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PREFACE TO THE GERMAN EDITION.

THE author’s object in writing this work was to bring
together all that was known on the subject of toxines,
the definition of a toxine being based on chemical grounds
and on the side-chain theory, quite independently of the
origin of the poison.

Hence it follows that although this book may be
regarded as complete in one respect—viz., that it does, in
fact, give a comprehensive idea of toxines as a whole—yet,
at the same time, it was not part of my plan to deal with
all the toxic substances of a doubtful nature that are
formed in animals and plants. For this reason many
animal and vegetable poisons, the toxine character of
which is open to question (eg., fish venoms), have only
been deseribed very cursorily, while no mention has been
made of others (e.q., bee-poison, which is probably of a
basic nature).

In my attempt to give an exaet outline of the toxines
themselves and their antitoxines, I have had practically
no previous work of importance at my disposal.

Therefore, so far as it was possible, I have obtained
my facts solely from the original papers. Yet I cannot
but fear that my book remains a forso, since much that
has been written on toxines is scattered through different
journals, many of which seem unlikely to deal with such
a subject, and it is therefore probable that many facts
may have escaped my notice.

CARL OPPENHEIMER.



NOTE BY THE TRANSLATOR.

e ———

THis book is in many respects a companion volume to
“Ferments and their Actions,” by the same author. As
in that case, I have made numerous additions to the text,
so as to include the more important facts that have been
made known since the appearance of the German Edition,
and the selection from the voluminous mass of new
matter has been made by Dr. Oppenheimer himself,
C. A. M.

GraY’s INN,
Loxpox, W.C., June, 1906,
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TOXINES AND ANTITOXINES.

GENERAL.

Introduction.—Not long after the principles of bacteriology had
been established by Roserr KocH, it became the general belief
that it was not, in the main, to the bacteria themselves that the
chief symptoms of infectious diseases were to be attributed. It
was soon recognised that the living micro-organisms were, for
the most part, only indirectly harmful, and that their chemical
products were to be regarded as the immediate cause of the
disease.

BrizGer, in particular, pointed out in the very early days of
bacteriology that search ought to be made for the specific poisons
of bacteria, and he himself endeavoured to discover and isolate
these hypothetical poisons.

He first separated from culture media that had been altered by
the growth of bacteria, and notably from the mixed produets of
putrefaction, a series of well-defined chemical substances which he
termed ptomaines—nitrogenous bases,some of which were virulent
poisons. These substances, however, proved not to be the real bac-
terial poisons. They were not the weapons used by the parasites in
living bodies. They were not the specific bacterial poisons, which
were first grouped under the collective name of “ Toxines.” Then
by degrees the conception of a toxine underwent a natural process
of specialisation, so that the term began no longer to connote the
poison isolated from any given products of decomposition formed
in the vital processes of bacteria, but to be limited to the specific
bacterial poison that caused specific illness. Hence this tendency
to limit the connotation developed without being the result of
conscious thought, or much less of being formulated in set terms,
The confusion in the definition was still further increased by the
fact that a series of bacterial poisons, apparently related to the
proteids, were termed toxalbumins. Under this name were in-
cluded, not only certain poisons that we must to-day regard as
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true toxines, but also others that had nothing in common with
them except their apparent proteid nature.

On the other hand, one very important and far-reaching theo-
retical result of these researches was that a comparison was drawn
between these bacterial toxalbumins and other toxalbumins of
the animal and vegetable kingdom, such as snake poison and the
like on the one hand, and on the other the poisonous vegetable
proteids ricine, abrine, and erotine, first investigated by KosErr
and his pupils. The most important deduction from this point
of view was that first drawn at a later period by Emrrich, CaL-
METTE, and others—viz., that the specific bacterial poisons do, as
a matter of fact, enter into a fundamental relationship with the
cell produects in question of higher organisms to form specific
“anti-bodies ” in the organism of the attacked animal, so that
Enrricn’s side-chain theory was applicable in general to their
action. These poisons are haptines in EHRLICH'S conception,
and, as regards the theory, it matters little what was their origin.
Brircer’s great service lies in the fact that he was the first to
show a relationship between bacterial poisons and other known
poisonous substances. Hence it is not a very essential point
that Briecer’s views require modification in two respeets, in
consequence of later researches, of which his own were not the
least important. In the first place, the relationship towards
other toxalbumins does not hold good in the case of all the bac-
terial poisons isolated by BrieGER, for very many of these are
substances of non-specific character, not comparable with ricine,
&ec., since they are not haptines. In point of fact, there remain
practically only the poisons of diphtheria, tetanus, Bacillus
botulinus, and B. pyoeyameus as typical true toxines (e..,
tetanolysine, staphylolysine, and staphyloleucocidine, with pro-
bably also the blood-solvent poisons of other bacteria), and some
others, such as the poisons of cholera and typhus. Moreover,
Briecer himself, at a later period, stated that his diphtheria
toxine was not a proteid, and the proteid nature of ricine is also
very doubtful, whereas snake poisons, even in the present condi-
tion of our knowledge, appear to be proteins. In this respect,
however, toxines resemble the closely analogous enzymes, among
which, in addition to, presumably, true proteids (trypsin, diastase
(%) ), there are substances of high molecular weight that belong to
another class (pepsin, invertase). The definition of a true
“toxine” is, therefore, arrived at in the following manner in
the case of bacterial poisons :—

All bacteria produce certain chemical substances in the media
in which they develop.
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Although many of the bacterial substances formed in the most
different ways are products of secondary decomposition due to
obvious chemical reactions, yet beyond doubt some of them are
primary products of bacterial metabolism.

Some of these metabolic products are more or less virulent
poisons. In this respect there is, in general, no difference
between pathogenic and non-pathogenic micro-organisms.

Thus, even when substances of this kind are poisonous, they
have certainly nothing to do with the poisoning of an organism
through the invasion of bacteria, even assuming they are pro-
duced by pathogenic micro-organisms. Such poisons, for instance,
as neurine have their specific effects, whether produced by bac-
teria or by purely chemical reactions. Hence they must be
eliminated first of all from the definition of a toxine.

In the second place, a series of substances has been prepared
by different processes from the dead cells of many species of
pathogenic micro-organisms. These are of a proteid nature, as,
for example, BucHNER’s bacterial proteins, and are more or less
poisonous. But their toxic effects differ but little whatever their
origin. They never show a specific character, and never produce
symptoms resembling those of specific diseases. In addition to
this, the cell protoplasm of many bacteria contains toxic proteids
that cannot be isolated from the protein, and these are also non-
specific in their action.

Excluding these, what is left on which to base the definition
of a toxine? Certain pathogenic bacteria, when grown in a pure
cultivation, produce poisons that dissolve in the liquid nutrient
media, and can only be obtained in an undecomposed, concen-
trated, and imperfectly purified condition by the most careful
treatment—substances which are not pfomaines and not proteids
(vide infra).

Such substances have been isolated, in particular, from pure
cultivations of the bacilli of diphtheria and tetanus, and they are
the true bacterial toxines in the narrower sense of the word. In
like manner all those more definite chemical poisonous substances
formed in the cells of higher animals and plants must be separated
from the toxines.

The latter form a class of substances whose definition is found
in their nature and characteristic mode of action, irrespective of
their origin.

Toxines are characterised in the first place by a sum of external
properties. Their chemical structure is absolutely unknown.
They are extremely unstable, and very sensitive towards even
slight chemical influences, and especially towards the action of
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heat. They are not proteids and not foxalbumins, and they show
many remarkably close analogies with ferments.

Physiologically, they are distinguished by being under suitable
conditions extremely poisonous, far more so than any other
known poisons. Nearly all toxines have also the peculiar
characteristic of not acting immediately, but only after a latent
period, a time of incubation, in which respect their action is
analogous to the poisoning by living bacteria. In spite of their
being so extremely poisonous to many animals, exceeding in this
respect the most active of the simple poisons, such as hydrocyanic
acid, they yet exhibit in only a few cases (e.g., snake poison) the
immediate action that is characteristic of the simpler poisons.
Above all, they are characterised by the specific nature of their
action. Toxines have a peculiar form of activity characteristic of
the whole group, as we shall subsequently see. In addition to
this, each individual toxine has its own particular mode of action,
which, in the case of bacterial toxines, shows a close relationship
with the disease produced by the parent cells, being completely
analogous in the case of tetanus poison. They are also strictly
specific in the narrower sense of the word—i.e., they are only
able to injure certain living organisms, whilst they have abso-
lutely no effect upon other organisms (some of which are closely
allied to them), with which they stand in the fundamental highly
important relationship of natural immunity. Nor are their
relationships of acquired immunity less important, for it is a
fundamental property of toxines to produce in the organism
attacked antidotes of a strictly specific nature, which render the
poison harmless in vive, and, when separated from the parent
organism, can also exercise their neutralising activity in wifro,
each on its respective toxine, and only on that. Thus, each true
toxine has also its corresponding true antitoxine.

Incidentally, it may be mentioned that hitherto all attempts to prepare
true antitoxines to the simple erystalloid poisons have been unsuccessful.
Even the recent statement by HirscHLAFF,' who claimed to have prepared
an antimorphine serum, has been shown by MorGenRoTH® to be completely

unsupported by the facts, and to have been due to want of accuracy in the
preparation of the minimum lethal doze.

Not only have we data for forming a conception of what a
toxine is chemically and physically, but we also have a theory
based upon them. According to EHRLICH'S side-chain theory, a
toxine is a poison which possesses at least two specific atomic

! Hirschlaff, ** Antimorphinserum,” Berl. klin. Woch., 1902.
“ Morgenroth, ““ Zur Frage d. Antimorphinserum,” ibid., 1903, 21.
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groups,—a haptophore group, whose function il is to enler into
combination with the attacked cells, and a toxophove group, which
produces the toxic effects. Every substance that possesses a
specific affinity, a suitable haptophore group, for definite com-
plex groupings of protoplasm, is a haptine, and every po’sonous
haptine that also possesses a toxophore group is a torine. We
must therefore base our definition of a toxine in accordance
with this, and rigorously exclude from the toxines any poisonous
substance that is not a haptine and that does not produce an
antitoxine.

This has been much more easily done in the case of mineral
and vegetable poisons, for no one would dream of including
among the poisons, in the narrower sense, the alkaloids, &e.,
of plants, or the few poisonous crystalline substances that can
be isolated from the secretions and organs of animals, such as,
for example, the alkaloids in the skin of the toad, adrenaline, &ec.

But it is of much more importance to effect a classification
of bacterial poisons by means of this sharp definition. We
must, in the first place, separate from the toxines all non-specific
substances as defined above, from whatsoever bacteria obtained.

But a still further classification is introduced by the fact that
there are probably specific bacterial poisons, which are only pro-
duced by definite groups of bacteria, and exert specific activity,
but which are not haptines, do not form anti-bodies, and are
therefore not torines. Poisons of this nature appear to play a
part—e.g., in tuberculosis. They will be shortly discussed in
the special part. In addition to these there is a whole series
of very imperfectly known bacterial poisons, whose specific
nature and toxine character there are strong reasons for
doubting.

Most difficult of all is the question of the poisons produced
by certain bacteria, notably those of cholera and typhus. Their
toxines are scarcely known in the free state, and the poisons
excreted by them do not appear to be the true toxines. On the
other hand, we find among them another type, which presents
great difficulties in the way of closer investigation. These are
the endotoxines, which are firmly attached to the living cells,
and are thus comparable with the endo-enzymes of yeast and
animal organs. We shall discuss these more fully in a subse-
quent chapter. :

On Toxines in General.—The true toxines, as defined above,
are characterised, we repeat, by their physical and chemical
properties in the aggregate, which we have now to describe
more closely, combined with their fundamental property of
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splitting off free haptophore side-chains in suitable organisms
—i.e., of producing antitoxines.

Although each individual toxine possesses its own character-
istics, which can only be dealt with properly in the special part,
yet all true toxines have a number of properties in common
which justify us in speaking of them collectively.

Bacterial toxines share these properties with all the other
toxines known to us, such as snake venoms, the poison of the
blood of the eel and murena, spider and toad wvenoms, ricine,
abrine, crotine, &e.

In the first place, the mode of production is common to the
bacterial toxines. They are to be regarded not, it would seem,
as the products of culture media altered by the invasion of
bacteria, but, as was demonstrated by BucHNER,! as the actual
products of the cell protoplasm, as secreted products of bac-
terial cells. Just as the cell of the pancreatic glands produces
and secretes its trypsin and the starch cell of wheat endosperm
its diastase, so do the bacterial cells secrete their specific toxines.
The fact that in the case of certain micro-organisms—e.g., of
cholera, &c.—the toxines may, under suitable conditions, be
retained firmly in the protoplasm, has also its analogy among
JSerments, for we find the yeast enzymes possessing exactly the
same characteristic.

When grown upon suitable culture media, pathogenic micro-
organisms that produce toxines usually develop their charae-
teristic poisons within a very short time. Thus, SproNcK?®
obtained a very active diphtheria toxine within forty-eight hours.

The virulence increases, however, with the age of the culti-
vation. Roux and YErsin?® found that a filtered diphtheria
cultivation of seven days’ growth killed a rabbit in six days,
but that after forty-two days’ growth an equal dose of the same
cultivation caused death in a much shorter time. SPRONCK'S
diphtheria toxine was ten times more virulent after five or six
days’ than after forty-eight hours’ growth. Still, the virulence
attains its maximum after a certain time, and then begins to
diminish owing to the decomposition of the toxine (vide infra,
Toxords), so that old cultivations become less poisonous. Then,
after a fairly long time, the degree of virulence usually becomes
constant.

! Buchner, ‘‘ Die Bedeutung der aktiven loslichen Zellprodukte, &e.,”
Miinch. med. Woch., 1897, 12.

% Spronck, ‘‘ Prépar. de la tox. dipth.,” Ann. Past., xii., 701, 1898.

? Roux and Yersin, ““ Contribution & 'étude de la diphthérie,” ibid., iii.,
273, 1889 ; iv., 385, 1890.
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The kind of cultwre medium naturally has the greatest influence
on the production of the poison.

In general, bowillon cultivations are employed, usually with
the addition of a certain proportion of peptone; but culture
media are also frequently prepared from meat extracts, yeast
extracts, &c.

Agar and other nutrient media can hardly be advantageously
employed. Interesting experiments have been made to produce
toxines in proteid-free culture media, as, for instance, in aspara-
gine solutions containing suitable salts (ArMAND and CHARRIN 1),
and in dialysed urine. Satisfactory results, however, have not
yet been obtained (GuiNocHET,? UscHINSKY?®). ZINNO’ 54 explana-
tion of apparently successful attempts to produce toxines in such
proteid-free culture media is, that only traces of proteid are
necessary for the production of detectable amounts of poison.
As a matter of fact, the quantities of toxine thus produced are
extremely small. He concludes, from his own experiments, that
the presence of a small amount of pthid is wndispensable.

Speaking generally, this factor varies so greatly with the kind
of toxine that the reader must be referred to the special part,
where a full description is given of the different methods that
have been employed to obtain the largest possible yield of
toxines.

Here we will only point out briefly that too great acidity or
alkalinity of the medium must always be avoided, and that, in
general, the same precautions with regard to temperature, &c.,
must be observed as are usually taken to obtain the most active
and virulent cultivations of bacteria.

One point, however, of special interest may be mentioned here.
The production of a very active and virulent growth of the
bacteria themselves is not invariably accompanied by the de-
velopment of very energetic cultures of their foxines. For, on
the one hand, it would seem that the production of poison by the
bacteria is not a direct function of their activity of growth or
their high degree of virulence. Indeed,in the case of diphtheria,

! Armand and Charrin, ¢ Transformation de la Matiére organique amté,
&e.,” Bull. Med., 1891, 356 ; 1892, 957. Absts. in Centralbl. f. Balki.,
248, 1892. (f. Buchner ““Bak temen;:,xfte und Gegengifte,” Miinch, mer:f
Woch., 1893, 449,

2 Guinochet, *Contrib, & I'étude de la toxine du bacille de la diph-
thérie,” ibid., 1893, 293,
29?3 Uschinsky, *‘ Les Poisons de la diphthérie et du choléra,” ibid., 1893,

4 Zinno, ‘¢ Beitr, z. Stud. d. Entstehung der Toxine,” Centralbl. f. Balkt.,
xxxi., 42, 1902,
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there may be very energetic growth of bacteria, whilst the
culture medium is absolutely non-towic (LuBowski?®).

Moreover, in the case of vegetable and animal toxines, the
production of poison depends on manifold physiological condi-
tions, such as age, nutlltmn, d&c., with which points we will deal
more fully in the special

On the other hand, it is beynnd question that certain agencies
increase the growth, and eventually the virulence, of the bacteria,
but reduce the yield of toxines. This is due to the fact that they
partially destroy the toxine already formed. Even when agencies
of this kind increase the production of toxine simultaneously with
the vigour of growth of the bacteria, yet, if employed too freely,
the amount of toxine destroyed exceeds that of new-formed
toxine, so that the final result is a diminished yield of toxine.
Thus, when such agents are employed (e.g., the admission of air
to diphtheria culfivations), it is possible to plot a curve, the
abscisse of which represent the increasing quantities of the
agent, and the ordinates the final yields of ‘toxine. So long as,
for example, the introduction of air causes the diphtheria bacilli
to produce an abundance of toxine and the simultaneous destrue-
tion by the current of air of toxine already formed keeps within
narrow limits, the curve will rise. But by degrees the destruc-
tive effect of the air outweighs its favourable influence on the
production, and the curve falls again. There is thus an inter-
mediate point at which, with a definite intensity of air current,
there is a maximum yield of toxine, and its position obviously
depends on numerous conditions, such as the nature of the
growth, the culture medium, temperature, &e. This optimum is
hardly ever realised in practice, the result being, as we shall see
later, that conflicting statements are made as to the benefit or
injury produced by the same agents.

In addition to the introduction of air, other factors may have
a similar effect. Thus, an increase of temperature may influence
both the production and the decomposition of a toxine. On the
other hand, there are apparently agents that do actually increase
the final yield of toxine. A considerable amount of work has
been done in these experiments to obtain larger quantities of
toxines by the use of the most suitable culture media and tem-
peratures, by the addition of special substances, &c., so that
highly poisonous cultivations of the most important toxines can
now be prepared. These methods, however, are of an entirely
special character, and it is hardly possible to give at this stage

1 Lubowski, ¢“ Ueber einen atoxischen und avirulenten Diphtheriestamm,”
Zeit. f. Hyg., xxxv., 8§87, 1900,
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any general method of importance that is universally applicable
to all toxines.

On the other hand, we must not omit to mention briefly here
that toxine solutions do not invariably have a uniform strength.
This phenomenon manifests itself notably in the case of fefanus
poison. Apart from the fact that Nicolaier’s bacillus produces
two totally different poisons—viz., that which causes the charac-
teristic symptoms of tetanus, and tetanolysine (q.v.)—very great
differences are also to be observed in individual solutions of the
poison as regards their specific activity. Although, as a general
rule, tetanus poison is considerably more toxic Tor guinea-pigs
than for rabbits, yet there are also some IJ[L[)"LI‘:Ltl()l]h of the
poison that are almost as deadly for rabbits as for guinea-pigs
(T1zzoxN1).

Brarine has confirmed this statement with regard to Tizzoni’s
poison, and has also found in the case of his own cultivations
that certain parts were, relatively, extremely poisonous to rabbits.
We must therefore conclude that tetanospasmine is not an indi-
vidual substance, but consists of different active constituents.
Similar phenomena have also been observed in the case of the
poisons of diphtheria. Over-neutralised poisons are known
which are absolutely without effect upon guinea-pigs, but are
still poisonous to rabbits.!

Assuming now that we have prepared cultivations of living
bacteria rich in toxines, it is necessary to treat them in such
a way as to eliminate the action of the living cells, so as to be
able to examine the poisons separately. For this purpose we can
either kill the bacteria, or attempt to remove them completely
from the poison.

The first method, in which no attempt is made to remove the
dead cells, cannot, by itself, lead to any definite conclusion as to
the action of the poison, inasmuch as the dead bodies still possess
definite chemical and physiological properties, which must render
all deductions uncertain. Fortunately, this method, which was
formerly employed, can be dispensed with in the investigation of
true toxines, and, as a matter of fact, has fallen into complete
disuse.

For it is possible to separate true toxines from their parent
cells by filtration through filters —ampewwm to bacterin. The chief
substances used for the filtration, in addition to infusorial earth
and chalk, are porcelain filters or Chamberland’s candles. During
the filtration the greater portion of the toxine passes completely
into the filtrate, the residual cells retaining only as much viru-

! For further particulars see Ehrlich, Miinch. med. Woch., 1903, 33.
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lence as corresponds to the amount of toxine mechanically
adhering to them, and from this they can be freed by washing
with a physiological solution of salt. But the cells no longer
contain any true toxine, which might presumably be extracted
from them by breaking up the cell structure (treatment with
alkali), as H. Kossgr,! for example, was able to prove in the case
of diphtheria bacilli. Tt is true that these dead cells may still
contain poison of quite another kind (bacterial proteins), but
these have nothing to do with the specific poisoning (vide infra).

The ph Jdﬂtﬂlhles are found in the most different or gans of
plants, and especially in the seeds, from which they can be
isolated by extraction with dilute solutions of salt.

The zootoxines are produced in the secretions and blood of
animals. It follows from all this that typical foxines are firee
secretions—substances that are phsiologically thrown off by the
cells into the surrounding media. In this respect they are
analogous to the true enzymes. Just as the pancreatic glands
secrete frypsin, or the glandular cells of the starch layer secrete
diastase, so does the cell of the diphtheritic micro-organism
secrete diphtheria toxine.

This can only be stated with certainty, however, for the typical
toxines, notably diphtheria and tetanus. In other cases the
facts are much more obscure.

As we shall see later, it is still quite open to discussion
whether, for example, the micro-organisms of cholera and typhus
produce true toxines in the sense of our definition. Even grant-
ing that this is the case, the toxines are certainly not secreted in
a free state in any appreciable amount, but are firmly retained,
at least, by the living cell. Only when the cell decomposes after
death are they liberated to a limited extent, as in the case of
older cultivations. But even then the poisonous substances
have undergone radical changes, having been converted into
secondary, more stable products that no longer show the
characteristics of a true haptine. 'We shall return to this
point later.

A close analogy to this retention of the active substances to
the living cells may be observed in the case of certain ferments.®
We know that the yeast cell, in addition to secreting a small
amount of free diastase, also contains a series of other enzymes
—invertase, maltase, be set free after the

1H. Kossel, “Zur Kenntnis des Diphtheriegiftes,” Centralbl. f. Bakt.,
xix., 977, 1398
20 ppenheimer, Fermenis and their Actions, English translation by C.
Ainsworth Mitchell. London, 1902 (Griffin & Co.).
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death or injury of the cell protoplasm, or, as in the case of
zymase, after breaking down the cell wall ; and we also know
that Monilia candida will not give up its invertase to the
surrounding medium, under any conditions whatsoever.

When toxine solutions have once been obtained by filtration
of the cultures, or analogous preliminary means, such as extrac-
tion of seeds, &e., they can at once be used, although containing
numerous impurities, for physiological experiments. Moreover,
even in this impure condition some rough experiments can be
made with them to determine the behaviour of the respective
toxines towards physical and chemical agents.

Moreover, in order to have it in a more suitable form for
keeping, this solution may also be concentrated with various
precautions, or may even be evaporated to dryness without
materially injuring the toxine. The main conditions are that
the temperature must never exceed 45° C. (whence it is best to
carry out the evaporation in vacuo), and that any strong acids or
bases that may be present must be partially neutralised.

For a closer investigation of toxines, however, tedious processes
of purification are necessary to remove all 1mpul ities as com-
pletely as possible. The simplest method is dialysis, which,
however, only separates the toxine from the salts and peptones
also present in the solution, but does not eliminate the proteids.

Hence, complicated methods have had to be devised to isolate
the toxines in the purest possible condition. The favourite
methods employed consist of precipitation by means of am-
monium or magnesium sulphate with subsequent dialysis, and
of ]Jrempltd.tmn by means of the salts of heavy metals with
subsequent decomposition of the resulting double compounds.
The first of these methods yields, eventuall}r, only solid concen-
trated preparations of toxines which are still impure, although
capable of being used for practical purposes, and the second
method is the only one that gives approximately pure toxine
preparations. A fuller account of its details, which have been
worked out, notably by Briecer and his pupils, is given in the
5pEL1&1 part. They include EKLEE&II]"]} tedious ma.mpulatmnﬂ
requiring close attention, and consisting, in the main, of precipi-
tation with zinc, lead, or mercury salts. The double compounds
of the toxines with these salts that are precipitated are again
decomposed by means of hydrogen sulphide, or of alkali carbon-
ates, or phosphates. Then by means of filtration or dialysis
solutions are obtained, which on evaporation n wacuo yield
preparations which in favourable cases are very rich in toxine.
They invariably, however, still contain considerable quantities
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of impurities, either of inorganic nature (ash) or of organic nature
(albuminous substances). A pure toxine is, up to the present, as
little known as a pure enzyme, and it is scarcely to be expected
that it will be successfully prepared in the immediate future.
Even in the case of preparations, which were still not pure
although containing relatively very few impurities, BR1EGER and
Bogr obtained such minute quantities that further purification
was out of the question. Moreover, attempts to prepare toxines
on proteid-free culture media (UscHINSKY, loc. cit.) have given
very unpromising results.

As regards the chemical nature of toxines there is, therefore,
practically nothing known. Just as in the case of enzymes, to
which they stand in such close relationship, they were at first
regarded as albuminous substances and termed toxalbumins. The
more thoroughly, however, the preparations were purified, the
stronger became the idea that the albuminous substances,
although very difticult of removal, were only impurities, and
that the pure toxines themselves were in all probability net
proteids in the ordinary sense. And Briecer himself, to whom
we owe the conception of toxalbumins, succeeded in prepﬂ.ring
toxine preparations which no longer gave the ordinary reactions
of proteids (¢f. Tetanus Poison) any more than did toxines
produced in albumin-free culture media.

In the case of other toxines, too, successful attempts have
been made to reduce, very considerably at least, the albuminous
impurities.

Jacosy! succeeded by means of digestion with trypsin in
obtaining preparations of ricine that were practically free from
albuminous substances. The active principle itself is not at-
tacked by this enzyme, whereas the albuminous substances
present are dLLUl]]PD*iEd by it. Since then these decumpﬂsitiﬂn
products, like trypsin itself, cannot be precipitated by ammonium
sulphate, even in a 50 per cent. solution, whereas ricine is readily
precipitated at that degree of concentration, it is possible by this
means to obtain from the mixed products of the digestion pre-
parations of ricine that no longer give the proteid reactions.

That is the only—negative—knowledge that we have of the
constitution of toxines, With this exception we have to content
ourselves with stating that they are bodies of high molecular
weight, probably all ied to the proteids with which they corre-
spond in certain properties, and still more closely related to the
ferments, whose constitution is equally a matter of hypothesis,

1 Jacoby, *Die chemische Natur des Ricins,” Arch. exp. Path., xlvi.,
98, 1901 ; Hofm. Beitr., i., 51, 1901,
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and to whose properties they offer the closest analogies in their
reactions and activity.

These analogies stand out in the sharpest relief, when we
compare the influence of external factors on bacterial toxines
with their effect upon ferments. There is the closest corre-
spondence in almost every particular.

A special characteristic of toxines is their extreme sensitive-
ness to the action of heat. In their normal solutions they soon
perish at temperatures above 50° C.; at 80° C. their activity
is at once destroyed, and even at 45° C. they are slowly
decomposed. Individual ferments differ but little in this
respect. On the other hand, they offer great resistance to the
action of dry heat. Solid preparations can be heated to over
100° C. without suffering injury; but even these appear to be
destroyed by a temperature of 150° C,

It is interesting to note that in liquids devoid of water, such
as amyl alcohol, they can also be heated far above 80° C., and that
many salts, such as, e.g., anhydrous sodium sulphate, increase
their resistance to the action of heat (Bucuxer!). Low tem-
peratures check their activity, but do not otherwise injure them.

They dialyse to a slight extent through parchment, but not
through collodion (RopeEr and Guicnorr 2), and through animal
membranes, such as those of the wmsophagus, bladder, large intes-
tine, and especially the small intestine (Crnassin and Moussu ?).

In all these respects they behave exactly like enzymes.

Toxines are more sensitive than enzymes to the action of light.
Diphtheria or tetanus poison in aqueous solution is very rapidly
destroyed by both sunlight and diffused daylight (tetanus poison
within forty-eight hours according to Kirasaro4). Light is
without action upon them when they are in the dry condition,
or suspended in liquids devoid of water.

An electric current can also be injurious to toxines, though
only when continuous, for alternating currents of high tension
are quite harmless to tetanus poison (MarmiEr5). Even when
merely allowed to stand in solution in the dark, with every
precaution, the poisons gradually become weaker, being decom-
posed, at any rate, in the case of diphtheria and some other

! Buchner, ‘‘ Bakteriengifte und Gegengifte,” Miinch. med. Woch., 1893,
449,

2 Rodet and Guéchoff, Soc. Biel,, lii., 965, 1900.

* Chassin and Moussu, ‘ Influence de la dialyse, &ec.,” ibid., lii., 694,
1900.

* Kitasato, *‘ Exper. Unt. iib. d. Tet. Gift.,” Zeit. f. Hyqg., x. 287, 1891.

* Marmier, * Les toxines et I'électricité,” Ann. Past., x., 469, 1896.
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poisons, into toxoids (vide infra). In the case of other poisons
the existence of toxoids has not been established with certainty.

All toxines are very sensitive to the influence of nearly all
chemical agents.

Oxygen, even when as dilute as in the atmosphere, has a pro-
nounced injurious effect. When exposed to the air, especially
when light is also present, toxines speedily lose their virulence,
n{)t{lhl}r so in the case of tefanospasmine, which is greatly
weakened by simple filtration.

Speaking generally, all owidising agents, including hydrogen
PE]‘. DK](I'F, are very lﬂ‘lul‘lﬂu-s

Sieser! found that calcium peroxide completely destroyed the
virulence of diphtheria and tetanus poison within a few hours
(1,000 times the lethal dose), and also that of abrine (5,000 times
the lethal dose being rendered inert by 05 gramme of calcium
peroxide). He also discovered that the oxydases of animal
tissues acted upon bacterial toxines, but not upon abrine. More-
over, on simultaneous injections of oxydase and toxine, the
animal on which the experiment was made remained healthy.
A vegetable oxydase (from the yam) also proved effective,
although peroxydases, which only turn guaiacum blue when
hydrogen peroxide is also present, were inert. An interesting
statement made by him is that fibrin from the blood of a highly-
immune horse contains an oxydase that destroys diphtheria virus,
which is not the case with ordinary fibrin. But it is open to
question whether this was not some remnant of unsﬂpa.ra.ted
antitoxine.

A little is also known with regard to the action of other
chemical substances. Strong bases and acids naturally have a
destructive effect, and weak bases are injurious, while very
dilute acids, especially those of organic nature, have probably a
stimulating influence. The influence of neutral salts and of various
other substances, notably upon tetanus poison, has been studied
by Fermi and Per~osst.? Some have a stimulating and others
an injurious effect upon the toxic activity.

Indifferent gases, such as carbon dioxide, hydrogen, and carbon
monoxide, have no influence. Only in the case of hydrogen sul-
phide did BriecEr?® observe any injurious effect upon tetanus

! Sieber, “ Ueber die Entgiftung der Toxine durch die Superoxyde,” Z.
physiol. Chem., xxxii., 573, 1901.

2 Fermi and Pernﬂssi, ‘¢ Ueber das Tetanusgift,” Zeit. f. Hyg., xvi., 385,
1894,

¢ Brieger, *‘ Weitere Erfahrungen iiber Bakteriengifte,” ibid,, xix,, 111,
1895.
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poison after the toxine and gas had been kept in contact for four
days in a sealed tube.

Protoplasmic pmsnns, such as carbolic acid, thnmfmm, &e.,
have no materially injurious effect. Aleohol is very injurious.
According to SaLkowskr! salicylic aldehyde is extremely harm-
ful, and he makes the same statement as to the action of chloro-
form and formalin.

Todine and carbon bisulphide have probably a quite distinctive
mode of action, inasmuch as they appear to attack only the toxo-
phore group, and to tend to the formation of toxoids (Enrricu?).
Thymus extract has apparently a similar action (BRIEGER,
KirasaTro, and WASSERMANN.3

Fate of Toxines in the Organism.—Toxines disappear fairly
rapidly after their introduction into the circulatory system of
susceptible animals. In a short time the blood is completely
free from toxines, as has been proved by the experiments of
BoustEIN, CrOLY, and Brun~xER on diphtheria (g.v.), the virus
having entered into close combination somewhere or other in the
latent stage of its activity, as has been shown by the researches
of Doxt1z* and others. Dox1rz found that he could not save
infected animals by the injection of antitoxines, even when only
a few minutes had elapsed after the poisoning, since the toxine
was no longer in a free condition when it encountered the anti-
dote. DDI} by the injection of very large doses is it possible
after a certain time to break up the combination of the toxine
with the cells of the body, and so destroy the effects of the latent
poisoning. Yet even then there is a time limit, and after its
expiry, notably in the case of tetanus, even huge doses of anti-
toxine are no longer of any avail. Herein lies one of the causes
of the defective therapeutical results in the serum treatment of
tetanus. According to the latest views on tetanus, the antitoxine
cannot follow the toxine in the nerve tracts. (For further par-
ticulars see Tetanis.)

A toxine escapes detection as such when small doses are
injected into the body. Thus, if a single lethal dose, or a small
multiple thereof, be injected into a susceptible animal, the poison
rapidly disappears from the blood, nor can it then be detected in

1 Salkowski, *“ Ueber die Wirkung der Antiseptica auf Toxine,” Berl.
klin. Woch., 1898 (No. 25), 545.

3 Ehrlinh, **Die Wertbemessung des Diphtherieheilserums,” Klin,
Jahrbm:'h vi.

Brmger Kitasato, and Wassermann, ‘‘Immunitit u. Giftfestigung,”
Zeit. f. Hyg., xii., 137, 1892.
42‘;]}01:1‘1!:? “UEbEr des Tetanus-antitoxin,” Deutsche med. Woch., 1897,
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the organs of the animal.! The poison has then become firmly
attached to the organs specifically susceptible to it. Moreover,
it is not excreted with the urine (GOLDBERG ®).

When, however, the doses are very large, the poison takes
some time to disappear, and can then appear in the urine.® This,
too, is perfectly explicable by the theory that the receptors are
not adapted for such a sudden invasion of enormous quantities
of poison, and hence a small proportion of the toxine breaks
through the barrier of the kidneys and appears in the urine.
The fact that the toxine disappears in the system furnished one
of the supports for the conception of the so-called * fermenta-
tion theory” of tetanus. According to this, the true toxine first
splits off by a secondary reaction within the organism another
poison, upon which the anti-bedy can no I-::-ngEr act (whence
tetanus is not curable after the poisoning [vide supral), and this
having no incubation period, acts with the rapidity of an alkaloid,
such as strychnine. CourmoxT?* and others claim to have some-
times detected such a poison in the organs of the victims of
tetanus. We will critically examine this theory in its proper
place, and endeavour to show that it is at least superfluous.
The disappearance of the toxines on the one hand, and the
incurability on the other, can be readily explained by the
side-chain theory without the aid of additional hypotheses.

But all this only applies to susceptible animals. The fate of
toxines introduced into the circulatory system of refractory,
naturally immune, animals is materially different.

The question of natural immunity has not yet been completely
elucidated in all its details. It is, undoubtedly, an extraordinarily
complex phenomenon, and, in particular, its forms of manifesta-
tion and its causes show essential differences as regards natural
immunity against poisons on the one hand, and against living
bacteria on the other. In the case of toxines, we have only to
deal with natural entiforic immunity.

This can be due @ priort to two causes. Either the body of
the naturally-immune animal contains anfidotes which neutralise
the action of the intruding poison, or the cells of the animal are

1 Salter’s assertion (Lancet, 1898, i., 152) that toxines pass into the sweat
is not supported by sufficient evidence.

2 Goldberg, “ Ueber Ausscheidung des Tetanusgiftes durch die Nieren-
sekretion,” Centralbl. f. Bali., xxvi., 547, 1899. Butqf Cobbett (¢ Excre-
tion of Diphtheria Toxine in the Urme » Brit, Med. Jowrn., 1900, i., 21),
who claims to have detected the toxine in the urine.

4 See in particular Brunner, *“Z. Kenntnis d. Tetanusgiftes,” Z. f. kin.
Med, , xxxi., 367, 1897.

4 ¢f. v. Leyden-Blumenthal, Der Tetanus, Vienna, 1901,
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immune against the attack of the poison, which is thus for them
a completely indifferent substance.

Both cases occur. As we shall see later, normal sera, and
especially horse serum, contain antitoxines which afford
tection against small doses of toxines. And it is particularly
interesting that, according to Wassermany,! from 80 to 85 per
cent. of the human race have appreciable amounts of a diphtheria
antitoxine virus in their serum. These facts, however, are in-
sufficient in themselves to explain the origin of natural antitoxic
immunity, for such antitoxines are found exclusively in the
sera of susceptible living organisms. On the other hand, the
normal sera of refractory animals contain absolutely no trace of
anlitoxines.

It was difficult to account for this fact until EarricH suc-
ceeded, by means of his side-chain theory, not only in explaining
it, but in making it one of the chief arguments in support of his
view. Where there are no corresponding receptors (receptive
groups in the body cells), there can be no attack on the part of
a toxine, and the result is immunity against the poison. But
in such cases the splitting off of side-chains to form an antitoxine
is equally out of the question. Hence, according to this view,
it is empossible for the blood of absolutely refractory animals to
contain antitoxines.

But it is interesting to know what happens to the toxines
introduced into the circulatory system of such organisms. It
is quite conceivable that such unstable and extraordinarily
sensitive substances might be rapidly decomposed in the blood
without having produced their injurious effects, or that they
might be very rapidly expelled from the body with the
excretiﬂns.

Neither is the case. It is a remarkable phenomenon that
these extremely active substances, which under favourable
conditions can produce results of astounding intensity, should,
when introduced into the blood of refractory animals, behave
like the most harmless inert chemical substances remaining
unaltered for a relatively long period, until finally they are
slowly drawn into the metabolic changes, and gradually undergo
complete oxidation.

Hence 1t follows that, in the case of these animals, the mutual
attraction between the poison and body cell must be much smaller
than in the case of susceptible animals. There is no absolute
difference, however, between susceptible and refractory animals,

! Wassermann, *‘ Ueber die perstnliche Disposition u, Prophylaxe gegen
Diphtherie,” Zeit, f. Hyyg., xix., 408, 1895,
2
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but only a relative one. The attractive power of the body cells
(receptors) shows a gradual decrease from the most susceptible
to the least susceptible animal. Thus tetanus poison, in a dose
many hundred times greater than is sufficient to kill a mouse,
circulates unchanged through the blood of a pigeon. If, how-
ever, still larger doses are given, the pigeon becomes ill. In this
case then there is not complete immunity, but only a very slight
power of attraction on the part of the receptors. According to
MerscuNikorr,! and FErMI and PERNossI ({oc. eit.), certain cold-
blooded animals have still smaller powers of attraction.

MEerscuN1koFF found that in the case of fishes, tortoises, and
alligators, and also of arthropeda, the toxine remained unaltered
in the blood without producing antitoxine. Only in the case of
alligators, after longer action (fifty-eight days), did he obtain any
antitoxine, while he was able to bring about this formation of
antitoxine in old erocodiles by keeping the reptiles at a tem-
perature of 30° C.

Even then, however, he could not observe symptoms of illness
in the animals. Similar results were obtained by Frrmi and
PErNossI in experiments on snakes, tritons, and turtle doves.

Moreover, MerscHNIKOFF detected active tetanus toxine after
the lapse of a month in the livers of scorpions, in which there
had been neither symptoms of poisoning nor any formation of
antitoxine.

The hen has been a particularly favourite subject for experi-
ments with tetanus poison, because although offering extreme
resistance she is not completely immune against it. METSCHNI-
KOFF asserts that the toxine can be recovered from the blood and
the ovaries, and that eventually slight traces of antitoxine appear.
Asarkawa ? found that the toxine introduced into hens’ blood re-
mained almost unaltered until the seventh day, and then slowly
disappeared without being excreted.

Asakawa could not deteet any toxine in the brain or spinal
cord of the hen, although he found it in all the other tissues.
This may, of course, be due to the presence of blood in these
tissues leading to some erroneous conclusion as to presence of
toxine, while there is but little blood in the central nervous
system. But, on the other hand, it is also very probable that
slight traces of toxines disappear there by combining with

! Metschnikoff, ““ Influence de 'organisme sur les toxines,” Ann. Past.,
xi., 801, 1897; xii., 81, 1898. Also, [fmmunitit, Germ. translation by
Meyer, p. 264. Jena, 1902,

* Asakawa, ‘‘ Die Basis der natiirl. Immun. des Huhnes gegen Tetanus,”
Centralbl. f. Balt., xxiv., 166, 1898,
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isolated receptors. For the hen is not absolutely proof against
tetanus, and it is also possible to demonstrate a slight antitoxic
activity in the brain, &c., of that bird. Corrobor a,tnr_' evidence
of this is afforded by the fact that direct intercerebral injection
of tetanus poison produces the symptoms of tetanus in the hen.

Hence, according to the views of Enrrica and WASSERMANN,
the ffr’fﬂcﬁ'ﬂie attraction of the toxrine _,fmr' the body cell (receptor) 8
the main cause of natural antiforic vmmunity. 1f the poison
circulates in the free state and does not combine with the
receptors, or does so only to an insignificant extent, the toxo-
phore group is unable to act energetically, and so no serious
injury is done.

Defective attraction, however, is not invariably the cause of
natural immunity. Thus, MorceNroTH ! found that in the case
of the frog tetanus poison enters into firm combination even in
the cold, without making the animal ill. Under these conditions
the toxophore group is inactive ; but it acts immediately when
the frog is warmed to about 30° C.

These theories of the attraction of the poison for the living
cell and their specific combination are supported by experi-
mental proofs. WasserMaNN 2 found that fresh substance from
the central nervous system of srcSr'ﬁpnbfﬂ animals combined with
considerable qu.mtltu“-, of tetanus poison. This was in agree-
ment with the results of MurscuNikorr and Asakawa, who
found that, in the case of less susceptible animals, the smaller
the degree of susceptibility the less, too, was the amount of
combination in the brain, &e. Thus, the brain of the hen only
enters into feeble combination with the toxine, and that ot the
tortoise not at all. An additional support of this theory is
furnished by experiments which show that, in the case of those
animals (e.g., rabbits) in which the tetanus poison combines intra
witam with receptors which are nof attached to the cells of the
central nervous system, emulsions of other organs—e.q., the
spfeen—d]xu combine with the tetanus poison (W ﬁ.%mnmﬂ'\}

It is not a general rule that receptors only occur in the
particular organs in which the poison produces its injurious
effects. It frequently happens that combination and formation
of antitoxine take place in other organs where the toxine does
little injury. The action of the poison and formation of the

! Morgenroth, *“ Zur Kenntnis des Tetanus des Frosches,” drch. Inter-
nat. d. Pharmacodyn., vii., 265, 1900,

2 Wassermann and Takaki, * Ueber tetanusantitoxische Eigenschaften
des Centralnervenssystems, Berl. Ilin. Woch., 1898, 5; Wassermann,
““Weitere Mitt. iiber Seitenkettenimmunitiit,” ibia’. : 1393, 209,
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antitoxine are two distinct processes which may, under certain
conditions, follow widely different courses.

Fate of Toxines in the Digestive Tract.—The question of what
becomes of toxines when they are introduced into the stomach
or intestinal canal has a special interest. It is the unanimous
opinion of observers that all toxines, including snake poisons,
&e., with the single exception of ricine, are absolutely without
action upon the system from the stomach. And it has been
shown by Gieier! that these toxines do not act by way of the
anus.

Cuarrin and CassiNn?® assert that absorption of toxines
through the intestine takes place when the mucous membrane
is injured.

It was proved by NENCKI and ScHOUMOW-SIMANOWSKI® that
even large doses were not absorbed in the least through the
digestive tract, and that only when huge doses, more than
100,000 times the lethal amount, were given, did symptoms of
poisoning finally appear.

These results conclusively show that toxines are not absorbed
into the system through the normal intestinal tract. They must
therefore either pass unchanged into the excreta, or they must
be completely destroyed. Ransom* concluded that the first
alternative happened in the case of tetanus poison, but later
workers, notably NExck1 and Scaoumow-SimaNowskr (loc. eit.)
and CARRIERE,® were unable to detect any trace of toxine in the
excreta, even when doses as large as 100,000 times the lethal
amount were given; whilst CarriErE was also unable to
discover any antitoxic function in the serum after the intro-
duction of toxine per os. Although REpin 6 identified abrine
in the fweces he was unable to detect either diphtheria poison or
cobra venom.

Hence, toxines are destroyed ; and in this process three factors
must be taken into account—rviz., the living intestinal wall, the

1 GGibier, ** Effets produits par les toxines, &c., injectées dans le reetum,”
Sem . Med., 1896, 202 (abst. ).

¢ Charrin and Cassin, ‘‘ Fonections protectrices actives de la muqueuse
intestinale,” ibid., 18935, 545.

# Nencki and Schoumow-Simanowski, * Die Entgiftung der Toxine durch
die Verdauungssifte,” Centralbl. J. Bakt., xxiii., 840, 1898.

4 Ransom, ‘* Das Schicksal des Tet. Giftes nach seiner intestinal Einver-
leibung,” Deutsch. med. Woch., 1898, 117.

5 Carriére, ‘* Toxines et digestion,” Ann. Past., xiii., 435, 1899 (gives
Bibliography); also, “*Du sort de la toxine tetanique introduit dans le
tube digestif,” Soc. Biol., 1i., 179, 1899.

¢ Répin, ‘* Sur Pabsorption de l'abrine par les muqueuses,” Ann. Past.,
ix., 517, 1895,
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intestinal bacteria (FErMI and PErNossi), and the secretions of
the intestine.

From the concordant results of experiments made by NENCKI
(loc. cit.) on Pawrnow’s dogs and of those by CArriErE (loc. eit.)
with preparations of enzymes, it is beyond question the digestive
Jerments that render toxines innocuous. Thus, CarriEre (loc,
cit.) found that even the saliva diastase had an injurious influence,
that pepsin was not very active, but that &rypsin, and, above all,
the bile, had the greatest effect. NENCKI obtained the following
results in experiments with pure sterilised fluid from fistulas :—
Pepsin, by itself, destroyed bacterial poisons (but not abrine).
The presence of acid was not essential, since the same result was
obtained after nearly complete neutralisation, as had also been
stated previously by CHARRIN.! Pancreatic juice, by itself, had
a greater destructive effect upon diphtheria toxine than upon
tetanus toxine, the latter being particularly sensitive to the
action of a mixture of 3 parts of pancreatic juice and-1 part
of bile.

Attempts to produce immunisation by the simultaneous injec-
tion of bile with the toxine were unsuccessful. CuHarrin and
Levapir ® injected diphtheria poison (100 times the lethal dose)
into freshly extirpated pancreas, and found that it was completely
destroyed after twenty-two hours. Muscle plasma or pancreas
heated to 70° C. were without action. According to CARRIERE,
no destructive effect is to be attributed to the mueous membrane
of the intestine or the intestinal bacteria.

Barpwin and LeEVENE?® also proved that pepsin, trypsin, and
papayotin destroyed diphtheria toxine.

Notwithstanding this, Cavo-Brusso* still asserts that the
destruction of the tetanus poison in the intestine is to be
attributed to the action of the mucous membrane itself.

Mode of Action of Toxines.—Toxines, as shown above, do not
act through the digestive tract, and it is necessary to introduce
them by other means into the organism. The most convenient
method is subcutancous imjection, just as in cases of poisoning by
living bacteria.

! Charrin, ** Action des sues digestifs sur les poisons microbiens,” Arch.
de Phys., 1898, 67. Charrin and Lefévre, ¢“ Action de la pepsine sur la
toxine diphth.,” Soec. Biol.. xlix., 830, 1897 ; Sem. Med., 1897, 296,

% Charrin and fLevaditi, ‘‘ Action de pancréas sur la toxine diphth.,”
Sec. Biol., 1i., 215, 1899,

¢ Baldwin and Levene, *‘ Action of proteolytic ferments on bacterial
toxines,” J. Med. Research, vi., 120 ; Malys Jb., 1901, 953.
lﬂj}FaﬁlﬁBmﬂsu, “ Untergang d. Tetanusgiftes im Darm,” Malys Jb.,
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Direct introduction into the circulatory system (intravenous)
is still more effective than intraperitoneal, intercerebral, or sub-
dural inoculation, as has been used in the case of tetanus and
gonococel poisons, or yet HomEN's method of injection into the
nerves, which is sometimes employed.

Intercerebral injection is of special importance in cases where
either the poison when distributed throughout the body is
seized by the receptors or other less susceptible organs (tetanus
in the rabbit), or where the receptors in the brain are not very
numerous, so that only concentrated toxine can effect any serious
injury (tetanus in the hen).

As regards the activity of toxines, there are two factors of
fundamental importance—their specific character, and the fime
of incubation. ;

The specific character is one of the most prominent character-
istics of true toxines. Although more or less thorough resistance
to the action of crystalloid poisons is known, cantharidine, for
instance, being relatively innocuous to the hedgehog and atropine
to pigeons ; yet in these cases there is only a weakening of the
activity of the poison, and not an absolute resistance. Certain
bacterial poisons, however, are completely harmless to refractory
animals, while they act with the greatest energy upon susceptible
animals.

But the most important point in this connection is that, in the
case of refractory animals, the toxine is by no means destroyed,
but that it circulates unchanged in their blood as a completely
inert substance.

Thus arises the paradoxical phenomenon which we have de-
seribed at some length above, that it is possible to kill a mouse
with tetanus, by means of the blood of an apparently healthy
hen which has previously been inoculated with large doses of
tetanus poison. When the toxine cannot find corresponding
receptors it is unable to make its attack. The toxophore group
remains inactive, with the result that the toxine is a completely
inert substance which the body regards as of so little importance
that it does not even make speedy attempts to destroy it. This
phenomenon, too, can readily be explained by the side-chain
theory. According to Enrwvich, all nutritive substances, so far
as they are not merely chemically changed by the secretions and
their enzymes, enter into combination as haptines, and are thus
brought within the power of the destructive and assimilative
forces of the protoplasm. But, since the toxine does not enter
into such combination, it also is not destroyed—not even treated
in the same way as nutritive substances.
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The specific nature of true toxines completely corresponds with
that of the living bacteria.

It is also characteristic of most of the known toxines that,
unlike most simple ecrystalloid poisons, they do not exert their
activity instantaneously or after a very short time, but that their
toxic effects only appear after a definite time—the period of
incubation. In this respect, too, bacterial toxines behave exactly
like their parent living cells. The period of incubation varies,
not only with the nature of the toxine, but is also dependent
on other factors, such as the amount of the dose, the body tem-
perature, &e. There is a limit, however, to this dependency,
particularly as regards the amount of dose. The period of in-
cubation is not in any way inversely proportional to the quantity
of toxine. For example, according to Courmont and Dovon,!
the period of incubation for guinea-pigs after injection of a lethal
dose of diphtheria toxine is fifteen hours, and this cannot be
reduced below twelve hours even by the introduction of enormous
doses (90,000 times the lethal amount). A very interesting
phenomenon in connection with this point is that in tetanus of
the frog the incubation period can be delayed to any desired
extent, b}' keeping the temperature low. Thus, if a frog into
which the poison has been injected be kept at 8° to 10° C,, it
remains healthy, but at 30° C. tetanus begins after a definite
time, and the frog dies. Tf, again, the warming be interrupted,
the frog can be kept at 8° C. as long as desired, but after com-
pletion of the remainder of the incubation period at a higher
temperature, tetanus symptoms appear (MoRGENROTH).

In the case of some other toxines, however, notably snalke
venom, there is not this incubation period. J:‘hc"-m act with
extreme rapidity.

Kravs® found a true antitoxine-producing toxine in the filtrates of
cultivations of Naskin’s vibrio, which resembles the cholera vibrio. It
killed rabbits without an incubation period when intravenously injected in
doses of 0°5 to 1 c.e. There was an incubation period after subeutaneous
injection.

Constitution of Toxines.—The characteristic of every toxine is
that it is a haptine—in other words, that it contains a haptophore
and a toxophore group.

Taking their constitution as thus fixed, most bacterial toxines

g:_‘]',?mmd by Deutsch and Feistmantel, Die Impfstoffe und Sera, Leipzig,
1903, 40.

? Kraus, ““Ueb. ein acut. Wirkendes Bakterientoxin,” Centralbl. f.
Balt., xxxiv., 488, 1904.
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are, according to EmrricHs terminology, simple haptines of the
first class. Other toxines, however, have a more complicated
structure. Thus, ricine and abrine possess, in addition to their
toxic properties, the further characteristic of agglutinating the
red corpuscles of the blood.

The question now arises whether this second property is to be
ascribed to some peculiar active principle invariably present in
preparations of ricine, or whether the ricine itself is endowed
with this double power. One of the proofs that the toxic and
agolutinating properties are separable was afforded by the fact,
that digestion with pepsin-hydrochloric acid soon destroyed the
toxicity, but did not affect the power of agglutination (Jacosy,!
Micuaeris and OpPENHEIMERZ?). It was thus possible that
ricinus toxine and ricinus agglutinine might be quite distinet
substances, analogous to tetanospasmine and tetanolysine, the
two separate poisons of tetanus cultivations.

While, however, it could be proved that these were separate
substances, which occurred in quite different proportions in
different cultivations, and produced two distinet amnti-bodies,
similar experiments with ricine gave opposite results. The
toxine and the agglutinine possess the same haptophore group,
since they produce only one antiricine (JacoBy).

The structure of ricine, therefore, is complex. In additon to
its haptophore group it possesses fwo ergophore groups, with
toxic and agglutinating powers respectively ; and it is thus a
complex haptine of the first class. (For further particulars
see Ricine.)

In the case of other toxines the constitution is still more
complex and uncertain. Here, too, other activities (e.g., hemo-
lytic), in addition to the toxic function, are frequently met with,
notably in the case of eel’s blood and snake poisons. In such
instances, it still remains to be determined with certainty
whether the disintegrating principles arve distinct substances.
This is probably the case, however, with snake poison, for
example. And, if so, the further question arises whether the
lysines, like the toxines, are haptines of the first elass—i.e.,
contain the haptophore and ergophore groups in ome complex
combination ; or whether they do not rather approximate in
constitution to the haptines of the second class, such as the
hemolysines of normal and immune sera. The latter contain

! Jacoby, ‘‘Ueber Ricinimmunitit,” Hofm. Beitr. z. Chem. Physiol.,
1., 57, 190L

% Michaelis and Oppenheimer, *“ Ueber Immunitiit geg. Eiweisskorper,”
Engelmann’s Arch., 1902, Suppl. H.
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haptophore and ergophore groups which are nof united in one
complex grouping ; but they have an amboceptor with two hapto-
phore groups and a complement, which attaches itself to the
complementophile group of the amboceptor after the latter has
combined with the receptor of the cells, and thus brings about
the heemolytic action.

The latest results obtained with cobra hzmolysine lead to the
conclusion that this poison actually has some such constitution
—that it possesses an amboceptor which is seized upon and
brought into action, not only by an endo-complement that occurs
in the red blood-corpuscles, but also by lecithin (KyEs and SAcHs).
We shall return to this in discussing snake poison.

Physiological Action of Toxines.— Although the primary char-
acteristic of each of the bacterial toxines is its specific action upon
the organism, as will be described more fully in the special part,
they have also certain reactions in common, of which a brief
mention should be made. They act primarily upon the general
health, producing weakness, prostration, and eventually collapse.
These phenomena are undoubtedly due, in the main, to a dele-
terious effect of the toxine on the heart's aection, this effect being
manifested in a reduction in the pressure of the blood, frequently
accompanied by a diminution in the rate of pulsation and eventu-
ally by paralysis of the heart. According to BArRDIER'S! compara-
tive experiments, however, individual toxines differ in their action
upon the heart.

Hypothermia, with or without preceding fever, is an almost
invariable symptom. When injected into the skin and the
subcutaneous tissue toxines frequently give rise to infil-
trations, abscesses, and necroses. Loss of hair is frequently
observed.

Internal organs, too—e.g., the intestinal tract—are usually
injured (diarrhea, &e.). Nor does the liver remain unaffected,
as has been demonstrated, notably by Trissier and GuiNARD.?
Craupe? has observed bleeding of the gall-bladder. According
to Papoa,* the liver acts differently upon different toxines.
Thus, while it combines with and lessens the virulence of the
diphtheria toxine when introduced into the mesenteric vein, it
allows typhus toxine to pass, which acquires a higher virulence

! Bardier, ‘‘ Toxine et Ceeur,” Soc. Biol., xlix., 311, 1897.

2 Teissier and Guinard, ‘¢ Effets des toxines microbiennes,” Awrch. Méd.
Ezxpér., ix., 994, 1897,

3 Claude, ‘* Deux cas d’hémorrhagie de la vésic. biliaire, &c.,” Soc. Biol.,
1896, 169 ; Sem. Méd., 1896, 62.

4 Padoa, ‘“Ueber d. verschied. Wirkung. des Diphtherie- u. Typhus-
toxins,” Riform. Med., 1899, No. 26 ; Malys Jb., 1899, 921.
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when thus introduced into the system than when injected sub-
cutaneously or into the veins. Degenerative changes also take
place in the kidneys.

Alterations of the blood (hemoglobinwmia) and vascular system
are, in like manner, of frequent occurrence. Many toxines appear
to have a solvent action upon the blood-corpuscles. According
to Karrunker,! they reduce the alkalinity of the blood, but
this effect can be partially prevented by the application of
artificial heat. Lastly, the nervous system and, in particular,
its central organ are usually attacked, but in very different
ways ; this will be dealt with more fully in the special part.

ConsicLio? states that he has observed a peculiar charac-
teristic of diphtheria toxine. He has found that in small
doses it stimulates the process of fermentation, but in larger
doses checks it ; whilst, on the other hand, it has invariably a
very injurious influence on the germination process of seeds.

Toxoids and Toxones.—According to the side-chain theory,
we must regard toxines as bodies that possess two distinet
stereo groups—the haptophore group and the toxophore group.
Assuming, now, that under certain conditions the toxophore
group may be so changed as to lose its characteristic activity
while the haptophore group remains unaltered, new substances
will be formed which still have the power of attaching them-
selves to receptors whether free (antitoxines) or combined (body
cells), but without being poisonous. EnrLicH has investigated
substances of this kind in the case of diphtheria toxine, and has
established their great influence upon the toxicity of solutions
of poisons and in the preparation of curative sera, with which
we shall deal at length in the next chapter. These ¢ toxoids,”
then, are non-poisonous, but are still haptones with specific powers
of combination. When they are secondary decomposition pro-
ducts of true toxines they are termed * toxoids,” in the narrower
sense of the word ; but there are also primary bacterial products,
which are able to seize upon the same haptophore group as the
toxine, but which have a different and much weaker toxophore
group, capable of producing slight characteristic effects of ifs
own, as has been demonstrated by Enrrica and MADSEN in
the case of diphtheria. These primary substances, which thus
represent a second secretion product of the bacteria, are known as
“toxones.”

! Karfunkel, ** Schwankungen des Blutalkaleszenzgehaltes nach Einver-
leibung von Toxinen, &e.,” Zeit. f. Hyg., xxxii., 149, 1899,

* Consiglio, * Azione di alcune tossine, &e.,” Arch. di Farm., vi., No. 3, -
1898; Malys Jb., 1898, 634.
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Bruck ! has shown that toxoids of tetanus poison which have become
quite non-poisonous no longer induce the formation of antitoxine. Accord-
ing to his views, when side-chains are broken off there must be present in
addition to the haptophore group a certain ‘‘combining ring” derived
from the toxophore group.

Toxones are not absolutely innocuous, but eventually produce
temporary symptoms of poisoning (paralysis, &c.), which, how-
ever, are absolutely different in kind from the effects of small
doses of toxines.

Toxoids have been identified with certainty in the case of
diphtheria (Enrvicu), of tetanolysine (q.v.) (MapseN) and of
staphylotoxine (NE1ssErR and W ECHSBERG, ¢.v.), and Jacosy ({oc.
cit.) has shown that in all probability they accompany ricine.

There is also, however, a considerable weight of evidence that
some at least of the other bacterial poisons have the power of
producing secondary toxoids, in the case of tetanus, for example,
to which we shall return in the special part.

Van CALcar® succeeded in separating the toxones from the toxine by
taking advantage of the fact that animal membranes stretched to a certain
extent allow the toxine to pass, but not the toxones. Hence, toxones
have a greater molecular volume than toxines. When the membrane was
stretched to a greater extent the toxones also diffused through it.

This is the extent of our knowledge of toxoids and toxones.
Since they, too, are specific haptines, they also produce anti-
toxines as MaApsEN and DrREYER ? succeeded in demonstrating in
the case of diphtheria toxones.

MapseN and DrEYER were also able to prove the existence
of toxones which were poisonous to rabbits, but without action
upon guinea-pigs. A poison that was without action upon
guinea-pigs after neutralisation in the ratio of 200 : 200, did not
become innocuous to rabbits until the ratio of the neutralising
antitoxine reached 240:200. EnrvicH has given the name
“toxonoids” to this variety of poison.

On Antitoxines in General.—Our definite knowledge of anti-
toxines is even smaller than our knowledge of toxines,

They occur in the fluids of the body, notably in the blood
serum and milk of immunised animals. Slight traces are also

lg;BruﬂI{, “ Beitr. z. Theorie d. Immunitiit,” Zeit. f. Hyg., xlvi., 176,
4.

“Van Calear, ““Ueb. die Constit. des Diphtheriegiftes,” Berl. Kin.
Woch., 1904, No. 39.

_#Madsen and Dreyer,  Ueber Immun. mit den Toxonen d. Diphtherie-
giftes, Zeit, f. Hyg., xxxvii., 249, 1901.
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of frequent occurrence in nornal sera, as, for instance, diphtheria
antitoxine in the serum of horses (in the case of about 30 per
cent.). Other anti-bodies are also very frequently present in
normal sera, notably anti-ferments, &c. They can be separated
from the fluids of the body by precipitation methods similar to
those employed for the concentration of toxines.

Brum! found that lymph glands that had undergone auto-digestion were
antitoxic to tetanus poison, but not to diphtheria virus or ¢obra venom.

Precipitation with alum and ammonia (Aroxsoxn), with mag-
nesium sulphate (T1zzox1), and with solid sodium or magnesium
chlorides (Brircer and Bogkr), followed by a method of puri-
fication, yield dry preparations of antitoxines.

The nature of antitoxines is unknown. They are probably
albuminous substances, but this has not been definitely proved.
The fact that they offer considerable resistance to the action of
trypsin is against this view, although they are very sensitive to
the action of pepsin-hydrochloric acid. Experiments to obtain
further proof that diphtheria is an albuminous substance, or to
determine to which albuminous constituent of the blood it is
related, have not as yet led to any conclusive result.

Antitoxines, like toxines, are sensitive to the action of heat,
acids, d&ec., although, in general, they offer far greater resistance
(see Diphtheria). Camus?® found that anti-snake venom and
anti-diphtheria poison could be heated for thirty minutes at
120° C. and for fifteen minutes at 140° C. without injury,
provided they had been dried at a lower temperature, and then
heated at 100° C. in a current of air.

According to EBrLICH antifoxines are normal constituents of
the cells—broken-off receptors—and as such possess relatively
little physiological or chemical activity. They are not invariably
produced in the organs where the poison exerts its specific action,
but are also developed in other groups of cells. This appears to
be especially the case in tetanus of the rabbit (g.v.). They are
secreted under the stimulus of the haptophore group. Enrrnicm
regards them as “simple uniceptors”—i.e., as substances with only
one haptophore group, which coincides with the corresponding
aroup of the toxine. Hence, nothing is more erroneous than te
ascribe to antitoxines an activity similar to that of the toxines—

1Blum, *“Ueb. Antitoxinbildung bei der Autolyse,” Hofmeister’s Beit-

rige, v., 142, 1904,
2 Camus, ‘‘ Resistance aux tempér. élevées des vaccins desséchés,” Soc.

Biol., 1., 235, 1898.
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to represent them as “ substances akin to ferments.” There is no
support for the unthinking transference of this notion from the
toxines, and its only result would be to weaken the conception
that toxines are closely related to ferments. Toxines, and
probably also some ferments, have a haptophore and at least
one “ergophore” group. They can not only combine, but also
attack. Antitoxines do not possess the latter characteristic ;
they can only combine, and so ward off the toxophore group
from the threatened cell, but not injure it. WASSERMANN'S
experiments on pyocyaneus poison and CALMETTE'S on snake
poison prove that the toxine remains intact in a mixture of
toxine and antitoxine, and that after destruction of the anti-
toxine the toxine can again manifest its activity (vide wnfra).
Antitoxines, therefore, are not active substances, not “ferments.”
Antitoxines, as such, are physiologically completely inert, and
are unable to produce any toxic effects.

This, of course, only holds good for antitoxines by themselves
and not for the sera in which they are present. 1t is true that
unlimited quantities of Aorse serum containing antitoxine can be
injected into a horse without producing any by-reactions. But,
on the other hand, albuminous substances foreign to the body
are in a certain sense invariably poisonous. They, too, give rise
to protective substances—the precipitines deseribed by Myirs
and others.l It is thus evident that unlimited quantities of
horse serum cannot be injected into animals of different species.
In fact, disturbances due to this cause have frequently been
observed in the therapeutic use of diphtheria serum (g.».). In
such cases, however, the disturbances must be attributed to the
serum rather than to the antitoxine itself.

There is, doubtless, a connection between the struggle of the
organism to eliminate foreign albuminous matters and Kxorr’s®
observation that antitoxines injected with sera foreign to the
body speedily disappear, whilst antitoxines introduced in the
sera of the same species remain for a very long time in the
organism.

Behaviour of Toxines towards Antitoxines.—We have already
stated in the introduction that an essential characteristic in the
definition of a toxine is that true toxines produce an antidote, an
antitoxine in the body of the attacked organism. This fact,

! For further particulars and bibliography of precipitines ¢f. Michaelis
and Oppenheimer, *‘ Ueber Immunitit geg. Eiweisskiorper,” Kngelmann’s
Arch., 1902, Suppl. H.

2 Knorr, ** Das Tetanusgift u. s. Bezieh. zum tier. Organismus,”” Miinch,
med. Woch., 1898, 321, 362.
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which was first discovered by Emrrical! in his fundamental ex-
periments with ricine, a vegetable poison closely akin to the
bacterial toxines, has now become so firmly established that we
even have to regard the formation of antitoxine as a radical
property of the true toxine. It is not possible in this place to
deal with the significance that this formation of antitoxine in
the organism has for the disappearance of infectious diseases, and
for the development of the state of acquired immunity, or with
the way in which these phenomena have been used as supports
of the monumental side-chain theory.

Here it is only necessary to describe the experimentally-
determined relation between the foxine and its antitoxine as
exactly as is possible in the present state of our knowledge,
which, for the most part, we owe to the unwearying classical
researches of Enrrica.

According to the side-chain theory, the only poisons that can
act as true toxines are those that possess a specific aflinity for the
definite cells. For the representation of this specific affinity,
Enrvicn assumes that both sides, the toxine on the one hand,
and the attacked cell on the other, each have in their protoplasm
an atomie group which reciproecally coineide, and thus enter into
combination, and bring the toxine within the immediate reach of
the cells. 1'he first step in the action of the toxine is thus a concen-
tration of the poison wpon the cell by means of the reciprocal
“haptophore” groups. The cell is now through this concentra-
tion brought within the sphere of action of the toxine, and then
follows as the second phase the specific action of the poison wpon
the cell—a function of the second specific the “towophore” group.?

Toxines thus combine with the haptophore groups of cells,
which are active as regards their * side-chains.” 1f now, as in
artificial immunisation, such side-chains provided with hapto-
phore groups are produced in excess, and separated in a free
state in the fluids of the body, especially the blood serum, these
haptophore groups retain their capacity of entering into combina-
tion with the corresponding haptophore groups of the toxine.
Hence these broken-off side-chains represent the specific antitoxine
to the toxine.

! Ehrlich, * Experimentelle Unters. iiber Immunitat,” Deufsch. med.
Woch., 976, 1218, 1891 ; also “ Zur Kenntnis der Antitoxinwirkung,”
Fortsch. d. Med., 1897, 41.

* The theory only speaks of atomic groupings in a substance, and Ehrlich
has never asserted that a toxine consists of two substances—a haptophore
and a toxophore substance—as Danysz (Ann. Past., 1899, 581) credits him
with stating. Danysz, who confuses the process of plasmatolysis with

[ |

toxine activity, has misunderstood Ehrlich.
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This conception at once gives us two highly important points
of view regarding the reciprocal relationship of the toxine to the
antitoxine.

Its acceptance immediately renders untenable two possible
modes by which the poison might be influenced by its specific
anti-body—viz., by direct destruction of the poisonous substance
in its entirety, as it might, for instance, be destroyed by, say, a
strong acid ; and secondly, by the action of the antitoxine on the
specifically injurious fowophore group of the poison, just as, for
instance, the poisonous property of aniline is considerably reduced
by the introduction of acetic acid into its toxic amino-group.
Neither is reconcilable with the side-chain theory, for there can
only be any influence in the sense that the antitoxine saturates
the haptophore group of the toxine, and thus prevents the possi-
bility of its bringing its toxophore group into action by seizing
upon the cell, while in reality its toxic force remains unchanged.

While we have deduced this fundamental point of view asa
consequence of the side-chain theory accepted by us as a heuristic
principle, the actual development of the theory has naturally
proceeded in a converse manner. Tedious experiments were
first made to establish the correctness of these facts in order to
use them as important supports of the theory. EnrnicH and
Brurine were at first of opinion that the poisonous property of
the toxine was affected by the antitoxine, but subsequently came
to the conclusion that it was a question of simple combination.

The facts that led to this now generally accepted conclusion
were of different kinds.

At first it was the general view that the action of an anti-
toxine was only an indirect one, its function being to render the
organism “ proof ” against the toxine.

This opinion was afterwards abandoned when it was found
that toxine and antitoxine combined in accordance with definite
arithmetical laws (law of multiples), with which we shall deal
more fully later on. Then results of the greatest importance
were obtained by a closer study of processes in which the inter-
vention of the living organism could be absolutely excluded, and
in which plainly visible reactions in the fest tube were used as
indicators of the influence of the antitoxine upon the toxine.

The earliest of these were Enrrnicn’s! celebrated experiments
upon the agglutinating action of ricine upon the red corpuscles
of the blood, the results of which showed that there were fixed
numerical relationships between ricine and antiricine, inasmuch

1 Ehrlich, *“ Zur Kenntn. d. Antitoxinwirkg.,” Fortschr. d. Med., 1897,
4],
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as that the action of definite doses of ricine upon the blood was
invariably exactly neutralised by corresponding doses of anti-
ricine. The action of other hzemolysines, such as snake poison
(KANTHACK), eel’s blood (KosseL), and tetanolysine (EmrLicH).
&e., can be counteracted by similar means.

Direct relationships between toxine and antitoxine were thus
established. But these might still depend upon a direct destrue-
tion of the poison by the antidote. The facts, however, showed
that this was not the case, but that there was a simple combina-
tion of the two constituents.

In particular, the fact that it is possible, when this eompound
has only been formed a short time, to break it up in such a wa
that the original foxic activity is restored, has afforded the
strongest support to the theory that there is a loose form of
combination., CALmerTE was the first to demonstrate this fact
with certainty in the case of the animal toxine, snake poison, the
antitoxine of which is much more unstable than the toxine.

Tt has also been found by WassErMaNN that the antitoxine of
B. pyocyaneus (g.v.) is much more readily destroyed than the
toxine, so that we are justified in assuming that there is also a
simple combination in the case of bacterial toxines.

The gist of these experiments was that a neutral mixture of
toxine with antitoxine required a large proportion of the original
toxic capacity on being heated, owing to the fact that the anti-
toxine, being the more readily attacked constituent of the loose
combination, was destroyed by the higher temperature. The
two components, however, must only have been mixed a short
time, since otherwise it was no longer possible to separate the
compound. A process of diffusion can also be used to separate
the two components in the case of snake poison, the toxine of

which is much more diffusible than the antitoxine (MArTIN and
CHERRY) (¢f. Snake Poison).

On the other hand, similar experiments with diphtheria poison have
proved unsuccessful (Dzierzeowskr'). Now, here the conditions are quite
different. In the first place, as EurrLicH has shown, the combination is
evceedingly stable. But, apart from that, the foxine in this case is the
more destructible, so that on heating the mixture it is not the toxine but
the free antifoxine that ought to be regenerated. The reason why this
does not happen is manifest @ priori; for in the change that takes place
in the toxine on heating the poison does not disappear, but is only trans-

1 Dzierzgowski, “Zur Frage iiber die Beziehungen zwischen dem anti-
diphth. Heilserum u. d. Diphtherietoxin,” Arch. Infernat. de Pharmacodyn.
v., 1, 1898, (Jf. Marenghi, *“ Ueber d. gegens. Wirkg. antidiphth. Serums
und des Diphth.-Toxins,” Centralbl. f. Bakt., xxii., 520, 1897.
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formed into foxoids, whilst, the combination not being broken up, no free
antitoxine can be detected. Thus, the negative results of these experi-
ments prove nothing, since they might have been predicted beforehand
to be theoretically very probable.

This combination is a chemical reaction, and as such obeys
the laws of chemical kinetics. Very considerable differences
may be shown as regards firmness of combination and speed of
reaction. Thus, diphtheria antitoxine has a far greater affinity
for its toxine, and combines with it much more rapidly (five to
ten seconds) than is the case with tetanus antitoxine and its
toxine (Enrrich).

The degree of attraction for reciprocal saturation and the
speed of the reaction also depend, to a very considerable extent,
upon the femperature (increasing with its rise) as well as upon
the conecentration (Enrvricn, Kxorr!). Combination takes place
much more rapidly in concentrated solutions.

We must defer consideration of the question of the condition
of equilibrium between toxine and antitoxine.

The view that antitoxines do not combine with toxines in
fixed numerical proportions, but that their action depends upon
a protective influence upon the cells, has not yet been entirely
abandoned, notwithstanding all proofs to the contrary. In
particular, attempts have been made to base this conclusion on
the alleged facts that when the dose of toxine is multiplied the
same multiple of antitoxine is insufficient—z.e.,, that its ¢ pro-
tective” power fails with large doses of poison. This view has
recently been advanced again—e.g., by BoMsTEIN.

But Emriice’s experiments on ricine, and the absolutely ana-
logous results of CALMETTE with snalke poison, of Camus, KossEL,
J:L'., with eel's blood poison, and of many others with erythrocytes,
lead us to exclude any intervention on the part of the organism,
and are only to be explained on the assumption of a direct
fixation of the poison by the antitoxine. And apart from this,
the assertion that there is a discrepancy in the numerical pro-
portions rests upon very insufficient data.

CoBETT and KaNTHACK® were able to demonstrate that the
multiples exactly corresponded with theory, provided a large
multiple of the lethal dose was used at the very beginning of
the experiment. They give a simple reason for concluding that
when a quantity of poison approximating a single lethal dose is

ISJ!;‘IKHGH ‘““ Die Entstehung des Tetanusantitoxins,” Fortschr. d. Med.,
657
% Cobbett and Kanthack, ‘* Ueber das Schicksal d. Diphtherietoxins im
Tierorganismus,” Centralbl. f Balkt., xxiv., 129, 1898.
3



34 TOXINES AND ANTITOXINES.

used at the beginning, it is extremely probable that symptoms
of poisoning will appear on multiplying the respective doses. For
it is quite possible, when a single lethal dose is neutralised, for
a slight excess of poison to remain unnoticed in the mixture,
since it may not even reach the minimum amount necessary to
cause illness ; but if now the relative quantities of poison and
antitoxine be increased tenfold, this excess of poison is also
multiplied by ten, and the poisonous action of the mixture is
manifested. ~Ehrlich’s theory cannot be upset by such proofs
as these.

Taking all things into consideration, we are justified in
assuming, on practical and theoretical grounds, that the action
of an antitorine upon a forine consists essentially of a reciprocal
combination of two groups endowed with specific affinity.

This at once leads to the fundamental conclusion that the
reciprocal action of the two substances must follow the laws
that hold good for the reciprocal saturation of two simple
chemical substances possessing atomic groupings specifically
adapted to each other—i.e., that they must combine in fixed
quantitative proportions. Just as the same amount of pure
sodium hydroxide invariably requires the same amount of
pure hydrochloric acid for neutralisation, so must the propor-
tion between a definite dose of toxine and the amount of
antitoxine that exactly “neutralises” it be an absolufe constant.
A given quantity of pure toxine must invariably require the
same dose of pure antitoxine for its activity to be exactly
neutralised, provided that the combination is stable, and does
not lead to a state of dissociated equilibrium, a question with
which we shall deal later.

The difficulty of establishing this extremely important fact
is enormously increased by the circumstances. In the first
place, neither toxines nor antitoxines are known in the free
state. We are not dealing here with substances that can
be isolated as chemical entities, and to which the balance can
be applied in determining whether x grms. of diphtheria anti-
toxine invariably neutralise 2 _y grms. of diphtheria toxine. No;
the only measurement that is a,pphua.ble to these poisonous sub-
stances is the physiological one—the determination of the “single
lethal dose,” which we are compelled to adopt as the fundamental
unit of measurement for toxines, or, in the case of hemolysines,
the measurement of the amount of solvent action.

This drawback, however, would not be so very serious if we
could only establish a constant relationship between every toxine
solution of definite strength and a given antitowine solution, so
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that eventually every “single lethal dose” of poison would cor-
respond to a definite number of * antitoxine units.” For this
purpose the strength of the solution might be readily calculated
upon the known toxicity of 1 c.c. of a solution to be taken as
unity (normal poison). Unfortunately, this is beyond the range
of practicability. Almost every solution of toxine stands in a
different proportion toward the amount of antitoxine required
for its neutralisation, when the ratio of a *lethal dose” to the
number of “antitoxine units” is calculated.

Here we are face to face with the most extraordinarily coin-
plicated conditions, and there still remain certain obscurities and
difficulties to be explained, although the confusion has been
for the most part cleared up by the painstaking researches of
Enrrica.! In the first place, the rapidity with which toxine
and antitoxine combine depends not only on their nature but
also on the concentration of the two components (vide supra).
But, above all, it has been found that every bouillon of diph-
theria virus contains, in addition to the specifically active toxine,
varying proportions of other substances which possess the hapto-
phore, though not the toxophore, group of the true toxines, and
which, therefore, make the same demand wpon the antitoxine as
the toxine itself, although they have no influence upon the lethal
dose—the toxic effect of the poison. Thus; in determining the
unit of measurement,—the single lethal dose,—these substances
escape observation, but their influence is immediately manifested
when an attempt is made to determine the amount of a given
antitoxine solution required to neutralise this single lethal dose.

If a pure solution of toxine would require a given number of
c.c. of a standard solution of antitoxine, this numhu would be
encreased in proportion to the quantity of these non-poisonous,
though antitoxine-consuming, substances in the ‘mpure toxine
solution. Hence, the varying amount of these substances in
every solution of toxine enormously increases the difliculty of
establishing the absolute constancy of these proportions, as
demanded b}’ the side-chain theory ; ; and these difficulties have
not yet been completely overcome in every case.

In order to obtain a clear idea of the immediate factors in this
question it is necessary for us to begin with the physiological
units of measurement devised by Beurine and Enrvicu for the
study of the action of antitoxines. The numerical definitions
fixed for diphtheria virus are as follows :—

! Ehrlich, ““Die Wertbemessung des Diphtherieserums,” Klin. Jahrb.,

vi., 299, 1899; ‘“ Ueber die Constit. des Diphtheriegiftes,” Deutsch. med.
Woch., 1898, 597.
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The single lethal dose is defined by EnrricH as that amount of
toxine, expressed in c.c. of the poison solution or in grammes
of the solid poison, that is just sufficient to kill a guinea-pig
weighing 250 grms. (an animal about six weeks old) within
four or five days. This dose is the physiological toxic unit.

The definition of normal toxine, as fixed by v. BEHRING, is a
solution of poison that contains 100 lethal doses in 1 c.c. The
term “normal toxine” is abbreviated by v. BeHriNG into
DTN, M., (Diphtherietozin normal einfach, Meerschweinchen
von 250 grms.—i.e., single normal diphtheria toxine, guinea-
pigs of 250 grms.).

Now the measurement of the strength of antitoxine solutions
is based upon this arbitrary toxiec unit. A “single” serum is
one, 1 c¢.c. of which is capable of neutralising 1 c.c. of the normal
toxine—i.e., 100 toxic units. This amount (1 c.c. of the single
serum) is the antitoxine unit, the so-called immunity unit, briefly
designated LE. (Immunitiits-Einheit)! and has thus been em-
pirically established and retained (vide infra).

‘When, then, a serum is first prepared against a new toxine, it
is invariably the rule in all the experiments made at the same
time to express the relationship of the toxine to the antitoxine
solution in terms of cubic centimetres. And since in the case
of this fresh toxine the ratio of toxic activity to the number of
c.c. used remains constant, there is also a constant relationship
between the towic activity and the amount of antitoxine—i.e., every
lethal dose invariably corresponds exactly with the same amount
of antitoxine solution, expressed in cubic centimetres.

1f, however, this toxine be allowed to stand for some time
and its relative value towards the serum be again determined, it
will be found that the conditions of quantitative combination
have materially changed in one respect. It is true that the
ratio of toxine to antitoxine solution, expressed in c.c., will
still remain constant—i.e., that every c.c. of the toxine solution
requires the same amount of antitoxine solution as the fresh
toxine, but at the same time this quantity of toxine solution,
expressed in c.c., has considerably smaller toxic activity than an
equal amount of the fresh poison. If, on the other hand, a
determination be made of the amount of antitoxine required to
saturate ome foxic unit, it will obviously be found that a con-

! Madsen (**Constitution du poison diphth.,” Ann. Pasf., xiii., 568,
1899) has introduced several other abbreviations. T = toxine unit; (T)
the amount of toxine bouillon in ¢.c. containing T ; I = immunity unit (in
(German abbreviated to I.E.); and (I) the amount of serum in c.c. that
contains I. We shall occasionally use these abbreviations.



RELATION OF TOXINES TO ANTITOXINES. 37

siderably greater quantity is necessary than was the case with
the fresh toxine.

Hence, it follows that the toxine solution becomes weaker on
keeping—i.e., that the toxophore group has become inactive in part
of the toxine; but since the toxine solution still requires the
same number of c.c. of the serum for neutralisation as before, it
is plain that the haptophore groups have remained intact during
this weakening process. From this it follows that there must be
present in this weakened toxine solution, substances which have
become non-poisonous through loss of their toxophore group,
although, owing to their possessing infact haptophore groups,
they are as capable as before of entering into combination with
antitoxine.

These substances are termed towoids! by EHRLICH.

Enrvica has also introduced two values of limitation which
he terms L, (limes, “Nil”) and L, (limes, “ Death”). The
numerical significance of these terms is as follows :—

L, is that quantity of the toxine solution under examina-
tion, expressed in toxic units (lethal doses), which, when mixed
with an immunity unit, is completely neutralised thereby—so
neutralised that absolutely no symptom of poisoning appears.
This mixture of ene immunity unit with the maximum of toxine
solution that can be added without the production of any
physiological toxic effect, is physiologically neutral.

It is not easy to determine the point I, beyond doubt, since
it is difficult to determine with absolute certainty whether a
toxine solution does or does not still exercise a slight action.
Hence, Enrricu has intoduced his second value: L, is that
quantity of the toxine solution under examination expressed in
toxic units (lethal doses) which, when added to an antitoxine
unit, is still sufficient to kill a guinea-pig of 250 grms. in four
or five days. This mixture then contains a lethal dose in the
free state. This point can be determined with ease and certainty.
The difference 1, — L is designated D by Enrrica. In the
case of pure poisons it must obviously equal ene lethal dose, but
in practice it is invariably greater—which is a point of great
significance in the investigation of the constitution of toxines
(vide infra).

These limitation values, then, apart from their practical use
in testing serum, have been of extreme value in the investigation
of the constitution of solutions of toxines such as diphtheria

! Friinkel (quoted by Ehrlich, Deutsch. med. Woch., 1891, 978) and
Aronson (Berl. kin. Woch., 1893, 625) inter alios had already indicated
the existence of such non-poisonous, though immunising, bacterial products.
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virus. For by their aid Enrricu has succeeded in determining
the composition of toxine bouillon as regards the toxines and
toxoids, He has discovered the existence of extremely complex
relationships, and the final solution of the problems invelved
will doubtless still furnish work for the next generation.

The value of these limitation values in the determination of
the amount of toxine and toxoids in solutions of poisons depends
upon the following facts —

The antitoxine unit is a measure based upon a definite toxine
solution. The original cannot as yet be reproduced, and its
value has only been preserved by Emrricn having kept an
originally standardised serum of 1,700 times the normal strength
under special precautions (vacuum, darkness, ice, dryness), and
using this serum after suitable dilution to standardise new
toxine solutions, which then in turn can be used to test fresh
sera. In the original normal toxine an antitoxine unit corre-
sponded to 100 lethal doses; hence, to neutralise an immunity
unit 100 lethal doses of this normal toxine of BEHRING would be
necessary—u.e., L, is exactly 100. But this numerical relationship
is not invariably necessary with all toxines, for there can also
be some in the case of which a large proportion of the immunity
unit would be fixed by non-poisonous haptines, fowoids, whose
quantity is expressed in toxic units—i.e., L, then becomes less than
100. This is not the case, however, with most fresh toxines,
for with them L, is really 100, or, in other words, these fresh
toxines have a constitution exactly like that of Behring’s normal
toxine.

But the case is different when we deal with older solutions of
toxines, as we have already pointed out above. Here part of the
toxine has been converted into toxoids—i.e.,, L, has become
smaller, and a smaller number of toxic units in an equal volume
are required to reach the stage of neutrality. On the other hand,
there are also toxines whose relative proportion in true toxine is
greater than in the case of Behring’s normal toxine, so that we
are driven to the coneclusion, which is difficult to follow, that
even fresh torines may contain not only poisonous haptines, true
toxines, but also relatively non-poisonous substances, which
Enrvicn has designated foxones, to distinguish them from the
toxoids, which are only produced as secondary products. We
thus arrive at the following definition of L, :—

Every solution of toxine, even in the fresh condition, contains,
in addition to the true toxine, non-poisonous haptines, foxones,
which usually stand in such relationship to the true toxines that,
in the case of most fresh toxine preparations, L is equal to 100.
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In certain toxine solutions, however, there may be relatively
more or less toxones, so that L, even in the case of fresh pre-
parations, may sometimes be greater or smaller than 100. At
the same time, secondary derivatives, towoids, formed from the
true toxine are produced in all toxine solutions on keeping, and
these invariably lower the value of L,

We must reserve until afterwards a fuller discussion of the
mode in which toxines are converted into toxoids, and, above all,
of the quantitative relationships of this conversion. Here we
have next to deal with the significance of the limitation value
L.,. Whilst the toxoids forined as secondary products have a
decided influence upon the amount of the L, dose, they are
absolutely without influence upon the value L, (and, therefore,
also upon D), as has been shown by Enrrich.

Now there are, a priori, three conceivable kinds of toxoids :—
Firstly, those that possess a greater affinity than the toxine for
the antitoxine, which combine with it sooner, and are, under
certain conditions, capable of dissolving existing combinations
between toxine and antitoxine in their own favour. These are
the protoxoids.

A second category consists of the syntoxzoids, which have the
same affinity as the toxine for the antitoxine, and thus have no
influence upon the combination of toxine with antitoxine, just as
their own combinations with the antitoxine are not affected by
the toxine. Lastly, there remain the epitoroids, which have a
weaker aflinity than the toxine for the antitoxine, and can be
liberated again by the toxine from their combination with the
antitoxine. Such epitoroids oceur, as EHrLIcH was able to
demonstrate, not as secondary products, but are already present
in the fresh toxine solutions ; they are identical with the torones
mentioned above.

This consideration leads us to the following points of view as
regards the influence of toxoids and toxones upon the value of L
or D:—

The toxoids formed as secondary products—viz., pro- and
syntoxoids—have no influence at all upon L, as can very easily
be demonstrated.

Assuming that we have a neutral mixture of antitoxine with
toxine and protoxoid, we can represent this condition of
equilibrium graphically by means of the equation—

90 Toxine-Antitoxine + 10 Protoxoid-Antitoxine
= Physiological Neutrality (L,).

Additional quantities of the same poison are now added in order
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to find L,. This can cause no alteration in the compounds
already formed between toxine and antitoxine or protoxoid and
antitoxine, which might make them yet combine with fresh doses
of toxine added, and so cause them to disappear as regards L ,—
i.e., as soon as the amount of poison added to the neutral mixture
reaches one lethal dose, L, is reached, as is demanded by theory
for pure poisons; this may be expressed graphically by the
equation—
90 T-A + 10 P-A + 1 Toxine = L.

Thus the presence of protoxoid canmnot couse L, — L, (D) to be
greater than one lethal dose.

The syntoxoids have just as little influence in raising the value
of D. They, too, are not influenced in their combination by the
addition of toxine, and L is reached by the addition of new
poison so soon as one lethal dose is added to L,

Thus all the secondary toxoids are without influence upon D.

We find quite a different state of things when we examine the
behaviour of toxones in this respect.

Let us now leave out of consideration the toxoids, which have
no bearing upon this question, and represent a neutral mixture
of toxine and toxone with antitoxine (L) by the following
equation :—

90 T-A + 10 Toxone-A = L,.

We then add fresh quantities of poison. If, in the first place,
we add a quantity containing exactly one toxic unit, we find
that L is by no means reached by that addition ; for the toxine
liberates a toxone unit from its combination with the antitoxine ;
and, instead of the free toxine added, we find a free foxone, as
represented in the following equation :—

90 T-A + 10 Toxone-A + 1 Toxine
= 91 T-A + 9 Toxone-A + 1 Toxone (free) = L,

And so the process continues until the whole of the toxones are
Jree. Then, and not till then, the next toxic unit produces L.

100 T-A + 10 Toxones (free) = L
100 T-A + 10 Toxones + 1 Toxine = L.

Acecording to this equation, we should thus have to add, not
one, but eleven, toxic units to L, before reaching L, D being
thus equal to 11.

We see then that tovones have the property of raising the



RELATION OF TOXINES TO ANTITOXINES, 41

difference D above the amount “one” theoretically required by
pure toxines.

The relative amount of such toxones varies very considerably,
and hence D is also a very variable value. EnrricH found it to
vary from 17 to 28 toxic units in the case of 11 toxine solutions.

The value D, after reduction of the finally active one toxic unit
(D - 1), thus affords a measure of the quantity of toxones present
in toxine solutions. The fact that these variations in the value
of D oceur even in fresh toxines, and do not alter as the poison
becomes old, when L, decreases, shows that toxomes are not
secondary decomposition products of the toxine, but are primary
bacterial products—mnon-poisonous haptines.

As regards other physiological characteristics, toxones are not absolutely
inactive. Their action can be studied in what EHRLICH has termed the
“differential zones”—i.e., between L, and L4, where, according to his
view, free toxones are present. They produce slight toxic symptoms
(which we shall discuss later on), which are essentially different from the
effects of small non-lethal doses of toxines.

A special importance attaches itself to the discoveries of MapsEN, that it
is possible to produce antitoxic immunity with the mixed poisons in the
differential zones, which thus only contain toxones in the free state. We
shall discuss this more fully in its proper place (see Diphtheria Virusin the
special part).

EnrvricH next endeavoured, by means of elaborate, tedious,
and difficult processes, to obtain a clearer view of the quantita
tive relationships of the poisons and the numerical conditions of
their decomposition. These relationships proved to be of an
extremely complex character, and we do not wish to do more
than briefly touch upon them here.

In the first place, EnrLica fixed the following formula for
any given poison :—

x Toxoid + y Toxine + 2z Toxone.

The value of ¥ must be found by a physiological method (deter-
mination of the lethal dose), and is then represented by «. z, the
toxine value, is a function (F) of the value D - 1, which can
also be numerically expressed. It is designated 8 by Enrrich.
Thus, the formula of every Anown solution of the poisons can be
expressed as follows:—

« Toxoid + « Toxine + F(8) Toxone.

The formation of toxoids is illustrated by the following experi-
ment :(—
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As already mentioned, the dose I, is equal to 100 in the case
of most toxines in the fresh condition. Thus, Earrica found
that one of his freshly-prepared diphtheria virus solutions was
of such composition that one I.E. (Immunity Unit) neutralised
0-31 c.c. of the poison. Hence, it followed that the lethal dose

0-31
100 = 0:0031 e.c., and this

was found to be actually the case. Thus, with this poison, too,
L, = 100. After three-quarters of a year the poison showed
the same neutralisation value in c.c., but the single lethal dose had
risen to 0°009 c.c., so that L, was equal to about 33—i.e., that
33 toxic units (contained in 0-31 c.c.) corresponds to the dose
L, The toxic value and L, dose then remained constant.

Other poisons decompose in such a way that L is equal to 50,
while others, again, become finally constant with an L, dose of
25, &e.

It would seem, then, that the toxines either decompose in
such a manner that half of them becomes inactive, or that they
undergo a tripartite change so as to consist of two parts of toxoid
to one of unaltered toxine.

Enrrvion’s chief endeavour has been to establish the absolute
value of an LE. (Immunity Unit)—:.e., to determine to how
many saturation units the 1. E. corresponds in poisons consisting
of toxines, toxones, and toxoids, or, to express it quite crudely,
how many haptophore groups correspond with the number in one
I.LE. He is strongly inclined to fix their number at 200, and
he bases this conclusion on the following premises :—The value
L, is usually equal to 100 in the case of iresh poisons, and these
subsequently decompose in such a manner that their L, values
stand in a very simple proportion to 100. From this he con-
cludes that the absolute force of combination must also stand
in some very simple relationship to the number 100. Now,
no poison has yet been prepared, in spite of all attempts at
purification, with a value L, exceeding 200, the highest observed
being 160 in the case of a poison which was certainly not per-
fectly pure (Mapsen). Hence, Earrica concludes that every
toxine bouillon must contain 200 saturation units—z.e., that
the LE. is equivalent to 200 saturation units. An absolutely
pure toxine (without toxones) would thus, in the fresh condition
(i.e., without toxoids), show an L, value of 200 and an L, value
of 201.

