regarded as altogether
harmless. ! :

Fliigge found and isolated twelve species of peptonizing bac.term
in market milk and three of these were found to be markedly poison-
ous to animals. Concerning the action of cultures of these bacilli,
the following statement is made : ¢ The two days’ old cultures of
No. I induce in frogs, on the injection of two c.c. into the dorsal lymph
zone, first slowness of motion and reflexes, after one 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 subeutaneous
injection of 0.5 c.c. With the exception of lack of wvoluntary
motion and tardiness of reaction, no symptoms are manifest.
Guinea-pigs, that have received five c.c. intra-abdominally, lie on the
side and have marked dyspncea, the abdomen is retracted, and hand-
ling them causes pain. Death results after from four to seven hours.
Section shows hyperemia of the kidneys, and the .peritoneal and
serous coat of the intestines are markedly reddened. Nothing else
of interest in found. Dogs drink the milk cultures with relish and
in large quantities. After one hour severe diarrhea sets in with a
movement every five minutes. When fed with normal milk recov-
ery follows.

“Twodays’ old milk cultures of No. ITI. induce in frogs and mice
no symptoms. Guinea-pigs and rabbits receiving intra-abdominal or
intravenous injections remain quiet in their cages, respond quickly
to irritation, but gradually recover. The cultures, when fed to
puppies, induce sharp diarrheea and apparently severe pain in the
abdomen. One of the puppies showed on the second day progressive
exhaustion, paralytic weakness of the extremities, and a fall of tem-
perature. He died on the third day, and section showed hyperemia
of the kidneys, nothing else worthy of note.”

““ Bacillus No. VII. injected in milk eultures into 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 ot
0.6 and 5 c.c. respectively. Death, which followed in from six to
twel:.re hours, was preceded by dyspneea and convulsive movements.
Section showed nothing characteristic. Even the unconcentrated
milk cultures acted powerfully when fed to puppies. After feeding
for one or two days, profuse diarrheea set in, but disappeared the
next day. The diarrhea was accompanied by great emaciation,
weakness of the extremities, and tottering gait. As soon as the
use of the cultures was discontinued, and ordinary milk given, im-
provement began and continued to complete recovery. Two puppies
after recovery, were again fed with the cultures, and after a short time
the profuse diarrhcea with its accompanying symptoms reappeared.”
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teen 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.

Hog Cholera.—In pure cultures of this bacillus Novy has found
a poisonous base, which probably has the composition C, H,N,, and
to which he has provisionally given the name susotoxin. 100 mg,
of the hydrochlorid of this base causes in white rats convulsive tre-
mors and death within one and one-half hours. Section shows the
heart in diastole, lungs pale, stomach contracted, a serous effusion
into the thoracic cavity, and the subcutaneous tissue pale and edem-
atous.

Novy has also obtained a poisonous proteid from cultures of this
germ. The following experiments illustrate the effects obtained from
this body : 100, 50 and 25 mg., respectively, were injected into three
young white rats from the same litter. The animal which received
100 mg. 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 mg., went through the same course of
symptoms, but these were less intense. Death resulted four hours
after the injection. The one which received the 25 mg. became very
sick, but finally recovered, and one week later it was given another
injection of 30 mg., which produced scarcely any effect. Then it
was treated at intervals of five, three, five, two and four days, re-
spectively, to 40, 50, 75, 100 and 125 mg. without effect. Three
days after the last injection the animal was inoculated with one c.c.
of a bouillon culture of the highly virulent germ. Only a slight
temporary effect was observed during the first day, after which re-
covery was complete and permanent. A control rat 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 to the bacillus.

