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MICROSCOPICAL & PHYSIOLOGICAL RESEARCHES
NATURE OF THE AGENT OR AGENTS PRODUCING
CHOLERA.*

T. R. LEWIS, M.B,, axp D. D. CUNNINGHAM, M.B.

INTRODUCTION.

Ix the Instructions issued by the Army Sanitary Commis-
sion for the conduect of this enquiry, particular stress is
laid on the importance of aceepting no statement bearing
on the question of the mode of origin and diffusion of cho-
lera as proven, no matfer how distinguished the authority
on which it may have been made, until an opportunity oc-
curred for verifying it for ourselves. 1t has been our en-
deavour to adhere strictly to this injunection, and we have
therefore gone over ground on which, under other circum-
stances, might have been considered unnecessary for us to
enter. This, however, we do not by any means regret, as
the experience gained by such a training has more than
compensated for the time and labour expended on it. It
has obliged us to be more on our guard than we might
otherwise have been, especially in connection with observa-
tions that have been authoritatively put forth regarding
some low forms of life, and of the interpretations which
have been made concerning the effects of various experi-
ments on lower animals.

We do not for a moment expect, nor do we wish that
our own observations should be accepted in a different spivit ;

_ ® Being one of the Appendices to the eighth Annual Report of the Sanitary Commis
sioner with the Government of Indis,






BART T,
MICROSCOPIC EXAMINATIONS OF HUMAN BLOOD.

A.—Results of microscopic examinations of the blood in cholera,
together with a description of the methods adopted.

Although results of careful examinations of the chemi-
iho i _ cal characters of the blood in cholera
e importance of makin . -
Gontinuous examinations of have been frequently made, investi-
; gation of the microscopic characters
presented by it, and more especially of the changes and
developments oceurring in it when removed from the body,
has been comparatively neglected. As the subject is one
of very great importance, and is daily becoming more so
on account of the ideas now prevalent regarding the disease,
it has been carefully investigated, and the general results,
attained from numerous series of experiments, are briefly
stated below. Any system of examination not allowing of
prolonged and continuous study of individual specimens of
blood, as well as of exact observation of their characters
when first removed from the body, is necessarily unfitted to
furnish trustworthy information, and before entering on the
subject, it became necessary to devise means suited to the
attainment of both these ends.

The requirements of the case appeared to be sufficiently
' Methods adopted for tne ML in the following way. For pur-
immediate examinations of poses of immediate examination, spe-

) ! cimens of blood were placed under
thin eovering-glasses, individual specimens being prepared
without any re-agent, mounted in acetate of potash after
exposure to the vapourof a two per cent. solution of osmie
acid, or mounted in acetate of pofash or acetate of soda
without previous exposure to the osmic fumes.

For continuous observations on the changes taking place
The advantages of employ. 1D the blood after its removal from
ihg wax-cells for continwous the body, wax-cells were employed.

: A small drop of blood having been
received on the centre of a cavefully cleaned covering-glass,
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the latter was pressed down on the wax-cell and hermeticall
sealed, The cell was deep enough to prevent the blood com-
g in contact with the slide, and therefore allowed of its free
exposure to the included air.

This form of wax-cell is a modification of that employed
by Stricker in similar investigations on the blood, and is
identical with that described by Berkeley as specially adapted
for observations on the development of fungi. The great
advantage of the method is, that, when once the specimens
have been carefully sealed, large numbers of cells may be
retained in perfect condition for examination without calling
for the employment of the moist chamber and its inherent
fallacies, arising from the constant possibility of the intro-
duction of extraneous elements into the material under
observation. The effect of any such ecells in facilitating
observation may be judged of by the fact that by their means
specimens of blood have been kept in a condition for con-

tinuous observation for nearly three
colla’ smficiont or davelop:  months at a time. That sufficient
Benelnuroes: air is included in them to allow of
developments taking place in the isolated droplet of blood
may be demonstrated by the results of eertain observations
to be hereafter referred to.