In this case # + y + z, in the general formule given above,
is equal to 200, and from this it is possible to calculate the
quantity of toxones by the aid of the values « and [, where

of the poison solution had to be

L R R I S -
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@ represents the number of toxic units and 8 the value D — 1.
If z represent the amount of toxones, 200 — z represents the
amount of toxines and toxoids, on the assumption of 200 units
of combination. Thus, the formula for the value L, of every
mixture of the poisons becomes

L, = (200 - z) Toxine-Toxoid + =z Toxone,

all of which enter into combination with the antitoxine. Hence,

: : e 1
in order to liberate one foxine 1t 1s necessary to add 500 :
: 1 . ! I -
of which 500 — » ¢ represents the proporiion of towine. And

this is, therefore, the amount of the poison solution, expressed
in toxic units, which must be added to (I.K.) + L, to obtain a
mixture in which the whole of the toxones are free, so that
the addition of a single toxic unit produces L, ; the amount
E-ﬂ-ﬁl: . is thus equivalent to D — 1 = S,

To find the amount of toxone in a poison bouillon, we have
thus an equation containing one unknown value :

e

B 200

200 8,

o + 3

whence is derived

With the aid of this formula Enrricn has calculated the
proportion of toxones in the poisons examined by him, and
has found that in the case of toxones, too, the values stand in
a very simple relationship towards 100—e.g., 100, 50, 25, or 33,
66, &e. Owing to these simple relationships it is possible, by
determining the values of « and (3, always on the basis of the
assumption of 200 saturation units, to reproduce the immunity
unit, which was previously only an empirical unit of measure-
ment, since it is possible by this means to determine the
proportion of toxine and toxone—i.e., in the case of fresh
poisons—which do not contain toxoids, to explain their whole
constitution. Most of the poisons in the fresh condition appear
to consist of 100 parts of toxine and 100 parts of toxone.

1B(200-z)=az; 2008 - PBz=az;az+ Bz=200F; z (e« + B) =200 35;
200 g

a + 13
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The conversion of toxine into toxoids usually takes place by merely
keeping the poisons. The L, value then generally becomes constant after
some time, and new toxoids are no longer produced.! This rule, however,
does not appear to be without exceptions; at least MADsSEN,” whose work
has completely confirmed EBRLICH’S results, has deseribed a poison which
appears to decrease continuously in its toxic activity. He found in the
last determination that Lj had already sunk to 10 and L to 15, and hence
considers it possible that the bouillon might eventually become completely
non-toxie and contain nothing but toxoids.

A further interesting point is that the fozones, too, do not remain un-
changed, as has been proved by EHrRLICH and also by MapseN. In their
case 1t is the haptophore group that suffers, with the result that toxronoids
are formed. This is made manifest by the increase in the value L, for
when in a mixture consisting of 100 parts of toxine : 100 parts of toxone,
part of the toxone that combines with the antitoxone changes as regards
1ts haptophore group, so that it can no longer be identified by reason of
its combining, it obviously follows that the proportion of toxine to the
200 saturation units is greater than 100. MADSEN regards the fact that
L, values of, e.g., 133 (which he found in one case) can occur even with
fresh poisons, as evidence that the formation of toxonoids may probably
be going on spontaneously the whole time during the production of the
toxine.

Light, according to MADSEN, has an injurious effect upon both the
haptophore and the toxophore groups. He found, on exposing a poison
mixture to sunlight, that, although the toxicity diminished greatly, yet
the values L, and L4 showed a simultaneous increase. Eventually the
specific character of the toxine completely disappeared, but the mixture
still remained poisonous. It caused animals to die of cachexy, but none
of the characteristic effects of diphtheria poison were found on section.
Thus ftoxic toxoids, if the term be permissible, are formed under the influence
of light.

Not content with all these tedious experiments to determine
the constitution of diphtheria virus by repeated determinations
of the L, and L, values, EHRLICH has obtained a further insight
into their nature by the aid of a second and still more ingenious
method.

If we grant the hypothesis that toxoids, toxines, and toxones
have a different degree of affinity for the antitoxine, the postulate
follows that they do not combine in equal proportions with a
given quantity of antitoxine. This is already shown to be
probable by a determination of the L, value, but it can only
be proved by a direct quantitative estimation of the different

1 This condition appears usually to be reached in a year. Hence, in
testing sera, only such poisons are used as have been kept for a year, in
considerable quantities (4 to 5 litres of bouillon), under a thick layer of
toluene (Donitz, ¢ Ber. iib. die Thitigkeit des kgl. Instituts f. serum-
forschung, &c.,” reprint, Klin. Jahrb., vii., 1899),

2 Madsen, ‘‘ Constitution du poison diphthérique, Ann. Past., xiii,, 568,
1899,
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degrees of affinity. This has been done by EnrricH and
subsequently by Mapsex (loc. cit.) in the following manner :—
If an immunity unit were added to 200 saturation units (z.e.,
100 toxic units in the case of fresh poisons), the mixture would
be physiologically absolutely neutral (L;). If now the quantity
of antitoxine added to the same solution of mixed poison were
to be reduced, a measured fraction of one immunity unit (200
units of combination} being added, the toxic characteristics
would gradually appear again, since there would be an excess
of free toxine. If the poison bouillon consisted of pure toxine,
one toxic unit would be liberated by the reduction of the
antitoxine to the extent of one unit of combination, two toxic
units if the reduction amounted to two units of combination,
and so on, until eventually the whole of the toxine had been
liberated. Tf the poison bouillon contained, in addition to the
toxine, only non-poisonous haptines of equal aflinity, every
diminution to the extent of one unit of combination would
liberate a fraction of a toxic unit; but this phenomenon would
occur quite regularly ; so that if 10 toxic units were set free by
a reduction to the extent of 20 units of combination, 50 would
be liberated if the units of combination were reduced by 100.
The result would be totally different, however, when substances
of different affinity were present. Under such conditions the
first effeet of the reduction in the units of combination would be
to liberate the haptines possessing the smallest affinity (toxones),
next those with medium affinity (foxines and syntoxoids), and,
last of all, those with the greatest degree of affinity (profoxoids).
Or, to express it differently, if a given solution of the mixed
poison were to be treated with inereasing amounts of antitoxines,
the protoxoids would be saturated first, then the toxines, and
finally the toxones.

Now these theoretical requirements can be proved by experi-
ment. If we proceed from 200 : 200 no toxine activity appears
up to a certain stage, but only the quite distinet toxone activity
mentioned above (zone of fiee toxones). But if we go beyond
this limit the results are different according as the poison still
contained only foxines (fresh poisons), or also syntoxoids and
protoxoids in addition to toxines.

In the first more simple case each reduction by 9—30 immunity
unit (one unit of combination) then liberates one lethal dose, and
this continues to the end. Usually this limit is at 00 thus

200°
we have then—
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x c.c. of poison 200 1
(100 lethal dﬂses}} T 500 -
: 150 D
a c.c. of poison + 500 — toxone activity

100
200
: 99 : oo
x c.c. of poison + 500 — 1 toxine activity

2 (1 lethal dose)

a c.c. of poison + = toxone activity

70

a c.c. of poison + 500 = 30 lethal doses
3 10
x c.c. of poison + 500 = 90 lethal doses,

and so on.
The ¢ Spectrum” (EnrricH) of this simplest conceivable poison
may be thus represented—

%

Toaxcone

0 10 2030 40 5060 70 80 80 0O 150 200
Fig. 1.—*“Spectrum "’ of a Fresh Poison.

But the conditions would certainly never be as simple as these.
For, in the first place, the toxines themselves are not uniform in
their affinity (to which point we shall have occcasion to return),
and, in the second place, they very soon form protoxoids, which

alter the curve. For instance, take the following series of
values :—

' pois %@+(}
:IJPUIUH‘I'QGU--

x poison + % = free toxone

x polson + iﬁg = free toxone
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a poison + % = 1 free toxine

x poison + % = 60 T. free

a poison + % = 100 T. free.
And next the non-poisonous protoxoids :—

a poison + 2%99 = 100 T. free

x poison + % = 100'T. free

@ poison + %{i = 100 T. free.

Protoxcotd | Toxone

] T 1

0 10 20 a0 40 5060 750 160 200
Fig. 2.—¢“ Spectrum ” of a Poison in the Protoxoid State,

A further complication is introduced by the formation of
syntoxoids (hemitoxine formation).
Assuming that the toxine decomposes into equal parts of
toxine and syntoxoid, the saturation takes place as follows :—
200

x c.c. of poison + 500 = 0

2 c.c. of polson + 150 To
Fullla bl o — Xone
P 200

: 158
x c.c. of poison + 500 1 T. free
156

x c.c. of poison + 500 = 2 T. free

—2%-3 = 30 T. free,

a c.c. of poison +

~and so on.
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The “spectrum ” (for the same poison), after the formation of
syntoxoid, could then be represented thus—

Syrntoaxoud

Protoacord. Toxone

7

(v & 6o " 200
Fig. 3.—The same Poison in the Hemitoxine condition.

As a matter of fact, however, the diagrams are still much more complex.
Tt is not my intention to deal specially with the individual ¢ spectra ™ that
EnrvicH and MapseN have published. T only wish to give the prineiples
of these methods, and can now content m:,rseff with a simple statement of
the results that have been obtained in these analyses.

The quantitative decomposition of poisons on standing takes place in the
following manner :—A¢t first only toxines and toxones are present. The
toxines consist of three distinet varieties, each of which has a different
affinity for antitoxine—viz., proto-, deutero-,and frito-toxines—the last being
most nearly related to the toxones. Moreover, each of these varieties of
toxines is composed of two modifications—e- and p-toxine—in equal pro-
portions, The a- modification of all three toxines decomposes very rapidly,
losing its toxophore groups—formation of syntoxoids and development of
the above-mentioned hemitoxine condition.

Then begins, at an early stage, the destruction of the toxophore group of
the g-tritotoxine, which, however, never continues to the complete replace-
ment of the toxine by toxoid. Small amounts of toxine invariably remain
in this zone—e.q., 3 : 7, 2 : 8, or 1 : 9 of toxoid—which can be recognised
in the ‘““spectra’ by the fact that toxic action still takes place here, that,
for example, in the case of the proportion 1 : 9, a reduction of the units of
combination by 10 liberates 1 lethal dose.

Not until a later period does the 3-prototoxine also disappear (develop-
ment of profoxoid zone). Thus, there finally remains unchanged only the
B-deuterotovine, in addition to a small quantity of p-tritotoxine; and at
this stage the decomposition usually stops, the poison remaining unaltered
for a long period in this form.

There appear, however, to be occasional exceptions to this rule. Both
Enrvice and MapseEN have described *‘spectra® in which, even in the
case of very fresh poisons, it is possible to detect the development of the
protoxoid zone, although even the a-deuterotoxine is still intact, so that
there is still a zone of unaltered toxine present. MADSEN (loc. cit.), how-
ever, considers that, taking into account the continued decrease in his pure
poison mentioned above, we must conclude that the p-deuterotoxine, too,
15 not of uniform strueture, but that it possesses more readily decomposable
constituents which change into tritotoxine.

A very interesting confirmation of these extraordinarily
complicated relationships is afforded by the fact that MApsEN
(loc. cit.) frequently succeeded in again finding with sufficient
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accuracy in these the quantities of toxones calculated by means

08

of the formula z = 2—{?-"— as given above.
o + 3

For example, in one instance the calculated toxone value was

z = 3333, and he found that at ,,l}ég all the animals remained
alive, while they died at 500" 5° that the toxone value must thus

have been between 30 and 40.

It is also evident that a complete transformation of certain parts of the
tritotoxine most nearly allied to the toxones must increase the toxone
zone, for it is impossible to recognise tritotoxoids, even when they oceur in
a state of purity, in a place where it is no longer possible to detect such
a small amount of toxine. This is due to their possessing only a slight
affinity similar to that of the toxones, and thus escaping detection in the
determination of the L value, and also to their being confused with the
toxones in making the diagrams. In this way we can explain an apparent
increase in the amount of toxones compared with their quantity in the
fresh poison, as has been found to be the case by MADpsEN (loc. eit., p. 819),
while it is denied by EnrvLicH.

It is not possible to fix an absolutely sharp limit between the
different zones. There appear, rather, to be reactions taking
place both between the toxones and toxines, and the toxines and
protoxoids, which we must regard as being capable of having
some slight influence upon the conditions of quantitative com-
bination, unless we agree with MapsEN in attributing such
uncertain reactions to the influence of varying conditions of
concentration and temperature.

Toxines and Antitoxines in the Light of Physical Chemistry.—
Modern physical chemistry, which has effected so profound
a change in our views of the nature of chemical reactions, has
of late also turned its attention to the study of physiological
chemical processes. I have already shown elsewhere?! how great
an influence these conceptions and methods have had upon the
theory of ferments. Quite recently attempts have been made to
investigate also the processes that underlie the action of toxines
and antitoxines, by means of the kinetic modes of representation
of physical chemistry. And there is reason to hope that in this
way it may be found possible to express mathematically, in
numerical values, the conceptions that the genius of Emrricm
has given to us. As yet, however, these attempts are still in
their earliest infancy.

! Oppenheimer, Ferments and their Actions. English edition. Griffin &
Co., 1902.
4
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The processes that take place during the combination of the
toxines with the receptors of the limng cells can obviously never be
investigated by this method of examination. Hence, naturally,
it has only been employed to throw light upon those processes in
which we can watch their progress and result in vitro—e.g., in
heemolysis. Here again we have to thank Emrricm that we
possess exact methods of measurement for these processes.

Thus, the first important research in this new field deals with
heemolysis under the influence of simple blood poisons, on the one
hand, and of specific blood-solvent haptines, such as tetanolysine,
on the other.

Arruextus and MApseN! investigated the course of hzmo-
lysis under the influence of ammonia, sodium hydrovide, and
tetanolysine.

The material used in the tests for hwmolysis was a 2-5 per
cent. emulsion of the corpuscles of horse’s blood washed
thoroughly free from serum, and suspended according to re-
quirement in physiological solutions of sodium chloride or cane
sugar. The amount of hemolysis was measured colorimetrically
by comparison with solutions of horse’s blood, solutions of the
strength of 2-5 c.c. in 100 c.c. of distilled water being taken to
represent 100, and a colour scale prepared by corresponding
dilution.

For comparative determinations with constant amounts of
blood (invariably 10 c.c. of the above emulsion), the only suitable
interval is that relatively small one beneath whose lower limit
hemolysis just begins, and above whose upper limit it is
complete.

The first result ascertained by this method is that hemolysis
increases very rapidly with the rise in the amount of toxine
added,® so that, as a rough approximation, it is proportional to
the square of concentration of the toxine,

Now the “concentration™ of the solvent agent does not corre-
spond absolutely with the amount added. Thus, in the case of
ammonia and sodium hydroxide, a certain proportion enfers info
combination with the blood-corpuscles, and does not contribute
to the concentration, With tetanolysine, however, this com-

! Arrhenius and Madsen, ““ Anwendg. d. physik. Ch. auf d. Stud. der
Toxine u. Antitoxine,” Z. physik. Ch., xliv., 1, 1903.

* Arrhenius and Madsen give the collective name **foxine” to these
blood-solvent agents, while they term the specific haptine “* lysine.” Un-
fortunately, this use of the term ‘toxine™ is liable to create confusion,
since it is not in accordance with the present happy limitation of the word
to haptines.
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bination is so weak that the numbers obtained do not need
correction.

This explains why a lower limit is found in which hemolysis 1is
entirely absent with ammonia and sodium hydroxide, but not with
tetanolysine.

Series of experiments were next instituted, in which variations
were made in the percentage of blood-corpuscles on the one hand,
and the amount of “toxine” (using the word in the above-men-
tioned sense) on the other hand. The simplest case is that
in which the toxine is present in such excess that complete
haemolysis immediately ensues. If, in this case, we plot a curve,
and place percentage amounts of the blood on the abscisswe, and
the degrees of heemolysis on the ordinates, the latter will natur-
ally rise in a continuous line. But if the amount of toxine is
smaller, only the initial part of the curve is a straight line—
i.e., so long as the quantity of blood is still so small that the
11"{‘11101}7‘:1:3 is complete.

But when the concentration of the blood rises still further,
there occurs after a short rise a point where the whole of the
“toxine” (ammonia later than sodium hydroxide) has entered
into combination, and the curve falls again. The shape of this
maximum is sometimes a sharp point and sometimes a horizontal
line, according to the difference in the stability of the compounds
with the blood-corpuscles. These details of the action of different
inorga,nic simple “ toxines ” do not concern us here.

It is, however, extremely important that this maximum is
almost snnreﬂy a.l:-*-,ent in the case of tetanolysine—at least it
cannot be identified with certainty. On the other hand, even
this faintly indicated maximum occurs with a much smaller con-
centration of the blood than in the case of ammonia, &e. From
this it follows that the combination of tetanolysine with the blood-
corpuscles is much weaker than in the case of inorganic agents,
but that, on the other hand, it takes place so slowly that part of
the substance that may subsequently be fixed still shows activity,
whereas the combinations with ammonia, &e., take place so
rapidly that only the actual excess of ‘toxine” takes part in the
action.

The proof of the fact that tetanolysine possesses so weak an
affinity for the receptors of the erythrocytes might be employed
as an argument against the general theory of specific combination.

We shall return to this question of weak combination in dis-
cussing the behaviour of tetanolysine towards antitetanolysine.

Speed of Reaction of Hzmolysis.—The measurement of the
velocity of reaction is one of the most important means of
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obtaining a closer insight into the nature of chemical reactions.
ArruENTUS and MADSEN measure the time within which the
hemolysis has reached a definite point.

For this purpose they cause an excess of “ toxine” to act for a
fixed time upon equal amounts of blood (which are taken as
exactly 100). The hwmolysis is interrupted by cooling the
mixture, which is then separated in a centrifugal machine, and
finally the extent of hwmmolysis is determined. Since the
quantity of blood-corpuscles dissolved in the unit of time is the
reciprocal of those remaining undissolved (100 — ), the follow-
ing equation is obtained :—

(1) %=K(lﬂﬂ'—fﬂ)

whence
100 — 2,
(2) 1n 00 =5, K (¢, - ¢£,)-

It has been shown that K is not a constant, but shows a rapid
increase in the course of the experiment. This is due to the fact
that the membranes of the blood-corpuscles at first offer resist-
ance to the action of the toxine, but that this resistance becomes
continually weaker with the destruction of the membrane.

At first no blood-corpuscles at all are attacked, and it is not
until the weakest membranes give way that hemolytic action is
appavent. This power of resistance thus leads to the necessity
of an “induction period” for hemolysis, the explanation of which
1s evident in these cases.

Hence this method did not yield reliable results, Its authors,
therefore, tried whether twice the amount of *toxine” in half
the time had the same effect as half the amount in twice the
time. It was found that, after making the necessary corrections
for the alteration in volume, there was this approrimate ratio,
viz., that the velocity of the reaction was proportional to the concen-
tration of the toxine. This held good in the case of ammonia,
sodium hydroxide, and tetanolysine.

The quantity of unaltered blood-corpuscles can be expressed
by the following equation (in which @ represents the amount of
toxine), at all events with low proportions (i.e., where z is
small) :—

after integration
Ne=2Kat



—

RELATION OF TOXINES TO ANTITOXINES. 53

which, expressed in words, means that the quantity of blood
hzemolysed is not only proportional to the square of the time of
the reaction, but also to the square of the amount of toxine—a
fact already experimentally determined, as mentioned above.

The acceleration in the velocity of the reaction with each rise
i temperature of 10° C. amounts to 2:76 : 1 with ammonia and
sodium hydroxide, and 3-04 : 1 with tetanolysine. The relative
velocity of the reaction with ammonia compared with sodium
hydroxide is 2-24 : 1. It is thus absolutely independent of the
concentration of the OH-ions. Hence the OH-ions are not the
real active agents in the hemolysis.

Neutral salts check the action of their corresponding bases.
The effect of the salt is approximately proportional to the cube
root of its quantity. Ammonium salts, in particular, have a
strong restrictive action. In the case of tetanolysine salts
(though in larger quantities) have a stimulating influence.
Normal blood serum and egg albumin check the action of
“toxines,” and particularly that of tetanolysine. Thus we have
here a restriction of the effect of active substances by normal
blood serum, which plays so great a part in the action of ferments.
Here, too, without doubt, we have to deal with the occurrence of
normal receptors as anti-bodies.

Relations between Toxine and Antitoxine.—The experiments
described here were made by ArruHENIUs and Mapsenx with
tetanolysine, the method being an extension of Ehrlich’s method
of incomplete saturation described above. They treated a
constant amount of toxine (2 c.c. of a 2 per cent. solution of
tetanolysine) with increasing amounts of antitoxine (in a 0-0025
per cent. solution), and determined the toxicity of the mixtures
—i.e., the quantity that caused a definite amount of hydrolysis
when added to 10 c.c. of a 2-5 per cent. emulsion of horse’s blood.
Allowance being made for the relative volumes, the toxicity can
be expressed by the equation—

10 + =

&= 10 °

T

where x represenfs the observed amount of toxine and G the
poison strength.

It was found by ewxperiment that the required amount, =,
constantly increased with the quantity of antitoxine added, and
that G showed a corresponding decrease. There is thus no
reason for the asswmption that the “ poison spectrum” (vide supra)
of tetanolysine assumes a step-shaped form. On the contrary, the
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ratios between toxine and antitoxine follow a definite curve
closely resembling that which represents the relation between the
decomposed part of a substance and the products of such decom-
position. There is thus a condition of equilibrium between the
free toxine and antitoxine, on the one hand, and the compound
of the two, on the other, so that all three components are present.
This deviates from Enrrvice’s fundamental view in just the same
way as we pointed out above in the case of the compound of
lysine with the cell. For EnrLicH assumes that, in the case of
diphtheria virus, there is a firm combination between toxine and
antitoxine, so that only the actual excess of one component is
active. 'We shall return to this point presently.

ARRHENIUS and MapseN have strengthened the results of these observa-
tions by theoretical calculations of the values of G and x. G is obtained
from the equation :—

Free Toxine Free Antitoxine K (Tﬂxine — Antitoxine )2
Vol ' Nalby Vol. :

The amount of free and combined toxine ecan be caleulated in a complicated
way. The amount of toxine present in 1 c.c. of a 1 per cent. solution is
taken as the unit of measurement. Now, the original mixture of toxine
with 10 c.c. of blood (without antitoxine) contained 0-23 : 1023 units
per c.e. Suppose that, in an experiment with antitoxine, it is necessary to
add x c.e. in order to obtain the same shade of colour—i.e., to ensure that
the same amount of free lysine is present. Then the amount of toxine
that has combined with the antitoxine is equal to the difference between
the amounts of added and free toxine = z : (10 + =) — 023 : 1023, and
obviously as great as the combined quantity of antitoxine. The guantity
of antitoxine added (n) is distributed over 4 ¢.c. of the lysine solution, and

(i.)

: : N S
hence each unif of toxine corresponds to o c.c. of antitoxine, If, now,

the ratio of antitoxine to toxine in c.c. be represented by p—i.e., 1 c.c. of

antitoxine solution saturating p c.c. of a 1 per cent. solution of lysine—
it follows that

4 x

= ea o the amount of antitoxine per c.c.

From this must be deducted the known quantity of antitoxine in order to

obtain the actual amount of free toxine.~ Hence, by interpolation of these
values into the first equation, there results:

(ii.) 023Fn. = @ D8N SIS . 0-23 2
“ 1023 4 10+=? 10+ li}‘E:".)] i (1D+:c 11]‘23) 3
K and p can be calculated approximately from the mean results of the

saturation experiments, and the values thus obtained in 12 determinations
being

K = 0115 p = 1455,

i.e., 1 c.c. of the 00025 per cent. antitoxine solution employed neutralises



RELATION OF TOXINES TO ANTITOXINES, 55

14°55 c.e. of the arbitrary toxic unit, or this unit corresponds to 0-069 c.c.

of antitoxin.
The values of G and a calculated from this equation are in very close

agreement with the observed results.

When large quantities of antitovine are used, a state of equi-
libriwm between the toxine and antitoxine is only reached wvery
slowly. At the same time the toxine becomes weaker, so that
x becomes greater.

An analogous result was obtained in an experiment in which
the toxine was replaced by ammonia, and the antitoxine by boric
acid. Here, too, the neutralising effect of the boric acid was
exerted to such an extent that the law held good :—

(Free Ammonia) (Free Boric Acid) = K (Combined Borie Acid)?.

It follows, then, from these experiments that the same laws
apply to tetanolysine and its saturation by its antitoxine as
govern the saturation of bases by means of weak acids. Parts of
the free components are invariably left uncombined.

This was now made the starting point for attacks on Ehrlich’s
theory of “poison-spectra.”

If we plot the curve of the neutralisation of ammonia by
means of borie acid, we find that the first amount added neutral-
ises 50 per cent. of ammonia, the next only an additional 16-7
per cent., and the third 8:3 per cent. more, and from this we
could draw the conclusion that the first aliquot portion of the
neutralising solution meets with a much more toxic ammonia
than the later portions—a.e., that ammonia consists of different
toxic parts, which enter into combination with different degrees
of affinity, these standing in simple relationship towards each
other. This is obviously opposed to the views of EnrLicH on
proto-, deutero-toxines, &e. :

Hence, according to ArruneNius and MADSEN, we must not
employ as analogies for tetanolysine the conditions that govern
the neutralisation of strong bases and acids, as EnrLICcH has
done in the case of diphtheria virus. In the case of strong acids
and bases the amount of free components is extraordinarily small,
and, practically, we have only to take into account the compound
and the excess of one of the components. Measured by this
standard, then, the neutralisation curve of diphtheria virus
deviates, as Enrricu has shown, very considerably from the
simple curve of the neutralisation curve of acids and bases, and
lends support to the view of the existence of different poisonous
constituents. But if we take as the standard the conditions of
~equilibrium that occur in the case of weak affinity, conditions
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such as we find with tetanolysine, these apparent differences of
affinity can be explained by the law of mass action, without
assuming the existence of different toxine zones. The presence
of one toxine and one antitoxine, which by their reciprocal
neutralisation produce different conditions of equilibrium, and
can thus account for the numerical conditions of combination,
are quite sufficient to explain why the quantity of antitoxine
does not invariably correspond with the same amount of antitoxic
Eneriif.

1f %hese considerations applied to other poisons, as well as to
tetanolysine, they would modify a part, although not a very
weighty part, of EBRLICHS views ; but, at the same time, they
would give us a further insight, based upon exact scientific
methods, into these extremely important processes. Almost
simultaneously with these attacks upon EnrLicH’s views other
voices were raised against practically the same parts of his theory,

Mention must be made, in particular, of the work of BorpET,!
who, on theoretical grounds, has come to the conclusion that
there is a kind of equilibrium between toxine and antitoxine.

Certainly these conclusions are not based upon exact physico-
chemical measurements, but are purely speculative. According
to them, the relations between toxine and antitoxine either pre-
sent certain analogies with the processes of dyeing (insorption,
&ec.), which BorpET does not more closely characterise—for
throughout he avoids proofs of identity—or complex compounds
are formed containing one toxine molecule with several anti-
toxine molecules. The antitoxine is distributed over the whole
quantity of toxine in such a way that one part of each toxine
molecule appears to be neutralised and deprived of its toxicity.
Regarded as a whole these speculations, which are not based
upon new facts, are just as difficult, if not more so, to work
into a theory as Emrrica’s “spectra,” which at least explain all
the facts on the assumption of @ single although complicated
hypothesis.

Moreover, BorpET's assumption of a “partially neutralised”
toxine is absolutely incapable of being put clearly without
falling back upon the old, now happily discarded, notion of the
“destruction ” of the toxicity.

Hence, BorpET's attack is surely not capable of overthrow-
ing Enrricu’s theory of a plurality of poisons. Still less
can EHRLICH’S position be shaken by the different attacks of
GRUBER, although their object was nothing less than the over-

1 Bordet, “Sur le mode de Paction des antitoxines sur les toxines,”
Ann. Past., xvii., 161, 1903 (reprint).
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throw of the side-chain theory as a whole. These have been so
completely answered and demolished by Enrrica! that we can
refrain from discussing them individually here.

At first sight the objections of ArrHENIUS and MADSEN to
Enrvica’s theory of the manifold nature of diphtheria virus
appear to be much more important, since they are based on the
unquestionable results of experiments. This is another instance,
however, that in dealing with the theory of toxines there is
nothing against which we must guard more than too hasty
generalisations.

Enrrica? maintains his position throughout in his reply to
the criticisms of ARRHENIUS and Mapsen, He, of course, admits
at once the correctness of the experimental proofs, though only
in the case of tefanolysine, whose instability and slow combining
power he himself had already recognised years ago. He refers
to one experiment in which the antitoxine activity after two
hours was forty times as great as immediately after the mix-
ture had been made. But EnrricH contends that the facts
established in the case of this unstable, slowly-combining
poison ought not to be transferred to the extremely active
diphtheria virus, which combines rapidly (within a few minutes)
with the antitoxine, and for which alone his ‘“spectra”™ have
been made.

In his reply he once more repeats, very forcibly, the reasons
that led to the development of his conception of the complex
structure of diphtheria virus, and cites in support of it numerous
separate facts, some of which were previously unpublished.

It would take too long to deal with all his reasons again, since
we should have to repeat nearly the whole of what we have
said about toxoids and toxones, Hence we will only mention a
few of them :—

The conclusion that there are toxoids of different degrees of
affinity follows inevitably, from the fact that the toxicity shows
a gradual decrease while the amount of antitoxine required for
neutralisation remains constant. EHRLICH cites the simple
example of the neutralisation of two distinet alkaloids—e.g.,
quinine and codeine, which have a different affinity for hydro-
chloric acid—as evidence that we are here dealing with neutral-
isation limits, quite analogous to those which ArRrRHENIUS and
MapsEN regarded as states of equilibrium between weak acids

1 Ehrlich, * Toxin und Antitoxin,” Minch. med. Woch., 1903, No. 33-4
(reprint).

* Ehrlich, ¢ Ueber d. Giftcomponenten des Diphtherietoxins,” Berl. kin.
‘Woch., 1903, No. 35 (reprint).
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and bases. If the alkaloids be mixed in the right proportion,
the curve can assume an exactly similar form.

Even ArrmENIUS and MapseNy will admit the ewxistence of
protovoids, but EnrLion shows mathematically that there must
also be other toxoids.

He further succeeded in demonstrating, by calculation of the
L, value of a particular poison, that in this case the neutralisation
of the toxine by the antitoxine exactly corresponded with the
neutralisation of a strong base by a strong acid—a.e., that its
course had to be represented by a straight line. It was also
possible to prove, in the case of this same poison, that the forma-
tion of tritotoxoids must have taken place in those parts of the
toxine possessing the weakest affinity.

Again, it can be easily demonstrated that there can be no
change in the degree of affinity during the conversion of toxine
into toxoid. But since, now, a poison that has been allowed to
stand does show differences in its affinity, it follows that these
must have already been present in the firesh poison, in the toxine
condition, and at the same time it is evident that this proves
that there is a plurality of poisons.

EnrvricH thus firmly maintains his opinion that even in fresh
diphtheria virus there are varieties of poison with different degrees
of affinity, which subsequently undergo a partial conversion into
toxoids with different degrees of affinity.

EnrricH also firmly maintains the existence of foxones as
primary decomposition products of the activity of the diph-
theria bacillus, upon which doubt had been thrown by ARrRHE-
N1Us and MapsEN. In particular, the fact of the existence of
a poison without toxones shows that we cannot here be dealing
with a “residue of unneutralised poison,” but with individual
substances possessing only a slight affinity for antitoxine which
are usually present. For if it were a question of conditions
of equilibrium these would occur in the case of all poisons.
Apart from this important extreme case without toxones, addi-
tional evidence against this view is furnished by the enormous
variation in the relative amounts of toxones, which may range
from 0 to 300 per cent.

A further argument in favour of definite existence of toxones
1s their frequent diminution, “ formation of towonoids,” as well
as their absolutely different physiological action (vide supra).

EnrricH concludes from his arguments that diphtheria virus
consists of at least three varieties of poison :—
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1. The toxine.

2. The toxone, which kills rabbits suddenly, and guinea-pigs

after symptoms of illness.

3. Toxonoids, causing illness in rabbits, but harmless to

guinea-pigs.

He also maintains that diphtheria torine has so great affinity
Jor its antitoxine that the curve of neutralisation of the pure torine
would form a straight line; the deviations can only be explained
by the assumption that parts of it possess different degrees of
affinity. These fractions of varying affinity are present in the
origenal poison.

The theoretioal deductions of EiseNBErG! are very similar to
the conclusions drawn by ArrueNius and MapseN from their
experimental results. He, too, is inclined to attribute the neu-
tralisation of the poison and antidote to the production of a state
of equilibrium, in which an excess of each of the two active
components is present, in addition to the firmly-combined neutral
compound. He claims, by means of this theory, to be able to
obviate the difficulties in the way of accepting the view that only
the compound and the excess of one component are present. His
argument, however, also rests upon conditions that occur with
other poisons than diphtheria, such as those of tetanus poison,
hemolytic complements, and, above all, agglutinines.

It is extremely probable that in the case of these substances
loose combinations may occur with dissociated states of equili-
brium. But in the case of diphtheria virus the conditions of
combination appear to be the only important factors, which
EisENBERG, too, admits to be possible, and that the quantity
of components liberated is very slight, as it should be in the
case of firmly-combined compounds. Thus EHrLICcH’S arguments
are also a sufficient answer to these generalisations, which in fact
do not apply to diphtheria virus,

Thus we cannot predict beforehand what the conditions will
be in the case of other poisons. The question as to the influence
of the several derivatives on the quantitative relation between
toxine and antitoxine must be specially determined for each
separate poison. Probably a whole scale of affinities will be
found to exist, ranging from loosely combined, readily dissociated
compounds, such as appear to be formed by tetanolysine to
diphtheria virus. In this connection it may be mentioned that
conditions of equilibrium also appear to occur in the case of
ricine, in which when neutralisation is nearly complete free

! M. Eisenberg, “D. Bindungsverh. zwischen Toxin und Antitoxin,”
Centralbl. f. Bakt., xxxiv., 259, 1903.
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toxine and free antitoxine are both present. Danvsz! has
described this, and has based upon it absolutely untenable
speculations similar to those of BorpEr. We shall return to
the facts when we are dealing with ricine. But we must never
forget, as EnrvicH is fully Juqtlﬁed in repeatedly insisting, that
in these weak combinations a very important part is played by
the time of reciprocal contact as well as by the concentration.
Thus if too short a time be allowed for the reaction it is possible
to draw an erroneous conclusion of a too high degree of concen-
tration. Hence, when E1seNBERG brings forward as a proof the
separation of snake poison from its antitoxine at higher tem-
peratures, it must not be forgotten that, according to MARTIN and
CHERRY, this separation, which involves the secondary breaking
down of the antitoxine, is only possible for a very short time
after the admixture.

Lastly, a caution must be given against over-estimation of the
influence of mass action as regards other haptines. Contrary to
the views of EiseNBERrRe, who concludes that conditions of
unstable equilibrium are the rule with agglutinines and pre-
cipitines, v. DUNGERN ® shows that such conditions are quite
exceptional, and that, in general, the combination of the pre-
cipitine with the preeipitable substance is complete and stable.
In explanation of the qu&ﬂtltatlve ratios he concludes that there
is a plurality of precipitines, which is quite analogous to the
views of EnrLiCH.

Heat Manifestation of the Action of Toxine upon Antitoxine.—
With the aid of vax " Horr’s formula

dlognat K == W
dt 19972

ArrHENIUS and MADSEN were able to calculate from the altera-
tion in the dissociation constant, K, the amount of heat liberated
in the combination of 1 grm. molecule of toxine with 1 grm.
molecule of antitoxine.

This value is equal to 6,600 cals. (with a possible error of
600 cals.). The evolution of heat is almost half as great as that
liberated on neutralising a strong base with a strong acid.

Vigorous discussion as to the bearing of the law of mass action upon the
relatmns between the toxine and antitoxine still continues. The more

! Danysz, *‘ Contrib. 4 I'étude des propr. des melanges des toxines avee
leur antitox.,” Ann. Past., xvi., 331, 1902.

2o, Dungern, “Bmdungsverh bei d. Priicipitinreaktion,” Centralbl. f.
Bakt., xxxiv., 355, 1903.
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thoroughly the question has been studied the more it has been found that
ArrHENIUS and MADSEN considerably over-rated the influence of mass
action,

It was shown by voN DUNGERN in the case of diphtheria toxine and by
Haxs Saces in that of tetanolysine that the fundamental condition
theoretically essential for the view of ArruENIUS and MapsEx—viz., the
combination between the toxine and antitoxine should be reversible—was
lacking, and that on the contrary the combination gradually became firm
and irreversible. At the same time voN DuxcERN brought direct proot
of the plurality of diphtheria poison by showing that a mixture of anti-
toxine and toxine could be non-poisonous after a single addition of the
exactly sufficient guantity of toxine, but that when the same amount was
added in two portions with an interval of twenty-four hours between them
it was poisonous. In the latter case the antitoxine being present in excess
is distributed between the toxine and the toxone, and when the second
portion is added after twenty-four hours the combination between the
toxone and antitoxine has become so stable that the toxine can no longer
find sufficient free antitoxine.

The stability of the combination between toxine and antitoxine was
shown by WasserMANN and Bruck in another way. They found that
when they injected a physiologically neutral mixture of tetanus toxine
and antitoxine, together with some adrenaline into an animal, the contrac-
tion of the vessels caused by the alkaloid led to a delay in the resorption
of the antitoxine, whereas the {oxine which is resorbed by the nerves
(vide Tetanus) was immediately taken up, and poisoning resulted. But
if they allowed the mixture to stand for two hours before the injection,
the toxine had combined so firmly with the antitoxine that no resorption
of the former took place and the animal remained well.

Lastly, it was found by MapseN himself that it was only possible in the
case of absolutely fresh mixtures of diphtheria toxine and antitoxine to
effect a separation of the two components by means of their different rates
of diffusion through gelatin, and that after the lapse of even a short
time such separation could no longer be effected. This was also proved
indirectly by an experiment of MorcENrROTH, who found that fresh
mixtures of diphtheria toxine and antitoxine were poisonous when injected
intravenously into rabbits, but that after some time they were inert.

However, even if the complicated relationships that exist in the case of
bacterial poisons cause the curve of saturation to take such a form that it
can be shown to have some resemblance, externally at least, to the curve
of equilibrium between substances of weak affinity, yet in the case of
Cobra venom the conditions are such that there is apparently a pure toxine
there. At all events, according to KvEs, the curve of saturation between
the toxine and antitoxine here jforms a straight line, like that formed
between a strong acid and a strong base.

The discussion has had the further very important result of raising the
fundamental question whether there is any justification at all for applying
the law of mass action to the reactions between colloidal substances.
NEerxsT and others have given a vigorous denial to this. This has led in
turn to a closer investigation of the properties of colloids, which has
already established many important ratios between the reactions of toxine
and antitoxine and those of the colloids, the consideration of which here
would lead too far.

L. Michae}is, “Ub. die Giltigkeit des Massenwirkungsgesetzes bei der
Reaction zwischen T, u. A.,” Biochem. Centralbl., iii. [1], 1904.
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Endotoxines and Bacterial Proteins.—While the production
and mode of action of true foxines, such as are formed by the
bacilli of diphtheria and tetanus are fairly well known, the case
is essentially different and more complicated with a large number
of pathogenic organisms, of which we may take the bacteria of
cholera and of typhus and B. pyocyaneus as the chief representa-
tives. If a cholera cultivation of only a few days’ growth be
filtered through a bacterial filter, the filtrate is only toxic to
a slight extent. Several c.c. are necessary to kill an animal
by intraperitoneal injection, and even in these quantities the
filtrates are not deadly to all animals. But if we take the
residue of the filtration—i.e., the filtered-off bacterial cells—and
destroy these by means of weak disinfecting agents, such as
chloroform, it will be found that these dead cells are highly
toxic. A few milligrammes of them are sufficient when injected
into the peritoneum to kill an animal almost instantaneously
with severe symptoms of collapse. In this case, then, the
conditions are the reverse of those that obtained with diphtheria
bacilli, since at first but little of the poison passes into solution,
whereas the dead cells of the bacteria are extremely toxic. If,
instead of fresh bouillon eultivations, ol/d ones that have stood
for several weeks in an incubating oven are taken, it will be
found that there is a considerable increase in the toxicity of the
germ-free filtrates. Much smaller doses are sufficient to kill
the animals used in the experiment. Yet even under these
conditions the toxicity of these filtrates never attains the same
degree, as is found with diphtheria and tetanus poison, of which
even fractions of a milligramme may cause fatal results.

The explanation of these experimental results presents no diffi-
culty. Obviously cholera bacilli, &e., secrete the greatest part of
their poison within their vital substance. This part is only
liberated when the bacteria undergo a process of destruction,
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such as occurs when they are dissolved by the fluids in the bodies
of animals, or such as take place spontaneously in old cultiva-
tions, where part of the cells of the bacteria are brought into
solution by the alkaline and other products present in such culti-
vations ; and to this extraction process must be attributed the
fact that the filtrates from old cultivations are much more toxic
than those from fresh cultivations.

If, now, we ask what position these poisons occupy as regards
our definition : whether they are frue toxines, against whose
action the organism forms antitoxines, we have the following
data to go upon :—Attempts to prepare a true antitoxine to the
poisons contained in the cells of bacteria, the endofoxines, have as
yet been unsuccessful. Hence, in the absence of further know-
ledge, we must assign an exceptional position to these poisons.
Their sole distinguishing characteristic is their extreme toxic
nature in experiments on animals. DBut as yet no convincing
proof has been brought that they belong to the true toxines, and
possess distinet haptophore and toxophore groups.

The case is different with the poisons that pass into the filtrate
on filtration. A true antitoxine serum for these has been pre-
pared—e.g., by Raxsom and by Roux and MerscuNikorr for
cholera, and by A. WasserMaNN for the poison of B. pyocyaneus
(g.v.). This was done in the well-known usual manner, by pre-
viously treating the animals with increasing doses of the
poisonous filtrates. By this means sera were obtained which
were capable of neutralising with certainty many times the
amount of the lethal dose of the poisonous filtrates.

Hence, according to the results of all experiments that have
been made up to the present, the conditions in the case of these
species of bacteria are such that the chief part of the poisonous
substance adheres firmly to the cells of the micro-organisms, and
does not pass into solution. Such substances are termed the
endotoxines, and are comparable with the endoenzymes of yeast
and of bacteria themselves.

Traces of a true torine which passes into the filtrate also occur.

The further question now arises, whether we are justified in
concluding from these experiments that the production of poison
follows the same course under natural conditions—i.e., in the
organism.

It seems fairly certain that the answer is in the negative.

On the contrary, it is extremely probable that the slight traces
of poison which we find in these cultivations, and which, as we
have seen, increase somewhat in quantity on further extraction
of old cultivations, are not those of the primary poison of the
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micro-organisms—that which we see exerting its activity in the
pathology of these infectious diseases in man. An extraction
process, such as occurs spontaneously in old cultivations, is by no
means one that has little effect upon the constitution of these
unstable bodies. In such old cultivations great changes of re-
action from acid to strongly alkaline occur abruptly ; ammonium
compounds and other chemical substances are produced, which
we know tend to change and destroy bacterial poisons. Hence
we must assume that even these traces of e¢holera virus, &e., that
pass into solution, and fo which an antitoxine can be prepared, do
not represent the primary poisons of these micro-organisms, the
poisons that they undoubtedly produce in the human organism,
but are rather a secondary and more stable modification ; and
this conclusion is based on the fact that while, as WaAsSERMANN
found in the case of the poison of B. pyocyaneus, we are certainly
able to prepare an antitoxine to this dissolved poison, yet this
antitoxine behaves quite differently to the antitoxines in diph-
theria. For the latter neutralise the corresponding quantities
of toxine in any given multiples of the dose, provided that their
own quantities are increased in the same proportion. Thus, if
10 doses of diphtheria antitoxine neufralise 10 doses of toxine,
1,000 doses will neutralise 1,000 doses of toxine. But in the
case of pyocyaneus poison this “law of multiples” only holds
good within very narrow limits—up to about eight or ten times
the lethal dose. Beyond that there is no neutralisation, and
animals die in spite of large doses of antitoxine.

We must, therefore, conclude that it is altogether doubtful
whether we have ever had the primary true toxine of cholera,
&e., in our hands when using the culture media at our present
disposal. It may be a question of suitable nutrient media, and
further systematic research may be required before we get nearer
to this important goal. The great influence of a suitable culture
fluid upon the production of the true poison in artificial nutrient
media is shown by the case of diphtheria virus, of which in the
earlier experiments of Roux and Yersiy from 30 to 36 c.c. were
required to kill an animal with the typical acute symptoms,
whereas a close systematic study of culture media and the choice
of suitable cultivations have had the result of reducing the
amount now required to 1 to 2 mgrms. Hence we must regard
the question of cholera virus and similar poisons as still unsettled
In many respects.

At the same time, we must not omit to call attention to the
fact that so experienced a worker in practical research into the
nature of cholera infection as R. PreEirrER holds the view that
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the striking symptoms of poisoning that appear in the spontaneous
infection of man with cholera are also due to the absorption of
poisons, endotoxines, set free through the solution of the cholera
vibrio. In his opinion, endotoxines are thus the main effective
poison in cholera and other infectious diseases, such as fyphus,
&e., that behave in an analogous manner. In support of this
view, that in these infectious diseases we have only to deal with
the bacteria as such, and the poison contained in their cells, and
not, as in the case of diphtheria, &e., with a soluble poison that
can be separated from the cells, but of whose presence in the
human subject we cannot speak with certainty, as pointed out
above ; in support of this view we have the phenomena that
occur in the disappearance of these diseases and in immunisation
against these bacteria, and the substances that are then found in
the serum. Thus we have seen that in cholera, &e., only bacteri-
cidal substances are present; but such exclusively bactericidal
substances only occur, as WasserMANN was able to show in the
case of B. pyoeyaneus, when there has been absorption of consti-
tuents of the cell-substance of the bacteria, while toxines invariably
cause a simultaneous formation in the serum of antitoxic sub-
stances, and substances possessing specific bactericidal powers.

Bacterial Proteins.— When bacteria that produce soluble
poisons are freed as completely as possible from those poisons,
there will still remain substances that belong to the cell
material, These substances, too, have a physiological action,
producing inflammation, aseptic abscesses, and necroses at the
point of application, as well as slight general symptoms, such as
fever, faintness, headache, &e.

The same effects are also produced by the albuminous sub-
stances prepared by chemical methods from the cells of the
bacteria, and termed bacterial proteins, as first proposed by
Bucaner. They are obtained by different methods, of which
those chiefly employed are extraction with superheated water in
autoclaves, simple boiling with water, and extraction with dilute
alkalies. To these have recently been added those methods, due
to Koca and BucHNER, in which the bacteria are first triturated
either in the moist or dry condition, with, in some cases, the aid
of hydraulic pressure, in order to obtain their contents.

In this way a long series of bacterial proteins has been
obtained, which, although differing in some particulars, produce
practically similar effects. We shall frequently meet with them
in the special part, where, too, will be found references to the
most important researches on this subject.

It is unnecessary to describe these proteins in detail here, for
: 5
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it has been proved beyond doubt by the researches of RéMER,
BucHNER, ScHATTENFROH, KLEMPERER,! and many others, that
at least the albuminous substances isolated by long-continued
extraction from unruptured micro-organisms are absolutely
without specific action, and thus can be neglected in discussing
the causes of disease sut? generis.

But this only applies to the albuminous substances isolated
from the cells in a state of ideal purity. To separate them,
however, in such a state is only possible in- the very rare cases
when the bacteria produce only free soluble specific poisons,
from which their cells can be completely separated, as has
been done by KosseL in the case of diphtheria bacilli. There
then remain behind proteins devoid of specific activity, exactly
similar to those that can be obtained from the most innocuous
bacteria, and, like other foreign albuminous substances, producing
sterile abscesses, &e.

But usually it is impossible to effect a radical separation of
these proteins, in the narrower sense of the word, from the
poisons. The protein preparations from most bacteria are still
contaminated with residual particles of the specific poisonous
substances or their secondary products, especially endotoxines
and their derivatives, so that even these protein preparations
still produce characteristic symptoms of poisoning, as is the
case with cholera, typhus, and tuberculosis (see Special Part).
Here, then, the action of the pure protein cannot be demon-
strated, but only theoretically inferred.

The actions of these poisons must be kept quite distinet from
the immunising processes that are brought about by the cell
materials of the bacteria, either in the uninjured cells or in
chemical preparations—the problems of bactericidal immunity
which have been completely elucidated by the researches of
PreirreEr and WassErMANN as regards cholera, of PFEIFFER
and KoLLE in the case of typhus, and of KocH in the case of
tuberculosis.

These processes have absolutely no connection with the toxic
action of the cell proteins. Here we have to deal with the
introduction of suitable receptors, which rouse into aectivity
bactericidal protective forces—lysines, precipitines, and agglu-
tinines ; with processes that depend upon the complex stereo-
chemical configuration of the protein molecule.

At present we can only assume with certainty the presence
of such receptors in unaltered bacterial cells, which, like the

! For the bibliography see Klemperer, ‘* Die Beziehg. verschied. B.-G.
zur Immunitiit u. Heilung,” Z. f. Hin. Med., x%., 165, 1892,
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cholera vibrio, pneumococcus, &c., bring about those destructive
processes in toto. On the other hand, it is fairly safe to affirm
that vigorous extraction, involving the formation of chemical
protein preparations, usually changes that sensitive atomic
grouping to such an extent that injection is followed by no
bactericidal reaction, or only a very faint one, but rather that
these albuminous substances produce only the same reactions
as every albuminous substance that is foreign fo the system—
.., the formation of precipitines! which are certainly very
closely allied to the agglutinines. Yet it is very probable
that, in the case of somewhat more scantily represented
examples, such as Koch’s tuberculin (g.v.) and Buchner’s plas-
mines—e.g., of the cholera vibrio and tubercle bacillus—specific
receptors are present, so that these preparations bring about
bactericidal ¢mmunising processes.

SUMMARY.

1. A group of bacteria produces true towines in the form of
free secretions. After extraction of these soluble poisons there
remains a residue of pure non-specific bacterial proteins. Type :
Diphtheria.

2. Another large group appears to form only endofowines:
true toxines which are more or less firmly retained by the
living cell, so that they are only secreted to a very small
extent in an unaltered condifion, and possibly not at all outside
the body. When the cells die the toxines are partly liberated
and partly retained, or are converted into secondary poisonous
modifications no longer possessing the characteristics of toxines.
Thus, in the case of this group the dead cells cannot be com-
pletely freed from other poisons; we cannot regard the results
as being produced by pure protein alone. With this reserva-
tion, however, it is possible to detect the activity of proteins.
Type: Cholera, typhus, pnewmococcus.

3. A third group possibly forms no true toxines, even within
the plasma. The cell plasma contains poisons of another kind,
which obscure the effects of the action of the protein. Type:
Anthrazx, tuberculosis. 1t is possible that as our knowledge
increases groups 2 and 3 may be united.

4. The pyogenic action of their proteins is common to all
bacteria, and depends, in the main, upon their effects as albu-

! For further particulars about precipitines see Michaelis and Oppen-
heimer, ‘“ Immunitit gegen Eiweisstoffe,” Engelmanns Arch., 1902, suppl.
vol.
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minous substances foreign to the system,—effects that can also
be produced in an exactly similar manner by foreign albuminous
substances of non-bacterial origin.

The formation of the specific precipitation ferments, the pre-
cipitines, after the introduction of any foreign albuminous
substance into an organism, is a proof that every such foreign
proteid is an injurious intruder which the organism endeavours
to overcome. Just as, according to EnrrLicH's views, all food
substances must find receptors in order to be assimilated, so
must those receptors be made adaptable to foreign proteins
when abnormally introduced—i.e., by subcutaneous or intra-
venous injection—so as to seize upon them and render them
innocuous.

In this process general reactions, fever, &c., are of frequent
occurrence. And here, too, we have a means of elucidating
the action of bacterial proteins apart from that of any specific
toxic impurities that may be present.
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SPECIAL PART.

[.—THE TRUE TOXINES.

_—

DIPHTHERIA TOXINE.

DipHTHERIA toxine is the most important of all the bacterial
poisons, both as regards its theoretical importance and especially
on account of its relations towards artificial immunity and
serum-therapy. It represents for us the exact fundamental
type of the true foxine; it has been used in most of the
investigations that have thrown light on the mode of action
of toxines, their relations towards disease, and the formation
of antitoxines. Diphtheria toxine is strictly a specific poison,
producing in animals almost exactly the same symptoms of
disease as are produced by infection with living diphtheria
bacilli. The knowledge of the fact that the diphtheria bacilli
themselves are not found distributed throughout the body, but
only in the false membranes or point of inoculation long ago
suggested the notion that the general symptoms were caused by
soluble poison. Even in his first work, LorrLEr ! indicated the
existence of such a specific poison, and subsequently he isolated
it by precipitation with alcohol. Then Roux and YErsiy®
succeeded in establishing the fact beyond dispute.

Roux and YErsix found that a cultivation of the diphtheria
bacillus in calf’s bouillon of seven days’ growth when filtered
through porcelain and proved to be completely clear and sterile,
produced typical symptoms of poisoning, especially when injected
into the peritoneum. The toxicity increased with the age of

1 Lifler, “ Unters. iib. d. Bedeutg. der Mikroorg. f. d. Entstehg. d.
Diphth.,” Mitt, Kais. Ges.-Amt., ii., 1884. Id., ** Der gegenw. Stand der
Frage nach der Entsteh. d. Diphth.,” Deutsch. med. Woch., 1890, 81.

*Roux and Yersin, **Contribution i I’étude de la diphtherie,” Ann.
Past., iii., 273, 1889 ; iv., 385, 1890.
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the cultivation. A culture forty-two days old killed a rabbit in
five to six hours with toxic symptoms analogous to those of a
severe attack of diphtheria, whilst six days was necessary with
an equal dose (35 c.c.) of the same cultivation of seven days’
growth. The poison was also characterised by the same pheno-
mena and the same degree of infectiousness as in the case of
inoculation with living cultures. The conclusions of Roux and
YErsiN were fully confirmed by Korisko and Parraur,! who
produced the symptoms of poisoning by means of the filtrates of
a bouillon cultivation of fourteen days’ growth.

Roux had already noticed that the poison was destroyed by
heat, and concluded that it was akin to the enzymes. As such
it was, in his opinion, a secretion product of the diphtheria
bacilli excreted by them into the surrounding media. Yet this
view was apparently quite out of keeping with the fact that
young and vitally active cultivations produced relatively little
toxine, whilst older cultivations gave richer yields.

Hence, GAMALEIA® concluded that diphtheria virus was not
a secretion product of the bacilli but a constituent of their cell
contents, which was not discharged by healthy bacilli, and that
it was only when the cultivation became old and many of the
bacilli died that the poison was extracted from their decomposed
cells, This view, however, has frequently been convincingly
opposed. H. KossgL,? in particular, proved that the toxine was
a secretion product and not a decomposition product, by the fact
that, on the one hand, he observed a very plentiful formation
of poison, even in quite young cultivations (two days old) when
grown by suitable methods, and that these began to grow weaker
after as little as five days, whilst, on the other hand, he showed
that but little toxine was present in the cells of the bacilli
themselves.

He cultivated diphtheria bacilli upon as large a surface as possible,
making the inoculations from the surface skin of a cultivation of one day’s
growth. After some days the bacilli formed a tough skin from which he
poured off the bouillon. The cells of the bacilli were then repeatedly
washed with distilled water and subjected to centrifugal force untilthe
washings no longer gave the biuret reaction, after which they were
extracted with water rendered faintly alkaline. This extract was only

! Kolisko and Paltauf, “ Zum Wesen des Croup und der Diphtherie,”
Wien. klin. Woch., 1889, No. 2.

“(Gamaleia, ‘‘ Les poisons bactériens,” Arch. de Méd. Expér., 1892.

3H. Kossel, *“Zur Kenntnis d. Diphtheriegiftes,” Centralbl. f. Bakt.,
xix., 977, 1898.
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slightly poisonous. Aroxsow,! however, by trituration of the bacilli cells
and extraction with ether-alcohol (4:1) followed by extraction with a
01 per cent. solution of ethylene diamine, obtained poisonous extracts
from which he could precipitate the poison by means of alecohol. Again,
according to BriEcEr and Bokr,® the extracted cells have certainly a
considerable degree of toxicity, but this manifests itself in quite a different
manner to the toxine, producing no immunity, &e.

Diphtheria toxine is thus not a constituent of the cell contents,
but a metabolic product. As regards the preparation of diphtheria
poison, two things must be sharply differentiated—viz., on the
one hand, the selection of methods to obtain the largest possible
yield of poison, and, on the other hand, the experiments that
have been made to isolate specific substances from the toxic
cultivations and to investigate their nature, of course with the
practical object also in view of obtaining as pure a poison as
possible in a dry condition for the purposes of immunisation and
serum-therapy. In preparing liquids rich in poison the methods
must aim at the two cardinal points of, first, obtaining a solution
containing as much poison as possible, and secondly, obtaining
this poison as completely as possible in germ-free bouillon, either
by sterilisation or separation from the baeilli.

As regards the production of the toxine, the choice of the
nutrient medium is of primary importance. Roux and YErsIN
(loc. cit.) and LoOFFLER (loc. cit.) cultivated their bacilli on an
ordinary meat broth, and so naturally only obtained relatively
weak solutions of the poison, especially in the early stages of
growth. Subsequently, the addition of 2 per cent. of peptone
became the general practice. According to H. KosstL (loc. cit.),
the nature of this peptone is not a matter of indifference. He
had employed with great advantage Dr. Aschmann’s peptone
from the Luxemburg Hygienic Laboratory. Chapoteaut’s
peptone has also been found an excellent material. It is
also usual to add 0-5 per cent. of ordinary salt. von DUNGERN 3
has found it advantageous to add ascitic fluid or to cultivate the
bacilli on the fluid itself.

GuixocHET * asserts that diphtheria toxine is produced even
in culture media devoid of albuminous substances. He was

! Aronson, ‘‘Zur Biologie und Chemie der Diphtheriegiftes,” Awrch. f.
Kinderheilkunde, xxx., 23, 1900 (reprint).

% Brieger and Boer, ‘* Ueb. d. Toxine d. Diphtherie, &e.,” Deutsch. med.
Woch., 1896, 783.

3yon Dungern, ‘‘ Steigerung d. Giftproduktion d. Di.-B.,” Centralbl. f.
Balkt., xix., 137, 1896.

4 Guinochet, **Contribution 4 l'étude de la toxine des bacilles de la
diphtherie,” drch. de Méd. Expér., 1892, 487.
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successful in producing it in urine rendered faintly alkaline, and
his results were confirmed by Uscrinsky; to this we shall
return shortly.

The choice of the culture medium is of great importance,
particularly as regards the reaction. In ordinary bouillon the
reaction is at first faintly alkaline, then becomes faintly acid, and
then, finally, alkaline again. During the period of the acid
reaction the production of poison is considerably checked or
entirely suspended. Hence, means were sought to restrain this
injurious acidification. Even the above-mentioned addition of
2 per cent. of peptone effects some improvement, but, by itself, is
insufficient.

Park and WiLniams?! adopted the simple device of increasing
the alkalinity of the 2 to 4 per cent. peptone bouillon by the
addition of a measured quantity of soda solution. They exactly
neutralised their fresh bouillon (with turmeric paper as indi-
cator), and then added to each litre 7 c.c. of normal soda solution,
the mixture still showing an acid reaction with phenol-phthalein.
They found, in agreement with SproNck? and Vax TureNHOUT,?
that the acidification was due to the presence of glucose and
glycerin in flesh that was too fresh, and therefore concluded that
horseflesh (which is rich in glycogen) should not be used ; whilst
SProNCK advocated the employment of slightly decomposed flesh.
By the artificial addition of glucose he was able to restrict the
production of the toxine. This was in accord with the results
obtained by Brumesroar,* who also found that no toxine was
formed in culture media containing sugar when the proportion
of the latter reached more than 1 per cent. Moreover, he could
obtain no toxine from solutions of pure egg albumin or pure
peptone. On the other hand, SyiTH® regards the presence of
a slight amount of glucose (0-2 per cent.) as essential, and con-
siders that it is only necessary to prevent the injurious acidifica-
tion, in which respect he supports RUuEkrk® who effects this

! Park and Williams, “The production of diphtheria toxine,” J. Ezper.
Med., i., 164, 1896.

® Spronck, *‘Sur les conditions, dont dépend la production d. poisons
dans les cultures diphtériques,” Ann. Past., ix., 759, 1895.

 Van Turenhout, **Over de bere;dmg va.n le]lthﬁI‘lEglf * Utrecht,
Abst., Centralbl. f. Bakt., xviii., 295, 1895.

2 Elumenthal “Ueb. d. muglmhk d. Bildg. von Diphtherietoxin aus
Elwemakurpern und auf Zucker enthaltenden Néhrboden,” Deutsch. med.
Wock., 1897, No. 24.

= Smit.h, ““The Relation of Dextrose to the Production of Toxine,” J. of
Exper. Med., iv., 373, 1899,

® Ruete, * Ueb. Herstellg. d. Di.-Heilserums,” Miinch. med. Woch.,

1897, 213.
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by the addition of fragments of marble to the cultivation.
NicoLLg,! differing from SProNCK, has recommended the use of
quite fresh flesh. MarrmiN? has obtained successful results by
the use of a mixture in equal parts of extract of beef, or, better,
veal, and of extract of pig’s stomach.

He gives the following recipes :—

(.) Bxtract of Pig’s Stomach.—Five pigs’ stomachs are finely minced or
crushed, and the whole (mucosa and muscularis) mixed with 10 grms. of
pure hydrochloric acid (20 per cent.) and 1,000 grms. of water to each 200
grms., and allowed to stand for twenty-four hours at 50° C. The mixture
is then boiled and filtered through loosely-packed cotton wool, and the
filtrate mixed with 0°2 per cent. of acetic acid, neutralised while still hot,
filtered through paper, and heated to 120° C. in an autoclave. The last
process can also be replaced by repeated heating to 100° C., careful
removal of the albuminous seum and fat, and, finally, clarification by the
addition of calcium chloride and sodium phosphate (formation of a pre-
cipitate of calcium phosphate which simultaneously carries down the
albuminous turbidity).

(i) Meut Extract.—Perfectly fresh veal is allowed to stand for twenty
hours at 35° C., after which it 1s treated with 1,000 grms. of water for each
500 grms. of material, and again left for twenty hours at the same tem-
perature. It is then expressed, and the resulting liquid mixed with
5 grms. of sodium chloride and 20 grms. of peptone, neutralised, and, after
the addition of 7 c.c. of normal soda solution, sterilised at 120° C.

A mixture of equal parts of the two extracts, heated to 70° C. and
sterilised b}' filtration through Chamberland filters, forms an excellent
medium which does not become acid and in which very active toxines are
speedily formed, 0°1 c.c. being required for a lethal dose after thirty hours,
and 0002 c.c. after five to seven days.

M aDsEN’s * method is to leave finely-minced lean veal, two to three days’
old, in contact with twice its weight of water for fifteen hours, after which
it is boiled and strained. The liquid is then mixed with 1 per cent. of
Witte’s peptone and 1 per cent. of sodium chloride, rendered faintly
alkaline, boiled for forty-five minutes, filtered, and the filtrate transferred
to Erlenmeyer flasks holding a litre, and sterilised for fifteen minutes at
120° C. in autoclaves. He determines the reaction with litmus paper, and
also the *‘ titer” of the bouillon—i.e., the amount of normal soda solution
required to give a distinet pink coloration with phenol-phthalein as indi-
cator. The ratio of the two measurements is such that neutral solutions
showing a * titer” of over 20 c.c. are unmistakably acid to litmus, while
with 16 c.e. they are amphoteric, and below 10 c.c. are alkaline. Accord-
ing to his experience the age of the flesh has no material influence. The
addition of calcium carbonate recommended by SrroNcK ({oc. cit.) and Vax
TurENHOUT (loc. cit.) keeps the reaction permanently alkaline, but at the
same time does not materially promote the formation of toxine.

— — e e

1 Nicolle, ** Préparation de la toxine diphtérique,” Ann. Past., x., 333,
1896.

¢ Martin, ‘‘ Production de la toxine diphtér,” #hid., xii., 26, 1898,

3 Madsen, ‘‘Zur Biologie des Diphtherie bacillus,” Zeit. f. Hyg., xxvi.,
157, 1897.
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SProNCcK ! subsequently abandoned his meat extract and
cultivated his bacilli in a decoction of yeast, whereby he obtained
very active solutions of poison. (After forty-eight hours the
lethal dose was 0-05 c.c., and after five to six days 0-005 c.c.)

He boiled 1 part of commercial yeast with 20 parts of water for twenty
minutes with continual stirring. He then allowed the mixture to settle,
decanted the supernatant liquid, added ordinary salt and Witte's peptone
(obtained directly from Rostock), neutralised it, and added normal soda
golution in the proportion of 7 c.c. per litre. Lastly, he heated and filtered
the liquid, and sterilised the filtrate at 120° C.

It is evident from these experiments that the production of
toxines depends upon the alkalinity of the medium, and, as
Roux and Yersiy had already found, it increases with the in-
crease in the alkalinity. MapsgN, however, found (loc. eit.) that
the amount of toxine was not invariably proportional to the
alkalinity.

A second method of inereasing the yield of toxine is the intro-
duction of air. Roux and YErsiN found that a current of air
promoted the production of poison, although, according to
MARTIN (loc. cit.) and Park,? this stimulation is not very pro-
nounced, provided culture media, good in other respects, are
employed ; whilst MADSEN considers it directly injurious in such
a case, on the ground that when there is a plentiful production
of toxine the air destroys a greater amount of poison than is
formed under its influence. SProNCE, too, is inclined to believe
that while the growth of the bacilli, and therefore the absolute
production of toxine, is promoted by the admission of air, yet
that the relative production of toxine by a given number of
bacilli is thereby diminished rather than increased. Vax
TurexnovTr (loc. cit.) considers that the admission of air
accelerates the oxidation of the nitrogenous substances, and with
it the cessation of the acid reaction, but that it also destroys
poison. ARONsoN ? has very successfully replaced the introdue-
tion of air by growing the bacteria in surface cultivations, so that
they offered as large an area as possible to the air. ScHIERBECK *
recommends treatment with carbon dioxide.

1 Spronck, *‘Préparation de la toxine diphtérique,” 4Adnn. Past., xii.,
701, 1898,

* Park, ‘‘The Preparation of Diphtheria Antitoxine,” Med. Record,
xlvii., 484, 1895,

¢ Aronson, *‘ Immunisierungs- und Heilversuche bei der Diphtherie,”
Wien, med. Woch., 1894, 1956.

i Schierbeck, ** Ueb. d. Einfluss der CO, auf das Wachstum der Diphth,-
B.,” Arch. . Hyg., xxvii., 339, 1896.
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Too much air and pure oxygen have a very injurious effect
upon the poison, especially at the incubation temperature (Roux
and Y Ersiy, MArTIN, MADSEN).

When cultivations are made in this way with every possible
precaution to promote energetic toxic activity, very active toxines
are usually obtained in a short time. Even after thirty to forty-
eicht hours they are unmistakably present. In seven to about
thirty days the toxicity reaches its maximum, and then begins
very slowly to decline, this being due to a simultaneous decrease
of production in the cultivation as it grows old and to the com-
mencement of the formation of toxoids. The transplantation of
cultivations again restores their toxigenic power (Roux and
YERrsiN). As a general rule, then, in testing primary poisons,
cultivations are used that are not more than three weeks’ old
(MADSEN, loc. cit.). For immunising purposes, however, much
older poisons can frequently be used with advantage, since the
toxoids they contain have also an immunising action.

The development of a bouillon of the greatest possible toxicity
does not invariably correspond with that of a particularly viru-
lent living cultivation ; sometimes bacilli that are only slightly
virulent may produce extremely active toxines (MaRrTIN, loc. cit.).

On the other hand, there are also varieties of diphtheria bacilli
that possess neither virulence nor toxigenic power. Lupowski!
has described an instance of this kind. A bacillus of human
origin produced no active toxines whatsoever, whereas the serum
of the child was strongly antitoxic. The inference is that the
bacillus had been very toxigenic, but that it had completely lost
its powers.

In general, the production of poison shows extraordinary
variations, and its amount cannot be estimated beforehand, even
in the case of a similar cultivation in the same nutrient medium.
MapseN has vainly endeavoured to explain these variations ; the
kind of flasks and the sterilisation of the nutrient medium have
no influence on the results.

We have reached such a stage in the preparation of the poison
of diphtheria bacilli that for 3 Immunising purposes we now use
only poisons 0-02 c.c. of which will kill with acute symptoms
guinea-pigs of 250 grms. The essential conditions for the pro-
duction of the virus are :—

1. A suitable cultivation which grows upon the surface—i.e.,
develops on the bouillon in the form of a membrane ;

2. Alkalinity of the bouillon ;

! Lubowski, * Ueb. einen at-nxlEchEﬂ und avirulenten Diphtheriestamm,”

Zeit. f. Hyg., xxxv., 87, 1900.
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3. Presence of a suitable peptone, preferably Chapoteaut’s, in
the proportion of 2 per cent. ;

4. A sufficient supply of air, for which reason the flask should
only be filled to about a third of its capacity ;

5. Not too short and not too long a period of growth at 37° C.
This depends upon the culture, and tests must be made with each
different variety to determine when the maximum production of
poison has been attained. As a rule, it takes from about ten
days to three weeks.

Lastly, means have also been sought to obtain a solution of
poison which, while effecting rapid immunisation, would yet be
but little poisonous, and so would not endanger the lives of
the animals used for the experiments even when given in large
doses. Briecer, Kitasaro, and WAssErMANN ! have found that
diphtheria cultivations grown upon thymus bouillon lose their
toxigenic capacity whilst their immunising power is but little
affected. Here there is presumably a formation of immunising
toxoids. Then, still more recently, MapsEN has succeeded in
effecting immunisation by means of the towones of diphtheria,
and we shall have more to say about this when we deal with
them later on.

When liquids rich in poisons have thus been obtained, all that
is necessary is to sterilise them. The methods employed for this
purpose are the ordinary ones in general use: heat, addition of
antiseptics, and filtration through bacterial filters.

Roux and YErsIN found that solutions of the poison were rendered non-
poisonous after a few minutes at 58° C., but that the dry poison could be
heated for more than an hour at 98° C.

FrRANKEL® endeavoured to sterilise cultivations by heating them for an
hour at 65" to 70° C., whilst Briecer and FrRANKEL® found that small
quantities could be sterilised with certainty when heated from three to
EE‘E&murs at 50° C., but that the poison was speedily destroyed above

BenriNG and WERNICKE * added calcium chloride to obtain a precipitate
of calcium phosphate in the cultivations, and sterilised the dried precipi-
tate by heating it at 77° C., and this did not materially injure the toxine
simultaneously carried down.

! Brieger, Kitsato, and Wassermann, *° Ueb. Immunitit. u. Giftfesti-
gung,” Zeit. f. Hyg., xii., 137, 1892,

“ Irinkel, “Immunisierung Versuche bei Diphth.,” Berl. Min. Woch.,
1890, 1133.

® Brieger and Frinkel, *‘ Ueber Bakteriengifte,” ibid., 1890, 240.

! Behring and Wernicke, *‘ Ueb. Immunisier. u. Heilung von Versuchs-
tieren b. d. Diphth.,” Zeit. f. Hyg., xii., 10, 1892,
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Of the chemical agents that destroy the living bacilli, and
simultaneously have a preservative influence upon the poison
solution, and are also added for the latter purpose alone after
filtration, the following are employed :—

Todine trichloride, 1Cl,, by BEERING and W ERNICKE.

T'ricresol, in a 0-3 per cent. solution, by Aroxsox (loc. cit.).

Phenol, also in a 0:3 per cent. solution (SPrONCE, loc. cit.).

Toluene is used by Enrrich, who keeps his poisons at 15° C,
in the dark under a layer of that substance. According to
Agga,! diphtheria toxine can be preserved for two years if kept
under toluene in the dark and in the cold.

The best and most suitable means of preparing and preserving
diphtheria virus for practical immunising purposes is the fol-
lowing method, described by EnrricH and WassERMANN:—The
bouillon cultures prepared in the manner described above are
filtered through double filter paper, so that the coarse bacterial
membranes are separated. The filtrate is then covered with a
layer of toluene of the depth of about two fingers-breadth, and
the whole thoroughly shaken at frequent intervals during two
days. All living micro-organisms will then be destroyed and
the liquid will contain only the poison. When required for use
the poison is invariably withdrawn by means of a pipette, inserted
beneath the preservative layer of toluene. The poison must be
kept in a cool place, and in particular protected from light by
being placed in black flasks or flasks covered with paper. This
is the method of preparing and preserving the poisons in use
in the Prussian Control Station,

For more delicate biological and chemical investigations this
rough filtration is insufficient, and in such cases the liquid must
be completely freed from the cells of the bacilli by filtration
through a proper bacterial filter, and then sterilised.

Attempts to Prepare Pure Diphtheria Toxine.— Attempts to
isolate diphtheria toxine in a pure or, at least, concentrated
condition were made even in the earliest period of the investi-
gation of diphtheria bacilli.

LorrLER ? found that evaporation or shaking with ether did
not yield active poisons; but, on the other hand, by extracting
inoculated meat broth with glycerin he obtained a slightly toxic
substance which could be precipitated by means of alcohol. He
termed this, even in this condition, an “enzyme.”

! Abba, ““Ueb, d. Dauer des toxisch. Vermigens beim D.-T. u. Antit.,”
Centralbl, f. Bali., xxiii., 934, 1898.

* Lofiler, *“Der gegenw. Stand d. Frage n. d. Entsteh. d. Diphtherie,”
Deutsch. med., Woch., 1890, Nos. 5 and 6.
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Subsequently Roux and YERrsin, MADSEN, and others obtained,
by means of precipitation with aleohol, saturation with ammonium
sulphate, and precipitation with calcium phosphate, active dry
preparations, which, of course, made no pretensions to purity.
The fundamental idea underlying these experiments is that the
diphtheria poison is carried down mechaniecally by the voluminous
precipitate—e.g., of caleium phosphate—produced in its solution.

- BriecEr was the first to undertake these investigations in a
systematic and thorough manner. At first, in collaboration with
C. FrANKEL,! he looked for ptomaines in the diphtheria cultures,
but soon had to admit that there were absolutely no volatile bases
present. On this account BRIEGER has considerably modified his
views on the significance of ptomaines, He now obtained from
the cultivations, not only of diphtheria bacilli, but also of many
other bacteria, poisonous proteid substances which he termed
toxalbumins,

The method by which BriEcer and FrRANKEL isolated their
diphtheria toxalbumins is as follows :—

The globulins are first separated from the bouillon by saturating it with
magnesium sulphate at 30° C. This gives a slight precipitate which is
completely non-poisonous,

The poisonous proteids are next precipitated from the bouillon thus
treated, or, equally well, from the fresh bouillon, by means of ammonium
sulphate or sodium sulphate, or also by the addition of a large excess of
aleohol. Since the ammonium sulphate precipitate must be redissolved
alnd hdi]alj,raed (not without loss), it is best to employ precipitation with
alconol.

The bouillon is evaporated to a third of its volume at 30° C., and treated
with ten times its quantity of absolute alcohol, preferably with the addition
of a few drops of acetic acid. After standing for twelve hours in an ice-chest
the liquid is filtered, and the precipitate taken up with water and again
precipitated with aleohol, this treatment being repeated six or eight times
until the substances dissolve to a completely clear solution in water.
Finally, the preparation is dialysed and dried in vacuo at 40° C.

This treatment yields a snow-white powder, the aqueous
solution of which does not coagulate on boiling. It gives no
precipitate with sodium sulphate, sodium chloride, magnesium
sulphate, nitric acid, or lead acetate, but is precipitated by
saturated solutions of carbon dioxide and by all the usual
reagents for proteids. The substance is thus allied to the
albumoses ; it yields a benzoyl derivative, but not a phenyl-
hydrazine compound. In the dry state it can be heated to
70° 0. without injury. It is poisonous, a dose of 2:0 mgrms.

241 Brieger and Frinkel, ‘‘ Ueber Bakteriengifte,” Berl, klin. Woch., 1890,
L,
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per kilo. causing certain death. Hence, it is not very poisonous,
a part of the toxine apparently having been destroyed.

WasserMAnKN and Proskaver! have modified this method. They evapo-
rate the bouillon (which has been neutralised by the addition of 10 to
12 c.c. of normal soda solution, and sterilised by filtration through
Kirasaro’s filters, at a temperature of 27° to 30° C. in vacuo to a tenth
of its volume. It is then dialysed in running water at a lower tempera-
ture, by which means the salts and peptones are removed, and the globulins
(which are nof poisonous) partially precipitated. The contents of the
dialyser are filtered until clear—an important point—and then poured
into ten times their volume of 60 to 70 per cent. alcohol acidified by the
addition of a few drops of acetic acid, and allowed to stand for twenty-four
hours. The resulting precipitate is separated by filtration and the filtrate
allowed to fall drop by drop into absolute alcohol. The new precipitate
that is formed iz also filtered off, and both dissolved in a small quantity of
water and precipitated by the addition of twice the amount of a saturated
solution of ammonium sulphate. This precipitate is again dissolved, and
the solution dialysed unti% it no longer gives the sulphate reaction, after
which it is again introduced into absolute aleohol and the process repeated
until the aqueous solution is perfectly clear. The preparations are then
dried in wacuo at 37° C. They give all the reactions of albumoses. Only
preparations precipitated by aleohol of, at least, 60 per cent. strength are
poisonous—not the others, so that in this way it is possible to effect a
further separation from the bulk of proteids simultaneously precipitated.
These products were also obtained in the same manner from extracts made
with glycerin and ordinary salt from the organs of human beings infected
with diphtheria. All these preparations, however, were only very slightly
poisonous. Ten mgrms. were required to kill a rabbit in three to four
days, and with 3 mgrms. death did not take place until after eight weeks.

Products of greater toxicity were obtained by WassErRMANN
and ProskAUER by extracting the organs of poisoned rabbits
with glycerin. This process yielded a ,white powder which,
when injected in a dose of 0'2 mgrm. into the veins, killed a
rabbit in six to fourteen days.

The separation of the true toxine from the associated proteid
impurities, and therewith our knowledge that the active principle
is not a protein is also due to Briecer,® who, in collaboration
with BoEr, has prepared the toxine in a fairly pure condition.

For this purpose, BrieEcer and Boer made use of the method of
precipitating the toxine in the form of a double salt of zinec. The
precipitation is practically quantitative, at all events in the case of
diphtheria poison, but the difficulty of separating the toxine from the
zine is rendered the greater by the fact that hydrogen sulphide, which

! Wassermann and Proskauer, ““Ueb. die von d. Diphtheriebacillen
erzeugten Toxalbumine,” Deutsch. med. Woch., 1891, 585,
 ?Brieger and Boer, ‘“ Ueb. d. Toxine d. Diphth. u. d. Tetanus,” Deutach.
med. Woch., 1896, 783 ; Zeit. f. Hyg., xxi., 259, 1896,
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would otherwise have been a very suitable agent, destroys the toxine.

After long and careful experiments they arrived at the following method
of separation :—

The poison-bouillon (blood serum was used with good results as the
culture medium) is treated with twice its volume of a 1 per cent. solution
of zinc chloride, and the resulting precipitate thoroughly washed with
water, and then vigorously shaken with a 3 to 6 per cent, solution of
ammonium carbonate. Ammonium phosphate solution is next added until
the whole of the precipitate passes into solution, and there is only a slight
turbidity due to separated zine phosphate, This is allowed to subside and
then collected on a toughened filter and thoroughly washed with water.
The filtrate is saturated with solid ammonium sulphate, the precipitate
redissolved in water, and the solution precipitated with solid sodium
sulphate, by which means the peptones are left in solution,

As thus prepared the toxine no longer gives the reaction of
proteids. The zinc compound also shows no proteid reactions,
and is optically inactive, but turns red when bhoiled with a
solution of iron chloride.

Alcohol, ether, acetone, acids, and weak oxidising agents
rapidly destroy the poison, while weak alkalies and reducing
agents do not affect it. Diphtheria toxine can also be obtained,
although, of course, only in very small quantities, from dialysed
urine—i.e., proteid-free culture medium (GuiNocHET, loc. cit.)—
and from other similar nutrient liquids (Uscuinsky?!). The culture
medium used by Uscuinsky had the following composition :—
Glycerin, 40 to 50 parts; sodium chloride, 5 to 7 parts; am-
monium lactate, 10 parts; calcium chloride, 0-1 part; magnesium
sulphate, 0-2 part; and potassium hydrogen phosphate, 1 part ;
in 1,000 parts of water. The poison did not give the usual
proteid reactions.

Properties of Diphtheria Toxine.—The poison is not known in
a state of chemical purity. Hence, all that can be stated about
it relates to the preparations that contain it in admixture with
other substances. Its most important properties have already
been described by Roux and YERrsIN.

It is probably not a proteid, since the purest preparations
(vide supra) do not give the proteid reactions. An attempt
made by ArRrRHENIUS and MADSEN 2 to determine the molecular
weight from the speed of diffusion into gelatin has so far only
led to the conclusion that toxines have at all events a much
smaller molecular weight than antitoxines.

1 Uschinsky, * Ueber Diphtherieculturen auf eiweissfreier Nihrlosung,
Centralbl. f. Bakt., xxi., 146, 1897. Id., ‘“ Les Poisons de la Diphtherie et
du Cholera,” Arch. de Méd. Expér., 1893, 293.

2 Arrhenius and Madsen, “On the molecular weight of Di.-T.,” Fest-
schrift des Statens Serum Institut, Copenhagen, 1902,
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It is very sensitive to external influences. The true toxine is
very rapidly destroyed by boiling and fairly rapidly at about
60° C., but the heated solution still retains a certain toxic power,
and when injected into animals produces emaciation and paralysis
as a secondary affection, and frequently causes death. The
poison appears to undergo a similar change within the organism.
Roux and YErsIN have prepared poisonous substances with
quite analogous properties from the organs and urine of children
who had suffered from severe attacks of diphtheria. These
produced toxic effects resembling those caused by toxones (vide
infra).

The simultaneous action of oxygen and light injure diphtheria
toxine very rapidly, but either of the factors alone has much less
effect.

According to Prazza,! diffused daylight acts very slowly ; a perceptible
decrease can be observed after twenty-three days, but it does not become
considerable until after ninety-six days. Direct sunlight acts very ener-
getically when oxygen is admitted. Only the ends of the spectrum, the
heat rays, and the actinic rays (red and violet) have any action, the centre
(yellow) being completely inactive.

The toxine is also rendered inactive by acids. Roux and
YErsIN state that acidification of a solution of the poison with
lactic or tartaric acids renders it nearly harmless ; phenol, boric
acid, and borax have a less injurious effect. Neutralisation par-
tially restores the activity.

According to Briecer and BoEg, it is extraordinarily sensi-
tive to the action of oxidising agents, whereas reducing agents in
slightly alkaline solution have but little effect. This explains
why the slightly alkaline reducing fluids of the body form its
best medium. DgLEARDE? asserts that it is rendered innocuous
by antipyrine. It is also destroyed by other antiseptics when
more concentrated, and by salicylaldehyde (SaLkowsk1?3), Yeast
weakens the toxine (Noskcourt*).

It is extremely probable that, in general, the nature of the
surrounding medium has an influence upon the condition and the
action of the toxine, but it is far too sweeping, and is contra-

1 Piazza, ‘‘ Influenza della luce solare sulla tossina difter.,” Ann. d'Igiene
Sperim. [New Series], v., 521, 1895 : Abst. Centralbl. f. Bakt., xix., 914,
1896.

2 Déléarde, ‘‘Rech. expér. sur les propriétés, &c., de lantipyrine,”
Arch. de. Méd. Exper., 1897, T86.

¥ Balkowski, ““Ueb. d. Wirkg. d. Antiseptica auf Toxine,” Berl, kin.
Woch., 1898, 545.

4 Nobécourt, “* Action des levures, &e.,” Soc. Biol., lii., 753, lﬂgﬂ.
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dicted by the undoubted changes that can be detected in the
poison itself, to attempt, like Danysz,! to attribute every altera-
tion in the action to changes in the surrounding media. The
other external characteristics are quite analogous to those
belonging to all enzymes.

Diffusion through parchment can be plainly perceived. Thus,
when 5 c.c. of the poisonous bouillon were diffused into 12 e.c. of
water, there passed through, on the average, in twenty-four hours
a lethal dose for guinea-pigs (Roux and YErsiN). On the other
hand, it does not diffuse through membranes formed from the
organs of animals—e.g., the csophagus, large intestine, the
gall bladder, and the small intestine (Crassin and Moussu?).
Nor does it pass through collodion (RopET and GugcHOFF 3).

It is completely insoluble in pure alcohol, which, however,
slowly destroys it (WasserMANN and PROSKAUER, loc. cit.), as
also does acetone and ether (BriecEr and Bogg, loc. cit.). It is
likewise destroyed by the digestive ferments in the stomach and
intestine (PALTSCHIKOWSKIY).

Like the enzymes, it is carried down from its solutions by
falling precipitates. On fractional precipitation with caleium
chloride the resulting calcium phosphate precipitate simul-
taneously removes a large proportion of the toxine, the second
precipitate being the most poisonous. The precipitation, how-
ever, is never quite complete, still less so in the case of aluminium
phosphate. In particular, the characteristic poisons that pro-
duce the secondary paralysis remain for the most part in solution.
This calcium phosphate precipitate can be heated to 70° C.
without injury, and is not perceptibly damaged by being kept
for twenty minutes at 100° C. When subcutaneously injected it
slowly parts with its poison; besides producing inflammatory
processes (separation of fibrin, false membranes), so that it
appears to act exactly like the living bacilli. It is also pre-
cipitated by nucleo-histone and nucleic acid (FrREUND and
Grosz®). Toxines almost free from ash can be obtained by
dialysing the aqueous extract of this precipitate, or by precipita-
tion with alcohol.

! Danysz, ¢ Constitution des toxines,” Ann. Past., xiii., 581, 1899,

% Chassin and Moussu, * Influence de la dialyse, &ec.,” Soc. Biol., lii.,
694, 1900.

¥ Rodet and Guéchoff, Soc. Biol., lii., 965, 1900.

* Paltschixowski, ‘* Ueb. d. Veranderungen der diphtheritischen Toxine
in dem Nahrungswegen,” Abst. Centraibi. f. Balkt., xxv., 1899, See also
the General Part.

5 Freund and Grosz, ** Ueb. d. Bez. zw. Gerinnung u. d. Wirkg. d. Anti-
toxine,” Centralbl, f. inn, Med., 1895, 613, 637.
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Special attention was given some time ago to the behaviour of
solutions of diphtheria virusunder the influence of electric currents.
In the first place, Smiryow! and KruceEr? allowed continuous
currents of low intensity to act upon the toxines, and found that
when the current was cautiously applied there was a slight de-
velopment of acidity at the anode. When the degree of acidity
was such that 1 c.c. of the liquid neutralised about 1-2 c.c. of
normal soda solution the current was discontinued, and it was
then found that the towic value had been considerably lowered,
but not the immunisation value. Perfectly analogous results
were obtained by p’ArsoNvaL and CHARRIN? in their experiments
with high-tension alternating currents of great power. On these
results were based theoretically untenable and very far-reaching
speculations on the formation of “artificial therapeutic serum ”
without the aid of an animal, &e.; in addition to which the
fantastic idea occurred to p’ArsoNvaL and CHARRIN of treating
infection in the body itself by means of such high-tension
currents, which, as is well known, have no action at all upon
ITaIl.

All these somewhat mystical conceptions, however, about the
influence of electricity have been explained by MarmiER.? He
has shown that during the electrolysis with continuous currents
oxidising substances are formed, notably hypochlorite and free
chlorine from sodium chloride invariably present, and that these
have a secondary action on the toxophore group of the poison.

As regards alternating currents, MArRMIER was able to demon-
strate that, in spite of cooling with ice, such intense heating
occurred that this alone was sufficient to explain the weakening
of the poison. When he excluded this factor by means of in-
genious devices, there was no perceptible action on the toxine
either of diphtheria or tetanus.

Hence we have here to deal with secondary alterations under
the influence of the electric current, and these evidently tend to
a more rapid formation of toroid, with accompanying destruction
of the toxophore group.

Physiological Action of Diphtheria Toxine.—Diphtheria toxine
is extremely poisonous to many animals. Roux and YErsix
estimate the single lethal dose for a guinea-pig at about 005

! Smirnew, ‘* Ueb, d. Behandlung d. Diphtherie,” Berl. klin. Woch., 1894,
683 ; 1895, 645, 675.

* Kriiger, ““Ueb. die chem. Wirkg. d. Electriz. auf toxische und
immunis. Bakteriensubstanzen,” Deufsche med. Woch., 1895, 331.

* d’Arsonval and Charrin, ** Action des Courants 4 haute frequence sur les
toxines bactériennes,” Comptes Rend., exxii., 280, 1896.

4 Marmier, *“ Les toxines et I'électricité,” Ann. Past., 1896, 469,



84 TOXINES AND ANTITOXINES.

mgrm., and for a rabbit about 01 mgrm. of the organic ash-free
substance, containing only a fraction, and possibly only a very
small one, of the pure toxine.

CaraBrEsE and ZacAri! assert that it has absolutely no action
upon cold-blooded animals, but Courmoxnt, Dovox, and Pavior?
observed paralysis and emaciation in the case of warmed frogs.
The action of the toxine corresponds in all essential points with
the general effects produced by the living bacilli. Hence it is
unnecessary to give an exact description of these symptoms here.
We will content ourselves rather with a quite superficial survey,
since the symptoms of diphtheria are described in detail in
numerous text-books.

As regards the general action of diphtheria virus, the following
points have been recorded :—

One of the most striking symptoms is the considerable en-
largement of the blood-vessels, which occurs after a certain
period of incubation (vide infra).

The temperature first rises and then sinks below normal (to
25° C.), this being due, according to ArrLoiNGg and LAULANIE,?
to the decrease in the vital energy and the oxidising processes.
With very large doses the hypothermia may persist (CourMoNT
and Dovon *).

The whole metabolism of animals after poisoning with diph-
theria toxine has been studied, with reference to the amounts
of chlorine and nitrogen, by Pace® and others. One of the
phenomena is an extensive decomposition of albumin,

Special interest attaches to the question whether diphtheria
toxine has a directly injurious effect upon the heart’s action or
not. It is true that collapse of the heart eventually oceurs, and
that the heart remains arrested in diastole; but it is not yet
decided whether this is not the secondary result of a primary
paralysis of the vasomotors.

Krassnow® asserts that the main action of diphtheria toxine

! Calabrese and Zagari, * Ricerche sulla tossina ed antitossina difter.,”
Gsigmit.g Internaz. di Scienze Mediche, 1895, No. 4, 19-21; Bawmgarten’s Jb.,
1895, 215.

* Courmont, Doyon, and Paviot, *“ Action de la toxine diphtérique sur le
Systéme nerveux de la grenouille, &e.,” Soe. Biol., xlvii., 210, 1895.

® Arloing and Laulanié, “ Kt. expér. sur les troubles imprimés . . . par
les toxines diphth.,” See. Biol., xlvii., 433, 1895.

* Courmont and Doyon, ‘‘ Marche de la température dans l'intoxication
diphth.,” A»ch. de Physiol., xxvii., 252, 1895.

5 Pace, *‘ Influenza della tossine difter.,” Il Policlinico, T; Bawmgarten's
Jb., 1900, 180.

# Krassnow, ‘‘ Zur Pharmakol des Di.-T.,” Wratsche-bnajo Gazetia, 1904,
23 ; Biochem, Centralbl., iii., No, 304, 1904,
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is upon the respiratory centres, and that only in the final stages
is the heart itself also affected.

Exriquez and Harrion! found that the pressure of the blood
did not fall until after scme time ; this was confirmed by Brck
and Srapa,? who only observed a sinking in the pressure of the
blood shortly before death.

Comprehensive investigations into the behaviour of the heart’s
action in cases of poisoning with diphtheria toxine have been
made by RomBeEre, PissLEr, BrRunns, and MULLER,? who con
clude from the results that there is not a primary effect upon
the heart’s action, but that the injury to the vasomotors is the
only direct action. The heart is only injured in consequence of
a deficient supply of blood. StesskaL? has severely eriticised
these results and claims, on the strength of his assumed more
accurate experiments, that diphtheria virus does cause direct
injury to the heart.

He concludes that after a very short acceleration of the heart’s
action there occurs a short period of continuous weak action,
which is followed by a period of acceleration, the final result
being a decided decrease in the work done by the heart, attribut-
able to injury of the heart rather than of the vasomotors.

These conclusions are supported by the researches of Fexy-
vEssY 5 and Suarp,® who were also able to prove the direct effects
of diphtheria virus upon the isolated heart of a frog.

MorLrarp and Recaux7? observed myocarditic alterations in
the heart after death, which possibly are also to be regarded as
evidence of direct injury.

EppPINGER® also observed serious changes, which he termed
myolysis, in the muscle of the heart. From this he concluded

1 Enriquez and Hallion, * Sur les effets physiol. de la toxine diphth.,”
Avwch. de Physiol., xxvii., 515, 1895,

¢ Beck and Slapa, ** Ueb. den Einfl. des D.-G. auf den Kreislauf,” Wien.
Iin. Woch., 1895, 333.

* Romberg, Pissler, Bruhns, and Miiller, ** Unters. iib. d. alle. Pathol.
der Kreislaufstirung bei akuten Infektionskrankh.,” Arch. f. klin. Med.,
Ixiv., 652, 1899,

1 Stejskal, ** Kritisch-experim, Unt. iib. d. Herztod infolge von Diphth.-
Toxin.,” Z. f. klin. Med., xliv., 367, 1902,

5 Fenyvessy, ‘‘ Ueb. d. Wirkg. d. D.-T. u. Antit. auf das Froschherz.,”
Jahrb. f. Kinderh,, new series, xliii., 216, 1896.

% Sharp, ** The action of the products of the organism of diphtheria on
the heart of a frog,” Jowrn. of Anat. and Physiol., xxxi., 199, 1897.

7 Mollard and Regaux, ‘‘Lésions du myocarde dans l'intox. aigiie par la
t. d.,” Ann. Past., xi., 97, 1897.

% Eppinger, *“ Die toxische Myolyse des Herzens bei Di.,” Deufsch. med.
Woch., 1903, Nos. 15, 16.
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that the toxine attacked the muscle directly, combined with it,
and thus injured it.

Aad regards individual organs, the following facts are on
record :—

Intestine.—CourmoxT, Dovon, Pavior! observed exudations
and enteritis membranacea in the small intestine of dogs.