De Schweinitz also reports the detection of a slightly poisonous
base, which he designated sucholotoxin, and a poisonous proteid, 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 erystals with
{ﬂaltmur[; chlorid. The same investigator has also reported the iso-

?_::-1?:1 of soluble fermeut%, or enzymes, from cultures of the ho
? 0 El'ahbamﬂua.b From milk cultures both peptonizing and diastatic
tit'emen t:_rere obtained. These are destroyed hy_heatmg above 55°

y contain nitrogen, and, when pure, do not give the albuminoid
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ing manner : The lymphatic glands or the spleen Df a dog, or cat, are
freed as much as possible from fat and connective tissue, then divided
and extracted with a 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 and mixed with an ex-
cess of alcohol. The voluminous precipitate contains the cell glob-
ulin and is collected on a filter and washed with absolute aleohol.
For use, a part is dissolved in water, and a small quantity of a bouil-
lon culture of the anthrax bacillus is added. From time to time
plate cultures are made, along with control plates, and in this way
the germicidal properties of the substance are demonstrated. Hankin
reached the following conclusions :

1. Halliburton’s cell-globulin-7 has marked germicidal properties.

2. In this respeet it differs from fibrin ferment.

3. The germicidal properties of this substance seem to be identi-
cal with those of serum, as described by Buchner, Nissen and Nut-
tall.

4. The active properties of the serum are probably due to this or
an allied body.

Bitter repeated these experiments, but failed to confirm them ;
however, 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.

Christmas prepared a germicidal substance from the spleen and
other organs by the following method : The animal is killed with
ether, opened under aseptic precautions, and the organ removed, cut
into fine pieces, covered with 50 c.c. 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 is immediately decanted.
The precipitate is washed with absolute alcohol in order to remove
the glycerin, and then traces of aleohol are taken up by pressure
between folds of blotting paper and the precipitate is dissolved in
25 c.c. of distilled water. Through this solution air is passed for
some hours in order to remove traces of aleohol, and then the fluid
is filtered and its germicidal action tested.

Bitter examined this method also, and the impartial reader may
see that he did not do so with fairness. However, this fact renders
the work all the more valuable because his results confirm the state-
ments 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 manj.
fested marked germicidal properties. However, Bitter found a dif-
ference between this substance and the germicidal constituent of
b]u;]d serum ; the latter is certainly destrﬂ}'eq by a temperature of
65°, while the solution of Christmas, after having been heated to this
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four c.c. of the five per cent. dilution of sheep’s blood were treated
with from one to one and three-tenths c.c. each of the serum of the
goat rendered inactive by heat. The mixture was allowed to remain
for fifteen minutes at 40° and then centrifuged. The supernatant
clear fluid was removed and treated with 0.2 e.c. of normal sheep’s
blood and then 0.8 c.c. of the serum from a normal goat added.
This mixture was allowed to stand for two hours at 37°, when it
was found that no hemolysis had occurred. Next, the sediment
which had formed in the centrifuge was placed in four ec.c. of physio-
logical salt solution and 0.8 e.c. of the blood of a normal goat added.
When this mixture was allowed to stand at 37° for two hours, it was
found that all the blood corpuscles were dissolved. This experiment
can be explained only by suppesing that the immune body in the
heated serum combined with the corpuseles and subsided with them
in the centrifuge, leaving the supernatant fluid without the immune
body, and therefore the addition of the addiment to the supernatant
fluid did not induce hemolysis. On the other hand, the presence of
the immune body in the sediment was shown when hemolysis oe-
curred after distributing the sediment in saline solution and adding
a small quantity of normal blood serum.

It was shown that the combination between the corpuscles and the
immune body may take place at low as well as at higher temperatures,
while the addiment does not enter into the compound at low temper-
ature. When five c.c. of the five per cent. sheep’s bloed dilution was
treated with from 1 to 1.3 c.c. of inactive serum and 0.5 c.c. of the
serum of a normal goat added, and this mixture kept at 37°, com-
plete hemolysis occurred within two hours. On the other hand, when
the same mixture was kept at from 0° to 3° there was no hemolysis,
but at this temperature it was shown by a repetition of the experi-
ment already detailed that the immune body was combined in the
sediment with the corpuscles, while the addiment remained in the
supernatant fluid.