The specimens of blood during life were generally derived
_ Tho samples of blood whers from the point of one of the fingers

wablined. of the patient (which had been care-
fully washed with spirit or clean water and thoroughly dried)
by pricking it with a needle. Those after death were usually
obtained from one of the chambers of the heart.

Having briefly explained the methods which have been
adopted in carrying out these observations, we now proceed
to a description of the results obtained under these con-
ditions.

1.—Appearances presented by the blood, when treated with
osmic acid and acetate of potash.

The red corpuscles appeared unaltered in most cases; n
Oskoaiia Sraoasations or | onsortwesthey conveyed an undefined
chiolezabiocd. impression of softness. Few leuco-
cytes were present as a rule, but in one specimen they were
present in some numbers, along T'i':ith other cells of considerably

larger size and extremely delicate
The absence of bacterin

i_ﬂ. - =, i " J
cholera-blood obtained dur- 11 outline, and Et-]llﬂ!lule- Not the
ing life, but faintest trace of bacteria was detected
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in any instance, although they were carefully searched for
under powers ranging from the } to the {; @ immersion.*

There were, however, as a rule, niau:ierous EI:IEQ[IMI?H? of

o ieles of bio. Minute irregularly rounde odies
plasm axo Drasent. giving a l‘ﬁf]i"lﬂtim'f like that of the
leucoeytes, and varying considerably both in size and form.
They occurred sometimes in little patches or heaps, and in
other cases, were irregularly scattered over the field. No
structure could be detected in them, and they appeared to
be mere fragments of bioplasm (See Plate; IFig. 1).

All these bodies, red cells, leucocytes and minute biop-
lasts, were spread out in a medium precisely similar to
that observed in normal blood, when prepared with osmic
acid, almost homogeneous, in some places very finely mole-
cular, and marked by faint delicate curved lines.

Preparations of blood obtained after death and treated
in the same way presented precisely the same features. The
only characteristic distinguishing them from the most healthy
blood, was the presence of numerous bioplastic fragments
described above, and even this did not appear to be constant.
Any discussion of the probable nature of these bodies will
be better deferred until a desecription of the changes oc-
curring in the blood have been described.

Specimens of blood to which no re-agent had been

Appearance of the blooa 2dded, and others treated with acetate

with and Jrithout the addi- of potash or acetate of soda, only

differed from those treated with osmic

acid in showing the minute bioplastic bodies less constantly
and distinetly.

2.—Appearances presented by specimens of blood in waz-cells.

When examined immediately after preparation, these,

o . as a rule, presented nothinge note.
rﬂ%—?ﬁ“ﬁfﬁf portectly To: worthy or iI; any way characteristic.
In one or two instances the serum

was stained with the colouring matter of the red ecorpuscles,
but in general it was perfectly clear, free of staining and
molecules or parficles. The serum at first appeared as a
very marrow ring around the corpuscles, but, as a rule, this
rapidly widened as the mass of the latter contracted, and