Liver.—CourMoNnT, DovoN, and Pavior? found a hepatitis
parenchymatosa, with hypercemia and internal hmemorrhage, in
dogs after intravenous injection. BarLpassari® observed thick
swellings and similar changes, such as occur in poisoning by
phosphorus and arsenic. He records the occurrence of epithelial
changes in the kidneys.

Local lesions of the eye similar to those that occur in diph-
theria have been observed by Morax and Eumassian.t Garrib
has also found that direct contact of diphtheria toxine with the
retina produced injuries which led to swelling of the tissue, with
conservation of the nuclei and ganglionie cells.

But, above all, it also causes serious disturbances in the cenfral
nervous system, which we cannot describe in detail here. Investiga-
tions on this point have been made by Exriquez and HALLioN,b
Crocq fils,” THoMAS,® MUrAWIEW,? and others.

It is very questionable, however, whether these lesions of the
nervous system are to be directly attributed to diphtheria toxine
as such. So far as these changes have to do with the diph-
theritic secondary paralysis, they must probably be attributed
to the fowxones. Whether the pure toxine can also produce
secondary paralysis, or whether this is only a function of the
toxones, cannot be asserted with certainty as yet, although the
latter alternative is the more probable. The symptoms of

! Courmont, Doyon, and Paviot, *‘Lésions intestinales dans l'intoxie-
diphth.,” Adwch. de Phys., xxvii., 4584, 1895. :

 Courmont, Doyon, and Paviot, ** Lésions hépatiques engendrés par la
t. d.,” Arch. de Phys., xxvil., 687, 1895.

* Baldassari, **Ueb. d. Wirkg. d. D.-T. auf den Zellkern,” C. f. ally.
Pathol., vii., 625, 1896,

4 Morax and Elmassian, ““Action de la toxine d. sur les muqueuses,’
Ann. Past., xii., 210, 1898,

° Gatti, “* L’azione di alcune tossine batteriche sopra gli elementi della
retina,” abst. by the author in Biochem. Centralbl., 1., No. 775, 1903.
lsgiﬂnriquez and Hallion, **Myelite expér. par t. d.,” Sec. Biol., xlvi., 312,

7 Croeq, ‘8. Paltérat. du. Syst. nerveux dans L. paralys. diphth.,” Arch.
med. expér., vii., 503, 1895.

8 Thomas, Boston Med, and Surg. J., 1898, No. 4, et seq.

? Murawjew, ‘“Des D,-T. u. Antit. in ihrer Wechselwirkg. auf das
Nervensystem d. Meerschw.,” Fortschr. d. Med., 1898, 93.

¥
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general poisoning are completely analogous to those produced
by the living bacilli, so that we are justified in assuming that
the latter cause such deleterious effects solely by means of the
toxine that they produce.

Guinea-pigs after poisoning with diphtheria toxine show, on
post-mortem dissection, the typical appearance of the disease
produced by the bacilli.

FrLex~NER! has given a most careful description of the appear-
ance on section after poisoning with diphtheria toxine: cedema,
swollen glands, congestion and hemorrhage of the suprarenal
bodies ; otherwise there is little that is characteristic even under
the microscope. CouxciLmMaN, MALLORY, and PEARCE? have also
made a careful investigation of these symptoms.

Roux and YErsiN were able to produce a typical pseudo mem-
brane in guinea-pigs by inoculation of the trachea and vagina
with diphtheria virus.

The guinea-pig is the most susceptable animal, but, according to
EnrricH, different varieties have different degrees of suscepti-
bility. Horses, goats, and sheep are very *-.usceptible Rabbuts
are lesq susceptible, and maice still less, being almost immune.

After subcutaneous or intravenous inoculation the poison dis-
appears from the circulation with extraordinary rapidity, being
concentrated and fixed by the receptors of the tissue. This can
be recognised by the fact that doses of antitoxine introduced
after the injection of the poison lose all power of action with
extreme rapidity as the difference in time increases.

Dontrz? found that a quantity of antitoxine just sufficient to
neutralise seven times the lethal dose could no longer save the
animal fifteen minutes after inoculation, and that after one and
a half hours even very large doses were insufficient.

On the other hand, the toxic power of the blood after injec-
tion of diphtheria toxine has also been directly investigated.
BousteIN* inoculated rabbits with a dose double that required
to kill a guinea-pig for each c.c. of the blood of the rabbit.
After an hour there was still 0-5 thereof present, after three
hours 0-25, and after twelve hours 0-12. The rate of decrease

! Flexner, ‘“ The pathology of toxalbumin intoxication,” Johns Hoplkins
Hozp. Record, vi., 259, 1897 (reprint).

? Councilman, Mallory, and Pearce, ‘‘Diphtheria: A Study of Bac-
teriology, &e.,” 1901. Quoted in detail by Vaughan and Novy, The
Cellular Toxines, 1902, p. 75, et seq.

3 Dinitz, ** Ueb. d. Grenzen d. Wirksamkeit d. Diphtherieheilserums,”
Arch. wernat. d. Pharmacodyn., v., 425, 1899.

4 Bomstein, ‘‘Ueb, d. Schicksal der Diphth.-T. in Tierorganismus,”
Centralbl. f. Balki., xxii., 785, 1898.
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is thus continually smaller, and the last traces seem to disappear
very slowly.

Similar results were obtained by Crorv.! He found the
toxine still unchanged after five minutes, and that balf, at most,
had disappeared after two hours. The poison is then, also, not
to be detected in the organs of the body, nor is it excreted by the
wrine or intestinal fluid (BoumsTEIN), although BRUNNER® claims
to have detected it in the juwices of the muscle, and SALTER® in
sweat (7).

It does not act by way of the stomach or the intestines. It is
destroyed, like all other toxines, by the digestive fluids, notably
by the liquid of a pancreatic fistule ; less readily by the gastric
juice. In very large doses it shows a certain amount of activity
(Nexckl, SieBER, and SCHOUMANOWSKIY), as also when the
mucous membrane is artificially injured (see also the General

Part).

ConsieLio® claims to have observed a characteristic property of diph-
theria toxine. He found that in small doses it had a stimulating effect
upon fermentative processes, but a restrictive one in larger doses ; whilst,
on the other hand, it invariably had a very unfavourable influence upon
the germination processes of seeds.

Toxoids and Toxones.—Nothing whatever is known of the
properties of the toxoids that occur in old cultures (see General
Part). We have not the slightest idea of the chemical process
which induces the supposed inactivity of the toxophore group.
Nor can we state whether they are physiologically indifferent in
the free state, or whether they still possess a slight toxic capacity,
although, according to numerical results—sharply differentiated
values obtained during the alteration of the poison—the latter
alternative is not very probable.

The only proof that other substances are present in weakened cultures is
the fact recorded by Briecer and FrRANKEL (loc. cif.) that they found in
such cultivations a non-poisonous substance, which was somewhat soluble
in dilute aleohol, and could be distinguished from the foxine by chemical
tests—e.g., by the formation of a phenyl-hydrazine compound. This sub-

1 Croly, ““Sur l. disparition de la tox. diphth. injectée dans le sang.,”
Arch. internat. de Pharmacodynamie, iii.

* Brunner, ** Unt. iib. die Wirk. von Bakterien- u. Pflanzengiften,” Abst.
Centralbl. f. Bakt., xxiv., 184, 1898.

# Balter, *‘ The Elimination of Bacterial Toxines,” Lancet, 1898, i., 152 ;
cf. Walsh, ibid., 362.

4 Nencki, Sieber, and Schoumanowski, * Die Entgiftung der Toxine,”
Centralbl. f. Bakt., xxiii., 840, 1898.

® Consiglio, ** Azione di alcune tossine, &e.,” Arch. di Farm., vi., No. 3,
1898 ; Malys Jb., 1898, 634.
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stance was also found in abundance by WassErMANN and PROSKAUER (/oc.
cit.) in weakened cultivations. It must be left an open question whether
it has anything to do with the toxoids.

On the other hand, we know that free fozones, which form a
second primary decomposition group of products, and can be
studied beyond doubt in the transitional stage, do exert quite dis-
tinet toxic effects. EnrLicH' has observed cedema, and secondary
paralytic atfections. MapseN? found that they produced edema,
but not neeroses or alopecice. The secondary paralysis occurred
in thirteen to thirty-three days, and, in the case of large doses,
invariably ended in death. He also observed differences in the
behaviour of different cultures. With very much weakened
poisons, in particular (i.e.,, those in which a large amount of
toxones was present in the transition from L to L), there was
a more frequent occurrence of cases in which death was delayed.
On the other hand, it is very remarkable that rabbits are killed
with very acute symptoms by toxones (EHRLICH).

But the question of toxones is also of great theoretical interest.
If toxones are really true haptines—u.e., substances which possess
haptophore groups identical with, or closely allied to, those of the
true toxines—they must also be able to throw off receptors—i.e.,
to produce immunity, if EHRLICH’S side-chain is correct.

This very interesting question has been experimentally investi-
gated by Mapsex and DrEYER,® and answered in the affirmative.
In the case of many poisons which were so far neutralised by
antitoxine (vide supra) as to contain only toxones still in the
free state, they succeeded in producing a fairly high degree of
mmunily in guinea-pigs, rabbits, goats, and horses. The serum
of the animals thus treated contained fairly considerable, though
very fluctuating, quantities of antitfoxine, reaching nearly as much
as 400 L.E. per c.c. in the case of a horse. They were then also
immune against the action of large doses of the fully poisonous
toxine, from which the conclusion may be drawn that there is a
close relation between the haptophore groups of the toxones and
those of the true toxine.

The rabbit occupied an exceptional position. At first the
animal proved extremely susceptible. Mixtures which only
produced the effect of toxones upon guinea-pigs still produced

! Ehrlich, ““Zur Wertbemessung des Diphtherieheilserums,” Klin,
Jahrh., vi.
IB;gMadse-n, *“‘Constit. du Poison diphthérique,” Ann. Past., xiii., 568,
3 Madsen and Dreyer, ¢ Ueb. Immunisierung mit d. Toxonen d. Diph-
theriegiftes,” Zeit. f. Hyg., xxxvii., 249, 1901.
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acute symptoms in the rabbit. On the other hand, most of
the animals experimented upon with such mixtures, which
undoubtedly contained nothing but toxones still in the free
state, perished later with secondary paralytic affections. One
animal, however, remained alive and was able to receive without
injury very large amounts of toxone, eventually even several
multiples of a lethal dose of the toxine; but its serum never
showed even the slightest trace of an antitoxine constituent.

No explanation of this remarkable phenomenon can yet be
given, unless we are willing to accept the view that although the
active immunisation had stimulated the formation of protective
substances, these had not been thrown off in a free state into
the circulation (* sessile receptors” in EHRLICHS terminology).

Owing to the weak affinity of diphtheria toxone it is fixed
much more slowly by the receptors of the organism—i.e., it does
not disappear so rapidly from the ecirculatory system as the
toxine. We have shown above that even fifteen minutes after
the injection of seven times the lethal dose DéniTz was no
longer able to save the animal by means of a quantity of
antitoxine exactly neutralising the poison wn vitro.

DreveEr! has made corresponding experiments with the
toxones.

After two hours the equivalent amount of antitoxine was
invariably able to render completely harmless a dose of toxone
which would otherwise have been undoubtedly fatal after twelve
to eighteen days, both being introduced into the rabbits by
intravenous injection. With an interval of five hours between
the injections the first signs of paresis appeared ; with ten hours’
interval they invariably occurred, though not until after twenty
to twenty-two days; with an interval of sixteen to twenty-four
hours the antitoxine was completely powerless.

Similar results were obtained in the therapeutic experiments
made by DrEveEr with larger quantities of antitoxine, both
substances being subcutaneously injected into guinea-pigs. A
five-fold dose introduced twenty-four hours after the injection of
a dose of toxone which would be undoubtedly fatal after twelve
to eighteen days, was sufficient to prevent death, though not
invariably to prevent paresis.

Of seven animals that received after forty-eight hours a dose
of antitoxine neutralising 5,000 to 10,000 times the amount of
toxone injected, one had no paresis, while the others had only
slight attacks ending in a cure after eighteen to twenty-five days.

! Dreyer, *‘Ueber die Grenzen d. Wirkung d. Diphtherieheilserums
gegenuber d. Toxonen,” Zeit. f. Hyg., xxxvii., 267, 1901.
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After an interval of 4 x 24 hours, and with a dose of anti-
toxine neutralising 21,000 times the amount of toxone, there
were two fatal cases of paresis, while one recovered after eighteen
to twenty-one days. With an interval of 5 x 24 hours and the
same dose of antitoxine (neutralising 21,000 times the amount
of toxone) there were three cases of paresis, one of which ended
in death after sixteen to twenty-nine days, while the other two
recovered. The toxone is thus fixed relatively very slowly, and
can still be influenced for a long time by the antitoxine, and
probably also detached much more readily than the toxine from
an already formed combination with the receptor.

Diphtheria Antitoxine.—Diphtheria toxine produces in the
body of an animal the corresponding antidote, the antitoxine.
The antitoxine, which is thus a normal, but complementary,
product of the body, occurs therefore in the fluids of the tissues
and in the secretions of individuals that have recovered from
diphtheria, or in artificially immunised animals. We cannot
deal here with the mode of production of antitoxine and its
relationship to artificial immunity and serum therapy; only
what is known of diphtheria antitoxine, as such, can be described
here.

The two main sources for the artificial preparation of anti-
toxine are blood serwm and the milk of immunised animals.
The more highly the animal is actively immunised, the richer
these fluids in antitoxine, and the greater the prospect of
obtaining it from them in a highly concentrated, if not pure,
condition.

The antitoxine is present in considerable quantities only in
the serum of artificially immunised animals, although, naturally,
it has been found to a less extent in the blood of those con-
valescent from diphtheria.

It is, however, particularly interesting that even the normal
serum of many species of animals contains diphtheria antitoxine,
and that thus haptophore side-chains are normally present in
the circulatory system. A. WassermanN1 was the first to detect
antitoxine in 85 per cent. of the adults and 60 per cent. of the
children examined. Antitoxine has also been frequently found
in horse serum—e.g., by DieupoxN~E 2 and CosBETT. 3

! A, Wassermann, *“Ueb. d. pers. Prophylaxe gegen Diphth.,” Zeit. f.
Hyq., xix., 408, 1895.

“ Diendonné, ““Ueb. Diphtheriegift neutralis. Wirkung d. Serum-
globuline,” Avb. a. d. Kaiserl. Ges.-Amt., xiii., 293, 1897,

4 Cobbett, “ Enthilt das normale Pferdeserum Antitoxin?’’ Cenfralbl. f.
Bakt., xxvi., 458, 1899, See also Lancet, 1899, ii., 332.
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As an explanation of the fact that children at the breast are
seldom attacked by diphtheria great importance attaches to the
discovery of Fiscnr and v. WunscuHEIM ! supplementing the
work of WassErMANN, that the serum of healthy suckling babies
already contains fairly considerable quantities of diphtheria
antitoxine ; they detected it in 83 per cent. of all the children
examined. The correspondence with the numbers observed by
A. WassermMaNYN indicates that here there must be a transference
of antitoxine from the mother to the baby by means of the
placental blood and the milk.

As in the case of the toxine we must here distinguish between
two aims—those that have in view only the preservation and
concentration of the antitoxine for practical purposes with or
without the production of a solid product, and, on the other
hand, the attempts that are made in careful investigations to
obtain an insight into the constitution of the antitoxine itself,
by determining its ratio to the different proteids in its mother
liquids and by isolating as completely as possible the active
principle.

Preservation of the Serum.—The first necessity is to preserve
the serum so that it retains its full amount of antitoxine, while
decomposition is prevented. The serum will keep for a fairly
long time if protected from the action of air, light, or bacterial
contamination. Since it is a good nutrient medium for bacteria
it must be prepared and kept with strict aseptic precautions. In
addition to this an antiseptic agent, such as phenol in solutions
up to 05 per cent. in strength, is usually added.

According to p1 MarrINI? sterilisation by filtration is un-
suitable, since a considerable proportion of the antitoxine is kept
back by the Chamberland filter. This is categorically denied by
Dzigrzcowsk1.? CopseErT* has thoroughly investigated this
point, so extremely important from a practical point of view, and
asserts that such retention frequently occurs, especially with the
Berkefeld or Martin filter, and may be very considerable, par-
ticularly when the pores of the filter begin to be clogged.
Hence the filtration ought not to be forced. When it does not
take place easily without the application of high pressure from

! Fischl and v. Wunschheim, *Ueb. Schutzkirper im Blute der
Neugeborenen,” Prager med. Woch., 1895, No. 45, et seq.

® di Martini, *“ Sul comportamento del siero antidifterico filtrato,” Rif.
Med., 1896, No. 266 ; Abst. Centralbl. f. Balkt., xxiv., 861, 1898.

* Dzierzgowski, ** Z. Frage : Ueb. die Verluste des Diphth.-Heils. bei der
Filtration,” Centralbl. f. Balkt., xxi., 233, 1897.

* Cobbett, ‘“Der Einfluss der Filtration auf das Diphth.-Antitoxin,”
Centralbl. f. Bakt., xxiv., 386, 1898,
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outside it is very scanty. The antitoxine is retained by a
gelatine filter (Bropig1).

The antitoxine is rapidly destroyed when heated to the boiling
point. Even a temperature of 60° to 70° C. is injurious (VAN
pE VELDE?). The dry antitoxine, however, can resist a tempera-
ture of 110° C. for half an hour, and of 140° C. for fifteen
minutes (Camus?). It can resist lower temperatures to some
extent. SproNck* has heated it to 59° C. for sterilisation
without materially weakening its antitoxine power. Temper-
atures up to 36° C. have no influence upon it (PALMIRSKI
and Orrowski®), although, according to MuULLER, they are
very injurious when continued for Jlonger periods (two
months).

It appears to be unaffected by very low temperatures
(Buswin7). Direct sunlight and plentiful introduction of air
(long continued shaking) are injurious (Pacmirski and ORr-
LOWSKI, loc. cit.). MULLER (loc. eit.) found that yellow and red
light were harmless, even after being allowed to act for months,
but that blue and green light were very injurious, as was also
daylight after long continued action, whilst MarENGHI ® found it
had no effect if the exposure were short. According to MULLER
all gases have a very injurious action, and hence he recommends
that the tubes should be filled as full as possible so as to exclude
any considerable amount of gas. Tt is thus best to keep them in
the dark, upon ice, and closed in such a way as to exclude awr
and to protect them from contamination. Solid preparations of
antitoxine should also be protected from moisture by means of
phosphoric anhydride in vacuo, as recommended by EnrvuicH ;
under such conditions they remain unaltered for years.

! Brodie, J. of Pathol., 1897, 460, quoted by Martin and Cherry, ¢ The
Antagonism between Toxines and Antitoxines,” Proc. Koy. Soc., Ixiii.,
420, 1898.

* Van de Velde, ““ Beitr. z. Kenntnis der antitox. Kraft d. antidiphth.
Serums,” Centralbl. f. Bakt., xxii., 527.

# Camus, ““ Resistance aux temp. élévées des vaccins desséchées,” Soc.
Biol., 1., 235, 1898.

i Spronck, ¢ Chauffage du serum antidiphthérique,” Ann. Past., xii.,
695, 1898.

£ Pgllrgirski and Orlowski, Medycyna, xxiii.; Abst. in Centralbi, f. Balt.,
xix., 916.

¢ Miiller, “Ueber d. Resistenz d. Diphthericheilserums gegeniiber
verschiedenen Kinfliissen,” Centralbl. f. Bakt., xxiv., 251, 1898,

7 Bujwid, ‘“ Ueb. e. Methode d. Concentrat. d. diphth. Heils. mittelst
Ausfrieren,” Centralll. f. Balt., xxii., 287, 1897.

® Marenghi, “Ueb. die gegenseitige Wirkung des antidiphth, Serums

und des Diphth.-Toxins,” Centralbl. f. Bakt., xxii., 520, 1897,
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SproNcK ! asserts that antidiphtheritic serum that has been
kept for twenty minutes at a temperature of 58" C. no longer
possesses the property of producing the unpleasant erythema
resembling urticaria, which is frequently the case with serum
that has not been thus heated.

It appears to be destroyed in the digestive tract. DziErz-
cowsKi® found that immunisation could not be effected by
introduction of the antitoxine per os. Only in the case of rabbits
could a slight absorption be observed after its introduction into
the empty stomach.

Hydrochloric acid has a particularly injurious action, while
neutralised pepsin and the pancreas and gall are fairly innocuous
to it. Yet it is not absorbed by way of the intestine.

There is no doubt, however, but that it must be gradually
destroyed under the influence of the digestive ferments, for its
resistance to the action of trypsin is not absolute. At all events,
Pick (loc. cit.) found that the antitoxine was destroyed to a large
extent (almost two-thirds), even after nine days’ exposure to the
digestive action of trypsin.

It also disappears rapidly from the blood after subcutaneous
injection, as was shown by Passini,® whose explanation is that a
partial combination takes place within the tissues.

BousteiN* has studied the question of the survival of the
antitoxine. After a single introduction of a quantity of the
antidiphtheritic serum it rapidly disappears from the blood.

It is not known what becomes of it, but it appears to be
destroyed, for it is only during the first days that slight traces
are present in the urine ; nor can it be detected with certainty
in the organs.

An interesting observation recorded by MurawJseEw? is that the anti-
serum 1s far from being inert, and that it produces somewhat serious
injuries in the cells of the spinal cord of guinea-pigs. He, therefore, gives
a warning against the use of too large doses at once.

This, however, is doubtless to be attributed to the serum of the foreign
species of animal, and not to the antitoxine, since normal serum also pro-

! Spronck, “ Chauffage du Sérum antidiphth.,” 4nn. Past., xii., 697, 1898.
® Dzierzgowski, ‘‘Die Bezieh. d. Verdauungsfermente zum Anti-
dightherieserum,“ Arch. d. Sciences Biol., vii., 337 ; Maly’s Jb., 1899, 957.
Passini, * Vers, iber die Dauer d. antidiphth. Schutzimpfung,” Wien.
klin. Wach., 1896, 1111.
1 Bomstein, ‘‘Z. Frage der passiven Immunitit. bei Diphtherie,”
Centraibl. f. Bakt., xxii., 587, 1897.
® Murawjew, ‘‘Das Diphtherietoxin u. Antitoxin in ihrer Wechsel-
'l.'.él;;tu;:ég auf das Nervensystem d. Meerschweinchens,” Fortschi. d. Med.,
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duces similar injuries, although the results of my experiments contradict
the conelusion of Lixossier and LeEmoiNg! that even minute quantities of
normal horse-serum produce serious illness (persistent albuminuria) in

rabhbits,

Concentration of the Antitoxine.—Soon after the first active
antitoxine sera had been prepared, experiments were begun with
the object of isolating the antitoxine.

At first these were concerned with the purely practical idea of
preparing solid substances which had not lost the specific property
of the antitoxine. For this purpose the usual method employed
was simply to precipitate the antitoxine and the proteids of the
serum simultaneously—e.g., by means of concentrated ammonium
sulphate, and to dry these precipitates at a low temperature in
vacuo. In this way fairly active, dry residual preparations of the
antitoxine were obtained, and these, when shaken with very weak
alkalies, yielded solutions of the antitoxine ranging up to several
hundred times the strength of the original serum.

Aroxsox,? for example, proceeded as follows :—One hundred c.c. of the
serum were diluted with 100 e.e. of water, and treated with 70 e.c of a 10
per cent. solution of aluminium sulphate. Ammonia was then added in
such quantity that the solution still remained slightly acid, and the result-
ing precipitate was washed with 150 to 200 ¢ c. of cold water. It contained
as much as 95 per cent. of antitoxine. Similar precipitates were produced
by zine sulphate and potassium ferrocyanide, and by iron chloride and
ammonia. These precipitates were repeatedly shaken for long periods in a
shaking apparatus with a hundredth part (calculated on the ﬂrlgnml serum)
of very dilute alkali solutions, which just turned red litmus blue.

Buiswip? freezes the serum, with the result that the water first
separates as ice, leaving behind a turbid solution very rich in
toxine. The crystals can then either be separated by ‘“centri-
fuging” or slowly thawed, in which process two layers are
formed, so that the upper layer, containing pure water, can be
withdrawn.  Results quite analogous to these were simultan-
eously obtained by Erx~sr, CGDLIDE‘E, and Cooxk.*

Brircer and Borr® found that precipitates of caleium phos-

! Linossier and Lemoine, ** Action nephrotoxique des inj. d. sérums
normaux,” See. Biol., lv., 515, 1903.

; Aronson, ““ Weit. Unters. iiber Diphtherie,” Berl. kin. Wock., 1894,
425.

* Bujwid, “* Ueb. e. Methode z. Concentr. d. Diphtherieheils. mittelst
Ausfrieren,” Centralbl. f. Balkt., xxii., 287.

i Ernst, Gmhdge, and Lﬂok ““The Lﬂ'&ct of Freezing upon the Anti-
g;'ghthentm Serum,” J. Boston Med. Soc., il., 166 ; Baumgarten’s Jb., 1898,
2559 Brieger and Boer, ““ Ueber Antitoxine und Toxine,” Zeit. f. Hyg., xxi.,
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phate or of the hydroxides of the heavy metals could not be
used as means of isolating diphtheria antitoxine. Moreover, the
method employed by T1ssox1 for the isolation of his tetanus anti-
toxine (g.v.)—viz., salting out with solid magnesium sulphate at
30° C.—gave a yield of at most 50 per cent. On the other hand,
Briecer and Borr have obtained quantitative yields by the
following method :(—

Ten c.c. of the immune serum are mixed with 10 c.e. of distilled water,
and the mixture treated with 4 grms. of dry potassium chloride, and 4 to 5
grms, of finely-powdered sodium chloride, and left for eighteen to twenty
hours in an incubating oven, after which the precipitate is dissolved in
water and dialysed. Frequently the precipitate agglomerates into nearly
a solid mass on stirring with water, and no antitoxine is dissolved. In
such cases it can only be extracted with weak alkalies. A more exact ex-
planation of this anomaly cannot be given. After the residue has been
dissolved, the solution is treated with an equal volume of finely-divided
magnesium sulphate, and again left for two to three hours in the incubati
oven, the result being that the antitoxine is quantitatively precipitated.
I{l this way they obtained (-2 grm. of active dry substance from 10 e.c. of
the serum.

Briecer and Bokr have also endeavoured to concentrate the
antitoxine by precipitation with the salts of heavy metals. Zinc
salts proved to be the most suitable.

The serum was diluted with five times its volume of water and treated
with twice the quantity of a 1 per cent. solution of zine sulphate or zine
chloride, and the precipitate washed with water., It was then dissolved in
a 4i5 N. solution of alkali hydroxide, and the zinc precipitated with
carbon dioxide. These experiments showed that in the precipitation with
zinc sulphate the antitoxine was precipitated with the zine, while the zinc
chloride remained in solution. The portion containing the antitoxine was
dried in a desiccator, and it was found that the zine albuminate was
somewhat soluble in water, while the zinc antitoxine was insoluble. The
latter was, therefore, again dissolved in alkali solution and the zine once
more precipitated with carbonic acid, It was not possible to effect by
this means a complete separation of the antitoxine from the zine.

Briecer and EnrLicuH! were the first to obtain active dry
preparations from the milk of immunised animals by means of
ammonium sulphate. They obtained one preparation which
contained 14 per cent. of ammonium sulphate and was 400 to
600 times as active as the original milk.

WassERMANN 2 has modified this method to some extent,
proceeding as follows :—

! Brieger and Boer, ¢ Beitr, z Kenntn. d. Milch immuner Tiere,” Zeit. f.
Hyg., xiii., 336, 1893.

2 Wassermann, ‘ Ueb. Concentrierung v. Antitoxin aus Mileh, Zeit. f.
Hyg., xviii., 236, 1894.
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The milk collected with aseptie precautions is treated with about 20 e.c.
of N.-hydrochloric acid per litre, coagulated as rapidly as possible by
means of rennet enzyme, and filtered from the separated paracasein. The
whey is then thoroughly shaken with chloroform and allowed to stand,
after which the supernatant liguid is decanted from the layer of chloroform
charged with fat and bacterial cells. Each 5 litres of the whey is next
treated with a calenlated amount (determined by a preliminary experi-
ment) of 30 to 33 per cent. ammonium sulphate solution, and the pre-
cipitate dried on porous earthenware at 35° C. in vacuo, separated as
completely as possible from =olid ammonium sulphate and dissolved in
water to form a solution of the desired concentration.

The experiments to obtain antitoxine preparations from the
liquid serum have hitherto proved nearly worthless from the
practical point of view, since at present it is preferred to
immunise animals to such an extent that the serum of the
animal itself contains so many antitoxic units per c.c. as to
render concentration superfluous.

On the other hand, the scientific side of the question has been
followed with equal interest, and attempts have been made to
isolate the antitoxine as such as completely as possible and to
determine whether it is to be considered as an individual sub-
stance, and with which proteid of the serum it combines. In
addition to this, experiments have been made to discover points
of difference between ordinary serum and that containing anti-
toxine.

SzoNTAGH and WELLMANN! made a comparative examination
of normal and antitoxic horse-serum. In neither did they detect
any nucleo-albumin, while the proportions of globulin and of ash
and chlorine, and the specific gravity were the same in each.
The only difference observed was that the antitoxic serum
contained, on the average, about 0-25 per cent. more nitrogen
than the normal serum; they rightly attribute, however, no
special importance to this difference. On the other hand, they
claim to have found that the therapeutic serum shows a decrease
in the lowering of freezing point and in the electrical conduc-
tivity, which are apparently proportional to the amount of
antitoxine.

FreuND and STERNBERG ? have endeavoured to isolate the anti-
toxine in as pure a state as possible by the following method :—

The therapeutic serum was treated with alum and dialysed. No
precipitate was produced in the dialysate by zine salts. Nor was the

! Szontagh and Wellmann, “ Vergleichende chem. Unters. iib. d. normale
Pferdeserum und das Diphtherieheilserum,” Deutsch, med. Woch., 1898, 421.

?Freund and Sternberg, ** Ueber Darstellung des Heilkirpers aus d.
Diphtherieheilserum,” Zeit. f. Hyg., xxxi., 429, 1899. :
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antitoxine precipitated together with the zine on the addition of alkali
carbonate or phosphate, though it was carried down with the zinc
hydroxide on the addition of an alkali hydroxide. From this precipitate
it conld be extracted by means of an excess of very dilute alkali, of only
sufficient strength to just colour phenolphthalein. A solution of baryta
could not be used since it destroyed the antitoxine. Unsatisfactory
results were also obtained with iron salts, The solution was then
saturated at the ordinary temperature with magnesium sulphate, which
precipitated the antitoxine quantitatively. After further extractions with
alkali and dialysis the final produet was dried in vacuo.

Still better results were obtained by the following method :—The serum
was first treated with a third of its volume of a 5 per cent. solution of
alum. This precipitated the albumins, leaving the whole of the antitoxine
in solution. The solution was then filtered and dialysed. The globulins,
and with them the antitoxine, were precipitated from the dialysate by
semi-saturation with ammonium sulphate, and the precipitate washed
with a semi-saturated solution of ammonium sulphate. The precipitate
was then redissolved in water and the solution dialysed, concentrated
in vacuo, and filtered.

In this way they obtained from 500 c.e. of serum 9 grms. of a dry
preparation in the form of a reddish-brown gelatinous mass. This dis-
solved slowly in water (4'7 grms. in 16 c.c.) yielding a syrupy reddish-
brown fluid, which readily became turbid and could only be filtered slowly.
The filtrate contained the same proportion of antitoxine as the unfiltered
preparation. The addition of phenol was not injurious. The preparation
behaved like a globulin.

Astros and Rierscu! claim to have separated the antitoxine
from the serum almost quantitatively. :

They diluted the therapeutic serum with four parts of water, and then
added sufficient sodium chloride and potassium chloride to give a 20 per
centl. solution, after which 05 per cent. of phenol was a.dc%ed, and the
liquid left for twenty-four hours at 33° C.

The theoretically important experiments of Pick may pos-
sibly be also of practical importance. He showed that by
saturating the liquid with ammonium sulphate, to the extent
of about a third, a part of the globulins without any thera-
peutic value was precipitated, whilst the active anti-bodies
were separated when the degree of saturation reached 38 fo
46 per cent. By this means he effected a tenfold to fifteenfold
concentration. We will deal presently with the significance of
his work.

Equally important, from the practical point of view, are the
experiments of ProscHER,2 who claims to have freed the anti-
toxines from proteid admixtures by digestion with trypsin,

! Astros and Rietsch, * Essais d'Extraction de I'antitox. diphth.,” Soc.
Biol., 1ii., 337, 1900.
* Proscher, German Patent, F, 13,756, June 6, 1902,
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Especial interest attaches to the question whether the anti-
toxine circulates as such in the blood, and, if so, whether it is
a proteid or not, or whether it enters into combination with a
definite proteid of the blood. This also involves the question
whether its precipitation together with proteid substances is
simply a mechanical carrying down, or whether the precipitation
is due to chemical reactions of a specific nature.

I't is undoubtedly very probable, a prior:, that the antitoxine
is a proteid, since according to the theory it is a constituent o1
the cell protoplasm. There is also absolutely no ground, as in
the case of toxines, for regarding the antitoxine as an agency
of enzymic character. On the contrary, it has absolutely no
action by itself, either foxic or fermentative, and only enters
into combination with the toxic ferment of bacteria, and it is
a quite unwarranted generalisation to transfer the enzymic
character of toxines to their antitoxines without further proof.
The antitoxine lacks, to retain the graphic mode of representa-
tion, every specific group with the exception of the haptophore
group, and thus has neither a toxophore nor a zymophore group;
it is indeed a haptine, but one that possesses only one, the
haptophore, group. In point of fact, there are many reasons
against the antitoxine being of an enzymic character. The
only real argument in support of that view is the fact that it
becomes inactive at 100° C., and that is surely not a sufficient
reason. Against this, and in support of the view that it is a
specific proteid, must be set the fact that it is not simply carried
down mechanically, like the enzymes, but that it shows well-
marked precipitation reactions. As has already been shown by
BrieGER and Borr (lec. cit.), the antitoxine is only carried
down, together with zine carbonate, when it has previously
been precipitated by means of zine sulphate, and not when
zine chloride has been used for the purpose. In like manner
FreEuUND and STERNBERG were able to demonstrate that the
antitoxine was not precipitated simultaneously with the slight
precipitates produced by alum in the serum, although these
carried down all albumins.

It would appear, then, that the antitoxine either actually
enters into combination with one of the proteids of the blood,
or we must assume that the particular proteid of which the
antitoxine consists approximates so closely in its reactions to
a proteid of the serum that it is very difficult to distinguish
between them.

Quite recently, however, ProscuEr (loc. eit.) has stated that
he has prepared a diphtheria antitoxine which no longer shows
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any proteid reactions at all. The further development of this
question will be awaited with the greatest interest. The other
question as to which of the serum proteids the antitoxine is
combined with has been decided in favour of the globulins.

BELFANTI and CARBONE! were the first to discover that the antitoxine
was carried down with the globulins when they were precipitated by means
of ammonium or magnesium sulphate, but not by acetic acid. The anti-
toxine was also found by Smiryow? in the globulin precipitate thrown
down by magnesium sulphate.

On the other hand, DievpoxsE£® found that the globulins which he had
precipitated by means of acetic acid and earbon dioxide were completely
nactive. On dialysis, the separated globulins exhibited but little pro-
tective power and that was mainly due to the filtrate. If, however,
magnesium sulphate were used for the precipitation the whole of the
antitoxine remained in the precipitate. A very similar result was ob-
tained in the case of the globulins of normal serum, which also had a
slight antitoxic power.

Again, Hiss and ATEINS0N,? and also ATkiNsoN,® found that the anti-
toxine could be quantitatively precipitated by magnesium sulphate, and
that the immune serum yielded a more copious precipitate than normal
serum.

Ink and LEMATRE ® assert that the antitoxine is precipitated by saturating
its solution with ammonium sulphate to the extent of 28 to 44 per cent,

These apparent contradictions as to the réle of the globulins
have been satisfactorily explained by SExe.” He was able to
show (as was also done simultaneously by Marcus#) that there
were two kinds of globulins in the therapeutic serum—viz., in-
soluble globulins, which could be precipitated by acetic acid,
carbon dioxide, dilution with water, and dialysis, and a second
category, the soluble globulins, which could only be precipitated

! Belfanti and Carbone, ¢ Contributo alla Conoscenza dell’antitossina
difterica,” Arch. per le Scienze Med., xxii., No, 2; abst. in Centralbl. f.
Balkt., xxiii., 1898,

* Smirnow, ‘‘Note sur la détermin. du pouveir antitoxique du sérum
an;idiphthériqua,” Arch, d. Science Biolog. de St, Petershourg, iv., No. 3,
1895,

? Diendonné, * Ueb. Diphtheriegift neutralisier, Wirkg. der Serum-
globuline,” Arb. a. d. Kaiserl. Ges.-Amt., xiii., 293, 1897.

4 Hiss and Atkinson, ¢ Serumglobulin and Diphtheria Antitoxine,” J. of
Exper. Med., v., 47, 1901.

? Atkinson, *“ The fractional precipitation of the globulins and albumins
of lgmrmaélﬂhnrsc serum and diphtheric antitoxic serum,” J. of Exper. Med.,
v., 67, 1901.

@ Jde and Lemaire, *“Et. =. 1. repartition de 'antitoxine diphth., &e.,”
Awrch. Internat. d. Pharmacodyn., vi., 477.

7 Seng, “Ueb. d. qual. u. quant. Verhiiltnisse d. Eiweisskorper im Diph=
therieheilserum,” Zeit. f. Hyg., xxxi., 513, 1899.

55; I#’.{%g%ua, ““ Ueb. in Wasser lisl. Serumglobulin,” Z. f. phys. Ch., xxviii.,
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by the other reagents for globulins, especially ammonium and
magnesium sulphates. The antitoxine combined exclusively
with the latter class, and thus remained in the filtrate during
the precipitation by dialysis, carbon dioxide, &e. This explains
the contradictory results in the work of BELraNTI and CArBONE
and of DiEUDONNE,

SENG proceeded as follows in the isolation of his “soluble
globulins” :—

The albumins (which do not combine with any antitoxine) are first
separated by means of a 5 per cent. solution of alum, The filtrate is
dialysed, and this causes the precipitation of slight quantities of the
insoluble globulins, which are also free from antitoxine and amount to
¢ to 45 of the total quantity of globulins present. This precipitate 1s
cnllﬂuteﬁ and washed with water, and the filtrate ought not to become
turbid on the dilution with a large volume of water, or give any reaction
for sulphuric acid. The globulin is then precipitated by magnesium sul-
phate at 30° C., or by semi-saturation with ammonium sulphate, and the
precipitate redissolved and subjected to further treatment by the usual
methods (vide supra). It contains somewhat more ash, notably aluminium
salts, than the globulins precipitated directly from the serum by means of
ammonium sulphate.

The quantity of these soluble globulins, as compared with those
of the normal serum, appears to have been somewhat increased
at the cost of the insoluble globulins, but this cannot be demon-
strated with certainty.

SENG has also studied the very important question whether chemical
differences can be observed between the soluble globulins of the therapeutic
serum, as thus obtained, and those of normal serum separated in the same
way. As was to be expected, he has not succeeded in coming to a definite
conclusion, but it appears as though at least two important constants—
viz., the specific rotation and the temperature of coagulation—are higher in
the case of the antitoxine globulin than in that of normal globulin. SENG
himself remarks, very justifiably, that the physiological bearing of all these
factors is far too great to allow of distinct differences being observed be-
tween the sera of different animals ; it would be necessary to examine the
serum of one animal before, during, and after immunisation. Some definite
result might then possibly be obtained.

Meanwhile this question has received further thorough inves-
tiga.tliﬂn in a series of researches carried out by Hofmeister’s
pupils.

It was found that three distinct kinds of globulins could be
separated from the blood serum by fractional precipitation with
ammonium sulphate. In the first place, fibrinoglobulin is precipi-
tated when the saturation with ammonium sulphate reached 21-5
per cent. by volume ; then, according to FurLp and Sriro,! Hof-

1 Fuld and Spiro, ** Ueh. labende u. labhemmende Wirkung d. Blutes,”
Z. f. phys. Ch., xxxi., 132, 1900,
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meister’s so-called euglobulins are precipitated when the degree of
saturation reaches 28 to 36 per cent. ; whilst the pseudoglobulins
are deposited at a saturation of 36 to 44 per cent. by volume.
The pseudoglobulins, which dissolve in water forming a clear
solution, correspond to the * soluble globulins” of Marcus and
SENG.

Prck?! was able to prove that neither the fibrinoglobulin, nor those pro-
teids which were precipitated on the further addition of a saturated solution
of ammonium sulphate (up to 36 per cent.), possessed any antitoxic capacity
when separated from the antidiphtheric serum of a horse.

Only that portion which is precipitated at a greater degree of
saturation (from 58 per cent. upwards) contains antitoxine.

The aqueous solution of this substance gave only a slight turbidity when
treated with a saturated solution of ammonium sulphate to the extent of
36 per cent., whereas at 38 per cent. there was a dense deposit containing
a third to a fourth of the total quantity of antitoxine; at 42 per cent.
the precipitate contained as much as five-sixths ; and at 46 per cent. the
whole amount of antitoxine. The filtrate, which now contained only
serum albumin, had absolutely no protective power.

Hence, in the case of the immune serum of the horse, the
antitoxine is combined with the pseudoglobulin. On the other
hand, in the immune serum of the goat, it is combined with the
euglobulin, as is also the case with goats’ milk in which the pro-
tective substances are precipitated when the degree of saturation
with ammonium sulphate reaches 27 to 30 per cent.

We may again point out here that the englobwlins are insoluble in water,
and are therefore precipitated on dialysis; this explains the great losses
experienced by WasserMANN and Briecer and CoHN in their attempts to
concentrafe the antitoxine in goats’ milk by precipitation with ammonium
sulphate and subsequent dialysis.

TETANUS TOXINE.

The specific spasm-producing poison formed in cultivations by
Nicolaier’s tetanus bacilli is not the only toxine of these micro-
organisms. They produce, in addition to tetanus poison in the
narrower sense, also another true toxine, fefanolysine, which has
a solvent action on the blood-corpuscles, and with which we
will deal presently, and possibly also other poisons not of the
nature of toxines. Here our interest centres chiefly about the
characteristic convulsion-producing poison, tetanospasmine. 1t is
unquestionably a true toxine with haptophore and toxophore

! Pick, *“Z. Kenntnis d. Immunkérper,” Hofm. Beitr. z. chem. Phys.,
, 1902 {1 eprint).

LS.
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groups, and is closely related to diphtheria toxine in its main
characteristics, and, like the latter, is very valuable for our
theoretical conceptions.

The specific convulsion-producing poison of tetanus was isolated
at an early period from the cultivations by the same methods as
were employed for diphtheria poison. Almost simultaneously
Kirasaro and WeYL! and Brizcer and FrANKEL (loc. cit.)
separated from cultivations their toxalbumin which they recog-
nised as the specific poison, soluble in water. FABER?Z was the
first to obtain, by filtration of not quite pure cultivations, an
active poison, which he found even at that stage to possess the
essential properties of tetanus toxine.

The results of further investigations into tefanus toxine were
then published by Tizzoni and Carraxi?® Kirasaro,® and by
VarLrarp % and his co-workers.

The bacteria, when grown anagrobically on ordinary bouillon
and on blood serum, produce very poisonous toxines. Particu-
larly active solutions of poison were obtained by VaiLrarp and
VinceNT, when they first allowed a cultivation to grow for
eighteen days on a culture medium and then filtered it. Fresh
inoculation of this culture medium was fruitless, but by adding
a cerfain amount of fresh nutrient liquid, a new growth of very
active toxines was obtained. VaIlLLarD subsequently employed
a slightly alkaline bouillon containing some peptone ; Kirasato
recommended that the culture medium should be freshly prepared
on each occasion. Fermi and Pernossi® found that agar
cultivations were the most poisonous, especially so when grown
in an afmosphere of matrogen.

Briecer and Coux7 found that the toxicity of the cultivations
could be raised by adding to the culture media precipitates
obtained by means of alcohol from old typhus cultivations or

1 Kitasato and Weyl, *“Zur Kenntnis der Anierobien,” Zeit. f. Hyg.,
viii., 404, 1890.

¢ Faber, * Die Pathogenese des Tetanus,” Berl. kin. Woch., 1890, 717.

3 Tizzoni and Cattani, ‘““Sur le poison du tétanos,” drch. Ital. d. Biol.,
xiv., 101, 1890.

234? Hiiggiato, ““ BExper. Unters. iiber das Tetanusgift,” Zeit. f. Hyg., x.,
; :

% Vaillard, *“Sur l'immunité contre le tétanos,” Soc. Biol., xliii., 147,
1891 : Vaillard and Vincent, ** Contrib, a 'étude du tétanos,” Ann. Past.,
v., 1, 1891 ; Vaillard and Rouget, do., ibid., 385 ; Vaillard, * Sur quelques
points concernant 'immunité contre le tétanos,” Ann. Past., vi., 224, 1892,

® Fermi and Pernossi, ‘“ Ueber das Tetanusgift,” Zeit. f, Hyg., xvi.,
385, 1894.
la’gffrieger and Cohn, ** Unters. iib, d. Tetanusgift,” Zeit. /. Hyg., xv., 1,
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from decomposed flesh. WrLADIMIROFF! cultivated the bacilli in
Erlenmeyer flasks in an atmosphere of hydrogen, and after seven
days added to the culture medium 0'5 per cent. of phenol. He
introduced the hydrogen through tubes, which passed through
two openings in an india-rubber stopper, and the ends of these
tubes were subsequently closed by fusion. DEBrRAND? asserts
that tetanus bacilli grow very well in symbiosis with B. subtlis,
and produce powerful toxines. In the case of these bacilli also
it has been found that there is not invariably a parallelism
between the amount of growth and the toxicity.

RuppeLL and Raxsom® found that the freezing point of the
bouillon was somewhat lowered on the production of toxine,
which indicates a fresh formation of molecules; and, as the
cultivation becomes weaker, the freezing point ought to be
slightly raised again.

Uscuinsky 4 cultivated tetanus bacilli on a proteid-free medium of the
following composition :—

Water, . : ; : : . : . : 10000
Glycerin, . - - : : - . 30 to 40
Sodium chloride, . . : : : : B e
Calcium ,, - : ; ; ; ; 1 01
Magnesium sulphate, . £ . ; : 02 to 04
Dipotassium hydrogen phosphate, . : : Z L e a0
Ammonium lactate, y : ; : ’ 55 Sty
Sodium aspartate, . . 2 F 1 3 i 34

preferably with the addition of 1 to 2 per cent. of grape sugar. The air
was excluded by means of liguid paraffin,

The usual means of sterilisation are employed, especially filtra-
tion through a Chamberland filter, and heating to 60° C.

Tetanus toxine is extraordinarily sensitive to physical and
chemical influences. According to BemriNe and Kxorr? it
frequently loses very rapidly a considerable proportion of its
toxic power on keeping ; its toxicity is frequently reduced to
a hundredth part of the original amount in a few days.

The atmospheric oxygen, in particular, has a very injurious

IH:]:;-.‘JlaJdimirﬂﬁ’, ““ Antitoxinerzeug. d. Tet.-Giftes,” Zeit. f. Hyg., xv., 405,

* Debrand, ‘‘Sur un nouveau procédé de culture du bacille du tétanos,”
Ann. Past,, xiv., 757, 1900.

* Ruppel and Ransom, **Ueb, Molekularverhiltnisse von Tetanusgift-
losungen,” Z. f. phys. Ch., xxvii., 109, 1899,

* Uschinsky, ‘“Ueber eine eiweissfreie Nihrlosung f. pathog. Bakt.,”
Centralbl. . Balt., xiv,, 316, 1893,

 Behring and Knorr, ¢ Ueb. den Immunisierungswert des Tetanus-
heilserums,” Zeit. f. Hyyg., xiii., 407, 1893,
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effect upon the toxine, so that when slowly filtered, for example,
it is very rapidly weakened ; and this is especially the case with
an alkaline solution and in the presence of light, which, by itself,
is not very injurious. Kirasato found that sunlight destroyed
the poison in fifteen to eighteen hours. Frrmi and PerNossi
give the time as eight hours, and assert that in the dry condition
or in benzene it is not affected by sunlight.

A current of 05 amp. is stated by Fermi and Prrnosst to
destroy it in two hours, but alternating currents of high tension
have no influence if heating be prevented (MarmiER!).

It is very sensitive to the action of heat. According to
VAILLARD it is destroyed, for the most part, even at 65° C., but
not completely at 80° C. Kirasaro asserts that it is destroyed
at 60° C. in twenty minutes, at 55° C. in one and a half hours,
and gradually destroyed at 35° to 37° C. In particular, the
addition of sodium chloride in the proportion of more than 5 per
cent. causes the temperature of incubation to be rapidly injurious.
In the dry condition the toxine is destroyed in thirty minutes at
150° C.; in amyl alcohol and benzene it can be heated for an
hour at 80° C. (FErm1 and PErNoss1). According to Morax and
MARIE? it resists a temperature of 154° C. for about fifteen
minutes. Alcohol destroys it (Tizzoxt and Carrani). Phenol
in the proportion of 06 per cent. is not injurious, and chloroform
has little or no influence.

Gases, such as carbon dioxide, carbon monoxide, hydrogen,
and hydrogen sulphide, were found by Fermi and PerNossi to
be without influence.

According to Roux and VaiLLarp?® oxidising substances,
such as dilute potassium permanganate solution, are specially
injurious, as is also carbon dioxide under pressure.

Other acids are also injurious, tartaric acid to a very slight
extent, whilst dilute lactic acid has a favourable influence
(BrieceEr *). A comprehensive research on the influence of the
most diverse substances has been made by Fermi and PrrNossi
(loc. cit.).

Todine trichloride has also an extremely injurious influence.
The action of a dilute (1:500) solution of iodine is very char-
acteristic. Even when only present in small quantities it

1 Marmier, ‘‘ Les toxines et I'électricité,” Ann. Past., x., 469, 1896.
“ Morax and Marie, ** Action de la Chaleur séche sur la tox. tet.,” Ann.
Puast., xvi., 418, 1902,
6_3 ]Eligﬁlax and Vaillard, *¢ Contrib. i I'étude du tétanos,” Ann. Past., vii.,
0 :
4 Brieger, “ Weitere Erfahrungen iiber Bakteriengifte,” Zeit. /. Hyg.,
xix., 101, 1895,
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speedily renders the toxine non-poisonous, but leaves its im-
munising properties uninjured. Very similar results were
obtained by EnrwnicH in experiments with carbon bisulphide.
It can hardly be doubted that there is here a rapid destruction
of the toxophore group with a survival of the haptophore group,
or in other words a_formation of toxoid. Thymus extract appears
to have a similar result upon the growth, according to BRIEGER,
Krrasaro, and WASSERMANN (loc. eif.).

It appears to offer great resistance to putrefaction; at all
events, Symanski! found tetanus poison still present in decom-
posing cadaveric remains after forty-eight days. There is,
however, some reason for doubting whether this was true
tetanus poison.

Concentration of the Toxine.—Experiments with the object
of isolating the active principle from tetanus cultivations were
made at an early period.

BriecEr and FrRANKEL prepared a * toxalbumin® by the method de-
scribed by them. VaIlLLARD obtained by evaporation of the solution of

poison in vacuo a brown residue, which was insoluble in aleohol and could
be slowly dialysed.

Tizzont and Carrant either simply dried the cultivations and
then dialysed them, or treated them with ammonium sulphate,
extracted the precipitate with water, and then used dialysis.
Subsequent evaporation in vacuo then left solid toxines,

Brikcer and Conn ? first treated the cultures with ammonium
sulphate. The precipitate was dissolved in water and part of
the proteids separated by means of very small quantities of basic
lead acetate and ammonia. The liquid was filtered from the
lead precipitate and salts, amino-acids and peptones removed
by dialysis. In this way they obtained a slightly levorotatory
solution of the toxine, which was free from sulphur and gave no
proteid reactions., They also prepared it from a proteid-free
culture medium similar to that of UscHINsSKY (vide supra).

Then Briecer® found that the poison could not be precipitated
by means of ammonium sulphate from very toxic solutions which
no longer contained albumoses. He endeavoured to effect a
further purification by precipitation with uranium acetate and
decomposition with metaphosphoric acid or lead acetate and
obtained preparations that no longer gave the biuret reaction.

}Sy;nanski, ‘¢ Sitzungsbericht,” Deutsch. med. Woch., 1901, 318.
: -’Ilgglseger and Cohn, ** Unters, iib. d, Tetanusgift,” Zeit. f. Hyg., xv.,
] .
m'“’lﬂrigeggar, “ Weit. Erfahrung. iib. Bakteriengifte,” Zeit. f. Hyg., xix.,
s 189).



TETANUS TOXINE. 107

BriEGER and Bogr (loe. eif.) also made further experiments to

obtain purer preparations by means of the zinc method described
in the section on diphtheria toxine, or they used ammonium
sulphate for the precipitation, dissolved the precipitate and
reprecipitated the toxine with an equal volume of a 05 per
cent. solution of mercuric chloride. They then collected the
precipitate on a filter, thoroughly washed it, and freated it with
ammonium carbonate as previously described. Hayasmr! by a
somewhat modified method (precipitation first with ammonium
sulphate and then with zine chloride) has obtained preparations
which, in his opinion, no longer contained non-poisonous albu-
moses. Hence, he concludes that since these preparations are
invariably precipitated by ammonium sulphate and give the
biuret and Millon’s reactions, fefanus poison itself must be an
albumose.

Owing to the very poisonous effects which tetanus toxine,
even in the smallest doses, has upon certain species of animals,
special stress has been laid upon the analogy that exists between
that toxine and the ferments. In point of fact there are many
reasons in support of that view. VaILLARD definitely terms it
a ferment, and other authors, such as Tizzoxi, Briecer, &e.,
incline to this view, which as a matter of fact has only been
opposed, and that not very strongly, by FErmI in his various
published researches. In my opinion we are justified in con-
cluding that there is a considerable analogy between the towines
and also some other haptines and the ferments, and T have
advocated this view in several places.?

There is no doubt that rennet is a haptine, but, as regards the
other ferments, there are no data for settling their precise affini-
ties. But there is absolutely no justification for the assumption
that tetanus toxine acts like a ferment in the sense of affecting
the enzymic decomposition of substances, for tetanus toxine is
only akin to a ferment in the mode, and not in the scope, of its
action. It does not effect the changes in starch, cane sugar, &e.,
brought about by enzymes. It is true that VaiLpLarp found a
gelatin-liquefying enzyme in virulent cultivations, but many
micro-organisms, pathogenic as well as non-pathogeniec, produce
similar proteolytic and other enzymes.

Toxoids and Toxones.—The question of the presence of such

1 Hayashi, ‘““ Ueber die chemische Natur des Tetanustoxin,” Adwrech. f.
e:.;‘p Pathol., xlvii., 9, and Chem. Centralbi., i., 411, 1901,
E’pmhmmer, “Toxine u. Schiitzstoffe,” Biol. Centralbl., 1899, 799 ;
td., Ferments and their Actions, London, 1901 ; id., * Zur Theorie der
Fermentprozesse,” Minch, med. Woch., 19{}1.
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non-poisonous haptines has as yet hardly been systematically
investigated. =~ The haptophore group appears to undergo a
simultaneous change during the extraordinarily rapid decrease
in strength that occurs in fresh poisons ; but at the same time it
has not yet been proved beyond doubt that there can be a diminu-
tion in the toxic activity while the neutralisation value remains
constant. All observers, however, have recorded differences
between the direct and the indirect toxic value (i.e., that required
to neutralise a corresponding quantity of antitoxine), which point
to the existence of non-poisonous haptines.

Benring,! in particular, has called attention to this fact. He
found that in the case of fresh poisons the direct toxic value was
the same as the indirect value (expressed in terms of ;5 of an
antitoxine unit). Hence he named these “equivalent poisons.”
On the other hand, in older cultivations he invariably found the
direct toxic value was smaller—i.e., toxoids had obviously been
formed, and had neutralised part of the antitoxine, so that it was
necessary to add fewer toxic units to reach L, than in the case of
fresh poisons containing only toxine. Such poisons containing
toxoids are well adapted for immunising purposes, as has been
stated by BRIEGER, and is easily explicable. The toxoids appear
to have different toxic effects upon different animals; at all
events, the poison scale approximates very closely to that of the
equivalent poisons (vide supra) in the case of certain species.

The existence of toxones appears probable in the light of the
experiments of K~orgr,? who found, for example, that on ap-
proximate neutralisation with antitoxine (and therefore in the
“ differential zones”) an added quantity of poison had a consider-
ably smaller toxic value than its corresponding direct toxic value,
just as in the case of diphtheria poison far more than a lethal
dose is required to convert the value L,into L .. He himself,
however, appears to reject this conclusion, and to account for the
fact in a different way. -

Physiological Action of Tetanus Toxine.— Tetanospasmine
varies very greatly in its action upon different species of
animals, especially with subcutaneous injection.

In the case of very susceptible animals, its toxic effect is
astonishingly great when it is introduced subcutaneously in the
usual way. VAILLARD prepared a solution, 0:001 e.c. of which
killed a guinea-pig. This dose contained about 0:000025 grm. of

5{}11 Bfélgr;ng’ “Ueber Tetanusgiftmodifikationen,” Fortschr, d, Med., xvii.,
* Knorr, *‘Die Entstehung des Tetanus-Antitoxins,” Fortschr. d. Med.,
1897, 657.



TETANUS TOXINE, 109

organic substance—i.e., only a very small trace of pure toxine.
The organic matter required for a mouse was only 0-:000000025
grm. According to BrieceERr and Conx (loe. ¢it.), the lethal dose
of a far from pure toxine was about 0-0000005 grm. for a mouse,
and 0-00023 grm. for a man, but occasionally still more poisonous
preparations have been obtained. The individual variations are
also very great. According to BenriNG and KNORR, the certain
lethal dose for a mouse is about six times as great as that which
is just below that required to kill. Still greater, however, are
the variations in the toxicity due to the susceptibility of the
different species of animals.

Kx~orr,! in his paper on the subject, gives a scale of suscepti-
bility to tetanus poison. He finds the lLorse to be the most
susceptible animal. If we take the dose that kills 1 grm. of

horse as unity, the amounts of poison required by the following
animals are as follows :—

1 grm. of guinea-pig, : : 2 times as much.
1 s . 20At; . - - . 4 o
1 .y  IMmouse, . : : 13 -
1 ,»  rabbit, ¢ - 5 2,000 51
s A LB - : . 200,000 -

Benring® gives the following scale for fresh poisons, which
show no difference between the direct and indirect toxie value
(equivalent poisons) :—

One lethal dose for 1 grm. of mouse ( + Ms) kills

12 prms. of horse,

G ,, inea-pig.
0°2 grm. of goat.
']l-]': (] 33 rabbit.
T& O T 003e,
TOLUTT ' en.

The numbers thus agree fairly well. In the case of old
poisons, in which, according to BeEnRriNg, the direct toxic value
(+ Ms) is much smaller than the indirect value (+ ms)—i.e., the
relative value for the quantity which, after neutralisation of ;%
antitoxine unit, is still lethal (157 antitoxine units = 40,000
Ms), are quite irregular. In like manner the ratios between the
smallest dose that causes illness and the smallest fatal dose vary
very greatly with the species of animal.

! Knorr, *f Das Tetanusgift und seine Beziehg. zum tier. Organismus,”
Miinch. med. Woch., 1898, 321, 362.

? Behring, ¢ Ueber Tetanusgiftmodifikationen,” Fortschr, d. Med.,
xvii., 501, 1899,
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The toxic effect is generally considerably increased when the
poison is introduced by subduwral or intercerebral injection.
Thus, for example, the otherwise comparatively refractory hen
can be poisoned fairly readily by the intercerebral injection of
tetanus poison. We will deal with the probable cause of this on
a later page.

The phenomena on intravenous injection are the normal ones,
but the incubation period is somewhat longer. When introduced
into the stomach tetanus poison is practically non-poisonous.
Ransom?! concluded that it passed unchanged through the in-
testines, and claimed to have found it again in the fmces.
Carriirg, however, and numerous other investigators were
unable to detect any toxine in the excreta after the introduction
of large doses of toxine per os. CARRIERE? accordingly made
experiments to determine where tetanus toxine becomes in-
nocuwous, He found that the poison was attacked even by the
saliva diastase, that pepsin was less injurious, that trypsin had
a considerable action upon it, and that bile in large quantity
completely destroyed it. He could not detect any influence of
the wntestinal mucous membrane and the intestinal bacteria upon
the poison, although Fermi and Prr~ossi had found it to be
very pronounced. NENCKI and SCHOUMOW-SIMANOWSKI® assert
that the digestive fluids render it completely innocuous, and
notably the bile in conjunction with the fluid from a pancreatic
fistula, whilst trypsin alone has less effect, being less injurious
than pepsin. Vincewnzi# on the other hand, states that normal
bile has hardly any destructive influence, but that the bile of
animals infected with tetanus has a slight effect under certain
conditions ; thus, for example, death inevitably follows in three
to four days when the bile is active. On the other hand, the
poison is somewhat weakened by the oxydase of the leucocytes,
and, according to SIEBER,” is completely destroyed by the
oxydase of the spleen.

It is absorbed with great rapidity on subcutaneous injection.

! Ransom, “Das Schicksal d. Tetanusgiftes nach seiner intestinal
Einverleibung,” Deutsch. med. Woch., 1898, 117.

* Carritre, **Toxines et digestion,” Ann. Past., xiii., 435, 1899 (gives a
bibliography of the subject) ; ¢f. the General Part.

 Nencki and Schoumow-Simanowski, *‘ Ueber die Entgiftung der Toxine
durch die Verdauungsiifte,” Centralbl. f. Buakt., xxiv., 84; cf. ]gziemguwski
and Sieber, Archiv. des Sciences Biol. de St. Petersh., viii.

? Vincenzi, ‘‘Ueb, antitoxische Eigenschaften der Galle tetanisierter
Tiere,” Deutsch. med. Woch., 1898, 534,

? Sieber, *“ Ueb. d. Entgiftung der Toxine durch die Superoxyde, &e.,”
4. f. phys. Ch., xxxii., ﬁ?g, 1901,
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It has been established by numerous experiments that a rat into
whose tail the toxine has been injected can no longer be saved
by amputation of the tail even after two to three hours.

At the same time tetanus poison shows an unmistakable
period of incubation. CourmontT and Dovox! state that, in the
case of guinea-pigs, the symptoms appear at the earliest after
twelve hours, and in mice after six to eight hours. With
medium doses the latent period for mice is two to three days ;
for guinea-pigs, two days; rabbits, two to four days; the ass,
four days; and for the horse five days. In the case of man it
fluctuates between one day and sixty days. The action is much
more rapid after subdural injection (BLumENTHAL and Jacos?),
or intercerebral poisoning (Roux and BorrEeL?®), as well as after
direct injection into the spinal cord (MEYER and Ransom?).

According to a table given by MEYER and Kaxsom the periods
of incubation after subcutaneous injection are as follows :—

Mouse, ; ; : . : 8 to 12 hours.
Guinea-pig, : i : L . | Lol | R
T L e R R S e T (e
GHE PO S e e LOR e e
Dog, . : : : : : : 86 .. 48 ..
Man, . : : : ; : 4 days.

Ass, . i : ; : g : 4 .

Horse, - . : : : - B

Hence it increases with the size of the body, and thus stands
in relationship to the slowness with which the poison is diffused
(vide infra).

The incubation period becomes smaller with the increase of
the dose, but not proportionally so, and still occurs even after
the largest doses. In the case of mice it never falls below eight
hours. Thus, in one series of experiments, the incubation
periods for mice were as follows :—

Lethal Doses Hours.
13, . : . - - . - 306
100, - : - ; ; : - 24
333, ; : : = ; : : 20
1,300, . - : . . 2 - 14
SR e o N S RO DR IR

! Courmont and Doyon, vide supra.

? Blumenthal and Jacob, * Zur Serumtherapie des Tetanus,” Berl, kin.
Woch., 1898, 1079.

4 Roux and Borrel, *‘ Tétanos cérébral,” Ann. Past., xii,, 1898,

4 Meyer and Ransom, * Unters. iib. d. Tetanus,” Awrch. exp. Path.,
xlvi., 369, 1903.
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Tetanus poison is therefore rapidly absorbed without at once
manifesting its activity. Yet, even a short time after inocula-
tion, free toxine can no longer be detected in the organism of
susceptible animals. On the contrary, it has, for the most part,
entered into combination with the receptors. Only in the blood,
and, to a less extent, in the lymph, can toxine be detected after
the injection (Rawxsom!), and in the case of the lymph for an
hour afterwards at most.

With these exceptions it cannot be found in any of the organs
or secretions (Marit?). BrusscHertini® alone claims to have
detected it in the kidneys, whence, according to him, it is ex-
ereted. In like manner it has been found by various observers
in the wrine. BRUNNER? detected it in the urine of animals
used in experiments, but not in that of infected men, and his
results were confirmed by Benrinc.® KAaArtuLis® could only
find it in the urine when very large doses had been given. It is
usually vainly sought in the urine of men suffering from tetanus,
though Vurrins7 found the urine left in the bladder after death
so poisonous that 2 c.c. rapidly infected a guinea-pig.

In the case of refractory animals the toxine circulates for
a long time in the blood, as we have described in the General
Part, without entering into combination with the organs, until
eventually it slowly disappears.

In addition to its effect upon the central nervous system,
which is the absolutely dominating symptom of tetanus poison-
ing, and with which we deal at length below, tetanospasmine
also produces certain general symptoms, which can only be briefly
mentioned, since it can be no part of our task to give a complete
description of the pathology of tetanus.

The pressure of the blood remains unchanged, as has been
found by Haxs Mever and Harsev,® contrary to the results
of former investigators, and in this respect the symptoms differ
from those of strychnine poisoning which is otherwise so similar.

! Ransom, ‘‘ Die Lymphe nach intravenoser Inj. von T.-T.,” Z, f. phys:
Ch., xxix., 349, 1900.

2 Marie, ** Rech. s. 1. toxine tetanique,” Ann. Past., xi., 591, 1897,

# Brusschettini, quoting from Brunner, loc. eit.

4 Brunner, *“* Klin. und exp. Stud. iib. Tet.,” Beitr. z. Min. Chirurg., ix.
to xii., 1892-4,

% Behring, ¢¢ Die Blutserumtherapie,” iii., 54, Leipzig, 1892,

¢ Kartulis,” Unters. iiber das Verhalten des Tet.-Giftes im Kirper,”
Diszs., Berlin, 1892 (Dec.)

7 Vulpins, *“Ueb. einen TFall von Wundstarrkrampf m. Tiervers,,”
Deutsch, med. Woch,, 1893, 992,

" Hans Meyer and Halsey, * Tetanusstudien,” Festschr. f. Jaffé, Bruns-
wick, 1901,
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Eventually, infected animals show a marked reduction in tem-
perature and severe inanition before death (HArNACK and
Hocuuemm ),

Effect upon the Central Nervous System.—With the exception
of these few pronounced general symptoms, tetanus and also
the completely identical poisoning with tetanospasmine are
characterised in the case of most animals by the predominance
of symptoms due to an affection of the central nervous system
It would appear then that the receptors which combine with the
poison and thus initiate the disease only occur in the nervous
system. There are only a few facts that have been urged against
the view that this is the only point of attack for the pmaon
Thus VAILLARD, using very small doses of toxine, claims to have
observed local poisoning of the neighbouring muscular tissue.
The rabbit also occupies an exceptional position, since under
certain conditions the poison can be fixed in other ways to an
overwhelming extent, so that the animal dies of ¢ {fefanus sine
tetano” (DoN1TZ). This is a particularly striking instance of
the observation that has frequently been made, that the poison
can combine with receptors situated in organs of httIu vital
importance, so that the fixation of the poimn does not lead to
any predominating symptoms of illness. We shall return to
this phenomenon presently.

The direct symptoms, the combination of the poison with the
substance of the central nervous system, were first observed by
SHAKESPEARE 2 and VERHOOGEN and Baert,® who poisoned
animals by the subdural injection of material from the central
nervous system of tetanised animals.

BESREDKA * in repeating this experiment left the normal brain
substance of a guinea-pig in contact with a large quantity of
toxine for a considerable time (up to six days) in an ice chest,
and then removed the excess of free toxine by careful wa&hmp'
He was able to produce tetanus in mice by means of this
substance.

Pasquini® also found the central nervous system to be
poisonous,

! Harnack and Hochheim, *Ueb. Wirkg. d. Briegerschen Tet.-G.,”
Z. f. Min. Med., xxv., 46, 1894,

 Shakespeare, ** Preliminary report on exper. researches concerning the
infeetious nature of traumatic tetanus,” Centralbl. f. Balkt., ii., 541, 1887.

3 Verhoogen and Baert, *‘Premiéres recherches sur la nature du tétanos,”
Bawmg. Jahresher,, 1890, 198,

i Besredka, * De la fixation de la tox. tét. par le cerveau,” Ann. Past.,
xvii., 138, 1903.
. % Pasquini, *“Sulla presenza del veneno tetanico negli organi,”” Rif. Med.,
1902, 22, 23 ; Abst. in Centralbl, f. Bakt., xxxi., 117. o
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GoLpscHEIDER and Frarav,! Joukowsky,? and others have
succeeded in demonstrating directly under the microscope the
action of tetanus toxine upon the ganglionic cells, especially
those of the anterior cornua. Particularly vigorous discussion
has taken place on the question whether the nervous system is
the only point of attack for the poison; and also whether it is
only the central nervous system that is attacked.

The question appears to have been decided with certainty by
the investigations of GumprEcHT? in favour of the view that
the central nervous system, and above all the spinal cord, is
exclusively attacked by the poison, and that the symptoms else-
where are to be attributed to these primary ones. CouUrMONT
and Dovon* conclude that the whole of the sensory meuron is
liable to the primary attack.

The statement that the poison attacks primarily only the
central nervous system is apparently not easy to reconcile with
the fact of “local fetanus.” The two can only be brought into
agreement by the assumption that there is a direct transmission
of the poison in the merves from the point of infection to the
spinal cord. This conclusion was first drawn by BrusscHETTINI®
who was himself able to detect the poison in the nervous system,
whereas other blood-free organs, including the muscles at the
point of infection did not contain it.

This view has recently received support from the particularly
comprehensive experiments of Hans MevEr and Ransom.® Their
results were as follows :—After subcutaneous inoculation with
tetanus toxine the poison could be detected in the nerve. This
most important result was simultaneously confirmed by MARIE
and Morax7 who found the poison in the sciatic nerve of one
infected leg, and also in the other after the occurrence of general
tetanus ; it was also found, in particular, in the masseteric nerve
but not in the optic nerve, which is indeed an integral portion
of the brain.

1 Goldscheider and Flatau, ‘‘ Ueber die Ziele der modernen Nervenzel-
lenforsechung,” Deutsch. med, Wock., 1898, 165.

* Joukowsky, ¢“ De I'influence de la toxine tétan. sur le system nerveux,”
Ann, Past., xiv., 464, 1900.

® Gumprecht, ‘“Zur pathol. d. Tetanus,” Deutsch. med. Woch., 1894,
546; Id., “*Vers. iiber d. physiol. Wirkg. des Tetanusgiftes,” Pfliigers
Arch., lix., 105 (Bibliography), 1895.

4 Courmont and Doyon, *‘ Le Tétanos,” Paris, Bailli¢re, 1899,

® Brusschettini, Rif. Med., 1892, quoted from Brunner.

§ Hans Meyer and Ransom, “Unters. iib. d. Tetanus,” Arch. exp. Path.,
xlix., 369, 1903.

7 Marie and Morax, “ Rech. sur l'absorption de la tox. tét.,” Ann. Past.,
xvi., 818, 1902 ; xvii., 335, 1903.
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The motor, sensory, and sympathetic nerves are equally suit-
able for the attack, according to Morax and Marig, although
according to MEYER and Raxsonm the normal axis eylinder is the
exclusive conveyor of the poison, which reaches it only by way
of the nerve end plates on the muscle and not through the blood.
The poison is only distributed in a centripetal direction. MEYER
and Raxsoum also found that, in addition to severance of the
nerves, wnjection of antifowine into them prevented the poison
from reaching the spinal cord. This happened with certainty in
local (subcutaneous) poisoning, and sometimes also after intra-
venous injection. The centres belonging to the protected nerves
remain free, while the animal suffers from general tetanus.
Even in the spinal cord itself severance can prevent the further
distribution of the poison. In the case of animals thus treated
no poisoning of the brain occurred ; they lay for three weeks in
a continuous tetanic state and ev Pntually died 'Lpp'Lli’I]t]}’ from
exhaustion. The direct transmission of the poison by way of
the nerves appears the more probable from the fact that when
directly injected into the nerves its action is much more intense
(about ten times as much). In these experiments any quantities
of poison which might possibly have passed into the lymph
glands or blood on injection, were in each case neutralised by
lar ge quantities of antitoxine. The pﬂmtl of incubation is
Eunsn]embly shortened, and if the injection is made directly
into the lumbar cord it is reduced to a few hours, as had already
been shown by the experiments of Roux and BorreLl on
tetanus in the head. The wvariations in the length of the
incubation periods (vide supra) are explained by the slow trans-
mission through the nerves.

It follows from these experiments that the poison is first
transmitted exclusively by the merves themselves to the centres
of the spinal cord, and that the specific symptoms are produced
by these. 1If the poison attacks only the sensory centres, there
results a simple fefanus doloresus without convulsions. Tt also
results from this strict differentiation that the poison does not
reach the spinal cord by way of the blood or lymph channels.
Under normal conditions the poison only reaches the motor
ganglia by way of the motor neuron, and produces there a
condition of over-exeifability towards the usually latent stimuli
which proceed from the sensory neurons. This is not the place
to go further into the theory of tetanus itself.

The usual point of attack of tetanus poison, and so of the
disease, is thus the spinal cord. But it is not exclusively the
" 1 Roux and Borrel, * Tétanos Cérebral,” Ann, Past,, xii., 225, 1898,
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spinal cord that offers suitable haptophore groups for tetanus
toxine. Roux and BorrerL (loc. cit.), for example, were able to
prove that, on subdural introduction of the poison, the poison
combined exclusively with the drain cells and produced cerebral
tetanus, And, lastly, the experiments of DowNirz! on rabbits
and of Mivamoro? show that, under certain conditions, the
poison can be fixed so rapidly by haptophore cells, other than
those of the central nervous system, that the animal dies
without spasms from a *{fefanus sine tetano.” In the case of
rabbits this fixation of the poison in the less vitally important
organs, which withdraw it from the central nervous system,
undoubtedly partially accounts for their smaller susceptibility.
At any rate, Roux and BorrerL were able to poison rabbits
much more readily by intercerebral injection, in which the
poison comes into direct contact with the central nervous
system, than by subcutaneous injection, which was not the
case with guinea-pigs. KEven the hen, so little susceptible in
other respects, can be poisoned by intercerebral injection.
Under certain conditions, which are still imperfectly known,
many poisons (Mrivamoro employed a very old preparation)
appear to lose their predominating affinity for the central
nervous system. It is surely not unjustifiable to assume, pro-
visionally, that in this case substances have been formed from
the original toxine which are undoubtedly still poisonous, but
have lost their characteristic action upon the central nervous
system, there being possibly a formation of foxoids of a special
kind. On the other hand, in the case of refractory animals—
e.q., alligators—and also in that of Aens, which are not completely
refractory, METSCHENIKOFF (vide infra) observed a slight forma-
tion of antitoxine without preliminary symptoms of illness,
which surely points to a combination with distributed indi-
vidual receptors.

The conclusion drawn from the study of the symptoms of
the disease—wviz., that the tetanus poison combines with the
substance of the central nervous system, could also be confirmed
experimentally.

It was also shown, simultaneously, by WAaAsSSERMANN and
Taxaxi?® and by Ransom,* that an emulsion of the fresh brain

1 Donitz, *‘ Ueber das Tetanusantitoxin,” Deutsch. med. Woch., 1897, 428.

lqﬂﬂéﬂiyagmnm, “* Beitrige zur Tetanusvergiftung,” Deutsch. med. Woch.,
900, 479.

3 Wassermann and Takaki, *‘ Ueber tetanusantitoxische Eigenschaften
des Centralnervensystems,” Berl. klin. Woch., 1898, 5; assermann,
““Weiterere Mitt. iiber Seitenkettenimmunitat,” ibid., 209.

* Ransom, quoted by Behring, Deutsch. med. Woch., 1898, 68.
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of a guinea-pig could combine with and render non-poisonous
a certain quantity of tetanus toxine. It is true that this power
of combination is not very considerable ; according to ParLraur!
1 c.c. of the emulsion can combine with 100 lethal doses at
most—a point which must not be overlooked in attempting to
come to a correct conclusion about this question.

It is the cells of the brain that enter into combination, as was
shown by BrumeNruarn? and MircuaNegr,® who found that the
liquid was free from toxine after being subjected to centrifugal
force.

Raxsom,? too, was able to show that on injection of tetanus
poison into the subarachnoid space the nerve substance combines
with more poison than can be accounted for by the blood that
it contains, but that the combination is not absolute, for a part
of the toxine passes into the circulatory system even in this
method of injection. On the other hand, MEYER, like BLUMEN-
THAL and JacoB?® before him and ScHULZE,® found the cerebro-
spinal fluid to be free from toxine.

WasserMANN regarded the results of this experiment as a
confirmation of the side-chain theory. The receptors that are
capable of combining with the poison in the brain substance,
and also in the living brain, are the same that circulate in the
blood as free receptors, so that WasserMaNN is right in forming
his conception of side-chain tmmunity from these experiments.

Objections have been raised on various sides, and notably by
the school of METscHNIKOFF7 and by Benring and Krrasuima,®
against the conclusions drawn from WaAssErRMANN'S experiments.
I't would take us too far from our theme to deal thoroughly with
the whole subject in dispute ; and so I will content myself with

! Paltauf, ¢ Diskussion zu dem Vortrag von Grueber,” Wien. Min. Woch.,
1901, 51.

? Blumenthal, ** Ueber die Verindergungen des Tetanusgiftes im Tier-
korper,” Deutsch, med. Woch., 1898, 185.

# Milchner, “ Nachweis der chemischen Bindung von T..G. durch Nerven-
substanz,” Berl. kiin. Woch., 1898, 369.

1 Ransom, ‘‘Die Injektion von Tetanustoxin bezw. Antitoxin in den
subarachnoidalen Raum,” Z, f. phys. Chem., xxxi., 282, 1900-01.

% Blumenthal and Jacob, “ Zur Serumtherapie des Tetanus,” Berl, Lin.
Woch., 1898, 1079.

b Schultze, *‘Spinalpunktion u. Einspritz. v. Antitoxinserum bei Tet.
traumaticus,” Matt, Grenzgeb. d. Med, w. Chir., v., 169, 1900.

7 Metschnikoff, Immunitit, German ed. by Meyer, Jena, 1902. Also,
Metschnikoff, *“ Influence de l'organisme sur les toxines,” Aun. Past., xi.,
801, 1897 ; xii., 81, 1898. DMarie, *“ Proprieté¢ antitétanique des centres
nerveux.,” #bid., xii., 91, 1898. Besredka, * De la fixation de la toxine
tét.,” ibid., xvii,, 139, 1903.
~ ® Behring, Allg. Ther. d. Infekt.-Kr., i., 1033,
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calling attention to the work of Marx,! who has resurveyed the
whole ground.

Marx has found, by over 200 experiments on mice, that the
antitoxic action of the brain is of such a nature that it is merely
supplemented by the addition of serum, and that the action of
the brain does not, as was found by Kirasuima (lec. ¢it.) in ex-
periments with very large amounts of toxine, destroy the action
of the antitoxine.

Marx thus confirms WasserMANN's view that the combined
receptors of the brain act qualitatively and quantitatively in a
completely analogous manner to the free receptors that are
present in the antitoxine serum.

And this affords a fresh support of Enrricu’s view that
the poison can only combine with suitable receptors, and that
these receptors, when broken off, have a neutralising effect upon
the poison, although they promote its action when acting in
conjunction with living cells.

It is impossible to see the force of the objection first brought
against these experiments—viz., that the brain of animals, such .
as hens, &c., that are only slightly susceptible, has no profective
action—Tor it is self-evident to anyone who bases his conclusions
on the fundamental axioms of Ehrlich’s theory, that only such
nerve substance as actually combines with the tetanus toxine—
i.e., possesses suitable haptophore groups—can exert a protective
influence ; and such haptophore groups are evidently only present
in the brains, &e., of these animals, which indeed are not refrac-
tory, not naturally immune to tetanus. It is thus one of the
most striking results of Ehrlich’s theory that it at once throws
a clear light upon the formerly so inscrutable problem of natural
immunity. Both infection and the relative formation of anti-
bodies can only take place where there is a reciprocal combination
of haptophore groups. Where these are lacking there can be
absolutely no infection or neutralisation of the poison.

Indeed, the central nervous system is not the exclusive place
where the antitoxine can be produced. As we have mentioned
above, receptors that can combine with the poison also oceur in
other places where the fixation of the poison does not lead to
any injurious effects—e.g., in the connective tissue, &e. DBut
wherever receptors are present, there, too, can the jformation of
antitoxine take place. The production of antitoxine is a function
of the haptophore group, and has absolutely nothing to do with
the action of the poison as such. Thus, according to EnrLicH

! Marx, ““Die Tet.-G. neutralis. Eigensch. d. Gehirns,” Zeit. f. Hyg.,
xl., 231, 1902,
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and WasserMANN, the central nervous system has a protective
influence, not because it offers a point of attack for the toxophore
group, but because it contains recepfors, which may also be
present in other tissues.

Against this view MerscHNIKOFF raised the objection that
even the brain of frogs has absolutely no protective influence.
Although frogs are absolutely insusceptible to tetanus in the
cold, yet when warmed above 20° C. they are extremely sus-
ceptible, as is also the case to a less extent with other amphibia
and reptiles, and also with marmots (Biurizcer!), which do not
die during hibernation (i.e., when their temperature is lower),
but only after they wake from their sleep. Bats, too, when kept
cold, exhibit considerable resistance so long as they sleep (MEYER
and Hawrsey, loc. cit.). Now the brain of the frog does not
combine with, or show any protective influence against, tetanus
toxine, and no antitoxine ever appears in the body of the frog
when poisoned with tetanus. Although this assertion is doubt-
less correct, and although the process of the breaking off and free
movement of the haptophore groups has as yet been but little
explained, yet the interpretation given by MErscuNIKOFF of this
phenomenon—viz., that the central nervous system of the frog
does not combine in the slightest degree with tetanus toxine—
is certainly not correct. MorGENROTH,? in a very interesting
research, was able to demonstrate that tetanus poison, even in
the cold, does unquestionably combine, although slowly, with the
central nervous system of the frog, but that the towophore group
is inactive. On raising the temperature, however, it immediately
begins to act.

The combination of the toxine with the central nervous system
takes place very rapidly after its injection into the circulatory
system. DgecrorLy and Roxsse?® showed that in the case of
rabbits the blood was not poisonous even one minute after the
intravenous injection of a lethal dose of tetanus poison. Such is
the rapidity with which the toxine disappears from the blood.*

! Billinger, ** Winterschlaf und Infektion,” Wien. kin. Wock., 1896, 769.

? Morgenroth, “ Zur Kenntnis des Tetanus des Frosches,” Arch. Inter-
nat. d. Pharmacodynamee, viil., 255, 1900 (reprint).

% Decroly and Ronsse, “ Pouvoir toxique et antitoxique du Sang, &c.,”
Arch. Infernat. de Pharmacodyn., vi., 211, 1899,

4 Dinitz (vide supra), of course, assumes that in the case of rabbits
receptors are also present in other organs, and that this accounts for the
extraordinarily rapid disappearance of the toxine. In the case of guinea-
pigs and mice it circulates longer in the blood. I have already had
frequent opportunities of calling attention to the importance of such
distributed receptors.
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Now, very important consequences follow from this extraordin-
arily great aflinity of the toxine for the nervous system. Thus
it is easy to render tetanus poison harmless by means of anti-
bodies before it enters the nerve tracks, but much more difficult
to break up the compound when once formed, to separate the
toxine from the receptor, to cure the tetanus. With every hour
the combination becomes more stable, and the activity of the
serum less. It has been shown by Doxirz 1 how rapidly this in-
jurious result takes place. The same quantity of antitoxine,
which, when simultaneously injected, protected a rabbit from
a quadruple lethal dose, was absolutely unavailing when injected
four minutes after the toxine (intravenous injection being used
in each case). After one hour as much as 40 times the amount
of antitoxine was necessary. After five hours even huge doses,
such as 600 times the single effective dose, were useless. Mor-
GENROTH, to his disappointment, found that the serum failed
in its action in an exactly analogous manner in the case of frogs,
although more slowly. In the therapeutic treatment of men it
has frequently been observed that after the occurrence of the
characteristic symptoms of tetanus—i.e., after the lapse of the in-
cubation period—even huge doses of immune serum are usually
of no avail.

I have only dealt with this question to this extent, and the
further discussion of it does not concern us here, because, on
these facts, taken in conjunction with the occurrence of a longer
or shorter incubation period (vide supra), attempts have been
made to base conclusions as to the alterations in tetanus poison
even in the human system.

Thus certain authors (e.g.,, CourmoNT and Dovon?) have
assumed that the poison that eventually produces the outbreak
of tetanus is not the primary toxine of the cultivations. The
latter is asserted to act only as a ferment, which, under suitable
conditions, decomposes the protoplasm of the attacked cell with
the formation of the ¢rue tetanus poison, which can then produce
its poisonous effects without a period of incubation. In reply to
the arguments urged by these authors in support of their view,
the following remarks may be made :—As regards the period of

ﬂlsDﬁnit:-:, ““Ueber das Tetanusantitoxin,” Deutsch. med. Woch., 1897,
 Courmont and Doyon, infer alios.—(a) ““ Mecanisme de production des
contractures du tétanos,” Arch. de Phys., 1893, 64; (b) **La substance
toxique qui engendre le tétanos,” Sem. Med., 1893, 122 (c) ** Du tét de la
grenouille, ibid., 1893, 302 ; (d) ** De la produec. d. t. chez la poule,” ibid.,
1893, 486. See also their papers already quoted, and their work Le
Tetanos, Paris, 1899, (For other investigations see Blumenthal, loc. cit.)
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incubation it is assumed that the true poison is produced during
this period, and that until then there is no action. This compli-
cated view is not necessary, for the mode of action of the poison
is at least as satisfactorily accounted for by the slow action of
the toxophore groups and by the different degrees of slowness in
the distribution of the poison in the nerve tracks as found by
Mever and Ransom (vide supra). A further point against their
view is that the period of incubation becomes shorter in pro-
portion to the amount of toxine introduced into the animal,
although, as is the case with every toxine, there is a limit to this
reduction of the incubation period by larger doses.

Again, the complicated behaviour of the incubation period in
the case of the frog, which has been brought forward as a special
argument in support of this view can be explu,me{l more simply.

MorcENROTH was able to prove that on warming the animal
there was at first only a very rapid and firm cmnhlu.].tmn of the
toxine, but no poisoning. If the frog, after being kept at 32° C.
for twenty-four hours, was then agmn placed in the ice chebt
it remained permanently well, although if again exposed to a
temperature of 32° C, it died after an incubation period that was
shortened by twenty-four howrs, notwithstanding the injection of
enormous quantities of antitoxine. If, as Courmont and Doyvox
assume, a secondary change in the poison were produced by the
warming, the frog would not remain permanently well even in
the ice chest. The heat has here only promoted the formation
of an extremely stable combination, and this requires further
warming before it causes death by the action of the toxophore
group. The fact that affer combination has taken place the
antitoxine is more or less completely ineffective has been put
forward as of special significance in support of the theory of
the secondary poison, but in my opinion this is far from being
the case. The predominance of the antitoxine circulating in the
blood over the toxine, which it prevents from combining with
the central nervous system is solely due to the fact that it does
so circulate in the blood and thus immediately seizes upon the
toxine when introduced into the circulatory system and mechani-
cally wards it off from the threatened tissues, and not to its
possessing any greater affinity for the toxine. It has but little
power of breaking up the combination between the nerve cell
and the toxine when once formed, and it does so only by mass
action when very large doses of antitoxine have been used.
It is thus obvious that the antitoxine must be ineffective if
introduced some time after the poisoning, and much more so
when only applied after the appearance of the symptoms, and
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there is absolutely no need for us to assume the existence of a
new poison without aflinity for the antitoxine. Nor can the
theory derive any greater support from the fact that the brain
of animals that have died of tetanus can still combine with the
poison.

But if these considerations do not altogether explain the want
of influence of the antitoxine upon the toxine after the lapse of
a_certain time, the discovery by Meyer and Ransom (loc. cit.)
of the fact that tetanus antitoxine cannot follow the poison in its
passage along the nerve tracks affords all that is still needed in
explanation of this phenomenon. This fully accounts for the
want of activity of the antitoxine, and there is no longer any
need to call to our aid the hypothesis of a secondary poison.
This hypothesis has not, however, as yet been thereby definitely
disproved.

An experimental proof brought forward by Courmoxnt and
Doyon in support of their view was the fact that the transfu-
sion of blood from a dog suffering from tetanus into another
vmmediately produced symptoms of tetanus in the latter. Kraus,!
too, succeeded in rapidly poisoning other mice with the blood
serum from a mouse infected with tetanus, as had previously
been done by Nissen.? Here then, in their opinion, there
was manifested the activity of the secondary poison. It was
next claimed that this poison had been detected in animal
Ul’gﬂ-ﬂﬁ.

BrumextHAL® prepared from the organs of an animal that
had died of tetanus, a poison which, in a dose of 0-35 c.c., caused
death with tetanic symptoms in seventeen minutes without an
incubation period, and was not rendered ineffective by the
antitoxine. Buscuke and OrerceL? have also succeeded in
preparing a poison that acted instantaneously from the liver,
spleen, and spinal cord of an animal that had dlﬂd of tetanus,
whilst TAUBER® obtained a similar preparation in smaller quan-
tity from the spinal cord, brain, and liver. Such reputed dis-

! Kraus, ‘ Beitrag zur Klinik des Tetanus,” Z. j. klin. Med., xxxvii.,
247, 1899.

“ Nissen, *‘ Ueb. den Nachweis von Toxin im Blut, &e.,” Deufsch. med.
Wach., 1891, 775.

3B111mentlml ““ Weit. Beitr. z. Kenntn. des Teta,nusglftea,”ﬁ S Klin.
Med., xxxii., 325 1897 ; Id., *“ Ueber die Veriinderungen des T.-G. im
Tierkirper,” Deutsch. med. H"ﬂcﬁ 1893, 149.

4 Buschke and Oergel, * Beitra.g zur Kenntnis des Tetanus,” Deufsch.
med. Woeh., 1893, 149,
lggsTarub;r, ““Ein Beitr. z. Kenntnis d. Tetanus,” Wien. klin. Woch.,

, 147,
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coveries of poison in the organs of dead animals must be received
with great scepticism ; it 1s impossible to know with absolute
certainty what has actually been extracted and what kind of
poisonous substances may have been formed during the process
of disease with its alterations in the protoplasm—substances that
may have absolutely no connection with tetanus toxine, and
against which the antitoxine is powerless. Hven BLUMENTHAL
himself, as also more recently Courmont and Dovon, now cite
these discoveries with great caution, and leave it an open question
how far this poison from the organs corresponds with the actual
tetanus poison. BLUMENTHAL regards it as a combination of the
true poison with the cell substance. This cannot be proved,
however, by such means. To recapitulate, Courmont’s fermen-
tation theory of tetanus toxine has not as yet been proved, and
is as yet superfluous. Whether, notwithstanding, it is not
correct has yet to be decided. But it is advisable not to obscure
this extremely difficult field by additional hypotheses for which
definite support is lacking.

Tetanus Antitoxine.— The antitoxine of tetanus behaves
towards its toxine in a manner essentially analogous to that of
diphtheria—i.e., its antitoxic power can be shown to stand in
certain definite relationships to the toxine. Both enter into
combination with their toxines, and subsequent separation is
impossible. The combination does not take place so rapidly,
however, in the case of tetanus toxine, and hence, according to
Doxrrz,! the test should not be applied until after forty-five
minutes. Moreover, the degree of saturation depends upon the
concentration ; the greater this is, the more rapid and complete
the saturation, so that solutions of as nearly as possible equal
concentration must be taken for the comparison. As regards the
quantitative relationships the conditions are approximately the
same as in the case of diphtheria. In this case, however, they
have not been so fully elucidated, which is to be attributed, in
the main, to the extraordinary instability of the toxine. The
compound also appears to be much less stable, and sooner to
attain conditions of equilibrium (on this point see the General
Part). The serum can be preserved for a long time by the
addition of 1 per cent. of chloroform or 0-6 per cent. of phenol if
kept cold and in the dark. Alcohol and distilled water are
harmless to it (BEHRING 2).

Roux and VaiLparp (loe. cit.) were able to dry the cow’s

! Donitz, Bericht éh. d. Thitigheit des kgl. Instituts f. Serumforsch,, dc.
Reprint from the Klin, Jahrb,, 1899, vii.
= Behring, Die Blutserumtherapie, iii., Leipzig, 1892
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serum in a vacuum without loss, and when it was required for
use dissolved the residue in six times its quantity of water.

The milk of immunised animals also contains antitoxine.
According to BrieGcer and Coux'!it can be concentrated from
the milk in the following manner :—

The milk is first coagulated by means of rennet in an analogous manner
to that used in the preparation of diphtheria antitoxine. The filtered
whey is shaken with chloroform, allowed to stand, decanted, and then
saturated with ammonium sulphate to the extent of 32 per cent. The
precipitate is redissolved, a small amount of basic lead acetate added, and
the new precipitate washed with water rendered very slightly alkaline.
The filtrate and washings are now saturated with ammonium sulphate, and
the resulting precipitate mechanically freed from the excess of solid
ammonium sulphate by stirring it with pure chloroform. The salts fall
to the bottom, while the light compound of the anti-bodies rises to the
surface and is removed. In this way it was possible to concentrate the
antitoxine to the extent of 300 to 400 times the strength of that originally
present in the milk. A still further purification of the antitoxine can be
effected by treating the filtrate, after removal of lead, not with ammonium
sulphate, but first with sodium chloride, and then with sodium phosphate.
Practically none of the antitoxine is precipitated with the sodium chloride
precipitate, whereas it is nearly all carried down by the sodium phosphate
precipitate.

The properties of the antitoxine have naturally received much
attention. It does not differ materially from diphtheria anti-
toxine. It is partially destroyed at 68° C., though not completely
so even at 80° C. Acids (hydrochloric acid, in the proportion of
1 part to 15 of antitoxine, and lactic acid) have also a destructive
influence.