It was also shown that at high temperatures the combination be-
tween the corpuscles and the immune body occurs before the addi-
ment enters into the compound. Tubes containing blood corpuscles,
inactive serum, and fresh goat serum, were placed in a water-bath at
40° and the time before visible solution of the corpuscles took place
was noted. It was found that no evident hemolysis occurred within
ten minutes ; therefore the tubes which had been kept at 40° for ten
minutes were centrifuged. When the sediment in the centrifu
was distributed through physiological salt solution slight hemolysis
occurred, but complete hemolysis resulted only after the addition of
normal serum to this mixture. This experiment demonstrated that
all D_f the Immune body had combined with the corpuscles and had
g.uhmdad with them, while the greater part of the addiment remained
in the supernatant flaid. The affinity of the immune body for the
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IMMUNITY, 181

munized animals. Of course, when the blood serum completely dis-
solves its homologous bacterium, it so completely destroys it that it
has no longer either infectious or toxic properties. It has been
shown quite positively that agglutinins and lysins are not 1d13ntacal,
but the probabilities are that they represent the products of different
stages reached in the process of immumzatmn_. A given +bl{}0:d
serum may have an agglutinating action, and be without bacteriolytic
effect, or vice versa, but it must be admittc:d thaij :che possession of
either one of these properties by the body juices militates against the
growth of the infectious agent, and consequently each must be con-
sidered as a factor in the production of artificial immunity.

The question concerning the origin of the antiinfectious substances
in the production of artificial immunity is one concerning which at
present we can do but little more than theorize. The weight of evi-
dence seems to be in favor of the view that by successive injections
of the microdrganism or its products the leucocytes are stimulated
to increased secretion of germicidal substances, Metschnikoff claims
that it is a general rule that phagocytosis is more pronounced in im-
munized animals than in those not immunized. He states that
when a microdrganism is injected into an animal which has been
immunized to this germ, the phagocytes of the animal take up the
invader more promptly than is done when susceptible animals are
inoculated with the same germ. That phagoeytosis is more marked
in immunized animals is shown by introducing the microsrganism in
localities ordinarily free from phagocytes, such as the subcutaneons
tissue and the anterior chamber of the eye. When this experiment
is made, the phagoeytes collect at the point of inoculation very much
as they do in an animal possessed of natural immunity, and there
they devour the invading organism. The probabilities certainly are
that the bactericidal substances found in the serum of immunized
animals originate in the phagocytes, whose capability of secreting
this substance is heightened by the process of immunization. Un.
doubtedly it is true that phagolysis also plays a part in increasing
the antiinfectious properties of the body juices of immunized animals,

We now turn to a discussion of the subject of immunity to bac-
terial toxins. Owing to the fact that in the chapter on lysins we
have developed quite fully Ehrlich’s views on this subject, a brief
statement will be all that will be necessary at this place, According
to Ehrlich, we are to consider that certain cells of the animal body
consist of a nueleus, which he designates as a ““ special executive cen.
ter,” from which there radiate many side chains, It must be under-
stood that this is a chemical and not a morphological conception of
the cell. These side chains physiologieally are concerned in processes
of nutrition. I"{ultntiv_e substances brought to the cells by blood or
lymph can be.utllm_ed in its nutrition only after they have entered
Into combination with one or more of the side chains, It is con-




















































































































































































MORPHIN-LIKE SUBSTANCES. 241

the tests obtained by the experts were duplicated with putrefactive
products. Many skillful chemists have carried companion portions
of decomposed tissue, one portion with, and the other without mor-
phin, through the process of extraction recommended by Dragendorff,
and have obtained satisfactory results, finding that the proper residue
responds to the color test in the one instance and fails to do so in
the other. Tissues have been thus tested in apparently every stage
of putrefaction, and the results have been satisfactory and confirma-
tory of the methods 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 aéro-
bie, while that occurring in the dead body is anaérobic ; consequently,
the putrefactive products are not the same in the two cases. In all
experimental studies of the value of the tests for morphin in decom-
posing tissue, putrefaction must be allowed to proceed in the absence
of oxygen. There is a second point, probably of equal importance,
and this concerns the kind of tissue employed. The upper portion
of the small intestines (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 pancreas, the spleen, and,
in some instances, the kidneys. Of course, the bacteria present in
the small intestine during life may after death extend into the ab-
dominal and thoracic viscera.