* Latterly a gy objective by Powell and Lealand was employed, but we confess that,
notwithstanding the most careful corrections being made for thickness of covering-glass,
&e., we found it practically inferior to the } and J5 @ immersion of Ross. We are,
however, in dnily expectation of a T 0bjective by the former distinguished makers, a glass
having the reputation of being the most perfect Litherto coustructed,
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ultimately it formed a wide clear area of fluid around
the clot. The number of white corpusecles at first visible
was small and not noteworthy, but with the formation of
the ring of clear serum a series of most remarkable pheno-
mena gradually presented itself. Normal sized white
corpuscles began to migrate into the fluid, but in addition
to these, and in far greater numbers and activity, were much
larger and more delicate bioplastic bodies; cells they were
not, for they had not at this time the faintest differentiation
of wall, contents, or nucleus, They were simply masses of
fluid bioplasm—bioplasm so fluid and diluted as in many
instances to be almost, if not entirely, indistinguishable by
refraction from the surrounding medium. Again and again,
And the changes which 1as a patch of scattered granules
grodually:takepiacedn at. been noted moving in unison across
the field, and only after prolonged examination and most
careful management of the light has it appeared that the
individual granules were really included in a portion of
hioplasm and were moved by its movements only. Gradual-
ly the consistence of these large bioplastic masses appears
to increase, and they, as it were, grow into sight (Fig. 2).
Their movements are extremely constant and free, no mere
alterations of form, but free progression, along with such
movements. The alterations in form vary extremely, some-
times consisting of the emission of rounded and lobulated
protrusions, and at others of the running out of elongated
slender extensions and threads.
Coincidently with the appearance of these bodies in the
The serous spaces in the Imarginal serum, others of a similar
elox nature may be observed in the serous
spaces in the clot, and at this time also, in some cases, an
abundance of small refractive bioplasts may be detected in
the same localities. These small hioplastic bodies have
seldom been seen to move or alter form, and, save slight
inerease in size, have not been observed to undergo any
change, and seem shortly to disappear. In a few instances
also the interspaces of the clot are oceupied by very delicate
branched fibrillee, but this is by no means a consfant or
characteristic phenomenon.
The question here arises, arve these large masses of
: bioplasm the results of very rapid
thomasses o plasma whion new development, or are they present
have crawled out ofthe clot. - £, 1,5 }lood from the beginning, but

so fluid and so closely approaching the surrounding medium
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in density as to be indistinguishable until rendered some-
what firmer by e¢hanges occurring in them, indulcml by alter-
ed temperature of the medium or slight chemical changes
in if, or unless they come to contain granular mafter?
At the close of an hour after the blood has been drawn,
they are to be found in abundance crawling free in the
serum and issuing from the edges of the clot. It is possible
that the irregularly rounded particles in the osmic prepara-
tions may be due to the breaking up of these bodies, and the
subsequent condensation of the substance of the bioplastic
fragments resulting from the rupture. For a short time the
ring of serum, and the serum above the clot, is full of these
large irregular masses of bioplasm, moving fréely in all
directions. Soon, however, they begin fo sub-divide and
break up into a second generation of bioplasts (Fig. 3).
The process of division can be seen most distinetly, some-
times occurring rapidly and, so to speak, decisively ; whilst
at others, after the two secondary bodies are widely separat-
ed, and only connected by a very
slender, barely visible thread, one is
retracted and, as it were, absorbed into the mass of the
other, to be succeeded by one or more similar protrusions,
ere division fairly takes place; the serum now swarms with
mulfitudes of bioplasts of smaller size than those originally
present, buf resembling the previous generation in their deli-
cacy of outline and great activity. The bioplasts may fre-
quently be observed at the edge of the rim of serum crawling
along it, and, as it were, moulded to the curve of the
marginal fluid (Fig. 3).
The period of extreme activity varies considerably, but,
Duration of activity of @8 @ rule, at the close of twenty-four
o sapte: hours from the commencement of the
observation, only a few remain freely motile, and the
maj@rity have considerably increased in size (Fig. 4). To-
wards the close of the freely moving, amceboid period, the
density and refractiveness of the Dbioplasts increase, and
there is an increase in the number and distinctness of the
granules contained in their substance. Many, too, in place
of remaining uniformly granular, begin to show a tendency
to the formation of one or more nueclear spaces or vacuoles
(Fig. 4), which appear as bright spots surrounded by more
or less defined circles of granules. As the movements of
the bioplasts diminish, this vacuo-
lation increases in distinetness, and