Very weak alkalies do not injure it, but, when concentrated,
rapidly destroy it. It does not readily putrefy (Benrixe).

It is not dialysable, and is partially retained by Chamberland
porcelain filters. TizzoN1i and CarranNi® attribute to it the
nature of a ferment, for which, in my opinion, there is no
justification (see under Diphtheria). They draw this conclusion
from the fact that it can be precipitated by alcohol, and can be
extracted, though slowly, from the precipitates by means of
glycerin. Doubtless, like diphtheria antitoxine, it is also a
substance closely allied to the globulins.

! Brieger and Cohn, °*Beitr. z Concentr. geg. Wundstarrkrampf
schiitzenden Substanz.,” Zeit. /. Hyg., xv., 439, 1893,

“ Tizzoni and Cattani, * Sur les proprietés de l'antitoxine du tetanos,”
Arch. ital. d. Biol., xvi., 394 (abstract), 1891; * Ueber d. Eigenschaften
des Tetanus-Antitoxins,” Centralbl. f. Bakt., ix., 685, 1891; *‘Fernere
Unters. uib. das Tetanus Antitoxin,” ibid., x., 33, 1891 ; Tizzoni, ** Ueb. d.
ex pe%misﬁ};lmunitﬁt gegen Tetanus,” Festschr, fiir Virchow, Berlin,
iii., 29, ;
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It had already been found by Tizzoxr and Carrani that it
was precipitated by magnesium sulphate. They had also observed
that the globulins that were precipitated by means of weak
acids (acetic acid, carbonic acid) or those separated by means of
dialysis did not carry down the antitoxine, but only those
globulins that were precipitated by means of solid magnesium
sulphate at 30° C.

Picxk (loc. cit.) was able to confirm these statements by means
of his more delicate methods. According to his results tetanus
antitoxine is distributed in exactly the same manner as diphtheria
antitoxine ; thus, in horse serum, he found it to be combined
exclusively with the pseudoglobulin.

The wvalue of tetanus antitoxine has been calculated by
BenriNg ! in the following manner :—A “single” serum is taken
to be that which will protect 1 grm. of an animal against the
action of a certain lethal dose. Thus 1 c.c. of serum of the
strength of 1 in a million will pmtcct 50,000 mice of 20 grms,
each ; hence a mouse requires ;1.5 c.c. or 0:00002 c.c., a sheep
of 50 kilos. 0-05 c.c., and a horse of 400 kilos. 04 c.c. Recently,
however, the serum has been tested as accurately as diphtheria
serum in the Royal Institute for the Investigation and Testing
of Serum. Test poisons are standardised upon a test serum that
has been kept unaltered, and are then used for the valuation of
the sera under examination.

A fact of the greatest importance for the estimation of the
action of antitoxine in the organism was that established by
Haxs MEYER and Ransom (.-Tuc cit.)—viz, that the antitoxine,
unlike the toxine, is not capable of penetrating the axis cylinder.
Hence the antitoxine is absolutely powerless against the poison
when once the latter is in the nerves. Nor can it penetrate even
by way of the blood and lymph tracts into the centres. Thus it
can only neutralise the excess of poison in the tissues. And this
explains why even highly-immuned animals can be poisoned when
the poison is introduced directly into their nerves. MEYER and
Ransom hoped to be able to effect a cure by the direct injection of
antitoxine into the nerves.

! The values given by BEHRING (Die Blutserumtherapie, ii., 20) do not
exactly tally. If 1 c.e. protects 50,000 mice, one mouse rﬁquu‘es not
0-00005 ec.c., but 0°00002 c.c., and a horse of 400 kilos. not 0-25, but 04 c.c.
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BOTULISM TOXINE.

A third true toxine is the active principle in many cases of
fesh poisoning.

Considerable light was thrown upon the fairly obscure etiology
of botulism by the discovery of VAN ErmeNcem,! who isolated
from a poisonous ham a saprophytic bacillus, B. botulinus, which
even then he concluded to be the producer of a specifie, extremely
active toxine. According to KEMPNER, it can also be detected in
the freces of swine, and SCHNEIDEMUHL ? regards it as the cause
of the so-called birth-paralysis of cattle. Although substances
had already been isolated at an earlier period, and asserted to be
the active agents in the poisoning—e.g., that isolated by v. ANREP3
from ‘}tHI'C'F{]]'l s flesh—yet botulism toxine was the first that was
proved to be the specific poison of flesh poisoning, and a true
toxine.

Van ErveNGENM isolated it by filtration of cultivations of his
Bacillus botulinus. 1t is extremely poisonous, the lethal dose
for man being as little as 0-035 mgm. This in itself points to
its being a true toxine. A further proof is the specific nature of
its action, the symptoms of illness produced corresponding
exactly with those of botulism.

I't produces the same symptoms in the eyes, aphonia, constipa-
tion, and retention of urine. Fever does not occur. Finally,
symptoms resembling those of bulbar paralysis are manifested,
and end in death.

Its action does not begin until after a certain period of
incubation.

According to ForssMaN,* the mode of introduction has an
influence upon the results. Thus, intercerebral injection did not
produce the same characteristic form or intensity of illness as
followed subcutaneous injection ; there was a greater difference
with intraperitoneal, and the greatest with intrapulmonary in-
jection. Violent dyspneca is then the predominating symptom
of the poisoning. Moreover, after interpleural injection the
toxine is five to nine times as poisonous, although the period of
incubation after a single lethal dose is longer. On the other

! Van Ermengem, *‘ Ueber einen neuen anairoben Bacillus u. s. Bezieh,
zum Botulismus,” Zeit. f. Hyg., xxvi., 1, 1897.

2 Schneidemiihl, ¢ Ueb. Botulismus beim Menschen und die sog. Geburts-
paralyse bei Rindern,” Centrailil. f. Balt., xxiv., 619, 1898,

4 v. Anrep, “* Intoxication par les ptomaines,” Arch. Slaves de Biol., i.,
341, 1886, quoted by v. Ermengem, loc. cif.

4 Forssman, *‘‘Beitr. z. Kenntn. d. Bakt. d. Botulismus,” Author’s
abstract in Centralbl, f. Balt., xxix., 541, 1901.
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hand, the minimum period of incubation (with large doses) is
six hours after subcutaneous injection, and four hours after intra-
pulmonary injection.

Like all true toxines, it is very sensitive to external influences.
It is rapidly weakened by air and light, and also by raising the
temperature even to 58° C. for three hours. Aleohol, ether, and
oxidising substances also destroy it rapidly, while reducing agents
are relatively but little injurious. On the other hand, it is a
remarkable fact that it can act by way of the intestinal canal, as
was found by Vax ErMENGEM, and confirmed by Forssman. The
fluids of the stomach and small intestine do not injure it, but it
is speedily destroyed by the contents of the large intestine.

Briecer and KeEmpNER ! have prepared the toxine in a concen-
trated form by Brieger’s method :—

The germ-free filtrate is partially neutralised with ammonia, and treated
with twice its volume of a 3 per cent. solution of zine chloride. The preci-
pitate is carefully washed and cautiously treated with a 1 per cent. solution
of ammonium bicarbonate until the mixture just shows an alkaline reaction,
after which it is decomposed with ammonium phosphate, the liquid filtered
from the precipitated zinc phosphate, and the toxine precipitated with
ammonium sulphate,

In this way they obtained very small yields of solid toxine in
quantitative experiments.

Botulism toxine is a specific nerve poison. KEMPNER and
Porrack? and MariNgsco? have simultaneously studied its
action upon the anatomy, and especially the alterations produced
in the cells of the anterior cornua, and the destruction, chromato-
lysis, and decomposition of Nissl’s granule, with which T cannot
deal here.

It is, however, very important that, owing to this strong
affinity for the nerve substance, botulism toxine is fixed and
rendered harmless by it in an analogous manner to tetanus
poison.

KeMPNER and ScnePILEWSKI * found that the brain and spinal
cord were able to combine with considerable quantities of poison,
and that that property could be utilised both in the prophylactic
injection of brain substance, as well as for the neutralisation of

! Brieger and Kempner, * Beitrag z. Lehre v. d. Fleishvergiftung,”
Deutsch. med. Woch., 1897, 521.

? Kempner and Pollack, ““Die Wirkung des Botulismus toxine auf die
Nervenzellen,” Deutsch. med. Wock., 1897, 505.

® Marinesco, ** Lésions des Centres nerveux produites par la toxine du
B. botulinus,” Soc. Biol., xlviii., 31, 1896 ; Sém. Méd., 1896, 488,

i Kempner and Schepilewski, **Ueb. antitoxische Substanzen geg. d,
Botulismusgift.,” Zeit, f. Hyg., xxvii., 213, 1898,
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toxine already in the system for a period of twelve hours after
its introduction. These properties distinguish the action of the
substance of the central nervous system from that of certain
simpler chemical substances, which, while equally combining
with the botulism poison in vitro, completely lack its immunising
and curative capacity. Examples of such substances are lecithin
and cholesterin, but not cerebrin. This property of the brain
substance is destroyed by boiling.

According to CnarriN and BARDIER,! it also acts as a heart
poison. It retards the action of the heart, and acts more rapidly
than diphtheria poison in this respect.

KEMPNER 2 subsequently prepared an antitoxic serum against
botulo-toxine by the immunisation of goats. The antitoxine acts
in accordance with the law of multiples. It can, however, only
have any curative effect when used within twelve hours; the
dyspneic form in particular is asserted by ForssMAN to be in-
capable of cure. The practicability of the treatment is therefore
as doubtful here as in the case of tetanus.

PYOCYANEUS TOXINE.

Bacillus  pyocyaneus, which is very pathogenic for many
animals, also produces a ¢rue toxine. The poisonous action of
this toxine has frequently been investigated, as have also the
phenomena of immunity that result on its introduction into
the bodies of animals, There are also numerous researches on
the ¢ toxicity ” of B. pyocyaneus in scientific literature, in which
naturally no distinction was made between the poisonous effects
of the cells and of the filtrate.®* Essentially, however, immunity
against B, pyocyaneus is bactericidal ; no antidote to the poison
is produced in immune bodies, but the bacilli themselves perish
under the influence of a specific agent directed against them.
Here, then, we meet with conditions similar to those that occur
in typhus and cholera, with which we shall deal in a later page.

The conditions differ, however, from those of cholera in one
essential particular. 'Whilst in that disease the supposed toxine
can only be separated very sparingly from the vibriones, and, in

! Charrin and Bardier, * Action cardiaque, propriété speciale de la
botuline,” See. Bicl., 1., 60, 1898,

2 Kempner, * Weit. Beitr. zur Lehre von der Fleischvergiftung,” Zeit. f.
Hyg., xxvi., 481, 1897,

* The most important literature on the subject is given by Breymann,
“ Ueb. Stoffwechzelprod. des B. pyoeyaneus,” Centralbl. f. Balt., xxxi.,
841, 1902,
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the main, remains attached to the cells themselves, it can be
separated almost completely from the cells in the case of pyocy-
aneus, so that we must assume that secretory processes occur
here similar to those that produce diphtheria toxine.

B. pyoeyaneus has a very characteristic behaviour, as was shown
by WasserMann.! Frequently it develops in the body of an
animal, and is thus infectious, and then the bactericidal protective
forces come pre-eminently into action.

On the other hand, however, it develops in its cultivations
a frue toxine, which can be separated from the cell substance,
and produces in the organism a true antitoxine.

B. pyocyaneus thus occupies a very interesting intermediate
position between the purely toxie diphtheria bacillus, on the one
hand, and the bacteria of the cholera type, on the other hand, in
the case of which immunity is also pre-eminently bactericidal,
not antitoxic, while the supposed endotoxines have not as yet
been isolated in the free state.

WASSERMANN proved that this poison could be separated
almost completely from the bacilli, so that the cells, just as in
the case of diphtheria, contained practically no more toxine ;
but, above all, he showed that by injection of the living bacilli in
small, but increasing, doses an immunising process results, which
was directed exelusively against the bacilli themselves, and had
absolutely no influence upon the poison.

But, on the other hand, he succeeded in producing a true
antitoxic solution by means of the soluble poison. TIn this case
the serum had absolutely no bactericidal power in vitro ; yet, at
the same time, an animal rendered proof against the poison was
also immune against the living bacilli, just as in the case of
diphtheria ; for the bacilli, deprived of their keenest weapon,
their towic jfunction, are merely harmless intruders in the
organism rendered proof against the poison, and speedily perish
without inflicting any injury.

WasserMANN thus proved that B. pyocyaneus produced a true
toxine, which in this respect was undoubtedly akin to diphtheria
and tetanus toxine. It is somewhat more stable than these,
especially as regards its behaviour towards heat. It is not
completely destroyed even by boiling.

In consequence of this a fact of theoretical importance was
established in the case of pyocyaneus poison.

It was found that in a neutral mixture of pyocyaneus toxine
and antitoxine the latter could be completely eliminated by heat,

! Wassermann, ‘‘Unters. iib. einige theoret. Punkte d. Immunititslehre,”
Zeit. f. Hyyg., xxii., 263, 1896.
9
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so that the previously neutral serum became poisonous again.
This proves beyond doubt that what CaLmerTE had previously
shown to be the case with snake poisons also applies to bacterial
toxines—viz., that the antitoxine does not effect any destruction
of the poison, but that there is o simple form of combination
which renders the toxine incapable of atfaching itself by means
of its haptophore group to the cell and poisoning it.

WasserMANN prepared his toxine by cultivating B. pyocyaneus
on beef bouillon containing 2 per cent. of peptone, and subse-
quently sterilising it by means of toluene. Further investigation
of the poison and its antitoxine are still required. In particular
an answer is still needed to the question whether the toxiec
principle is identical with pyocyanolysine, with which we shall
deal presently, or whether the 5. pyocyaneus, as is probably the
case, resembles the tetanus bacillus in producing two active
substances, a toxine and a lysine.

It can be isolated by filtration through Chamberland filters.
I'ts toxicity cannot be compared, at all events as yet, with that
of tetanus toxine, for example. WasserMANN found the lethal
dose for guinea-pigs to be 05 c.c.

The quantitative ratios between pyocyaneus toxine and anti-
toxine show a very important peculiarity.

In this case the law of multiples only holds good up to about
10 times the lethal dose. From that point upwards even great
doses of antitoxine no longer afford protection.

Undoubtedly WasserMaANN is right in concluding from the
relatively slight toxicity of the poison, as well as from this
restricted formation of antitoxine, that pyocyaneus toxine con-
tains secondary poisons of non-haptoid nature derived from the
toxine, such as have hitherto only been obtained outfside the
body in the case of cholera and typhus. In this respect, too, it
would seem that B. pyocyaneus occupies an intermediate position
between the diphtheria bacillus, which produces relatively stable
true toxines, and the bacteria of cholera and typhus.

THE TOXINE OF SYMPTOMATIC ANTHRAX.

A weak immunising poison which did not cause death, and
was only partially destroyed at 115° C., was obtained by Roux!
by filtration of cultures and from flesh juices of infected animals.

DuenscEMANN 2 cultivated the bacilli of symptomatic anthrax

! Roux, * Immunité contre le charbon symptomatique,” Ann. Past., ii.,
49, 1888.

2 Duenschmann, *Etude expérim. sur le charbon symptomatique,”
Ann. Past., viii., 403, 1594,
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anaérobically on macerated flesh or ox serum, and found in the
filtrate after seven days a poison with a specific action, which
killed guinea-pigs in doses of 5 to 6 c.c. It had no protective
action against living bacilli.

Arroing,! in his latest researches on immunisation against
symptomatic anthrax, makes no mention of any toxine being
formed by the bacteria.

Our knowledge of this otherwise practically unknown poiscn
has been “‘I‘lﬁ‘d.tl‘n,' enlarged I:r:-,r the recent monograph of Grass-
BERGER and SCHATTENFROM.2 Their results show that a true
toxine is produced by the bacillus of symptomatic anthrax which
had not been discovered by the researches of previous workers.
They find that the formation of the toxine by the bacillus only
takes place under certain definite conditions, notably when the
micro-organism shows itself as a typical producer of butyric acid.
For this purpose the presence of fermentable sugar, or still
better of calcium lactate, in the culture medium is a primary
neces&it:, 1t very frequently happens that there is no formation
of toxine at all; the “denaturalised” micro-organisms are no
longer able to ferment the lactic acid and pmduLE no trace of
toxine. In such cases the power of sporulation may be either
restricted or retained in full vigour. On the other hand, there
may be an energetic formation of toxine in a quiet after-
fermentation in which chiefly the lactic acid is decomposed,
while none was formed in the first vigorous fermentation, and
this may also occur in cultivations which are firee firom sugar but
contain lactic acid. A further point of the utmost importance
is the purity of the cultures, since other bacteria apparently
injure the very unstable toxine. A temperature of about 37° C
is also necessary for the production of the toxine. The formation
of toxine by the bacillus of symptomatic anthrax is a true free
secretion. Filtration through infusorial earth was found to be
the best means of aepamtuw the toxine from micro-organisms,
since more compact filters abso bed too 11111@}1 of the poison.

The effects of the toxine on guinea-pigs are similar to those
caused by infection with symptomatic anthrax—viz., ®dema,
areas of hmmorrhage, lowering of the temperature, wdema of
the lungs—in fact all the general symptoms of toxine poisoning.
The period of incubation is only a few hours, while the disease
Lasta for two to four days or, after very large doses, six to seven

Ours.

1 Arloing, *‘Serothérapie du charbon symptomatique,” Comptes Rend.,
~ CXXX., 548, 1900 ; exxxi., 319, 1900.
* Grassherger and Schattenfroh, Ueber das Rauschbrand, 1904.
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The unit of measurement chosen was a solution of the poison,
0-01 ec.c. of which killed a guinea-pig of 200 to 300 grms. on
subcutaneous injection. In the case of rabbits death did not
take place until after the lapse of an hour after the intravenous
injection of even 1,000 lethal doses ; the lethal dose for them on
subcutaneous injection was 0-1 to 0-2 c.c. of the normal poison.
Similar amounts per kilo. of body weight were also fatal to
monkeys, dogs, hedgehogs, mice, hens, pigeons, sheep, and oxen.
The lethal {Ime for a young ox was 40 c.c. of the normal poison,
while sheep required about 2 c.e. Frogs were refractory, but
retained the poison within their body.

The poison passes very slowly through a porcelain filter and
is hardiy dialysable. It resists freezing and thawing, and light
has but little injurious effect upon it, but it is affected when
heated even to 30° C. On the other hand, it can be dried in a
vacuum in the cold. It is almost completely destroyed in an
hour when exposed to a temperature of 50° C., so that very large
doses (7 to 10 c.c.) then produce only local swelling. It becomes
rapidly weaker even when kept in an air-tight vessel and still
more rapidly when exposed to the air.

It is destroyed by permanganate added in the proportion of
0-15 per cent., by phenol (1 per cent.), and formaldehyde (0-1 per
cent.), while “salting out” with ammonium sulphate and pre-
cipitation with aleohol and ether have a considerable injurious
effect. Chloroform is absolutely without influence upon it.

The poison of symptomatic anthrax is also shown to be a frue
toawne by the fact that it is possible to produce an antitoxine to
it. Guinea-pigs cannot be used for this purpose since they are
too susceptible, but it can readily be done with rabbits and oxen.
It is very easy to immunise the latter, and they yield sera of
high antitoxic value (up to 400-fold), whereas even highly
immune rabbits give sera which are only weak in antitoxine.
The ratios between the toxine and antitoxine show numeriecal
proportions exactly analogous to those observed, e.¢., in the case
of diphtheria toxine (malked variations in the value of D,
qwellmgq caused by the 1113-313131011 of mixtures in the “differ Entaal
zone,” &e.), and thus point to the presence of foxones. On the
other hand, there does not appear to be any formation of toxoids,
since the decrease in the toxicity keeps parallel with the decrease
in the combining power. Moreover, combination appears to
take place very slowly.

The antitoxine appears to be very stable (it can be kept for
two years). It is not dialysable ; it can be dried and can resist
a temperature of 60" to 65° C. for an hour.
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Over-saturated mixtures of toxine and antitoxine are fre-
quently still poisonous to guinea-pigs, though other animals can
be immunised by their means, so that hme too there appear to
exist conditions of equilibrium about the neutral point, which
need further investigation.

BACTERIAL HAMOLYSINES.

Closely allied to the true toxines are those bacterial substances
which exert a specific activity on the red corpuscles of the blood,
altering their plasma in such fashion that the h@moglobin
exudes, the blood being thus “laked.” They differ essentially,
however, from blood IJUiHUlI.H of the ordinary kind, such as, e.q.,
phen} lll}tlm?me, L'LL, in acting physiologically as tI ue tﬂ}«.lll["-:
t.e., producing anti-bodies, tmtll}ames in the organism. They
thus approximate on the one hand to the true t-l_.‘rhlll-bh, and on
the other hand to other haemolytic haptines, such as ricine, &e.,
as well as to the specific hemolysines which are formed on the
introduction of erythrocytes foreign to a body and also in normal
sera. Whether these lysines are simple haptines or whether
they do not rather consist of amboceptor and complement has
not yet been definitely decided ; yet in the case of staphylolysine,
at all events, all the eu'gumﬂnts; up to the present support the
view that they arve simple haptines (Borper, Enrvich, and
MorGENROTIH).

Of these bacterial hwmolysines only two are as yet definitely
known—tetanolysine and staphylolysine.  Other bacteria also
exhibit hamolytic activity, but it is not yet quite certain
whether this is to be attributed to specific lysines, although
it is true that in the case of coli-lysine, for example, anti-bodies
are known. But the chief argument against their being of the
nature of toxines is the fact that they can resist a temperature
of 120° C

A further interesting point is the fact that there is an extra-
ordinary difference in the degree of resistance offered by the
blood-corpuscles of different species to the various lysines, and
that the erythrocytes of certain species are naturally more or
less completely immune against each of them.

TETANOLYSINE.

Tetanolysine was discovered by Enrricul! in cultivations of
the tetanus bacillus.

Nl Ehrlich, Ges. d. Charitédarzte, [3], ii., 1898 ; Berl. khin. Woch., 1898,
0. 12,
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The reasons that led EarLicH to conclude that it was a different
poison to the true tetanus poison, the convulsion-producing tetano-
spasmine, are as follows :—

The ratio between the amounts of tefanolysine and tetano-
spasmine in the cultivations and preparations derived from them
is not constant. Some solutions of the poison are rich in the
former and relatively poor in the latter, and vice versd.

Tetanolysine is more sensitive to external influences than
tetanospasmine.

Tetanolysine combines with the erythrocytes, while tetanus
toxine is left by them in solution.

In proportion as the tetanus solution varies in the amounts
of the two poisons, so also the anti-serum prepared by means of
this solution contains varying relative quantities of the corre-
sponding anti-bodies, so that it is sometimes more antitoxic and
sometimes more antilytic in its action.

Tetanolysine was thoroughly investigated by MApseN! in
Enrvic’s Institute, and his results were confirmed by Kraus
and CrarrmoNT.?

MapseEN obtained, by means of precipitation with ammonium
sulphate from a bouillon culture of tetanus, a preparation, of
which 0-000001 grm. was the amount required for a lethal dose
for a mouse.

This poison dissolves the blood-corpuscles of many animals ;
rabbits’ blood, being particularly sensitive, is used for the experi-
ments, in the form of a 5 per cent. emulsion in a physiological
solution of sodium chloride.

The amount of solution is determined colorimetrically by com-
parison with a standard solution of blood. It depends, ceteris
paribus, on the amount of poison added. There is a difference,
however, in the sensitiveness of wndividual blood-corpuscles ;
moreover, tetanolysine has much less action in the cold than at
the incubation temperature, whereas other hemolytic poisons do
not possess this property.

Tetanolysine is extraordinarily sensitive to external influences.
Even at the ordinary temperature it becomes considerably weaker
in less than an hour, especially in dilute solutions, but concen-
trated solutions also soon lose part of their hxmolytic power.
Higher temperatures, even 50° C., have a very injurious effect.
The lysine can be kept on ice without undergoing decomposition
for twenty-four hours, and in the dry condition is absolutely stable.

! Madsen, ‘‘ Ueber Tetanolysin,” Zeit. f. Hyg., xxxii., 214, 1899.
2 Kraus and Clairmont, ** Ueber Himolysin und Antllmmul}rsm,” Wien,
Elin., Woch., 1900, 49.
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It is particularly interesting to note that MADSEN was able to
show that this weakening was due to the formation of toxoids.

In his experiments he followed exactly the same methods as
were used by EnrvnicH in elucidating the constitution of dip/h-
theria poison—i.e., he determined the conditions of combination
with the specific anti-body of tetanolysine. 'This antilysine is
present in the preparations of antitoxine against tetanus. In
the first place, MapsgEN established a unit of toxic activity and
a unit of the antilytic power of the anti-body, in accordance
with Ehrlich’s methods, though here obviously the experiment
on an animal had to be replaced by a determination of the
blood-solvent power in a test tube. Then, on investigating the
conditions of the partial neutralisation of the poison with anti-
toxine, he found that they were quite analogous to those in
the case of diphtheria poison, for the neutralisation did not
take place regularly throughout the whole quantity of poison,
but zones of different combining power with regard to the anti-
lysine could be detected.

An addition of only one-thirteenth of the total amount of
antitoxine required to neutralise the toxic unit was suflicient
to reduce the heemolytic power by a Aalf; an addition of a fifth
neutralised as much as nine-tenths of the poison ; whilst one-halt
neutralised ninety-nine hundredths.

From this it follows that that part of the poison which has
the greatest aftinity for the antilysine is also endowed with the
main proportion of the activity, that then come a second and
third zone with less aftinity and also smaller solvent capacities,
and finally the “spectrum” is completed by a zone with slight
affinity and little toxic activity.

We have here, then (to employ the terminology adopted in
the case of diphtheria poison), a zone of highly active prototorine,
with then a broad zone of less active deuterotowine (hemitoxine ?),
followed by the zone of frifofoxine, and, lastly, the foxones, which
only act upon certain particularly susceptible erythrocytes, and
also enter much more slowly and feebly into combination.

In general, only prototoxine and dewterotoxine act in the cold
(MapsexN'). If a poison is so far neutralised with antilysine that
these two groups remain inactive, the still remaining ¢ritotoxine
has absolutely no solvent action at 8° C., even when present in
the largest quantities.

This, as MapseN has shown, is due to the fact that at that
temperature the towophore group of the tritotoxine is inactive,
for it combines with the erythrocytes even at that temperature,

! Madsen, quoted by Dreyer, Zeit. j. Hyg., xxxvii., 274, 1901.
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so that solution takes place after separating the mixture by
centrifugal force and applying heat. MorcENROTH (p. 121) was
able to demonstrate the occurrence of similar phenomena in the
case of tetanus in the frog.

A further analogy with diphtheria poison is seen in the mode
of the formation of toxoids. Thus, telanolysine decreases in
strength very rapidly, and mainly, as in the case of diphtheria
poison, at the cost of the prototoxine zone. The deuterotoxine
zone is relatively more stable.

Like tetanus poison, tetanolysine differs from diphtheria poison
in requiring a certain amount of time, even several hours, to
combine with the antitoxine.

Its action upon the erythrocytes also does not begin at once,
but only after a certain period of incubation, which decreases
with the increase in the amount of poison.

ArrHENIUS and MapseN (loc. cit.) have made a closer examina-
tion of this incubation period, and attribute it to the restrictive
effect of the membrane (see General Part).

According to ArruENIUS and MapseN it is not absolutely
indispensable to assume the existence of poison spectra, as
described above, in the case of tetanolysine, and, in their opinion,
the quantitative ratios can be better explained by the hypothesis
of dissociated conditions of equilibrium such as we deseribed atb
length in the General Part. I have, however, cited MADSENS
investigations for their bearing on Enrric’s “spectra” and the
conclusions originally drawn from them, because it is not
definitely decided that there is a plurality of poisons in this case.

The results obtained by Trzzont and CentaNN1! show that the
toxouds can also have an immunising effect, for they found that
an anti-body to the lysine could be prepared by means of tefasno-
spasmine which apparently contained no lysine.

Further experiments made by Mapsix ® upon tetanolysine are
very interesting, and have also an important bearing upon the
question of the therapeutic action of amtitorines—i.e., upon their
power of again liberating the lysine from its combination with
the cell. It was found that, by the addition of antilysine, lysine
in combination with the blood-corpuscles could be liberated
again, and that the blood platelet could be “healed” even after
it had been attacked. The necessary dose, however, increased
very rapidly, just as in the case of diphtheria poison and tetano-

! Tizzoni and Centanni, Real Accad. Bologna, 1900, quoted by Neisser
and Wechsberg, loc. cit.

EHEII‘{EEEH, ““Ueber Heilversuche im Reagenzglas,” Zeit. f. Hyg., xxxii.,
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spasmine. Even after five minutes twice the dose was required;
after fifteen minutes, three times; and after thirty minutes, five
times the amount of a single protective dose. Beyond that time
accurate measurements were not possible, since, prior to the
addition of the antilysine, the amount of solution was so great
that the shade of colour could no longer be accurately matched.

PYOCYANOLYSINE.

A similar bacterial hzemolysine has been obtained from culti-
vations of B. pyocyaneus by BurLrocn and HuNTeRr.?

They isolated it from eight different cultivations, the * results
being practically the same.”

The hemolytic power was tested upon the blood-corpuscles of
the most different species of animals, the amounts usually em-
ployed being 05 c.c. of the unfiltered culture, or 15 to 2 c.c.
of that filtered through a Chamberland filter. Rabbit’s blood
offered some resistance.

There is very little pyocyanolysine present in young cultures,
the filtrate being practically devoid of it. Cultivations three to
four weeks’ old yield a filtrate which also contains lysine, though
invariably in a very small proportion as compared with that in
the main cultivation.

Burrocn and Hunter conclude from this that the lysine is
combined with cells of the baecilli, and is not liberated until the
cultivations grow older. In consequence of this combination
with the cells it is somewhat protected from the destructive
effect of heat, so that the unfiltered cultivation can resist a
temperature of 100° C. for a short period (fifteen minutes),
whereas the poison in the filtrate is rapidly destroyed by boiling.
The antilysine has not yet been detected.

These results were, in the main, confirmed immediately after-
wards by WEeiNGeErorF,? who, however, also obtained the lysine
by filtration of the cultures. Subsequently MArc. BREYMANN @
found the lysine only in the filtrates, even in the case of young
cultivations.

WEINGEROFF was able to give a direct proof that the lysine
combined with the blood-corpuscles, while the fowine present in

! Bulloch and Hunter, * Ueber Pyoecyanolysin,” Centralbl. f. Balkt.,
xxviii., 865, 1900.

® Weingeroff, *‘Zur Kenntnis des Hiimolysins des B. pyocyaneus,”
Centralbl. f. Bakt., xxix., No. 20, 1901.

* M. Breymann, ‘¢ Ueb, Stoffwechselprod. d. B. pyocyaneus,” Cenfralbl,
J. Bakt., xxxi., 481, 1902,
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the same solution remained at liberty. This showed that the
lysine and toxine were discrete.

LuBewxau,! too, found that an old pyoecyaneus cultivation
(twenty-one months) had a very pronounced hsmolytic action ;
it was strongly alkaline ; neutralisation perceptibly weakened
the heemolytic funetion, but did not destroy it.

Loew and Koza1? found that the admission of air and the
addition of sugar promoted the formation of pyocyanolysine.

According to BReYMANN the lysine resists the action of heat.

COLILYSINE.

A principle that attacked the corpuscles of the blood, and was
not destroyed by heat, was discovered by Kavsgr® in cultivations
of B. coli.

It is produced when the reaction of the liquid is very faintly
acid. Its action is most pronounced upon the blood of the dog,
and then upon that of the horse, ox, and rabbit, while it has
little or no effect upon the blood of man, the guinea-pig, sheep,
goose, and pigeon. The order of the degree of activity upon the
different kinds of blood differs from that of staphylolysine.

The poison is present in filtered cultivations of three days’
growth, not in the cells of the bacteria. The hemolysis is not
preceded by agglutination.

The lysine can resist a temperature of 120° C. for thirty
minutes without injury. It combines with the erythrocytes in
the cold like a true toxine, and, on warming, solution takes place.
Its stability on keeping varies very considerably.

On subcutaneous injection there is formed in the organism an
antilysine which is stable at 56° C. Moreover, uhmhﬂq —a.e.,
restriction of haemolysis when once commenced—can be effected
by means of antilysine (cf. Zetanolysine). Normal serum,
especially that of the horse, also contains the antilysine.

STAPHYLOLYSINE.

The history of the investigation of the staphylococei poisons
and their role is, in the main, a deseription of the same labyr-
ynthine paths as have usually been followed in the examination

1 Lubenau, * Himolyt. Fihigkeiten einzelner pathog. Schizomyceten,”
Centralbl. f. Bakt., xxx., 356.

* Loew and Kozai, ‘“Ueb. d. Bild. des Pyocyanolysins,” Malys Jb.,
xxxi., 912, 1901.

3 I&ayser ““ Ueb. Bakterienhimolysine, bes, d. Colilysin,” Zeit. f. Hyg.,
xlii., 118, 1903.

okl
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of bacterial toxines. Fortunately in this case, unlike that of the
streptococei, for example, definite results have been yielded by
the latest researches.

As regards the earlier investigations only three are really of importance.
RopET and CourmoxT! discovered in cultivations of staphylococei an im-
munising substance precipitable by alecohol. REeicHEL,* who made a closer
study of the problem, was able, {r:-, filtration of cultivations of Staphylo-
coccus pyogenes aurens, to isolate a specific poison, which was, however, not
very toxic, and agmnst. the action of which immunity could be obtained.

Mos~y and Marcaxo® found that staphylocoeei were slightly poisonous,
and, on injection, produced an antitoxine.

We know now that Staplylococeus pyogenes awreus produces
two specific poisons, one of which, leucocidine, has a poisonous
action on the leucocytes, whilst the other, a lysine, affects the red
corpuscles of the blood.

The first to indicate briefly the existence of a staphylotoxine
acting on the red corpuscles, as a substance distinct from feuco-
cidine, was VAN DE VELDE,* and then Kravus and CLAIRMONT.?
This lysine was first systematically studied, however, in Ehrlich’s
Institute by Neisser and WecHsSBERG.®

Staphylococeus  pyogenes aureus produces a  blood - solvent
toxine, which can be detected in bouillon cultures after three to
four days’ growth, the optimwum period for its formation being
ten to fourteen days. The best condition for its production is in
the still faintly acid broth, to which has been added from a third
to a half of the quantity of normal alkali required for its
complete neutralisation. It can be separated by jiltration.

The capacity for producing lysine varies very ﬁlt‘dtl} with the
different species of staphylococel, and apparently, as is also the
case with the true toxines, stands in no direct ratio with regard
to its virulence for man. The true pyogenic species, albus and
aureus, invariably produce it, but there are numerous other non-
pathogenie species that produce mo Iysine. The quantity of

1 Rodet and Courmont, *‘ De lexistence . . . dans des cultures du
staphylocogue d'une substance vaccinante,” Comptes Rend. ,exiii., 432, 1891,

* Reichel, ** Ueb. Immunitiit gegen das Virus von Eiterkokken,” Arch.
J. klin. Chirurg., xlii., 237, 1891.

* Mosny and Marcano, ‘*De l'action de la toxine du staphyl. pyog.,”
Sem. Méd., 1894, 544

4 Van de Velde, **Etude s. 1. mécanisme de virulence du staphylocoque
pyogéne,” La Cellule, x.; id., “Contribution & l'immunité des lapins contre
le Staphylocoque,” Ann. Past., x., 580, 1896.

% Kraus and Clairmont, ¢ Ueber Himolysine u. Antihdmolysine.” Wien.
klin. Woch., 1890, 49,

6 Neisser and Wechsberg, ¢‘Ueber das Staphylotoxin,” Zeit. /. Hyy.,
xxxvi., 299, 1901.
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lysine formed varies with the different species, as does also
the period of time at which the maximum production occurs.
According to Lusevau' this fluctuates considerably within
a few hours. The addition of olucose to the cultivations reduces
the yield of lysine (KAVSER *).

Staphylolysine answers the requirements of the true toxines
as regards the influence of external factors. While it can
n‘enem] }f be kept for a long period unaltered in an ice chest
(n ith the addition of phennl} it is destroyed in twenty minutes
at b6” C., is injured at 48° C., and even when kept in an
incubating chamber loses its activity within a few weeks.

I't can resist the action of considerable quantities of alkalies,
acids, and ordinary salt ; but strong alkalinity, especially at the
incubation temperature, is injurious.

The blood-corpuscles of different animals vary considerably
with regard to their suseeptibility towards the same lysine ; the
e:gthmcytew of the rabbit appear to be the most susceptible,
while those of man, of the goat, and, above all, of the goose, offer
much greater resistance. A still further mmphmtmn is 1ntro-
duced into the conditions by the fact that the normal serum of
most species of animals exercises a more or less pronounced
protective action against the lysine, so that in order to obtain
comparable results, it is necessary to use washed blood-corpuscles.
Rabbit’s blood, apart from its special suseceptibility, is also the
best medium for the test, owing to the fact that normal rabbit’s
serum has only a very insignificant protective capacity. Even
with the same blood it is possible, as in the case of fetanolysine,
to demonstrate differences in the susceptibility of the erythro-
cytes, so that even weak solutions of lysine dissolve certain blood-
corpuscles, whereas considerably stronger solutions must be
employed to obtain complete solution.

ANTISTAPHYLOLYSINE.

The protective force exerted by certain normal sera in varying
degree against the action of staphylolysine must be attributed to
the presence of a specific anti-body whose activity is exclusively
directed against staphylolysine. Normal horse serum, in par-
ticular, is sometimes so rich in it that as little as 0:01 e.e. will
afford pmtectmn against a dose of staphylolysine that would
otherwise dissolve the corpuscles en masse.

! Lubenau, ¢ Himolytische Fihigkeit einiger pathogener Schizomyeeten,”
Centralli. f. B‘alt XXX., 356, 1901.
1* IE{?F?'E & Emw d. Traubenzuckers auf Staphylococcus,” Zeit. f. Hyg.,
X 2,
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Normal horse serum also frequently affords protection against tefano-
lysine, From this Kravs and CraiemoxT have drawn conclusions as to
the identity of the two lysines and their anti-bodies. NEIssEr and
Wecnseere, however, were able to show that, on the one hand, immune
sera that afforded protection against staphylolysine had no action at all
upon fetanolysine, and that, on the other hand, fefanus sera, which acted
energetically against tetanolysine, afforded under certain conditions much
less protection than normal serum against staphylolysine.

Staphylolysine thus shows itself to be a true toxine in so far
as it possesses a specific anti-body, which is present even in many
normal sera including human serum, in varying amounts, and
is wnvariably formed whenever an animal is rendered immune
against the lysine,

This is attained by subcutaneous or intravenous, but wnot
peritoneal, injection of small doses twice or thrice repeated into
goats or rabbits.

A very interesting point is the protection afforded to the
lysine by combining with the anti-body. Although the anti-
body can resist temperatures up to 68° C., which speedily destroy
the lysine, it is not possible to eliminate the toxine from a normal
mixture by means of heat, and to leave the antitoxine free.

All these lysines, whatever their origin, produce the same anti-
lysine effective against them all, so that it would seem that we
have here to deal with a simple haptine. The evidence is in-
sufficient for us to decide whether we have here products of the
activity of staphylococei or normal side-chains in the stricter
sense of the word. Yet anti-bodies of the most diverse kind
occur in normal serum with such relative frequency as to render
it probable that normal receptors may actually have an aflinity
for the poisons in question, which in this case may have the form
of free amboceptors resembling the receptors of the blood-
corpuscles.

The Constitution of Staphylolysine.— Staphylolysine has many
analogies with tefanolysine in its constitution. It is not con-
structed on the type of Bordet and Ehrlich’s heemolysines—i.e.,
it does not, like them, consist of two parts, the “amboceptor”
and the ‘ complement,” for after being heated to 56° C., at which
temperature it becomes inactive, it can not be rendered active
again either by normal serum or any other means. Nor does
this lysine, after being rendered inactive, still produce an anti-
body, as do the intermediate bodies that withstand the heat in
the case of the hemolysines. Its structure is thus that of the
sumple towine ; the haptophore and toxophore groups are attached
to one nucleus. As in the case of the simple toxines, the hapto-
phore group is able to enfer into combination even in the cold,
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while solution does not take place owing to the toxophore group
remaining inactive. If the erythrocytes of rabbits’ blood be
treated for some hours with staphylolysine at 0° C., no solution
occurs ; but on carefully washing the erythrocytes, a,nd warming
them to 37° C. solution, it ll'ﬂ]]]Edld,tElF takes place. Perfectly
analogous conditions of combination and activity have been
observed by MorceNrorH (loc. ¢it.) in tetanus in the frog, and
by MapseEN in the case of fetanolysine. Staphylolysine is thus
closely allied to the true toxines.

This analogy goes still further. Adopting Ehrlich’s method of
determining the constitution of a toxine, Nrisskr and WEecHs-
BERG have treated a definite amount of toxine with increasing
fractions of the antitoxic unit, and have thus obtained ¢ spectra,”
which present many analogies with those of diphtheria toxine
and tetanolysine. There is no need to go more fully into these
details here.

Heemolysines are also produced by other bacteria, as has been
described—e.g., by LUuBeENAU (loc. eit.), and KraUs and CLAIRMONT
(foe. cit.). Agents with a solvent action upon the blood are
formed by cfmfma micro-organisms and other similar vibriones.
Levy'® isolated from typhus cultivations a lysine which acted
most upon dogs’ blood.

By means of immunisation with typhoid cultures he succeeded
in preparing an antilytic serum. Typhoid lysine also resists the
action of heat. A streptolysine that was fairly stable when
heated has been described by BESREDKA.2

It only occurs in young cultivations, and varies in its proper-
ties with the nature of the culture medium. 1t is only destroyed
after two hours’ heating at 70° C., and is not dialysable.

1t does not form an anti-body under any condition, and thus
is apparently not a haptine at all. For this reason I give no
further particulars about it here.

A hzemolysine isolated from cultures of the preumococcus has
been described by Casacranpr® It is characteristic of this that
only the non-pathogenic varieties of this diplococeus should form
a lysine. Its constitution is similar to that of the other toxines.
and it forms an anti-body. Certain species are also stated to
produce a specific leucocidine in addition to the lysine.

' E. and P. Levy, ““ Ueber die Himolysine des Ty.-B.,” Centralbl. f.
Balkt., xxx., 405, 1901.
* Besredka, ‘¢ De I'hémolysine streptococcique,” Ann. Past., xv., 880,

1901.
# Casagrandi, * L'Emolisina e la Leucolisina Diplococeica,” Bull. Soc.

Lancis. Rom., xxvii., 2 ; Biochem. Centralbl., i., 402, 1903.
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Lastly, specific hemagglutinines obtained from the filtrates
from bacteria—e.¢., from staphylococcus and different vibriones—
have recently been described by Kraus and Lupwic.! They
are destroyed at 58° C. and form specific anti-bodies. They
must be kept quite distinct from the specific heemolysines.

A lysine of the plague bacillus has also been described by
URIARTE.?

THE LEUCOCIDINE OF THE STAPHYLOCOCCI.

Simultaneously with the production of lysine there is formed
in the case of the typical species of staphylococei a second soluble
toxine, leucocidine, which was independently discovered by Vax
pE VELDE (loc. eit.) and by B;‘LIL,H and was more closely studied
by NEeisser and WecasBERG.* Its specific activity is directed
mainly against the leucocytes, which it kills and dissolves, and
also El-ﬂ’illn‘-:-t certain other cells, such as h@matoblasts, c-u,ncrlmmc
cells, &e. Owing to the fact that it appears to r]mtm} the
leucocytes in the living organism also, it produces infarct and
other alterations in the kldl‘lﬂ}b It does not appear, however,
to have a specific action upon the epithelium of the kidneys.
Nesser and WEecHsSBERG tested its activity by means of their
“ buoscopie method,” in which they took the reducing power of
the leucocytes as the measure of their vitality, a dilute solution
of methylene blue being used as the indicator, If the leucoci-
dine was active no decolorisation of the methylene blue took
place. In such determinations it is obvious that the quantity of
leucocytes present must be taken into account; this was done
by determining beforehand the single reducing dose, L, for each
exudation from the living cells, and taking this result as the
basis of the calculation.

Leucocidine is produced in bouillon cultivations in about four
days, and reaches its maximum in about eight days. As regards
the influence of the alkalinity of the culture fluid almost the.
same conditions appear to hold good for leucocidine as for
staphylolysine.

Leucocidine invariably eccurs in association with the lysine.

! Kraus and Ludwig, ““Ueb. Bakteriohiimagglutinine,” Wien. Ifin. Woch.,
1902, 120,

2 Uriarte, ‘“ Hémolysine du bac. pesteux., ? Soe. Biol., lvii., 254, 1904,

3 Bail, * Ueber ]eukuclda Substanzen in den thffﬁeehselpmduktan
Staph. pyog. aureus,” Arch. f. Hyg., xxxii., 133, 1898.

4 Neisser and W echsherg, “Ueber eine neue einfache Methode z. Beob.
1].:'3'1312 H{:é]ﬁaid]gungen leb. Zellen und Organismen,” Minch. med. Woch.,
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The same species of staphylococei that produce the lysine also
produce leucocidine, although far from invariably in correspond-
ing quantity. As in the case of the lysine, passage through an
animal increases the production of poison. It is, nevertheless,
@ specific poison wnmistakably distinct from the lysine, and
possesses its own haptophore and toxophore groups. The lysine
does not combine with the leucocytes. Leucocidine passes into
the sterilised filtrates and is thus a soluble poison.

It is somewhat less stable than the lysine. At 50° C. it is
destroyed in twenty minutes, and at 58° C. in ten minutes.
When kept, preserved with phenol, in an ice chest it very
rapidly becomes weaker, its activity being from twenty-five to
sixty times less after sixteen days. Eventually it becomes quite
inactive.

Its action is fairly slow, so that it is essential to extend the

period of observation to two hours. It is shown to be a true
toxine by the fact that it is capable of forming an antitoxine.
Dexys and VAN pE VELDE' were the first to prepare an anti-
lewcocidine by means of the injections of the filtrates from
cultivations. Then Nrisser and WechHsserG discovered anti-
leucocidine in normal horse serum and human serum, but not in
that of the rabbit; in like manner they invariably obtained an
antileucocidine of uniform character by immunising rabbits and
goats.
” We have thus in the leucocidine of staphylococei a true toxine,
which has specific action upon leucocytes—characteristic activity
which has hitherto only had an analogy in the pneumococcus
leucocidine discovered by CasacraNDI (loc. cif.).

1 Denys and Van de Velde, ““Sur la production d’une antileucocidine,
&e.,” La Cellule, xi., quoted by Neisser and Wechsberg,
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II.—THE ENDOTOXINES.
CHOLERA VIRUS.

Tae question of the nature of cholera virus, and of its position
with regard to the true toxines, is still far from being definitely
settled. Apart from the unfortunate fact that we meet with
direct contradictions in the experimental results, there is also
one very important circumstance that increases the difficulty
of making a survey in this and many very similar cases, such
as the poisons of typhus, pneumococcus, &e. The earlier
investigators of immunity were not at that time able to draw
the fundamental distinetion between antitoxic and bacteri-
cidal immunity, and thus at first no systematic research was
made to determine the existence of a cholera toxine and anti-
toxine. But even at the present day the di["l"lnt:ult:r,.r of investi-
gation is greatly inecreased by the fact that immunity against
cholera is undoubtedly, in the main, bactericidal, and that anti-
toxic immunity, even if it exists at all, occupies an absolutely
secondary position. Even inoculation with the dead cells
apparently produces a purely antibacterial immunity.

The history of cholera virus begins with R. Kocn,! who had
long regarded cholera as a disease due to toxine poisoning,
although it was only after tedious experiments that he suec-
ceeded in causing rapid poisoning, and then only by means
of living bacteria. On the other hand, Nicarr and Rirrscu?
obtained poisonous filtrates devoid of specific activity, as was
also done by Van ErmeNcEM.? Then followed the usual inves-
tigations of the soluble crystalloid substances of a ptomaine
character which had been isolated from the cultures, but were
soon recognised as not responsible for the toxic action of the
vibriones. The toxalbumins, too, which BriEGER and FrRANKEL
isolated by their method from cholera cultivations, were found

L R. Koch, * Vort. iiber die Cholera,” Berl, Llin. Woch., 1884, 498 : id.,
‘¢ Zweite Conferenz z. Erort. d. Cholerafrage,” ibid., 1895 [37«], 8.
“ Nicati and Rietsch, ‘‘ Effets toxiques des produits, &e.,” Comptes
Rend., xeix., 929, 1884.
* Van Ermengem, *‘Sur l'inoculation des produits de culture du bacille
virgule,” Bull. Acad. Méd, Belg., [3], xviii., 1221, 1884,
10
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by them to be substances having only a slight toxic action, and
not producing any specific effects. Their cholera toxalbumin, in
particular, was insoluble in water and not poisonous to rabbits.
The first successful attempt to isolate a poisonous and approxi-
mately specifically active product from Koch’s vibrio was made
by Perri! He discovered in peptone cultivations a soluble
poison, which killed guinea-pigs with hypothermia and other
symptoms of cholera poisoning, althaugh fairly large doses
(2 c.c.) were required. His ““foxopeptone,” it is true, differed
widely from the true toxines in that it could resist boiling.
He also confirmed the far-reaching observation first made by
Caxntaniy,? that the cells after being killed invariably still con-
tained an abundance of virus, so that the filtered cultivations
were never as poisonous as the original sterilised cultures.
KremperER? also found that the dead cells were still poisonous
and could act per os when the acidity of the stomach was
partially neutralised and the intestine in a state of rest.

Next cume the experiments of Huerre® and ScHOLL® to obtain a
“‘ toxine’ means of anaérobic cultivations in eggs and preci ltatrlon
with alﬂahﬂlybut their results were contradicted by éEUBER and WIENER,®
Weserook,” and Dowirz,® who were unable to prepare active spemﬁc
poisons by these means.

GAMALEIA? concluded that there were two cholera poisons.
He cultivated the vibriones for fifteen days in calf’s-foot bouillon
and sterilised the culture at 120° C. The poison thus obtained
caused death preceded by a marked fall of temperature and
paralysis, as well as by hyperemia of the abdominal organs.
There was absolutely no acclimatisation to this poison, which

1 Petri, “‘Unters. iib. die d. d. Wachstum der Cholerabakt. entstehenden
chemischen Umsetzungen,” Avb. Kais. Ges.-Ami., vi., 374, 1890.

? Cantani, “* Giftigkeit der Cholerabazillen,” Deutsch., med. Woch., 1886,
789.

¢ Klemperer, *‘ Ueb. kiinstlichen Impfschutz gegen Choleraintoxikation,”
Berl. kin. Woch., 1892, T89.

4 Hueppe, ‘‘ Ueb. d. Aetmlﬂgm u. Toxikologie der Cholera asiatica,”
Deutsch. med. Woch., 1891, 417.

& Scholl, ¢ Unters. iib. glftlge Eiweisskorper bei Cholera asiatica,” Arch.
f. Hyyg., 189_, 172.

§ Gruber and Wiener, ““ Ueb. d. intraperiton. Cholerainfektion,” Wien.
klin. Woch., 1892, 543.

7 ﬂfes‘nrur}k «‘Contrib. 4 Pétude d. toxines du Choléra,” Ann. Past.,
viil., 318, 15894,

8 Dﬂmtz. ¢ Ueb. d. Verhalten d. Chol.-Vibr, im Hiihnerei,” Zeit. f. Hyg.,
1895, 20, 31.

- Gamale:a ¢ Recherches expér. sur les poisons du Cholera,” Arch. de
Med. Exper., 1892, 173.
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originated from the cells of the vibriones and was of a nucleic
character. In addition to this, however, the cultivations con-
tained a poison, a nucleo-albumin, which was unstable when
heated ; it oceurred in the cultures that had been sterilised at
58° C., while the filtrates were only very slightly poisonous. It
produced very violent diarrheea and other choleraic symptoms.

WasserMANN ' found that the dead cells when used in the
proportion of eight to ten times the quantity of the liw.ring
vibriones produced the typical symptoms, ending in death, i
a guinea-pig. By evaporation of the cultures and plcclpltatlﬂn
with alcohol he obtained a poison which, in a dose of 002 grm.,
killed guinea-pigs but produced no antitoxic immunity. PrE IBFLR
and WasSERMANN 2 and IssAEFF 2 assert that the serum of im-
mune animals does not confer antitoxine immunity. KLEWPERER?
found filtered cultivations to be slightly poisonous.

The question was then further investigated by WEsSBROOK.
He cultivated the vibriones on alkali albuminate which gave
no biuret reaction, After three weeks there was an unmis-
takable biuret reaction. The poison, when filtered through
porcelain, was fatal to guinea-pigs in doses of 05 to 1'5 c.c.
and possessed immunising capacity.

He attempted to isolate it by neutralising the alkali albu-
minate with hydrochloric acid so that it was precipitated,
concentrating the filtrate in vacuo at 40° C., and dialysing it
after the addition of alcohol. Both the precipitated albuminate
and the albumose left in the filtrate were poisonous.

He also obtained from a rich growth of the bacteria in proteid-
free culture-media (like those employed by Uscninsky), to which
a certain proportion of sodium hydroxide had been added, a
poison which, after imperfect puliﬁmtiml yielded a brown sub-
stance that gave no biuret reaction and only a faint xantho-
pmten:l leaLtmn It had a poisonous action and tmmunising
capacity. From these results he concluded that cholera virus
was only in combination with proteids, but was not a proteid
itself.

This poison was invariably only sparingly produced in the
cultivations, and was but very slightly poisonous in comparison

! Wassermann, ‘“Unt. iib. Immun. geg. Chol. asiatica,” Zeit. f. Hyg.,
xiv., 33, 1893.

# Pfeiffer and Wassermann, ** Unters. iib. das Wesen d. Choleraimmuni-
tat,” Zeit. f. Hyqg., xiv., 46, 1893.

# Issaeff, ¢ Unt. iib. d. kiinstl. Imm. geg. Cholera,” Zeit. . Hyg., xv.,
287, 1894. :

4 Klemperer, ‘‘ Schutzimpf. d. Menschen geg. asiat. Cholera,” Berl. Ilin.
Wockh., 1892, 970,
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with diphtheria toxine and tefanus toxine, and hence PFEIFFER!
asserted that cholera virus possessed a totally different nature
and mode of production to these ¢rue toxines. He put forward
the view that cholera virus was not an excretion product of the
vibriones, but a substance firmly retained within the cell in the
normal condition, an “endotoxine,” which only left the bacteria
after the death of the latter. This would account for the rela-
tively small toxic action of the filtered cultivations compared
with the highly poisonous effects of the living cultures, and, as
was shown by PreIrrER, of the dead baecilli.

Preirrer advanced, in support of his view, the following facts
which he had observed :—The germ-free filtrate of bouillon cul-
tures is only about half as poisonous as the original cultivation
before boiling. If boiled cultivations are filtered the germ-free
filtrate 1s more poisonous than that from the unboiled culture.
But if, on the other hand, the filtrate from the untouched culti-
vations is boiled, it loses its foxic property.

If the vibriones are killed by means of chloroform or thymol
the poisonous property is retained, whereas the addition of
alcohol and precipitation with ammonium sulphate have an
injurious effect upon it. When the vibriones are allowed to
dry slowly, so that they die, they retain their toxiec power.
If they are then heated with water and the liquid filtered
through a Chamberland filter, the filtrate is non-poisonous ;
nor is glycerin any more effective in extracting the poison
from the dead cells. Preirrer? concludes that there is a
primary very unstable poison which is converted by heat into
the secondary poison, prepared by ScHoLL and others, which while
acting in the same manner is ten to twenty times weaker.

Prrirrer® still firmly maintained his theory even after
Raxsom* had claimed to have prepared, from cultivations, an
active cholera toxine possessing true immunising powers, and
after SoBErRNHEIM ® had, at an earlier period, obtained by filtra-
tion of old cultivations in a rapid state of decomposition a poison
that acted per os, and also produced imimunity. Raxsom himself

! Pfeiffer, *‘ Unters. tib. d. Choleragift,” Zeit. f. Hyg., xi., 393, 1892.

? See also Pfeiffer, ** Studien zur Cholera-Aetiologie,” Zeit. f. Hyg., xv.,
268, 1894,

¢ Pfeiffer, ** Ueber die spezifischen Antikérper der Cholera,” Zeit. f.
Hyyg., xx., 217, 1895; id., ** Ein neues Grundgesetz der Immunitit,”
Dentsch. med. Wock., 1896, Nos. 7 and 8.

4 Ransom, *‘Choleragift w. Choleraantitoxin,” Deutsch. med. Wockh.,
1895, 457.

% Sobernheim, ‘° Experim. Unters. iib. Choleragift und Cholerschutz,”

Zeit. f. Hyg., xiv., 485, 1893.




CHOLERA VIRUS. 149

gave no further details as to the preparation of his poison, but
Benring! subsequently stated that Ransom’s poison was obtained
from cultivations of five to ten days’ growth, by means of a short

heating at 100° C., filtration through a P uka.ll-, filter, and pre-

cipitation with aleohol.

This solid poison is stated to produce violent choleraic symp-
toms and death when tried upon animals. It causes in the
organism of the amimal a slight formation of antitoxine (protec-
tion against four to six times the lethal dose), and in this respect
*-.huu]{l be regarded as a true toxine. Against this, however,
must be placed its stability when heated, which, according to
Ransom, is one of its characteristics, and also its relatively
small toxic action (0-07 grm. of the solid poison is the lethal
dose for guinea-pigs). PrrIrrer, therefore, regards Ransom’s
poison as a secondary product, and is of opinion that its
reputed antitoxic power is not greater than that of the normal
seruin,

MerscaNikorr, Roux, and TAURELLI-SALIMBENI? brought
forward the following interesting experiments in opposition to
Pfeiffer’s theory : —They placed 3 to 4 c.c. of a peptone solution,
part of which contained living vibriones and in part of whic h
the micro-organisms had been killed by means of chloroform, in
sterilised collodion capsules, which were then hermetically closed
and placed in the abdominal cavity of guinea-pigs. The animal
treated in this way with the dead vibriones became slightly ill,
whereas that poisoned with the living micro-organisms ]Jllll'-lled
in three to five days with typical Llwlemm symptoms. Post-
mortem section showed the usual alterations found in cholera,
but in none of the organs were there any vibriones, although
these were alive in the capsule,

Some of the animals survived and then showed an increased
resistance.

The inevitable deduction to be drawn from this experiment is
as follows :—

In the culture medium contained in this closed capsule which
thus represented a model intestine, there was formed a poison
which could diffuse through the collodion membrane whilst the
vibriones developed vigorously inside the capsule. On the other
hand, but little poison was liberated from the dead cells—only
sufficient to produce slight illness,

! Behring, ** Untersuch. Ransoms iib. die Agglutination der Cholera-
vibriones,” Deutsch. med. Woch., 1898, 294,

- *Metschnikoff, Roux, and Taurelli-Salimbeni, *‘ Toxine et antitoxine

cholérique,” Aan. Past., x., 257, 1896.
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At first the vibriones showed vigorous increase within the capsule, but
soon they assumed other forms and then no lenger ticreased ; they did not
die, however, but could still be cultivated months afterwards, on nutrient
media. Passed through the body of an animal after intraperitoneal injec-
tion they again yielded cultures of a high degree of virulence.

They then endeavoured to obtain this poison also from culti-
vations of the vibriones thus made virulent. Old cultures have
relatively little toxic action, and they, therefore, used quite
young cultivations of two to twenty-four hours to three or four
days’ growth.

These when filtered had an average toxicity of 03 c.c. per 100 grms. of

animal. The addition of serum to nutrient liquids increased the degree
of toxicity and also the development of a torula form in the cultivation.

The poison thus obtained was also stable when boiled, but was
soon rendered inactive by air and light. When hermetically
sealed up it kept for a long time. Alecohol and ammonium
sulphate did not precipitate it. 1t behaved in a manner
analogous to Ransom’s poison. By injection of increasing doses
1t was possible to produce an antitoxic immunity, which although
greater than that of normal serum, was yet exceedingly insignifi-
cant compared with that of diphtheria and tetanus antitoxines.
In the most favourable case 1 c.c. neutralised six times the
lethal dose! In this respect its behaviour is the very opposite
of Pfeiffer’s bactericidal antiserum, obtained by means of im-
munisation with dead wvibrio cells, which is devoid of any
neutralising effect upon the toxine. This is an argument against
the view that the dead cells contain any appreciable amount of
immunising toxine, since otherwise this, when liberated, would
necessarily show its power of forming antitoxine.

Courmont and Dovon' also obtained a soluble poison that
could be filtered ; it had an exceedingly small toxic effect, the
lethal dose for a rabbit being 4 c.c. (!). It produced hypothermia
and hwemorrhagia, also paralysis and peripheral neuritis. It
was extremely sensitive to the influence of light and air. Culti-
vations sterilised at 50° C. proved somewhat more poisonous.

Hanun,® on the other hand, employing Buchner’s method of trituration
and expression at a pressure of 4 to 5 atmospheres, isolated from quite
young cultivations, a cholera plasmine, in the form of a yellowish-brown
liquid, which when injected in doses of 0°5 to 06 c.c. protected guinea-pigs
after eight days against ten times the lethal dose. Particularly interesting

! Courmont and Doyon, * Effets de la toxine cholér.,” drch. de Phys.,
xxviii., 785, 1896.

* Hahn, “‘ Immunisierungs- u. Heilversuche mit den plasmat. Zellsiften,
&e.,” Miinch. med. Woch., 1897, 1344.
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points in connection with these plasmines are that they are only wvery
slightly poisonous, and that the immunity that they confer is apparently
a true bactericidal one; it is not as yet possible to prove that the active
substances expressed are those that cause the formation of the bactericidal
intermediate products. This question is of great theoretical importance
and will be specially dealt with when we come to consider Tuberculine

(q.v.). Buchner’s plasmines cannot help us in the matter of the poisons
and antitoxines of cholera.

It is not altogether easy to form a definite conception of the
nature and mode of action of cholera virus from these apparently
contradictory experimental results.

For this purpose the question must be formulated in a more
precise manner in accordance with our theoretical conceptions
concerning bacterial toxines.

The question is then no longer: ¢ Do the vibriones produce
a soluble poison that gives rise to choleraic symptoms?” but
it is necessary to ask whether they produce a toxine—i.c., a
poison which enfers into combination in a specific manner, and
eventually produces specific antitoric immunity.

When we put the question in this form the following conclu-
sions may apparently be drawn with some degree of probability
from the experimental results.

It appears to be the fact that the vibriones produce a frue
toxine, which is very sensitive to all external influences, and
even through the ageing of the cultivations undergoes a change
in a manner that has yet to be further investigated. This toxine
differs materially, however, from those of the diphtheria type, in
that it is not, like such toxines, secrefed in the free state and
almost without residue by the wvibriones, but appears to be
energetically retained by them intra vitam. We here meet with
peculiarities similar to those that occur in the case of true
ferments. While, for example, yeast excretes only one enzyme,
yeast diastase, it also contains others—e.q., invertase and maltase—
which are not given up by the living yeast cell, and can only be
extracted after the cell has been killed, or after its membrane
has been ruptured by means of glass powder.

In addition to these the yeast cell also contains E. Buchner’s
zymase, which can only be set at liberty by the very drastic
means of trituration and expression under high pressure.

Perfectly analogous conditions are found in the case of the
inverting enzyme of Monilia candida, which is also active after
the addition of toluene, but has not yet been isolated from the
cell of the mould-fungus by any of these methods.!

! For further details of these ‘‘ Endoenzymes” see my Ferments and
their Actions, Griffin & Co., London.
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And the cholera vibrio retains such ferment within itself in
firm combination, but capable of isolation by drastic means, as
was shown by GereT and HauN when they isolated a proteolytic
enzyme. In like manner, then, the foxine also appears to be
firmly combined with the living cell, to be an endotoxine analo-
gous to the endoenzymes. After the death of the cell, however,
it passes, partially at all events, into the culture medium, just
like yeast invertase, so that, as PrEirrer has shown, cultures
killed by thymol, &c., or by drying, give indications of the poison
they contain. But that the toxine, after the death of the
vibriones, is really fiee, dissolved in the medium, and diffusible,
is shown, again, by the experiments of MerscunikoFF, Roux,
and TAURELLI-SALIMBENI, in which it was found that living
vibriones enclosed in a collodion capsule exerted their toxic
activity outside the membrane. For, without doubt, in an ex-
periment on these lines, of luxuriant growth on a restricted
culture medium, a process of death and decomposition would
take place simultaneously with the development of new vibriones.
And since in this case the toxine can, immediately after its
production, exert its activity upon the organism, while itself
protected from every injurious influence, we may conclude with
some degree of probability that here the primary true cholera
toxine is the active agent. Probably this presumably true toxine
is also active in cases of real cholera in the living organism.
And this toxine ought, therefore, also to produce an antitoxic
reaction in the organism. That this reaction is so slight ought
not to excite surprise, for, in the first place, the amount of toxine
thus set free can only be very trifling, so that a high degree of
immunisation is not to be expected ; and, further, this degree
of antitoxic activity is lacking in a complete poison that has
undergone secondary alterations, and, as we shall see below,
probably contains numerous toxoids, the result being that the
antitoxic power of the serum must appear too small. Thus the
cholera vibriones, after death and decomposition, give up part of
their endotoxine to the culture media; at the same time it is
highly probable that they still retain the larger proportion of the
toxine, just as zymase is retained by yeast. Possibly the method
of aseptic autolysis tried by CoxrApi! upon fyphoid bacilli may
enable us to prepare the primary cholera poison.

This primary poison, a true toxine, is extraordinarily sensitive
to external influences, in which respect it resembles zymase, and
its full activity can therefore only be demonstrated under con-

! Conradi, ¢ Ueber lgsliche, durch Autolyse erhaltene Giftstoffe,”
Deutsch. med. Woch., 1903, No. 2.
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ditions as favourable as those of the above-described experiment
of MeTscHuN1KoFF and his collaborators.

A further conclusion to be drawn is that cultivations that
have been killed contain only a very small amount of the toxine,
and this accounts for the want of success in the attempts to
isolate it as a chemical entity, and also the but trifling toxic
action of the collodion capsules containing the dead cells.

As the vitality of the cells grows w eaker the proportion of
true toxine present also decreases very rapidly, so that in old
cultivations or those that have been destroyed there is little
poison present except that secondary leat-resisting product that
has been described by various observers. This is certainly no
longer a true toxine, since it resists boiling and is relatively bu/
slightly poisonous. This poison, too, is only secreted to a small
extent, but is, at all events, sufficiently stable to be isolated as
a definite substance distinet from the body cells of the vibriones.
It has, moreover, a slicht power of forming an antitoxine; it
thus '-.h(:-w all the characteristics that h-’:lunw to Ehrlich's
toxords—viz., greatly reduced toxic capacity, greater stability, and
the power of forming aen antitoxine, as well as of entering info
combination,

Hence, from these considerations, we can conclude with some
degree of probability that the cholera vibrio produces a true toxine,
an endotowine, comparable with yeast invertase, which is only
separated scantily, if at all, from the living cell, and that this
toxine is extremely unstable, and is very readily transformecd
into a secondary mixture of poisons rich in toxoids.

At the same time, it is highly probable that, in addition to
this poison so scantily secreted, the cholera vibrio, presumably,
like all bacteria, also contains in its protoplasm a simple non
spectfic bacterial protein, which produces symptoms of inflam-
mation, as, for example, that of the diphtheria bacillus. Only in
this case it is not possible to separate the enzymic poisons so
quantitatively as in the case of diphtheria, so that it is difficult
here to obtain objective proof whether any such poisonous protein
is present, in addition to the specific poisons.

CHOLERA ANTITOXINE.

We have shown above that it is probable that there is a cholera
toxine which produces antitoxine to a small extent. No decisive
unquestionable proof, however, that the serum of the animals in
the experiments contains an active anfitoric substance has been
given ; and so long as cholera antitoxine has not been actually
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detected in the fluids of the body, the whole question whether
Kocn’s vibrio produces a true toxine must be regarded as an
open one.

The question whether or no the serum of the animals used in
the experiments confers antitoxic immunity does not necessarily
coincide with that which is alone important, from the theoretical
point of view—viz., Does it contain antitoxine? This antitoxine
may possibly be very unstable, or, owing to its small quantity
and ifs great dilution when introduced into the animal, it may
become inactive. This would explain the negative results
obtained by PrerrreEr, KoLLE, WASSERMANN, IsAEFF, and others
in experiments on animals, and of Lazarus! on convaleseent
cholera patients, assuming that there really exists a cholera
antitoxine, proof of which has certainly not yet been brought.

TYPHOID VIRUS.

Almost the same description might be given of typhoid as of
cholera virus, only that in this case the experimental material is
far more scanty, and the question of the existence of a toxine
and antitoxine has hardly passed the first stages of discussion.

All that is certain is that typhoid bacilii can, under certain
conditions, produce true toxine poisoning, and that the bacteria
must therefore produce an active poison. On the other hand, it
is equally certain that immunity against typhoid baeilli is essen-
tially, as in the case of cholera, not antitowic, but bactericidal,

and antitoxic immunity, if it oceurs at all, is only of slight
importance.

Here, too, the history of the investigations of the poison begins with the
researches of BRIEGER,” who first isolated typhotoxine, and subsequently

his toxalbumin. These and similar preparations are mof the specific
typhoid poison

On the other hand, as was found by BeEumMEr and PEIPER,?
and subsequently by Chantemesse and WiparL* cultures steri-
lised at 100° to 120° C. in autoclaves are poisonous, the dose
being from five to six times that of the living cultures ; the older
they are the more toxic they become.

! Lazarus, * Ueb. antitoxische Wirksamkeit des Blutserums,” Berl. Kin.
Woch., 1892, Nos. 43-44.

* Brieger, Weiteres ither Ptomaine, Berlin, 1885,
% Beumer and Peiper, “Bakt. Stud. iih. Typhusbaz.,” Zet. f. Hyg.,
ii., 110, 1887.

* Chantemesse and Widal, “L’immunité contre le virus de la fiévre
typhoide,” Ann. Past., ii., 54, 1888, Id., ** Et. expérim., &ec., de l'infec-
tion typhique,” #bid., vi., 755, 1892,
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Soluble poisons were prepared by BrieGcer, Kirasarto, and
WasserMANN (loe. cit.) by heating the liquid cultures to 80° to
90° C. and precipitating with aleohol, and also by concentrating
them at 37° C. before the addition of the alcohol. These had
slight toxic and immunising properties, while the filtrates were
absolutely inactive. SiroriNin! obtained a poison possessing
specific(?) activity by filtration, but PreirFer and KovLLg's*®
results were a direct contradiction of this. BirTER’s ? prepara-
tion was obtained by extraction with concentrated glycerin and
evaporation in vacuo at 36° C.

SANARELLL* cultivated very poisonous typhoid cultures on
glycerin bouillon for a month at 36° C., and then sterilised them ;
these cultures were frequently rendered more poisonous by intra-
peritoneal injection into mice. From them he isolated, by means
of maceration for several days at 60° C,, a very weak soluble
poison which produced specific symptoms in the mucous mem-
brane of guinea-pigs and monfkeys, especially that of the intestine.
The lethal dose for rabbits amounted to 10 c.c. per kilo. There
was nothing specific, however, in the symptoms in the case of
this animal.

Roper® found that filtered typhoid cultivations were slightly
toxic, causing elevation of temperature and local signs of necrosis ;
the residual cells had hardly any poisonous action. Special
importance attaches to the results obtained by CHANTEMESSE,®
who obtained a very active typhoid torine speedily decomposing
in the air, by cultivation of the bacilli on an extract of spleen
which had been digested with pepsin and again neutralised.
Here, too, we find the same behaviour as in the case of cholera,
the poison being not completely destroyed at 100" C.—i.e,
doubtless being converted into a less poisonous, but more stable,
modification, Tt is possible that in this case also we have to
deal with toxoids.

It acts upon susceptible animals, producing drowsiness, para-

! Sirotinin, ‘‘Die Uebertrag. von Typhusbazillen anf Versuchstiere,”
Zeit. f. Hyg., i., 465, 1886.

2 Pfeiffer and Kolle, ** Ueb. d. spez. Reaktion d. T yphusbazillen,” Zeit.
f. Hyg., xxi., 203, 1896.

3 Bitter, ¢ Ueb. Festig. v. Versuchstieren geg. d. Intoxikation durch
Typhusbazillen,” Zeit. f. Hyg., xii., 298, 1892,

4 Sanarelli, *“Etudes sur la ficvre ty phmde expérim.,” Ann. Past., viii.,
193, 1894.

g Rndet L Sur les proprietés toxiques des cultures des bacilles d’Eberth,”
Soc. Biol., 1., 774, 1898,

6 Chsmtemesse* “Toxine typhoide soluble,” Prog. Méd., 1898, 245 ; id.
*¢ Losliches Typhustoxin,” Wien, med. Blitter, 1898, 18 et seq.
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lysis, and also, especially on intravenous injection, acceleration
of the pulse and lowering of the blood-pressure. Introduced
per os it is harmless.

Vincent! found that filtered cultures of EsErrn’s bacillus
were very poisonous when injected into the cranium, and that
even animals rendered immune to typhoid were not protected
against its action.

Hens and pigeons are almost refractory, while other animals
show varying degrees of susceptibility. Rabbits are three times
as susceptible as guinea-pigs.

Soluble poisons were also found by Marrtin? in filtered
typhoid cultivations ; he concluded that the poison retained in
the cells was identical with this. He cultivated the baeilli in a
bouillon partially prepared from extract of spleen and containing
alkali albuminate.

The collodion capsule method has been tried by Roper and
Gukenorr,® but with little suceess.

Conrap1* obtained typhoid poison by aseptic autolysis of the
bacilli, mixing them with a 0-8 per cent. solution of sodium
chloride and leaving them for at most forty-eight hours in the
incubating chamber. In this way he prepared a solution of a
cell-free poison, which in a dose of 2 c.c. killed guinea-pigs in
twenty-four hours.

This method and also that of MacrapyeN and RowLAND® are
particularly promising for the elucidation of this question in the
future. Macrapyven triturated the bacteria at the temperature
of liguid air and thus obtained a poison that caused acufe
symptoms, and also, according to his preliminary experiments,
produced antitoxic immunity.

This typhoid endotoxine has been described more fully by
MACFADYEN 6 in a detailed investigation recently published. It
was found to be very poisonous. In immunisation experiments

! Vincent, “‘Inoculation intercranielle du bacille Eberth, &c.,” Soc. Biol.,
lv., 1214, 1903.

*Martin, ‘“Die chem. Prod. path. Bakt.,” Wien. med. Blitter, 1898,
No. 25 et seq.

* Rodet, A. and G. Guéchoff, ** Versuche die Methode der Kollodium-
sickchen auf die Kenntnis der toxischen Produkte des Eberthschen Bacillus
und des B. coli anzuwenden,” Sec. Biol., li., 962, 965, 1900.

*Conradi, ** Ueber losliche, durch aseptische Autolyse erhaltene Gift-
stoffe,” Deutseh. med. Woch., 1903, No. 2.

* Macfadyen and Rowland, ‘‘ An intracellular Toxine of the Typhoid
Bacillus,” Proc. Roy. Soc., Ixxi., 77, 1902, also Ceniralbl. f. Bakt., xxxiv.,
618, 1903.

¢ Macfadyen, ‘“Uber das Vorkommen intracellularer Toxine,” Z. fiir
allgem. Phys., iii., 303, 1904,




DYSENTERY. 157

it had a protective action against both the toxine and infection
with living baeilli.

Whether these soluble poisons are true toxines or toxoids—i.e.,
whether or no they produce antitoxines in the body—is still more
doubtful than in the case of cholera. Pre1Frer and KoLLE
absolutely deny that there is any excretion of a free soluble
poison or formation of antitoxine, whilst Birrer concludes that
there is a slight production of antitoxine. On the other hand,
CHANTEMESSE observed an unmistakable and energetic formation
of antitoxine, after the injection of his typhoid toxine, especially
in the case of the horse. :

We have thus, as in the case of cholera, a poison firmly
retained in the cells of the bacilli, and only to be separated from
them with difficulty. Our theoretical conclusions must, there-
fore, with all reserve, be very similar to those we have drawn
in the case of cholera virus—viz., that there possibly exists a
typhoid toxine, but that it is hardly excreted in the free state,
and that the poisons that have been prepared are greatly altered
secondary products.

BACILLUS COLI COMMUNIS.

The only statements that the colt bacillus produces a toxine
are those of BarBa-Morrny! (of whose results only a short
abstract giving no particulars of the nature of the poison was
accessible to me), and that of Ropgr, who discovered them at
the same time in typhoid cultures (¢.z.). According to MArTIN’S
results (loc. ¢it.) the coli bacillus and also Gaertner’s B. enteritidis
appear to behave in quite an analogous manner to the typhoid
bacillus as regards the production of their poison.

VavucHAN * by heating the cells with dilute (1 per cent.)
sulphuric acid, obtained a poisonous substance which was cer-
tainly not a foxine. With regard to colilysine, vide supra.

DYSENTERY.

CoNrADI (loc. cit.) has succeeded, by means of the method of
aseptic autolysis, in preparing a soluble dysentery poison.

After eighteen hours’ autolysis he obtained poisons which
killed large rabbits after the intravenous injection of 01 c.c.
The symptoms were violent diarrhwa, paralysis, decrease of
temperature, &e. In cases of chronie poisoning with smaller
doses there were also intestinal ulcers and all the pathological
and anatomical appearances of dysentery.

1 Barba-Morrhy, Boumgartens Jb., 1897, 403.

* Vaughan, **The intracellular Toxines of some Pathogenic Bacteria,”
J. Amer, Med, Assoc., 1903, 828 ; Biochem. Centraibl., i., No. 1,056.
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PLAGUE TOXINE.

The plague bacillus also produces soluble poisons which pro-
bably belong to the true toxines, although the question is still
unsettled.

The filtrates of quite young cultivations have no poisonous
action, as was shown by the concordant results of the German
Commaission,! WERNICKE,2 ALBRECHT and GHon.3

On the other hand, toxic properties are developed in old cul-
tivations (even after five days), and increase with their age.
The cultures cause death, preceded by emaciation, degenerative
changes in the liver, and weakness of the heart’s action. The
plague toxine has been most thoroughly studied by Marx«.

MarkL4 found, first of all, that the cells of bacilli that had
been killed by chloroform were very poisonous, but subsequently
made use of the filtrates from bouillon cultures instead, which
proved fully as poisonous.

The toxic power was particularly great in the case of old
cultures that had been grown at a lower temperature (about
20° C.), and it increased up to about the second month, after
which it became stationary, and then decreased until eventually
the toxine disappeared. Plentiful admission of air to the cultures
was most essential. The temperature of incubation had an in-
jurious effect upon the toxines.

The lethal dose of the most active poisons amounted to 0:005
to 0-01 c.c. for mice and to about 01 c.c. for rats.

In the case of these animals the poisoning proceeded rapidly,
with symptoms of collapse, but without any anatomical altera-
tion except fatty degeneration of the liver; with rabbits and
guinea-pigs, however, it only acted in this way when very large
doses had been given, and otherwise its action was more pro-
tracted, extending over several weeks. Occasionally a splenic
tumour and plgmcntmy atrophy of the liver were produced. In
the case of a cat he observed, in addition to marasmus, loss of
hair and wide-spread necroses of the skin. In guinea-pigs it pro-
duced rigor and extreme lowering of the temperature (25° C.).

1 Bericht der deutschen Pest-Comm.,” Arb, Kaiserl. Ges. Amit., xvi.,
1899,

“ Wernicke, ‘“ Ueb. Immun. Vers. b. d. Beulenpest,” Centralbl, f. Balkt.,
xxiv., 1894,
: * Albrecht and Ghon, ** Bakt. Unters. iib. d. Pestbae.,” Wiener Akad.,
*lxvi., 1898.

4 Markl, ‘ Beitrag z. Kenntnis der Pesttoxine,” Cenfralbl. f. Balki.,
XXiv., Nos. 18-20 (Bibliography), 1898; id., * Weit. Unters. iib. Pest-
tnxum" Zeit, f. Hyg., xxxvii., 401, 1901.
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The poison is very sensitive to external influences. Even at
the ordinary temperature the toxic power of the solutions rapidly
decreases, and this loss takes place more rapidly at high summer
temperatures (25° C.) and immediately at 70° C. It is true that
filtrates thus heated are still poisonous to guinea-pigs and rabbits
when introduced in large doses, but in quite a different way,
possibly on account of the formation of toxoids.

MarKL has also endeavoured to purify plague toxine, but his
experiments (precipitation with alecohol) are little more than
preliminary. He has found that it is intimately associated,
like all true toxines, with albuminous substances.

It is pmhable tlmt he was dealing, in the main, with
secondary poisons which are formed in such old cultures.
They cause a formation of antitoxine, even if only to a slight
extent.

Kosser and OvERBECK,' too, succeeded in producing immunity
by means of filtered cultivations that had been heated to 60° C,

PNEUMOTOXINE.

The state of affairs with regard to pneumococcus, the cause
of croupous pneumonia, appears to be very similar to that found
in the case of cholera and typhoid.

The first important experiments throwing light upon the poison
of this d1plococﬁua were those carried out hj’ the brothers Krru-
PERER.?

They attempted to produce immunity by means of cultures
which, although weakened or inhibited, still contained the cells
of the cocei ; but they also employed germ-free solutions for the
purpose.

They tried not only the simple filtrates from cultivations, but
also a purulent pleural exudation of which the pneumococeus was
the exciting cause, and which had been proved experimentally
to be free from bacteria, in addition to the heated sputum of
pneumonia patients and glycerin extracts of agar cultivations
filtered from the cells of the bacteria.

In this way they obtained fairly weak toxic substances pro-
ducing no specific effects ; by heating these products to 60° C.

1 Kossel and Overbeck, ** Bakt. Unters. iiber Pest,” Avb. Kaiserl. Ges.-
Amt., xviii., 1901.

2 G, and F. Klemperer, ** Vers, iiber Immunisierung u. Heilung bei der
Pneumokokkeninfektion,” Berl. Iin. Woch., 1891, Nos. 34, 35; . Klem-
. perer, ‘“Die Bezieh. versch. Bﬂ.ktr_rlenglftﬂ z. Immunitit u. Heilung,”
Zeit, f. klin. Med,, xx., 165, 1892,
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they succeeded in eliminating their toxic power almost com-
pletely without destroying the i immunising capacity. The serum
of the animals used in the expenments contained a specific
antitoxine which neutralised the dissolved poison in witro and
after previous injection. At the same time, both the toxie
capacity and formation of antitoxine were very limited in
extent.

Almost identical results were obtained about the same time
by Foi and CarpoNe' and Scapia,® who also succeeded in
producing antitoxic immunity by means of germ-free filtrates
and glycerin extracts of blood from animals infected with
pneumonia.

Bevranri? too, produced immunity, though only to a very
slight extent, by means of filtered germ-free sputum.

Foi also succeeded in separating the immunising principle by
precipitation with aleohol or ammonium sulphate.

Pawet found filtered cultivations to be very slightly poisonous.
WasnBoUrNE® states that he, too, was able to produce immunity
with filtered cultures.

Isaerr® found that pneumococei produced only slightly toxic
products in the ordinary culture media, but that their toxic
power could be considerably increased by frequent, at least
twelve, passages through rabbits. From the blood of the heart
of such rabbits he obtained, by the addition of 1 per cent. of
glycerin and some sodium car bnn&te, followed h filtration
through a Chamberland filter, a poison which killed rabhits when
introduced in the proportion of 1 per cent. of their body weight,
and was greatly weakened when heated at 70° C., and destroyed
at 100" C. The fluid from the peritoneum of such animals was
very poisonous, but not fatal, after being sterilised bjr heat.
Although he, too, produced a certain deglﬁe of immunity by
means of germ-free filtrates, he yet asserted that he was abso-
lutely unable to observe any antiforic immunity, and that it was
only antibacterial.

1

! Foi and Carbone, ““Sulla immunitd verso il diplococeo pneunmonico,
Gazz. med. di Torino, 1891, 1 (Centralll. f. Balkt., x., T768).

“ Fod and Scabia, * Sulla immunitd della pulmonite,” ibid., 1892, 13-15
(Centraild. f. Bakt., xi., 615).

¢ Belfanti, *Sulla immunisazione per mezzo di filtrati di sputo pneu-
monico,” if. Med., 1892, 126 (Centralbl. f. Bakt., xii., 401).

4 Pane, ** Ueber d Heilkraft d. antipneumon. Serums,” Centralbl. f.
Balkt., xxi., 664, 1897.

* Washbourne, “* Experiments with the Pneumococcus,” Journ. of Path.,
iii., 142 ; Baumgartens Jb., 1895, 62.

% Isaeff, * L immunité contre le pneumocoque,” Ann. Past., vii., 259, 1893.
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MENNEs ! obtained toxines which, in large doses, caused death,
preceded by fever, diarrheea, and loss of weight; he claims to
have produced antitoxic immunity by means of innoculation
with cultivations weakened at 50° C.;: the serum is stated to
neutralise the toxine in vitro.

Carxor ? succeeded in produeing typical croupous pneumonia
by intrapulmonary injection of 2 to 6 drops of preumotoxine,

Carnor and Fournikr? were able to keep pneumococei alive
and virulent for a long time, when they used as culture media,
blood, serum, or, still better, fresh cerebral substance, while
sterilised culture-media prepared from these were less satis-
factory. They separated without delay, by means of dialysis,
the toxines that were formed, and in this way obtained poisonous
dialysates, which they concentrated by evaporation in vacuo, or
by precipitation with nascent calcium phosphate. The %Fmpt{lma
produced by them were similar to those caused by poisoning
with the living cocci. The same investigators* found that their
poison had an intense action upon the muscular tissue of the
heart and blood-vessels ; even after the introduction of small doses
very acute inflammation and perforations were produced.

The general conclusion to be drawn from all these observations
is that the existence of a secreted true pneumotoxine has not
been established beyond doubt.

GONOCOCCAL POISON.

The gonococcus also produces a poison which appears to belong
to the group of cholera-typhoid poisons inasmuch as it only
passes to a slight extent into the culture fluids, and rather is
mainly retained in the bacteria, and is probably only given
up in a slight degree to the liguid media after the decomposition
of the cells. The first investigations into this poison were made
by A. WASSERMANN.?

He succeeded in cultivating the gonococei on a nutrient
medium which was prepared from pig’s serum, to which had been

1 Mennes, ‘¢ Das Antipneumokokkenserum,” Zeit. f. Hyg., xxv., 413, 1897.

® Carnot, ‘‘ Reprod. expérim. de la pneumonie fibrineuse,” Soc. Biol.,
li., 927, 1899.

3 Carnot and Fournier, *‘Sur le pneumocogue et ses toxines,” Awch.
Med., Exper., 1900, 357.

i Carnot and Fournier, ‘‘ Lésions Cardiaques et musculaire par la toxine
pneumon.,” Soc. Biol., lii., 143, 1900.

5 A, Wassermann, “Gannkokkenl-:ulbur und Gonokokkengift,” Berl.
Kin., Woch., 1897, 685; * Weitere Mitteilungen iiber do.,” Zeit. f. Hyg.,
xxvii., 298, '1898. 1

1
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added 2 per cent. of nutrose, and contained peptone and serum
albumin as necessary ingredients,

While he found that the living gonococei distributed in a
physiological solution of salt had absolutely no toxic effect upon
animals, the sterilised culture, on the other hand, had a fairly
energetic poisonous influence, and killed the animals by periton-
itis on intraperitoneal injection, though it also produced, e.g.,
keratitis with hypopyon in the eyes, &c.

The filtrate had but a slight poisonous action. Hence it would
seem that the poison, just as in the case of cholera, is retained
within the cells. In its resistance to heat, even at the tempera-
ture of boiling, it also resembles the so-called cholera poisons.

Very similar results were obtained, independently of WassER-
MANN, by NicoLAYsEN,! who, by means of sterilised, non-filtered
“cultivations, produced purulent gonorrheea in animals,

He found the lethal dose for a mouse to be 0:3 c.c. He, too,
is of opinion that the poison is firmly retained within the cells,
for he was unable to separate it either by extraction with dis-
tilled water or with dilute soda solution.

Almost simultaneously ScnArrER? succeeded in obtaining from
a cultivation of four days’ growth an aqueous decoction of ascites
and flesh, a poison which, after filtration through a poreelain
filter, produced on the urethral mucous membrane acute sup-
puration which rapidly disappeared. At about the same time
the question of gonofowine was studied by Caristmas.® He
obtained, by means of filtration through porcelain, from cultures
of ten to fifteen days’ growth, in media of ascites and bouillon,
a poison which he was able to concentrate by precipitation with
alcohol. He also prepared a poison by evaporating the cultures
with glycerin at 50° C, This was stable at 50° C. to 70° C., and
could be kept for six months in the dark. It had a very virulent
effect upon animals, producing, in addition to local inflammation,
cachexia, ending in death. It only acted upon the mucous
membrane of the urethra in the case of man.

CuristMAs* subsequently made a new investigation of the
subject. He found that the living gonococci contained poison,
but that, on the other hand, the dead cells yielded none when
macerated at 20° C. He cultivated the gonococei on a nutrient

1 Nicolaysen, ‘“Zur Pathogenitiit und Giftigkeit der Gonokokken,”
Centralbl, f. Balkt., xxii., 305, 1897.

¢ Schiiffer, **Beitr. z. Frage d. Gonokokkentoxine,” Fortschr. d. Med.,
1897, 813.

% Christmas, ** Le Gonocoque et ses toxines,” Ann. Past., xi., 609, 1897.

4 Chrisimas, “‘ Contrib, a I'étude du Gonococeus,” Ann, Past,, xiv., 331,
1900,
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medium consisting of 75 per cent. of ascites and 25 per cent. of
bouillon, and filtered the cultures through tale on the filters or
through kieselguhr, since the porcelain filter retained the poison.
The maximum of toxic power was reached on the twentieth day.
He then precipitated the poison with ammonium sulphate or
alecohol. If subsequent dialysis was employed the symptoms of
poisoning, it is true, were different, but the lethal dose remained
unaltered.

The poison was completely destroyed at 75° to 80° C., but
could resist a temperature of 60° C.

Its action, on subcutaneous injection, was very weak, the
lethal dose for guinea-pigs being 5 to 10 c.c. On the other hand,
it acted very energetically after intercerebral injection, producing
convulsions and dyspncea, and killing a guinea-pig, even in a dose
of 0-002 e.c., within six hours.

It is stated to possess strong iminunising properties, affording
protection up to one hundred times the dose of poison after
intercerebral injection, but to a much smaller extent after sub-
cutaneous injection. This anfitoxic immunity has not been
observed in the smallest degree by other investigators.

MorrscHANOFF ! prepared a toxine from a culture in hydrocele
fluid and yeast peptone bouillon. He made use of unfiltered
cultures, which he sterilised at 70° C. He made a special study
of the action of the poison upon the central nervous system, but
I cannot give the details of his results here.

Grosz and Kraus? and Scnortz ® absolutely deny the specific
nature of gonotoxine, and simply regard it as a non-specifie, pus-
producing bacterial protein; they point out that ScHAFFER's
wrethritis, at all events, can also be produced by the living or
dead cells of other bacteria (pyocyaneus, coli, &e.).

We hzwe, therefore, '1ga,1n to draw the same conclusions about
gonococel poison as in previous instances. The existence of
a specific antitoxine-producing gonotoxine has not yet been
proved.

STREPTOTOXINE,

In considering the metabolic products of the streptococei we
meet with the same obscurity as in the case of gonotoxine. The
existence of a true antitoxine-forming toxine is still open to
question.

! Moltschanoff, ““ Ueber das Gonokokkentoxin und seine Wirkung auf
das Dentralnervensyslem.” Miinch, med. Woch., 1899, 1013,

2 Grosz and Kraus, *“ Bakteriol. Studien iiber den {;ﬂnuwﬂeus,” Arch, f,

Dermatol., xlix., 3, 1899,
2 Schultz, < Beitr, z. Biologie d. Gonococcus,” ihid,
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Certain investigators categorically deny that streptococei
produce any specific poison at all.

Aroxson ! not only found the sterilised filtrates from cultures
of streptococci to be devoid of toxie power, but was also unable
to detect any poison in the sediment of cells of the cocei that
had been killed by chloroform ; local infiltrations were the only
results of his inoculations. The existence of a streptococei
poison is also denied by pE G1axa and PANE.®

At the same time, so many investigators have found poisons,
at all events, in streptococci cultivations, that further proof is
required before this radical conclusion can be accepted.

One of the first poisons to be demonstrated in filtered cultures
was found by MaxrrEDI and Traversa® in cultivation of
erysipelas streptococci, grown preferably at 28° to 30° C. They
described it as a readily oxidisable poison, which produced
convulsions and paralysis, and soon became inactive on ex-
posure to the air. In like manner poisonous metabolic products
of streptococci were found in filtered cultures by RocEr,*
MarymoreK,” HonEn, FriepricH,” LairINeN,® CLAUDE,? Paras-
CANDALO,!? and ScHENK."

As regards the nature of the poison little or nothing is known.
RoceRr precipitated his poison from the cultivation by the
addition of ten times the volume of alcohol, redissolved the
precipitate in a solution of common salt, and endeavoured to

Tl;ﬂronac-n, “* Ueber Antistreptokokkenserum,” Berl. kin. Woch., 1896,

“ de Giaxa and Pane, ** Contributo alla cognizione sulla immunis. contre
lli:é gié]fﬂgzg. da streptococco,” Riform. Med., xii. [4], 5; Bawmgartens Jb.,

* Manfredi and Traversa, ‘‘Sull’azione dei prodotti di cultura dello
streptococen,” Giorn. Inter. delle Scienze Mediche, 1888,

4 Roger, ‘“ Action des produits solubles streptocoque d’erysipéle,” Soc.
Biol., xliii., 538, 1891.

5 Marmorek, ‘“Le streptocoque et le sérum antistreptococecique,” Ann.
Past., ix., 593, 1895.

® Homén, De l'action du streptocogue et de ses toxines sur les nerfs,”
Sem. Méd., 1896, 211 (Soc. Biol., xxiii., [5], 1896).

7 Friedrich, **Beobacht. iib. d. Wirkung wvon subkutan einverleibten
Streptokokken-Toxinen, &e.,” Berd. Elin. Woch., 1895, 1065.