Vaughan allowed finely-chopped ox-liver to ferment for thirty
days under anaérobic conditions and then divided the decomposed
mass into three portions, which were marked A, Band C. To B, 130
mg. of morphin sulphate was added, and to C the same amount of
morphin together with 0.5 gram each of indol, skatol and phenol ;
no addition was made to A. These portions were carried simulta-
neously through the manipulations recommended by Dragendorff.
To the residues obtained from the amylic alcohol extract of alkaline
solutions, in which the chemist expects to find morphin, all the
known color tests for morphin were applied and all the residues re-
sponded to these tests in the same manner. In all, nitric acid gave
a }Emug-ln_rown color ; sulphuric acid showed no change ; sulphuric
Wltk'l mtrm.aci& gave a lemon-yellow, slowly changing to a pink ;
;?rrfm EEll-t}rld gave a dirty green ; iodic acid was promptly reduced 3

rohde’s reagent gave a blue color without any violet ; and sulphuric
acid and cane sugar produced a brownish-red color, changing to a
wine-red. These investigations show that the color tests for mor-
phin, employed by toxicologists in following the scheme of Dragen-
dﬂl:ﬁ', &I:E_Whﬂlly untrustworthy. The substances in these extracts
gh{nh vitiate the tests ﬁ}‘r morphin probably consist of indol and its

erivatives. Germs which produce indol and kindred substances

are r;:twe and constant representatives of the bacterial flora of the
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ANATOMICAL CHARTS OF THE EYE (TWO).

Suitable for Lecturing or Teaching Purposes. Each Chart contains four
figures,

No. 1T exhibits : (2) External and Middle Coats of Eyeball : (#) Ciliary Nerves ;
(e) Ciliary Arteries; (&) Meridional Section of the Eye.

No. 2 shows: (¢) Orbital Fascia and Capsule of Tenon, Sagittal Section;
() Orbital Fascia and Capsule of Tenon, Transverse Section ; (g) Retina of Posterior
one-half of Right Eyeball ; (&) Nerves of Orbit.

These Charts are prepared from Anatomical Sections made by high authority, and are
absolutely correct and true to nature. They are very much enlarged, each figure measur-
ing 74 x 8§ inches, and are printed on art paper from' photo-engravings in a warm photo
tint. Each Chart measures 30 x 22 inches.

Price per Set (unmounted), 5s. net, Weight, 1 1b. Prix, 6 frs.; poids, i kilo.

BARWISE —Practical Hints on the Analysis of Water
and Sewage. For the Use of Medical Officers of Health. By SipDNEY
Barwisg, M.D., D.P.H., Fellow of the Incorporated Society of Medical
Officers of Health, Medical Officer of Health, Derbyshire County Council.

In: reviewing this work the Public Health Engineer says: **'We understand that
Dr. Barwise has written his book with one eye on Water Analysis and the other on the
Analysis of Sewage. It is certainly obvious that if the numerous sewage works which are
being constructed are to be properly worked, the effluents from them must be systematically
analysed. Therefore this book will be found to be quite as useful to the engineer as to the
medical officer. By the process described by the author and by him used, with the apparatus

designed by him, an accurate analysis can be easily. made by any engineer-after a little
pmcttum.t_ h'I_‘he h:r::k‘ w1]]“:|.}.s{} hlv. found useful in :umiatinﬁ the analyst in interpreting the
results of his analysis. We feel certain that all those who are engaged i bli

work will find it ctylhe greatest utility,” BRI Beallh














































































































































