Segmentation of the biop-
lasts, 5

Formation of vacuoles,
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is very well marked when they have fairly ceased,which they
do very gradually; changes in form persisting for some
time after the cessation of free locomotion. As the move-
ments cease, the majority of the cells also assume a more or
less rounded form, a few only becoming fixed with irregular
or lobed outlines, and contemporaneously they tend to
accumulate in heaps and masses of varying extent (Fig. 4).
The preparation in this stage shows a multitude of irregu-
lar masses, composed of bodies which
vary considerably in size, and which
in refractiveness and general aspect closely resemble pus-cells
in which the vital movements have ceased. The vacuoles
are now very distinet and well defined, and the entire body
has a denser, ‘ plumper’ appearance than it ever had before.
Whilst these phenomena have been taking place the
serum remains quite clear and free of bacteria or monads,
and the only change which occasionally occurs in it is a
certain amount of staining, due to the escape of colouring
matter from the corpuscles as the clot begins to soften.
The preparation having reached this sfage may remain
unchanged for weeks, the serum continuing perfectly fluid
and clear throughout, but in the majority of cases, the
Further changes in the DiOplasts pass on to further changes.
bicplasts. The exact nature of these changes
varies greatly in individual preparations and in the indi-
vidual bioplasts of the same preparation. The bioplasts may
gradually break up and disintegrate, filling the serum with
molecular flakes, which for some time show indications of the
outlines of the individual masses with more or less distinct-
ness, but ultimately become uniform. Such flakes might very
readily be described as flakes of monads, and be supposed to
May bresk down imto arise by aggregation, had the pro-
monad-like colonies; or cesses by which they are formed not
been followed out. This may be regarded as the simplest
method of termination of the bioplasts, but there are others
which are more complex, and which, inasmuch as the;r
give rise to very different appearances in individual speei-
mens of blood, must be clearly distinguished and described.
In many instances there appears to be a certain conden-
sation of substance around the vacuole or vacuoles so as
to leave a more fluid ring between this condensed portion
and the outer margin of the bioplast, which at the same
time assumes more or less clearly the appearance of a very
delicate cell wall (Fig. 5). The granules contained within

Approgations of pus-like
cells,
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this fluid ring now take on an active swarming motion
exactly resembling that observed in some common amceebee
ocewrring in specimens of water, and in the cells of many
of the lower algse. The movement persists for some time,
and then, either ceases leaving the bioplast apparently in
besome “mucleated cenls» the same condition in which it was
with active molecules be: previously, or the outer wall of the
very. delioate outer yrall. cell ruptures, and the swarming
oranules escape (Fig. 5). Once beyond the parent body
and free in the fluid, they immediately become motionless,
and have never been observed to move again. What the
nature of these particles is, and fo what their activity is
due, remains uncertain, but they can, at all events, hardly be
regarded as bacterial germs, seeing that their period of
activity is confined to the period in which they are still
contained within the parent bioplast.

The result of the escape of the granules is to convert
the formerly uniform, granular, vacuolated bioplast into a
body, consisting of a delicate cell-wall and a nuclear mass
which does not nearly equal the cell-wall in circumference.
This mass may remain more or less centrally situated, or,
as more frequently oceurs, it may pass to one or other side,
and may then eseape partially or even entirely from the cell-
wall. The appearances naturally vary with the nature of
the process which has taken place. In those cases in which
the nuclear mass remains central, the entire body appears
as a bright space bounded by a dark line, and containing
Oricin of the “hyaime. & cemtral molecular mass, while in
cells” with central or lateral those in which it goes to the side
nucleus. :

or escapes through the cell-wall, the

bright space is left equally sharply defined from the surround-
ing fluid, but is either crescentic or quite empty and ecircu-
lar. Probably the most common appearance is that of a
broad, bright, sharply defined crescent, the concavity being
formed by the portion of the nuclear mass which is still
included within the cell-wall, while the rest of it pro-
trudes as a rounded mass exterior to it (Fig. 5.), but
empty spaces with free masses of granules condensed or
scattered in various degrees are also abundantly present at
this time. This escape or expulsion of the contents of the
cell may take place without any previous formation of a
nuclear mass and motile granules, but the result in any case
is ultimately the same, and a series of bright, sharply de-
fined, more or less empty, hyaline capsules remains.