8 Laitiren, ** Das Streptokokkentoxin u. seine Wirkung auf das Nerven-
system,” C. f. allg. Pathol., 1896, 358.
132?1&“&& *“ Myelite aigue par toxines streptocoq,” Sec. Biol., xlviii., 122,
10 Parascandalo, *‘E. neue Versuchsreihe iib. de Eerntheragie bei Infek-
tionen mit pyogenen Mikroorg,” Wicner Min. Woch., 1897, 937.

11 Schenk, ‘*Ueh, Streptok.-Serum und Strepiok.-Toxine,” Wien. kin.
Woch., 1897, 937.
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obtain by means of this preparation, insoluble in alcohol, the
typical general symptoms produced by the living cultivations.
His “ poison ” had, however, only a slight toxic activity (13 to
20 c.c. per kilo. of body weight); it was weakened, but not
destroyed, at 104" C.

Most of these investigators, however, simply contented them-
selves with investigating the toxic action of filtered cultwres, or
of cultures after sterilisation at 65° to 70° C., or by the addition
of 05 per cent. of phenol.

SCHENK alone (loc. cit.) endeavoured to obtain a purer prepara-
tion by means of precipitation with zine chloride and subsequent
treatment by Brieger’s method.

MarmoreK found that the toxine was weakened even at 58° C,
But the most important question, whether the poison thus
obtained does or does not produce anfitoxic immunity against
the streptococcus, has not yet been definitely settled.

RoGEer (loc. cit.) found that his poison not only failed to pro-
duce any immunity, but that it even increased the susceptibility
to infection.

SIEBER-ScHoUMOWA ! was unable to effect immunisation by
means of filtered cultures.

On the other hand, LarriNnex (loc. eit.) cultivated streptococei
on a d per cent. bouillon of peptone containing 2 per cent. of
glycerin and 03 per cent. of ordinary salt, and having an alka-
linity of 0-2 to 2 per cent., and precipitated from these cultures
by means of ammonium sulphate or amyl alcohol toxine prepara-
tions, which, when injected into the peritoneum in the proportion
of 01 to 0-4 c.c., or even of 0:01 c.c. on direct injection into the
nerves, killed large rabbits, while they also had the power of
conferring a certain degree of immunity against infection.

PArAscANDALO (loc. cif.) laid special stress on the point that he
was best able to produce immunity against streptococei by means
of soluble toxines.

He cultivated them on sugar bouillon, and, after sterilising them by
means of 05 per cent. of phenol, filtered the cultivations after twenty-four
hours through paper. He had found that simple filtration through porce-
lain did not remove all the living micro-organisms, which was also the case
on heating them to 60° or 70° C., although a higher temperature injured
the toxine. By making the first inoculations with the filtrates of young and
only slightly toxie cu?tures, he was able to immunise animals gradually
against large doses of very poisonous cultures, and in this way obtained a
true therapeutic serum.

= e —

1 Sieber-Schoumowa, *‘ Les sérums thérapeutiques anticocciques,” Arch,
des Sciences Biol., iv., 415, 1896,
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Yet even his results are open to question, inasmuch as it has
been found by ScueNk (loc. cit.) that 0-5 per cent. of phenol is
also insuflicient to kill all the micro-organisms. He found that,
although the cultures were apparently sterile, there were yet
some living micro-organisms in the blood of the heart of the
poisoned animals, so that it is quite possible that PArascaNDALO
produced immunity by means of isolated, weakened, but yet
living streptococci.  Simon,! too, was only able to detect the
production of toxine after the decomposition of the cells. Thus
proof has yet to be brought of the existence of streptotoxine, and
the question is as open as that of gonotoxine.

THE POISON OF THE TUBERCLE BACILLUS.

The poisonous substances produced by the bacillus of tubercu-
losis require separate treatment for the following reasons:—In
the case of other poison-producing bacteria the true toxines, or
rather those specific poisons that it is possible to describe with
more or less certainty as of the nature of toxines, can be
separately described and differentiated from the so-called bac-
terial proteins, in the wider sense, that remain behind in the cells
of the bacilli themselves after the extraction of these poisons
which the micro-organisms have produced. This sharp differen-
tiation is not possible on historical grounds in the case of tuber-
culosis, for since the time when the poisons of the tubercle
bacillus were first seriously studied, it has been the almost
invariable practice to investigate both kinds of poisons without
separating them.

The first preparations of tubercle poison, and notably R. Koeh's
tuberculine, were thus a mixture of all the specific and non-specific
poisonous products of this bacillus, and no investigation was made
to determine the question of the existence of a true toxine. Af
that time, too, it was not possible to formulate the question in
such precise terms, since the definition of a true toxine, and of
the true antitoxic immunity that it involved, had not then been
given with sufficient clearness.

These toxic preparations, therefore, consisted of the more or
less altered substances of the cell itself. In addition to these,
however, they also undoubtedly contained other toxic products,
some of which possibly we must regard as primary secretion
products, and eventually as true toxines, and others as secondary
products of a simpler nature, with which we shall also deal later.

1 Simon, “‘ Uber die Gifte der Streptococcus,” Centralbl. f. Bakt., xxxv.,
318, 1904, :
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Here we must first determine whether there is a true tuber-
culosis toxine.

Until quite recently the only preparations actually tested with
regard to this point were those of Maracriaxo.! By means of
filtration through bacterial filters he obtained from fresh cultures
grown at the mdlrmw temperature a poisonous bouillon, which
in large doses caused death, preceded by hypothermia and sweat-
ing. The poison was dP::.tm}'t-d at 100" C. Similar insignificant
results were obtained by BerNHEIM? with cultures filtered
through a Kitasato filter.

MArAGLIANO and his pupils also prepared therapeutic sera and
antitoxines against tuberculosis, but he himself concluded that
the antitoxine did not have a direct neutralising effect upon the
‘““toxine,” but only acted as a stimulus to other therapeutic
forces ; hence it loses all interest for us.

These experiments appeared of great importance, and their
results were very thoroughly tested as regards their thera-
peutical application, though without any material success. But
this did not do much to advance the knowledge of the toxine
question itself.

LEpoux and Leparp? also found in eultivations that had been filtered
through a Chamberland filter substances which had, it is true, a pyrogenic
and toxic effect on intraperitoneal injection, but their action was so slight
tha%fthey were inclined to attribute it exclusively to the culture medium
itself,

More recently the results of an investigation into tuberculosis
toxine have been published by FrRENkEL and Bronsrein.® They
cultivated tubercle bacilli on a glycerin bouillon of 5 per cent.
strength, and thus obtained solutions of poison which, after
being freed from the bacilli by filtration, killed a guinea-pig in
a few days when injected in a dose of 15 to 2 c.c.

The poison was rapidly weakened by light and air. They
prepared it in a concentrated form by means of precipitation
with alcohol.

They claim to have produced immunity by means of inocula-

1 Maragliano, *‘Heilung d. Lungentuberkulose durch Heilserumtherapie,”
Berl. kin. Woch., 1895, 689; id., * Ueber das tuberkulise Heilserum u.
seine Antitoxine,” ibid., 1896, 773; id., ““Ueb. d. Tuberkelantitoxin,”
Mealys Jh., 1900, 1044,

IEZ éiernheim, *‘Immun. tubere. et sérumthérapie,” Soe. Biol., xlviii., 291,

3 Ledoux and Lebard, ‘De l'action sur la tempér. du bouillon des
cultures tuberc.,” drch. d. Méd. Expér., x., 601, 15898,

* Frenkel and Bronmstein, ** Ueber Tuberkulosetoxin und Antitoxine,”
Berl, Llin. Woch., 1901, 861.
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tion with this poison, not only against all the tubercle poisons,
but also against the protein.

The chief point that makes one sceptical of the results of these
investigations is that the filtrates of the cultures had so slight
a toxic action. The authors had practically nothing more than
tuberculine in their hands, and this is fairly poisonous when
employed in the same manner. None of the investigators deter-
mined whether he had obtained a specific toxine which produced
in the organism an antitoxine acting only against the toxine
itself. An antitoxic immunity against the proteins is a prior:
hardly conceivable, but, in any case, could not have been pro-
duced by the supposed true toxine, and it is just this omnipotence
of the “anti-bodies” of these therapeutic sera that lays these
statements open to the gravest suspicion. It is quite certain
that the existence of a true haptophore toxine of the tubercle
bacillus has not been proved by these experiments.

On the contrary, it appears more and more probable that the
tubercle bacillus does not produce any true toxine in the sense
of our definition. Hence, notwithstanding its intrinsically very
great importance, we can only deal briefly here with the subject
of the tubercle poisons,

TUBERCULINE.

Under this name are included preparations of different kinds,
having in common the characteristic that they are obtained from
cultures of tubercle bacilli, and contain their bodies in a nearly
unchanged condition.

These substances are probably, for the most part, not true
toxines. They are, as is shown by their mode of preparation,
proteids resisting heat, closely allied to the albumoses, and
possibly possessing a certain amount of specific activity. Their
chemical nature and relationship to the albumoses has been
thoroughly studied by Kiumxe.! They have but little toxic
action upon a healthy organism, but they produce considerable
reactions in tuberculous subjects. ,

The original tuberculine of RogertT KocH 2 was prepared from
a culture of tubercle bacilli grown at 38° C. on the surface of
a 4 per cent. glycerin bouillon to which as much air as possible
was admitted. After six to eight weeks the cultivations were
evaporated to a tenth of their volume, and filtered through a

! Kiihne, ** Erfahrungen iiber Albumosen u. Peptone,” Z, f. Biol., xxix.,
24, 1802 ; xxx., 220, 1894,

2 R. Koch, ““ Mitt. iiber ein Heilmittel gegen Tuberk.,” Deutsch, med.
Woch., 1891, 101, 1189.
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porcelain filter. The extract thus obtained, containing 40 per
cent. of glycerin, was very stable.

After many fruitless attempts Kocu abandoned the idea of further
purification. His method has been flEL]llE]ltl__‘,’ modified. Nocarp! first
heated the cultures to 110° C. before treating them in the same way ; he
contented himself with filtration through paper, since his preparations
were obviously already sterile. MaRraGLIANO,®and, subsequently, FRENKEL
and BRONSTEIN (loc. cit.), used a method of beiling, eventually in auto-
claves, in the preparation of products very similar to tuberculine,

BenriNg?® extracted from tuberculine a substance akin to
mucin by means of soda solution, and fatty substances by means
of ether, and in this way claimed to have obtained a preparation
about twenty times as poisonous as before.

Niemann,? too, has endeavoured, though without any particular success,
to obtain strong tuberculine preparations by precipitation with alcohol.

As regards the toxic value of these preparations the results
obtained by these investigators have been supplemented by
GRrRAMATSCHIKOFF,” who proved that tuberculine was a blood
poison, and by v. LineeLsaeim,’ who proposed to determine a
normal unit of toxic activity by means of intercerebral injections.

CARRIERE found that fairly considerable alterations in the
liver and kidneys followed the injection of tuberculine.

Perper ® found that in non-tuberculous subjects it had a con-
siderable pyrogenic effect, but was only slightly toxic. Even
doses of 0-01 grm. produced only insignificant symptoms, such as
- pains in the head and limbs, &ec.

All these experiments were put upon a new basis by the fact
that the attempts to extract the poisonous substances in an un-
altered form from the tubercle bacilli were largely abandoned
in favour of experiments with the baecilli themselves. Kocn?

1 Nocard, ¢ Des injections revélatrices de la tuberculine,” Rec. de Med.
Vet., 1xxii., 369 ; Baumg. Jb., 1895, 705.
: ﬂgl\flara.g‘liano, ““ Extrait aqueux des bacilles de la tuberc.,” Soe, Biol.,
-y 94, 1398.

's Behring, * Bekimpfung der Tuberkulose,” Miinch. med. Woch., 1898, 580.

4 Niemann, ‘“ Ueber luberkulﬂaeheilsernm, Miinch. med. Waoch., 1897, 59.

® Gramatschikoff, *“ Ueber einige physiolog. Wirk, des kochschen Tuber-
kulins,” Arb. puﬁmf Inst, Tibingen, i., 287 ; Bawmyg. Jahrb., 1897, 548.

% v. Lingelsheim, ‘‘Ueber die Wﬁ-rtbtsmmmung der Tuberk. Giftpri-
parate,” Deutsch. med. Woch., 1898, 583.

7 Carriére, ** Etude expér. des altérations histolog. du foie, &e.,” Areh.
Med. Expér., ix., 65, 1891,

% Peiper, ‘‘Ueber die Wirkung des Kochschen Mittels auf Gesunde,”
Deutch. med. Woch., 1891, 160.

? R. Koch, “Ueb. neue Tuberkulinpriiparate,” Deufsch. med. Woch.,
. 1897, 209,
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started from the observation that dead tubercle bacilli remained
undecomposed in the body for a very long period, and were
therefore not absorbed. But, according to him, so long as they
retain their form, immunity against the bacilli cannot be pro-
duced ; and it is only after their decomposition, but too late
for any curative action, that a slight bactericidal immunity is
attained. KocH, therefore, endeavoured to get nearer to his
ooal by breaking up the bacilli and using an emulsion of their
cell constituents for the inoculation. For this purpose he first
dried the bacilli rapidly, and then triturated them mechanically.
The masses were treated with distilled water, and repeatedly
subjected to centrifugal force. The first portion separated was
soluble in water, but was not only non-poisonous, but also devoid
of any immunising power (T.0.). It was only the second and
third ‘ centrifugates ” that contained the substance with specific
action. These preparations were termed ‘“T.R.” by KocH.
They were found to possess immunising and therapeutic powers
without any particular toxic action, and notably without abscess
formation or inflammation. It was found best to use young
cultivations dried in vacuo, and to protect the preparations from
light as far as possible.

H. Bucuner,! working alone and also in collaboration with
Hanxw,? isolated from the bacilli by means of E. Buchner’s
method of applying enormous pressure, expressed fluids “ plas-
manes,” with which he believed that he obtained specific effects,
although he himself regarded the question as still unsettled.

Benrine? described a poison obtained by means of glycerin
water at 150° C. from the finely-divided bacteria after extraction
of the fat, and stated that 1 grm. of this was sufficient to kill
1,250 mice. It was neutralised by the serum of a cow cured of
tuberculosis (antitoxine formation ?).

Lanparany 4 claimed to have discovered an active tubercle poison in his
““tuberkulol” and asserted that it destroyed a guinea-pig of 250 grms. when
injected in a dose of 0°1 grm.

He macerated tubercle bacilli for a long time at 40° C. with a physio-
logical solution of salt, distilled water and glycerin; then decanted the

' H. Buchner, *Zur Koch’s Mitt. iiber neue Tuberkulinpriiparate,”
bLerl. khn, Woch., 1897, 322; id., “Die Bedeutung d. aktiven Ilosl
Zellproduvkte, &ec.,” Miinch. med. Woch., 1897, 12,

“Hahn, “Immun. u. Heilungvers. mit den plasmat. Zellsiften,” Miinch.
med. Woch., 1897, 1344,

 Behring, ‘¢ Autoreferat iiber den Vortrag in Madrid,” Deutsch, med.
Woch., 1898, 293.

* Landmann, * Ueb. eine neue Meth. der Tuberkulosetoxin-Behandlung,”
Hyg. Rundschau, x., 168 ; Centralbl. f. Bakt., xxvii., 280, 1900.
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liquid, and treated the residual bacilli in the same way successively at 50°,
60°, &e., up to 100° C. The different extracts were then united and mixed
with culture fluid, and the whole evaporated at 37° C. in vacuo and filtered
through porcelain. In this way he obtained a mixture of all the products
of the tubercle bacilli, including both the toxines destroyed by heat as
well as the hot-water extracts, with the proteins. He claimed to have
produced therapeutic results by means of this mixture. It is obvious that
such mixtures as this cannot advance our theoretical knowledge.

Subsequently Kocn,! in a later research, published a new
method of making tuberculine preparations.

He triturated 0°1 grm. of the absolutely dry tubercle bacilli in an agate
mortar with a solution of 05 grm. of phenel and 0'85 grm. of sodium
chloride in 100 c.c. of water, a few drops being used at first, and then
more and more of the liquid until the total amounted to 100 e.c. The
mixture was then whirled for six minutes in a centrifugal machine,
decanted from the deposit, and diluted with ten times its volume of the
solution, so that eventually the liquid contained in a litre the extract from
0-1 grm. of tubercle baeilli.

This liquid was rendered turbid by the addition of agglutinating serum.
By itself 1t also served the purpose of diagnosis.

The question of the nature of the poisons of the tubercle
bacillus was thoroughly studied by Rupper.? He found, first
of all, that the filtrates were absolutely non-specific, and, with
the exception of albumoses, chiefly deuteroalbumose, was unable
to discover anything toxic in them. Nor was he more successful
in his attempts to isolate any specific poison from the bacilli by
extraction. This really gives a definite answer in the negative
to the question whether there exists a soluble specific toxine of
the nature of diphtheria toxine.

On the other hand, he isolated from the crushed bacilli two
poisonous substances—viz., a nucleic acid containing 9-42 per
cent. of phosphorus, tuberculinic acid, and also a profamine,
which he recognised as such by its being precipitated with
picric acid, and termed tuberculosamine. The proportion of the
finely-divided bacilli dissolved after treatment in a centrifugal
machine amounted to 50 per cent. The solution gave no proteid
reactions and probably contained only a compound of the nucleic
acid with the protamine. According to NEeureELD,® however,
the action of tuberculosamine is absolutely non-specific and v,
Lingelsheim’s method of valuation (vide supra) cannot be used.

1 Koch, “ Ueb. d. Agglut. d. Tuberkelbacillen,” Deutsch. med. Woch.,
1901, 829,

2 Ruppel, ¢ Zur Chemie der Tuberkelbazillen,” £. f. phys. Chem., xxvi.,
218, 1898.

? Neufeld, “ Zur Werthbestimmung der Tuberkulosepriiparate,” Deutsch.
ined. Wock., 1899, 13.
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Ruprer and Kirisaima' made a further investigation of
tuberculinic acid. It was from three and a half to four times as
poisonous as dry old tuberculine. It was much more poisonous
on intercerebral injection, especially in the case of tuberculous
guinea-pigs (1 grm. killed 40,000 kilos.). Other nucleic acids
were less poisonous. Tuberculinic acid prepared by the older
somewhat drastic method of Kosskn was found to be five times
less poisonous than the new preparation. RupperL and Kiri-
saiMA then prepared from tuberculinic acid by Kossel’s method,
a substance similar to thymic acid, tuberculothymic acid, <1 c.c.
of which contained as much poison specific for tuberculous
individuals as 20 c.c. of Koch’s tuberculine” (BeEnriNg), and
also a still more simple poisonous substance of as yet unknown
nature, tuberculosine, 1 grm. of which was equivalent to 25 to
30 c.c. of Koch’s tuberculine.

According to Brenrine this represents the poison-nucleus,
around which the other substances are grouped in some way or
other, and without which there can exist no poison with the
specific action of tuberculine.

Important as these researches are with respect to the toxic
action of the tubercle bacilli, they have yet little claim upon our
attention here, since there can be no question of these substances
obtained by drastic chemical methods being true foxines.

A further objection to drawing comparisons between these
poisons and diphtheria poison is that the former are relatively
only slightly poisonous at all events to the healthy organism.

There is never any formation of antitoxine in the case of these
poisons,

Tuberculine is invariably but slightly poisonous to a healthy
organism, and its toxic action can be still further reduced
by processes of purification without injuring its specific
activity.

On the other hand, it has frequently been shown by RoMER,?
BucuxEgr,® and others that the action of tuberculine, as regards
its toxic effects, is non-specific. The same pyrogenic and local
inflammatory symptoms could also be produced, in the same
degree, by the proteins of other micro-organisms (pyocyaneus,

1 Behring, Die Diphtherie, Berlin, 1901, 91 ; see also Behring, * Ueber
%‘i spez. giftigen Eigensch. d. Tuberkulinsiiure,” Berl. kin. Woch., 1899,
2 .

2 Romer, * Ueb. d. formativen Reiz d. Proteine Buchners,” Berl. kin.
Woch., 1891, 886 ; “ Tuberkulinreaktion d. Bazillenextrakte,” Wien. Alin.
Woch., 1891, 835.

# Buchner, ‘‘ Tuberkulinreakt. d. Proteine nicht spezif, Bakt.,” Minch.
med. Woch., 1891, 841,
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prodigiosus, pneumobacillus) that had been prepared in an
analogous manner.

It 1s thus hardly conceivable that the old tuberculine prepara-
tions should possess any specific towic activity.

Moreover, their specific protective activity is scarcely to be
attributed to an antitoxic process. There appears, rather, to
be a liberation of specific bactericidal protective forces, by means
of these specific proteids, whether it be that by this treatment
similar substances are set free and can be utilised, just as specific
bacteriolytic processes are also brought about in the case of
cholera, &c., by such substances—viz., the receptors of the bac-
teria, which concentrate their activity upon the intermediate
products as defined by Enrrica; or whether we have here to
deal with specific proteids concentrating their activity upon the
precipitines or agglutinines, which act upon the bacilli and are
able to bring about specific reactions of a protective or curative
nature in the diseased organism. The fact that specific agglu-
tinines were present in the serum of tuberculous subjects was
made known by Arvroine and CourmoxTt, and more recently
confirmed by Kocu in another way (vide supra). It would
thus seem conceivable that the substances extracted from the
bacilli were in this case able to bring about bacteriolytic
processes similar to those produced by the wwhele bacteria in
the case of cholera, typhus, rinderpest, &c. There has, as yet,
been no sufficient reason for concluding that in these immunising
processes a separate position is occupied by inoculation with
unbroken bacteria, since these delicate organisms are readily
absorbed, and when [Iemmpu*:.eil within t-h[‘ body bring about
the curative immunising processes. And the only attempts to
produce immunity with * plasmines,” in the case of cholera
(Harx, loc. cit.), also support the view that in those cases
bactericidal, not antitoxie, phenomena play the chief part. On
the other hand, the tough tubercle bacilli protected by a thick
membrane of fat-like substance (¢f. RupprLn, loc. cit.) are, as
Kocu has shown, attacked either not at all or only with great
difficulty in the or ﬂ':mﬁm, and are thus 111{'a,pa,ble of bringing
about any bactericidal immunising processes. It has, however,
been shown by Kocu that ﬁ.lig]]t phenomena of bactericidal
immunity appear during their ultimate decomposition. It
would appear, then, that by drastic means, especially mechanical
trituration of the bacilli and injection of the extracts obtained
from them, substances are liberated which lead more rapidly to
the production of antibacterial immunity. Still more effective
is the crushing of the bacilli and expression of their cell content,
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which causes a still more plentiful liberation of those specific
receptors, which can then develop their specific reactions in the
organism. These intermediate bodies, however, withstand heat
and can thus resist high temperatures at which a true toxine, which
produces antitoxic immunity, would certainly be destroyed.

On this assumption, the specific tuberculine reaction in tuber-
culous men, as a reaction of a bactericidal nature, would have no
connection with the toxic pyrogenic effects in healthy men ;
these poisonous principles would be only interfering impurities,
and indeed we have seen that, as a matter of fact, Kocn and
others have made successful attempts to prepare an almost non-
toxie and yet specifically active tuberculine. Moreover, the latest
researches of Kocu (loc. eit.), from which it appears that the
serum of tuberculous subjects gives a precipitate with his new
tuberculine preparation, appear to support this assumption of
specifically active proteids and their precipitines., This hypo-
thesis, that the action of tuberculine in its most recent form is
due to the liberation of specific amboceptors, materially elucidates
and simplifies the problems. Tuberculine occupies a different
position, according to BucHNER, from the series of specific bac-
terial poisons, and yet has claims to be regarded as a specific
therapeutic and immunising agent, just as much as those dead
cells that produce antibacterial immunity in cholera, &e.

Nevertheless, the question of fubercle poisons needs further
study. This hypothesis of the action of tuberculine does not
by any means do away with the necessity for such research ; for,
as in the case of other bacteria, there may in addition to this
be a true toxine which can also bring about specific antitoxic
immunity.

That such a toxine has not yet been discovered may possibly
be due to the methods; but, on the other hand, it is not im-
probable, as was suggested above, that fubercle bacilli do not
produce any true torxine at all. Possibly they form poisons of
another kind, which, although not of the nature of toxines, have
yet.a specific character,

The results of BEnriNeg and his pupils in the preparation of
very toxic tubercle poisons also point in the same direction,
and their discovery of fuberculosamine and its combination
with nucleic acid must also be regarded as valuable evidence
in supporc of this theory, although these were undoubtedly
not the specific poisons of the tubercle bacillus. For RUPPEL
himself concludes that in these compounds we have to deal
with derivatives of the cell nucleus. These are undoubtedly
not the specific bacterial poisons, which we must certainly
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regard as protoplasmatic or paraplasmatic products. It is not
improbable that perfectly analogous substances might be isolated
from cell nuclei or cells of other bacteria.

On the other hand, we cannot recognise as the specific poison the pro-
ducts obtained by Avecrair,! who claims to have isolated, by extraction
of the cultures with ether, a poison which produces caseous degeneration
of the lungs on intratracheal injection ; and, by extraction with chloro-
form, a second poison which, he asserts, produces fibrous pneumonia.

We have therefore, unfortunately, to own that the question
of a specific tubercle poison has not yet been decided, even if
we exclude the hypothetical action of tuberculine, as described
above, entirely from the discussion.

MALLEINE.

Malleine contains the cell constituents of the bacilli of glanders
in much the same way that the old tuberculine contained those
of the tubercle bacilli, The subject of malleine has been in-
vestigated almost exclusively by veterinary surgeons from the
practical point of view, so that scientifically little or nothing is
known about its nature. In the absence of further knowledge
we shall do well to apply to malleine the considerations that we
have taken into account in the case of the old tuberculine.

Herman,2 in 1890, was the first to prepare an extract of
glanders bacilli, and he was followed by KaLniNg, who boiled
pure cultivations repeatedly with water and filtered them
through Chamberland filters. PrEUssg, and subsequently
Preisz, employed glycerin extract of potato cultures.

JouNE and PrEarsoN were the first to use bouillon as the
culture medium ; they cultivated the bacilli for fourteen days
at 37° C. and sterilised the filtrates, or first concentrated the
cultures at 80° C. and then filtered them (Prarson).

Roux sterilised very virulent cultivations at 110° C. and
filtered them after evaporation.

Fora (loc. cit.) proceeded in a similar manner. He passed
the glanders bacilli several times through animals to render
them as virulent as possible, and then cultivated them for
twenty days as a surface cultivation on Liffler’s meat broth of
45 per cent. strength. The cultures were evaporated to a tenth

1 Auclair, *“ La Sclérose pulmonaire, &ec.” Adrch. de Méd., Exper., 1900,
189 ; see also Baumgartens Jb., 1898, 475, 476.

21 have taken all these references, which were not readily accessible to
me in the original, from Foth’s paper, ‘* Das Mallein, &c.,” Fortachr. d,
. Med,, 1895, 637.
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of their volume at 80° C., filtered, and treated with thirty times
their quantity of alcohol. The white precipitate thus obtained
was left to dry over calecium chloride in vacuo, and furnished a
non-hygroscopic white mass.

GuiNnarp ! made a closer study of the action of malleine. He
found that the action of the heart was first stimulated and then
lowered, and that a similar stimulation and subsequent depres-
sion of the nervous organs also occurred. Sweating was also
observed.

ScHATTENFROH,? on the other hand, regards malleine as abso-
lutely non-specific in its action.

The question whether or no malleine has a specific toxic action
is as little decided as in the case of tuberculine. It is possible
that here, too, we have non-specific symptoms similar to those
invariably produced by proteins foreign to the body.

ANTHRAX POISON,

We are quite ignorant whether or no there exists a true
anthrax toxine. As in the generality of cases, the answer to
this question has been rendered extraordinarily difficult by the
fact that many investigators made their experiments with the
sole object of producing immunity against the anthrax bacillus,
by any possible means, and that consequently they made use of
living bacilli or the dead cells without troubling themselves
about the possible existence of a specific antitoxine-produecing
poison. At the earliest period it was hardly to be expected
that the problem could be stated in such precise terms, but
even many later investigators have given almost exclusive
attention to the practical! question of immunisation. They
have endeavoured, as, for instance, has been done by SOBERN-
HEIM in his researches into anthrax immunisation, to obtain
in every possible way the desired immunity by inoculation,
without investigating whether this protection was due to a
true antifoxie immunity. We meet with this difficulty in all
other investigations into less known poisons; yet nowhere has
the toxine problem remained in such obscurity or the results
been so contradictory as here. T must, therefore, content my-
self with mentioning the most important researches that have
dealt more or less expressly with the hypothetical toxine, and

! Guinard, ‘ Effets physiolog. du Malleine,” Jowrn. Med. Vet., xlvi.,
454 ; Baumgariens Jb., 1895, 311.

- Scha,ttenfrnh “ Ueber die Wirkung von Bakterien-Proteinen,” Zeit. fi
Hyg., xviii. =1-..‘.~Er 1894,
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for this purpose the unusually careful bibliography compiled by
Conrapi® has naturally been of the greatest service to me.

The first attempts to isolate poisons from anthrax bacilli by
filtration were made by Pasteur,? but with negative results.
The filtrates were absolutely inert, while those obtained by W.
Kocn 2 produced only elevation of temperature and dyspneea,

The first published account about a substance obtained from anthrax
cultures, a,ncf stated to have an immunising action, was that of WooL-
DRIDGE.? He cultivated anthrax bacilli for two to three days at 37° C.
upon & bouillon of thymus or scrotum extract. The liquid thus obtained
had an immunising non-toxic effect after filtration. He also made very
similar experiments® with a solution of his tissue fibrinogen prepared from
serota, &e., and sterilised by means of heat, care being taken that it had
only a slightly alkaline reaction; for vigorous growths of the micro-
organisms in strongly alkaline media yielded no poison or immunising
substance to the solution. But the filtrates of cultures grown on weakly
alkaline solutions of tissue fibrinogen undoubtedly contained an immunising
non-toxic substance, which only afforded protection on intravenous injec-
tion. Yet he asserts that he obtained almost analogous results by simple
injection of his solution into animals without previous cultivation of anthrax
baeilli, and claims that the tissue fibrinogen by itself affords protection
against anthrax, This completely destroys the value of his work as regards
the discovery of a possible toxine.

Nor does any greater importance attach to the theoretical proof of
CHAUVEAU ® that anthrax poison must exist in the soluble form, since the
placenta, being impermeable to bacteria, allows none of the bacilli to pass,
and yet the embryo of a sheep infected with anthrax is immune ; rather
its importance is less, zince in rare instances anthrax bacilli can pass
through the placenta.

HANKIN attempted in a series of investigations? to prove
that his anthrax albumoses were the chief toxic principle. He
cultivated the bacilli on a bouillon containing 0-1 per cent. of
meat extract, and a large proportion of fibrin (10 to 50 per cent.).

! Conradi, “‘Z. Frage d. Toxinbild. bei d. Milzbrandbakt.,” Zeit. f. Hyg.,
xxxvii,, 287, 1899, .

% Pasteur and Joubert, ‘‘ Etude sur la maladie charbonneuse,” Comptes
Rend., Ixxxiv., 900, 1877.

* W. Koch, *‘ Milzbrand und Rauschbrand,” Stuttgart, 1886, quoted by
Conradi (loc. eit.).

1 Wooldridge, ‘“ Note on the Protection in Anthrax,” Proc. Roy. Soc.,
xlii., 312, 1887.

5 Wooldridge, ** Vers, ii. Schutzimpf. auf chemischem Wege,” Du Bois
Arch., 1888, 527,

 Chauveau, * Sur le mecanisme de I'immun.,” Ann. Past., iii., 66, 1888,

? Hankin, ‘“‘On Immunity produced by an Albumose isolated from
Anthrax Cultures,” Brit, Med. J., 1889, 1i., 65; id., “On the Conflict
between the Organism and the Microbe,” ibid., 1890, ii., 810 ; Hankin and
Wesbrook, ‘¢ Albumoses et toxalbumines du bacille charbonneux,” Ann.
Past., vi., 633, 1892,

12
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The sterilised liquid was inoculated and allowed to stand for
eight days, after which it was filtered, and the filtrate treated
with ammonium sulphate. The precipitate was dialysed at
42° C., and the liquid evaporated wn wacuo, or treated with
aleohol. This yielded an albuwmose, which weakened bacteria did
not give. Very small doses (one part of a 1:1 million solution
per kilo. of body weight in the case of mice) immediately pro-
duced immunity against anthrax, but this was not the case with
large doses, which had only a toxie, but not immunising action.

Similar foxic albumoses isolated almost at the same time from anthrax
cultures and the organs of animals by MARTIN ! and BriEGER and FRANKEL,®
caused symptoms somewhat resembling those produced by the living baeill.
Yet the definite resultsof all these investigations of toxalbumins? were very
insignificant, as was eventually the case with all the toxalbumins. Martin’s
albumose, for example, had to be given in doses of 0'3 grm. per mouse(!)
to produce death.

According to the views now accepted, there can certainly be no
toxine activity here. The anthrax bacilli have naturally decom-
posed the proteids of the culture medium, and either traces of
poison have been retained by the resulting albumoses, or the
proteids foreign to the body that have been produced have in
themselves a slight toxic action, as is also the case with other
proteids.

In any case, PETERMANN,* who repeated HANKIN’S work, was
unable to detect any trace of toxic or immunising activity in his
albumose, though Haxgixn and WEgsBrook (loc. eif.), observing
under more accurately specified conditions, and, in particular,
avoiding temperatures above 20° C,, still maintained their posi-
tion, and also again obtained frequently, though not invariably,
transient immunisation.

An important point in PETERMANN’S investigation is the proof
that anthrax cultures when simply filtered have a slight and
transient, but unmistakable, immunising effect ; this would seem
to point to the presence of a real toxine, which, however, can
only be present in very slight quantity.

I Martin, ‘The Chemiecal Products of the Growth of the Bacillus
Anthracis,” Proc. Roy. Soc., xxii. [5], 1890.

* Brieger and Frinkel, * Untersuch. iiber Bakteriengifte,” Berl. Llin.
Woch., 1890 [11-12].

# Similar investigations with equally scanty results were also made about
the same time by, e.g., Balp and Carbone (1891}, Landi (1891), G. Klem-
Eerer (1891), Maltzew (1891) ; for particulars about these the reader must

e referred to Conradi (loe. cit.).

4 Petermann, ‘‘ Recherches sur 'immun. contre le charbon au moyen des

albumoses extraites des cultures,” Ann, Past., vi., 32, 1892,



e

ANTHRAX POISON, 179

Quite in agreement with this are the results obtained by
ArvoiNg.'! He merely allowed bouillon cultures of anthrax to
stand, and then decanted the liquid at frequent intervals from
the deposited bacteria, thus obtaining a germ-free fluid, in which
obviously there was no possibility of the very considerable loss
of poison retained by the filters usually employed. On the other
hand, the toxine might very easily undergo decomposition during
the lnnw standing. The fluid thus obtained had an immunising
effect thn given in large doses.

There are also the results obtained by Scravo® and Marcuovx,? who
produced immunity by means of the living bacilli ; but these have ap-
parently nothing to do with the question of a toxine. At all events,
MarcHoUX asserts that his serum acts by means of phagocytosis.

The next serious attempts to discover the toxine were those
made by Marumiew,* who, from cultivations on peptone-glvcerin
(1 litre of water, 10 grms. of peptone, 15 grms, NaCl, 40" grms.
of glycerin, 0-5 grm. of sodium bisulphate, and 02 grm. of
potassium bisulphate), preferably grown at 20° C., obtained a
qubstﬂnﬁe, which, when %E‘pd-la-ted by precipitation with am-
monium sulphate and dialysis, or by extraction with glycerin
and precipitation with alcohol, fm'med a pulverulent brown mass
aiving neither proteid nor alkaloidal reactions, and showing no
enzymic activity.

It was toxic to the extent of 0-08 grm. per kilo. of animal
(though not constantly so), and caused elevation of temperature,
diarrheea, emaciation, convulsions, slowed respiration, and suffo-
cation. A dose of 02 grm. per kilo. was invariably fatal.
According to MarmiErR the symptoms here were sufficiently
similar to those caused by infection with living bacteria as to
justify the conclusion that they were due to a specific anthrax
toxine.

There are two reasons, however, against the view that there
was a true toxine here, apart from the fact that the lethal dose
was surely a little too high for a true toxine.

In the first place, MarmieRr stated that the poison could be
boiled for an hour without alteration, and could even resist being
heated for five minutes at 120° C., and hence it could not have

! Arloing, ‘“ Sur la présence de la substance phylacogéne dans les liquides
du baec. anthr.,” Bull. Med., 1892, 1038, quoted from Centralbl. fiir Balt.,
xiii., 561, 1892,

“ Sclavo, ‘‘Ueber die Bereitung des Serums gegen den Milzbrand,”
Centralbl. f. Balkt., xviil., 744, 1895,

% Marchoux, ““Sérum anticharbonneux,” Ann. Past., ix., 9, 1895,

4 Marmier, ‘‘ Sur la toxine charbonneuse,” Ann. Past., ix., 533, 1895.
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been a true toxine. The poison was weakened by gold chloride,
platinum chloride, and calcium chloride.

And, in the second place, it apparently produced only a slight
immunity, and that, too, not invariably. Hence, in any case, it
could not have been a weakened toxine, since then the reduection
in toxic power must have been accompanied by the more ener-
getic immunising effect.

Coxrap1 (loc. cit.) has recently once more investigated the
question whether anthrax bacilli form a soluble diffusible poison,
and has, if we may anticipate, arrived at an absolutely negative
result. He started from the point of view that it was the multi-
plicity of the nutrient substrata used by previous investigators
that was frequently responsible for the diametrically opposite
results. Hence he decided to search for the anthrax poison in
the body of the animal. For this purpose he used peritoneal
exudations and extracts of organs (liver and spleen) of infected
animals, and found both, after filtration through a Kitasato or
Chamberland filter, to be invariably devoid of any toxic effect.

Moreover, he introduced virulent bouillon cultures into the
abdominal cavity of guinea-pigs, which was then enclosed in
a bacteria-proof bag made with the inner membranes of the reed
(Phragmites communis), and in this case, too, there was no toxie
action.

Two objections can be offered to CoNraDI’S results.

The reed experiments only prove that there does not exist any
soluble and diffusible anthrax poison, but do not exclude the
possibility of there being a non-diffusible toxine, just as other
haptines—e.g., certain ferments—are also indiffusible. And,
indeed, the results obtained by ArLoiNG (vide supra), who found
a poison in unfiltered cultures, whereas the majority of investi-
gators found mnothing in filtered cultivations, render it not
improbable that anthrax toxine may be readily retained by
filters and membranes.

The second objection appears to me more important. HEven
granting the existence of a #rue haptophore toxine of anthrax, it
is possible that under certain conditions it may not be found
again in the organs and fluids of the infected bodies of susceptilie
animals, owing to its entering into stable combination with the
receptors ; the poisons of tetanus and diphtheria can, even under
normal cunditiﬂns, only be found again in the blood and organs
of infected animals after the introduction of large doses.

It is true that living micro-organisms were present in these
exudations, but, at the same time, these could not have been able
to have used their toxine-producing powers for any length of



ANTHRAX POISON. 181

time ; and, moreover, the toxines produced in these exudations
would surely have undergone renewed metabolism, and have
been fixed by the receptors, so that only very slight traces could
have been left behind. Tn addition to this the exudations in
this case would doubtless contain antitoxines, which would render
a correct deduction still more difficult. At the same time, it is
possible that such exudations may be used as suitable natural
culture-media, in which, eventually, toxines may be detected.

Be this as it may, it is impossible to draw any conclusion from
these experiments by CoNrap1 as to the non-existence of a true
toxine. Speaking generally, such experiments are not suitable
for determining the question of the production of poison by
a bacterium ; for other poisons of simpler nature may also be so
altered or destroyed after producing injurious effects, or even by
their physiological action, that no trace that can be detected
remains in the fluids of the tissues. Even many alkaloids, such
as cytisine, disappear in the organism without leaving a trace.
It is not safe, in view of the manifold attacks to which a poison
is exposed in the body, to draw mnegative conclusions as to the
non-existence of this poison: only positive results would be
conclusive here. Thus CoNraDI'S experiments only contribute
negative evidence towards a decision on this point; once more
a means of discovering the hypothetical poison has proved un-
workable ; the question of the existence of the poison still
remains open. And, in this connection, it must not be lost sight
of that the existence of an anthrax poison is really an etiological
postulate ; for there are many cases of anthrax with fatal results
where general bacterial infection is out of the question, and
where it has been very difficult or impossible to detect living
bacilli in the organism. Surely such cases can only be explained
as cases of poisoning. Hence, notwithstanding Conradi’s results,
further search must be made for the poison.

On the other hand, no objection can be offered to the experi-
ments made by Coxrapi to determine whether the anthrax
bacillus produced a specific endotoxine, which is only liberated
after the death and decomposition of the cell in an analogous
manner to yeast, invertase, and zymase. He killed the bacill
by means of foluene, or by freezing, or disintegrated them by
Buchner’s method. In every instance the result was absolutely
negative. Nor could he isolate foxalbumins from the organs,
either by means of the method of Brieger and Frankel or by
that of Marmier.

Hence, the present state of affairs is as follows :—

Convincing proof of the existence of a #rue anthrax toxine,
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either in a state of free secretion or as an endotorine retained by
the cells, has not yet been adduced, and the existence of an
endotoxine is practically disproved. With the exception of
substances causing slight pyrogenic effects due to the bacterial
proteins of the cell itself and similar to those produced by all
bacteria, whether pathogenic or harmless, no anthrax poisons are
known. At the same time we must assume that poisons that
cause the symptoms of the disease are formed ; yet these appear
to be of such a subtle character and to be produced so sparingly
during the growth of the bacilli in the attacked organism as to
escape detection. CoNrapl made no experiments with regard
to the immunising power of his sterile filtrates; and it is
conceivable that they contained fvwoids which had immunising
capacity but were no longer toxic, and that this is a possible
explanation of HANKIN'S results. These obvious possibilities
still remain unsettled.

OTHER SOLUBLE BACTERIAL POISONS POSSIBLY OF
THE NATURE OF TOXINES.

When we consider that the investigation of the specific poisons
of some of the most important pathogenic micro-organisms is for
the most part still in its infancy, it is not surprising that, in the
case of less important bacteria, we have very scanty results, to
which T will only briefly refer here. Tt is quite possible that on
closer investigation one or more frue toxines may still be dis-
covered as a product of these bacteria, but as yet there are no
certain indications of this.

As regards the majority of those infectious bacteria that grow
within the organism, we can come to the same conclusion as in
the case of cholera, streptococel, &e.—viz., that if the cells secrete
any true toxines they do so only in minute quantities, that these
are extremely unstable, and that the poisons must be regarded
as consisting in the main of firmly retained endotoxines. Im-
munity, as in the case of all infectious micro-organisms, is
brought about almost exclusively by bacteriolytic processes,
any eventual formation of antitoxine being insignificant and
occupying an altogether inferior position, both from the praetical
and theoretical point of view.

HOG CHOLERA.

MerscuNikorrl and also SELANDERZ found the sterilised

1 Metschnikoff, ** Zur Immunitiatslehre,” Congr. f. inn. Med., 1892, 282 ;
““ Etudes sur I'immunité,” dnn. Past., v.; vi., 289, 1892,

1!:1'-;"Selsr,m:ltezr, ¢ La maladie infectieuse des porcs.,” Ann. Past., iv., 543,
0,
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blood of diseased animals to be very poisonous. It is extra-
ordinarily easy to produce immunity against the bacteria, but
this does not increase the power of resisting the sterile poison.
The micrococei grow in immunised serum, but with reduction of
their virulence, which is restored, however, by inoculating fresh
bouillon. Hence, the serum would seem to contain antifoxine,
which neutralises the production of toxine by the growing

bacteria.
MALIGNANT (EDEMA.

Roux and CuaMBERLAND! found that cultures of the septic
vibrio freed from the micro-organisms were slightly poisonous,
while sterilised peritoneal fluid_ was very pmaﬂﬂou& and had an
immunising power. But they also obtained “poisons” which
still had a very weak toxic action and some immunising power
after exposure to a temperature of 110° to 120° C. Bgesson,*
too, has prepared weak poisons (5 to 10 c.c. being required to
kill a guinea-pig) by filtering cultivations and in particular those
grown on flesh.

SWINE PLAGUE.

SILBERSCHMIDT® discovered a weak poison with a specific
action in filtered cultivations. It was not completely destroyed
at 120° C,, but was gradually weakened even at 60° C. The
filtrates produced immunity.

SELBERG* found poisonous substances with a slight specific
action attached to the cells of the bacilli of swine plague.

METSCHNIKOFF'S VIBRIO.

A very mterestlng report on this vibrio was published by
SANARELLL® It grows vigorously on immunised serum after
first apparently dying, but is then almost completely innocuous,
though it again becomes toxic when grown in fresh bouillon.
In like manner the vibriones from an immunised animal can be

! Roux and Chamberland, ** Immunité contre la septicémie,” Ann. Past.,
ii., 561, 1887.

* Besson, ‘ Contrib. & I'étude du vibrion septique,” Ann. Past., ix
179, 1895,
; ¢ Silberschmidt, ¢ Contrib. i 1'étude de la swine plague,” Ann. Past., ix

5, 1895.

4 Selberg, ““Beitr. z. Kenntn. d. Giftwirkung d. Schweineseuchen-
bakterien, &c.,” Diss., Berlin, 1896.

% Sanarelli, *‘ Defense de l'organisme contre les microbes,” Ann. Past.,
vi., 225, 1892,
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cultivated. If the serum of an infected animal be separated
from the vibriones that it contains the latter are far more
virulent than when the serum is also present.

From these results it appears that the vibrio is capable of
increasing in the body of the animal, and that it produces
toxines there which are injurious. But in an Immune animal
or in immunised serum, and also in the serum of the diseased
animal, there are antitoxines which combine with the poison
and render the vibrio harmless, although it continues to grow
in the immune animal. TIf the antitoxine be removed the poison
again becomes active, as is also the case when the vibrio is culti-
vated upon new culture media.

Unfortunately, SANARELLI did-not attempt to isolate, by means
of filtration, the toxine that was probably present. He only
found cultures killed at 60° C. and 120° C. to be poisonous, and
naturally was unable to produce any antitoxic immunity against
the secondary poison which he obtained at 120° C. The latter
is certainly not a toxine, although it would seem that a true
toxine is produced by these bacteria and may possibly be demon-
strated by careful work.

DYSENTERY TOXINE.

A toxine supposed to be that of dysentery was found by
RosentHAL! in the filtrates of cultures three weeks old. The
filtrates, in doses of 0'1 to 0-2 c.c., had a fatal effect upon rabbits.
The poison is stated to be fairly resistant to heat and to form an
antitoxine.

1 Rosenthal, ‘¢ Das Dysenterietoxin,” Deutsch. med, Woch., 1904, No. 167.
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[II.--THE VEGETABLE TOXINES
(PHYTOTOXINES).

RICINE.

The seeds of the castor-oil plant, Ricinus communais, produce
an extremely virulent poison, which is in every way closely
allied to the bacterial toxines. It is present in the embryo
endosperm but not in the husk (WgerNEr). Poisons with
completely analogous action are also present, according to
STILLMARK,! in ten other kinds of Ricinus—viz. : R. 3a1;quimn£,
africanus, guyanensis nanus, aliissumus, communis major, philip-
pinensis, brasiliensis, borboniensis ar bor eus, spectabilis, and jam-
aicensis. The seeds of Jutropha curcas (Curcas purgans), a West
Indian Euphorbiaceous plant, popularly termed the “purging
nut” or “Barbadoes seed,” also yield a toxic product which is
possibly identical with ricine (STILLMARK).

Ricine was first investigated by Dixon.? He prepared a
poisonous product either b}f extracting the seeds with hydro-
chloric acid and precipitation with a solution of soda, or by
precipitating the substance from an aqueous extract by means
of alcohol. It was obtained in a purer state by treating the
agqueous extract with lead acetate and ammonia, suspending
the precipitate in water and removing the lead by means of
hydrogen sulphide, and then precipitating the toxine with
alcohol. In addition to the toxine a non-poisonous glucoside
was also detected in the seeds.

Ricine was more thoroughly studied by Sricrmark,! working
under the direction of RuporLr Koserr. He extracted the seed
with a 10 per cent. solution of ordinary salt, treated the extract
with sodium or magnesium sulphate, and removed the salts by
means of dialysis. The yield amounted to 2-8 per cent., calcu-
lated on the decorticated air-dried seeds.

Cruz?® washed the crushed seeds with chloroform and aleohol,

1 Stillmark, ‘“Ueber Ricin,” Arb. pharm. Inst. Dorpat, iii., 59, 1889
wlzntaina a complete bibliography of the earlier literature on the castor-oil
'p nt).

2 Dixon, Australian Med. Gaz., 1887, 156, « }untcd by Cushny (vide infra).

8 Cruz, ** La ricine,” Ann, d' Hyg. Publ., xl., 344 1898,
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dried them, extracted them with water, and treated the extract
with aleohol.

Great theoretical interest attaches to ricine owing to the fact
that Exrricn ! has made it the starting point of his fundamental
investigations of antitoxic immunity. He, too, separated it from
the seeds by extraction with a 10 per cent. solution of sodium
chloride, and purified it in exactly the same way as STILLMARK.
Merck’s preparation is precipitated from the sodium chloride
solution by means of ammonium sulphate.

Chemical Nature of Ricine.—While the older investigators
regarded ricine as a proteid, the progress of discovery appears
to follow the same course here as was described in the case of
the bacterial toxines, and, with the increase in the accuracy
of the investigations, the belief continues to gain ground that
this toxine, although a body of high molecular weight, is not a
proteid in the narrower sense of the term.

STILLMARK regarded it as a globulin. CusHNY? made many
tedious experiments to prove that ricine was really a proteid,
or to free it from proteid impurities, but did not obtain any
definite results. It is quite impossible to effect a separation of
the active principle from the proteids by the usual methods,
either because the coefficients of precipitation and re-solution
are the same, or, more probably, because ricine, like so many
colloidal substances, is mechanically carried down by many
precipitates as they fall, and especially by coagulated albuminous
substances, &c.

Eventually the resistance offered by ricine to trypsin afforded
a means of preparing a substance which, in all probability at
least, was not of a proteid nature. This property, which was
denied by SriLLMaRK, but demonstrated by CusENy and
MuLLER,® formed the starting point for Jacomy’s* striking
experiments.

He first showed that, even after being digested for a week
with trypsin, the toxic power of ricine remained unaltered, the
same result being also obtained with papain. But he did not, of
course, draw any definite conclusion from this alone, since it was
possible that the proteids might also be able to resist the action

! Ehrlich, **Exper. Unters. iiber Immunitit,” Deutsch. med. Wach.,
1891, 976, 1218 ; *‘ Zur Kenntnis d. Antitoxinwirkg.,” Fortschr. d. Med.,
1897, 41.

= [I’:ushny, ““ Ueb. das Ricinusgift,” dirch. exper. Path., x11., 439, 1898,

{; Miiller, ‘¢ Beitriige z. Toxikol. des Ricins,” Awrch. exper. Path., xlii.,
302, 1899,

4 Jacoby, * Ueb. d. chem. Natur des Ricins,” Adrch, exper. Path., xlvi,,
28 (reprint).
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of trypsin.  Accordingly he modified his experiment in a very
ingenious fashion.

Ricine is precipitated by ammonium sulphate on saturating
the solution to the extent of 60 per cent., whereas the active
principle of trypsin is not separated until the solution has been
completely saturated with ammonium sulphate. Jacosy, there-
fore, separated from an extract of pancreas by means of fractional
precipitation with ammonium sulphate the proteids that were
precipitated at a saturation of 60 per cent., and used this purified
trypsin preparation for the digestion of ricine that had been
separated by saturating its solution to the extent of less than
60 per cent.

Hence this mixture, before the digestion, would have the
tfollowing composition :—

Precipitated at 60 per cent., . Ricine, and proteids com-
bined with it.
2 100 ! . Trypsin.

After the action of the digestive enzyme, however, the composi-
tion would be different; the proteid impurities in the ricine
would have been digested by the trypsin, and would only be
precipitated with more difficu/ty by the trypsin, and possibly not
at all ; and the composition of the mixture would then be :—

Precipitated at 60 per cent., . Ricine.
B 100 o . Trypsin and part of the
digested products.

Under these conditions, then, the precipitation at a saturation of
60 per cent. must yield a pusre ricine.

As a matter of fact, Jacosy obtained only a very slight
precipitate by saturating the mixture to the extent of 60 per
cent. after a five weeks’ digestion, and he purified this substance
by re-precipitation.

The proteid reactions were no longer obtained, while the toxic
properties were quantitatively retained. Here, then, we have
proof that pure ricine is not a proteid. And this result also
disposes of one of the remaining * toxalbumins,” and hence this
term may well be regarded as now only possessing historical
value. 1t has played an important part in the investigations of
this subject, especially since it led to the proof that these poisons
possessed quite different properties to the crystalloid poisons ;
but surely the time has arrived for us to discard it, since now it
can only create confusion. In its place let us use the general
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term * toxine,” in the precise connotation that we have deseribed,
which covers all the properties of this characteristic class of
bodies.

Properties of Ricine.— Ricine, like the bacterial poisons,
presents many close analogies with the enzymes, so much so that
it was classified with them by SriLLmMark, although it does not
bring about any true fermentative processes, such as diastatic
action, &e. Among these analogies is its property, mentioned
above, of being carried down by all kinds of precipitates ;
and this mechanical precipitation takes place with special
readiness in the case of subsiding proteid precipitates. Its
precipitation by nucleic acid must also be attributed to a
mechanical process of carrying down, and not to a characteristic
reaction of the toxine itself, such as TicHoMIROFF! claimed
to have observed both in ricine and in other toxines. It
also resembles the enzymes in its sensitiveness to physical
and chemical influences.

The temperature of boiling water is extremely injurious to it,
although, according to Jacosy, it does not entirely destroy its
toxic property, and the purified poison offers greater resistance
than that containing proteid impurities. JacoBy considers it
not impossible that, on boiling, a different poison is produced,
possibly a towoid. The toxine is not destroyed by dry heat,
110° C. (StiLLmark), and is almost unaffected by pepsin-
hydrochloric acid (MULLER).

We have already described its behaviour towards ¢rypsin, and
it is particularly interesting to note that JacoBy found that his
pure ricine was rapidly destroyed by trypsin, but that this did
not take place when fresh quantities of trypsin were added to
digested mixtures containing the unpurified ricine. Hence, it
would seem, the decomposition products of the proteids exert
a protective influence.

Hydrogen peroxide has an energetic action upon pure ricine,
but is only slightly injurious to the impure substance.

Alcohol does not dissolve ricine and does not injure it.

Ricine appears to be absolutely indiffusible, as was first shown
by STILLMARK.

Action of Ricine.—Ricine has two of the most important pro-
perties of toxines—extraordinarily great activity and a period
of incubation; but, on the other hand, does not show their
strictly specific action. Hitherto no animal has been found that
1s completely immune against ricine, but the susceptibility is not

! Tichomiroff, *“ Ueber die Fiillg. v. Toxalbuminen durch Nucleinsaure,”
Zeit. f. physiol. Chem., xxi., 90, 1895.
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the same with all animals, though the differences are no greater
than can be observed in the case of the erystalloid poisons.

Its toxic action is enormous. According to EHRrLICH it is
fatal when introduced subcutaneously in the proportion of 0-03
mgrm. per kilo., while 018 grm. is a lethal dose per os for a full-
grown man. Subcutaneous injection of 1 grm. would kill 1}
millions of guinea-pigs, though the minimum lethal dose shows
some variation. Mice are less susceptible; rabbits somewhat
more so. In measuring the toxic power EHRLICH invariably
uses an injection of 1 c.c. for each 20 grms. of body substance ;
on that basis a dilution of 1 : 200, 000 would be undoubtedly
fatal to mice.

In like manner Cusuxy found the lethal dose for rabbits to be
0:04 mgrm. per kilo., while JacoBy found that 0-5 mgrm. of
Merck’s ricine per kilo. of body weight was required to kill
rabbits.

According to OsporNE and MANDEL ! the lethal dose per kilo.
for rabbits of their purified ricine was 0:002 mgrm.

It also shares with toxines the property of acting much more
weakly by way of the digestive tract. Yet its action is always
plainly perceptible even when introduced in this way, though
doses a hundred times as great are required (STILLMARK, p 185).
This property depends on “the much more considerable resistance
offered by ricine than by the bacterial toxines to the digestive
enzymes.

The effects produced by ricine can be classified in four groups
—viz., the local action at the point of application, the general
effects, the action on the conjunctiva, and the action on the
blood-corpuscles,

Ricine, like many bacterial toxines, frequently produces severe
indurations, inflammation, abscesses and necroses at the point
of inoculation. Whether these pathological changes are due to
the ricine itself or to impurities has not yet been definitely
determined. There is, however, some support for the view that
these symptoms are possibly mﬂy produced, as is frequently
observed in other cases, through the simultaneous introduction
of proteids foreign to the body.

The general changes that t’tke place in ricine poisoning had
already “been studied by the older investigators, and subsequently
by FLEXNER * and FraNz MULLER (loc. cit.) in particular.

The first symptom is an increase in the temperature and a

! Osborne and Mandel, ‘¢ Ricine,” Amer. Journ. Physicl., x., 36, 1903.

2 Flexner, ** The Pa,thl:-]ﬂgy of Toxalbumin Intoxication,” Johns Hoplins
Hospital Rer:md 1897 (reprint).
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rapid decrease in the weight of the body, while, with these
exceptions, no abnormal phenomena are noticed during the first
twenty-four hours.

The decrease in the weight of the body is much greater than
can be accounted for merely by a condition of hunger. Rabbits
in a state of hunger lose only about ;' of their total weight in
twenty-four hours, | after forty-eight hours, and 1 after seventy-
two hours, whereas rabbits poisoned by ricine lose 1 to { of their
weight even after twenty-four hours. Nor can this decrease be
explained solely by increased decomposition of proteids.

According to MULLErR the conditions are similar to those
observed in animals suffering from fever. The stools contain
blood and albumen, and frequently blood passes into the urine.

After twenty-four to thirty hours the fatal symptoms of
poisoning suddenly appear. They begin with clonic convulsions
and weakening of the reflexes. Then follows paralysis. After
fifteen minutes the convulsions are repeated, and dyspnea and
feeble inspiration precede death, which results within about half
an hour after the first attack.

Sometimes the convulsions do not occur. An increase in the
dose does not alter the symptoms, but shortens the period of
incubation.

At the last there are serious central disturbances of the
medulla oblongata : paralysis of the vasomotors and eventually
of the respiration. The pressure of the blood does not fall until
quite late in the attack ; and death is then near. Ricine has no
effect upon the heart.

Post-mortem dissection shows very characteristic results.
Swelling and reddening of the subcutaneous lymph glands, and
great stasis in the region of the blood-vessels in the abdomen ;
great enlargement of and red flecks in the mesentery lymph
glands and of Peyer’s patches, and numerous ecchymoses in the
intestine, but no ulcerations. The spleen is much swollen and
soft. Histologically there are characteristic changes in the
blood, and notably severe leucocytosis, decomposition of cells
in the spinal marrow, and necrotic foci in numerous organs,
notably the liver. Thromboses cannot be observed. As a rule,
the muscle of the heart shows fatty degeneration.

Cruz (loc. eit.) observed, in particular, serious alterations in
the kidneys, but StEpANOFF was unable to detect the toxine in
the urine. Haemorrhage of the suprarenal bodies is also a
characteristic symptom.

Death from ricine is thus primarily due to central paralyses,
but in addition to this the local irritant effects of the poison are
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shown by the necroses of the cells. The intestinal ecchymoses,
d&e., can also be accounted for in the same way, since STEPANOFF '
has shown that ricine is exereted into the intestine, and CusHNY
(loc. eit.) has found that in frogs ricine causes a discharge of
blood containing the poison into the stomach.

Ricine has no action upon the isolated heart of the frog or
upon the nerves, while it has a slight paralysing effect upon the
muscle (STILLMARK).

The action of ricine upon the connective tissue of the eye is
characteristic. Tt produces severe conjunctivitis similar to that
caused by abrine (vide imfra), which also frequently leads to
permanent derangement of the cornea. Panophthalmitis is also
not uncommon.

The Action of Ricine upon the Blood.—Ricine has a very
characteristic action upon the red blood-corpuscles as was first
noticed by KoseErT and StTiLLMARK (loc. cit.); and this can be
observed both in fresh blood and in the case of erythrocytes
that have been repeatedly washed. The erythrocytes agglutinate
under the influence of ricine, and fall to the bottom as a coherent
flocculent mass resembling clotted blood, so that the supernatant
serum is clear,

According to KosErT,® a combination takes place between the
agglutinine and the arterine of the blood, and the clumping
together is due to the fact that this compound is viscous. The
action is very intense, and can be recognised even in a dilution
of 1:600,000. This agglutination has absolutely nothing to do
with the hamoglobin, since it also occurs in the case of the
dissolved blood-corpuscles—i.c., with the stroma by itself. The
serum appears to contain substances that have a restrictive
influence upon the action of the ricine; at least it acts more
energetically in diluted blood.

This ricine coagulation is quite distinet from the true coagu-
lation of the blood. Any possibility of its being a simple
coagulation is indeed excluded by the fact that it can be
observed in defibrinated blood ; but apart from this, the process,
as such, can be distinguished from coagulation by the fact that
it is not influenced by sodium chloride, potassium nitrite, and
potassium chlorate. Fibrin coagulation is even retarded by ricine.
Moreover, the so-called ricine fibrin—i.e., the colourless washed
ricine precipitate—is absolutely different from true fibrin.

1 Stepanoff, ** Etudes sur la ricine et Vantiricine,” Ann. Past., x., 663,
1896.

- % Kobert, ¢ Ueber vegetabilische Blutagglutinine,” Sitzungsber. d. natury.
Ges., Rust&ck 1900, xxv. [5] (reprint).
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With large doses of ricine the agglutination is followed by
diffusion of the colouring matter of the blood, so that ricine
has thus also a Aemolytic action. According to Jacosy this
hzmolysis is only an intensified form of agglutination and not
a separate process.

The agglutinating action is not restricted to the blood. Lavu
found that ricine also caused the agglutination of pus cells and
the cells of organs, that it coagulated milk, and produced coagu-
lations in solutions of white of egg and of plasmon, but did not
affect solutions of myosin and human serum ; while STILLMARK
obtained precipitates by means of ricine in the sera of the dog,
cat, ox, and hen.

The blood-corpuscles of different species of animals vary as
regards their susceptibility, just as they do in the case of
bacterial lysines.

The blood of highly immune animals—e.g., goats—is yet
completely susceptible to ricine poisoning, so that immunity
through lack of receptors, comparable with natural immunity,
does not occur.

Lavu?! concluded that the blood-corpusecles of fish were abso-
lutely proof against ricine, but FrRANKEL? showed that this was
only relative and that the introduction of larger doses of ricine
caused agglutination of the blood of even the barbel (Barbus
Mluviatilis). This resistance is due to the presence of a normal
anti-body in fish serum. Ricine antitoxine from goats’ blood
also possesses this protective power. Yet, on the other hand,
normal barbel serum has no antitoxic effect upon the action of
ricine in cats’ blood.

Great interest attaches to the question of how far this action
upon the blood 4n witro has a bearing upon the occurrence
of general ricine poisoning. The older investigators, notably
STILLMARK, were inclined to believe that the hzmorrhage and
necroses could be explained by a similar process of coagulation
within the lumen of the vessels. Yet, on the one hand,
thromboses have never been found; and, on the other hand,
as was shown above, these symptoms must be regarded as
irritant effects of the poison in loco. Nor is any stoppage of
the brain arteries suggested by the central symptoms.

But, above all, this theory that the action of ricine upon the
blood might be made responsible as the cause of death is
disproved by the fact that MULLER was able to show that this

! Lan, * Ueber vegetabil. Blutagglutinine,” Dissert., Rostoek, 1901.

*Friinkel, ¢* Ueb. d. Wirkg. d. Ricins auf Fischblut,” Hofm. Beitr., iv.,,
224, 1903,
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agglutination never occurred at all in the living blood. He
also discovered that pepsin-hydrochloric acid checked this action
upon the blood without affecting the toxic power—a result
which, it is true, was denied by Lav, but was conclusively
confirmed by Jacony (vide infra).

This question is particularly important because it should
furnish an argument for deciding whether ricine is an individual
substance, or whether its action upon the blood ought to be
regarded as quite distinet from its toxic power, in the sense that
there are two separate constituents of the castor seed, exerting
their activity in a different way—a point of view put forward,
e.q., by Cusany and MULLER.

It is, however, extremely probable that the question in this
form is not sufficiently precise. 1t is quite in accord with
Ehrlich’s theory that ricine should be a receptor of the second
class of a somewhat complex constitution, possessing only one
haptophore group but fwo ergophore groups—viz., a toxophore
group which causes the poisoning, and another group producing
the agglutination, and for which the term * agglutinophore”
group has been suggested.

This theory can be readily supplemented by the further
hypothesis that these two ergophore groups differ in their degree
of stability, a difference of susceptibility to digestion with
pepsin-hydrochlorie acid being in fact capable of detection, so
that even to explain this phenomenon it is unnecessary to
assume the existence of two substances.

On the other hand, however, it is not as yet possible to demonstrate
more fully the manifold nature of ricine poisons. As FrRANKEL has shown,
the antitoxine of normal barbel serum is absolutely devoid of protective
power against the action of ricine upon eats’ blood on the one hand, and,
on the other hand, also against its foxic action upon rabbits and even upon
the barbel itself, so that here there is evidence in support of the view that
there is a distinct fish blood agglutinine and fish poison.

We cannot discuss this question more fully until we are able
to consider the action of ricine in the light of the side-chain
theory. As in the case of all true toxines there are four points
that justify a poison being included among the haptines.

We have already touched upon the small lethal dose, the
incubation period, and the variable toxicological behaviour.
But the most important point of all is the formation of anti-
toxine in the organism, the production of active and passive
acquired vmimunity.

In this respect, also, the behaviour of ricine exactly corresponds

with that of the bacterial toxines. It was, in fact, experiments
13
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with 7icine that led Enrvica to his epoch-making researches
upon antitoxie immunity.

Immunity against Ricine.—Emnruicu' succeeded in rendering
white mice and rabbits immune against ricine by first introduecing
small doses per os (and, in the case of rabbits, also by way of the
conjunctival sac), and then, after attaining a certain degree of
immunity, he was able by cautiously increasing the doses in sub-
cutaneous injection to reach a fairly high state of immunity, the
process taking about four months. Mice previously treated in
this way were capable, after eight weeks, of resisting the lethal
dose for a man. While a dose of 1 e.c. in a dilution of 1 : 200,000
per 20 grms. of body weight was absolutely fatal to the animals
used in control experiments, Ehrlich was able to give doses of
1 c.c. of solutions of 1:500, or even 1:250, to the immunised
animals, so that from 400 to 800 times the original immunity
was obtained. It was no longer possible to produce pano-
phthalmitis in immune animals even by the introduction of
large doses, although there was still a frequent occurrence of
the local necroses.

Now, the serum of these immunised animals contains an anfi-
ricine, which, just like the bacterial antitoxines, is capable of
combining with the ricine in witro in such wise that both its
toxic and agglutinating action are prevented in accordance with
definite numerical laws. A special point of importance in this
connection is the fact, also established by Emrrich, that the
same quantity of serum can influence both actions in the same
way. A further proof that there is here a simple combination
between the toxine and antitoxine has been brought by Danvysz,?
who found that on treating a neutral mixture of ricine and anti-
ricine with proteolytic enzymes the antitoxine could be destroyed,
so that the toxic power again appeared ; animals that had been
given an exactly neutral mixture per os died of typical ricine
poisoning.

Enrricn’s fundamental experiments have since been confirmed
and extended by M. JacoBy® in a very exact and theoretically
far-reaching investigation.

Jacopy agrees with EnrricE’s conclusion that there is a true
quantitative combination in the action of antiricine upon rieine,

! Ehrlich, ¢ Exper, Unters. iib. Immunitiit,” Deutsch. med. Woch., 1891,

g':il'ﬁ, 1218 ; ** Zur Kenntnis d. antitox. Wirkg.,” Fortschr. d. Med., 1897,

mgg])anysz, ““ Mélanges des toxines avee les antitox.,” Ann. Past., xvi., 331,

 Jacoby, ‘“ Ueber Ricinimmunitit,” Hofm. Beitr. z. chem. Physiol. .
Pathol., i., 51, 1901,
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and that antiricine consists of broken-off normal veceptors. He
has observed a very interesting deviation from the bacterial
toxines. If an active immune serum be brought into contact
with solutions of ricine a distinet preeipitafe is formed, which is
also the case when solutions of antiricine are used (vide infra).
On the other hand, there is no precipitate produced when active
ricine is treated with normal serum.or with destroyed antiricine,
or when ricine rendered inactive by boiling is brought into con-
tact with antiricine.

Danvsz (Joe. eit.) simultaneously investigated this precipitate, and found
that there was invariably an optimum of admixture at which the strongest
Kreaipitatimn occurred. We shall return presently to the conclusions that

e drew from this result.

This combination of ricine with antiricine is, as Jacosy rightly
concludes, a primary one. The resulting neutral compound is,
however, in this case only sparingly sc:-]ub]e, and thus forms a
preclplta,te which also carries down, as usual, other proteids
of the serum ; for this is the only way of mplmmnﬂ the amount
of the precipit{ute. But there can be no question of any precipita-
tion of proteid by some precipitfine that has been formed, and of
this precipitate then carrying down with it the mixture of ricine
and antiricine ; for even ricine that is free from albumin produces
in the organism a serum that gives the albumin reactions. More-
over, the strictly quantitative combination that is formed is
opposed to the view that there might be any removal of the
toxic power of the ricine by adsorption during a simultaneous
precipitation of proteids; for the proteid precipitates containing
ricine that have been formed in another manner—e.g., by nucleic
acid (vide supra)—are poisonous, whereas this precipitate is not.
But as soon as there is any excess of ricine present, the filtrate
remains poisonous in exactly the degree corresponding to that
excess. A removal of toxic power so quantitatively regulated
cannot be accounted for by adsorption.

An apparently paradoxical phenomenon can be simply ex-
plained by the theory. The washed erythrocytes of highly-
vmmunised animals are at least as susceptible, and apparently
still more “susceptible than the normal erythrocytes. It is
theoretically conceivable that the power of forming receptors
may become temporarily spent, so that the erythrocytes may
contain few or none at all, with the result that their suscepti-
bility may be wery 1m1qm:ﬁmw,£ or nil ; this appears to happen
frequently in the case of eels’ blood (q.v.).

Conversely, the theory can also assume the possibility of the
erythrocytes being endowed with the power of a very vigorous
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formation of erythrocytes, so that they thus contain more than
the normal quantity, and that their susceptibility is therefore
unmistakably increased.

On the other hand, it is obvious, and has been confirmed
by the facts, that the erythrocytes in the natural serum of
immune animals receive very considerable protection from
the presence of anti-bodies in their serum. In one experiment
Jacopy found such blood to require ten times as much ricine
to produce the maximum agglutination as in the case of normal
blood.

This phenomenon of the haptines combining with the free side
chains in preference to those in combination has been observed
in the case of all toxines. The free receptors appear almost
absolutely to have a greater degree of affinity than those attached
to the cells.

This fact forms the basis of every “cure” in cases of toxine
poisoning—u.e., the disruption by means of the antitoxine of
a combination already formed with the cell. We have already
shown in their respective places that this curative action is only
possible for a very short time after the combination in the case
of diphtheria and tetanus; a very similar state of things is also
found with the blood poisons, for MADsEN was able to detect in
the case of tetanolysine (g.v.), and JacoBy, in the case of ricine,
an arrest of agglutination through the subsequent addition of
antiricine.

But, in spite of its slight affinity, the haptophore group of
ricine combines in the absence of fiee receptors just as quanti-
tatively with those attached to the erythrocytes; and just as
tetanus poison becomes fixed to the central nervous system so is
ricine quantitatively attached to the erythroeytes, so that the
mixture has no action upon a fresh quantity of blood.

The agglutinating action is thus completely paralysed through
the quantitative combination of its substratum with the erythro-
cytes. We ought, therefore, to conclude a priori that if ricine is
an individual substance the toxic power of such mixtures should
also be destroyed. This, however, is not the case. MULLER
found that the filtrates from the precipitates produced by ricine
were devoid of agglutinating power, but yet were poisonous,
although to a considerably reduced extent, and without producing
the typma,l appearances on post-mortem dissection.

These experiments were not regarded as quite conclusive by
Jacosy, In his opinion it was pﬂssxble that there might be still
some ricine mechanically carried down in the precipitate formed
in the blood, and that this ricine might again be liberated during
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the slow filtration.! But even Jacosy’s own experiments, made
with unfiltered blood rendered non-coagulable, gave the same
results. The mixture had the same degree of foxic power. He
himself, however, raises the very 1mpm'ta,11t objection that
although the poison in this way reaches the cells of the tissues
in a combined form, these cells may very well possess the power
of decomposing this combination and of attracting the poison to
themselves to their own injury. For the receptors of the tissues,
like the free receptors, may possess greater affinity for the toxine
than do the erythrocytes, although, again, it must be less than
that of the free receptors; otherwise no immunity against the
toxic action could be produced.

This view is also supported by an argument which, to my surprise, was
overlooked by Jacosy., If we assume that the tissue receptors combine
more readily with the haptophore group of the ricine than does the latter
with the receptors of the blood-corpuscles, we have an explanation why in
cases of the poisoning of living animals with ricine the symptoms produced
in the blood are so slight in comparison with the general symptoms, a fact
for which it is otherwise difficult to account.

These experiments, too, do not decide the question whether or
no ricine consists of two separate substances.

Jacosy, in a further research,? made use of Ehrlich’s method
of separating hemolysines, by subjecting mixtures of ricine with
blood-corpuscles to centrifugal force. The agglutinating power
was invariably found to have disappeared from the liquid,
whereas the amount of foxine varied from 25 to 90 per cent. of
the original amount. The poison had never combined guanti-
tatively with the receptors. Its action was also qualitatively
unchanged.

JacoBy next rendered animals immune by means of this
poison freed from the agglutinine. The immune serum thus
obtained showed nof only antitoxic, but also anti-agglutinating
power, although the plasma poison freed from agglutinine
required less antitoxine than ordinary ricine.

Exactly similar results were obtained with ricine that had
been previously treated with pepsin-hydrochloric acid. This
agglutinine-free poison also produced an antitoxine which had an
influence upon both functions of the 1i-:.,i11c The action of
pepsin-hydrochloric acid upon ricine had already been studied by
Jacopy in his earlier investigation, and he had been able to
confirm MULLER’s assertion tha.t the agglutinating power was

considerably reduced, even to ;Y of its or 1{*111&1 amount.

1 Loc. cit., p. 68. That is, if I haxe correctly understood the drift of

the argument, which is somewhat too briefly expressed.
2 Jacoby, ‘“ Ueber Ricinimmunitat,” Hofm. Beitr., ii., 535, 1902,
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But the same amount of antitoxine was required after the
experiment as before to neutralise the greatly reduced agglutinat-
ing power, as well as the unaltered toxic activity. One c.c. of
antitoxine was required to neutralise the Extlamdinmﬂy small
agglutinating power of 5 c.c. of pepsin-ricine; but the same
quantity was also sufficient to destroy the towic activity of the
same quantity corresponding to at least 15 mgrms. of ricine (30
lethal doses). But, more than that, it was pnsmble still to add
enormous quantﬂ;lea of poison (up to 8 c.c. of pepsin-ricine)
without killing the animals, though they certainly became
emaciated.

One is strongly reminded by these facts of the conditions
observed in the case of bacterial toxines, especially those of
tetanus and diphtheria. There, too, Enrrica found that more
than a single lethal dose had to be added to a completely neutral
mixture (L) in order to obtain L, (see the value D in the
General Part).

Another very interesting result was shown by Jacosy's ex-
periments—viz,, that whereas 1 c.c. of antitoxine was required
to neutralise 0-26 c.c. of ricine solution before the treatment with
pepsin, the same quantity was sufficient for 5 c.c. after the treat-
ment. At the same time the toxic acfion remained unchanged,
so that any possible destruction of the ricine molecules was out
of the question.

It surely follows from these experiments that a large number
of the haptophore groups must have disappeared, which, in the
untreated ricine, had combined with the receptors of the serum,
but, subsequently, no longer had any attraction for the anti-
ricine. But these ha;ptuphme groups could not have corresponded
with the toxophore groups, since the toxic power remained un-
changed. We are thus inevitably driven to the conclusion that
-nuu—pﬂ‘iﬁfm-uus haptophore groups must have been present in the
crude ricine. Jacoey is thus justified in his conclusion that
there are ricine towoids which are destroyed by pepsmr-hydm{.ﬁfm‘w
acid. And they must also be syn- or profoxoids, since they are
simultaneously saturated on neutralisation.

The conditions are quite the reverse in the case of the
agglutinating function. It is true that the number of hapto-
phore groups also shows a decrease here, but to a smaller extent
than that of the ergophore groups. If, now, we assume that the
haptophore groups are the same, it is probable that there are
here formed new foxoids of a peculiar kind, which consist of only
the haptophore and towophore group, and have lost their agglutino-
phore group.




RICINE. 199

And in support of the view that the haptophore groups are
actually identical, and that ricine is thus an individual haptine,
though of complex structure, we have, above all, the fact that
the antitoxic and anti-agglutinating action remain just the same
after the treatment with pepsin, and the results of immunising
experiments with ricine devoid of agglutinine (vide supra). In
the case of haptines that were undoubtedly distinct, such as, e.q.,
tetanospasmine and tetanolysine, EnrLicH was unable to observe
any trace of such a parallelism.

On the other hand, much can also be said against their
identity, so that the question cannot yet be regarded as definitely
settled. But if we grant their identity commercial ricine must
consist of the complex groupings represented in the diagram—

toxophore ------ Y\ _~Z-"""" agglutinophore

- - -----=---haptophore

and also of toxoids, either without any ergophore group,! or with
only the ag

These are eliminated by pepsin, possibly with the formation
of toxoids with groupings in this form—

Fresh ricine, like diphtheria poison, appears fo contain less
toxoids, for according to Jacosy, Merck’s preparation gradually
decreases in its activity.

In addition to these bodies, which we are obliged to regard as
pro- or syn-toxoids, there appear to be also foxones of ricine,
though Jacosy has not touched upon this point; at least this
conclusion can be drawn from the ratios of D (L, — L) given

1 This is really the more probable ; it is difficult to conceive that there
should be toxoids containing such a sensitive group as the agglutinophore

group. This question, however, is of quite secondary importance.
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above, which exactly recall those observed in the case of
diphtheria poison.

It is as doubtful in the case of ricine as in that of the bacterial
poisons whether there are not cases of dissociated equilibrium
here. Danvysz (loc. cit.), in fact, observed very striking ratios.
The fact that there is an optimum point of mixture (vide supra)
for the production of the largest precipitate is only a fairly
weighty argument; and a far more important reason is that,
according to Danvsz, there is never an absolutely neuwtral mix-
ture. He found that these mixtures invariably possessed both
1., that although they themselves
had a slight toxic action they were yet able to retard or
altogether prevent death on the addition of a whole lethal dose.
His speculations based on these facts are very similar to those
of Borper (see General Part). 1t is probable that the truth is
that we have here to deal with dissociated conditions of equili-
brium, such as were found by ArrueNius and MADSEN in the
case of tetanolysine.

ANTIRICINE.

Jacony has also made attempts to isolate antiricine. It may
at once be mentioned that any separation of an anfitoxine from
an antiagglutinine has not been found possible by any method,
and that, notwithstanding the theoretical considerations given
above, we have thus in practice to deal with an individual
substance.

Antiricine when salted out with ammonium sulphate is quan-
titatively pleBiplta,tEd in the fraction that falls when the degree
of saturation reaches } to 4 of the total amount. In this way
it can be separated from a large proportion of the other colloids.

Experiments with frypsin on the same lines as described above
in the case of ricine showed that it absolutely resisted the action
of that enzyme.

Antiricine was quite unaltered after two hours’ heating at
60° C., and after digestion for thirty minutes with an equal
amount of N/10 sulphuric acid or N/10 soda solution at 37° C.
Pepsin-hydrochloric acid had no effect upon antiricine after an
hour at 35° C. On the other hand, it was destroyed by acids
at 60° C.

Antiricine thus appears to be a substance resembling the
bacterial antitoxines in stability. It is a simple receptor of
the first class, but provided with only one haptophore group.

STEPANOFF (loc. cit.) was able to detect antitoxine in the blood
of rabbits, even twenty-four hours after the injection of serum
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containing antiricine. After seven days both the antitoxine and
the power of resisting the poison had disappeared. He found it
neither in the urine nor in the intestinal tract, and there is thus
no evidence of its being excreted ; presumably it was oxidised
in the system.

ABRINE,

Abrine, a toxine closely resembling ricine, is contained in the
seeds of the jequirity (dbrus precatorius), a plant indigenous to
the East Indies, and possibly also to Brazil. It is found in
almost every part of the plant (HeENsEvVAL ),

It was discovered by Bruyrants and VENNEMANN 2 who were
the first to announce that the active principle of jequirity seeds
had nothing to do with bacteria, but was an enzyme, a toxic
proteid. The same results were obtained by Warpex and
WappELL? working under the direction of Roserr KocH in
Calcutta. SipNey Marrin* found that abrine consisted of a
globulin and an albumose. The action of the albumose resembled
that of the globulin, but was much weaker—i.c., according to
our present views more poison attaches itself to the globulin
than to the albumose, while the true poisonous principle is
distinct from either.

Its hwemolytic capacity was discovered by Koperr in 1889
and investigated by his pupil HELLIN.?

I'ts action is so similar to that of ricine that Emrvricm (Joc.
cit.) considered it necessary to prove its individuality. Some
differences were observed which showed beyond doubt that
abrine, although very similar to ricine, was yet a distinct
substance,

It is much less poisonous than ricine, especially per os.
Enrricu found that solutions of the same strength (1:100 ,000)
killed mice, on subcutaneous injection, in six l’.]tl}"b, whereas in
the case of ricine they caused death even after sixty hours.
On the other hand, Camerre (vide infra) found 0°5 mgrm.
per kilo. fatal to rabbits within forty-eight hours, while the

! Henseval, ** L’abrine,” La Cellule, xvii., 139 ; Malys Jb., xxxi., 910.

* Bruylants and Vennemann, ** Le Jequirity,” Bull. Acad. Méd. Bely.,
[3], xviii., 147, 1884.
IS;FM{]BH and Waddell, Non-bacillar Nature of Abrus Poison, Calcutta,
4 Martin, ‘“ The Proteids of the Seeds of Abrus,” Proc. Roy. Soc., xlii.,
331, 1887; Martin and Wolfenden, ‘‘Physiol. Action of the Seeds of
Abrus prec.,” ibid., xlvi., 94, 1889-90; Martin, ““The Toxic Action of
the Albumose from Seeds of Abrus prec.,” ibid., xlvi., 100, 1889-90.

* Hellin, ¢ Der giftige Eiweisskirper Abrin.,” Dissert., Dorpat, 1891,
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lethal dose for a mouse was 0001 mgrm. The lethal dose for
1 grm. of mouse was found by RomEr! to be 0:0005 mgrm.

Like ricine it produced inflammation, but necroses were seldom
observed. On the other hand, a specific action of abrine is that
it causes the hair to fall out rapidly around the point of injection,
until complete baldness results.

The appearance on post-mortem dissection is almost the same
as in the case of ricine; an additional effect being a characteristic
hydropic degeneration of the muscle of the heart (WERrRHOFSKY ?).
Unlike ricine it also acts in small doses on fishes’ blood (Lav,
loc. cit.).

But the conclusive fact is that a state of immunity can be
produced against abrine, which does not afford protection against
ricine ; in like manner animals rendered proof against ricine are
not immune to abrine.

Action upon the Eye.—The action of abrine upon the conjunc-
tive is much more energetic than that of ricine, injection being
followed by serious permanent lesions of the cornea or by
panophthalmitis. In consequence of its energetic irritant
action abrine is sometimes used in ophthalmic medicine, the
violent inflammation produced frequently causing the dis-
appearance of new inflammatory vessels and leucoma in the
cornea. The maximum initial therapeutic dose is given by
RoMER? as about 0°01 mgrm. for rabbits.

According to EnriicH the action of abrine can be regulated
by immunising the conjunctiva itself with increasing doses. For
practical purposes RomeR has carried this immunisation to such
a pitch that it is possible to avoid all the more serious symptoms
without affecting the therapeutic action. Antitoxine is then
produced in the conjunctive itself.

Part of the poison is also absorbed from there and produces a
general formation of antitoxine and immunity, although not to
so pronounced an extent as after subcutaneous injection. The
greatest degree of immunity attained was 500 antitoxic units,
and local immunity was produced more rapidly than general
immunity. Passive immunisation of the connective tissue with
antiabrine serum only affords protection so long as the antitoxine
itself is still present. On the other hand, the subcutaneous in-
jection of large doses of antitoxine also protects the eye. An
attack of abrine ophthalmia can be successfully treated by local

1 Romer, “ Ueber Abrinimmunitit,” Arch. f. Ophthalm., lii,, 90, 1901.

® Werhofsky, ‘“ Beitr. z. pathol. Anat. der Abrinvergiftung,” Zeiglers
Beitr. z. pathol. Anat., xviii., 115, 1895.

% Romer, “ Ueber Abrinimmunitit,” Arch. f. Ophthalin., lii., 72, 1901.

et -
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application of therapeutic serum, even in very severe cases. The
subcutaneous introduction of large doses also has a therapeutic
action. The local immunity of the eyes lasts longer than the
general immunity.!

Properties of Abrine. —I&:{pm iments to obtain an insight into
the constitution of abrine have been made by Hausnaxy,? who
has applied to this toxine the method used by Jacogsy for ricine
(q.v.).

Abrine is precipitated by saturating its solution with am-
monium sulphate to the extent of 60 per cent., and can be
freed from part of the proteid thrown down with it by repeated
precipitation. Abrine thus purified has a very energetic toxic
action, so much so that animals frequently die before the appear-
ance of necroses and intestinal symptoms.

Abrine resembles ricine in resisting the action of trypsin.
Hence it was found possible, as in the case of ricine, to obtain
a preparation which, while possessing a high degree of toxic
power, no longer gave the biuret reaction.

On the other ha,nd its agglutinating power is very much more
resistant to the action of pepsin-hydrochloric acid than is that of
ricine (g.v.), and when the action of the enzyme is very energetic
the toxic and agglutinating functions eventually disappear almost
simultaneously.

With this exception there is nothing special to be said with
regard to the chemical reactions of abrine ; so far as is known
it behaves in exactly the same manner as ricine in this respect.
According to Carmerre?® it is rendered inactive by iodine tincture,
gold chloride, and hypochlorites.

It is apparently but little affected by the digestive fluids.
HEeLLIN, alone, has found that it is destroyed by the enzymes
of the intestine. On the other hand, according to NExck1 and
SCHOUMOW-SIMANOWSKI* pepsin has no influence upon abrine.

In like manner it was found by RErIN® that the diluted
digestive fluids and also the living mucous membrane of the
stomach and intestine and the intestinal bacteria were inactive.
He is inclined to believe that the smaller toxic effects on intro-
duction of the poison per os, which, according to HexsevaL (loc.

! Rehns, “‘ Immunité acquise contre 'abrine,” Soc. Biol., 1vi., 329, 1904,

* Hausmann, *‘ Zur Kenntnis des Abrins,” Hafm Beitr., L 134 1901.

* Calmette Emr] Déléarde, **Sur les toxines non- lmcmhxennes,” Ann.

Past., x., 675, 1896.

i Nencki and Schoumow- Simanowski, *“ Die Entgiftung d. Toxine d. d.
15?’«!311'«&;3,111_111gsl-:‘ét.ml,l ? Centralbl. f. Bakt., xxiii., 840, 1898.
- % Répin, ‘‘Sur labsorption de Pabrine par les muqueuses,” Ann. Past.,
ix., 517, 1893.
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cit.), are from 200 to 250 times less than in the case of sub-
cutaneous injection, are due to the fact that, on the one hand,
abrine is extremely susceptible to the action of acids and is thus
partially destroyed in the stomach ; and that, on the other hand,
it is extremely indiffusible. He found that after forty-eight
hours’ dialysis the proportion that had passed into the water
did not amount to 1:250. Hence it remained in the intestine,
and he was able to find it again in the fmces. HENSEVAL,
however, asserts (loc. cit.) that it is also absorbed by way of
the intestine and rectum, as well as of the bladder and
peritoneum.

CaLmerrE and DELEARDE investigated the excretion of abrine,
The blood from the heart of poisoned animals was found to be
toxic in large doses (10 mgrms. introduced by intravenous in-
jection) ; but the urine was absolutely free from toxine. On
the other hand, however, they found that abrine appeared again
unaltered in the intestinal tract, when injected intravenously
into rabbits. Neither the blood from the heart nor the contents
of the intestine of immunised animals were found to contain any
poison that had been introduced.

An interesting fact which CaLMETTE! was able to demonstrate with the
aid of specific antitoxines is that the poisoned wood shavings with which
the Indians, with malevolent intent, poison cattle are smeared with
particles of jequirity; the poison on the rags impregnated with snake-
venom and inserted into the rectum of oxen so as to poison them, could
also be identified in the same way.

Some experiments made with antiabrine serum by CaLmerre
and DELEARDE may also be mentioned here,

Antiabrine loses its activity at 58° C. Caleium chloride and
gold chloride have no effect upon it.

According to HAusMANN (loc. cit.) the agglutinating power is
considerably increased by the addition of very slight doses of
antiabrine, which is doubtless to be attributed to the elimination
of inactive proagglutinoids (protoxoids), which have a restrictive
influence.

On mixing abrine and antiabrine a copious precipitate is
formed, as in the case of ricine, even when abrine that gives no
biuret reaction is used.

! Calmette, “*Sur le sérum antivénimeux,” Comptes Rend., cxxii., 203,
1896.
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CROTINE,

A third toxine closely allied to ricine is found in the seeds of
Croton tiglinm, an East Indian plant belonging to the Euphor-
biawceee, from which eroton oil, the most powerful purgative known
to us, is extracted.

STILLMARK (loc. ¢if.) was the first to prepare the toxic principle
of these seeds, using methods analogous to those employed in the
preparation of ricine.

A fuller investigation of crotine was made by ELrstraxp.! He
decorticated in the presence of alcohol and ether, and extracted
them with water, a 10 per cent. solution of sodium chloride or
glycerin, precipitated the active constituent by means of alecohol
or ammonium sulphate, and purified it by dialysis.

It presents many analogies with the other toxines. In solu-
tion it is destroyed at 70° C., while the dry seeds are rendered
non-poisonous at 110° C. Pepsin-hydrochloric acid is said to
destroy it.

Toxic Effects of Crotine.—The lethal dose for frogs was found
by ELrstraxD to be about 0-23 grm. per kilo. The symptoms
preceding the death of the animals were progressive paralysis and
decrease in the reflex excitability and of the faradic excitability,
affecting first the brain, then the spinal cord and nerves, and
finally the muscles. Here again hyperezmia and ecchymoses of
the intestinal membrane were also observed. Crotine has only
a slight influence upon the heart, and the end-plates of the
motor and sensory nerves are not affected.

Pike are killed by a dose of 0:04 to 01 grm. per kilo., the main
symptoms being dyspneea and paralysis.

In the case of warm-blooded animals (rabbits, dogs, cats, rats,
hens, &e.), local inflammation and necroses are also produced by
crotine, although only to a slight extent. It is far less poisonous
than ricine or abrine (lethal dose, about 005 to 0-1 grm. per
kilo.), and is also much less active when introduced per os.

The general symptoms are very similar to those produced by
ricine, viz., convulsions, lowering of the pressure of the blood,
diminution of temperature, respiratory paralysis, &ec. A slight
effect upon the eye can also be detected.

The appearance on post-mortem dissection is also very similar.

Action upon the Blood.—ErLrsTraND found that crotine also
had an agglutinating action upon the blood of oxen, sheep, pigs,
pike, and frogs, and a very much smaller effect upon that of cats,

1 Elfstrand, ¢ Ueber blutkiirgerchenagglutinier&nde Eiweisze,” Girbers-
dorfer Verdflentlichungen, edited by R. Kobert, Stuttgart, 1898, 1.
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while it had hardly any action upon human blood, and none at
all upon the blood of dogs, guinea-pigs, rats, hens, geese, and
pigeons.

Lavu (loc. cit.) supplemented these results by others, in which
he observed agglutination in the blood of the perch, but none in
that of the cat and hedgehog. Neither investigator found any
agglutination in the case of rabbits’ blood, but there was a hamo-
Iytic action. Crotine is stated not to possess the power of pro-
ducing a precipitate with serum. It has an equal agglutinating
action upon the washed erythrocytes and stroma. Oxygen is
said to promote the action of crotine, while antitoxic substances
that restrict its influence are present in the serum. It has no
influence, or at least a very much slighter one than ricine, upon
pus cells and other cells, but, on the other hand, it causes milk
to coagulate. Emnrricn and MoreceENroTH,' and also Jacosy,?
have studied the mode of action of crotine heemolysine with the
aid of the modern methods of investigating hemolysines.

MorGENROTH proved that crotine was a haptine by the fact
that he was able to produce an immune serum in goats.

Jacony found no support for the view that crotinolysine con-
sisted of an amboceptor and complement, and was inclined to
regard it as a haptine of the first class, like ricine.

By means of his experiments with partial saturation (cf.
General Part), he has established that crotine must possess a
complex constitution like that of diphtheria toxine, but it is
noteworthy that very small doses of antitoxine increase the toxie
action to a slight extent, since they eliminate the absolutely non-
poisonous prototoxoids, which otherwise combine with part of
the cell receptors, and thus reduce the toxic power. Then very
rapidly, with the increase in the doses of antitoxine, the bulk of
the poison is neutralised, and after that comes a wide zone with
very slight affinity—i.c., the foxones—which no longer effect
complete h@molysis, but with which JacoBy was yet able to
produce immunity.

As is the case with other blood poisons (see, e.¢., Arachno-
lysine), insusceptibility and lack of power to combine with the
poison also go hand-in-hand here. The blood-corpuscles of dogs
and gumea.-pgs do not combine with any trace of crotine.

A thermostable anticrotine, which apparently restricted the action of
erotine in accordance with quantitative laws, was found by Jacosy in the
extract of the mucous membrane of the stomach.

1 Ehrlich, “Verh. Ges. Charité-Aerzte, Feb, 1898,” Berl. Iin. Woch.,
1898, No. 12.
* Jacoby, ¢ Ueber Crotin-Immunitat,” Hofm. Beitr., iv., 212, 1903.
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It was more fully investigated by Lust,! who found that it could be pre-
cipitated by aleohol, that it was ‘“salted out’ by ammonium sulphate (60
per cent. solution), and was not attacked by pepsin-hydrochloric acid.

ROBINE,

Robine, a fourth vegetable toxine, resembling ricine, was
discovered by Powrr and Campier?in 1890, and deseribed by
them as a phytoalbumose. Its power of agglutinating the blood
was also discovered by KoperT. It is found in the bark of the
so-called acacia, Robinia pseudacacia.

Its poisonous character had already been recognised as the
cause of accidents to men and animals, several instances of which
are cited by Lav (loc. eit.).

It acts upon the blood in a similar way to ricine, though its
action is considerably weaker, and is absolutely lacking in the
case of the blood of cats, dogs, and man.

In like manner its toxic power is disproportionately weaker
than that of ricine and abrine. A dose of as much as 10 grms.
per kilo. of body weight of robine freed from impurities by
precipitation with potassium ferrocyanide and purified by re-
precipitation with acetic acid (MERrcK’s commercial preparation)
was required to kill a rabbit in four days. Post-mortem dissec-
tion showed nephritis, but otherwise nothing characteristic.

ErruicH succeeded in producing immunity against robine, and
discovered the fact that highly-immunised animals were also
proof against ricine. Hence he is inclined to believe that robine
18 a toxoid of ricine. JAcony has shown, as we have seen, that
such ricine toxoids probably exist.

A closer investigation of robine is urgently needed, since this
question is of the greatest theoretical importance,

HAY FEVER TOXINE.

Poisonous substances of a proteid nature have recently been
regarded as the primary cause of hay fever and “autumnal cold.”
Toxines are present, according to DunBar and WEIcnarT,® both

1 Lust, *“ Ub. einen Antikirper gegen Crotin im normalen Organismus,”
Hofmeisters Beitr., vi., 132, 1904,

2 Power and Cambier, Pharmaec. Journ., 1890, 711; Pharm. Rdsch.,
Feb. 1890, p. 30.

* Dunbar, “ Zur Frage betreffend die Aetiologie u. specif. Therapie des
Heufiebers,” Berl. klin. Woch., 1903, 24-26; id., ‘*Z. Aetiol. des ﬁet‘bst-
katarrhes,” ibid., 1903, 28,
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IV.—THE ANIMAL TOXINES (ZOOTOXINES).
SNAKE TOXINES.

Although venomous serpents have long been an object of fear
and of interest to widely different races of man, yet the history
of the inwvestigation of their venom is quite recent. And this,
one must admit, is remarkable, since surely nothing should have
suggested itself more naturally to the scientific investigator than
the application of recent results in toxicology, especially in con-
nection with vegetable alkaloidal poisons, to the study of these
poisons, which are as interesting to the investigator as they are
important from the point of view of public h}ﬁlene For, in
India alone, more than 20,000 men perish annually from the bite
of the cobra, Naja tripud jans. And yet this branch of research
remained almost completely untouched until the investigations
into the nature of bacterial poisons, and especially those in-
augurated by MerscaNIKoFF, Roux, and YErsiN, compelled
attention to be directed also towards these poisons, which have
similar incredible toxic power. There were also external reasons
for this neglect. The material for these investigations, at all
events in the case of the most important venomous snakes, was
hardly to be obtained in Europe. It was only when American
medical science began to develop vigorously, and when the
foundation of the modern Colonial Empires led to the study of
tropical medicine, that the investigation of tropical venomous
snakes also received special attention. We do not, of course,
mean to assert that the poisonous characteristics of venomous
snakes had not been frequently studied ; this was notably the
case with the South European vipers, and we shall give an
outline of these earlier results in their proper place. But no
systematic chemical and pharmacological investigation of the true
poisonous substances was made until a 1eIaLt1vely late period,
when the study of bacterial poisons had opened up quite new
avenues. Of the older researches mention may be made of those
of FonTaNA,” FAvrRER and Bruxron,? and Wawry,® with whose
results we shall deal presently.

! Fontana, Trattado del veleno della vipera, 1787,
? Fayrer and Brunton, ** On the Nature of the Poizon of Naja tripudians,
&e.,” Proe. Roy. Soc., xxii., 68, 1874.
# Wall, ““On the Poisons of Certain Species of Indian Snakes,” Proc.
Roy. Soc., xxxii., 333, 1881,
14
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Naturally, search was first made, as we find almost universally in the
history of toxines, for alkaloidal substances comparable with the ptomaines.
Thus GAUTIER, in 1881, isolated two alkaloidal substances, nain and
elaphin, from the venom of the naja and the Trigonocephalus (American
fer-de-lance) respectively. He himself, however, had to admit that these
substances were relatively harmless; and hence, in this case, science
was spared the process of disillusion which otherwise followed almost
universally the original over-valuation of the ptomaines.

GAUTIER, therefore, concluded that the ¢ true active principle
of snake poison contained nitrogen,” but that it was “ not of the
nature of an alkaloid.”

About the same time, WEIR MiTcHELL and REicmERT,! in
America, made a fuller investigation of snake poisons.

The venom of FEuropean vipers (Pelias berus) had already
received somewhat more attention (FonTawa, VALENTIN,® and
others). The true stage of development of this new branch of
biology begins with these researches. Then follow the classical
investigations of CALMETTE, to which, supplemented by those
of MartiN, FrasEr and Prisavix, and the quite recent work
of FLEXNER, KvEs and SaicHs, our present knowledge is, in
the main, due.

By a lucky chance, CaLMETTE,® who was then head of the
bacteriological institute at Saigon, obtained possession of the
fresh poison glands of 22 cobras, and this formed the starting
point for his classical investigations,

The poison glands of the serpents, which are similar to the
salivary glands, are the true source of the poison; but CALMETTE *
found that the blood of the cobra was also fairly poisonous. The
intravenous injection of 2 c.c. killed a rabbit weighing 1,500
grms. in three minutes. On the other hand, the liver and gall
are not poisonous. Even the blood of otherwise harmless
serpents (7'ropidonotus) was found to be poisonous by PHisALIX
and BrrTrAND.® This blood poison has certain peculiarities
with which we shall deal presently.

The poison gland of the cobra yields on expression about
3 grms. of a transparent viscous fluid, which when exposed to

1 Weir Mitchell and Reichert, ¢ Researches upon the Venoms of Poison-
ous Serpents,” Smithsonian Contrih., No. 647, Philadelphia, 1885 ; Wash-
in%ton, 1886 ; quoted by Flexner, loc. cit.

? Valentin, ¢ Einige Beobachtg. iib. d. Wirkg,. des Viperngiftes,” Zeit. f.
Biol., xiii., 80, 1877.

3 Calmette, ¢ Etude expérimentale du venin de Naja tripudians,” Ann.
Past., vi., 160, 1892,

1 Calmette, ““Sur la toxicité du sang de cobra,” Sec. Biol., xlvi,, 11, 1894.

% Phisalix and Bertrand, “ Sur le présence des glandes venimeuses chez
les couleuvres,” Soe. Biol., xlvi., 8, 1899,

L]
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the air congeals into masses. CALMETTE! treated these glands
with glycerin, with distilled water, and with a 10 per cent.
solution of salt, and invariably obtained extremely poisonous
extracts. The toxine acts most energetically when directly
injected into the veins, and has less effect when injected sub-
cutaneously or into the peritoneum and trachea ; it is absolutely
without action when introduced into the intestine.

The quantity of poisonous saliva secreted was found by
Carmerre (1895) to amount, on the average, to 0:135 grm.,
corresponding to about 30 to 45 mgrms. of dry substance,
provided that from eight to fourteen days were allowed to
elapse between the separate bites. On the other hand, after
a lapse of two months each bite yielded about 0-22 grm. of
saliva. The greatest amount that he was able to extract from
the two poison glands of a dead snake was 1:136 grms. = 048
grm. of dry substance. Similar results were obtained in the
investigation of other venomous snakes.

Thus, there is invariably a considerable increase in the amount
ﬂxcreted and consequently in the danger from a bite when the
snake has not bitten for a considerable time. The bite of
hibernating snakes—e.g., the European vipers—is thus the most
dangerous in the spring.

Preparation of the Poisonous Principle.—Snake toxines have
not been prepared in even an approximately pure state. The
methods of concentration are exactly the same as those employed
for all toxines and enzymes.

The poisonous principle can be extracted by water, salt
solutions or glycerin, and purified by repeated precipitation,
dialysis, &e.

MARTIN succeeded in eliminating part of the inactive sub-
stances present, by means of fractional coagulation, for on
heating a solution of Aolocephalus poison in a 09 per cent.
solution of sodium B]I]Dlll’]{‘} a foreign substance separated at
85° €., while the true poison remained still active at 90° C.

CALMETTE 2 subsequently used the following method in the
preparation of a stable poison relatively free from proteids:—
The solution of 1 grm. of cobra poison in 100 c.c. of water was
filtered through sterilised filter paper, then heated in a hermeti-
cally closed glass tube for thirty minutes at 75° C., and then for
twenty-four hours at 80° C., after which it was filtered through
paper to remove the separated substances and finally dialysed.

1 Calmette, “ Ktude expérimentale du venin de Naja fripudians,” Ann.
Past., vi., 160, 1892,
2 Calmette, *‘ Sur e venin des serpents, &e.,” Ann. Past., xii., 214, 1897.
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In this way he obtained 42 mgrms. of a dry residue, which
still showed the biuret and Millon’s reaction, but no other
proteid reactions. The poison will pass readily through a
Chamberland filter.

Chemical Nature of the Toxine.—After it had been found that
the active agent was not an alkaloid there followed the usual
period of toxalbiumins, which to-day are practically discarded in
the case of bacterial poisons. It is probable that snake poisons
also are not proteids in the stricter sense of the word, and if
that is so the attempts that have been made to investigate the
proteids combined with them are, in the main, only interesting
from the historical point of view.

Werr MircHeLL found albumins in the poison of Crofalus durissus
(rattlesnake), while WorLrFEnDEN! isolated various proteids (globulins,
albumin, and albumoses), but no peptone from the venoms of the cobra and
Daboia, KantHack® regarded the poison as a proto-albumose. MARTIN
and SyiTH? found a non-poisonous albumin, and two poisonous albumoses,
a hetero- and protalbumose, but no peptone in the poison of Pseudechis
porphyriacus and Hoplocephalus curtus.

As regards the constitution of the toxines themselves nothing
is known.

Properties of the Toxine.—Snake poison shows all the proper-
ties characteristic of impure toxines as regards precipitability,
&e.  Cobra poison, however, according to CALmMETTE, forms an
exception in not being carried down by freshly precipitated cal-
cium phosphate, which is otherwise a general characteristic of all
these colloids. It is also not precipitated by magnesium sul-
phate, and thus contains no globulin.

I't dialyses slowly, but appreciably. Viper venom is weakened
by passage through a porcelain filter (Pursarix#). It is much
less affected by heat than other haptines. Cobra poison can
resist a temperature of 90° C. for an hour, and of 38° C. for a
day ; it is only slightly injured by being kept at 97° C. for half
an hour, but its activity is completely destroyed after exposure
for the same length of time at 98° C. On the other hand, the
purified poison (CaLmerrg, 1890) is very susceptible to a tem-
perature of 80° C., a solution in distilled water being more
affected than in that containing salt or glycerin. This is also

1 Wolfenden, ‘“The Venom of the Indian Cobra,” Jouwrn. of Physiol.,
vii., 327, 1886 ; id., ““The Venom of the Indian Viper (Daboia),” ibid.

Eg %{antha,ck, “‘ The Nature of Cobra Poison,” Journ. of Physiol., xiii., 272,
1893.

3 Martin and Smith, ‘* The Venom of the Australian Black Snake,” Proc.
Roy. Soc. New South Wales, 1892, 240 ; Malys Jb., 1894, 404,

4 Phisalix, Soe. Biol., xlviii., 233, 656, 1896,
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characteristic of all haptines. It is an important point that the
poison of the blood of the cobra is much more sensitive to heat
than the saliva poison, since it is rendered inactive even after
ten minutes at 68° C. (CALMETTE and DELEARDE D).

Faradic currents have no influence upon it, but continuous
currents have a destructive effect in a solution containing sodium
chloride, owing to the electrolysis and production of chlorine.
Viper venom, however, is said to be injured by currents of high
intensity (Prisavix).

The toxine appears to resist the action of dilute phenol, mer-
curic chloride (1:1000), copper sulphate, iodine, potassium
iodide, alcohol, ether, chloroform, and essential oils. Ammonia,
even in large doses, does not injure it until after a long time
(KanrHACK). This highly-valued remedy has thus no action, at
all events, upon the poison itself. The poison of Vipera aspis
remained active for twenty years in a specimen of the snake pre-
served in spirit (MAISONNEUVE 2).

A 1 per cent. solution of potassium permanganate, however,
had a destructive effect upon the venom, and almost invariably
saved the animal when injected into the same place immediately
after the poisoning ; but even after the lapse of a short time the
injection had no effect, as was also the case when the permangan-
ate was introduced at another place, even into the veins, or in
the immediate vicinity of the point of inoculation. Calcium
chloride, too, has an injurious influence on the poison (PHIsALIX
and BErTrAND?). Gold chloride has a still more pronounced
action, but platinum chloride has no effect.

A 1 per cent. solution of gold chloride destroys the activity of the poison
even when present in a very slight proportion. It also affords protection
when introduced at other places, even against fairly large doses, and also
for a short time after the poisoning. CALMETTE proposed to use this pro-
perty of gold chloride for therapeutic purposes, but these results have been
superseded by his own discoveries of an active immunisation and serum
therapy.

A series of very interesting experiments showed that snake
poison was greatly influenced by certain substances that were
quite inert in themselves, to which Prisavix,* in particular, has

1 Calmette and Déléarde, ‘‘Sur les toxines non microbiennes,” Ann.
Past., x., 675, 1896.

? Maisonneuve, ‘‘ Longue conservation de la virulence du venin des
Serpents,” Comptes Rend,, exxiii., 513, 1896.

# Phisalix and Bertrand, Soc. Biol., xlvii., 443, 1895.

* Phisalix, * La tyrosine vaccine chimique du venin du vipére,” Comples
Rend., cxxvi., 431; id., ‘‘Les sucs de champignons contre le venin du

vipére,” ibid., cxxvii., 1036, 1898.
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called attention in several publications, Zyrosin and cholesterin
were found to possess this property.

Extracts of fungi with chloroform water are also stated to have
a protective influence, and also when wnjected beforehand to
produce immunity, especially against viper poison, the protection
beginning twenty-four hours after the injection, and lasting until
the twenty-fifth day.

The property possessed by these substances of rendering
poisonous haptines inactive is due to a combination with the
active principle, and has also been observed in the case of many
other toxines, such as tetanus and botulotoxine.

Action of Extracts of Organs and Secretions.—Starting from
the fact of the resistance offered by snakes, including harmless
species, to the poison, search was made for antidotes to snake
toxines in the extracts of different organs.

The blle, in particular, is wn wvitro an Eﬁ'ﬂﬂhve antltﬂxme
Snake poisons in general resemble bacterial poisons in being
attacked by the bile. Whether the latter has only a slmple
destructive action—as, for example, in the case of diphtheria
toxine—or whether it contains a definite antitoxine is not yet
known with certainty ; we shall return to this point presently.
We must, however, assume that the action is purely chemical,
for, according to CarLmrrrs,! the sodium salt of glycocholic acid
has the same effect, so that there is good reason for atfributing
the action of the bile as a whole to that substance. The bile
retains this property even after being heated to 100° C., but
loses it at 120° C,

Having regard to the production of side-chain immunity in
the case of tetanus, MyERs? endeavoured to detect an antitoxic
function in the organs of the body, but only found it in the
extract of the suprarenal bodies. But even in that case there
was only an increase in the resistance in vivo, and not any
specific antitoxic activity. CALMETTE, too, found that no com-
bination took place between the toxine and the nerve substance
or extract of the liver.

Frexyxer and NocucHI® have tested the neutralisation power
of various organs upon three times the lethal dose of the poison
of the copperhead snake, which killed a guinea-pig in forty-five

I Calmette, **Sur le mécanisme de lI'immunisation contre les venins,”
Ann. Past., xii., 343, 1898.

* Myers, *‘ Cobra Poison in relation to Wassermann’s New Theory of
Immunity,” Lancet, 1898, ii., 23.

¢ Flexner and Nugunhl “* Snake Venom in relation to Hemolysis, &c.,”

J. of Exper. Med., vi., 277, 1902 (reprint),
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minutes in a control experiment. The only organ that had an
energetic protective action was the brain. It retarded the death
of one animal for nineteen hours, while another survived twice
the amount of a lethal dose which killed an animal in five
hours in the control experiment. Extracts prepared from other
organs did no more than retard the action to some extent. The
h@molysine did not enter into combination in the slightest
degree.

Mode of Action of Snake Venoms.—Snake venoms, as we shall
subsequently show more fully, contain, in addition to the two
agents that act specifically upon the corpuscles of the blood, two
poisonous constituents, newrotowine and hwmorrhagine. Since
the latter component manifests its activity chiefly in crotalus
venom, and 1s almost entirely absent in the case of cobre venom,
the following description deals primarily with the newrotoxine of
the cobra and other snakes.

This poison is extraordinarily virulent. Omne drop of CaL-
METTE'S first glycerin extract killed rats and pigeons in less than
an hour, and hens and rabbits in a somewhat longer time.

Martin ! found the lethal dose of the poison of Hoplocephalus
curtus (the tiger snake) for rabbits to be 0-03 mgrm. per kilo.
This poison is stated to be the most active.

Varentiy found the lethal dose of the poison of Vipera aspis
for the frog to be 05 mgrm.

FrLexNEr and Nocucni (loc. cit.) found that guinea-pigs were
killed by a dose of 0:3 mgrm. of the venom of the copper-head
snake (dwncistrodon contortriz).

Carmerre? stated that in the case of a cobra that had not
taken any food for eight months the virulence of the venom had
considerably increased. While 0'7 mgrm. of the dry poison was
originally required to kill a rabbit of 1,700 grms., 0-25 mgrm.
was suflicient after two months, and 0-1 mgrm. after the death of
the snake (for a rabbit of 2,000 grms.). Similar results were
obtained in the case of another cobra during three months.

A comparative determination of the toxicity of different snake
poisons gave the following values :(—

I Martin and Cherry, *“ The Nature of the Antagonism between Toxines
and Antitoxines,” Proc. Koy. Sec., Ixiii., 420, 1898 ; Martin, *‘ Relation of
the Toxine and Antitoxine of Snake Venom,"” ibid., Ixiv., 88, 1899,

2 Calmette, ** Contrib. a I'étude des venins,” Ann. Past., ix., 225, 1895,
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'|
Lethal Dose for Lethal Dose for
Rabbits of Guinea-pigs of
1,600 to 2,000 grms. in 450 to 550 grms. 1
3 to 4 hours. 3 to 4 hours.
Naja tripudians (1 to 3), 0°3 to 0°6 mgrm. 0-05 mgrm.
Naja haje (4 to 6), 03 5 0D s 0407
Cerastes (horned viper), 15 ,, 2'0 mgrms. 0-1 L4
Crotalus, ; - 38 i
Trigonocephalus, . el 02 .
Hoplocephalus, 25 4
Acanthophis, TR 008 mgrm.

Evvior, SinLar, and CarmicHAEL' found the lethal dose per
kilo. of body weight of the venom of Bungarus ceruleus to be
as follows :—Frogs, 05 mgrm.; rats, 1'0 mgrm.; and rabbits,
0-08 mgrm.

According to Fraser and Evrior? the lethal dose per kilo. of
body weight of the venom of the sea-snake (Enhydrina) is 0-09
mgrm. for rats, 0:06 mgrm. for rabbits, and 0:2 mgrm. for cats.

Guinea-pigs are thus twice as susceptible as rabbits. The dog
is still less susceptible. - The pig, hedgehog, and the mongoose
(Herpestes), a small carnivorous mammal, are almost refrac-
tory. It required not less than 8 mgrms. of cobra poison to
kill a mongoose. The hedgehog is but little affected by the
bite of, at all events, the viper. According to PHIsALIX and
Berrranp' forty times the lethal dose for a guinea-pig is
required. The blood of the hedgehog itself is then poisonous,
but this toxicity disappears on heating.

Snakes themselves, whether poisonous or harmless, are almost
immune, though not absolutely so, as, for example, the ring-
adder, for which the lethal dose is 0:03 grm. (FRASER,® PHISALIX
and BERTRAND #),

Fishes, lizards, and worms are also not completely immune.

Most snake poisons also produce, like other toxines, severe
local effects, such as violent inflammation, cedema, heemorrhage,
and even necroses.

These local inflammatory effects, however, do not appear to be

! Elliot, Sillar, and Carmichael, * Action of the Venom of the Bungurus
ceeruleus,” Lancet, 1904, ii., 142,

* Fraser and Elliot, Lancet, 1904, 141.
l;ug'raser, ““ Immunity against Snake Poison,” Brit. Med. Journ., 1895, 1.,

% Phisalix and Bertrand, ‘‘Glandes venimeuses chez les couleuvres,”
Soc. Biol., xlvi,, 8, 1894 ; xlvii., 639, 1895,
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an integral part of the general action of snake toxine, which
is qulte analogous to what has been observed in the case of
other toxines. Thus, according to CaLmerre (1895), the local
action is greatly weakened b}' heating the poison to 80" C,
while the general toxic power is unaffected.  KAUFMANN !
states that chromic acid and permanganate have an exactly
similar effect.

The local effects also vary very considerably in infensity
with snake poisons of different origin. They are only pro-
duced to a slight extent by cobra wnc}m whereas they are
very pronounced in the case of crotalus venom. According to
the conclusions arrived at by Weir Mircuern and Reicugrt,
and confirmed by later researches (vide infira), these pyrogenic
substances must be sharply differentiated from the true ncuro-
toxic principle.  But their action is undoubtedly connected with
that of the second main constituent, the Awmorrhagine (vide
mfra).

The absorption of the venom is extremely rapid. A rat inocu-
lated at the tip of the tail cannot be saved after the lapse of a
minute by amputation (CaLMerre), and dies five minutes later
than the animal used in the control experiment. The poisoning
is also exceedingly rapid in the case of man.

The bitten limb swells up, and this is followed by contraction
of the mouth, clenching of the teeth, swooning, and death in the
deepest coma.

The mortality fluctuates between 25 and 45 per cent. It largely
depends upon the amount of poison introduced. If the snake
has bitten shortly beforehand, or if the clothes have afforded
some protection, the bite is relatively free from danger; but
it is extremely dangevous when it is in a spot that contains
numerous vessels. Injection into the veins is almost invariably
fatal.

The general symptoms begin with wea.kncaa, vomiting, short-
ness of breath, and ptosis. There is loss of faradic excitability
of the musales, and the immediate cause of death is the stoppage
of the respiration. /'rogs, however, which are able to survive
the loss of pulmonary respiration for a longer period, live for
some time (up to thirty hours).

The action of the salivary poison of the vipers (Vipera Redia,
&e.) is very similar to that of the cobra. A. Mosso? found that
the intravenous injection of 0'0077 grm. per kilo. into a dog

1 Kaufmann, *Sur le venin de la vipére,” Soc. Biol., xlvi., 113, 1894.

= A, Mosso, *“ Die giftige Wirkung des Serum des Mureniden,” Arch. /.
exper. Path., xxv., 111, 1888,



218 TOXINES AND ANTITOXINES.

produced accelerated respiration, followed in a short time (fifteen
minutes) by paralysis of the respiratory centre. There is dimin-
ution in the action of the heart, which continues to beat after
breathing has stopped. By means of artificial respiration life
can be prolonged for about two hours; spontaneous breathing
even begins again ; but eventually it stops once more, and the
animal dies qumtlv after slight convulsions.

According to PHISALIX and BerTrRAND,! 03 mgrm. of the
venom of Vi ipera aspis will kill a guinea-pig, the symptoms
being h}-‘pothermiu, dilatation of the blood-vessels, and areas of
hazmorrhage.

VALENTIN observed a diminution in the amount of oxygen
absorbed.

The heart is not directly affected. As far back as 1873 it
was proved by Panceri and Gasco? that the isolated heart of
an axolotl continued beating as before in their preparation of
the venom of Naja egiziana, This venom resembles cobra poison
in its action, but is weaker.

According to Errior,® cobra venom in very dilute solutions
(1:10 millions) has a stimulative action upon the isolated heart
of the frog, while a solution of 1:500,000 causes paralysis. In
the case of mammals the heart is nnl_f,r brought to a standstill
by very large doses, and the poison acts primarily upon the
respiratory centre.

Enhydrina venom does not act upon the isolated heart and
the smallest vessels, but upon the respiratory centre and the
peripheral nerves.

Rocrrs* found that the venom of enhydrina produced para-
lysis of the respiratory centre and of the motor nerves. It is
thus analogous to cobra venom.

The pressure of the blood does not change during artificial
respiration. Apart from this, the inifial increase in the pres-
sure is, of course, followed by a decrease, as was shown by
ALBErRTONLS KaUurmMaNN,® too, observed a diminution in the
case of the venom of Pelias berus,

! Phisalix and Bertrand, * Toxicité du sang de la vipére,” Comptes
Fend., exvii., 1099, 1893.

* Panceri and Gasco, ‘* Agli effetti del veleno della Naja egiziana,” Ait:
Acad. Reale Napoli, 1873, 73, quoted by Mosso, loc. cit.

8 Elliot, ** Action of Cobra Poison,” Proc. Roy. Sec., 1xxiii., 183, 1904.

4 Rogers, ““On the Physiological Action of the Poison of the Hydro-
phide,” Proc. Roy. Soc., Ixxii., 305, 1903.

5 Albertoni, ‘*Sull’azione del veleno della vipera,” Lo Sperimentale,
1879, quoted by Mosso.

¢ Kaufmann, Soc. Biol., xlviii,, 860, 1896,
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VALENTIN! found that there was a manifest want of excita-
bility in the muscles and nerves of a frog after five hours.
The central nervous system was deprived of its excitability
sooner than the sciatic nerve endings.

Thus, general poisoning by snake toxines is due primarily
to their action upon the central nervous system, and, above
all, upon the motor centres of the medulla. On the other
hand, the peripheral nerves are not affected, at all events in
the case of the frog (CALMETTE). In this action the neurctowic
component predominates. We shall see presently that this is
not the case with all snake poisons, and notably crotalus venom,
in which the chief effects are produced by the component pos-
sessing hemorrhagic powers, The h®molytic component in that
venom need not be taken into account here, and will be dealt
with separately.

The fact that neurotoxine is no more active on intercerebral
injection than when otherwise introduced shows that it is a
specific poison for the central nervous system, and does not
combine with cells elsewhere, being monotropic, to use Ehrlich’s
terminology.?

Cobra poison which was free from hwemolysine and hwemor-
rhagine was injected into the cerebellum by Frexyer and
Nocucni (loe. eit.), and it was found that the lethal dose was
not less than that required in subcutaneous injection.

The behaviour of crotalus poison is quite different in this respect, for
the lethal dose was twenty times less on intercerebral injection. This
venom contains but little neurotoxine, and, in the main, it enters into
combination in another way. The great activity of crotalus poison on
intercerebral injection is, in fact, due solely to its hamorrhagic function,
and therefore disappears on heating the solution to 75° C., at which tem-
perature the hamorrhagine is destroyed. An intermediate position is
occupied by the venoms of the mocassin snake and of the ancistrodon,
since they contain a large proportion of both components.

Fresh cobra poison has a very violent action, resembling that
of abrine, upon the conjunctiva. The poison can be deprived
of this property, however, by being heated to 90° C., which does
not materially affect its toxieity.

No absorption appears to take place thence, such as has been
observed in the case of ricine. The same result was obtained by
VALENTIN in his experiments with viper venom.

1 Valentin, *‘Einige Beobachtungen iiber die Wirkungen des Vipern-
giftes,” Z. f. Biol., xiii., 80, 1877.

2 Ehrlich, *“Ueb. d. Bezieh. von chemischer Konstitution, Verteilg. u.
pharm. Wirkg.,” Festachr. f. Leyden, 1902 (reprint).
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The differences observed in the action of different snake
toxines can for the most part be attributed to the variations
in the proportions of the separate components, sometimes the
neurotoxine and sometimes the hamorrhagine predominating.
Occasionally, too, the hwemolytic principle doubtless has some
toxigenic effect.

The venoms of the crotalus, trigonocephalus, and cerastes are
distinguished from cobra poison by their much greater activity,
especially as regards the local effects (edema, necroses, &c.).

Moreover, while, according to CALMETTE, cobra poison can be
entirely deprived of its local irritant action by heat, the toxicity
of crotalus venom is stated by M‘FarrLanp! to be almost com-
pletely destroyed by the same treatment. Owing to the terrible
injuries produced, M‘FArLAND was absolutely unable to produce
immunity by means of subcutaneous injection, and only suc-
ceeded in his purpose by the use of intravenous injections.

As was found by FrexNer and NocucHI, the characteristic
poisonous constituent in the venom of crofalide is exclusively the
heaemorrhagine, while the neurotoxic component, which predo-
minates in cobra venom, has here only a very slight share in
the effects. The venoms of the mocassin snake and copper-head
snake (dncistrodon) contain both components.

This explains why the venom of the crotalus and of other
allied species of snakes (Pseudechis, &c.) produce areas of hemor-
rhages that are not caused by cobra venom ; this characteristic
was closely studied by Weir MircHerLL and ReicHErr. The
poisonous constituent that produces the heemorrhage is destroyed
at 75" C., while the venom simultaneously loses paré of its
toxicity, so that not less than ten to twenty times the original
lethal dose is required to cause death ; the symptoms resemble
those produced by cobra venom, and must therefore be attributed
to the neurotoxine.

It would be conceivable that the general toxicity in this case
might be due to the haemolysine.

But the hwmolysine can be eliminated, as we shall presently
show, by making it combine with susceptible erythrocytes,
without destroying the general toxic power.

Hence, it follows that the poison that causes the hemorrhage
is not identical with the true hzmolysine any more than it is
with the neurotoxine, but that a third individual poison is
present, to which FLexNEr and NocucHi have given the name
haemorrhagine.

1 M‘Farland, ** Immunisation of Animals to Rattlesnake Venom,” abstr.,
Centralbl. f. Bakt., xxix., 496, 1901.
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This poison is also present in cobra venom though its amount
is ten times less than in the venom of the mocassin snake and
one hundred times less than in that of the rattlesnake.

Owing to the great variation in the proportions of the three
components, neurotoxine, hemolysine, and hmmorrhagine, the
ratio between the lethal dose and the dose of haemorrhagine, just
capable of detection, is also very variable. Thus, in the case
of cobra venom the lethal dose (0:1 mgrm.) corresponds to one
hemorrhagic dose, that of the venom of the mocassin snake
(02 mgrm.) to 20, that of copper-head venom to 60, and that
of rattlesnake venom (1:0 mgrm.) to 1,000 doses.

The histological changes produced by h@morrhagine in the
blood-vessels have been more closely studied by FLexyer and
NoaucHI. The effect is not one of diapedesis but of rents in the
walls of the blood-vessels, in which perforations are then formed.
Stases oceur in the vessels and also giant cells which block the
small vessels. The red and white blood-corpuscles equally
escape.

They attribute this perforation of the walls of the vessels to
a cytolysine having a specific action upon the endothelium of
the walls.

On the other hand, WaALL (loc. cit.) observed very marked
differences between the venoms of the colubrine cobra and the
viperine Daboia Russeli, which cannot be accounted for solely by
the difference in the proportions of the separate components.

Daboia venom very rapidly produces violent convulsions, in the course
of which death frequently ensues, and these are followed by paralysis
which does not, however, as in the case of cobra venom, specially affoct
the breathing apparatus. Nor is the respiration in general acted upon so
rapidly by daboia venom. It invariably produces mydriasis, but there is
none of the salivation that is characteristic of cobra venom. Albuminuria
is invariably produced by daboia venom, but never by cobra venom. The
former is a ver?' powerful blood poison. Hence, those infected with the
venom are still in great danger even after surviving the first stage of
eonvulsions and paralysis. Whereas in the case of cobra poisoning the
question of life or death is decided within a few hours, those bitten by
the daboia may die as late as the end of the second week.

In fact, Lamp! was able to show that the haemolysine of the
daboia possesses an absolutely different amboceptor from that of
cobra venom (vide infra).

Toxoids of Snake Toxine.—The existence in snake toxine of
non-poisonous or only slightly poisonous toxoids with an im-
munising power has not been definitely determined, but is
probable.

! Quoted by Kyes, Berl. kiin. Woch., 1903, No. 43.
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Prisavix and BerTrAND ! found that the poisonous serum of
the common viper or adder lost its toxie, but not its immunising
power when heated for fifteen minutes at 58° C., and that the
venom of Vipera aspis behaved in a similar way when heated for
some minutes at 75° to 90° C. The same investigators found
that poison weakened by high-tension currents (vide supra) could
still produce immunity.

By the aid of more accurate quantitative experiments on the
lines devised by EnrricrH, MYERS 2 has detected toxoids in cobra
hzmolysine.

Frexwer and Nocuenr (loe. eit.) observed an unmistakable
formation of toxoids in cobra venom that had been allowed to
stand for three weeks. The lethal dose rose from 0-1 to 0+4
mgrm., while there was no appreciable decrease in the dose of
antitoxine required for neutralisation, four lethal doses being
used as the standard poison. Hence, protoxoids are formed.
The same process occurred still more rapidly in an incubating
oven, the lethal dose increasing tenfold in nineteen days,
although, in addition to the formation of toxoids, there was
also a partial decomposition. On the other hand, pepsin and
papain completely destroyed the poison without any formation
of toxoids.

The Hzmolysine of Snake Poisons.—The analogy between
snake poisons and vegetable toxines, and in particular the poison
of eels’ blood, also extends to the activity in witro of their
hzemolytic function.

Many snake poisons also act hsemolytically n wvive, for it
was observed long ago by Foxrana that the intravenous in-
jection of vipers’ venom into rabbits produced coagulations,
&ec.; while, on the other hand, the blood of animals that have
died from the poison becomes incoagulable, as was recorded
by FayrEr and LAUDER-BrUNTON,® ALBERTONI (loc. eit.), and
others, and confirmed by Mosso (loc. eit.), as regards the venom
of the viper.

In the case of the latter there is also a formation of methaemo-
globin as a secondary product due to the action of an oxydase ;
this does not occur in the case of cobra hzemolysine (PHISALIX ).

! Phisalix and Bertrand, ¢ Atténuation du venin de wvipére par la
chaleur,” Comptes Rend., cxviii., 288, 1894,

? Myers, ‘“ The Interaction of Toxine and Antitoxine,” Journ. of Pathol.,
vi., 415, 1900,

¥ Fayrer and Lauder-Brunton, * On the Nature of the Poison of Naja
tripudians, &e.,” Proc. Roy. Soc., xxi., 371, 1873 ; xxii., 68, 1874,

i Phisalix, ‘* Action du venin de vipére,” Soc. Biol., liv., No. 27, 1902.
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The action of snake venoms upon the blood was subsequently
more closely studied by Frexyer and Nocuchr.

For this purpose they used the venoms of Naja fripudians,
Crotalus adamanteus (rattlesnake), Adncistrodon piscivorus (mo-
cassin snake), and Ancistrodon confortriz, all of which only
showed slight differences.

The action of these was tried upon the blood of the dog,
rabbit, guinea-pig, sheep, ox, pig, necturus, and frog. The blood-
corpuscles were washed before the experiment, and then only
simple agglutination without haemolysis took place. The blood
of the rabbit was the most susceptible to this influence, and then
that of the guinea-pig, dog, sheep, pig, and ox.

The amount of heemolysis to be observed in defibrinated
blood stood in no constant relationship to the agglutination of
the washed blood-corpuscles. The separate action of the
hemolysis and agglutination could be observed at 0° C., since
the latter was not affected by the temperature.

Cobra venom was the strongest hamolytic agent, and rattle-
snake venom the weakest. Dogs’ blood was the most susceptible,
and ox blood the least, leaving out of the question frogs’ blood,
which was almost completely refractory.

The hzmolysines are very resistant to the influence of heat.
They were not affected at all by temperatures of 70° to 80° C,,
and were only slightly injured even after fifteen minutes at
100° C. In this respect they resemble the heat-resisting bac-
terial lysines ; the agglutinines, however, are destroyed in thirty
minutes at 75° to 80° C. The haemolysine can also withstand a
temperature of 100° C. for thirty minutes. On the other hand,
the lysine is destroyed by the same chemical agents as the toxic
components (Kves and Sacus, vide infira).

The hwemolytic principle is absolutely distinet from the true
nerve poison. A solution of the poison that has been freed from
toxine by treatment with brain substance still retains all its lytic
properties, and is therefore still poisonous. But if it is then
subjected to further treatment with blood-corpuscles, it is, in the
case of cobra venom, which contains hardly any hemorrhagine,
rendered almost completely innocuous. In immunisation, how-
ever, both antitoxine and antilysine are formed, so that anti-
snake venom serum also prevents hemolysis.

Haxmolysis occurs only in the presence of fresh serum, and this
has been shown by Prisarix? to be also the case with the

! Flexner and Noguchi, *‘ Snake Venom in Relation to H=molysis,”
Jowrn. of Exper. Med., vi., 277, 1902 (reprint).
* Phisalix, ** Action du venin de vipére, &e.,” Soc. Biol., liv., No. 27, 1902.
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haemolysine of vipers’ venom, The serum contains a complement,
and the snake venom a (heat-resisting) amboceptor. Snake
h®molysine is thus not a simple lysine, like ricine, staphylo-
toxine, &e., but a haptine of the second elass.

It contains a series of different amboceptors, which, when
tested by Ehrlich’s method, combine with different blood-
corpuscles, although the poison is newver entirely spent in the
process. These amboceptors, again, vary in their affinity for
different normal complements, so that all kinds of combinations
are produced, some of which are fully active, while others have
only slight activity, or none at all.

If the blood be first agglutinated by means of ricine, snake venom has

still a heemolytic action upon it, although the colourless stroma remains
agglutinated.

The poison has also the property of preventing the bactericidal function
of normal sera when added in the proportion of §; mgrm. to 1 e.c. of the
serum. Only in the case of necturus serum is this action inconstant, for it
depends upon a fixation of the complements, which in that serum do not
invariably enter into combination.

The study of snake hwmolysine was continued by FLEXNER
and NocucH1! in a later investigation. /'resh snake venom
itself was found to contain no complement, and thus to cause

only agglutination and never hsmolysis in washed blood-
corpuscles.

Yet snake sera themselves may, undoubtedly, sometimes contain comple-
ments capable of entering into combination. Snale venoms contain ambo-
ceptors of different kinds, with sometimes more affinity for the complement
of their own sera, and sometimes more for that of foreign sera, They are
related to, but not identical with, the amboceptors of snake sera, the latter
being infer alia invariably ‘¢ iso-complementophile.”

Thus, while other poisons only produce hemolysis with the
aid of the serum complements, partial hemolysis is invariably
caused by cobra venom, even after ever so thorough a washing
of the blood-corpuseles. This circumstance, coupled with the
fact that the action of cobra venom is also promoted by serum
that has been heated, and is thus free from complements, has
led to the assumption that endo-complements for cobra venom
are present in the blood-corpuscles themselves. This conclusion
was also arrived at, about the same time, by KvEs? and KvEs

! Flexner and Noguchi, ** The Constitution of Snake Venom and Snake
Sera,”” Univ. of Pennsylv. Med. Bull., 1902, [Nor.] (reprint).

2 Kyes, “Ueb. d. Wirkungsweise des Cobragiftes,” Berl. klin. Woch.,
1902, Nos. 38, 39 (reprint).



SNAKE TOXINES. 225H

and Sacms,! in Erhlich’s Institute, and new and extremely
interesting discoveries were also made with regard to the
relationship between snake venom and the chemical substances
in the corpuscles of the blood. In the first place, it was found
by Kyes that there were two sorts of blood-corpuscles—viz.,
those dissolved by cobra venom (such as, e.g., those of the
guinea-pig, dog, man, rabbit, and horse), and others that were
only dissolved with the aid of a complement—e.q., those of the
ox, sheep, and goat. Kvyes next found suitable complements
for these, and was thus able to confirm FrLexNER’S conclusion
as to the complex structure of cobra lysine.

In the case of those that were soluble by themselves, KvEs
was able to disprove the assumption of a simple lysine of the
type of ricine by the fact that hmmolysis occurred with dilute,
but not with concentrated, solutions of the poison, which would
obviously be out of the question in the case of simple poisons.
Such a decrease in the action of poisons added in excess is only
explicable on the assumption of a diversion of the complement
by the excess of amboceptors, as was first demonstrated by NEIssEr
and WECHSBERG.?

It was found that the blood-corpuscles themselves eontained a
complement, which could be fixed and diverted by the excess
of amboceptors. This endo-complement passed into solution on
treatment of the blood-corpuscles with water, and then the
originally insoluble blood-corpuscles also became susceptible to
the action of the cobra poison.

This endo-complement is destroyed by exposure to a tem-
perature of 62° C. for thirty minutes. Sometimes, too, it can
be washed almost completely out of the blood-corpuscles by
means of physiological salt solution. The discovery of such
complements in red blood-corpuscles is very interesting, as
bearing upon the views of the French school that the leuco-
cytes are invariably the source of the complements.

KyEs also endeavoured to explain why heafed serum is still
able to bring about the action of the poison, in which case
there can be no question of complements; even boiling the
serum for an hour does not injure this power. In his opinion,
the substance possessing this stimulative power is lecithin, which
alﬁﬂ acts as a “complement” for cobra venom when dissolved
in methyl alcohol. The two enter into so firm a combination

! Kyes and Sachs, ‘“Zur Kenntn. d. Cobragift aktivierenden Subst.,”
Berl. kin, Wock., 1903, Nos. 2-4 (reprint).
* Neisser and Wechsberg, “ Ueb. d. Wirkungsart baktericider Sera,”
Miinch. med. Woch., 1901, No. 18 (reprint).
15
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that on the addition of ether practically no lecithin is dissolved.
This compound has an intense hemolytic action, even at 0° C.
The lecithin of the sera is more or less firmly combined with
albumin, so that it is necessary to heat it for varying periods
in order to obtain active free lecithin. The lecithin, as KyEs
and SacHs have fully demonstrated, has no connection with the
true complement of sera, which is destroyed by heat.

They found, for instance, that the true complement could be
destroyed by papain and ether ; moreover, active sera containing
the complement had a restrictive action upon lecithin. But it
would seem that the so-called endo-complemenits are nothing more
than lecithin, whose sensitiveness to heat in the blood-corpuscles
is a deceptive phenomenon due to its being combined with the
hemoglobin. Aqueous extracts of the stroma freed from hzmo-
globin do not show this sensitiveness to heat.

Owing to their containing lecithin, bile and heated milk, and also the
similarly constituted cephalin, have this stimulative effect. These sub-
stances have in themselves only a very slight hwemolytic action. It is

probable that the fatty acid group in the lecithin is the ultimate active
haemolytic factor.

Cholesterin has been found an antidote to this stimulative
effect of lecithin, and it has also a protective action in normal
sera, and, as was mentioned above, has an influence upon the
toxic components of snake venom (Prisavix). It has a similar
antihsemolytic effect upon saponine (Ransoxu 1),

On the other hand, cholesterin has no action upon the true
complements of sera that stimulate activity.

The amboceptors of cobra venom combine with lecithin in
accordance with quantitative laws.

The fact mentioned by FrLExwEr and Nocuchi that all the washed
blood-corpuscles are not dissolved appears to be due to the remowval of
the lecithin by too liberal washing.

Kyrs? even succeeded in isolating these ‘“lecithides” of cobra
amboceptors. The 1 per cent. solution of cobra venom was
shaken for two hours with a solution of the purest lecithin in
chloroform. On now separating the chloroform layer by rapid
“centrifuging,” and treating it with ether, the cobra venom
lecithide was precipitated, while the excess of lecithin remained
dissolved in the ether.

! Ransom, *‘Saponin und sein Gegengift,” Deutsch. med. Woch., 1901,
194,

* Kyes, *“ Ueber die Isolierung von Schlangengiftlecithiden,” Berl, klin,
Woch., 1903, Nos. 42, 43,
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The hwmolytic function of the cobra venom was attached
quantitatively to this lecithide, whereas the neurotoxic function
remained absolutely unaffected by the lecithin. The lecithide
possessed only hemolytic powers, while the neurotoxic function
was retained exclusively by the residual poison.

The lecithide is insoluble in ether and acetone, but dissolves
in chloroform, aleohol, and toluene, and is readily soluble in
water. Its properties are thus quite distinet from those of its
two components. On standing in aqueous solution it becomes
gradually insoluble without losing its hemolytic power. 1t does
not separate out from a hot solution. It does not give the
biuret reaction. It dissolves all blood-corpuscles equally, and in
contradistinction to this function of the poison itself, does so
without a period of incubation. The lecithide is hardly affected
by a temperature of 100° C, Tts action, like that of the fresh
venom, is prevented by cholesterin. Closely analogous lecithides
have been obtained from all the other hsemolytic snake poisons
examined, including those of PBothrops, Najau haje, f:’ﬂ.-n_qm*rm,
' Emr*r&suwm, and Crofalus. Thus the same ‘lecithinophile”
group is invariably present, even though the amboceptors may
differ in other respects.

Leucocidine of Snake Venoms.—Sterile exudations eontaining
20 to 26 per cent. of lymphocytes were obtained by the intra-
pleural injection of the dead cells of B. megatherium (FLEXNER
and NogucHi). Cobra venom in solutions containing 0-002 per
cent. acted upon these, the action of the other venoms being
weaker. The movements of the leucocytes cease first; then
follows the decomposition of the cells, and, finally, that cuf the
lymphocytes. In the case of washed leucocytes little more than
agglutination occurred. FrLeExwEr and Nocucni concluded from
their experiments on the modes of combination that the agglutin-
ines were identical with, but the lysines different from, the
corresponding agents of the red blood-corpuscles. The leucolysine
was also of complex structure.

Summary.— We have thus in snake venoms four distinet active
principles, the proportions of which show great variations.

L. Hwmagglutinines—These are destroyed by a 0-2 per cent.
solution of hydrochloric acid in twenty-four hours, and in a short
time by heating them to 75° C.

2. Hemorrhagine (principally in crotalus venom).—This is
only destroyed after about two days by hydrochloric acid (2 per
cent.) and pepsin-hydrochloric acid,and can resist the temperature
of an incubating oven,

3. Hwemolysine, which is very slowly destroyed by hydrochloric
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acid (up to 3 per cent.), but rapidly destroyed by pepsin-hydro-
chloric acid. Exposure to an incubating temperature destroys it
to the extent of about 80 per cent.

4. Newrotowine.— This is fairly resistant to the action of
hydrochloric acid (up to 3 per cent.) and to pepsin and papain.
It loses about 90 per cent. of its toxicity by being allowed to
stand for nineteen days.

The hmmagglutinine and hamolysine attack the blood-cor-
puscles exclusively, while the hamorrhagine attacks the endo-
thelium of the walls of the vessels, and the neurotoxine the cells
of the central nervous system.

IMMUNISATION AGAINST SNAKE TOXINE.
Snake Antitoxine.

The close relationship between snake toxines and true toxines
is shown, above all, by their power of producing an antitoxine.
The first attempts to produce immunity against snake venom
were those of SEwaLL,! who used crotalus venom in his
experiments.

CaLMETTE succeeded in showing that, even after a single
injection of half a lethal dose, the serum of the animal treated
had an unmistakable antitoxic action in witro. FRASER,? too,
was able to produce antitoxine to the venoms of the cobra,
crotalus, diemenia (South Australia), and sepedon (Africa). He
obtained preparations capable of resisting as much as fifty times
the lethal dose.

Calmette’s method is essentially as follows :—About J; of the
lethal dose is first introduced, and this is followed every two or
three days by very gradualljr increasing doses (up to % of the
lethal dose). The same result can be obtained with poisons
chemically weakened by means of gold chloride or calcium
chloride (CALMETTE ?).

After four or five weeks the animals can resist twice the lethal
dose. They can then be treated every eight or ten days with
larger doses, until a very high degree of immunity can be pro-

1 Sewall, “* Exper. on the Preventive Inoculation of Rattlesnake Venom,”
Journ. of Pflyé*m{ viii., 203, 1887.

* Fraser, “In‘ermn.l"ut.;.T against Snake Poison,” Brif. Med. Journ., i., 1309,
1895.

3 Calmette, *‘Propriétés du serum des animaux immunisés contre le
venin des serpents,” Comptes Rend., cxviii., 120, 1004, 1894,
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duced. Carmerre rendered a rabbit so immune in one year that
it was able to receive eighty times the lethal dose of cobra venom
(40 mgrms.) without showing any reaction. The serum of this
animal was so rich in antitoxine that 5 drops (about 0-25 c.c.)
neutralised 1 mgrm. of cobra venom. An ass received 0:2 grm.
of cobra venom in three months, and another 0-16 grm. in two
months. Half a c.c. of the serum then neutralised 1 mgrm. of
the venom.

The injection of 4 c.c. of this serum four hours previously
afforded protection against twice the lethal dose. According to
PraisaLix and Berrraxp,! however, the antitoxine to viper
poison is not effective until thirty-six to forty-eight hours after
its introduction into the body. When an absolutely fatal amount
of venom is injected, and then, after the lapse of an hour, 4 to
D e.c. of this serum, the animal usually survives, but an hour and
a half is the maximum time if theve is to be any reasonable
certainty of a cure.

This anti-cobra serum also affords protection against the neuro-
toxic components of other snake poisons, and also against scorpion
venom and eels’ blood, and to some extent against abrine, but has
no effect upon ricine or upon diphtheria virus, or tetanus poison,

The serum has just the same sort of antitoxic action as the
true antitoxines, but, on the other hand, Cuarexay (quoted by
CALMETTE, loc. cit.) observed hy pLLlLuLDL} tosis after the intro-
duction of the poison into immunised animals, whereas hypo-
leucocytosis could be observed in the case of the control animals.

These observations were confirmed by CarmeTTE and DELEARDE. They
found that animal charcoal impregnated with abrine and introduced into
the peritoneal cavity of immunised animals was absorbed to a large extent
by the leucoeytes, while there was practically no absorption in the case of
the control animals. They came to the conclusion that the leucocytes
produced and stored up antitoxine,

According to PuisarLix and BeErTrRAND 2 normal antisera are

produced by the guinea-pig, horse, and hedgehog, as well as by
the rabbit, but not. by the hen.

Passive immunity soon disappears, but in the case of active
immunity the higher its degree the longer it persists. Immunity
can be inherited.

Each of the three components of the poison (h@molysine,
neurotoxine, and hzmorrhagine) produces its specific anti-body

! Phisalix and Bertrand, *Sur la propriété antitoxique du sang des
animaux vaccinés contre le venin de vipere,” Comptes Rend., cxviii., 356,

-1894.

2 Phisalix and Bertrand, Soc. Biol., xlviii., 396, 1896.
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in the immunisation process. Hence the different antisera differ
very greatly in their action. It was shown by STEPHENS and
MyEers! that there were antisera to hwmolysine, or that the
ordinary antisera also contained antihamolysine; yet even in
this case, according to FLExNER and NocucHi, the antisera vary
in their activity, since the h@molysines, again, possess ambo-
ceptors of different kinds, and the antidotes act by means of
anti-amboceptors.

The anti-cobra venom contains an antitoxine not only to cobra
neurofoxine, but also to that of the most widely differing snake
venoms (M‘Farraxp?), and also an antitoxine to the haemolysine,
but is completely lacking in the anti-body to the hemorrhagine
of crotalus vemom ; and since this is the chief active constituent
in crotalus venom (vide supra), Calmette’s ‘““antivenine” is
powerless against that poison.

In like manner, anticrotalus serum contains chiefly antihaemo-
lysine and antihzemorrhagine, but not antineurotoxine; hence,
it neutralises the h@molytic but not the neurotoxic function—
v.¢., the general toxicity—of cobra venom.

Frexyer and NocucH? obtained a serviceable antiserum to
rattlesnake venom on removing the substances that produced
the necroses by treating the toxine with dilute hydrochloric acid
or iodine trichloride. The serum had no action upon the venoms
of the cobra, daboia, and mocassin snake.

In the case of those venoms which contain both the main
poisonous components, such as those of the mocassin and copper-
head snakes, the antisera naturally contain both specific anti-
bodies,

The action of anti-snake-venom serum, according to all that is
known about it, is apparently quite analogous to that of the
other antitoxines—7i.e., it combines with and neutralises the
poison without destroying it. A very interesting proof in
support of this view was furnished by Calmette’s e::-:peumenh
(1895), of which an outline was given in the General Part. He
found that on heating a physiologically neutral mixture of
snake toxine and antitoxine to 68° C. the antitoxine could be
eliminated, so that the original toxic action again appeared.
After the heating the mixture behaved exactly like the toxine,
either if it had contained antiserum or normal serum. In like

- Stephens and Myers, Proc. Path. Soc., Lancet, 1898, 1., 644.

*M‘Farland, ‘““Some Investigations upon Antwenme,” Journ., Amer,
Med. Assoc., I}ec 1901 ; abstract in Centralbl. f. Bakt., xxxi., 792.

4 Flexner and Nog uchl ““ Upon the Production and Prnpert-lea of Anti-
crotalus Serum,” J. -::-f Med, Research, xi., 363, 1904.
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manner, the toxine could be removed from the mixture by
precipitation with caleium chloride, so that the previously neutral
serum again had a protective action (1896). These results, which
are extremely important from the theoretical point of view, have
been conditionally confirmed by Marrin and Cuerry,* who were
able, under certain conditions, to effect a separation of the
poison of Hoplocephalus curtus from the antitoxine by heating
the mixture to 68° C.

Thus, when the components of the mixture have only been
allowed to act upon each other for a short time, or when a
relatively large amount of poison has been used, CALMETTE’S
statement is correct ; the antitoxine is destroyed and the toxic
activity restored by heating the mixture. After fifteen minutes,
however, the combination is so firm that it can no longer be
broken up. Again, it is impossible to effect a separation by
filtration through a gelatin filter under pressure, which otherwise
allows the free toxine but not the antitoxine to pass, since no
part of the mixture passes through the filter.

The conclusion that there is a simple combination is in no way
affected by the fact that, according to MartiN, the dose that
combines with a definite quantity of snake venom in vifro is
much less than that required for previous immunisation when
injected subcutaneously. The quantity is considerably greater
and may even amount to a thousand times as much. On the
other hand, only about the same quantity is required if intra-
venous injection be used.

MarmiN attributed this to a much slower diffusion of the
antitoxine than of the toxine on subecutaneous introduction, the
toxine being also very rapidly distributed through the body by
way of the anastomosing lymph tracts.

It is also worthy of note that Carmerre (1895) found that
tetanus antitoxine and antiabrine had also a certain action upon
snake toxine, so that the serum would thus seem to be not
absolutely specific. On the other hand, the sera of animals that
had been treated with strychnine, curare, and various bacteria
proved as absolutely powerless against the venom as normal
human serum.

Anti-snake-venom serum only becomes inactive when the
temperature reaches 68° C. Calcium chloride and gold chloride
do not affect its protective power. It can also be kept for a
long period without the addition of phenol,

3 Martin and Cherry, *‘ The Nature of Antagonism between Toxines and
Antitoxines,” Proc. Roy. Soc., lxiii.; Martin, * Relation of the Toxine
and Antitoxine of Snake Venom,” tbid., 1xiv., 88, 1899,
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CaLMETTE ' has devised the following method for the valuation
of snake serum :—

The poison is dried and dissolved in distilled water and the
lethal dose for 1 kilo. of rabbit determined. A rabbit weighing
2 kilos. is then treated with increasing doses of the serum under
examination and the protective dose against a single lethal dose
determined. A serum, 1 c.c. of which protects 1 grm. of animal
against the single lethal dose, is taken as unity. Thus, if 1 c.c.
of the serum under examination protects 2 kilos. of animal,
the strength of the serum is two thousand-fold. According to
CALMETTE, the minimum strength must be one thousand-fold ;
sera of, at least, four thousand-fold strength are used in the
tropics.

This true antitoxic power of the immune serum has nothin
to do with the property possessed by tyrosin, cholesterin, &e.,
of rendering the toxine innocuous, for all these substances act
just as they do in the case of tetanus toxine, only combining
with the poison in vifro, and never producing wummunity. Their
action is thus quite distinet from that of the true antitoxines.

The question whether or no the serum and bile of venomous
snakes contain antiforine stands upon a somewhat different
footing. As was found by Fraser,® not only is the bile of the
cobra particularly active, but also that of the rattlesnake, &c.,
possesses incomparably greater powers of destroying the poison
than the bile of other animals ; and even that of non-venomous
snakes has a greater pmtectwe power than theirs. This pro-
tective function is also retained by alcoholic precipitates of these
biles. On the other hand, it must not be lost sight of that, as
Fraser® himself found, the antivenom is not definitely specific,
but that it also acts upon bacterial toxines.

At the same time, we frequently find that the bile merely has
a destructive action upon toxines similar to that of other digestive
fluids, so that the question whether or no the bile contains a true
antitoxine has not yet been decided.

Hence, one is hardly justified in attributing the resistance of
snakes to this function alone. 1t is, indeed, more conceivable
that the natural immunity of these animals is due to a continual
new formation of large quantities of antitoxine, rather than to a

 Calmette, *“ Sur le venin des serpents,” Ann. Past., xi., 214, 1897.

*TFraser, ‘*The Treatment of Snake Poison with Antivenene,” Brit.
Med. Jowrn., ii., 417, 1895; °‘ Antivenomous Properties of the Bile of
serpents,” wbid., ii., 125, 1897.

8 Fraser, ‘“ Antitoxic Qualities of the Bile of Serpents,” Brit. Med,
Journ., ii., 595, 1897.
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fixed power of reacting upon any poison absorbed. But surely
this condition must deEnd in the main, upon an innate want
of receptors; for, as we have seen, even the blood of venomous
snakes is poisonous.

In the case of the hedyehog, too, which is to some extent
refractory, the want of susceptibility appears to be principally
due to its possessing few receptors; after the introduction of
the venom its blood also is poisonous. The effect of the venom
upon the hedgehog is similar to that of tefanus toxine upon
the alligator ; for the hedgehog, although but slightly suscep-
tible, yet produces fairly considerable amounts of antitoxine.
It thus appears to possess receptors, but these are, for the most
part, in the organs less vitally important. On the other hand,
CarmerTE (189 D} found the serum of the pig and mongoose Lr.:n
contain extremely little antitoxine, although both animals are
almost completely immune to snake venom.

Doubtless this is also the case with snakes themselves. The
main cause of their insusceptibility may be a congenital want
of receptors, or to the existing receptors being too far apart;
but at the same time it is, of course, not improbable that they
also produce anfifoxrine and excrete it with the bile.

Toad Toxine (Phrynolysine).

Certain toads contain in their skin and bleood, in addition to the
better-known alkaloidal poisons (bufotaline, d&c.) an apparently
true toxine possessing hemolytic powers,

Prisarix and Berrraxp' appear to have been the first to
discover the existence of a second poison, and its hwmolytic
action was recorded by PucLiksk.’

“Phrynolysine” was then investigated more closely by Pro-
SCHER.®

In his experiments ProscuERr chiefly employed extracts of the
skin of the fire toad (Bombinator igneus), though the skin of the
garden toad (Bufo cinereus) was also used.

Phrynolysine has all the characteristics of toxines, and par-
ticularly their great sensitiveness to external influences. It is
non-dialysable. Tt becomes inactive fairly rapidly.

It produces hwmolysis equally well in a neutral or slightly

1 Phisalix and Bertrand, ** Recherch. s. la toxicité du sang du crapaud
commun,” Areh. d. Phys., xxv., 517, 1893.
¢ Pugliese, Arch. d. Farm., 1898, quoted by Prischer (loc. cit.).
lg;Prﬁschﬂr, ¢t Zur Kenntnis des Kritengiftes,” Hofm. Beitr., i., 575,
1.
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acid solution. Sheep’s blood is the most susceptible, and then
comes the blood of the goat, rabbit, dog, ox, hen, and guinea-
pig, while that of the pigeon, frog, and toad is hardly affected.
In the case of sheep’s blood, about 0-3 mgrm. is sufficient to
dissolve a litre completely.

There is as yet no reason for concluding that phrynolysine has
a complex structure.

Normal sera do not contain any anti-body. By immunisation,
however, it is possible to produce an antilysine, which in a dose
of 0°025 c.c. affords protection against a dose of the toxine suf-

ficient to hamolyse 1 c.c. of a 5 per cent. emulsion of sheep’s
blood.

Salamander Poison,

A poisonous substance that formed an antitoxine was dis-
covered, by Puisarix,' in the skin of the back of the Japanese
salamander (Sieboldia maxima).

The poison is soluble in water and glycerin, and possesses
little stability. It is completely destroyed by twenty minutes’
exposure to a temperature of 60° C., and also by alcohol.

It produces cedema and areas of h@morrhage in the frog, and
in warm-blooded animals necroses also. Paralysis also occurs,
and the excitability of the nerves is gradually lost; death results
from the paralysis of the respiratory system.

The poison is weakened by being heated to 50° C,, but still
retains its immunising power. Animals thus treated can then
resist much larger doses, not only of this poison hut also of
viper venom and eel’s-blood poison (PaisaLix?), whence we may
conclude that it has a certain degree of relationship with these
toxines.

Spider Venom.

Poisonous spiders occupy an important position in the popular
imagination. Very many spldem, and nut&bly the tarantula,
have been accused of possessing toxic properties. Little, how-
ever, was known scientifically about spider poisons until the
appearance of KoBERT's? comprehensive monograph.

1819’?hisalix, ““ Act. phys. venin du Salamandre,” Soc. Biol., xlix., 723,
% Phisalix, ** Propr. immunisantes du venin du Salamandre,” Soc. Biol.,
xlix., 823, 1897.
3 Kobert, Beitr. z. Kennin. d. Giftspinnen, Stuttgart, 1901 (gives the
older literature from the earliest times); id., ** Giebt es fiir den Menschen
gefihrliche Spinnen?” Die Med. Woche, 1902, 154.
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KoserT was able to show that there was no specific poison in
those species of spiders most accused of containing it, and in
particular the tarantulas. In fact, real poisons were only found
in two genera—viz., Lathrodectes and Aranea diademata (Epeira
diadema, the garden spider).

The Lathrodectes are distributed over the whole globe. The
most important species are those of Italy (L. tredecimguttatus,
Malmignatte) and of South Russia (L. erebus, Karakurte), with
those of New Zealand (L. scelio and [Hasseltii, Katipo) and of
South America (L. mactans). As far back as 1765 VarLmont
DE BoMBARE gave a description of the poisonous properties of
the malmignatte, and since then they have frequently been
studied. Experiments on animals have also been made.

A whole series of reports has been collected by KoserT with
regard to the Russian spider, and from these it appears that the
Lathrodectes not only inflicts great injury upon cattle, horses,
and camels, but even kills men. The effects are very severe:
violent pains, priapism, sleeplessness, great prostration, cold
sweating, fever, and dyspnea. The general symptoms closely
resemble those caused by poisoning with bacterial toxines.
No striking alterations can be observed in the vicinity of
the bite. Convalescence is very tedious, but fatal cases are
Very rare.

KoseErr has made experiments on his own account with
aqueous extracts of these Crimean karakurtes, some of the
extracts being prepared from the fresh animals, and others from
those that had been partially dried.

These extracts were found to be very poisonous, producing
exactly the same results as those observed in men bitten by the
spider. The intravenous injection of a few mgrms. per kilo. of
organic substance into dogs and cats produced dyspncea, convul-
sions, and paralysis of the respiratory system and heart, speedily
ending in death. Rabbits, rats, and birds were also susceptible
to the poison, but the hedgehog offered somewhat more resistance.
Frogs and leeches could also be poisoned. There was practically
no difference in the action of extracts obtained from the front
and from the back portion of the spider. New-born spiders
were more venomous than full-grown ones, and even the eggs
were poisonous. The poison had an injurious effect upon the
isolated heart of the frog, even in the proportion of 1 : 100,000.

KosErT also succeeded in producing immunity by cautiously
inoculating experimental animals, so that karakurte poison
appears to be a true toxine. Boiling renders the poison com-
- pletely inactive, and alcohol has the same effect. Introduced
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per os the poison has no effect. It has also a hemolyiic action,
and promotes coagulation.

Hence the lathrodectes contains a true fowine which in many
cases has first an irritant action wpon the heart and central
nervous system, but, eventually, invariably causes paralysis.

Arachnolysine,

Of the German spiders Chiracanthivm nutriz appears to
contain a poison which has not yet been investigated.

Koggrt found, however, in the common garden spider, Adranca
diademata (Epeira diadema), a toxine completely analogous to
lathrodectes poison ; it, too, was very poisonous, and it was
possible to produce immunity against it. It was somewhat less
active, but more stable, than lathrodectes poison.

The extracts of other German spiders were inert. The poison
of the garden spider was also found by Konerr to possess haemo-
lytic powers, which were subsequently more closely investigated
by Hans Sacus,! with the aid of Ehrlich’s method.

Arachnolysine has a very rapid and intense solvent action upon
‘the blood-corpuscles, but there is great variation in the resistance
offered by the corpuscles of different species of animals. The
blood-corpuscles of the rat and of the rabbit are the most sus-
ceptible, 0:028 mgrm. completely dissolving 0-05 em. of the
blood. On the other hand, the blood of the guinea-pig, horse,
sheep, and ox is absolutely refractory.

The blood-corpuscles of chickens are quite insusceptible,
according to SAcHS,® in consequence of a total lack of receptors.
It is only when these first blood-corpuscles have gradually dis-
appeared that the lysine has any action, and it is not until after
two to four weeks that the normal susceptibility of hen’s blood
is attained.

The toxine is not very sensitive to the action of heat, and can
resist a temperature of 70° C. for forty minutes.

Insuseceptible blood-corpuscles do not combine with the poison,
so that the behaviour of this lysine is quite in accord with that
of other haptines. A further point of agreement is that arachno-
lysine enters into combination with the stroma of susceptible
blood-corpuscles.

SacHs, by immunising guinea-pigs and rabbits, succeeded in

1 Sachs, *“ Zur Kenntnis des Kreuzspinnengiftes,” Hofm. Beitr., ii., 125,
1902.

 Sachs, “Ueber Differenzen der Blutbeschaffenheit in verschied. Lebens-
altern,” Centralbl. f. Bakt., xxxiv., 686, 1903 (reprint).
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producing a highly active antitoxie serum, which, when mixed
with the poison, also prevented the hemolysis. Now, inasmuch
as the blood of the guinea-pig is insusceptible, and therefore
contains no receptors, the antiarachnolysine must have been
formed from other receptors. Since, however, it has also an
antilytic action, it is probable that the same conclusions may be
drawn as to its constitution as in the case of ricine (q.v.), to
which it offers many points of resemblance.

Scorpion Venom.

VaLenTiN,! in 1874, investigated the effects of the venom in
the sting of the tail of a Tunisian scorpion (Androctonus
oce ’Lfﬂ?bt&ﬂ, Claus).

Small frogs were usually killed by the sting, but not larger
ones. It caused tetanic convulsions, and also twitchings of the
fibrillze, while the reflex excitability gradually disappeared from
behind forwards.

Very similar results were also observed later by Bert® and
others.

According to WiLsoN ? scorpion venom causes convulsions and
death from ﬂ‘iphj'}{la. in the guinea-pig.

The poison resembles veratrine in acting directly upon the
muscles, while the nerves are not affected. Certain animals that
live in the desert (jerboa, gerbillus) offer great resistance to
scorpion venom, an immunity probably acquired from frequent
stings.

CarLMETTE found (1895) a poison in the tail segment of Seorpio
afer, and isolated it by extracting the erushed bodies with water
and drying the extract in a vacuum.

The poison killed mice in doses of 0:05 grm., and guinea-pigs
in doses of 05 grm., the symptoms closely resembling those
produced by snake venom.

It also behaves in every other respect, and especially in its
relation towards the antitoxine, so exactly like snake toxine, as
to justify the conclusion that scorpion venom differs no more
from snake venoms than do these from each other, and also that,
like them, it contains the neurotoxine of the snakes in admixture
with small proportions of foreign bodies. This conclusion is also
supported by the fact that Kvyes (loc. cit.) was able to isolate

! Valentin, ** Ueber d. Giftw. d. nordafrik. Scorpiones,” Zeit. fiir Biol.,
xii., 170, 1876.

2 Bert, Soc. Biol., xxxvii., 574, 1885,

¥ Wilson, *f Action of Scorpion Venom,” Journ. of Physiol., 1904, 31.
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from scorpion venom a lecithide possessing an immediate blood-
solvent action, and exactly analogous to that obtained from
cobra venom. The sting of the scorpion is not very dangerous to
man, but only because the amount of venom injected in a single
sting is too small.

Fish Venoms.

An apparently true toxine was isolated by Brior! from the
poison glands of the 7rachinus draco (greater weever), though
its existence had already been known. He extracted the poison
glands by means of glycerin containing chloroform, and filtered
the neutral solution.

The poison causes convulsions and paralysis in frogs, and death
results from prostration (Gressiy, Borrarp). The heart is also
directly affected (PoHL2).

Tt has a very similar energetic action upon guinea-pigs, especially
on intraperitoneal injection (and this was also found to be the
case by Puisarix with Zrachinus vipera), but has less effect upon
rabbits.

A characteristic symptom is the rapid paralysis of the ex-
tremity where the poison was injected. Death results almost
instantaneously after intravemous injection; but the animal
recovers very rapidly from the effects of smaller doses. The
poison also causes severe local injuries on subcutaneous in-
jection.

The toxine is destroyed when heated for thirty minutes at
100° C., and also by calcium chloride and gold chloride.

The poison also possesses hzmolytic powers. The normal
serwm of the horse contains an antih@molysine against trachi-
nus lysine, just as it does against snake hemolysine. This is
destroyed at 50° C., but the lysine can resist a temperature of
100° C. for a short time (twenty minutes).

Trachinus poison is quite distinet from snake venom, since
its action is different, and an anti-snake-venom serum has no
restrictive effect either upon its toxic or its lytic function.

Rabbits can best be rendered immune by the cautious injec-

1 Briot, ‘Iitudes sur le venin de la vive (Trachinusdraco),” Journ. de
Phys. et Pm:hcaﬂ 1903, 271 (reprint). Briot cites the following works on
poisonous fish —Greasm, Gﬂmﬂb i Pétude de Uappareil @ vemin chez les
potssons du genre vive, Thesis, Paris, 1884 ; Bottard, Les poissons vénimeuna,
Thesis, Paris, 1884 ; thalm, Bull. du Museum d Histoire Natur., 1899 ;

Uﬂntiéra, Les poissons vénimeux, Thesis, Paris, 1899, See also Kubert,
loc. cit.

* Pohl, Prager Med. Woch., 1893, 31.
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tion of a mixture of the poison with the serum of an animal
already immune.

The serum contains a specific antitoxine, which, however, does
not invariably afford protection against the local effects.

Certain other fishes also appear to contain poisons of the nature
of toxines, which have not yet been investigated, such as, e.g.,
the lamprey (Pefromyzon), Scorpena, Plerois, Serranus, Plotosus,
Synanceia, &e, (KonerT!).

Further investigation is required to determine whether the
poisoning in these cases is due to true toxines,

In the case of certain other poisonous fish—e.g., the Japanese
species of Tetrodon ( fugu)—poisonous protamines appear to play
the chief part. It does not come within the scope of this book
to give further details of fish poisons in general.®

The Poison of Eels’ Blood (Ichthyotoxine).

An exceptional position is occupied by the poisonous sub-
stance which occurs in the serum of the eel and certain allied
fish (Murwna, Conger). By its occurrence as a normal product
of animal life it is relﬂ,ted, on the one hand, to the snake venoms,
which are also found in the blood of poisonous snakes ; while, on
the other hand, in its heemolytic function it recalls the *nglutm-
ating toxines of the vegetable kingdom ; and yet again shows a
certain relationship, as 1'ega1'ds this Pl‘ﬂpEl‘t-F, with the hzemo-
lysines of the normal sera of different animals, which, according
to EnrvicH, are also not simple “alexines,” but receptors of the
second class provided with amboceptor and complement.

In what group, therefore, ichthyotoxine should eventually be
placed cannot be decided off-hand. Tt is convenient, however,
for reasons apart from its internal constitution, to describe it
provisionally after the other zootoxines.

A similar poison appears to be produced in the poison glands
of the mursena, but little is known about it.?

The toxicity of eels’ blood was discovered by A. Mosso,* who
also studied its toxic effects. He found that the blood of poisoned
animals lost its power of coagulating, and this was confirmed by

1 Kobert, ‘‘ Ueber Giftfische u. Fischgifte. Vortrag i. Rostocker Fischerei-
verein,” ﬂ:& Med, Woche, 1902,

2 Further details are also given by Vaughan and Novy, loc. cit., 188,
el se

: Enatumma,l and toxicological data are given by Kobert, loc. cit.

1 A, Mosso, “Die giftige Wirkung des Serums der Muremden," Arch.
[ Exper, Path., xxv., 111, 1889,
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DELEZENNE,! who compared its action with that of propeptones.
U. Mosso? also investigated the properties of this poison.

Then came the notable work of Kossen® and Camus and
GLEY,* who discovered the solvent action of eels’ blood poison
upon the blood, and showed that immunity could be produced
- against it, and that it formed an antitoxine.

Preparation and Properties of the Poison.—Camvs and GLEY
obtained the poisonous serum by taking the blood by means of
a sterilised pipette from the aorta of the eel, placing it in a
sterilised vessel, and either allowing the serum to separate spon-
taneously or with the aid of centrifugal force. They thus
obtained about 0-6 c.c. from 100 grms. of the fish.

The serum has a slight green colour, frequently of a yellowish
shade. It can be kept for a long time unaltered if protected
from light.

No attempt has yet been made to prepare the toxic principle
of the serum in a pure form.

U. Mosso showed that it possessed exactly the same physical
and chemical properties as all toxines ; that it was destroyed by
heat, acids, alkalies, &ec.; that it could resist drying in vacuo ;
and that it was not dialysable. It was insoluble in alcohol of
90 per cent. strength.

Aﬂtmn of Eels’ Blood.—The serum of different eels frequently
varies considerably in its toxie effects, the season of the year
having an influence as well as the origin of the fish, as has also
been observed in the case of snake venoms (WEHRMANN 5).

The river eel of the Baltic coast contains, according to SPRING-
FELD,® a very much weaker toxic serum.

Different animals also vary in their susceptibility when the
poison is introduced in the same way (intravenously). Dogs

1 Delezenne, ‘¢ Action du sérum d’anguille sur la Coagul. du Sang,”
Awrch. d, Phys., xxix., 646, 1897.

2 U. Mosso, ‘‘ Recherches sur le nature du venin, qui se trouve dans le
sang de I'anguille,” Arch. Ital. d. Biol., xii., 229, 1889.

3 Kossel, ‘“Zur Kenntnis der Antitoxinwirkung,” Berl. klin. Woch.,
1898, 7.

i Camus and Gley, notably °‘Recherches sur l'action physiolog. de
sérum d’anguille,” Arch. Intérnat. de Pharmacodyn., v., 247, 1898 (reprint);
also ““De la toxicité du sérum d’anguille pour des animaux des espéces
differents,” Soc. Biol., 1898, 129 ; ** Immunis. contre ’action Elnbuhmde,
&e.,” Comptes Rend., "exxvi, : 425 1898 ; and ‘* Nouvelles recherches sur
I'immunité contre le serum d’angmlle,” Ann. Past., xiii., 779, 1899.

5 Wehrmann, “Sur les propr. toxiques du sang, &c. ,” Ann. Past., xi.,
810, 1897.

% Springfeld, ¢ Ueb. d. gift. Wirkung des Blutserums des Flussaals,”
Dissert. Greifswald, 1889,
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appear to be the most susceptible (lethal dose, according to
Mosso, 0-02 c.c. per kilo.), while the hedgehog is almost refrac-
tory. A. Mosso states that it has no action when introduced
into the stomach, though it is poisonous when injected into the
small intestine. On the other hand, a serious case of poisoning
in man after eating eels’ blood is reported by PENNAvVARIA.L
Subcutaneous injection produces necroses and abscesses. The
course of the poisoning takes two distinet forms, according to the
dose. Rabbits die in convulsions a few minutes after receiving
0-1 c.c. per kilo. of a very active serum, while sometimes there is
also a flow of saliva and blood into the urine. Myosis is hardly
ever absent, and sometimes exophthalmus occurs.

The effects are attributed by Mosso to paralyses of the vagus,
preceded by stimulation.

With small doses or weak poisons, however, conditions of
paralysis are produced, together with fine tremors, areas of local
anwesthesia, dyspnea, flow of saliva, cries, d&c., which, after
a great loss in weight, end in death though ﬂn]y ﬂ.fter some
I}Durs, or even days (KosseL).

Similar results have been observed with guinea-pigs. When
very large doses have been given death occurs so rapidly that
sometimes even the convulsions fail to appear.

In the first case, therefore, the bulbar symptoms, especially
the rapid paralysis of the respiratory centre, predominate; in
the second case, the spinal symptoms. The peripheral nerves
of the respiratory centre do not lose their capacity for being
stimulated.

In the case of the frog A. Mosso was able to prove that the
excitability of the nerves and muscles rapidly decreased ; sensa-
tion, especially in the hind legs, disappeared before the power of
motion, probably through the destruction of the tracts from the
spinal cord to the brain. The isolated heart of a frog was not
affected.

In warm-blooded animals the pressure of the blood rises im-
mediately after the injection, and then sinks. 7%he action of the
heart slackens and becomes irregular, but the heart still con-
tinues to beat after death (Barpier?). After very large doses,
however, it was found by A. Mosso that the animal dled very
rapidly from paralysis of the heart, while breathing still con-
tinued for a minute. The animals (dogs) also died from paralysis

! Pennavaria, Farmacista Italiano, xii., 328, 1888 (quoted by Kobert,
loc. cit.).
® Bardier, * Action cardiaque du sérum d’anguille,” Seec. Biol,, 1., 548,
1898,
16



242 TOXINES AND ANTITOXINES.

of the heart when artificial respiration was employed. The
autopsy showed congestion of the intestinal tract, lungs, and
suprarenal bodies ; severe lesions of the kidney, even when death
was rapid (PerTIT') ; hyaline degeneration ; and swelling of the
cells. Blood was present in the urine in the bladder.

Serious alterations in the nervous system, resembling those
produced by tetanus, were detected by WesrpHAL? by means of
Nissl’s method,

Thus we see that the effects produced by the poison are closely
similar to those caused by ricine, snake venom, &e.

Heated serum (58° C.) has still a slight action in very large doses (100
times the ordinary lethal amount) upon the animals, which lose considerably
in weight,

Action upon the Blood.—Eels’ blood has an energetic hemo-
lytic action upon the blood even in the body (Camus and GLEY).
The iris becomes tinged with red; areas of hsmorrhage occur
and exudations of blood into the peritoneum, while erythrocytes
and hemoglobin are found in the urine. The arterial blood
contains h@moglobin. As a rule, the resistance of the erythro-
cytes is so weakened by the addition of iy to tyhgs part of
eels’ serum, that they give up their hemoglobin even to a 0:7 per
cent. solution of sodium chloride, whereas the normal corpuscles
of rabbits’ blood do not part with it until the dilution of the
salt solution reaches 0-48 to 05 per cent. The blood-corpuscles
of the guinea-pig behave in a similar manner, whereas the
erythrocytes of the hedgehog have been found refractory, as
is also the case with those of hens, pigeons, tortoises, frogs,
toads, and bats. It is particularly interesting that, according
to H. Sacus, new-born rabbits have a relatively high power of
resistance, and do not acquire suitable receptors until a later
period (¢f. Arachnolysine). The hmemolytic funetion of eels’
serum is not affected by cautious neutralisation with hydro-
chloric acid.

The addition of other sera has also no influence upon it, but
it is destroyed by heating it to 55° C. The solvent action does
not take place at 0° C., but is very energetic at 23° C.

According to WENDELSTADT,® the addition of small quantities
of glycogen has an influence upon the hemolysis.

! Pettit, “‘ Altérations rénales consécutives A l'injection du sérum
d’anguille,” Seoc. Biol., 1., 320, 1898.

* Quoted by Kossel (loc. cit.).

* Wendelstadt, ¢“ Einw. v. Glykogen a. hiimolyt Vorginge, Central. f.
Bakt,, xxxiv., 831, 1903,
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Immunisation against Eels’ Blood—The poison of eels’ blood
also shows itself to be a true toxine by the fact that it is
possible by means of it to produce immunity in susceptible
animals,

According to Kosser, Camus and GLEY, and WERRMANN and
Tenistoviren,! rabbits are the best animals to use for the
purpose. From 005 to 1 cee. is first introduced, either by
subcutaneous or intravenous injection; the animals usually
stand this dose well, and can then readily be immunised to a
higher degree. 1t is very diflicult to immunise guinea-pigs since
they usually succumb ; dogs bear the treatment well, but yield
only weak antisera. Goats, on the other hand, appear to be
suitable animals. Hens and pigeons yield only traces of anti-
toxine, and that, too, only against the blood-solvent action in
vitro. Pigeons are very susceptible to the poison, although their
erythrocytes are hardly attacked at all by eels’ serum. The
formation of antitoxine is very rapid, and even after three or
four injections a serum is obtained of about %5 to %5 the
neutralising strength—i.e., from 10 to 20 c.e. of serum are
required to neutralise 1 c.c. of eels’ serum.

Tenistroviten determined the strength of his serum as follows:
—Five drops of eels’ blood (1: 10 of a 07 per cent. solution of
sodium chloride) were treated with increasing doses of antitoxine.
The reagent for testing both the hemolytic and the toxic action,
BDH‘-:HtFLl of a few c.c. of rabbits’ blood diluted to 20 ec.c.
Parallel tests were made in each case, and some remarkable
results were obtained. Thus, while the resistance offered by the
rabbits themselves showed a continual increase, the proportion
of antitoxine in their serum did not increase in the same manner;
but, on the contrary, became continually /ess.

At the same time, the erythrocytes of these animals also
showed special characteristics. KossEL and Camus and GLEY
had simultaneously discovered that the erythrocytes of immun-
ised animals were in themselves (i.e.,, thoroughly freed from
serum) under certain conditions refiractory to the hwemolytic
action of eels’ blood. Tecuisroviten now discovered that the
blood-corpuscles as such dissolved very readily when the pro-
portion of antitoxine was high ; but that they were more or less
refractory when the amount of antitoxine in the serum decreased.

There is here a certain parallelism in the phenomena, which,
assuming the correctness of the facts, appears to point to a
disappearance of the receptors for eel toxine, both in the body

1 Tehistoviteh, * Etudessur I'immunisation contre le sérum d’anguille,”

‘Ann, Past., xiii., 406, 1899,
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cells and in the erythrocytes. If we assume that the toxic and
h@zmolytic principle of eels’ serum are identical, we must also
assume that receptors adapted to it are present in the body cells
as well as in the erythrocytes; a cessation of the formation of
receptors under the influence of the immunisation process would
then be sufficient to account for both the immunity to the action
of the poison notwithstanding the diminished production of anti-
toxine and also the want of susceptibility of the erythrocytes.

It is, of course, open to question whether both principles are
really identical. Here we meet with the same difficulty as in
the case of ricine, in which, too, the action upon the blood can
be easily prevented without destroying its toxic power; and
there, also, the protective influence upon the erythrocytes
affords, under normal conditions, a measure of the antitoxic
power. And yet, as we have seen above, the question whether
or no ricine contains two active substances has not yet been
settled, although there is much to be said in favour of JAacony’s
view (g.v.) that we may here be dealing with a double-branched
receptor.

In the case of eels’ blood, however, the conditions are some-
what different.

Here the question is whether the blood-solvent funection of
the serum ought not to be separated entirely from the toxic
function, inasmuch as there may here be h@molytic processes
exactly analogous to those produced by several other normal
sera. acting upon foreign erythrocytes. As EnrLicH and
MorGENROTH have shown, in numerous researches, the action
in those cases is to be attributed to series of peculiar haptines
with different specific amboceptors and complements.

It has, of course, not yet been proved that there are not also
here, as Jacony assumes for ricine, two separate ergophore groups
on one amboceptor, one of which has a hemolytic and the other
a toxic action.

This is also not irreconcilable with the results obtained by
Tcnisroviren, who found that the hwmolytic function was
destroyed by heating the toxine to 55° C. (which, however, is
absolutely denied by Camus and GrEY), and that the serum
thus rendered partially inactive produced amtitowine just as
before. All these facts could be explained just as well by a
partial formation of toxoid as by assuming the existence of two
specific haptines with different haptophore groups.

In any case, a definite conclusion can only be obtained by
exact combination experiments, on the lines devised by EHrLICH.
An attempt must be made to determine whether or no eels’
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serum still retains its toxic power after removal by means of
specific combinations of the receptors adapted to the corpuscles
of the blood.

Toxine of Fatigue.

An apparently true toxine has been separated from the muscles
of over-fatigued mammalia by Wercnart,! who prepared an ex-
tract from them under the strictest aseptic precautions. In
small doses the toxine has an immunising effect, but in large
doses is fatal. It produces a true antitoxine on immunisation.

! Weichart,  Uber Ermiidungstoxin, I. and IL.,” Minch. med. Woch.,
1904, No. 1, et seq.
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235, 236, 238, 239, 243,
244,

units, 36, 37, 38, 42, 43,
45, 125.

Incubation period, 23, 110, 111, 115,
120, 121, 126, 127, 131, 136, 188.

Induction period, 52.

Inflammation, 162, 189, 202, 205,
216.

Intestines, Action of toxines on the,
25, 86, 242.

Invertase, 10, 151.

Todine, Influence of, 105, 106, 213.

tri-:;]hloride, Influence of,
105.
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Lysines,

INDEX.

Iodine trichloride, Preservative

effects of, 77.

dJ

JATROPHA curcas, 185,
Jequirity, 201, 204.
Jerboa, 237.

K

KARAKURTE, 235.

Katipo, 235.

Keratitis, 162.

Kidneys, Action of the toxines on
the, 25, 86, 143, 169, 190, 242,

L
Lactic acid, 131.
o Influence of, &1, 105,
124,

Lamprey, 239,

Lathrodectes, 235.

Lecithides, 226, 227, 238.

Lecithin, 25, 123, 225, 236.

Lecithinophile group, 227.

Leeches, Susceptibility of, 235.

Lethal dose, 34, 35, 36, 37, 40, 41,
42, 45, 83, 84, 109, 111, 126, 130,
132, 134, 149, 150, 155, 158, 162,

163, 170, 172, 179, 184, 189, 194, |
205, 207, 210, 215, 216, |

198, 201,
219, 220, 221, 222, 232, 241,

Leucocidine, 139, 142, 143, 144, 227,

f'mtl 144.
Leucuc:r tes, 143, ET, 299,
Leucocytums 190.
Leucolysines, 227.
Lencoma, 202,
Light, Influence of, 13, 44, 81, 93,
105, 127, 132, 150, 167.
Liver, Action of toxines, &c., on the,
25, 158, 169, 190.
., extract, 214.
Lizards, Susceptibility of, 216.
Loss of weight, see Emaciation.
Lungs, 175, 242.
Lymph glands, 28, 190.
Lymphocytes, 227,
24, 50, 54, 66, 139, 142, 143,
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M

MALIGNANT cedema, 183.

Malleine, 175, 176.

Malmignatte, 235.

Maltase, 10, 151.

Man, Susceptibility of, 109, 111, 120,
138, 140, 189, 206, 207, 217, 225,
935, 238, 241.

Marasmus, 158.

Marmots, Susceptibility of, to tox-
ines, 119.

Medulla oblongata, 190.

Mercuric chloride, 213.

Methszmoglobin, 222,

Milk, 226.

,» Antitoxine preparations with,
7, 124,

Mocassin snake poison, 219, 22].

Mongoose, 216, 233.

Monilia candida, 11, 151.

Monkeys, Susce tlblllt:,' of, 132, 155.
Mouse, Susceptibility of, to toxines,
18, 39, 87, 109, 111 118, 119, 122
]Eﬁ, 132, 134, 153, IEE, lTﬂ, 173.

194, 201, 202.

Mucous membrane, 110, 162.

Murana, 239.

Muscles, 245.

F Influence of toxines, &ec.,
on the, 113, 114, 115, 190,
191, 205, 217, 237, 241.
Myolysis, 85, 241.

N

Nai~, 210.

Naja egiziana venom, 218.
,» haje poison, 227.
y» tripudians, 209, 223.

' Necrosis, 155, 158, 189, 190, 202,
205, 216, 220, 234, 241.

Necturus serum, 224,

Nephrltls 207.
Jerve substance, 214,

| Nervous system, Influence of toxines,
&c., on the, 113, 114, 115, 116,
119, 127, 176, 205, 218, 219, 228,
241, 242,

Neurine, 3.

Neurotoxine, 215, 219, 220, 221, 227,

228, 229, 230, 237.
Anti-, 230.
Nucleic acid, 171, 174, 188, 195,
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0

(Epema, 89, 131, 216, 220, 234,
Oxen, Immunity of, 236,

,s Susceptibility of, 132, 138,
205, 223, 225, 234,
Dxi‘(gl;ﬂng substances, Influence of,

1327,
Oxydase, Influence of, 110, 222.
Oxygen, 218,
o Influence of, 14, 81, 104,
105, 206.

P

PAxcrEATIC juice, Action of, on
toxines, 21.

Panophthalmitis, 191, 194, 202,

Papain, 186, 222, 226,

Papayotin, 21.

Paralysis, 89, 126, 146, 150, 155, 156,
157, 190, 205, 218, 221, 234, 235,
238, 241.

Pelias berus, 210.

Pepsin, Action of, on toxines, 20,
110, 203, 222,

Perch, Susceptibility of, 208.

Peripheral neuritis, 150.

Peritonitis, 162,

Petromyzon, 238.

Peyer’s patches, 190.

Phenol, 132, 165, 166, 213.

,»  Preservative effects of, 77,
81, 105.

Phenylhydrazine, 133.

Phrynolysine, 233, 234.

Phytotoxines, 10, 185-308.

Pig, Susceptibility of, 205, 216, 223,
233.

Pigeon, Immunity of, 242.

»»  Susceptibility of, 18, 132,
138, 156, 215, 234, 243.
Pike, Susceptibility of, 205.
Plague antitoxine, 159.
s lysine, 143.
,» toxine, 158, 1589.

Plasmines, 67, 170, 173.

Plotosus, 239,

Pneumobacillus, 172, 173.

Pneumococcus, 159, 160, 161.

= antitoxine, 160.
1 lyaine, 142,
o poison, 67.

INDEX,

Pneumonia, 175.
Pneumotoxine, 159-161.
Poison glands, 210.
Potassium iodide, 213.
- permanganate, Influence
of, 105, 132, 213, 217.
Precipitines, 29, 66, 67, 68, 173, 174.
Priapism, 235.
Protamines, 239,
Proteids, 78, 212.
Proteins, Poisonous non-specifie, 3,
62, 65, 66, 67.
Proto-albumose, 212,
Protoplasm, 3, 6.
Prototoxines, 48, 135.
Protoxoids, 39, 40, 45, 47, 48, 58,
198, 204, 222,
Pseudechis porphyriacus poison, 212.
Pseudoglobulins, 102, 125,
Pterois, 239.
Ptomaines, 1, 2, 78.
Ptosis, 217.
Pulse, Acceleration of, 156,
Purging nut, 155.
Pus formers, 67, 68, 162.
Pyocyaneus antitoxine, 32, 63, 129.
ke poison, 29, 32, 64, 128-
130.
Pyocyanolysine, 130, 137, 138.

Q

(QUININE,

R

RABRIT antiserum, 229,

Rabbits, Susceptibility of, 19, 23,
61, 70, 79, 84, 87, 89, 91, 109, 111,
113, 116, 119, 120, 132, 134, 137,
138, 140, 142, 150, 155, 156, 157,
158, 159, 160, 165, 184, 189, 201,
205, 207, 210, 215, 216, 222, 223,
225, 929, 234, 235, 236, 238, 241,
242 243,

Rat, Susceptibility of, 111, 158, 205,
215, 216, 217, 235, 236.

Rattlesnake, 212.

Receptors, 17, 18, 50, 66, 68, 87, 112,
113, 116, 117, 118, 119, 120, 141,
173, 174, 192, 195, 196, 197, 198,
200, 233, 236, 239, 242, 243, 244,



INDEX,

Rennet, 107.

Respiration, Action of toxines, &e.,
on the, 85, 179, 205, 217, 218, 254,
235, 241,

Retention of urine, 126.

Ricine, 12, 20, 24, 30, 31, 33, 133,

185-200, 224, 229,

., Anti-, 24, 31, 33, 193, 194,
195, 197, 198, 200, 201.

o anti-body, 192,

Ricinus africanus, 185.

altissimus, 185.

borboniensis arboreus, 185.

,»  brasiliensis, 185.

communis, 185.

o o major, 185.

y»  guyanensis nanus, 185.

+ Jjamaicensis, 185,

y»»  philippinensis, 185.

sanguineus, 185.

s apectabilis, 185.

Ring adder, Susceptibility of, 216.

Robine, 207.

Robinia pseudacacia, 207.

1y

S

SALAMANDER poison, 234.
Salicyl aldehyde, 81.
Salivation, 241.
Saponine, 226,
Saturation units, 42, 43.
Scorpena, 239.
Scorpio afer, 237.
Scorpion, Susceptibility of, 18.
L venom, 229, 237-238.
sepedon antitoxine, 228.
Serranus, 239,
Serum as a vehicle for antitoxines,
92, 97, 98.
,» Protective action of, 140.
)] Standard, a8.
Sheep, Immunity of, 236.
,» Susceptibility of, 87, 132,
138, 177, 205, 223, 225, 234.
Sieboldia maxima, 234,
S.]::]fné Action of toxines on the, 25,
a8,
Sleeplessness, 235.
Snake hemolysine, 224,
sera, 224,
toxines, 209-228, 230.
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Snake venom, 23, 24, 29, 32, 33, 60,
215, 219, 223.

antitoxine, 28, 32, 228-
233.

Snakes, Susceptibility of, 216, 233.

Sodium gl}éﬂﬂclmlnte, Influence of,

14.

hydroxide, Influence of, 50,
a1, 52, 53.

‘¢ Spectra ” of poisons, 46-48, 56, 135,
136, 142

Spider venom, 234-236.

Spinal cord, Action of toxines, &ec.,
on the, 114, 115, 127, 190.

Spleen, 190.

Staphylococcus pyogenes albus, 139,

= Ta aureus, 139,
Staphylolysine, 133, 138-140, 141.
o Anti-, 139, 140-141.

Streptococcus, 164,

Streptolysine, 142,

Streptotoxine, 163-166.

Strychnine, 231.

Suffocation, 179.

Suprarenal bodies, 190, 215, 242,

Sweating, 167, 176, 235.

Swine-plague poison, 183.

Symptomatic anthrax ant.i%tzq:-xine,
132,

toxine, 130-
133.

L] LR
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Synanceia, 239.
Syntoxoids, 39, 45, 47, 48, 195

T

TARANTULA, 234, 235.
Tartaric acid, Influence of, 81, 105.
Temperature, Influence of, 12, 76, 81,
83, 93, 94, 105, 113, 124,
129, 131, 132, 133, 134,
138, 140, 141, 142, 143,
144, 149, 150, 155, 159,
160, 162, 163, 165, 167,
174, 179, 183, 184, 188,
200, 204, 205, 212, 214,
216, 219, 220, 222, 223,
225, 227, 230, 231, 234,
236, 238, 242, 244,
s» of body, 131, 155, 157, 158,

177, 179, 189, 205.
18
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Tetanolysine, 9, 32, 50, 51, 52, 53,
aa, a6, 47, 61, 102,
133-137, 140, 141,
Anti-, ld-.:-

Teta,nﬂspasmma 9, 14, 102, 108, 109,
112, 113, 134, 136.

Te.tanus, 102-125.

oy antitoxin, 15, 16, 17, 28, 33,
61, 96, 108, 109, 115, 116,
118, 120, 122 123-1’25,
231.

4 toxine, 2, 3, 9, 13, 15, 16,
18, 19, 20, 21, 22, 23, 33,
61, 102-125, 180, 229,

Tetrodon, 239.

Thymus extract, Influence of, 106.

Tiger snake, 2]3

Toad 234, 242,

., toxine, 233-234.

Toluene, Preservative effects of, 77.

Tortoise, Immunity of, 19, 242,

Tnﬁxa&bumins, 1, 12, 78, 79, 154, 187,

122,

Toxie unit, 41, 42, 45, 169.

Toxines, 1, 2, 5, 6-25, 20-62, 188,

Toxoids, 33, 37, 38, 39, 40, 42, 43,
44, 57, 82, 88, 106, 108, 116, 132,
135, 136, 155, 159, 182, 188, 195,
199, 207, 221, 244.

Toxones, 38, 39, 40, 41, 42, 43-49, 58,
59%89, 90, 91, 108, 132, 135, 199,
206.

Toxonoids, 58, 59.

Toxopeptone, 146.

Toxophore groups, 5, 23, 30, 31, 37,
44, 48, 83, 88, 119, 121, 135, 141,
193, 199.

Trachinus draco, 238.

= viper, 238.
Tricresol, Preservative effects of, 77.
Trigonocephalus, 210.
i3 venum, 220,

Trimeresurus poison, 227.

Tritotoxines, 48, 49, 135.

Tritotoxoids, 58.

Tropidonotus, 210.

Trypsin, 186, 187, 188, 200, 203.

x: Action of, on antitoxines,
94,

= o on toxines, 21,
110.
Tubercle poison, 166-168.

INDEX.

Tuberculine, 67, 166, 168-175.
Tuberculinic acid, 171, 172.
Tuberculosamine, 171, 174.
Tuberculosin, 172.
Tuberculosis, 66.
A antitoxine, 170.
poison, 5, 67.

Tuberculﬂthymlc acid, 172.
Tuberkulol, 170.
Typhoid antitoxine, 157.

s lysine, 142.

8 virus, 154-157.
Typhotoxine, 154,
Typhus, 66, 128.

,s» Ppoison, 5, 25, 65, 67.
Tyrosin, Influence of, 214.

U

ULckrs, 157.
Uniceptors, 28,
Urethritis, 162, 163.

v

Vierro, Metschnikoff’s, 183, 184.
s, Naskin’s, 23.
Viper hzemolysine, 224.
., venom, 2.0,211, 212, 214, 216,
217, 218, 219, 222, 234,
Vipera aspis poison, 213, 215, 218,
222,
5y redii, 217.
Vomiting, 217.

W

WEaAKkNEss, 217.
Worms, Susceptibility of, 216.

'
YEasT, 151.

Z

Zootoxines, 209-245.
Zymase, 151.
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A Practical Treatise on the Bullding of Bridges,
Roofs, &c,

By S. ANGLIN, C.E,
Master of Engineering, Royal University of Ireland, late Whitworth Scholar, &e.

“We can unhesitatingly recommend this work not only to the Student, as the BEsST
TexT-Book on the subject, but also to the professional engineer as an EXCEEDINGLY
vaLUABLE book of reference."—Mechanical World.

THIRD EpiTiON, ZThoroughly Revised. Royal 8ve. With mumerous
lllustrations and 13 Lithographic Plates. Handsome Cloth. Price 39:.

A PRACTICAL TREATISE

BRIDGE- CONSTRUCTION

Being a Texzt-Book on the Construction of Bridges in
Iron and Steel.

FOR THE USE OF STUDENTS, DRAUGHTSMEN, AND ENGINEERS.

By T. CLAXTON FIDLER, M. INSTC'ES
Prof. of Engineenng, University College, Dundee.

“The new edition of Mr. Fidler’s work will again occupy the same cox-
SPICUOUS POSITION among professional text-books and t-re&t-:.aes as has been
accorded toits predecessors. SoUND, SIMPLE. AND FULL.”—The Engineer.

I Medium 8vo. Handsome Cloth, Fp. t-xv + 248, with over
100 fllustrations. Price 105, 6d, net.

CONSTRUGTIONAL STEELWORK :

Being Notes on the Practical Aspect and the Prineiples of
Design, together with an Account of the Present
Methods and Tools of Manufacture,

By A. W. FARNSWORTH,

Associate Member of the Institute of Mechanical Engineers.

* A worthy vnlume, which will be found of much assistance. . . . A book of
particular value.” —Pracéical Ensincer,

** Will be found of value to all Architects and Engineers engaged in steelwork construc-
tion.""— Building News.

ALGNDON : CHARLES GRIFFIN & CC., LIMITED, EXETER STREET, STRANB.
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In Large 8vo. Handsome Cloth, Gilt, Uniform with Stability of Ships
and Steel Ships (p. 38). With 34 Folding Plates and 468
Illustrations in the Text, 30s. net.

The Principles and Practice of

DOCK ENGINEERING.

By BRYSSON OUNNINGHAM, B.F., Assoc.M.Ixst.C.E,

Of the Engineers’ Department, Mersey Docks and Harbour Board.

GENERAL CONTENTS.

Historical and Discursive.— Dock Design.— Constructive Appliances. —
Materials.—Dock and Quay Walls.—Entrance Passages and Locks.—
Jetties, Wharves, and Piers.—Dock Gates and Caissons.—Transit Sheds
and Warehouses. — Dock Bridges. — Graving and Repairing Docks. —
Working Equipment of Docks. —INDEX,

" We have never seen a more profusely-illustrated treatise. It is a most important
gtandard work, and should be in the hands of all dock and harbour engineers. " —Steamship.
U Will be of the createst service to the expert as a book of reference.”— FEngineer.

Fourre Epiriox. In Two Parts, Published Separately.
A TEXT-BOOK OF

Engineering Drawing and Desigp.

VoL. I.—PracTicAL GEOMETRY, PLANE, AND Sorip. 4s. 6d.
Yor. II.—MacHINE AND ENGINE DrAWwING AND DEsigN. 48, 6d.

BY
SIDNEY H. WELLS, Wa.8c.,, A M.I.C.E., AM.I.Mechu.E.,
¢rincipal of the Battersea Polytechnic Institute, &c.
With many [llustrations, specially prevared for the Work, and numerous
Ezxamples, for the Use of Students in Technical Schools and Colleges.

A CAPITAL TEXT-BOOE, arranged on an EXCELLENT 3TSTEM, calculated to givean intelligent

El.'a-ﬂpﬂf the subject. and not the mere faculty of mechanical copying. . . . Mr. Wells shows
;‘w to make COMPLETE WORKEING-DEAWINGS, discussing fully each step in the design.”—Klectrical

In Large Crown 8vo. Handsome Cloth. With 201 Illustrations. 6s. net.
AN INTRODUCTION TO

THE DESIGN OF BEAMS,
GIRDERS, AND COLUMNS

IN MACHINES AND STRUCTURES.
With Examples in Graphic Staties.

By WILLIAM H. ATHERTON, M.Sec.,, M.I.MEecH.E.

“A very useful source of information. . . . A work which we commend very
highly . . . the whole being illustrated by a large collection of very well chosen
aramples.”—Nature,

“There should be a strong demand for this concize treatise.” —FPage's Weekly.

LONDON : CHARLES GRIFFIN & C0., LIMITED, EXETER STREET, STRAND.
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NearLy ReEapy. In Handsome Cloth. With 240 Illustrations.

THE THEORY OF THE STEAM TURBINE.

A Treatise on the History, Development, and Frinciples of
Construction of the Steam Turbine.

By ALEXANDER JUDE.

ContenTs —The Theory of the Steam Turbine.— Historical Motes on Turbines.—The
Velocity of Steam.—Types of Steam Turbines.—Practical Turbines.—The Efficiency of
Large Turbines.—The Trajectory of the Steam.— Efficiency of Turbines.—Turbine Vanes.—
Disc Friction in Turbines. — Specific Heat of Superheated Steam.—Governing Steam
']I‘urbines.—Steam Conzumption of Turbines.—The ﬁhirling of Shafts.—Bibliography.—
NDEX.

=

Works by BRYAN DONKIN, M.Inst.C.E., M.Inst.Mech.E., &e.

Now Reapy. FourTH EbpITION, Revised and Enlarged. With
additional Illustrations. Large 8vo, Handsome Cloth. 2gs. net

A TREATISE ON

GAS, OIL, AND AIR ENGINES.

By BRYAN DONKIN, M.Inst.C.E., M.InsT.MECH.E.

CoxTeENTS.—ParT 1.—Gas Engines : General Description of Action and Parts.—
Heat C!."E[E!'i and Classification of Gas Fngines.—History of the Gas Engin::.—'l‘ht:
Atkinson, Grifiin, and Stockport Engines.—The Otte Gas Engine.—Modern Brtish Gas
Engines.—Modern French Gasz Engines.—German Gas Engines.--Gas Prodoction for
Motive Power.—Utilisation of Blast-furnace and Coke-oven Gases for Power.—The Theory
of the Gas Enginc.--—{:hcmital Cum]m:-'.itiun of Gas in-an Eng‘iﬂ-ﬂ: Cyﬁnd:r.—ﬁtilism‘.im] of
Heat in a Gas Engine.—Explosion and Combustion in a Gas Engine.—Part I1.—
Petroleum Engines: The Discovery, Utilisation, and FProperties of Oil.—Method of
Treating Oil.—Carburators.—Early Oil Engines.—PFPractical Application of Gas and Oil
Engines.—PazrTt lIl.—Air Engines, —Arresvices.—INDEX.

“*The best book now published en Gas, Oil, and Air Engines."—Engineer.
“ A thoroughly reliable and exhaustive treatise. ' — Enginecring.

e a

In Quarto, Handsome Cloth. With Numercus Plates. 2§s.

THE HEAT EFFICIENCY OF STEAM BOILERS

(LAND, MARINE, AND LOCOMOTIVE).

With many Tests and Experiments on different Types of
Boilers, as to the Heating Value of Fuels, &e., with
Analyses of Gases and Amount of Evaporation,
and Suggestions for the Testing of Boilers.

By BRYAN DONKIN, M.,Inst.C.E.

GrenErRaL CoxtEnTs,—Classification of Different Types of Doilers.—425 Experiments on
English and Foreign Boilers with their Heat Efficiencies shown in Fifty Tables.—Fire
(irates of Various Types.—Mechanical Stokers.—Combustion of Fuel in Boilers.—Trans-
mission of Heat through Boeiler Plates, and their Tempersture.—Feed Water Heaters,
Superheaters, Feed Pumps, &c.—8moke and its Prevention.--Instruments used in Testing
Boilers.—Marine and Locomotive Boilers.—Fuel Testing Stations.— Discussion of the Trials
and Conclusions.—On the Choice of a Boiler, and Testing of Land, Marine, and Locomotive
Boilers.—Appendices.—Bibliography.—Inpex.

wWith Flates illustrating Progress made during recent years,
and the best Modern Practice,

“Probably the MOST EXHAUSTIVE resumé that has ever been collected. A FRACTIOAL
Boox by a thoroughly practical man."—Ffron and Coal Trades Keview,

LONDON : CHARLES GRIFFIN & CO.. LIMITED, EXETER STREET, STRAND.
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Foorra EniTion, Rewvised., Pockel-Size, Leather, 125 6d.

Boilers, Marine and Land:

THEIR CONSTRUCTION AND STRENGTH,

A Hawppook or Ruvires, ForMUL#E, TABLES, &c., RELATIVE To MATERIAL,
SCOANTLINGS, AND PRESSURES, SAFETY VALVES, SPRINGS,
Firrings aND MouoxTiNGgs, &0,

FOR THE USE OF ENGINEERS, SURVEYORS, BOILER-MAKERES,
AND STEAM USERS.

By T. W. TRAILL, M. Ixst. C.E, F.E.R.N,,
Late Engineer Burveyor-in-Chief to the Board of Trade.
*.* To tHE Seconp AND THIRD Epnitions mANY NEw TaeLes for PrREsSURE,
up to 200 Les. per SQUARE INcH have been added.
THE M0ST VALUAELE WoRE on Boilers published in England."—Shipping World.

vontains an EXORMOUS QUARTITY OF INFORMATION arrranged in & very convenient form.
A MOAT UEEFUL VOLUME . . . suppiying information to be had nowhere else.”"—The Engineer.

Fouwrth Impression. Large Crown 8vo. With numerous
Illustrations. 6s.

ENGINE~-ROOM PRACTICE:

A Handbook for Engineers and Officers in the Royal Navy
and Mercantile Marine, Ineluding the Management
of the Main and Auxiliary Engines on
Board Ship.

By JOHN G, LIVERSIDGE, A.M.I.C.E,,
Commander Engineer, Malta.

Contents.—General Description of Marine Machinery.—The Conditions of Servies and
Duties of Engineers of the Hoyal Navy.—Entry and Conditions of Service of Engineers of
the Leading 5.5, Companies,—Raizing Steam —Dutiea of o Steaming Watech on Engines
and Boilers.—8hutting off Steam, —Harbour Duties and Watches. —Adjostments  and
Repairs of Engines.—Preservation and Hepairs of “Tank'™ Boilers.—The Hull ind its
Fittings,—Cléaning and Painting Machinery.—Reciprocating Pumps, Fead Heaters, snd
Antomatic Feed - Water Regulators. — Evaporators. — Steam Boats. — Electric 1
Machinery.—Hydraulic Machinery.—Air-Compressing Pumps.—Hefrigerating Machines,
—Machinery of Destroyers.—The Management of Water-Tobe Boilers.—Begulations fcr
Entry of Assistant Engineers, B.N,—Questions given in Examinations for Promotiom of
Engineera, B.l.—Hegulations respecting Board u?dea Examinations for Engineers, &,

* The contents CANNOT FAIL TO BE APFRECIATED." —The Steamship.

“This VERY USEFUL BOOKE. , . . |LLUBTRATIONS are of GREAT IMPORTANCE ina work
of this kind, and it is satisfactory to find that spEcrAL ATTexTION has been givem in this
regpact,”—Engineers’ Gazelle

In Large Crown 8vo, Cloth. Fully Illustrated. 5s. net.

O I L ¥FUE L:

ITS SUPPLY, COMPOSITION, AND APPLICATION.
By SIDNEY H. NORTH,

LATE EDITOR OF THE * PETROLEUM REVIEW.”

CoONTENTS.—The Sources of Supply.—Economic Aspect of Liguid Fuel.—Chemical
Composition of Fuel Oils,—Conditions of Combustion in 0il Fuel Fuarnaces —Early
Methods and  Experiments.—Modern Burners and Methods.—0il Fuel for Marine Pur-
poses.—For Naval Porposes. —On Locomotives.— For Metallurgical and other Purposes.
—Appendices. —THNDEX.

“ Everyone interested in this important guestion will welcome Mr. Novth's excellent
text-hook."— Naoture,

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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Secorp Epitrion, Revised. With numerous Plates reduced from
Working Drawings and 280 Illustrations in the Text, 2ls.

A MANUAL OF

LOCOMOTIVE ENGINEERING:

A Practical Text-Book for the Use of Engine Builders,
Designers and Draughtsmen, Railway
Engineers, and Students,

BY

WILLIAM FRANK: -PETTIGREW, M.Inst.C.E,

With a SBection on American and Continental Engines,

By ALBERT F. RAVENSHEAR, B.Sc,
Of His Majesty's Patent Office.

Contents, — Historieal Introduction, 1763-1863, — Modern DLocomotivea: Simple, —
Modern Locomotives: Compound. — Primary Consideration in Locomotive Design.—
-C])vlindorﬂ-, Steam Chests, and Stuffing Boxes.—Pistone, Piston Rods, Crossheads, and
Elide Bars,—Connecting and Coupling Rods.—Wheels and Axles, Axle Boxes, Horoblocks,
and Bearing Spriogs.—Balancing.—Valve Gear.—Slide Valves and Valve Gear Details,.—
Framing, Bogies and Axle Trucks, Hadial Axle Boxes,—Boilers.—Smokebox, Blast Pipe,
Firebox Fittings,—Boiler Mountings.—Tenders. - Railway Brakes.— Lubrication.—Con-
sumption of Fuel, Evaporation ang Engine Eficiency.—American Locomotives.—Con-
tinental I.-Dcnmotivaa.v-ﬁepnirn, Running, lospection, and Renewals.—Three Appendices.

“Likely to remain for many years the Strawparp Work for those wishing to learn
Besign."—Engineer.

" A most interesting and valuable addition to the bibliography of the Locomotive."—
REadlway Oficial Gazelte.

“ We recommend the book as THOROUGHLY PRACTICAL in its character, and MERITING A
FPLACE IN ANY COLLEcTION of . . . works on Locomotive Enginesering,” —Ratiway News,

“The work CONTAINS ALL THAT CAN BE LEARNT from z book upon such a sabject, It
will at omce rank as THE STANDARD WORK UPON THIS IMPORTANT SUBJECT, " —Ratlway Magazine.

In Large 8vo. Handsome Cloth. With Plates and Illustrations. 16s.

LIGHT RAILWAYS
AT HOME AND ABROAD.

By WILLIAM HENRY COLE, M.Inst.O.E,
Late Deputy-Manager, North-Western Rallway, India,

Contenis.—Discussion of the Term *‘Light Railways.”"—English Rni.lw:ga,
Rates, and Farmers.— Light Railways in Belgium, France, Italy, other
European Countries, America and the Colonies, India, Ireland.—Road Trans-
g)rt as an alternative—The Light Railways Act, 1896.—The Question of
yauge.—Construction and Working,—Locomotives and ing-Stock.—Light
Railways in England, Scotland, and Wales, —Appendices and Index.

“Mr. W.H, Cole has brought together . . . & LARGE AMOUNT of VALUABLE INFOEMA-
maex . . . hitherto prmt:caﬁ]y inaccessible to the ordinary reader, '—Times,

“ Will remain, for some time yet a Staxparp Work in everything relating to Light
Rallways."—Engineer.

** The anthor has extended practical experience that makes the book lneid and nseful.
It is kXCREDINGLY weoll done. "— Enginesring.

“The whole subject is EXnavsTiverLY and pracTicarLY considered. The work can be
cvordially recommended as 1¥PISPENSABLE to those whose duty it is to become acquainted
wite ong of the prime necessities of the immediate future."—Railway O I Gazetie.

“THERE COULD BE NO BRTTER BOOE of first refersnce on ita subject. All classes of
Engigeera will weleoma ith appearance.”"—=Scotsman,

* LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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Fourta EpirioN, Thoroughly Revised and Greatly Enlarged.
With Numerous [llustrations. Price 10s. 6d.

VALVES AND VALVE-GEARING:

A PRACTICAL TEXT-BOOK FOR THE USE OF
ENGINEERS, DRAUGHTSMEN, AND STUDENTS.

By CHARLES HURST, Practical Draughtsman.

PART I.—3team Engine Valves. Part I11.—Air Compressor Valves and
PART JI.—Gas Engine Valves and Gearing.
Gears. ParT IV.—Pump Valves.

"“"Mzr. HomsTs YALVES and VALVE-GEARING will prove a very valuable aid, and tend to the
production of Engines of SCIENTIFIC DESIGN and ECONOMICAL WOREING. . . . Will be largely
gought after by Btudents and Designers."—Marine Engineer,

 Almost EVERY TYPE of vaALVE and ita gearing is clearly set forth, and illustrated in
such & way a8 to be READILY UNDERSTOOD and PRACTICALLY APPLIED by either the Engineer,
Dranghteman, or Student. . . . Should prove both USEFUL and VALUABLE to0 all Engineers
peeking for RELIABLE and CLEAR information on the subject. Its moderate price brings it
within the reach of all”—fndusiries and fron.

Hints on Steam Engine Design and Construction. By CeArLES
Hursrt, ‘“Author of Valves and Valve Gearing.” Secoxp EbpiTiow,
Revised. In Paper Boards, 8vo., Cloth Back, Illustrated. Price
ls. 6d. net.

CoxTexTs.—I. Steam Pipes.—I1I. Valves —1II. Cylinders.—IV. Air Pumps and Con-
densers.— V. Motion Work,.—VI. Cranlk Shafts and Pedestals.—VIL Valve Gear.=VIIIL.
Lubrication.—I1X. Miscellaneous Details —I®¥DE=.

“ A handy volume which every practical young engineer should possess,"—The Model
Engineer,

Strongly Bound in Super Royal 8vo. Cloth Boards. 7s. 6d. mnet.

BONUS TABIL.LES:

For Caleculating Wages on the Bonus or Premium Systems.
For Engineering, Technical and Allied Trades.

By HENRY A. GOLDING, AM.IxstM.E,

Technical Assistant to Messrs. Bryan Donkin and Clench, Lid., and Assistant Lecturer
in Mechanical Engineering at the Northampton Institute, London, E.C.

“Cannot fail to prove practically serviceable to those for whom they have been
designed.”"—Seotsman.

SecoND EDITION, Cloth, 8s. 6d. Leather, for the Pocket, 8s. 6d.

GRIFFIN’S ELECTRICAL PRICE-BOOK : For Electrical, Civil,
Marine, and Borough Engineers, Local Authorities, Architects, Railway
Contractors, &c., &c. Edited by H. J. DowsING.

**The ELecTrIicAL PricE-Book REMOVES ALL MYSTERY about the cost of Electrica
Power. By its aid the expense that will be entailed by utilising electricity on a large or
small szale can be discovered."—A rekiifect,

By WILLIAM NICHOLSON.

SMOEKE ABATENMENT.
(8ee page 78.)

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND
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—

SirorTLY. Secoxp Epition. Large 8vo, Handsome Cloth., With
Illustrations, Tables, &c.

Lubrication & Lubricants:

A TREATISE ON THE
THEORY AND PRACTICE OF LUBRICATION

AND ON THE
NATURE, PROPERTIES, AND TESTING OF LUBRICANTS.
By LEONARD ARCHBUTT, F.I.C., F.C.8.,

Chemist to the Midland Railway Company,
AND

R. MOUNTFORD DEELEY, M.I.Mecu.E, F.G.S,

Chief Locomotive Superintendent, Midland Railway Company.

CoNTENTS.—I. Friction of Solids.—II. Liguid Frietion or Viscosity, and Plastic
Friction.—III. Superficial Tension.—IV. The Theory of Lubrication.—V. Lubricants,
their Sources, Preparation, and Properties,—VI. Physical Properties and Methods of
Exsmination of Lubricants.—VII. Chemical Properties and Methods of Examination
of Lubricants.—VIII. The Systematic Testing of Lubricants by Physical and Chemical
Methods.—IX. The Mechanical Testing of Lubricants.—X. The Design and Lubrication
of Bearings.—XI. The Lubrication of Machinery.—INDEX.

“ Destined to become a CLASSIC on the subject.” —Industrics and Iron.

“Contains practically ALL THAT I8 KNOWYXY on the subject. Deserves the careful
attention of all Engineers.” — Railway Offcial ruide.

Fovrte Epition. Very fully Illustrated, Cloth, 4s. 6d.

STEAM ~BOILERS:

THEIR DEFECTE, MANAGEMENT, AND CONSTRUOTION,

By R'"'D. " "MUNRO,
Chief Engineer of the Scottish Boiler Insurance and Engine Inspecticn Company.

GExERAL ConTENTS.—I. ExProsions caused (1) by Overheating of Plates—(2) By
Defective and Overloaded Safety Valves—(3) By Corrosion, Internal or External—(4) By
Defective Design and Construction (Unsupported Flue Tubes ; Unstrengthened Manholes ;
Deefective Staying ; Strength of Rivetted Joints; Factor of Safety)—11, ConsTRUCTION OF
VerTicaL BoiLers: Shells—Crown Plates and Uptake Tubes—Man-Holes, Mud-Holes,
and Fire-Holes — Fireboxes — Mountings — Management — Cleaning —Table of Bursting
Pressures of Steel Boilers—Table of Rivetted Joints—Specifications and Drawings of
Lancashire Boiler for Working Pressures (a) Bo lbs. ; (#) 200 lbs. per square inch respectively.

** A valuable companion for workmen and engineers engaged about Steam Boilers, ought
to be carefully studied, and ALways aT HaND."—Coll. Guardian.

** The book is vErRY vsEFUL, especially to steam users, artisans, and young Engineers."—
Engineer,

— e ————

By THE SAME AUTHOR.

KITCHEN BOILER EXPLOSIONS: Why

they Occur, and How to Prevent their Occurrence, A Practical Hand-
book based on Actual Experiment. With Diagram and (Coloured Plate.
Price; 3s:

LONDON : GHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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In Crown 8wvo, Cloth, Fully Hllustrated. 5s. nel.

EMERY GRINDING MACHINERY.

A Text-Book of Workshop Practice in General Tool Grinding, and the
Design, Construction, and Application ot the Machines Emploved.

Bv R. B. HODGSON, A.M.Inst.MEcH.E.

INTRODUCTION.—Tocl Grinding.—Emery Wheels.—Mounting Emery Wheels,
—Emery Rings and Cylinders. — Conditions to Ensure Efficient Working.—
Leading Types of Machines,—Concave and Convex Grinding.—Cup and Cone
Machines. — Multiple Grinding. — ‘' Guest” Universal and Cutter Grinding
Machines. — Ward Universal Cutter Grinder, — Press. —Tool Grinding. — Lathe
Centre Grinder,—Polishing. —INDEX.

“‘ Eminently practical . . . cannot fail to attract the notice of the users of this class of
machinery, and to meet with careful perusal.®—Clesn. Trade Jorrnnl.

In TureEE ParTs. Crown 8vo, IHandsome Cloth. Very Fully Tlustrated.

MOTOR-CAR MECHANISM AND MANAGEMENT.
By W. POYNTER ADAMS, M.Ixst.E.E.
IN THREE PARTS.

Part I.—The Petrol Car. Part I1I.—The Eleetrical Car.
Part 1II.—The Steam Car.

Just Ocr.]  PART L.—THE PETROL CAR. [5s- net.

Contents.—Section L—TuE MECHANISM oF THE Prirol CArR.—
The Engine.—The Engine Accessories.— Electrical Ignition and Accessorics.
—Multiple Cylinder Engines.—The Petrol.—The Chassis and Driving Gear.
—SEcTIoN II.—THE MANAGEMENT OF THE PETROL CAR.—The Engine.
The Engine Accessories.—Electrical Ignition.—The Chassis and Driving
Gear.—General Management. —GLOSSARY. —INDEX.

P — — s

SixtH EpiTioN. Folio, strongly half-bound, 21s.

TRAVYVERSE TABLES:

Computed to Four Places of Decimals for every Minute of Angle
up to 100 of Distance.

For the Use of Surveyors and Engineers.

By RICHARD LLOYD GURDEN,
Authorised Surveyor for the Governments of New South Wales ana Victoria.

* " Published with the Concurvence of the Surveyors-Geneval for New South
Wales and Victoria.

* Those who have experience in exact Survev-work will best know how to appreciate
the enormous amount of labour represented by this valuable book. The computation s
enable the user to ascertain the sines and cosines for a distance of twelve miles to within
half an inch, and this Bv REFERENCE To BUT OnE TABLE, in place of the usual Fifteen
minute computations required. This alone is evidence of the assistance which the Tables
ensure to every user, and as every Surveyor in active practice has felt the want of such

-F-ESiﬁtﬂ-ﬂﬂ': FEW KHNOWING OF THEIE FPUBLICATION WILL REMAIN ‘i'l'I.'I'I'li.'}ll'.!"'I.'II'FF THEM."
— R,

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRANC. 1
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WOREKS BY
ANDREW JAMIESON, M.INST.C.E, M.LE.E, F.RS.E,

Formerly Professor of Electrical Engineeving, The Glasgow and West of Scotland
Technical College.

PROFESSOR JAMIESON’'S ADVANCED TEXT-BOOKS.
In Large Crown Bvo. Fully Illustrated.

STEAM AND STEAM-ENGINES, INCLUDING TURBINES
AND BOILERS. For the Use of Students preparing for Competitive
Examinations. With over 700 pp., over 350 Illustrations, 10 Folding
Plates, and very numerous Examination Papers. FOURTEENTH EDITION.
ERevised throughout. ros. 6d.

“ Professor Jamieson fascinates the reader by his CLEARNESS OF CONCEPTION AND
SIMPLICITY OF EXPRESSION. His treatment recalls the lecturing of Faraday."—.Adtkenzum,
“The BestT Boox yet published for the use of Students,”" —Emngineer.

APPLIED MECHANICS & MECHANICAL ENGINEERING.

Vol. I.—Comprising Part 1., with 568 pages, 3oo Illustrations, and
540 Examination Questions: The Principle of Work and its applica-
uons; Part II.: Friction ; Gearing, &c. Firrun EpIiTioN. 8s. 6d.

“ FuLLy MAINTAINS the reputation of the Author."—Pract. Engineer.

Vol. II.—Comprising Parts III. to VI., with 782 pages, 371 Illus-
trations, and copious Examination Questions: Motion and Energy;
Graphic Statics; Strength of Materials; Hydraulics and Hydraulic
Machinery. FourtTH EDITION. 125 6d.

HAWELL AND LUCIDLY WRITTEN."—T ke Engincer.
* . * Each of the above volumtes is complete in iiself, and sold separalely.

PROFESSOR JAMIESON'S INTRODUCTORY MANUALS
Crown 8vo, With Hllustrations and Examination Papers.

STEAM AND THE STEAM-ENGINE (Elementary

Manual of). For First-Year Students. TENTH EDITION, Revised. 3/6.
¢ Should be in the hands of EVERY engineering apprentice." —Practical Engincer.

MAGNETISM AND ELECTRICITY (Elementary Manual

of). For First-Year Students. SixXTH EbpIiTiON. 3/6.
“ A CAPITAL TEXT-BEOOK . . . The diagrams are an important feature."—Schoolmaster.
** A THOROUGHLY TRUSTWORTHY Text-book. PracTicAL and clear."—Naiure.

APPLIED MECHANICS (Elementary Manual of).

Specially arranged for First-Year Students, SixTH EDITION,

Revised and Greatly Enlarged. 3/6.

* The work has VERY HIGH QUALITIES, which may be condensed into the one word
LEAR."—Science and Art. -

A POCKET-BOOK of ELECTRICAL RULES and TABLES.

For the Use of Electricians and Engineers. BSY Joux Munro, C.E.,
and Prof. JamiEson. Pocket Size. Leather, 8s. 6d. SEVENTEENTH
EpiTION. [See p. 48.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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WORKS BY

W. J. MACQUORN RANKINE, LL.D, FR.S,

Late Regius Professor of Cluil Engineering in the Unlversity of @lasgow.

THOROTGHLY REVISED BEY

Wil MIL T AR, GE.,

Late Secretary to the Institute of Engineers and Shipbuilders In Scotland.

A MANUAL OF APPLIED MECHANICS :

Comprising the Principles of Statics and Cinematics, and Theory of
Structures, Mechanism, and Machines. With Numerous Diagrams.
Crown 8vo, cloth. SEVENTEENTH Epirtion, 12s, 6d.

A MANUAL OF CIVIL ENGINEERING :

Comprising Engineering Surveys, Earthwork, Foundations, Masonry, Car-
pentry, Metal Work, Roads, Railways, Canals, Rivers, Waterworks,
Harbours, &c. With Numerous Tables and Illustrations. Crown 8vo.
cloth. TweNTY-SEcoNp EpiTion. 16s.

A MANUAL OF MACHINERY AND MILLWORK :

Comprising the Geometry, Motions, Work, Strength, Construction, and
Objects of Machines, &ec. Illustrated with nearly 300 Woodcuts,
Crown 8vo, cloth, SeEvENTH Eprmox. 12s. 6d.

T ——————

A MANUAL OF THE STEAM-ENGINE AND OTHER
PRIME MOVERS:

With a Section on Gas, O, and AR ExNeiNEs, by Bryax Doxkin,
M.Inst.C.E. With Folding Plates and Numerous Illustrations,
Crown 8vo, cloth, SixTeextE Eprriox. 12s 6d.

LONDON : CHARLES GRIFFIN & CO0., LIMITED, EXETER STREET, STRAN,
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PrOF., RANKINE'S WoORKS—(Confinued).
USEFUL RULES AND TABLES:

For Architects, Duilders, Engineers, Founders, Mechanics, Shipbuilders,
Surveyors, &c. With AprENDIX for the use of ELECTRICAL ENGINEERS,
By Professor Jamiesow, F.IR.3.E, SeveExta Eprriow, 10s. 6d.

A MECHANICAL TEXT-BOOK:

A Practical and Simple Introduction to the Study of Mechanics. By
Professor RangiNE and E. F. Bameegr, C.E. With Numerous Illus-
trations, Crown 8vo, cloth. Frrre Epirron. 9s.

2 The “ MecrawicAal TeEXT-BooE was designed by Professor EAHEIH: @8 an INTRO-
DUCTION (o the above Series of Manuals.

MISCELLANEOUS SCIENTIFIC PAPERS.
Royal 8vo. Cloth, 31s. 6d,

Part I. Papers relating to Temperature, Elasticity, and Expansion of
Vapours, Liquids, and Solids. Part II. Papers on Energy and its Trans-
{ormations, Part ITI. Papers on Wave-Forms, Propulsion of Vessels, &c.

With Memoir by Professor Tarr, M.A. Edited by W. J. MiLraAg, C.E.
With fine Portrait on Steel, Plates, and Diagrama.

* No more enduring Memorial of Professor Rankine could be devised than the publica-
tion of these papers in an accessible form, . . . The Collection is most valuable on
account of the nature of his discoveries, and the beauty and completeness of his analysis.

.+ The Volume exceeds in importance any work 1n the same department published
m onr time."—.d »efeffect,

SHELTON-BEY (W. Vincent, Foreman to the

Imperial Ottoman Gun Factories, Constantinople) :

THE MECHANIC'S GUIDE: A Hand-Book for Engineers aid
Artizans, With Copious Tables and Valuable Recipes for Practical Us»
Tlustrated, Secomd Edition. Crown 8vo. Cloth, 7/6.

LONDON : SHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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ENGINEERING AND MECHANICS.

— e — e ———

TuirD EprrioN, Zhereugh' s Keuised and Enlarged. With 6o Flates and
Naemerows filtrations. Handsome Cloth. 345,

HUREER eretd { POUWE R

AND

HYDRAULIC MACHINERY.

HENRY ROBINSON, M. Inst. C.E, F.GS,

FELLOW OF KING'S COLLEGE, LONDON ; PROF. EMERITUS OF CIVIL ENGINEERING,
KINGS COLLEGE, ETC., ETC.

ConTrNTs — Discharge through Orifices.—Flow of Water through Pipes.—Accumulators.
—Press=s and Lifts.—Hoists.—Rams.—Hydraulic Engines.—Pumping Engines.—Capstans.
— Traversers, — J;ﬂ;l{:—:, — "l.'nrui_gl]iug' Machines. — Eaveters and f:-llll:][} 'I‘[]IuléiL = P‘I.I!‘IEhIﬂ';,
Shearing, and Flanging Machines. —Cranes.— Coal Discharging Machines. — Drills and
Cutters.—Pile Drivers, Excavators, &c —Hydraulic Machinery applied to Bridges, Dock
Gates, Wheels and Turbines.—Shields. — Various Systems and Power Installations —
Meters, &c.—IxDpEX.

*The standard work on the application of water power."—Cassicr s Jagazine.

Second Edition, Greatly Enlarged. With Frontispiece, several
Plates, and over 250 Illustrations. 21s. net.

THE PRINCIPLES AND CONSTRUCTION OF

PUMPING MACHINERY

(STEAM AND WATER PRESSURE).

With Practical Illustrations of ExciNEs and PumPs applied to MiNiNg,
TowN WATER SuppLy, DraiNAGE of Lands, &c., also Economy
and Efficiency Trials of Pumping Machinery.

By HENEY DAVEY,

Mpmber of the Institution of Civil Engineers, Member of the Institution of
Mechanical Engineers, F.G. 5., &c.

CorTENTS —Early History of Pumping Engines—Steam Pumping Engines—
Pumps and Pump Valves—General Principles of Non-Rotative Pumping
Engines—The Cornish Engine, Simple and Compound—Types of Mining
Engines—Pit Work—>Shaft Sinking—Hydraulic Transmission of Power in
Mines—Electric Transmission of Fower—Valve Gears of Pumping Engines
— Water Pressure Pumping Engines — Water Works Engines — Pumping
Engine Eeconomy and Trials of Pumping Machinery—Centrifugal and other
Low-Lift Pumps—Hydraulic Rams, Pumping Mains, &c¢.—INDEX.

“ By the ‘ona English Engineer who probably koows more about Pumping Machinery

than AXY OTHER. . . . A VOLUME RECORDING THE RESULTS OF LONG EXPERIENCE AKD
aTony."—1Te Engiueer.

* Undoubtedly THE BEST AND MOST PRACTICAL TREATISE on Pumping Machinery THAT Easg
YET BEEN PUBLISHED."—Mining Journal.

LONDON: CHARLES GRIEFIN & CO., LIMITED, EXETER STREET. STRAND
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Royal 8vo, Handsome Cloth, With numerous [lfustrations and Tables. 25s.

THE STABILITY OF SHIPS.

SIR EDWARD J. REED, K.C.B,, F.RS, M.P,

ENIGHT OF THE IMPERIAL ORDERS OF ST. STANILAUS OF RUSSIA; FRANCIS JOSEPH OF
AUSTRIA ; MEDJIDIE OF TURKEY, AND RISING SUN OF JAPAN; VICE-
FRESIDENT OF THE INSTITUTION OF MAVAL ARCHITECTS.

“ Sir EDWARD RzED'S * STABILITY OF SHIPS ' is INVALUABLE. The NAVAL ARCHITECT
will find brought togetner and ready to his hand, a mass of information which he would other-
wise have to seek in an almost endless variety of publications, and some of which he would
possibly uot be able to obtain at all elsewhere.”—Steameshis.

THE DESIGN AND CONSTRUCTION OF SHIPS. By JoHN
Harvarp BiLrs, M.INsT.N.A., Professor of Naval Architecture in the
University of Glasgow. [/n Preparatios.

Tuirp EbpITION. Illustrated with Plates, Numerous Diagrams, and
Figures in the Text. 18s. net.

STEEL SHIPS:
THEIR CONSTRUCTION AND MAINTENANCE.

A Manual for Shipbuilders, Ship Superintendents, Students,
and Marine Engineers.

By THOMAS WALTON, NAvAL ARCHITECT,
AUTHOR OF ‘‘KNOW YOUR OWN SHIR."

CoNTENTS.—I. Manufacture of Cast Iron, Wrought Iron, and Steel. —Com-
position of Iron and Steel, Quality, Strength, Tests, &e. IL. Classification of
Steel Ships. III. Considerations in making choice of Type of Vessel.—Framin
of Ships. IV. Strains experienced by ghips.—Met ods of Computing an
Comparing Strengths of Ships. V. Construction of Ships.—Alternative Modes
of Construction.—Types of Vessels.—Turret, Self Trimming, and Trunk
Steamers, &c.—Rivets and Rivetting, Workmanship. VI, Pumping Arrange-
ments, VII. Maintenance,—Prevention of Deterioration in the Hulls of

Ships.—Cement, Paint, &c.—INDEX.

“* So thorough and well written is every chapter in the book that it is difficult to seleet
anlfr of them as being worthy of exceptional praise. Altogether, the work is excellent, and
will prove of great value to those for whom it is intended.”—The Engineer.

—

At Press. In Handsome Cloth. Very fully Illustrated.

PRESENT-DAY SHIPBUILDING.

For Shipyard Students, Ships’ Officers, and Engineers.

By THOS. WALTON,
Author of “Know Your Own Ship”

GERERAL CoNTENTS. —Classification. —Materials used in Shipbuilding. —
Alternative Modes of Construction.—Details of Construction.—Framing,
Plating, Rivetting, Stem Frames, Twin-Screw Arrangements, Water
Ballast Arrangements, Loading and Discharging Gear, &c.—Types of
Vessels, including Atlantic Liners, Cargo Steamers, Oil carrying Steamers,
Turret and other Self Trimming Steamers, &c¢,—INDEX.

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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GRIFFIN’S NAUTICAL SERIES.

Epitep ey EDW. ELACKMORE,
Master Mariner, First Class Trinity Hounse Certificate, Asaoc, Inst. N A ;

AND WERITTEN, MAINLY, by SAILORS for SATLORS,

-

“THIS ADMIRABLE SERIES.”—Fairplay. ‘ A VERY USEFUL SERIES."—Nafure

“EVERY SHIP should have the WHOLE SERIES us a REFERENCE LIBRARY. HAND-
BOMELY BOUND, CLEARLY PRINTED and 1LLUSTRATED." — Liverpool Journ. of Commerce.

The British Mercantile Marine: An Historical Sketch ot 1ta Rise
and Development. By the EpITOR, CAPT. BLACEMORE. THIRD EDITION. B8s. Gd.

**Captain Blackmore's SPLENDID BOOK . . . contains paragraphs ou every puil
of interest to the Merchant Marine. The 243 pages of this book are THE MOST VALU
ABLE to the sea captain that have EVER been cOMPILED." —Merchant Service Keview.

Elementary Seamanship. By D. Wirson-Barker, Master Mariner,
FRSE, FRGS With numerous Plates, two in Colours, and Frontispiece.
FourTH EpiTIoN, Thoroughly Revised, With additional Ilustrations. Gs.

““This ADMIRABRLE MANUAL, by CAPT. WILSON BARKER, of the ' Worcestel, seems
to us PERFEOTLY DESIGNED. '—.d thenmum.

Enow Your Own Ship: A Simple Explanation of the Stability, Con-
struction, Tonnage, and eboard of Ships. By THo0S. WALTON, Naval _Mjchit.ecl;.
With numerous Illustrations and additional Chapters on Buoyaucy, Trim, and
Calculations. EIGHTH EDITION. Ts. 6d.

“MR. WALTON'S book will be found VERY USEFUL."—1he Engineer.

Navigation : Theoretical and Practical. By D. WiLsoN-BARKER
and WILLIAM ALLINGHAM, SEcoxD Eprriox, Revized. 3s. 8d.
“PRECISELY the Kkind of work reguired for the New Certiticates ol competency.
Candidates will find it INVALUADLE."— Dundee Adpertiger.

Marine Meteorology : For Officers of the Merchant Navy., By
WILLIAM ALLINGHAM, Fivat Class Honours, Navigation, Science and Art Depariment,
Wit-hd Illustrations, Maps, and Diagrams, and facsimile reproduction of log page.
75, Gd. ;

“Quite the DEST PUBLICATION on this subject.” —Shipping Gazette.

e e ——

Latitude and Longitude: How to find them. By W. J. MiLLag,
C.E. SpcoND EDITION, Levise i, 2s,
“Cannot but prove au acyuisition to those studyving Navigation."—MNarine Engineer.

Practical Mechanies: Applied to the reguirements of the Sailor.
By THOS. MACKENZIE, Master Mariner, F.R.A.S, SEcoxD EubirTioN, Revised., 3s. 6d.
* WELL WORTH the money . . . EXCEEDINGLY HELPFUL."—>hipping World.

Trigonometry ;: For the Young Sailor, &c. By Ricu. C. Buck, of the
Thames Nautical Training College, H.ALS, * Worcester.,” THIRD EpiTionN, Bevised.

Price 3s. 6d.
1 This EMINENTLY PRACTICAL and reliable volume "—School master.

Praectical Algebra. By Ricn. C. Bvck. Companion Volume to the
above, for Sailors and others. Srkcosp EniTion, Revised. Price 3s. 6d.
“Itis JUST THE BOOK for the young sailor mindtul of progress.” —Nawtical Magazine.

The Legal Duties of Shipmasters. By Bewxepicr Wwu. GINSBURG,
M.A., LL.D., of the Inner Temple and Northern Circuit: Barrieter-at-Law. SECOND
Epitiox, Thoroughly Reviscd and Enlarged. Price 4s. 6d.

“INVALUABLE to masters. . . . We can fully recommend it."—Shipping Gazette.

A Medieal and Surgical Help for Shipmasters. Including Firss
Ald at Sea. By Wi. JoHNSON 3MITH, F.R.C.5., Principal Medical Officer, Seamen's
Hospital, Greenwich. THIRD EpITION, Thoroughly Revised. @a.

“BOUND, JUDICIOUS, REALLY HELPFUL."—1T'he Luanesat,

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, %THAHD.
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GRIFFIN'S NAUTICAL SERIES.

Introductory Volume. Price 3s. 6d.
= =L B

British Mercantile Marine.

By EDWARD BLACKMORE,

MASTER MARINER; ASSOCIATE OF THE INSTITUTION OF NAVAL ARCHITECTS;
MEMBER OF THE INSTITUTION OF ENGINEERS AND SHIFEUILDERS
IN SCOTLAND ; EDITOR OF GRIFFIN'S “"NAUTICAL SERIES"™

GENERAL ConNTENTS.—HISTORICAL : From Early Times to 1486— 58
ander Henry VIII.—To Death of Mary—During Elizabeth’s Reign—Up to
the Reign of William IIT.—The 18th and 19th Centuries—Institution of
Examinations — Rise and FProgress of Steam Pmpulaiun—])ev&lor;lmant of
Free Trade—Shipping Legislation, 1862 to 1875—* Locksley Hall” Cage—
Shipmasters’ Societies—Loading of Ships—Shipping Legislation, 1884 to 1894—
Statistics of Shipping, THE PrrsoNNEL: Shipowners—Officers—Mariners—
Duties and Present Position. EDUCATION: A Seaman’s Education: what it
should be—Present Means of Education—Hints, DISCIPLINE AND DuTY—
Postscript—The Serions Decrease in the Number of British Seamen, a Mattcr
demanding the Attention of the Nation.

“InTERESTING and InsTEUecTIvVE . . . may be read wITH PROFIT and ENJOYMERT.'—
Glasgow Herald. .
*EveErY BrAxCH of the smbject is dealt with in a way which shows that the writer

‘ Enows the ropes’ familiarly."” —Secofsman.
“This ApMiBaBLE book . . . TEEMs with useful information—Shounld be in the
hands of avery Sailor,"— Wesfern Morning News,

Fourta Epitiow, Thoroughly Revised. With Additional
lllustrations. Price 6s.

A MANUAIL OF

ELEMENTARY SEAMANSHIP.

D. WILSON-BARKER, Master MariNer; F.R.S.E., F.R.G.8,, &c., &o.
YOUNGER BROTHEER OF THE TRINITY HOUSE,

With Frontispiece, Numerous Plates (Two in Colours), and Illustrations
in the Text.

GENERAL ConTENTS,—The Building of a Ship; Parts of Hull, Masts,
we.—Ropes, Knots, Splicing, &c. — Gear, Lead and Log, &e — ing,
\nchors — Sailmaking — The Sails, &c¢. — Handling of Boats under -
“ignals and Signalling—Rule of the Road—Keeping and Relieving Watch—
Points of Etiquette—Glossary of Sea Terms and Phrases—Index.

= * Tha yvolome contains the ¥EW RULES OF THE ROAD.

“This ADMIRABLE MANTAL, by Qarr. WrLson-Bareer of the * Worcester,” peems to us
PERFECTLY DE4IGNED. and holds its place excellently in * GriFFmi's NAUTICAL SERIES." . . .
Although intended for those who are to become Officers of the Merchant Navy, it will be
foand neafnl by ALL TACHTSMEN, "—Alhenmum.

*.* For complete List of GriFrn's NAUTICAL SERIES, see p. 39.

LONDON : CHARLES CRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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GRIFFIN'S NAUTICAL SERIES.

SecoNp Eprrion, Revised and Illustrated. Price 3s. 6d.

INFOA SNPATWGAA. "FOYACY INE

PRACTICAYL: END THEORETICAL.
By DAVID WILSON-BARKER, R.N.R, F.R8.E, &c., &c.,

ARD

WILLIAM ALLINGHAM,

FIRET-CLASS HONOURS, NAVIGATION, BCIENCE AND ART DEPARTMENT.

Whitb Mumerous Fllustrations and Eramination Questions,

GENERAL CoNTENTS.—Definitions—Latitude and Longitude—Instruments
of Navigation—Correction of Courses—Plane Sailing—Traverse Sailing—Day’s
Work — Parallel Sailing — Middle Latitude Sailing — Mercator’s Chart—
Mercator Sailing—Current Sailine—Position by Bearings—Great Circle Sailing
aThe-I;I‘&cles—Questi::ms—appemlix: Compass Error—Numerous Useful Hints.

.—Index.

“ PrEcISELY the kind of work raquired for the New Certiflcates of competency in gradea

from Second Mate to extra Master. ., . . Candidetes will find it INVALTABLE, "' — Dundee
Advertiser.
A CAPITAL LITTLE BOOE . . . specially adapted to the New Examinations. The

Authors are Uarr. WiLson-Barger (Captain-Superintendent of the Naatical College, H.M. 5.
* Worcester,” who has bad great experience in the highest problems of Navigation), and
ME. ALLINGHAM, 8 Well-known writer on the Science of Navigation and Nautical Astronomy."
— Shipping World.

Handsome Cloth, Fully lllustrated. Price 7s. 6d.

MARINE METEOROLOGY,

FOR OFFICERS OF THE MERCHANT NAVY.
By WILLTAM ALLINGHAM,

Joint Author of * Navigation, Theoretical and Practical.”

With numercus Plates, Maps, Diagrams, and Illustrations, and a facsimile
Reproduction of a Page from an actual Meteorological Log-Book.

SUMMARY OF CONTENTS.

InTRODUCTORY. —Instruments Used at 2ea for Metearological Purposes.—Meteoro-
logical Log-Books.—Atmospheric Pressure,.—Air Temperatures.—Sea Temperatures,—
Winds.—Wind Force Scales.—History of the Law of Storms.—Hurricanes, Seasons, and
8torm Tracks.—Solution of the Cyclone Problem.—0Ocean Currents.—Iceberges.—Syn-
chropons Charts.—Dew, Alists, Fogs, and Haze.—Clouds.—Eain, Snow, and Hail.—
Mirage, Rainbows, Coronas, Halos, and Meteors,—Lightning, Corposants, and Auroras.—
QUESTIONS. —APPENDIX.—INDEX.

" Quite the mes? publication, AND certainly the MosT INTERESTING, on this subject ever
presented to Nantical men.”—Shipping Gazelte

*." For Complete List of GRIFFIN's NAUTICAL SERIES, see p. 39,

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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GRIFFIN'S NAUTICAL SERIES.

Srconp Eprtion, REvisEp. With Numerous Illustrations. Price 3s, 6d.

Practical Mechanics:

Applied to the Requirements of the Sailor.
By THOS. MACKENZIE,

Master Mariner, F.R.A.8.

GENERAL CoNTENTS.—Resolution and Composition of Forces—Work done
by Machines and Living Agents—The Mechanical Powers: The Lever;
Derricks as Bent Levers—The Wheel and Axle: Windlass ; Ship's Capstan ;
Crab Winch—Tackles: the **Old Man”—The Inclined Plane; the Screw—
The Centre of Gravity of a Ship and Cargo — Relative Strength of Rope :
Steel Wire, Manilla, Hemp, Coir—Derricks and Shears—Calculation of the
Cross-breaking Strain of Fir Spar—Centre of Effort of Sails—Hydrostatica:
the Diving-bell ; Stability of Floating Bodies ; the Ship’s Pump, &e.

“ THIS EXCELLENT BOOE . . , contains a LARGE AMOUNT of information.”
— Nature.

“ WELL WORTH the money . . . will be found EXCEEDINGLY HELPFUL,'—
ﬁ?u'ip ing World.,

. ﬁ'u Suips’ OFFICERS’ BOOECASE will henceforth be complete without
CAPTAIN MACEENZIE'S * PRACTICAL MECHANICS.” Notwithstanding my many
years’ experience at sea, it has told me Jow much more there 13 fo acquire.’—
(Letter to the Publishera from a Master Mariner).

“T must express my thanks to you for the labour aud care you have taken
in ‘PrACTICAL MECHANICS.” . . . IT I8 A LIFE'S EXPERIENCE. . .
What an amount we frequently see wasted by rigging purchases without reason
and accidents to spars, &c., &e.! ‘PRACTICAL ‘Eﬂ%ﬁamcs' WOULD SAVE ALL
THIS."—(Letter to the Author from another Master Mariner).

WORKS BY RICHARD C. BUCK,

of the Thames Nautical Training Oollege, H. M. S, ‘ Worcester.'

A Manual of Trigonometry:

With Diagrams, Examples, and Exercises. Price 8s. 6d.
Trirp Epition, Revised and Corrected.

*.* Mr, Buck’s Text-Book has been SPECIALLY PREPARED with a view
to the New Examinations of the Board of Trade, in which Trigonometry

is an obligatory subject.
“This EMINENTLY PRACTICAL and RELIABLE VOLUME.''—Schoolmaster, ;

A Manual of Algebra.

Designed *o meet the Requirements of Sailors and others.
Seconp EniTioN, Revised. Price 3s, Gd.

* * These elementary works vn aLGEBRA and TRIGONOMETRY are written specially for
those who will have little opportunity of consulting a Teacher. They are books for *'sELF-
gHELP.” All but the simpleat explanations have. therefore, been avoided, and ANSWERS @
the Exercises are given. Any per-on may readily, by careful study, become master of thei=
contents, and thus lay the foundation for a further mathematical course, if desired. It is
hoped that to the Eounger Officers of our Mercantile Marine they will be found decidedly
serviceable, The Examples and Exercises are taken from the Examination Papers set for
the Oadeta of the ** Worcester."

Y Olearly arranged, and well got op. . . A first-rate Elomentary Algebra. =
Nautical Magazine.

*_* For combplete List of GRIFFIN's NAUTICAL SERIES, 88a p. 39,

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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GRIFFIN'S NAUTICAL SERIES.

SEcoXp Epitiox, Thoroughly Revised and Extended. In Crown Svo.
Handsome Cloth, Price 4s. 6d.

THE LEGAL DUTIES OF SHIPMASTERS.

BENEDICT WM. GINSBURG, M.A., LL.D. (CaANTAB.),

Of the Inner Temple and Northern Cireuit ; Barrister-at-Law.

General Contents.,—The Qualification for the Position of Shipmaster—The Cun-
tract with the Shipowner—The Master's Duty in respect of the Crew: Engagement ;
Ap&rrent.icen; Discipline ; Provisions, Accommodation, and Medical Comforts ; Payment
of Wages and Discharge—The Master's Duty in respect of the Passengers—The Master's
Financial Responsibilities—The Master's Duty in respect of the Cargo—The Master's
Duty im Case of Casualty—The Master's Duty to certain Public Aunthorities—The
Master's Duty in relation to Pilots, Signals, Flags, and Light Dues—The Master's Duty
upon Arrival at the Port of Discharge—Appendices relative to certain Legal Matters:
Board of Trade Certificates, Dietary Bcales, Stowage of Grain Cargoes, Load Line Begula-
tions, Life-saving Appliances, Carriage of Cattle at Sea, &ec., &e.—Copious Index.

* No Intelligent Master shounld fail to add this to his list of necessary books., A few lines
of It may SAVE A LAWYER'S FEE, BESIDES ENDLESS WORRY."—Liverpool Journal of Commerce,

!t SENSIBLE, Etainly written, in CLEAR and WON-TECHNICAL LANGUAGE, and will be found of
AlpCHE SERVICE by the Shipmaster.”" —Britizsh Trade Review.

Secoxp EpitioN, Revised. With Diagrams. Price 2s.

Latitude and Longitude:

How to Find them.
By W. J. MILLAR, C.E,

Late Secretary o the Mmst. of Engineers and Shipbuilders in Scotland,

‘* CoNOISELY and CLEARLY WRITTEN . . . cannot but prove an acquisition
to those studying Navigation.”"— Marine Engineer.

“ Young Seamen will find it HANDY and USEFUL, SIMPLE and OLEAR.”— The
Engineer. T

FIRST AID AT _SEA.

THirp EpitioN, Revised. With Coloured Plates and Numerous Illuetra-
tions, and comprising the latest Regulations Respecting the Carriage
of Medical Stores on Board Ship. Price 6s.

A MEDICAL AND SURGICAL HELP

FOR SHIPMASTERS AND OFFICERS
IN THE MERCHANT NAVY.

Br WM. JOHNSON SMITH, F.R.0S,
Principal Medical Officer, Beamen's Hosgpital, Greenwich.

*s»" The attention of all interested in our Merchant Navy is requested to this excesdiogly

useful and valuable work, It is needless to say that it is the outcome of many years
FEACTICAL EXPERIENCE amongst Seamen.

** 830UND, JUDICIOUS, REALLY HELPFUL."—The Lancel,
*«' For Complete List of GRIFFIN'S NAUTICAL SERIES, see p. 59

«ONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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GRIFFIN'S NAUTICAL SERIES.

Eicure EpitioN. Revised, with Chapters on Trim, Busyanrcy, and Calcula-
tions. Numerous Illustrations. Handsome Cloth, Crown 8vo. Price 7s. 6d.

KNOCW YOUR OWN SHIP.
By THOMAS WALTON, NavaL ARCHITECT.

Specially arranged to suit the requirements of Ships’ Officers, Shipowners,
Superintendents, Draughtsmen, Engineers, and Others,

This work explains, in a simple manner, such important.subjects as :—Diaplacement.
—Dendweight.— Tonnage. — Freeboard. — Moments. — Buoyancy.— Strain.— Structure. —
Stability.—Rolling.—EBallasting. —Loading. —=hifting Cargoes.—-Admission of Water.—
=il Area.—&c.

e Jittle bouk will be found BXCEEDINGLY HANDE by most officers and officialz connected

with shipping. . . . Mr. Walton's work will obtain naspise steoess, becuse of s nnigue
fitness for those Tor whom if has been written,"—Shipping W o,

BY THE SAME AUTHOR.

Steel Ships: Their Construction and Maintenance.

(See page 38.)

FrirreestH Epitiow, Thoroughly Revised, Greatly Knluvged, and Heset
Throughout. Large Swvo, Cloth. pp. i-xxiv+T08. With 280 Hlustra-
tions, reduced from Working Drawings, and 8 Plates. 2ls. net.

A MANUAL OF

MARINE ENGINEERING:

COMPRISING THE DESIGNING, CONSTRUCTION,
WORKING OF MARINE MACHINERY.

8y A.E. SEATON, M.I.C.E., M.I.Mech.E., M.I.N.A.

GENERAL CoNTENTS. — Panr I.—Principles of Marine Propulsion.
Panr 11, — Principles of Steam Engineering. Parr I11I.— Details of
Marine Engines : Design and Calculations for Cylinders, Pistons, Valves,
lixpansion Valves, &e. Parr IV.— Propellers. Parr V.—DBoilers.
PParr VI.—Miscellaneous.

* I'ie Student, Draughtsman, and Engineer will find this wurk the MOST VALUABLE
HanpeooK of Referenee on the Mari'ne ngine now in existence.”—Marine Engineer.

e —mwrm Amm e

Eicura EpiTion, Thﬂrnugth Revised. Pocket-Size, Leather. 8s. 6d.
A POCEET-BOOK OF

MARINE ENGINEERING RULES AND TABLES,

FOR THE USE OF

Marine Engineers, Naval Architects, Designers, Draughtsmen,
Superintendents and Others.

3y A. E. SEATON, M.I.O.E., M.I. Mech.E., M.I.N. A.,

AND

H. M. ROUNTHWAITE, M.I.Mech.E., M.I.N, A,

“ ADMIRABLY FULFILS 1t5 purpus«e "—Marine Engineer.

LONDON: CHARLES GRIFFIN & CO., L'IMITED, EXETER STREET, STRAND.
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WORKS BY PROF. ROBERT H. SMITH, Assoe.M.I.C.E.,

M.ILM.E, M.LELE., ItII.M.ll:LE Whit. Bch., M.Ord. Meiji

THE CALCULUS FOR ENGINEERS

AND PHYSICISTS,
Applied to Technical Problems.

WITH EXTENSIVE

CLASSIFIED REFERENCE LIST OF INTEGRALS.
By PROF. ROBERT H. SMITH.

ASEISTED BY

R. F. MUIRHEAD, M. A, B.Sc,

Formerly Clark Fellow of (Glasgow University, and Lecturer on Mathematics at
Mason College.
In Crown 8vo, extra, with Diagrams and Folding-Plate. 8s. 6d.

“ Pror. R. H, Burra’s book will be serviceable in rendering o hard road A8 BASY A8 PRACTIC-
ABLE for the non-mathematical Student and Engineer.”—.dtheneum,

** Interesting diagrams, with practical illostrations of actual ocenrrence, are to be found here
In abundance. THE VERY COMPLETE CLASSIFIED REFERENCE TABLE will prove very nsefnol in
saving the time of those who want an integral in a hurry."—TTe Engineer.

MEASUREMENT CONVERSIONS

(English and French):
28 GRAPHIC TABLES OR DIAGRAMS.

Showing at a glance the MurvaL ConvexrsioN of MEASURRMENTS
in DifFFERENT UNITS

O Lengths, Areas, Volumes, Weights, Stresses, Densities, Quantities
of Work, Horse Powers, Temperatures, &ec.

For the use of Engineers, Surveyors, Architects, and Contractors.
In 4to, Boards. 7s. @d.

* " Prof. SmiTh’'s CoNvERSION-TABLES form the most unique and com-
prehanmv'e collection ever placed before the profession. By their use much
time and labour will be saved, and the chances of error in calculation
diminished. It is believed that henceforth no Engineer's Office will be

considered complete withont them.

“ Prof. Bmith deserves the hearty thanks, not only of the Engisgss, but of the CoOMMBRCIAL
WorLn, for having smoothed the way for the ADOPTION of the MeTRIC SysTeM of MEABUREMENT,
& acbhject which now asgnming great importance as a factor in maintaining our HOLD npon
FOREIGH TREADR "—The Machinery Market,

e —

Pocket Size, Leather Limp, with Gilt Edges m{l Rounded Corners, printed on Special
Thin Paper, with Tllusty: 1t,|{ma pPp. i-xii 4-834. Price 11:.5 net.

(THE NEW *“ NYSTROM ")

THE MECHANICAL ENCINEER’S REFERENCE BOOK

A Handbook of Tables, Formule and Methods for Engineers,
Students and Draughtsmen.

By HENRY HARRISON SUPLEE, B.Sc, M.E.

“We feel sure it will be of great service to mechanical engineers.”-—Engineering.

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND
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Secoxp Eprrion. In Large Svo. Handsome Cloth. 16s.

CHEMISTRY FOR ENGINEERS.

BY
BERTRAM BLOUNT, arp A. G. BLOXAM,
F.1.C., F.C3,, A.LC.E. F.LC., F.C.B.

GENERAL CONTENTS. —Introduction—Chemistry of the Chief Materials
of Construction—Sources of Energy—Chemistry of Steam-raising—Chemis-
try of Lubrication and Lubricants—Metallurgical Processes used in the
Winning and Manufacture of Metals.

“The authors have soccEEnED beyond all expectation, and have prodoced a work which
shonld give FrRESH POWER to the Engineer and Manufacturer.”—The Times.

For Companion Volume by the same Authors, see ¢ CHEMISTRY
FOR MANUFACTURERS,” p. 71.

_— - == & &

AT Press. In Handsome Cloth. With about 50 Illustrations. .

THE ELEMENTS OF CHEMICAL ENGINEERING.

By J. GROSSMANN, M.A., Pu.D., F.I.C.,
Chemical Engineer and Consulting Chemist.
WITH A PREFACE BY

Sig WILLIAM RAMSAY, K.C.B.,, F.R.8

CONTENTS.—The Beaker and its Technical Equivalents.—Distilling Flasks, Liehig's
Condensers.—Fractionating Tubes and their Technical Equivalents.—The Air-Bath and
t& Technical Equivalents.—The Blowpipe and Crueible and their Technical Equivalents.
—The 3team Boiler and other Sources of Power..—General Remarks on the Application
of Heat in Chemical Engineering-—The Funnel and its Technical Equivalents.—The
Mortar and its Technical Eguivalents.—Measuring Imstruments and their Technical
Houivalents.—Materals Used in Chemical Engineerving and their Mode of Application.—
Teehnieal Research and the Desicning of Plant.—Conclnsion.—Chemicals and Materials.
— FNTEX.

Works BY WALTER R. BROWNE, M.A., M.INsT.G.E.
THE STUDENT’S MECHANICS:

An Introduection to the Study of Force and Motion.
With Diagrams, Crown 8vo, Cloth, 4s. 6d.

**Clear in style and practical in method, *Tue STupenT's MEcHANICS' is cordially to be
recommended from' all points of view.""—d thenanm,

FOUNDATIONS OF MECHANICS,

Papers reprinted trom the Enginesr. In Crown 8vo, 1s,

Demy 8vo, with Numerous Illustrations, gs.

FUEL AND WATER: |

A Manual for Users of Steam and Water.

By Pror. FRANZ SCHWACKHUFER ofF VIENNA, AND
WALTER R. BROWNE, M.A., CE. _
GuneEraL CoNTENTs.—Heat and Combustion—Fuel, Varieties of —Firing Arrange nents : !

Furnace, Flues, Chimney —The Boiler, Choice of - Varieties — Feed-water tieaters—
Steam Pipes—Water: Compesition, Purification—Prevention of Scale, &c., &c.

“The Section on Heat is one of the best and most lucid ever wnitten."—Engenesr.

LONDON : CHARLES GRIFFIN & C0., LIMITED, EXETER STREET, STRAND.
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GRIFFIN'S LOCAL COVERNMENT HANDBOOKS.

WORKS SUITABLE FOR MUNICIPAL AND COUNTY ENGINEERS,
ANALYSTS, AND OTHERS.

See also Davies' Hygicne, p. 99, and MacLeod's Calenlations, p. 110,
Gas Manufacture (The Chemistry of). A Handbook on the Pro-

duction, Purification, and Testing of Illuminating Gas, and the Assay of Bye-Pro-
ducts. By W. J. A. BUTTERFIELD, M.A., F.I.C., F.C.5. With Illustrations. THIRD
Eprrion, Revised. Vol 1., 7s. 6d. net. Vol. I1., in preparation. [See page 7T

Water Supply: A Practical Treatise on the Selection of Sources and the
Distribution of Water. By REgINALD E. MippLETON, M.Inst.C.E., M.Inst.Mech.E.,
F.51. With Numerouz Plates and Diagrams. Crown Svo. Ss. 6d. not. [See page 77

Central Eleetrical Stations: Their Design, Organisation, and Manage-
ment. By C. H. WoORDINGHAM, A K.C., M.I.C.E, 2EcoxD EDITION. 24s. net. [Seep. 48.

Sewage Disposal Works : A Guide to the Construetion of Works for
the Prevention of the Pollution by Sewage of Rivers and Estuaries. By W. SANTO
CRIMP, M.Inst.C.E.,#F.G.5. SeEcoND EpIiTroN, Revised and Enlarged. Large 8vo,
Handsome Cloth. With 37 Plates. Price 30s. [3ee page 70.

Trades’ Waste : Its Treatment and Utilisation, with Special Reference
to the Prevention of Rivers' Pollution. By W. NavLor, F.C.8., A.M.Inst.C.E.
With Numerous Flates, Diagrams, and Illustrations. Z21s. net. [See page T6.

Caleareous Cements: Their Nature, Preparation, and Uses. With
some Remarks upon Cement Testing, By GILBERT REDGRAVE, Assoc.Inst.C.E.,
and CHAS, SPACKMAN, F.C.8. With Illustrations, Analytical Data, and Appendices
on Costs, &c. 158, net. [See page 70.

Road Making and Maintenanee: A Practical Treatise for Engineers,
Burveyors, and others. With an Historical Sketeh of Ancient and Modern Practice.
By THOMAS AITEEN, Assoc.M.Inst.C.E.,, M. Assoc. Municipal and County Engrs.;
M. San. Inst. With Plates, Diagrams, and Illustrations. 21s. [Bee pace 79,

Light Railways at Home and Abroad. By WirrLiam HExrY CoLe,
M.Inst.C.E., late Deputy Manager, North-Western Railway, India. Large 8vo,
Handsome Cloth, Plates and illustrations. 16s. [See page 30,

Practieal Sanitation: A Handbook for Sanitary Inspectors and others
interested in Sanitation. By GEo. REip, M.D., D.P H., Medical Officer, Staffordshire
County Council. With Appendix on SBanitary Law, by Herbert Manley, M.A., M. B.,
D.P.H. TWELFTH EDITION, Thoroughly Revised. 6s. [Bee page TE.

Sanitary Engineering: A Practical Manual of Town Drainage and
Sewage and Refuse Disposal. By FraxNois Woop, A M.Inst.C.E., F.G.8. SEcoND
EDITION, Revised. Fully Illustrated. 8s. Gd. net. [See page 6.

Da.ll"l]; Chemistry: A Practical Handbook for Dairy Managers, Chemists,
and Analysts. DBy H. DrooP RICHMOXD, F.I.C., Chemist to the Aylesbury Dairy

Company. With Tables, Illustrations, &e. Handsome Cloth, 16s. [See page 75.
Da.ir{,r Analysis: The Laboratory Book of. By . Droor Ricumoxp,
F.1.C. Fully Illustrated, Cloth., 2s. 6d. net. [See page 73

Milk: Its Production and Uses. With Chapters on Dairy Farming,
The Diseases of Cattle, and on the Hyziene and Control of Supplies. By EDWAED F.
WILLOUGHBY, M.D. (Lond.), D.P.H. (Lond. and Camb.), Inspector of Farms and
General Scientific Adviser to Welford & Sons, Ltd. 6s. net. [See page 73.

Flesh Foods: With Methods for their Chemical, Microseopical, and
Bacteriological Examination. A Handbook for Medical Men, Inspectors, Analysts,
and others. By C. AINsWoRTH MITCHELL, B.A., F.1.C., Mem. Couneil 8oc¢. of Public
Analysts. With numerous Illustrations and a coloured Plate. 10s. 6d. [See page 74.

Foods: Their Cnmﬁmsitinn and Analysis. By A. WywsTer Bryrs,
M.R.C.8., F.C.8., Public Analyst for the County of Devon, and M. W BLYTH,
B.A., B.8c. With Tables, Folding Plate, and Irontispiece. FrrTH EDITION,
Thoroughly Revised. 21s. [See page 72.
AN ADMIRABLE DIGEST of the most recent state of knowledge."—Chemical News.

- LONDON : CHARLES GRIFFIN & CO.. LIMITED, EXETER STREET, STRAND.



48 CHARLES GRIFFIN & C0.’S PUBLICATIONS.
ELECTRICAL ENGINEERING.

Seconp EDITION, Revised. In Large 8vo. Handsome Cloth. Profusely
Illustrated with Plates, Diagrams, and Figures. 245. net.

CENTRAL ELECTRIGAL STATIONS:

Their Design, Organisation, and Management.

By CHAS. H. WORDINGHAM, A.K.C., M.Inst.C.E., M.InsT.MECH.E.,
Late Memb. of Council Inst.E.E., and Electrical Engineer to the City of Manchester ;
Electrical Engineer-in-Chief to the Admiralty.

ABRIDGED CONTENTS.

_ Introductory. —Central Station Work as a Profession.—As an Investment.—The Estab-
lishment of a Central Station —Systems of Supply.—Site.— Architecture.—Plant.—Boilers —
Systems of Draught and Waste Heat Economy.—Coal Handlin l‘il'-Fll:ighi:LE, and Storing.—
The Transmission of Steam.— Generators. — Condensing Appliances. — Switching Gear
Instruments, and Connections.—Distributing Mains.—Insulation, Resistance, and Cost.—
Distmbuting Networks. — Service Mains and Feeders. — Taiiti Mains. — Meters and
Appliances.—Standardising and Testing Laboratory.—Se n%atttriﬂ.—&lmﬂ Light-
ing. — Cost. — General Organisation. — Mains Department. — Installation D E—
Stan:!.ardismg Department.— Drawing Office. — Clerical Department. — The —
Routine and Main Laying. —Innex.

““One of the MOST VALUABLE CONTRIBUTIONS to Central Station literature we have had
for some 1ime."— Electricity.

In Large 8vo. Handsome Cloth, Profusely Illustrated. 12s. 6d. net.

ELECTRICITY CONTROL.

A Treatise on Ele:tric Switchgear and Systems of Electric Transmission.
By LEONARD ANDREWS,

Associate Member of the Institution of Civil Engineers, Member of the Institution of
Electrical Engineers,, &c

General Principles of Switchgear Design. —Constructional Details, —Circuit: Breakers or
Arc Interrupting Devices.—Automatically QOperated Circuit- Breakers. —Alternatiog Keverse
Current Devices, — Arrangement of "Bus Bars, and Apparatus for Parallel Runoing. —
General Arrangement of Cortrolling Apparatus for High Tension Systems, — General
Arrangement of Controlling Apoaratus for Low Tension Systems. —Examples of Complete
Installations.—Long Distance Transmission Schemes.

“ Wot often does the specialist have presented to him so satisfactory a book asghis. « . -
We recommenc it without hesitation to Central Station Engineers, and, in fack, to. anyone
interested in the subject." — FPazes,

SEVENTEENTH EDITION, Thoroughly Revised and Enlarged. 8s. 6d.

A POCKET-BOOK
ELECTRICAL RULES & TABLES

FOR THE USE OF ELECTRICIANS AND ENGINEERS.
By JOHN MUNRO, C.E., & Pror. JAMIESON, M.Inst.C.E., F.R.S.E.

With Numerous Diagrams. Pocket Size, Leather, 8s. 6d.

GENERAL GCONTENTS
Units of Measurement, — Measures. — Testing. — Conductors. — Dielectrics. — Submarine

Cables.—Telegraphy.—Electre-Chemistry.—Electro-Metallurgy.— Batteries.—Dymamos and
Motors.—Transformers.—Electric Lighting.—hﬁscellanmusfiiaprhhm—.&ppuﬁnu.

“WonperruLLly Peerecr. . . . Worthy of the highest commendation we can
give it."—Electrician.

Ly StErLING Varve of Messrs. Mungo and Jamumson's Pocer-Boox."—
B lectrical Review.

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAHD.
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—

Just Ovur. In Large 8vo. Profusely Illustrated. Ss. 6d. net.

WIRELESS TELEGRAPHY.

GUSTAVE EICHHORN, Pu.D.

CoxTeNTs.—Oscillations. —Closed  Oscillation Systems.—Open Oscillation
Systems.—Coupled Systems.—The Coupling Uum}eeusating the Aerial Wire. —
The Receiver.—Comparative Measurement in the Sender. —Theorstical Results
and Caleulations in respect of Sender and Receiver.—Closely-Coupled Sender
and Receiver.—Loose-Coupled Sender and Receiver.—Principal i":::rmu]u-. -
T'he Ondameter.— Working a Wireless Telegraph Station.—Modern Apparatus
and Methods of Working.— C'oneclusion.—Bibliography. —IxDEX.

Just Ovr. Large Svo, Handsome Cloth, with 334 Pages and
307 Illustrations. 10s. net.

ELECTRICITY METERS.

HENRY G. SOLOMON, A.M.Inst.E.E.

CoxreNrs,— Introductory. — (General Principles of Continuous- Current
Meters.—Continuous-Current Quantity Meters.—Continuous-Energy Motor
Meters —Different Types.—Spécial Purposes, i.e., Battery Meters, Switchboard
Meters, Tramear Meters.—General Principles of Single- and Polyphase Indue-
tion Meters.—Single- phase Induction Meters.— Polyphase Meters.— Tarilf
Systems.—Prepayment Meters.—Tariff and Hour Meters.—Some Mechanic:l
Features in Meter Design. — Testing Meters.—INDEX.

ELECTRIC SMELTING AND REFINING.
By Dr. W. BORCHERS axp W. G. McMILLAN.
SecoNnp Epitiox, Revised and Enlarged. 21s. net.

ELECTRO-METALLURGY, A Treatise on.
By WALTER G. MeMILLAN, F.I1.C., F.C.5.
SEcoNp Epritiox, Revised and in Part Re-Written. 10s. 6.

ELECTRICAL PRACTICE IN COLLIERIES.
By D. BURNS, M.E., M.Ixst.M.E.
(See page 58.)

GRIFFIN'S ELECTRICAL PRICE-BOOK.
Eoirep By H. J. DOWSING.
(See page 31.)

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND,
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By PROFESSORS J. H. POYNTING & J. J. THOMSON.
In Five Volumes, Large 8vo. Sold Separately.

A TEXT-BOOK OF PHYSICS.

J. H. POYNTING, J. J. THOMSON,
8c.D., F.R.8., AND ML.A.; F.E.8.
Late Fellow of Trinity College, Cambridge: Fellow of Trinity College, Cambridge: Prof.
Professor of Phygics, Birmingham of Experimnm’i Physics in the U?lf:ﬂmtl
University. of Cambridge.

InTrRODUCTORY VoLUuME. Tuirp Eprrion, Revised, Fully Illustrated.

Shortly.
PROPERTIES OF MATTER.

CoxTENTS. — Gravitation. — The Acceleration of Gravity. — Elasticity. — Stresses and
Strains,—Torsion.—Bending of Rods.—Spiral Springs.— Collision.— Compressibility of
Ligoids.—Pressures and Volumes of Gases.—Thermal Effects Accompanying Strain.—
Oapillarity. —Suorface Tension.—Laplace's Theory of Capiliarity.—Liffusion nl.'sLiquldu-

neion of Gases.— Viscosity of Ligunids.—IxpEx.

': Students of physics cannot fail to derive benefit from the book."— Kuswledge.

e regard this book as quite indispensable not merely to teachers but to physicists of every
grade above the lowest."— University Correspondent,

VoroMme II. Tairp Epitiox. Fully Illustrated. Price Ss. 6d

S O U N D.

ConTerTs,—The Nature of Sound and its chief Characteristics. —The Velocity of Sound
In Air and other Media.—Reflec'ion and Iefraction of Sound.—Frequency and Pitch of
Notes,—Hesonance and Forced Oscillations.—Analyeis of Vibrations.—The Tranaverse
Vibrations of Stretched Strings or Wires —Pipes and other Air Cavities,.—Rods.—Plates,
—Membranes,—Vibrations maintained by Heat.—Sensitive Flames and Jets.—Musical
Band.—The Superposition of Waves,— Ixpex.

“Thework . . ., maybe recommended to anyone desirous of possessing an EAsT,
UP-TO-DATE STANDARD TREATISE on Acousties,"—Literafure.

““Very clearly written. . . . The names of the anthors are a gvarantee of the
SOIENTIFIC ACCURACY and UP-To DATE cuArAcTER of the work." — Educational Times.

VoLuME ITII. Secoxp Epitiox, Revised. Fully Illustrated. Price 13s.

HEAT.

CONTENTS. — Temperature, — Expansion of Solids. —Liquids. —Gasges, — Circulation
and Convection.—Quantity of Heat; Specific Heat.—Conductivity.—Forms of Energy;
Conservation ; Mechanical Equivalent of Heat.—The Kinetic Theory —Change of State;
Ligquid Vapour.—Critical Points. — Solids and Liguids. — Atmospheric Conditions. —
Radiation.—Theory of Exchanges.—Eadiation and Temperature.—Thermodynamics.—
Isothermal and Adiabatic Changes.—Thermodynamics of Changes of State, and Splu-
tions.—Thermodynamics of Radiation. —INDEX.

HWell up-to-date, and extremely clear and exact thromghout. . . . As clear as
it would be possible to make such a text-book.”"—Nafure.

Remaining Volumes in Preparation—

LIGHT; MAGNETISM AND ELECTRICITY.

THE MEAN DENSITY OF THE EARTH: An Essay to which the
Adams Prize was adjudged in 1893 in the University of Cambridge. By J. H.
POYNTING, Sc.D., F.R.8., Late Fellow of Trinity College, Cambridge; Professor of
Physics, Birmingham University. In Large 8vo, with Bibliography, Illustrations in
the Text, and Seven Lithographed Plates. 12s, @d.

“Cannot fail to be of GREAT and GENERAL INTEREST."—Atheneiin.,

LONDON : CHARLES GRIFFIN & CO., LIMITED. EXETER STREET, STRAND.
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~ Criffin’s Geological, Prospecting, Mining, and
| Metallurgical Publications.

PAGE

G&Dlﬂg}", Stratlg‘ra.phlﬂal R. Ermerineg, F.R.S., . f 59
Physical, . Pror. H. G. SEELEY, . i 1 B3

: ,»» Practical Aids, .  Pror. GreENvVILLE CoLE, = . b3
s»» Open Air Studies, . s . . 8
Mining Geology, . James Park, F.G.S., . . 55
Prospecting for Mmerals, S. HerBerT Cox, A.R.S.M., 55
Food Supply,. . . RosT. BRUCE, . 54

- New Lands, . : H. R. Miw, D.Sc., F. HSE 54
Ore and Stone Mlnlng‘, ; Sir C. L NevE Foster, . 56
Elements of Mining, . - " . b6
Coal Mining, . : H. W. Hucass, F.G.S,, XHC ke
Practieal Coal I!Ilmng, G. L. KErg, M.Inst. M.E, . 58
Elementary . o ikt o D8

- Eleetrical Coal Mining, D. Bu RNS, . 58
Mine-Surveying, . Bexxerr H. BRDUGH A.R.S. M 57
Mine Air, Investigation uf Foster axp HALDANE, S |
Mining Law, : C. J. AL¥orD, . 57
Blasting and E}Eplﬂslves, 0. GurrMany, A.M.I. C. E., 58
Testing Explosives, . . BICHEL axD Lmsm, e SN
Mine Acecounts,. . Pror, JOGTLAWE, . oo b4 oo d 0T
' Mining Engineers’ Pkt. Bk E. R. FieLp, M.Inst. M.M., . 57
Petroleum, . : REDWOOD AND HDLLGHAT, e |
A Handbook on Petmleum J. H. Tuomsox axp Dr. REDWooD, 61
0il Fuel, i Sioney H. NogrrH, . : 29
Metallurgmal Analysm, 4 MACLEOD AND ‘W.-tLEER, . 60
Microscopie Analysis, . F. Osmoxnp & J. E. Steap, F.R.S., 60
Metallurgy (General), . PHILLIPS AND BAUERMAN, ., 60
(Elementary), Pror. HumeoLpT SEXTON, , 66

GEttmg' Geld'. - . J.C F Jommsoy, F.GS, . B9
Gold SEEklng in South Africa, TaEo KassNER, . ; .
Cyamde Process, . ; James Parg, F.G.S., . o1 3~ 59
Cyaniding, . ; JULIAN AND SMART, . ARG
Electric Smelting, : BorcueErs AND M°MiLras, . 67
Electro-Metallurgy, - W. G. M°Mirrax, FIC., . 67
Assaying, . J. J. & C. BERINGER, . 3 66

~ Metallurg ical Analyms, J. J. Morgax, F.C.S., . 66
Met&llurg'y (Introduction to), Stz W. Roser1s-Avstex, K.0.B., 63
Gold, Metallurgy of, . Dr. Kirge Rosg, A.R.S.M,, 63
Lead and Silver, ,, ; H. F. CorLrIinNs, A.R.S. M., . 64
Iron, Metallurgy of, . Tros. TURNER, A.R.S.M., R
Steel, - W HARBGHD, o = . - 0D
Iron-Founding, .». s+ . . . . ProF. TURNER, .. ., + . . | 6&
| Precious Stones, . .  Dr. Max Baveg, . . 68

] 'LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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Demy 8vo, Handsome cloth, 18s.

Physmal Geology and Palzomtology,

THE BASIS OF PHILLIPS.
BY

HARRY GOVIER SEELEY, FRS,

FROFESSOR OF GEOGRAPHY IN KING'S COLLEGE, LONDON.

Whith Frontispiece in Chromo=1Litbograpby, and Fllustrations.

“ Tt is impossible to ?rais-e too highly the research which PROFESSOR SEELEY’S
* PHYSICAL GEOLOGY ’ evidences, IT IS FAR MORE THAN A TEXT-BOOK—it is
a DIRECTORY to the Student in prosecuting his researches.”—Presidemtial Ad-
dress fo the Geological Society, 1885, by Rev, Prof. Bonney, D\Sc.y LL.D., F.R,S,

‘“ PROFESSOR SEELEY maintains in his ‘¢ PuysicaL GEoOLOGY' the high
reputation he already deservedly bears as a Teacher,” — Dr, Henry Wood-
ward, F.R.S., in the ** Ggm’.::rgwaf Magazine.”

“ PROFESSOR SEELEY’S work includes one of the most satisfactory Treatises
on Lithology in the English language,”—dAdmerican Journal of Engineering,

Demy 8vo, Handsome cloth, 34s.

Stratigraphical Geology & Palzontology,

ON THE BASIS OF PHILLIPS.
BY

ROBERT ETHERIDGE, F.R.S,

GF THE NATURAL HIST. DEFARTMENT, BRITISH MUSEUM, LATE PALSONTOLOGIST TO THE
GEOLOGICAL SURVEY OF GREAT ERITAIN, PAST FRESIDENT OF THE
GEOLOGICAL SOCIETY, ETC.

Thith Map, FRumerous Tables, and Thirtp=sir Plates.
“* No such compendium of geological knowledge has ever been brought together before.”—

Westminster Review,

" IT Pror. SRELEY'S valume was remarkable for its originality and the breadth of its views,
Mr. ETHERIDGE fully justifies the assertion made in his preface that his book differs in con-
srruction and detail from any known manual. . . . Must take HIGH RANK AMONG WORKS
OF REFERENCE "—dihenaum.

OPEN-RIR STUDIES IN GEOLOGY :

An Introduction to Geology Out-of-doors.
By PROFESSOR GRENVILLE COLE, M.R.IA. F.GS.

For details, see Griffin’s Introductory Science Series, p. 85.

LONDON: CHARLES GRIFFIN % CO., LIM/TED, EXETER STREET, STRARD.
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Crown Sve. Hm;d’mm; C;’a:ﬁ. 25._64:.:'. .
RESEARCHES ON THE PAST AND PRESENT HISTORY

THE EARTH’S ATMOSPHERE.

Including the latest Discoveries and their Practical Applications.
By DR. THOMAS LAMB PHIPSON.

PART 1I.—THE EARTH'S ATMOSPHERE IN REMmoTE GEOLOGICAL PERIODS.
PART II.—THE ATMOSPHERE OF oUR PRESENT PERIOD.
APPENDICES ; INDEX.

*." Dr. Phipson’s work presents, amidst much which is of interest to the
Scientist and the General Reader alike, a short »észeme of his discovery of the
origin of Atmospherie Oxygen, the existence of which he attributes wholly to
the action of Solar Radiation upon vegetable life,. The book will be found
replete with much thatis new, curious, and interesting, both in connection with
Weather Lore, and with Scientific Meteorology. —Publisher's Note.

"“The book shonld prove of interest to general readers, as well as to meteorologists
and other students of seience,”—Nalure,

By GRENVILLE A. J. COLE, M.R.I.A., F.G.S.,

Professor of Geology in the Reyal College of Science for Ireland, and Examiner in the
University of London.

See also the two following pages (54, §5), and page 85.

AIDS IN
PRACTICAL GEOLOGY:

WITH A SECTION ON PALAEONTOLOGY.
By PROFESSOR GRENVILLE COLE, M.R.I.A,, F.G.S.

FirtH EDITION, Thoroughly Revised. With Frontispiece and
Ilustrations. Cloth.

GENERAL CONTENTS.—

PART [ —SAMPLING OF THE EARTH'S CRUST.
PART II.—ExXAMINATION OF MINERALS.
PART III,—EXAMINATION OF ROCKS,

PART IV.—ExaMINATION OF FOSSILS.

“'Prot. Cole treats of the examination of minerals and rocks in a way that has never
E‘“_n attempted before . . . DESERVING OF THE HIGHEST PRAISE. Here indeed are
Aids’ INNUMERABLE and INVALUABLE. All the directions are given with the utmost clear-
ness and precision.”—A fhenanm.
: “That the work deserves its title, that it is full of “Aips,’and in the highest degree
PRACTICAL, will be the verdict of all who use it."—Nafure.

EXCELLENT ManuarL . . . will be A vErRY GREAT HELP. . . . The section
on the Examination of Fossils is probably the BEsT of its kind yet published. . . . FuLL
of well-digested information from the newest sources and from personal research.”—Amsuals
af Nai. History.

CONDON: CHARLES GRIFFIN & 0., LIMITED, EXETER STREET, STRAND
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GRIFFIN'S "NEW LAND” SERIES.

Practical Hand-DBooks for the Use of Prospectors, Explorers,
Settiers, Colonisis, and all Interested in the opening
up and Development of New Lands.

Eprrep BY GRENVILLE A. J. COLE, M.R.I.A., F.G.S.,

Professor of Geology in the Royal College of Science for Ireland, and Examiner in
the University of London.

In Crown Sve. Handsome Cloth. 5s.
With Nwmerous Maps Specially Drawn and Executed for this Work.

NEW LANDS:

THEIR RESOURCES AND PROSPECTIVE
ADVANTAGES,

By HUGH ROBERT MILL, D.Sc., LL.D., F.RS.E.,

InTRODUCTORY.—The Development of New Lands—The Dominion;of
Canada. — Canada, Eastern Provinces. — Canada, Western Provinces and
Territories, —Newfoundland. —The United States.—Latin America, Mexico.—
Latin America, Temperate Brazil and Chili.—Latin America, Argentina,—
The Falkland Islands,—Victoria,.—New South Wales.—Queensland. —South
Australia.—Tasmania.—Western Australia.—New Zealand.—The Resources
of South Africa.—Southern Rhodesia. —INDEX.

“PAINSTAKING . . . COMPLETE . . . of great PRACTICAL ASSISTANCE.”'— The Field.

“A want admirably supplied. . . . Has the advantage of being written by & pro-
fessed Geographer.” —Geographical Joarnal,

With many Engravings and Photographs. Handsome Cloth, 4s. 6d.}

B O O D S S S

By ROBERT BRUCE,

Agrienltural Saperintendent to the Royal Dublin Society.
With Appendix on Preserved Foods by C. A. MircuerLr, B.A., F.LC.

GENERAL CoNTENTS.—Climate and Soil—Drainage and Rotation™ of
Crops—Seeds and Crops—Vegetables and Fruits—Cattle and Cattle-
Breeding—Sheep and Sheep Rearing—Pigs—Poultry—Horses—The Dairy
—The Farmer’s Implements—The Settler's Home.

¢ BRISTLES WITH INFORMATION." —Fagrmers' (Gazette.

“The work is one which will appeal to those intending to become farmers at home
or in the Colonies, and who desire to obtain a general iga.a of the true principles of
farming in ALL ITS BRANCHES,"—Journal of the Royal Colonial Inst.
= ¢ A most READABLE and VALUABLE book, and merits an EXTENSIVE SALE."—Scottish

armer.

¥ Will prove of service in ANY PART OF THE WORLD."— Nature.

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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GRIFFIN’'S “NEW LAND” SERIES.

Tiirp Eprriox, Revised. With [lustrations. Handsome Cloth, §s.

PROSPECTING FOR MINERALS.

A Practical Handbook for Prospectors, Explorers, Settlers, and alf
interested in the Opening up and Development of New Lands.

By 5. HERBERT COX, Assoc.R.S.M., M.Inst.M.M., F.G.S.

GENERAL CoNTENTS, —Introduction and Hints on Geology—The Determina-
tion of Minerals: Use of the B]ﬂw—%ﬁpe, &e.—HRock-forming Minerals and Nou-
Metallic Minerals of Commercial Value: Rock Salt, Borax, Marbles, Litho-
%aph.iu Stone, Quartz and Opal, &e., &c.—Precious Stones and Gems—Stratified
Deposits: Coal and Ores— Mineral Veins and Lodes—Irregular Deposits—
Dynamics of Lodes: Faults, &c.—Alluvial Deposits—INoble Metals : Gold,
Platinum, Silver, &c.—Lead—Mercury—Copper—Tin— Zine—Iron—Nickel,
E:-::.-—-Hull?[hur, Antimony, Arsenie, &c.—Combustible Minerals—Petrolenm—

General Hints on Prospecting—Glossary—Index.
““This ADMIRABLE LITTLE WORK . . . written with SCIENTIFIC ACCURACY in &
CLEAR and LUCID style. . . . An IMPORTANT ADDITION to technical literature . . .

—Mining Jowrnal.

IN PREPARATION.

BUILDING CONSTRUCTION 1x WOOD, STONE, axp
CONCRETE. By James Lyox, M.A., Professor of En-
gineering in the Royal College of Science for Ireland ;
sometime Superintendent of the Engineering Department in
the University of Cambridge; and J. TayrLor, A.R.C.S.I.

*.F Other Volumes, dealing with subjectz of PRIMARY TMPonTANCE in the EXAMIN-
ATION and UTILISATION of Lands which have not as yet been fully developed, arelin
preparation,

Crown Svo. Handsome Cloth. Illustrated.

MINING GEOLOGY.

A TEXT-BEOOK FOE MINING STUDENTS AND MINERS.
By JAMES PARK, F.G.S., M.Inst.M.M.,

Prufcrs;m' of Mining and Diiector of the Otago University School of Mines ; late Director
Ihames School of Mines, and Geological Surveyor and Mining Geologist to the
Government or New Healand.

GENERAL CONTENTS.—Introduction.—Classification of Mineral Deposits.—Ore Veins,
their Filling, Age, and Structure.—The Dypamics of Lodes fand Beds.—Ore Deposits
Genetically Considered—Ores and Minerals Considered Economically.—Mine Sampling
and Ore Valuation.—The Examination and Valuation of Mines.—INDEX.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, SEHI'.HFP..
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)

Sixt EprrioNn. With Frontispiece and 716 Illustrations, Price 34s.

JRE & STONE MINING.

By Sir C. LE NEVE FOSTER, D.Sc., F.R.S,

LATE PROFHSSOR OF MINING, ROYAL COLLEGE OF SCIENCE,
REVISED, AND BROUGHT UP-TO-DATE

Bv BENNETT H. BROUGH, F.G.S., Assoc.R.S.M.

GENERAL CONTENTS.

INTRODUCTION. Mode of Oceurrence of Minerals.—Prospeeting.—Boring.
—Breaking Ground.—Supporting Excavations.—Exploitation.—Haulage or
Transport.—Hoisting or Winding. — Drainage. — Ventilation. — Lighting.—
Descent and Ascent.—Dressing—Prineciples of Employment of Mining Labour.
—Legislation affecting Mines and Quarries. — Condition of the Miner.—
Aeeidents.—Index.

““We have seldom had the pleasure to review a work so thorough and complete as
the present one.  Both in manner and in matter it is PAR SUPERIOR To ANYTHING ON
ITS SPECIAL SUBJECT HITHERTO PUELISHED IN ENGLAND."—dAtheneum.

‘¢ Not only is this work the acknowledgzed text-book on metal mining in Great Britain
and the Colonies, but that it is so regarded in the United States of America iz evidenced
by the fact that it is the book on that subject recommended to the students in most of
the mining schools of that conntry."—The Times.

In Craown 8vo. Handsome Cloth. With nearly 300 TIllustrations, many of
them being full page reproductions of views of great interest. Price Ts, 6d. net.

THE ELEMENTS OF MINING AND QUARRYINC.

An Introductory Text-Book for Mining Students.
By Sir C. LE NEVE FOSTER, D.Sc., F.R.S,,

Professor of Mining at the Royal Colleze of Science, London, with which is Incorporated
the Boyal School of Mines ; lately one of H.M. Inspectors of Mines.

GEXERAL CONTENTS. — INTRODUCTION. — Oceurrence of Minerals. — Pro-
specting.—Boring. —Breaking Ground.—Supporting Execavations.—Exploita-
tion.—Haulage or Transport.—Hoisting or Winding.— Drainage.— Ventilation.
—Lighting.—Descent and Ascent.—Dressing, &e.—INDEX.

< &4 remarkably clear survey of the whole field of mining operations."—Enginesr,

¢ Rarely does it fall to the lot of a reviewer to have to accord such ungualified praise as
this book deserves. . . . The profeszsion generally have every reason to be grateful to
Sir C. Le Neve Foster for having enriched educational literature with so admirable an
elementary Text-hook."—Mining Jowrial,

FirrH EDITION, Revised and Greatly Eniarged. With 4 Plates and
670 [fllustrations. Price 245, nel.

A TEXT-BOOK OF COAL-MINING:

FOR THE USE OF COLLIERY MANAGERS AND OTHERS
ENGAGED IN COAL-MINING.

By HERBERT WILLIAM HUGHES, FGS,
- Assoc. Royal School of Mines, General Manager of Sandwell Park Colhery.
GENERAL CONTENTS. :

Geology. —Search for Coal.—Breaking Ground.—Sinking.—Preliminary
Operations, — Methods of Working. — Haulage. — Winding. — Pumping.—
Ventilation.—Lighting.—Works at Surface.—Preparation of Coal for Market.
—INDEX.

““ Quite THE BEST Book ofits kind . . . as PRACTICAL in aim as a book canbe . « .

The illusteations are EXCELLENT."—.A frenanm.,

“ We cordially recommend the work,” —Collfery Guardian, 4 -8 !
“ Wil soon come to be regarded as the STANDARD worg of its kind."—Birmmphane

Dty Grasette.

LONDON : CHARLES GRIFFIN & 0., LIMITED, EXETER STREET, STRAND.
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ELEvENTH EDITION, Revised, With Numerous Diagrams.
Cloth, 7s. 6d.

A TREATISE ON MINE-SURVEYING:

For the use of Managers of Mines and Coflieries, Students
at the Royal School of Mines, &c.

By BENNETT H. BROUGH, F.G.S., Assoc.R.S.M,,

Formerly Instructor of Mine-Surveyving, Royal School of Mines.

*Its CLEARNESS of STYLE, LUCIDITY of DESCRIPTION, and FULWNESS of DETAIL have long ago won
for it a place unigue in the literature of this branch of mining engineering, and the present edition fully
mmm-q.s_th-: igh standard of its predecessors.  To the stuaent; and to the mining engincer alike, ITS
VALUE is inestimable.  The illustcations are excellent.”— Fie Wireanr Fowursal,

In Laige Crown 8vo. Fully Illustrated. 65 net.

THE INVESTIGATION OF MINE AIR:

An Account by Several Authors of the Nature, Significance, and Practical
Methods of Measurement of the Impurities met with in the
Air of Collieries and Metalliferous Mines.
EDITED BY

Sir CLEMENT LE NEVE FOSTER, D.Sc, F.R.S,
Axp J. S. HALDANE, M.D.,, F.R.S.

“We know of nothing essential that has been omitted. The book is liberally supplied
with illustrations of apparawus." —Celffery Guurdian.

In Crown 8vo, Handsome Cloth. 8s. Gd. net.

MINING LAW

OF THE ERITISH EMPIRE,
By CHARLES J. ALFORD, F.G.5., M.Inst. M, M.

ContTENTS.—The Priociples of Mining Law.—The Mining Law of Great
Britain.—British India.—Ceylon.—Burma.—The Malay Peninsula.—British
North Borneo.— Egypt. — Cyprus. -— The Dominion of Canada. — British
Guiana.— The Gold Coast Colony and Ashanti.—Cape of Good Hope.—
Natal. — Orange River Colony. — Transvaal Colony. — Rhodesia. — The
Commonwealth of Australia.—New Zealand, &c.—INDEX.

fshould be specially useful to all those engazed in the direction of mining enter-
prises.” —Financinl T'imes.

In Large 8vo. Tuirp Eprriox, Price 10s. 6d.

Mine Accounts and Mining Book-Keeping.

-

75 ~For Students, Managers, Secretaries, and others.
With Examples taken from Actual Practice of Leading Conmpanies.

By JAMES GUNSON LAWN, A.R.S.M., A.M.Inst.C.E., F.G.S,,
Professor of Mining at the Soutd African School of Mines.
Epitep By Sk C. LE NEVE FOSTER, D.Sc., F.R.S.

“It seems IMPOSSIBLE to suggest how AMr. Lawx's book could be made mors COMPLETE OT
MOrs VALUABLE, careful, and exhaustive.'— dccountants’ Magazine.

THE MINING ENGINEERS’ REPORT BOOK AND DIRECTORS’
AND SHAREHOLDERS' GUIDE TO MINING REPORTS. By
Eowry R. Fieup, M.Ixst.M.M. With Notes on the Valuation of
Mining Property and Tabulating Reports, Useful Tables, &c., and
yrovided with detachable blank pages for MS. Notes. Pocket Size,
trongly Bound in Leather. 3s. Gd.

HAD ADMIRABLY compiled book which Mining Engineers and Managers will find
‘EXTREMELY USEFUL."—Mining Jowrnel.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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Secoxp Epitiown. In Crown 8ve. Handsome Cloth. With 30 New
Tllustrations. 75 6d net.

ELEGTRICAL PRACTICE IN COLLIERIES.

By D. BURNS, M.E., M.Ixst.M.E.,

Certificated Colliery Managzer, and Leeourer on Miningz aml Geolozy to the Glasgow and West of
Seotland Techinieal College,

Units of Measurement, Conductors, &c.—The Theory of the Dynamo.—The
Dynamo, Details of Construction and Working.—Motors.—Lighting Installa-
tions in Collieries. — Pumping by Electricity. — Electrical Hanlage. — Coal
Cutting. — Miscellaneous Applications of Nlectricity in Mines. —Coal Mines
Regulation Act (Electricity).—INDEX.

“A clear and concize introduction to electvical practice in collieries.”—Mining

Jowrnal.

Fourra Epiriow, Thoroughly Revised and Greatly Enlarged. Re-set
throughout. Large Crown 8ve. Handsome Cloth. 12s. Gd.

PRACTICAL COAL-MINING:

A MANUAL FOR MANAGERS, UNDER-MANAGERS,
COLLIERY ENGINEERS, AND OTHERS.

With Worked-out Problems on Hawlage, Pumping, Ventilation, dec.
v GEORGE L. KERR, M.E, M.Ixst.M.E.

AN ESBENTIALLY PRACTICAL woRk, aud ean be confidently recommended: No department

ol ﬂual-hiiniug has been overlooked, "— Engineers (lazetie. v i .
*This book JUsr MEETS the wants of Students preparing for the CHHIE?‘ Managers” Examin-
ations. I have decidedl to use ik lor onp coasses hiere. . . . We have, I believe the largest

mining class in Great Britain, —The Principal of ¢ Traicing College.

ELEMENTARY COAL-MINING : For the Use of Students, Miners, and
others Il)\[;[ aring for Examinations. Dy Greoree L. Kerr, M.E.,
M.Inst. M.E., Author of * Practical Coal-Mining.” In Crown 8vo.
Handsome Cloth. With 200 Illustrations. &8s, Gd.

" An abundance of information conveyed in a popular an attractive form. . . . Will be
of great uze to all who are 1o any way interested. in coal mining. "—Seattizlh Critic,

BLASTING : and the Use of Explosives. A Handbook for
Engineers and others Engaged in Mining, Tunnelling, Quarrying, &ec.
By Oscar Gurrmaxy, M.Inst.C.E., Member of the Societies
of Civil Engineers and Architects of Vienna and Budapest, Corre-
sponding Member of the Imp. Roy. Geological Institution of Austria,
&e. SeconD Epiriox, Revised. | In Large 8vo, with Illustrations and
Folding-Plates. 10s. 6d.

**Should prove a rade-mtecusn to Mining Engineers and all engaged in practical work.
—fron and Coal Trades Review.

TESTING EXPLOSIVES. By C. E. BicaerL and AxXEL LARSEN.

CoxTeNTs. —Historical —Testing Stations—Power Gauges—Products

of Combustion—Heat of Decomposition—Rate of Detonation—Rate

and Duration of Flame —After Flame Rates—Transmission of Explo-
sion—Efficiency, &c. In Medium 8vo. Fully Illustrated. 6s. net.

*‘Its pages bristle with sugcestions and actual experimental results to an extent
seldom found in a volume of five times its size "—Adrms and Explosives

LONDON: CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET. STRAND.
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In Medium 8vo. With Numerous Plates, Maps, and Illustrations.
21s. net.

CYANIDING GOLD & SILVER ORES.

A Practical Treatise on the Cyanide Process; its Application,
Methods of Working, Design and Construction of
Plant, and Costs.

By H FORBES JULIAN,

Mining and Metallargical Engineer; Specialist in Gold : Late Technical Adviser of the
Deutsche Gold und Silber Scheide Anstalt, Frankfort-on-Maine,

Axp EDGAR SMART, ALM.I.C.E,
Civil and Metallurgical Engineer.
# 4 handzome volume of 400 pages which will be a valuable book of reference for all

pssociated with the process,”"—MWindng Jowrnal,
*The authors are to be congratulated upon the production of what should prove to he

= standard work."—Page's Magazine,

In Large Crown Svo. With Plates and [lustrations., Handsome Cloth.
7s. G,

THE CYANIDE PROCESS OF GOLD EXTRACTION.

A Text-Book for the Use of Metallurgists and Students at
Schools of Mines, &ec.

By JAMES PARK, F.G.S., M.InsT.M.M,,

Professor of Mining and Director of the Otago University School of Mines ; late Director
Thames School of Mines, and Geological Surveyor and Mining Geologist
to the Government of New Zealand.

Tamep Excrisa EprrioN. Thoroughly Revised and Greatly Enlarged.
With additional details concerning the Siemens-Halske and other
recent processes.

" Deserves to be ranked as amongst the BEST OF EXISTING TREATISES.'—Mining Journal.

Tairp Epitiox, Revised. With Plates and Illustrations. Cloth, 3s, 6d.

GETTING GOLD:

A GOLD-MINING HANDEBEOOK FOR PRACTICAL NMEN.
By J. 0. F, JOHNSON, F.G.S., A.LM.E,

Lifa Member Auatralasiaon Mine-Managers' Association,

GENERAL CoONTENTS.—Introductory : Prospecting (Alluvial and General)—
Lode or Reef Prospecting—(Genesiology of Gold— Auriferous Lodes—Drifts—
Gold Extraction—Lixiviation—Calcination—Motor Power and its Transmission
—Company Formation — Mining Appliances and Methods — Australasian
Mining Regulations.

. S PRACTICAL from beginning toend . . . deals thoroughly with the Prospecting,
Binking, Crushing, and Extraction of gold."—EBrit. Australasian.

e

In Crown 8vo. Illustrated. Fancy Cloth Doards. 4s. 6d.

GOLD SEEKING IN SOUTH AFRICA:

A Handbook of Hints for intending Explorers, Prospeetors,
and Settlers,

By THEO KASSNER,

Mine Manager, Author of the Geologicnl Sketch Map of the De Kaap Gold Fields.

With a Chapter on the Agricuftural Prospects of South Africa.

“ Ag famcinating as anything ever penned by Jules Verne."—dfrican Commerce.

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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Large 8vo. Handsome Cloth. With Illustrations.
12s. 6d. net.

METALLURGIGAL ANALYSIS & ASSAYING :

A THREE YEARS' COURSE
FOR STUDENTS OF SCHOOLS OF MINES.
By W. A. MACLEOD, B.A., B.Sc., A.0.8.M. (N.Z.),

Farmerly Assist.-Director, Thames 8chool of Mines (N.Z.), and Lecturer in Chemistry, University
of Tasmania ; Director of Queensland Government School of Mines, Charters Towers ;

Axp CHAS. WALKER, F.C.S8,,
ormerly Assist.-Demonstrator in Chemistry, Sydney University ; Lecturer n Chemistry
and Metallurgy, Charters Towers School of Mines

Parr I. —Qualitative Analysis and Preparation and Properties of Gases.
Part I1.—Qualitative and Quantitative Analysis. ParT III.—Assaying,
Technical Analysis (Gas, Water, Fuels, Oils, &ec.).

“The publication of this volume tends to prove that the teaching of metallurgical
analysis and assaying in Australia rests in competent hands."—Nature.

In Crown 8vo, Beautifully Tllustrated with nearly 100
Microphotographs of Steel, &e. 7s. Gd. net.

MICROSCOPIC ANALYSIS OF METALS.

By FLORIS OSMOND & J. E. STEAD, F.R.8., F.1.C.

ConTENTs.—Metallography considered as a method of Assay. — Miecro-
graphic Analysis of Carbon Steels.—Preparation of Specimens.—Polishing.
—Constituents of Steel; Ferrite ; Cementite; Pearlite; Sorbite; Martensite;
Hardenite ; Troostite ; Austenite.—Identification of Constituents.— Detailed
Examination of Carbon Steels.—Conclusions, Theoretical and Practical. —
Apparatus employed.—APPENDIX. ,

“ There has been no work previously published in English caleulated to be so useful to
the student in metallosraphic research.”—JIron and Steel Troades’ Journal,

Trrerp Epition. With Folding Plates and Many Illustrations. 36s.
ELEMENTS OF

METALILURGY.

A PRACTICAL TREATISE ON THE ART OF EXTRACTING METALS
FROM THEIR ORES.

By J. ARTHUR PHILLIPS, M.Ixst.0.E, F.C.S,, F.G.8,, &c.

Axp H. BAUERMAN, V.P.G.S.

GENERAL CoxTENTS., — Refractory Materials, — Fire-Clays, — Fuels, &c.—
Alumininm, — Copper. —Tin. — Antimony, — Arsenie, — Zinc. —
Bismuth, —Lead.—Iron.—Cobalt. — Nickel.—Silver,—Gold. —Platinem,

*“Of the TrirD EDITION, we are still able to say that, as a Text-book of
Metallurgy, it is THE BEST with which we are acquainted.”—Engineer.

“ A work which is equally valuable to the Student as a Text-book, and to the
practical Smelter as a Standard Work of Reference, . . . The Illustrations
are admirable examples of Wood Engraving."—Chemical News.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRANL
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At Press. SecosD Eprriox, Revised Throughout and Enlarged. Re-set
on Larger Page. With Valuable Biblwgraphy, New Maps,
Hiustrations, dec.

PETROLEUM AND ITS PRODUCTS.

A PRACTICAYL TREATISE.

By SIR BOVERTON REDWOOD,
F.B.5.E., F.I.C., Assoc.R.C.8,,

Hon. Corr. Mem. of the Imperial Russian Technical Society : Mem. of the American Chemical
Bociety ; Adviser to the Home Office and to the Corporation of Londen nader the
Petrolenm Acts, &c., &c.

With Plates (One Coloured) and Illustrations. Price Ss. 6d. met.

A HANDBOOK ON PETROLEUM.
FOR INSPECTORS UNDER THE PETROLEUM ACTS,

And for those engaged in the Storage., Transport, Distribution, and
Industrial Use of Petroleum and its Produects, and of Calcium
Carbide. With suggestions on the Construction and
Use of Mineral Oil Lamps.

By CAPTAIN J. H THOMSON,

H.M. Chief Inspector of Explosives,

Axp SIR BOVERTON REDWOOD,
Anthor of * Petrolenm and its Products.”

CoxTeExTs.—I. Introductory. —LI. SBources of Supply.—III. Productinn.—IV. Chemical Pro-
ducts, Shale 0il, and Coal Tar.—=V. Flash Point and Fire Test.—VI. Testings.—VII. Existing
Legislation relating to Petrolenm. — VIIT. — IX. — Precantions Necessary.— X, Petrolenm 0l
Lamps —XL Carbide of Caleium and Acetylene.—Appendices, —[NDEX.

“ A wolume that will enrich the world’s petroleam literature, and render a serviee to the
British branch of the industry. . . . Reliable, indispensable, a brilliant contribotien.™—
Petrolewm.

At PrEss. In Crown Svo. Fully Illustrated.

THE LABORATORY BOOK OF MINERAL OIL ANALYSIS.

By 4. A. HICKS,
Chemist to 2ir Boverton Redwood.
CONTEXTS. — Specific Gravity. — Flashing Point. — Tests. — Viscosity. — Coloar
Apparatns.—Detection of Petrolenm Vapour.—Capillary Test. —Melting Point of Par. “
seale and Wax.—0il in Scale.—Estimation of Suiphur, of Water.—Calorific Valu..

Tables.—INDEX.
OIL FUEL:

ITS SUPPLY, COMPOSITION, AND AFPPLICATION.
By SIDNEY H. NORTH.
(8ee page 29),

THE PETROLEUM LAMP: Its Choice and Use. A Guide
to the Safe Employment of Mineral Oil in what is commonly termed
the Paraffin Lamp. By Capr. J. H. Taomsox and Sir BOVERTON
Repwoop. Popular Edition, Illustrated. 1s. net.

“The book contains a great deal of interesting reading, much of whieh is thoronghly practical
and useful. It is a work which will meet every purpose for whieh it has Been written™—
Petrolewm.
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Gufin's Fetallorgieal Series.
STANDARD WORKS 0} REFERENCE

Metallurgists, Mine-Owners, Assayers, Manufacturers,
and all interested in the development of
the Metallurgical Industries.

EDITED EY

Sir W. ROBERTS-AUSTEN, K.C.B,, D.C.L,, F.R.S.

In Large 8ve, Handsome Cloth. With Tllustraiions.

INTRODUCTION to the STUDY of METALLURGY.
By the ED1TOR. FIFTH EDITION. 18s. (See p. 63.)

GOLD (The Metallurgy of). By Thnos. KirRgke Rosk,
D.Sc., Assoc. R.S5.M., F.C.S., Chemist and Assayer of the Royal
Mint. Fi1FTH EpITiON. 21s, (See p. 63.)

LEAD AND SILVER (The Metallurgy of). By H. F.
CoLLINS, Assoc.R.S.M., M.Inst. M.M, Part I., Lead, 165; Part

II., Silver, 165, (See p. 64.)

IRON (The Metallurgy of). By T. Turner, A.R.S.M,,
F.I.C., F.C.S. SeconDp EpITION, Revised. 16s. (See p. 65.)

STEEL (The Metallurgy of). By F. W. HAaAgrporn,
Assoc.R.S.M., F.I.C., with a Section on Mechanical Treatment by
J. W. HaLr, A M.Inst.C.E. Seconp EDITION. 25s. net. (See

p- 65.) =
Will be Published at Shori Infervals.

METALLURGICAL MACHINERY : the Application of
Engineering to Metallurgical Problems, By HENrRY CHARLES JENKINS,
Wh.Sc., Assoc.R.S5.M., Assoc,M.Inst.C.E., of the Royal College of

Science. (See p. 64).
COPPER (The Metallurgy of). By THos. C. CLoub, Assoc.
R.S. M.

ALLOYS. By Epwarp T. Law, Assoc.R.S.M.

*." Other Volumes in Preparation.

LONDON : CHARLES GRIFFIN & CO0., LIMITED, EXETER STREET, STRAND.
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GRIFFIN’S METALLURGICAL SERIES.

E —— — —

F1rTH EpITION, thoroughly Revised and considerably Enlarged. Large

&vo, with numerous Illustrations and Micro-FPhotographic
Plates of different varieties of Steel. 18s.

An Introduction to the Study of

0, B0 ST D2 U T R U I =

Sir W. ROBERTS-AUSTEN, K.C.B,, D.C.L,, F.R.S,, A.R.S.M,,

Late Chemist and Assayer of the Royal Mint, and Professor of Metallurgy
in the Royal College of Science.

GENERAL ConTENTS.—The Relation of Metallurgy to Chemistry.—FPhysical Properties
of Metals.—Alloys. The Thermal Treatment of Metals.—Fuel and Thermal Measurements.
—DMaterials and Products of Metallurgical Processes.—Furnaces.—Means of Supplying Air
to Furnaces.—Thermo-Chemistry.—Typical Metallurgical Processes.—The Micro-Structure

of Metals and Alloys.—Economic Considerations.

* No English text-book at all approaches this in the COMPLETENESS with
which the most modern views on the subject are dealt with, Professor Austen’s
volume will be INVALUABLE, not only to the student, but also to those whose
knowledge of the art is far advanced."—Chemical News.

FirrH EpitioN, Revised, Considerably Enlarged, and in part Re-written.
With Frontispiece and numerous Illustrations. 2ls.

THE METALLURGY OF GOLD.

EY

T. KIRKE ROSE, D.Sc.Lond., Assoc.R.S.M,,
Chemust and Assayer of the Royai Mind.

GENERAL CONTENTS.—The Properties of Gold and its Alloys.—Chemistry of the
Compounds of Gold.—Mode of Oceurrence and Distribution of Gold.—Shallow Placer
Deposits.—Deep Placer Deposits.—Quartz Crushing in the Stamp Battery.—Amalgam-
ation in the Stamp Battery.—Other Forms of Crushing and Amalgamating Machinery.
—Concentration in Gold Mills.—Dry Crushing.—Re-grinding.—Roasting.—Chlorination :
The Plattner Process, The Barrel Process, The Vat-Solution Process.—The Cyanide
Frocess.—Chemistry of the Cyanide Process.—Refining and Parting of Gold Bullion.
—Assay of Gold Ores.—Assay of Gold Bullion.—Statistics of Gold Production.—Biblio-
rraphy.—INDEX.

** A QOMPREHENSIVE PRACTICAL TREATISE on this important subject.” — The Times.

““The mMosT COMPLETE description of the CHLORINATION PROCESS which has yet been pub-
lished."— Mining Journal.

‘*Adapted for all who are interestad in the Gold Mining Industry, being free from tech-
nicalities as far as possible, but is more particularly of value to those engaged in the

Industry,” —Cape Times.
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GRIFFIN’S METALLURGICAL SERIES,.

Eprrep ey SIR W. ROBERTS-AUSTEN, K.C.B.,, F.R.S., D.C.L.
In Large Svo. Handsome Cloth. With Illusirations.

i i e

In Two Volumes, Each Complete in Itself and Sold Separately.

THE METALLURGY OF LEAD AND SILVER.

By H. F. COLLINS, Assoc.R.S.M., M.Ixst.M.M.
Part I..LLE A D:

A Complete and Exhaustive Treatise on the Manufacture of Lead,
with Sections on Smelting and Desilverisation, and Chapters on the
Assay and Analysis of the Materials involved. Price 16s.

SUMMARY OF CONTENTS.—Sampling and Assaying Lead and Silver.—Properties and
Componnds of Lead. —Lead Ores.—Lead Smelting.—Reverberatories.—Lead Smelting in
Hearths.—The Roasting of Lead Ores.—Blast Furnace Smelting ; Principles, Practice,
and Examples; Products.—Flue Dust, its Composition, Collection and Treatment.—
Costs and Losses, Purchase of Ores.—Treatment of Zine, Lead Sulphides, Desilverisation,

Softening and Refining.—The Pattinson Process.—The Parkes Process.—Cupellation and
Reflning, &c., &c.

A THOROUGHLY SOUND and useful digest. May with EVERY CONFIDENCE be
recommended.”—Mining Journal.

Part IL-SILVER.

Comprising Details regarding the Sources and Treatment of Silver
Ores, together with Descriptions of Plant, Machinery, and Processes of
Manufacture, Refining of Bullion, Cost of Working, &e. Price 16s,

SUMMARY OF CONTENTS. —Properties of Silver and its Principal Compounds.—Silver
(reg. —The Patio Process.—The Eazo, Fondon, Erohnke, and Tina Processes.—The Pan
Process.—Roast Amalgamation.—Treatment of Tailings and Concentration.—Retorting,
Melting, and Assaying —Chloridising-Roasting.—The Augustin, Claudet, and Fiervogel
Processes.—The Hypo-Sulphite Leaching Process.—Refining.—Matte Smelting.—Pyritic
Smelting.—Matte Smelting in Reverberatories.—Silver-Copper Smelting and Refining.—
InDEX.

“The author has focussed A LARGE AMOUNT OF VALUABLE INFORMATION into a
convenient form. . . . The author has evidently considerable practical experience,
and describes the various processes clearly and well. '"—Mining Journal.

—

IN PREPARATION,

METALLURGICAL MACGHINERY:

The Application of Engineering to Metallurgical Problems.

By HENRY CHARLES JENKINS,
Wh.Se., Assoc. R.8 M., Assoc. M.Inst.C. E,

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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GRIFFIN’S METALLURGICAL SERIES.

Seconp EpitioN, Revised. With Numerous Illustrations. Large Svo.
Handseme Cloth. 23s. net.

With Additional Chapter on The Electric Smelting of Steel.

THE METALLURGY OF STEEL.

By F. W. HARBORD, Assoc.R.S.M. § F LCe

Consulting Metallurgist and A'nufﬁzml Chemist to the Indian Government,
Royal Indian Engineering College, Coopers Hill.

With 37 Plates, 280 Illustrations in the Text, and nearly 100 Micro-
Sections of Steel, and a Section on
THE MECHANICAL TREATIWHENT OF STEEL,

Br J. W. HALL, A MIxnst.C.E

ABRIDGED CoxTEXTS—The Plant, Machinery, Mathods and Chemistry of the Bessemer
and of the Opean Hearth Processes (Acid and Basic)—The Mechanical Treatment of Steel
comprising Mill Practice, Plant and Machinery.—The Inflnence of Metalloids, Heat
Treatment, Special Steels, Microstructure, Testing, and Specifications.

“ A work which we venture to commend as an invaluable compendinm of information upon

the metallurgy ol steel."— frown and Conl Trades” Review,

The Enrgineer says, at the conclusion of a review of thiz book :—"' We eannot conclude without
efurnm.tl{ recommending all who may he interested as makers or users of steel, which practically
means the whole of the engineering profossion, to make themselves acquainted with it as speedily

a3 poszible, and this may be the ore easily done as the pubdished price, considering the size
of the hook, is extremely moderate.”

Secoxp Ebpitiox, Revised. Price 16s.

THE METALLURGY OF IRON.

By THOMAS TURNER. Assoc.RS.M. F.IC,
Professor of Metallurgy in the University of Birmingham.

Ix LaArGE 8vo, HaxpsomeE CrorH, WitH NuoMmerous ILLUSTRATIONS
(MANY FrROM PHOTOGRAPHS).

General Contents.—Early History of Iron.—Modern History of Iron.—The Age of Stesl,
—Chief Iron Ores.—Preparation of Iron Ores.—The Blast Furnace.—The Air used in the
Elaat Furnace.—Heactions of the Blast Farnace, —The Fuoel used in the Blast Furnace,—
Slags and Fuxes of Iron Smelting.—Properties of Cast Iron.—Foundry Practice,—Wrought
Iron.—Indirect Production of Wrought Iron.—The Puoddling Process.—Further Treatment
of Wrought Iron.— Corrosion of Iron and Steel.

“‘ A MOST VALUABLE SUMMARY of knowledge relating to every method and stage
in the manufacture of cast and wrought iron . . . rich in chemical details, . . .
ExmAvusTIvE and THOROUGHLY UP-TO-DATE.”— Bulletin of the American Iron
and Steel A ssociation.

“¢ This is A DRLIGHTFUL BOOK, giving, as it does, reliable information on a subject
becoming every day more elaborate, ”— Colliery Guardian,

**A THOROUGHLY USEFUL BooK, which bnngs the subject up To paTE, OF
GREAT VALUE to those engaged in the iron industry. *—Mining Journal.

R Fur Professor Turner's Lm“ﬂ!‘i‘ es on Tron- ﬁouﬂdmg, see paﬂ'e 63,

m— —
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A TEXT-BOOK OF ASSAYING:

For the use of Students, Mine Managers, Assayers, d&e.
By J. J. BERINGER, F.I.C, F.CS,

Public Analyst for, and Lecturer to the Mining Association of, Cormnwall.

Anp C. BERINGER, F.CS,,

Late Chief Assayer to the Rio Tinto Copper Company, London,

With numerous Tables and Illustrations. Crown 8vo, Cloth, 1os. 6d.
NINTH EDITION,

GeNERAL ConNTENTS. — ParT I. — INTRODUCTORY; MANIPULATION: Sampling:
Drying ; Calculation of Results—Laboratory-books and Reports. MeTHops: Dry vi-
metric; Wet Gravimetric— Volumetric Assays: Titrometne, Colorimetric, Gasometric—
Weighing and Measuring— Reagents— Formulz, Equations, &c.—Specific Gravity.

Part II.—MeTALS: Detection and Assay of Silver, Gold, Platinum, Mercury 2
Lead, Thallium, Bismuth, Antimony, Iron, Nickel, Cobalt, Zinc, Cadmium, Tin, "ll'ungstcn,
Titanium, Manganese, Chromium, &c.—Earths, Alkalies,

Part III.—Non-Metars: Oxygen and Oxides; The Halopens—Sulphur and Sul-
phates—Arsenic, Phosphorus, Nitrogen—Silicon, Carbon, Boron—TUseful Tables.

. “A REALLY MERITORIOUS WORK, that may be safely depended upon either for systematic
anstruction or for reference,”—Nafure.
“This work is one of the BEST of its kind."— Enginser.

—

TuRD EpiTioN, Revised. Handsome Cloth., With Numerous
Lllustralions. Gs.

A TEXT-BOOK OF

ELEMENTARY METALLURGY.

Including the Author’s PracTICAL LARORATORY COURSE.

By A HUMBOLDT SEXTON, EICGCIHEH,
Professor of Metallurgy in the Glasgow and West of Scotland Technical College,
GENERAL CONTENTS.—Introduction, —Froperties of the Metals, —Combustion,
— Fuels, —Refractory Materials. — Furnaces. —Occurrence of the Metals in Nature,—
Preparation of the Ure for the Smelter.—Metallurgical Processes.—Iron.—Steel.—
Copper.—Lead.—Zine and Tin.—Silver.—Gold. —Mercury. — Alloys. — Applications
of ErecTrICITY to Metallurgy.—LABORATORY COURSE.

““ Just the kind of work for Students commeNcING the study of Metal.

lurgy, or for ExGINEERING Students,”— Praciical Engineer,
B XCELLENTLY got-up and WELL-ARRANGED,"—(hemical T'rade Journal.

I

In Large 8vo. Handsome Cloth. Price 4s,
TABLES FOR

QUANTITATIVE METALLURGICAL ANALYSIS.

FOR LABORATORY USE.
ON THE PRINCIPLE OF “GROUP" SEPARATIONS.

By J.JAMES MORGAN, F.0O8., M.S.C.I.

*The Author may be CONGRATULATED on the way his work has been carried oot"=

The ineer,
“Will comuexp 1TsELF highly in Laboratory Practice, Its CLEARNESS and PRECISION

mark the book out as a highly nseful one.”"—Mining Journal.

e
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SecoNp Epitiox, Revised, Enlarged, and in part Re-written.
With Additional Sections on MoneEry THEORIES oF ELECTROLYSIS
Cosrs, &c. Price 10s. 6d.

A TREATISE ON

ELEGTRO-METALLURGY:

Embracing the Application of Electrolysis to the Plating, Depositing,
Smelting, and Refining of various Metals, and to the Repro-
duction of Printing Surfaces and Art-Work, &c.

RY
WALTER G. M*MILLAN, F.I.C., F.CS,
Seeretary to the Ingtitution of Electrical Kagineers; late Lecturer in Metallurgy
it Mason College, Birminghan.
With numerous Illustrations, Large Crown 8vo. Cloth.

* This excellent treatise, . . . oneof the EEST and MOST COMPLETH
manuals hitherto published on Electro-Metallurgy.”— Electrical Feview.

“ This work will be a sTANDARD."—Jeweller.

““Any metallurgical process which ReDUCES the cosr of produociion
must of necessity prove of great commercial importance. . . . We
recommend this manual to ALL who are inferested in fhe PRACTICAL
APPLICATION of electrolytic processes.”— Nature.

SEcoND Epiriow, Thoroughly Revised and Enlarged. In large Svo.
With Numerous Illustrations and Three Folding-Plates. 2ls. nel.

ELECTRIC SMELTING & REFINING:

A Practical Manual of the Extraction and Treatment
of Metals by Electrical Methods.

Being the ‘* ELexTro-METALLURGIE ” of Dr. W. BORCHERS.

Translated from the Latest German Edition by WALTER G. M*MILLAN,
F.I.C., F.C.8.

CONTENTS.

PART I.—ALKALIES AND ALKALINE EarTH MEeTALs: Magnesium,
Lithium, Beryllium, Sodium, Potassium, Calcium, Strontium, Barium,
the Carbides of the Alkaline Earth Metals, : _

Part II. —Tae EirtH MEeTars: Aluminium, Cerium, Lanthanum,
Didymiom.

Parr III.—Tae Heavy MeraLs : Copper, Silver, Gold, Zine and Cad-
mium, Mercury, Tin, Lead, Bismuth, Aunmuny,{}hmmum Molybdennm,
Tungsten Uranium, Manganese Irun Nickel, and Cobalt, the Platinum
Group.

“COMPREHENSIVE and AUTHORITATIVE . . . not only FULL of VALUABLE INFOR-
MATION, but gives evidence of a THOROUGH INSIGHT into the technical VALUE and
POSSIBILITIES of all the methods discussed.”"—1'he Electrician.

 Dr. BORCHERS' WELL-ENOWN WORK . . . must OF NECESSITY BE ACQUIRED by
every one interested in the subject. EXcELLENTLY put into English with additional

matter by Mr. McMILLARK."— Nature.
* Will be of GREAT SEREVIOE to the practical man and the Student.” —Electric Smeliing.

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRANB




68 CHARLES GRIFFIN & C0.S PUBLICATIONS.

;Ianwge 4to, Library Style. Beautifully Illustrated with 20 Plates, many
in Colours, and 94 Figures in the Text. £2, 2s. net,

PREGCIOUS STONES:

Their Properties, Occurrences, and Uses.

A Treatise for Dealers, Manufacturers, Jewellers, and for all
Collectors and others interested in Gems.

By Dr. MAX BAUER,

Professor in the University of Marburg,

Transcatep By L. J. SPENCER, M.A. (Caxtan.), F.G.B.

GENERAL CONTENTS.—General Properties of Gems: Their Natural Characters,
Oeccurrence, Application, and Uses.—Detailed Description of Particular Gems: The
Diamond, Rubies, Sapphires ; Emeralds, Tourmalines, and Opals ; Felspars, Amphiboles,
Malachite.—Non-mineral Gems: Amber, &e.—Optical Features, Transparency, Trans-
lucency, Opacity, Refraction and Dispersion, &c.—APPENDIX : Pearls ; Coral.

“The plates are remarkable for their beauty, delicacy, and truthfulness. A glance at
them alone is a lesson on precions stones, whilst the pernisal of the work itzelf should
-add a new interest to any casket of jewels or cabinet of gems, or even to a jewellers'
window. " — A thenenm,

#The work is one to be recommended to every jeweller."—The Jewellers' Circuwlar.

In Large Crown Svo. With Numerous Hllustrations, 8s. 6d.

The Art of the Goldsmith and Jeweller

A Manual on the Manipulation of Gold and the Manu-
facture of Personal Ornaments.

By THOS. B. WIGLEY,

Headmaster of the Jewellers and Silversmiths' Association Techunical
achool, Birmingham.

ASSISTED BY

J. H STANSBIE, B.8Sc (Lown.) FI.O,

Lecturer at the Birmingham Municipal Technieal School.

GENERAL CONTENTS.—Introduction.—The Ancient Goldsmith's Art. —Metallurgy of
‘Gold.—Prices, &e.—Alloys.— Melting, Rolling, and Slitting Gold.—The workshop and
Tools.—Wire Drawing. — Rings. —Chains and Insignia. —Antique Jewellery and ifs
Revival. —Etruscan Work.—PRECIOUS STONES, —Cutting. —Polishinz and Finishing,—
Chasing, Embossing, and Repoussé Work.—Colouring and Finishing. — Enamelling.—
Engraving.—Moulding and Casting Ornaments, &e.—Tluxes. &c. — Recovery of the
Precious Metals. — Refining and Assaying. — Gilding and Electro Deposition. —Hall
Marking.—Miscellaneous.—Appendix.

Fxtre Crown Svo,  With 48 lustrations, 3s. 6d. nel,

LECTURES ON IRON-FOUNDING.

By ,THOMAS TURNER, M.Sc.,, A.RS.M., F.IC.,

Professor of Metallurgy in the University of Birmingham

CoNTE ¥T8,—Varieties of Iron and Steel.—Application of Cast Iron.—History.—Pro-
duction. —Iron Orves. —Composition. —The Blast Furnace,— Materials. —Eeactions.—
Grading Pig Iron. — Carbon, Silicon, Sulphur, Phosphorus, Manganese, Alumininm,
Arzenic, Copper, and Titanium.—The Foundry.—General irmn%ement..—]h-melt-i
Cast Iron. — The Copola. — Fuel Used.—Chauges due to Re-melting. — Moulds an
Moulding.—Foundry Ladles.—Pouring and Pouring Temperature.—Common Troubles,.—
Inflpence of Shape and Size on Strength of Castings.—Tests,

“Ironfounders will find much information in the book."—TIron Trade Circular
{ Ryland's).
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Criffin's Ghamical and Technological Publications.

Inorganic Chemlstry,
Quantitative Analysis,
Qualitative 5
Chemistry for Eng‘meers,

»» Manufacturers,

Foods and Poisons, .
Tables for Chemists,
Dairy Chemistry,

Dairy Anal:,rms,

Milk, .

Flesh ands, .
Practical Samtatmn
Sanitary Engmeermg,
Technical Myecology,
Ferments, .

Toxine and Antl-Tnxme, :
Brewing, .
Bacteriology of Brewmg,
Sewage Disposal,

Trades’ Waste, .

Smoke Abatement,

Paper Technnlugy,
Cements, .

Water Supply, .

Road Making, . . -
Gas Manufacture, . .
Acetylene, . : :
Fire Risks,

Petroleum, ;
——(Handbook),

Ink Manufacture, .
Glue, Gelatine, &ec., .
Oils, Soaps, Candles, .
Lubrication & Lubricants,
India Rubber,

FAGE
Prors. DuprE axp Hagg, 70

Pror. HumeoLnt SExTON, 70

» 70

Brou ‘JT AND Broxaw, . 46
T 1

A, WT\TFR Bryrm, . 72
Pror. L.r{bthL-I‘A’ﬁH : 79
H. D. Ricamonp, = 73
’ : 73

E. F. WILLOUGHBY, . 70
C. A. MiTcHELL, : T4
De. G. REeip, ‘ ' 78
F. Woon, . ; 78
Larar axD h\L"lI-H. . 74
C. OPPENHEIMER, . 79
5 13 . 79
Dr. W, J. Sykess, ; 75
WV o A VB TEEN . D
SaNT0 CR1MP, . : 76
W. NavLorn, 5 : 76
Wi NicHoLsox, 1 76
B. W. SispaLrL, . . 31
Q. R. REDGRAVE, 5 76
R. MippLETON, . 77
THUE AITKER, . 79

W. ATKINSON HLlTFRFIFLB.’IT
LEEDS AND BUTTERFIELD, 77
DRr. SCHWARTZ, . 4 7
Sirk Boverrox Repwoop, 61
TroMsoN aAxD REpWoop, 61
MircueELL axp HepwortH, 81
TrHos. LAMBERT, . ; s1
Dr., ALpErR WRIGHT, . 7l
Arcupurr AND DEELEY, 32
Dgr. Carn O. WEBER,. g1

Painters’ Colours, 0115. &e., G. H. Hurst, . : 80
Painters’ Labnratnry Guide, s 3 . p 80
Painting and Daeuratlng-, W. J. PEARCE, . ; 80
Dyeing, K~eCHT AND RAWSON, . 82
Dictionary of D}res, : RawsoN AND GARDNER, 82
The Synthetie Dyestuffs, Cary AND THORPE, . 82
Spinning, . H. R. CARTER, |, ; 83
Textile Pmntmg, ; SEYMOUR RuTHWELL, : 83
Textile Fibres of Commeree, W. L. Haxwax, . : 83
Dyeing and Cleaning, G. H. Hygsn ™ 0% S ASSSEY
Bleaching, Calico-Printing, Geo. Divum, ke 86
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THirp EpITION, Revised, Enlarged, and Re-issued. Price 6s. net.

A SHORT MANUAL OF

INORGANIC CHEMISTRY.

A. DUPRE, Ph.D., F.R.S,,

AND

WILSON HAKE, Ph.D, F.IO, F.CS,
OF the Westminster Hospital Medical School.

“ A well-written, clear and accurate Elementary Manual of Inorganic Chemustry. . . .
We agree heartily with the system adopted by Drs. Dupre and Hake. WiLL MAKE Exrexg. -
MENTAL WuURK TREELY INTERESTING EECAUSE INTELLIGIBLE. '—Safurday Kevicw.

“ There is no question that, given the PRRFECT GROUNDING of the Student in his Scicace,
the remainder comes afterwards to him in a manner much more simple and easily acguisaa.
The work 15 AN EXAMPLE OF THE ADVANTAGHES OF THE SYSTEMATIC TREATMENT of o
Science over the frapmentary style so generally tollowed. By A LonNG WAy THE BEST of tha
gmall Manuals for Students."—d nadysd,

e e ——

LABORATORY HANDBOOKS BY A. HUMBOLDT SEXTON,

Professor of Metallurgy in the Glasgow and West of Scotland Technical College.

OUTLINES OF QUANTITATIVE ANALYSIS.
FOR THE USE OF STUDENTS.

With Illustrations, FourTH EpITIOoN. Crown 8vo, Cloth, 3s.

“ A COMPACT LABORATORY GUIDE for beginners was wanted, and the waut has
heen WELL SUPPLIED. . . , A good and useful book,”—Lancet,

OUTLINES OF QUALITATIVE ANALYSIS.

FOR THE USE OF STUDENTS.
With Illustrations, FourtH EpirioxN, Revised. Crown 8vo, Cloth, 3s, 6d.

* The work of a thoroughly practical chemist,”—British Medical Journal.
“ Compiled with great care, and will supply a want.”—Journal of Education.

ELEMENTARY METALLURGY:

Including the Author’s Practical Laboratory Course. With many
Illustrations, [See p. 66.

Taizc Eprtiox, Revised. Crown 8vo. Cloth, 6s.

* Jost the kind of work for stndents commencing the study of metallurgy.”—
Practical Engineer.
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CHEMISTRY AND TECHNOLOGY. 7L~

"The authors have aoccesper beyond all expectations, and have produced a work whick
should give PRESH POWER Lo the Engineer and Manufacturer."—The Times.

In Two Vols,, Large 8vo, With Illustrations. Sold Separately.

CHEMISTRY FOR ENGINEERS
AND MANUFACTURERS.
A PRACTICAL TEXT-BOOK.

BY
BERTRAM BLOUNT, F.I.C,, & A. G. BLOXAM, F.I.C
YOLUME I. Price 10s5. 6d.

OHEMISTRY OF ENGINEERING, BUILDING, AND
METALLURGY.

General Contents. —INTRODUCTION —Chemistry of the Chief Materiale
of Construction—Sources of Energy —Chemistry of Steam-raising—Chemis-
try of Lubrication and Lubricants—Metallurgical Processes used in the
Winning and Manufacture of Metals.

VYOLUME II. Price 16s.
SeEcoNxp Eprtriox, Thoroughly Revised. Illustrated. 16s.

THE CHEMISTRY OF MANUFACTURING
PROCESSES.

Feneral Contents.—Sulphuric Acid Manufacture— Alkall &c.—Destructive
Distillation —Artificial Manure—Petroleum —Lime and Cement —Clay and
Glass — Sugar and Starch — Brewing and Distilling — Oils, Resins, aad
Varnishes—Soap and Candles — Textiles and Bleaching — Colouring
Matters, Dyeing, and Printing — Paper and Pasteboard — Plgments and
Paints — Leather, Glue, and Size — Explosives and Matches — Minor
Manufactures.

“Oertainly & coor and USEFUL Boog, constituting a pracTiCAL Guine for stadeate lis

affording a clear concaption of the numerons processes as u whoele '—Chemica! Tr
Suernal.

SEcoND Epitiox. In Large 8vo. Handszome Cloth. With 8co pages
and 154 Illustrations. 25s. net.

OILS, FATS, BUTTERS, AND WAXES:

THEIR PREPARATION AND PROPERTIES, AND MANUFACTURE THERE-
FROM OF CANDLES, SOAPS, AND OTHER PRODUCTS.

Bem@Ed R ALLDERY WRIGHT,  D.Sc. B.R.S:,

Late Lecturer on Chemistry, St. Marv’s Hospital Medical School ; Examiner
in “* Soap ” to the City and Guilds of London Institute.

Thoroughly Revised, Enlarged, and in Part Rewritten

By C. AINSWORTH MITCHELL, M.A, F.I.C.

* Will be found ABSOLUTELY INDISPEN:ABLE. —The Analyst.
“"Will rank as the Stanpaxp EncrisH AUuTHORLTY on OiLs and Fats for many
years to come, " —lndustries and fron,

LONDON : CHARLES GRIFFIN & CO,, Lihﬂl’Eﬂ, EXETER STREET, SIRAHD..




72 CHARLES GRIFFIN & C0.’S PUBLICATIONS.,

Freru Epitioxn, Thoroughly Revised, Greatly Enlarged and Re-written.
With additional Tables, Plates, and Illustrations. 2ls.

FOODS:
THEIR COMPOSITION AND ANALYSIS.
By A. WYNTER BLYTH, M.R.¢'8., 'FAC.,, F.C.S,,

Barrister-at-Law, Public Analyst for the County of Devon, and
Medical Officer of Healih for St. Marylebone.

Axp M. WYNTER BLYTH, B.A., B.Sc., F.C.S.

GexeraL CoNTENTS. — History of Adulteration, — Legislation. —Ap-
paratus.—‘‘ Ash.”—Sugar. — Confectionery. — Honey. — 1reacle. — Jams
and Freserved Fruits.—Starches. — Wheaten-Flour. — Bread. — Oats. —
Barley.— Rye. — Rice. — Maize. — Millet. — Potatoes, — Peas. — Lentils. —
Beans. — Milk,— Cream. — Butter. — Oleo-Margarine. — Cheese.— Lard. —
Tea. — Coffee. — Cocoa and Chocolate. — Alecohol. — Brandy. — Rum. —
Whisky. —Gin. —Arrack. —Liqueurs. — Absinthe, — Y east.— Beer.— Wine.
— Vinegar. — Lemon and Lime Juice.— Mustard.—Pepper.— Sweet and
Bitter Almonds. —Annatto.—Olive Oil. —Water Analysis.—Appendix:

Adulteration Acts, &c.

“Simply IvDISPENSABLE in the Analyst's laboratory.”—The Lancet.
“A pew edition of Mr. Wynter Blyth's Standard work, ENRICHED WITH ALL THE EECENT

DISCOVERIES AND IMPROVEMERTS, Will be accepted as a boon."—Chemical News.

Fourra EpitioN, In Large Svo, Cloth, with Tables and Illustrations.
Thoroughly Revised.

POISONS:
THEIR EFFECTS AND DETECTION.
By A. WYNTER BLYTH, M.R.C.8, F.I.C, F.C.8,,

Barrister-at-Law, Public Analyst for the County of Devon, and
Medical Oficer of Health for St. Maryiebone,

GENERAL CONTENTS.

L.—Historieal Introduction. II.—Classification—Statistics—Conneetion
between Toxic Action and Chemical Composition—Life Tests—General
Method of Procedure—The Spectroscope—Examination of Blood and Blood
Stains. III.—Poisonous Gases. IV.—Acids and Alkalies. V.—More
or less Volatile Poisonous Substances, VI[.—Alkaloide and Poisonous
Vegetable Principles. VII.—Poisons derived from Living or Dead Animal
Substances, VIII.—The Oxalic Acid Group. IX.—Inorganic Poisons.
Appendix: Treatment, by Antidotes or otherwise, of Cases of Poisoning,

* Uadonbtedly THE M0sT cOMPLETE WORE on Toxicology in our language.”—The Analyst fon

ihe Third Edition),
“As g PRACTICAL GUIDE, We know %o BETTER work."—17 he Lancet fon the Third Edition),

®s" In the TEirp EpiTior, Enlarged and partly Re-written, New ANALYTICAL METHODE have
been [ntroduced, and the CADAVERIC ALEALOIDS, or PromMarngs, bodies playing so great a part in
Food-poisoning and in the Manifestations of Disease, have received special attention,

LONDON : CHARLES GRIFFIN & C0., LIMITED, EXETER STREET, STRAND.
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CHEMISTRY AND TECHNOLOGY. i

With Numerous Tables, and 22 Illustrations. 16s.

DAIRY CHEMISTRY

FOR DAIRY MANAGERS, CHEMISTS, AND ANALYSTS

A Practical Handbook for Dairy Chemists and others
having Control of Dairies.

By H. DROOP RICHMOND, F.LLC..
CHEMIST TO THE AYLESEURY DAIRY COMPANY.

Contents.—1. Introductory.—The Constituents of Milk., II. The Analysis of
Milk. ITI. Normal Milk: its Adulterations and Alterations, and their Detection.
1V. The Chemical Control of the Dairy. V, Biological and Sanitary Matters,
V1. Butter. VII. Other Milk Products. VIII. The Milk of Mammals other
than the Cow.—Appendices.—Tables.—Index,

Lo T our opinion the hook is :Eu.. BEST CONTRIBUTION =¥ IHE SUBJECT THAT
HAS '.-’.E.-r APPEARED in the English language."—Lance?.

= - e —

Fully Illustrated. With Photographs of Various Breeds of Cattle, &c.
Gs. met.

MILK: ITS PRODUCTION & USES.

With Chapters on Dairy Fariming, The Diseases of Cattle, and on the
Hygiene and Control of Supplies.

Br EDWARD F WILLOUGHBY,
M.Ix (Lond.), DLIVH. (Lond. and Camh. ),
Inspector of Farms and General Scientific Adviser to Welford and Sons, Ltd.

A rood investiment to those in the least interested in dairving, Excellently bound ;
printed on good paper, and well illustrated, rouning to 259 pages, the purchaser zets at
the price of a novel a work which will stand good as a work of reference for some Years
to come."—Agricull, Gazette.

We cordially recommend it to everyone who has anything at all to do with milk."—
Dairy World.

In Crown 8vo, Fully Illustrated. 2s. 6d. net.
THE LABORATORY EBOOK OF

DAIRY ANALYSIS.

By H.. DROO@P. RICHMOND, F.I.C,

Analyst to the Aylesbury Dairy Co , Ltd.

CoNTENTS, —Compaosition of Milk and its l‘:uductﬁ.---.ﬁma]}rﬁls ot Milk.—
Analysis of Liquid Products.—Application of Analysis to the Solution of
Problems.—The Analysis of Butter.—Analysis of Cheese.—Tables for Calcu-
lation.—Standard Selutions.—INDEX,

“ Without doubt the best contribution to the literature of its subject that has ever Bcen
written."—Wedical Tines.

In Large 8vo. Handsome Cloth.

AGRICULTURAL CHEMISTRY AND ANALYSIS:

A PRACTICAL HANDBOOK FOR THE USE OF AGRICULTURAL STUDENTS.
By MU H MUNRO, D.So, FLC, F.UCS, :

Professor of Chemistry, Downton College of l*rrmulnue

ey ~ [dn Preparation,

I.ﬂHD'DH BHARLES GRiFF'H & 0., LIMITED EKETEH STREET, STRAND.




74 CHARLES GRIFFIN & CO.)S PUBLICATIONS,

Crown 8vo, Handsome Cloth, Fully Illustrated. 10s. 6d.

FLESH FOODS:

With Methods for their Chemical, Microscopical, and Bacterio-
logical Examination.
A Practical Handbook for Medical Men, Analysts, Inspectors and others.

By C. AINSWORTH MITCHELL, B.A.(Oxon),

Fellow of the Institute of Chemistry; Member of Council, Society of Public Analysts.
With Numerous Tables, Illustrations, and a Coloured Plate.

CONTENTS.—Structure and Chemical Composition of Muscular Fibre.—of
Connective Tissue, and Blood.—The Flash of Different Animals.—The Examina-
tion of Flesh.—Methods of Examining Animal Fat,—The Preservation of Flesh,
—Composition and Analysis of Sausages.—Proteids of Flesh.—Meat Extracts and
Flesh Peptones,—The Cooking of Flesh.—Poisonous Flesh.—The Animal Para-
sites of Flesh.—The Bacteriological Examination of Flesh,—The Extraction and
Separation of Ptomaines. —INDEX.,

“ A compilation which will be maost useful for the class for whom it §s intended, " —.A Seemarem.
" A book which MO ONME whose duties involve considerations of food supply CAN AFFORD TO EBE
WITHOUT. —Municipal Fonrnai,

In Large 8vo. Handsome Cloth. With numersus Illustrations.
Each Volume Complete in Itself, and Sold Separately.

TECHNICAL MYCOLOGY :

THE UTILISATION OF MICRO-ORGANISMS IN THE
ARTS AND MANUFACTURES.

A Practica! Handbook en Fermentation and Fermentative Processes for the Use of
Brewers and Distillers, Analysts, Technical and Agricuitural Chemists,
and all interested in the Industries dependent on Fermentation.

By Dr. FRANZ LAFAR,

Frofessor of Fermentation-Phyziology and [Bacteriology in the Technieal
High School, Vienna.

With an Introduction by Dr. EMIL CHR. HANSEN, Principal of the
Carlsberg Laboratory, Copenhagen.

TransLaTED BY CHARLES T. C. SALTER.

Vol. I.-.SCHIZOMYCETIC FERMENTATION. 15s.

Including the Theory of Fermentation, the Principles of Sterilization, and Pure
Culture Processes.

Vol. IL, Part .- EUMYCETIC FERMENTATION. 7s. 6d.

The Morphology, Chemistry Physgiology, and Fermentative Processes of the Eumycetes,
Zygomycetes, and Sgecharomyceles.

“The first work of the kind which can lay claim to completeness in the treatment of
a fascinating subject, The plan is admirable, the classification simple, the style is good,
Eﬂd c:lha tendeney of the whole volume is to convey sure information to the reader,"—

ancel,

*_* The publishers trust that before long they will be able to present English readers
with the whole of the second volume, arrangements having been concluded whereby, upon
ita appearance in Germany, the English translation will be at once put in hand. This is now
hainﬁ dlima with Part I., which will be izsued shortly, and which will be followed by the
two final parts.

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRANI
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In Crown S8Sve, Handsome Cloth. DPrice 7s. 6d. net.

FERMENTS
AN D THEIR ACTIONS.
A Text-book on the Chemistry and Physics of Fermentative Changes.
By CARL OPPENHEIMER, PuD., M.D,
Of the Physioiogical Institute at Erlangen.
TRANSLATED FROM THE GERMAN BY
C. AINSWORTH MITCHELL, B.A., F.1.C., F.C.5.

ABRIDGED CONTENTS.—Introduction, — Definition.—Chemical Nature of Ferments,—
Influence of External Factors.—Mode of Action.—Physiolozical Action.— Secretion.—
Im'fortanne of Ferments to Vital Action.—Proteolytie Ferments. —Trypsin.— Bacteriolytic
and Hemolytic Ferments.—Vegetable Ferments. —Coagulating Ferments. — Saccharifying
Ferments. — Dinstases. — Polysaccharides, — Enzymes. — Ferments which decompose
Glucosides.—Hydrolytic Ferments.—Lactic Acid Fermentation.— Alecholic Fermenta-
tion.—Biology of Aleoholic Fermentation.—Oxydases. —Oxidiging Fermentation.—DBibli-
ography.—INDEX.

‘' Buch a veritabla mulfem in parve has never yet appeared. The anthor has set himaelf
the task of writing a work on Ferments that should embrace human erudition on the
sabject "—Brewers’ Journal.

Crown Svo. Handsome Cloth.
[Companion Volume to “FERMENTS,” by the same Author.]

TOXINES AND ANTITOXINES.
By OARL OPPENHEIMER, Pu.D., M.D,

Of the Physiological Institute at Ervlangen.
TRANSLATED FROM THE (GERMAN BY

C. AINSWORTH MITCHELL, M.A,, F.I.C, F.CS

Fm

With Notes and Additions by the Author, since the publication of the German Edition.

Deals with the theory of Bacterial, Animal, and Vegetable Toxines, such as
Yubereuhin, ffiein, Cobva Poigon, Jdc.
Bacteriolorists, Aledical Students, and Scientific Workers will find this book
most valuable.

[

Tuirp EpirioN. In Handsome Cloth. Fully Illustrated.

PRINCIPLES AND PRACTICE OF BREWING.
FOR THE USE OF STUDENTS AND PRACTICAL MEN.
By WALTER J. SYKES.

Revisep ey ARTHUR R. LING, F.I1.C., F.C.S,,

Editor of the Journal of the Institute of Brewing.

In Crown é-vn. I-L;_u;;daﬁme Cloth.
A PRACTICAL LABORATORY HANDBOOK ON

THE BACTERIOLOGY OF BREWING.
By WALTER A. RILEY, F.C.S.

ABRIDGED CONTENTS. — Laboratory Handbook and Apparatus. — Sterilisation. —
Nutritive Liguids. — Microscope, Reagzents, &e. — Methods of Analysis. — Practical
Methods, including the use of “ Brettanomyces,” Cider and Wine Fermentations—
Determining Baces of Yeasts, &c.—Practical Notes on Yeast.

LOMDON : CHARLES GRIFFIN & C2., LIMITED, EXETER STREET, STRIAD.




76 CHARLES GRIFFIN & C0.’S PUBLICATIONS.

Seconp EprtrioN, REVISED AND ENLARGED.
With Tables, Illustrations in the Text, and 37 Lithographic Plates, Medium
8vo. Handsome Cloth. 30s.

SEWAGE DISPOSAL WORKS:

A Guide to the Construetion of Works for the Prevention of the
Polluticn by Sewage of Rivers and Estuaries.

By W. SANTO CRIMP, M.InsT.C.E, F.G.S,
Late Assistant-Engineer, London County Council.

“ Probably the MOST COMPLETE AMD REST TREATISE on the subject which has appeared
in our language ™— Edinburel Medical Journal,

Beautifully [llustrated, with Numerous Plates, Diagrams, and
- Figures in the Text. 21s. net.

TRADES WASTE:

ITS TREATMENT AND UTILISATION.
A Handbook for Borough Engineers, Surveyors, Architects, and Analysts.

By W. NAYLOR, F.C.5., A.M Twsr.C.H:

Chief Inspector of Rivers, Ribble Joint Coinmittes.

CoXTENTS.—I. Introduction.—II. Chemical Engineering.—IIT.—Wool De-gpreasing
and Grease Recovery.—IV. Textile Industries: Calico Bleaching and Dyeing.—V. Dyeing
and Calico-Printing.—VI, Tanning and Fellmongery.—VII. Brewery and Distillery
Waste.—VIII. Paper Mill Refuze.—1X. General Tradezs” Waste.—INDEX,

+ **There ia probably no person in England to-day better fitted to deal ratignally with
such & subject.”"—8British Sanitarian.

e

In Handsome Cloth. With 59 Illustrations. 6s. net.

SMOKE ABATEMENT.

A Manual for the Use of Manufacturers, Inspectors, Medical Qfficers of
Health, Engineers. and Others.

By WILLIAM NICHOLSON,
Chie 3moke Inspector to the Sheffield Corporation.

CONTENTS.— Introduciion. — General Legislation agzainst the Smoke Nuisance. —
Local Legislation.—Foreion Laws.—3moke Abatement.—3moke from Boilers, Furnaces,
and Kilns, — Private Dwellinc-House Smoke, — Chimneys and their Construction, -—
Smoke Preventers and Fuel Savers. — Waste Gases from Metallnwrgical Furnaces, —
Summary and Conclusions.—INDEX.

"'This practical book on SMOKE ABATEMERT . . . is likely to meet a long-felt
want. . . . We welcome such an adequate statement on an important sabject."—
Bictisk Medical Jowrnal.

e R —

Secoxn Eprrion. In Medium ¥vo. Thoroughly Revised and Re-Written.
155. net.

CALCAREOUS CEMENTS:

THEIR NATURE, PREPARATION, AND USES.

With some Remarhs upon Cememnt Testing.

By GILBERT R. REDGRAVE, Assoc. Inst. C.E,

Assistant Secretary for Technology, Board of Education, South Kensington,

Anp CHARLES SPACKMAN, F.C.S.

““We can thoroughly recommend it as a first-class investment.""—Practical Engincer.

“*We cordially recommend the book as the best on the subject.”— S A

“The work is well illustrated, and forms one of the Standard Works on the subject.”—
7 i ldinge News.

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STBAND.
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CHEMISTRY AND TECHNOLOGY. 77

With Four Folding Plates and Numerous Illustrations. Larce Svo.
5s. Gd. net.

W ATER SUPPLY:
A Practical Treatise on the Selection of Sources and the Distribution of Water.
Br REGINALD E. MIDDLETON, M.Ixst.C.E., M. Ixst.Meca. E., F.S.1.

ABRIDGED CONTENTS.—Introductory. —Hequirements as to Qualityv.—Regunirementa
a3 to Quantity.—Stovage Reservoirs.—Puorification.—3ervice Reservoirs.—The Flow
of Water through Pipes. — Distributing Systems. — Pumping Machines. — Special
Requirements.

** As a companion for the student, and a constant reference for the techmical man, we
anticipate it will take an important position on the bookshelf.,” —Practical Engineer,

THirp Eprrion, Revised. Fully Illustrated. In Two Volumes.

VoLume I. Price 7s. 6d. net.
" Il.—READY SHORTLY.

THE CHEMISTRY OF

GAS MANUFACTURE:

A Hand-Book on the Production, Purification, and Testing of llluminating
Gas, and the Assay of the Bye-Products of Gas Manufacture.
Br W. J. ATKINSON BUTTERFIELD, M.A,, F.1.C., F.0.8,
Formerly Heand Chemist, Gas Works, Beckton, London, E.
“The BEsT WORK of its kind which we have ever had the pleasure of re.
viewing."—Jowrnal of Gas Lighting.

With Diagrams and Illustrations. 35s. net.

ACETYILENE:
THE PRINCIPLES OF ITS GENERATION AND USE.

B B HOEERDS F.0.C., F.C.8,

Member of the Society of Public Analysts and of the Acetylene Association:
Axp W. J. ATKINSON BUTTERFIELD, M.A., F.LC., F.CS.,

Consnlting Chemist, Author of * The Chemistry of Gas Manufactare,™
“Erimiul of information.”" —Chem, Troade Jowrnal,
“We can thoronzhly recommend the book to the manufacturer as a relinble worlk
of reference, to the unser as supplyving valuable hints on apparatus and methods
procedure, and to the stndent as a safe and certain gnide.”—.dcetylene.

Large 8vo. Handsome Cloth, Price 16s. net.

FIRE AND EXPLOSIOR RISKS:

A Handbook of the Detection, Investigation, and Prevention of Fires and Explosions.
Bx De. MON SCHWARTZ,
Translated from the Revised German Edition

By @ T. C. SALTER.

ABBRIDGED GENERAL CONTENTS.—Fires and Explosions of a General Character —
Dangers arizing from Sources of Lizht and Heat.—Dangerons Gases.—Risks Attending
8pecial Industries. — Materials Employed. — Agricultural Produets. — Fats, Oils, an
Resins.—Mineral 0ils and Tar.—Alcohol, &e.—Metals, Oxides, Acids, &e —Lizhtning-
Ignition Appliances, Fireworks.

““The work affords a wealth of information on the chemistry of fire and kindred

topics.”— Five and Waler.
** A complete and useful survey of a subject of wide interest and vital importance.”—
O and Colowrman's Journel.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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TweLrTH EDITION, Revised and Enlarged. Price 6s.

PRACTICAL SANITATION:

A HAND-BOOK FOR SANITARY INSPECTORS AND OTHERS
INTERESTED IN SANITATION.

By GEORGE REID, M.D., D.P.H,

Feliow, Mem. Courncii, and Ezaminer, Sanitary Inséituie of Greal Britain,
and Medical Officer fo the Staffordshive County Council.

Tith an Eppendix on Sanitary Law.

By HERBERT MANLEY, M.A, M.B, D.P.H,
Medical Officer of Healtk for the County Borowugh of West Bromuwickh.

GeENERAL ConNTENTS. — Introduction. — Water Supply: Drinking Water, Pollution of
Water.—Ventilation and Warming.—Principles of Sewage Removal.—Details of Drainage ;
Refuse Removal and Disposal.—Sanitary and Insanitary Werk and Appliances.—Details of
Plumbers' Work.—House Construction.—Infection and Disinfection.—E aod, ]ns.p:,:r:tiun of -
Ukarscteristics of Good Meat; Meat, Milk, Fish, &c., unfit for Human Food.—Appendix :
Sanitary Law ; Model Bye-Laws, s:c.

* A VERY USEFUL HANDROOK, with a very useful Appendix. We récommendd it not only to SANITARY
(NSPECTORS, but to HOUSEHOLDEKS and ALL interested in Sanitary Matters."—Sanitary Recerd.

AT Press. In Handsome Cloth. With 53 Illustrations.

LESSONS ON SANITATION.

By JOHN WM. HARRISON, M.R.San.L,

Mem. Incor. Assoc. Mun. and County Engineers; Surveyor, Wombwell, Yorks.;

ConTExTs —Water Supply.—Ventilation.—Drainage.—Sanitary Building Censtruction.—
Indections Diseases.—Food Inspection.—Duties of an Inspector of Nuisances and Common
Ladzing-Honses.—Infectious Diseases Acts.—Factory and Workshop Acts.—Housing of
1he Working-Classes Act.—Shop Hours Acts.—Sale of Food and Drugs Acts.—The Mar-
csuine Acts.—Sale of Horseflesh, &c.. Rivers Pollution.—Canal Boats Act.—Diseases of
tnimals.—Dairies, Cowsheds and Milkshops Order.—Model Bye-Laws.—Miscellaneous.—
- NDEX.

e — _—

e _— -

Seconn Eprrion, Revised. In Crown 8vo. Handsome Cloth. Profusely
Illustrated. 8s. 6d. net.

SANITARY ENGINEERING:

A Practical Manual of Town Drainage and Sewage and Refuse Disposal.

For Sanitary Authorities, Engineers, Inspectors, Architects,
Contractors, and Students.

By FRANCIS WOOD, A M:Inst.C ECWEGS

Borough Enginzer and Surveyor, Fulham ; late Borough Engineer, Bacup, Lancs.

GENERAL CONTENTS.

Introduction.—H ydraulics.—Velocity of Water in Pipes.—Earth Pressures and Retaining
‘Walls. —Powers.—House Drainage. - Land Drainage.—Sewers,—Separate System.—Sewage
Pumping.—Sewer Ventilation.—Drainage Areas.—Sewers, Manholes, &c.—Trade Refuse.—
Sewage Disposal Works. — Bacterial Treatment, — Sludge Disposal. — Construction and
Cleansing of Sewers,—Refuse Disposal.—Chimneys and Foundations.

" The volume bristles with information which witl be oreedily read by those in need of assistance. The
ook 15 one that ought to be ou the booksheives of EVERY PRACTICAL ENGINEER. '—Sanifary Fournal.

A VERITABLE FOCKET COMPENDIUM of Sanitary Encineering. . . . A werk which may, in

many respects, be considered as COMPLETE . . , COMMENDABLY CAUTIOUS . . INTERESTING
« o+ = SUGGESTIVE,"—Pubiic Health Engineer.

LONDON : CHARLES GRIFFIN & C0., LIMITED, EXETER STREET, STRAND.

e e

Bl M o s



CHEMISTRY AND TECHNOLOGY, 79

— —_— —mm =

VoL. I. Now REapy. IN HALF NMorocco, 24S. NET.

In Two Volumes, each complete in itself.

PHYSICO-CHEMICAL TABLES

FOR THE USE OF ANALYSTS, PHYSICISTS, CHEMICAL
MANUFACTURERS AND SCIENTIFIC CHEMISTS.

Volume I.—Chemical Engineering, Physical Chemistry.

Volume , Pure and Analytical Chemistry.
| Shartiy.

By JOHN CASTELL-EVANS, F.I.C., F.C.5,

Superintendent of the Chemical Laboratories, and Lecturer on Inorganic Chemistry and
Metallurgy at the Finsbury Technical College.

The Tables may almost claim to be exhaustive, and emhmi}r and collate all the maost
recent data established by experimentalists at home and :{hru:u;l._ The volumes will be
found invaluable to all engaged in research and experimental investigation in Chemistry and
Physics.

The Work comprehends as far as possible ALL RULES AND TABLES required by the
Analyst, Brewer, Distiller, Acid- and Alkali-Manufacturer, &c., &c.; and also the prin-
cipal data in THErRMo-CHEMISTRY, ELEcTRO-CAEMISTRY, and the wvarious branches of
CHEMICAL PHY5ICS. Ewvery possible care has been taken to ensure perfect accuracy, and
to include the results of the most recent investigations.

In Large 8vo. Handsome Cloth. Beautifully [lllusirated. With
Plates and Figures in the Text. 2ls,

Road Making and Maintenance :

A PRACTICAL TREATISE FOR ENGINEERS,
SURVEYORS, AND OTHERS.

WitH AN HisToRIicAL SKETCH OF ANCIENT AND MoDERN PRACTICE.

By THOS. AITKEN, Assoc.M.Ixst.C.E,,

Mamber of the Associstion of Municipal and County Enginesra; Member n'.)f the Sanitary
Inst.; Surveyor to the County Council of Fife, Cupar Division.

WITH NUMEROUS PLATES, DIAGRAMS, AND [LLUSTRATIONS.

CoxnTENTs. —Historical Sketch.—Resistance of Traction.—Laying out
New Roads. — Earthworks, Drainage, and Retaining Walls. — Road
Materials, or Metal. —Quarrying.—Stone Breaking and Hau]age.—hnad
Rolling and Secarifying.—The Construetion of New, and the Maintenance
of existing Roads.—Carriage Ways and Foot Ways.

“'The Literary style is eXcELLENT. . . . A coMPREHENSIVE and EXCELLEST Modern Book, an
OP-T0-DATE work. . . . Should be on the reference sheif of every Mummmh and l:.'l_'.ﬂ],ntjl'
Engineer or 8urveyor in the United Kingdom, and of evesy Colonial Engineer.”—Tle Surveyor.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, -S?HAHD.
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THIRD EpiTion, Revised and Enlarged. With Illustrations. 12s. 6d.

Painters’
Colours, Oils, & Varnishes:

A PRACTICAL NMANUAL.
BY, GEORGE. Hi  H U RS0, shils,

Member of the Society of Chemical Tndustry : Lecturer on the Technology of Painters’
Colours, Oils, and Varnishes, the Municipal Technical School, Manchester.
GENERAL CONTENTS.—Introductory—THE COMPOSITION, MANUFACTURE,
Assay, and ANALYSIS of PIGMENTS, White, Red, Yellow and Orange, Green,
Blue, Brown, and Black—LakEs—Colour and Paint Machinery—Paint Vehicles
(Oils, Turpentine, &c., &c. }—Driers—VARNISHES.

“ A THOROUGHLY PRACTICAL book, . . . the onLy English work that satislactorily
treats of the manufacture of oils, colours, and pigments.” —Chemical Trades’ Fournal.

*o" For Mr. HUrsT'S GARMENT DYEING AND CLEANING, see p. 84.

-

In Crown 8vo. Handsome Cloth. With Illustrations. &s.

THE PAINTER'S LABORATORY GUIDE.

A Student’s Handbook of Paints, Colours, and Varnishes.
By GEORGE H. HURST, F.C.S., M.S.C.I.

ApsTRACT OF CoNTENTS. — Preparation of Pigment Colours. — Chemical Principles
Invalved.—0ils and Varnishes.—Properties of Oils and Vainishes.—Tests and Experiments.
—Plants, Methods, and Machinery of the Paint and Varnish Manufactures.

This o fras foen destened by e duthor for the Laboratory of the Techinical School, and
of the Paint and Colonr Werks, and jor all infereried or engaped in these indusiries.
**This excellent handbook, . . . the model of what a handbook should ]J-t."—ﬂifr,

Coloners, and Drysadleries.

Stcoxp Eprriow, Revised. In Crown 8vo. extra, With Numerous Illustra-
tions and Plates (some in Colours), including Original Designs, 12s, 6d.

Painting and Decorating :

A Complete Practical Manuwal for Howse
Painters and Decorators.

By WALTER JOHN PEARCE,

LECTURER AT THE MANCHESTER TECHXICAL SCHOOL FOR WOUSE-PAINTING AND DECORATING.

GENEEREAL CONTENTS.

Introduction—Workshop and Stores—Plant and Appliances—Brushes and
Tools—Materials : Pigments, Driers, Painters’ Oils—Wall Hangings—Paper
Hanging— Colour Mixing—Distempering—FP]ain Pamtm%l—Stamm —Varnish
and Varnishing—Imitative Painting — Graining—Marbling—Gilding—Sign-
Writing and Lettering—Decoration : General Principles—Decoration in Dis-
temper—Painted Decoration—Relievo Decoration—Colour—Measuring and
Estimating—Coach-Painting—Ship-Painting.

““ A THOROUGHLY USEFUL BOOK . . ., GOOD, SOUND, PRACTICAL INFOR-
MATION in & CLEAR and coNcCISE FORM,"—Plumber and Decorailor.

*“ A THORODUGHLY GOOD AND RELIABLE TEXT-BOOK. . . . So FULL and
COMPLETE that it would be difficult to imagine how anything further could be
added about the Painter's craft.”"—Builders’ Journal.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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CHEMISTRY AND TECHNOLOGY. 81
In Large 8vo. Handsome Cloth. With 4 Plates and Several
Ilinstrations, 163, net.

THE CHEMISTRY OF INDIA RUBBER.

A Treatise on the Nature of India Rubber, its Chemieal and
Physieal Examination, and the Determination and
Valuation of India Rubber Substitutes.

Including the Outfines of a Theory on Vulcanisation,

By CARL OTTO WEBER, Pu.D.
** Replete with scientific and also with technical interest. . . . The section on physical
properties 1s a complete résnard of every thing known on the subject.” —fudia-raller fonrnal,

In Large Crown 8vo. TFully Illustrated. 35s. net.

GLUE, GEIL ATINE,

AND THEIR ALLIED PRODUCTS,
A Practical Handbook for the Manufacturer, Agriculturist, and Student of Technology.

' ol N b ] N
By THOMAS LAMBERT,
Analytical and Technical Chemist.
ConteEnT:.—Historical. —GLUE. —GELATINE.—Size and Ismglass. —Treatment of Efflu-
ents produced in Glue and Gelatine Making.—Liguid and other Glues, Cements, 8¢, —Uses
of Glue and Gelatine.—Residual Products.—Analysis of Raw and [Finished Products.—
ArrEsoix. —Innex.
“* 4 cufficient account of modern methods of working, 'L']I.i.n'_‘"!‘lu' from a practical sto nr,'lpu:ir.t.
Abook . . . of real value."—Chesicad News.

In Medium 8vo, Handsome Cloth. Fully Illustrated.

PAPER TECHNOLOGY:

AN ELEVMENTARY MANUAL ON THE MANUFACTURE. PHYSICAL QUALITIES,
AND CHEMICAL CONSTITUENTS OF PAPER AND OF
PAPERMAKING FIERES.

With Selected Tables for Stationers, Publishers, and Others.
By R. W. SINDALL, F.C.5.

" CoxtExTs.—Introduction.— Technical Difficulties relating to Paper.—The Manufacture
of Rax Paper, Hand-made, Machine-made ; Esparto Fapers ; Chemical Wood Fulp; Me-
chamcal Wood Pulp ; Wood Pulp Papers; Art Papers; Hemp, Jute, and other Papers.—
The Physical Qualities of Paper: Weight, Thickness, Strength, Elasticity, &e.—The
Chemical Censtituents of Paper: Clay, Pearl Hardening, Gelatine, Casein, Rosin, Alum,
Starch, Pigments, Aniline Dyes, &e.—Chemical Analysis of Paper.—Microscopical Analy-
sis.—Conditions Affecting Quality.—** C.B.S. Units."—Vegetable Fibres used in Paper-
making.—Chemical and Physical Characteristics of Fibres,—Cellulose.—Statistics relating
to Paper.—Tables. —DBibliography. —InpEx.

In Large 8vo. Handsome Clﬂth_"-."nli: Plates and Illustrations. 7%s. 6d. net

THE MANUFACTURE OF ITNK.

A Handbook of the Production and Properties of Printing,
Writing, and Copying Inks,

By C. A. MITCHELL, M.A,, F.I.C., axp T. C. HEPWORTH.

GEreEraL Corntexnts.—Historieal,—Inks and their Manufactuere.—Writing Inks.—
Carbon and Carbonaceous Inks.—Tannin Materials for Ink. — Nature of Inks, —Manufacture
of Iron Gall Ink. — Logweod, Vanadium, and Aniline Black Inks. — Coloured Inks.—
Examination of Writing Inks. — Printing Inks. — Early Methods of Manufacture.—
Manufacture of Varnish Inks —Preparatien and Incorporation of the Pigment —Coloured
Printing Inks.—Copying Inks. Marking Inks.—Natuwral Vegetable Inks.—Safety Inks
and ‘Papr:r::_ _ Sympﬂthetic Inks. — Ink Fowders and Tablets. — Appendices. — Patent
Specifications, &c.

“Thﬁroughly well arrang@d oS el ﬂfagr:m:im:iy practlcal order.”—Berfrel Porsler,

_LONDON : CHARLES GRIFFIN & CO,, LIMITED, EXETER STREET, STRAND,




82 CHARLES GRIFFIN & (C0.)S PUBLICATIONS.

THE TEXTILE INDUSTRIES.

SecoNp EpirioN, Thoroughly Revised Tnmmhmcﬁ In Two Large
Volumes. JHlandsvine Cloth.

A MANUAL OF DYEING:

FOR THE USE OF PRACTICAL DYERS, MANUFACTURERS, STUDENTS,
AND ALL INTERESTED IN THE ART OF DYEING.

EY

E. KNECHT, Ph.D,, F.I.C., CHR. RAWSON, F.IC., F.C.5,,

“"Head of the Chemistry and Dyeing Department of Late Hend of the Chemistry and D}a[nr Daplrhnanl
the Technical School, Mauvchester; Editor of * The

of the Techmical College, Bradiord ;3
Journal of the Scciety of Dyers and Colourists ™ Council of the Society of Dyers and Gulm::i“l

And RICHARD LOEWENTHAL, Ph.D.

GENERAL CoNTENTS,—Chemical Technology of the Textile Fabrics—
Water —Washing and Bleaching — Acids, Alkalies, Mordants — Natural
Lolouring Matters—Artificial Organie Colouring Matters—Mineral Colours
—Machinery used in Dyeing—Tinctorial Properties of Colouring Matters—
Analysis and Valuation of Materials used in Dyeing, &e., &c.

‘ This authoritative and exhaustive work . . . the MOST COMPLETIE We have yet seen
-on the subjeect.”—Texiile Manufaciurer.

In Large Svo, Hondsome Cloth., Pp. t-zv + 405, 163 uet.

THE SYNTHETIC DYESTUFFS,

AXD
THE INTERMEDIATE PRODUCTS FROM WHICH THEY ARE DERIVED.

By JOHN CANNELL CAIN, D.Sc. (MaxcHESTER AND TUBINGEN),
[ecilmcal Chemist,

Axp JOCELYN FIELD THORPE, Pu.D. (HEIDELBERG),
Lecturer on Colouring Matters in the Victoria University of Manchester.
Part I. Theoretical. Part 1I. Practical. Part II1. Analytiecal.

““ We have no hesitation in describing this treatize as one of the most valuable books

that has appeared. . . . Will zive an impetus to the study of Orcanie Chemistry
generally.”—Chemical 1 rade Jouwrnal.

e ——

Companion Volwme to Kneclit & Rewson's *° Dyeing.” In Large 8vo.
Handsvme Cloth, Lilrary Style, 16s. net.

A DICTIONARY OF

DYES, MORDANTS, & OTHER COMPOUNDS

USED IN DYEING AND CALICC PRINTING.
With Formule, Properties, and Applications of the various substances described,
and concise directions for their Commercial Valuation,
and for the Detection of Aduiterants.

By CHRISTOPHER RAWSON, F.I.C,, F.C.5,,

Consalting Chiemist to the Dehar Indigo l’lmﬂ,ers Asancnl,mn Co-Author of " A Manual
yeing ;

WALTER M. GARDNER, F.C.5,,

Head of the Department of Chemistry and Dyeing, Bmdfﬂrd Munieipal 'I'gchm:..a.l College;
Editor of the * Jonrn. See. Dyers and Colourists; '

Axp W. F. LAYCOCK, Ph.D.,, F.CS,

Analytical and Consulting Chemist.

**Tourn to the book as one may on any subject, or any substance in connection with thﬁ

trade, and a reference is sure to be found iha authors have apparently left nothing ont.”
—Textile Mercury.

LONDON : CHARLES GRIFFIN & 0., LIMITED, EXETER STREET, STRAND.
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THY TEXYILE INDUSTRILS, 83

Large Svo. Profusely Illustrated wi1;h FPlates and Figures i.l-:uqthi: Text.
16s. net,

THE SPINNING AND TWISTING OF LONG
VEGETABLE FIBRES

(FLAX, HEMP, JUTE. TOW, & RAMIE).

A Practical Manual of the most Modern Methods as applied to the Hackling, Carding,
Preparing, Spinning, and Twisting of the Long Vegetable Fibres of Commerce.

By HERBERT R. CARTER, Belfast and Lille.

GENERAL COXTENTS.—Long Vegetable Fibres of Commerce.—Rise and Growth of
the Spinning Industry.——Raw Fibre Markets.—Purchasing Raw Material.—Storing and
Preliminary Operations.—Hackling.—Sorting.—Preparing.—Tow Carding and Mixing, —
Tow Combing.—Gill Spinning.—The Roving Frame. —Dry and Demi-sec Spinning.—Web
Spinning.—Spinning Waste.—Yarn Reeling.—Manufacture of Threads, Twines, and
Cords.—Rope Making.—The Mechanical Department.—Modern Mill Construction,—
dteam and Water Power.—Power Transmission.

“ Meets the requirements of the Mill Manazer or Advanced Student in 2 manner
perhaps more than satisfactory, . . . We must highly commend the work as repre-
senting up-to-dabe practice.”"—Nature.

-

In Large 8vo, Handsome Cloth, with Numerous Illustrations. 9s. net,

TEXTILE FIBRES OF COMMERCE.

A HANDBOCK OF
The Occurrence, Distribution, Preparation, and Industrial
Uses of the Animal, Vegetable, and Mineral
Products used in Spinrning and Weaving.

By WILLIAM 1. HANNAN,

Lecturer on Botany atthe Ashton Municipal Technical School, Lecturer on Cottow
Spinning at the Chorley Sclence and Art School, &c.

With Numerous Photo Engravings from Nature.

. “ UseFun IsFoRaraTION. . + « ADMIRABLE ITLUSTRATIONS, . . . The information
is not easily attainable, and in its present convenient Tom will be valoable "=Terie

Recorder,

In Large 8vo, with Illustrations and Printed Patterns. Price 21s.

TEXTILE PRINTING:

A PRACTICAYL MANUAL.
Including the Processes Used in the Printing of

COTTON, WOOLLEN, SILK, and HALF-
SIT.K FABRICS.

By C. F. SEYMOUR ROTHWELL, F.C.S.,

Mem, Soc, of Chemical industyies; late Lecturer at the Municipa! Technical School,
Manchester,

GENERAL CoNTENTS. — Introduction. — The Machinery Used in Textile
Printing.—Thickeners and Mordants.—The Printing of Cotton Goods.—The
Steam Style.—Colours Produced Directly on the Fibre.—Dyed Styles.—
Padding Style.—Resist and Discharge Styles.—The Printing of Compound
Colourings, &c.—The Printing of Woollen Goods.—The Printing of Silk
Gmdu._%mtical Recipes for Printing. — Useful Tables.—Fatterns.

““ BY FAR THE BEST and MOST PRACTICAL bOOK on TEXTILE PRINTING which has yet been
brought out, and will long remain the standard work on the subject. It is essentially
prmlti:lt.'.u.l in character."—Texiile Mercury,

THE MOST PRACTICAL MAKUAL of TEXTILE PRINTING Which has yet appeared. Wa hava
no hesitation in recommending it."—The Texiile Nanufacturer.

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.




84 CHARLES GRIFFIN & C0.S PUBLICATIONS.

Large 8vo. Handsome Cloth. 12s. 6d. :

BLEACHING & CALICO-PRINTING.

A Short Manual for Students and
Practical Men.

By GEORGE DULERR,

Director of the Bleaching, Dyeing, and Printing Department at the Accrington and Bacup
Technical Schools; Chemist and Colonrist at the Irwell Print Works.

Axs1STED BY WILLIAM TURNBULL
jof Turnball & Stockdale, Limiled).

With Illustrations and upwards of One Hundred Dyed and Printed Patterns
designed specially to show various Stages of the Processes described.

GENERAL CONTENTS. —Corro¥, Composition' of ; BLEACHING, New
Processes ; PrinTING, Hand-Block ; Flat-Press Work ; Machine Printing—
MORDANTS—STYLES OF CALiC0-PRINTING : The Dyed or Madder Etrl% Resist
Padded Style, Discharge and Extract Style, Chromed or Raised Colours,
Insoluble Colours, &e. — Thickeners — Natural Organic Colouring Matters
—Tannin Matters — (Qils, Soaps, Solvents —Orzanic Acids—Salts— Mineral
Colours—Coal Tar Colours—Dyeing—Water, Softening of—Theory of Colours
—Weights and Measures, &c¢.

"“When a READY WAT out of a difficulty is wanted, it ¥ BooES LIEE TEIS that it is found."—
Textile Recorder.

“Mr., DvErpr's worRE will he found MosT USEPUL. . . . The information given is of oREAT
YALUB. . . . The Recipesare THORODGHLY PRACTICAL "—Textile Manufacturer,

Secoxp Eprtion. Rewvised and Enlarged. With Numerous
Illustrations. 4s. 6d.

GARMENT
DYEING AND CLEANING.

A Practical Book for Practieal Men.
B (B D diclin s idil: okl ol , o Bale

Member of the Society of Chemical Industry.

GENERAL CONTENTS.—Technology of the Textile Fibres—Garment Cleaning
—Dyeing of Textile Fabrics—Bleaching—Finishing of Dyed and Cleaned Fabries—
Seouring and Dyeing of Skin Rugs and Mats—Cleaning and Dyeing of Feathers—
Glove Cleaning and Dyeing—Straw Bleaching and Dyeing—Glossary of Drugs
and Chemicals—Useful Tables. '

" An vr-To-DATE hand book has long been wanted, and Mr. Hurst has dome nothi
more complete than this. An imporiant work, the more so that several of the branches o
the craft here treated upon are almost entirely without Erglish Manuals for the guidance
of workers. The price brings it withia the reach of all."—Dyer and Calico- Printer.

“ Mr. Hurst's work DECIDEDLY FILLS A WAMNT . . . ought to be in the hands of
EVERY GARMENT DVER and cleaner in the Kingdom™—Textile Mercury.

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.




INTRODUCTORY SCIENCE SERIES. 85

e ——— -

‘ Boys COULD NOT HAVE A MORE ALLURING INTRODUCTION to scientific pursuits
than these charming-looking volumes.”--Letter to the Publishers from the Head-
master of one of our great Public Schools.

Handsome Cloth, 7s. 6d. Gilt, for Presentation, 8s. 6d.

OPEN-AIR STUDIES IN BOTANY:

SKETCHES OF BRITISH WILD FLOWERS
IN THEIR HOMES.

By R. LLOYD PRAEGER, B.A.,, M.RI.A.

[llustrated by Drawings from Nature by S. Rosamond Praeger,
and Photographs by R. Welech.

GENERAL CoNTENTS.—A Daisy-Starred Pasture—Under the Hawthorns
—By the River—Along the Shingle—A Fragrant Hedgerow — A Connemara
Bog—Where the Samphire grows—A Flowery Meadow—Among the Corn
(a Study in Weeds)—In the Home of the Alpines—A City Rubbish-Heap—

(zlossary.

‘““ A FRESH AND STIMULATING bhook . . . should take a high place . . . The
Tllustrations are drawn with much skill."—T"he Times.

 BEATTIFULLY ILLUSTRATED. . . . Onpe of the MOST ACCURATE as well as

INTERESTING books of the kind we have seen."—d thenain,
iRedolent with the scent of woodland and meadow.”—The Stondard.

With 12 Full-Page [llustrations from Photographs. Cloth.
Second Edition, Keuised. 8s. 64.

OPEN-RIR STUDIES IN GEOLOGY:

An Introduction to Geology Out-of-doors.
By GEREENVILLE A. J. COLE, FGS8,, MRIA.,

Professor of Geology in the Royal College of Science for Ireland,
and Examiner in the University of London.

GENERAL CoNTeENTS.—The Materials of the Earth—A Mountain Hollow
—Down the Valley— Along the Shore—Across the Plains—Dead Voleanoes
—A Granite Highland—The Annals of the Earth—The Surrey Hills—The
Folds of the Mountains.

“The FASCINATING “0rEn-AIR Stopies’ of Pror. CoLE give the subject a GLOW oOF
ARTMATION . . . cannot fail to arouse keen interest in geology." —Geological Magazine,
** A CHARMING BOOK, beautifully iilustrated.” — Athenmuim.

Beautifully Niustrated. With a Frontispiece in Colours, and Numerous
Specially Drawn Plates by Charles Whymper. T7s. 6d.

OPEN-RIR STUDIES IN BIRD-LIFE:

SKETCHES OF BRITISH BIRDS IN THEIR HAUNTS.

By CHARLES DIXON,

The Spacions Air.—The Open Fields and Downs.—In the Hedgerows,—On
Open ;Heath and Moor.—On the Mountains.—Amongst the Evergreens.—
Copse and Woodland. —By Stream and Pool.—The Sandy Wastes and Mud-
flats.—Sea-laved Rocks,—Birds of the Cities, —INDEX.

*“ Enriched with excellent illusirations. A welcome addition to all libraries.”— H 252
minster Kepiew.

EONDON : CHARLES GRIFFIN & C0., LIMITED. EXETER STREET, STRAKL: d




86 CHARLES GRIFFIN & C0.’S PUBLICATIONS,

Twenty-second Annual Issue. Handsome cloth, 7s. 6d.
(To Subscribers, 6s.).

THE OFFICIAL YEAR-BOOK

OF THE

SCIENTIFIC AND LEARNED SOCIETIES OF GREAT BRITAIN
AND IRELAND.
COMPILED FROM OFFICIAL S0URCES.
Comprising (together with other Official Information) LIST8 of the
PAPERS read during the Session 1904-1905 before all the LEADING

SOCIETIES throughout the Kingdom engaged in the following Depart-
ments of Research :—

. Economic Science and Statistics.

§ 1. Science Generally: ¢.¢., Societies occupy- [
i 7. Mechanical Science, Engineering, and
]

ing themselves with several Branches of
Smen::c or with Science and Literature
. Maval and Military Science.

ointly. ;
g3 M] athematics and Physics. g. Agriculture and Horticulture,
g3 Chcmmtr;.- and Photography. § 10. Law.
£ 4. Geology, Geography, and {ineralo dg'y § rr. Literature.
g g, Biology, including I'-Imrnsmp]r an § 12. Psychology.
*  thropology. § 13. Arch=ology.

& 14. MEDICINE,

Architecture.

—_—— —

“FILLS A VERY REAL WANT.”— Engineering.

“ INDISPENSAELE to any one who may wish to keep himself
abreast of the scientific work of the day.”—ZEdinburgh Medical
Journal,

“ The Year-Boor or SocieTi®s is a Record which ought to be of the greatest use for

the progress of Science."—Lord Playfair, F.R.8., K.C.B,, M.P., Past-President of the

British Association.
“It goes almost without saying that a Handbook of this subject will be in time

one of the most generally useful works for the llﬂ or the desk.”—The Times.

ritish Societies are now well represented .n the ‘Year-Book of the Scientific and
Learned Societies of Great Britain and Ireland.’"—(Art. “‘Societies” in New Edition of
“* Encyclopadia Britannica,” vol. xxii.)

Copies of the FirsT ISSUE, giving an Account of the History,
Organization, and Conditions of Membership of the various
Societies, and forming the groundwork of the Series, may still be
had, price 7/6. Also Copies of the Issues following.

The YEAR-BOOK OF SocieTIES forms a complete INDEX TO THE SCIENTIFIC WORK of the

sessional year in the various f}t:partm:nts_ It is used as a HANDEOOK in all our great
ScienTiFic CENTRES, Musgums, and Lieraries throughout the Kingdem, and has become
an INDISPENSABLE BOOK OF REFERENCE to every one engaged in Scientific Work.

READY IN OCTOBER EACH YEAR.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.