I3
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minute molecular patches of various forms (Fig. 6). It
is possible that the latter bodies may be the escaped, so-
called ‘vacuoles’ of the bioplasts. These are always sur-
rounded with a portion of more or less condensed mate-
rial, which would be likely to persist after the solution
of the surrounding softer material.

As is frequently the case in preparations of blood kept

‘Milky spots’ in bloca. Under continuous observation in the
RESCEEASl G0 same way as the above, milky spots,
due to the appearance of small homogeneous cireular bodies,
may be observed in some numbers in the fluid, but they
have not been seen to undergo any further development, and,
as a rule, do not persist long.

After the appearance of the particles above deseribed,
the only further change noted has been a gradual disintegra-
tion of all the elements of the preparation ; and, although
the latter have frequently been kept for weeks under obser-
vation, no further development has taken place, and with
very few and accidental exceptions, there has been no ap-
pearance of recognizable fungal, or bacterial elements in
them.

It now remains to make a few remarks on the prineipal

= points of interest in connection with

emarks. i

these observations. The conven-
iences afforded by a fropical climate for any such series of
observations as these are very great, as the temperature as
a rule is sufficiently high to secure that the activity of the
bioplasts contained in the blood is not too rapidly checked.
During a period of frequent observation in the course of
the past season the thermometer ranged from a maximum
of 98-2° F. to a minimum of 76:3° F.

It is not devoid of interest to remark that the use of
_ Anobjection to the useof iMersion objectives involves a dis-
oring of temperature winen advantageous depression of tempera-
Eoy R, ture, due to evaporation of the film
of water, which is placed between the lens and the covering-
glass. The prolonged use of such a lens has frequently
appeared in this way to check the activity of the bioplasts in
the blood. :

One of the most important points determined by these
i g P Emhsewatiur_ls is the fact, tlmt_thu blood
in the blood in every stageof 1n cholera is, as an almost invariable

rule, free from bacteria, either actual
or potential. This is the case as well shortly after death as
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during life, and holds in regard to every stage of the disease.
In one or two cases, a slight development of distinet bacteria
has oceurred during the course of observation, but this is no
more than may occur in the most healthy specimens of blood,
and the idea that bacteria are normally present in the blood
in cholera may be finally dismissed. It is not improbable
that certain of the appearances observed in series of observa-
tions, such as those deseribed above, may afford a clue to
the origin of such an idea. At an early stage when the
bioplasts are of great fluidity and tenuity, monad-like
granules, contained in and moving with them, may be sup-
posed to be free and endowed with independent motion, but
this will be found, on prolonged observation, not to be the
case, and as the density of the bioplasts increases the true
relations of the granules will appear. At a much later stage,
namely, at that of escape of the contents of the cells, patches
of molecular matter and scattered granules may result; and
finally, when general disintegration of the bioplasts oceurs,
large sheets and masses of evenly molecular matter may
occupy much of the preparation, but these granules, micro-
coccoid patches and molecular flakes, are no new develop-
ments, but ave clearly traceable to mere disintegrative changes
in bodies previously present.

The molecular matter so produced, be it scattered or
ageregated, undergoes no further development, and shows
no motion or any other indication of vitality. The term
bacteria is often very vaguely and loosely employed, but it is
under no pretext, applicable to mere dead particles due to
simple disintegration.

As regards bacteria, so it is in regard to the presence

No fungal elements could of f'l.'l]_'lgﬂ] elements 3"? a normal and
be scen or subsequently de-  constant characteristic of the blood
tienés in cholers. in cholera. There is absolutely no-
thing in favor of any such view; there is absolutely no
evidence of the existence of fungal elements in the blood
whilst in the body, and only very rare and clearly acci-
dental development of such bodies after its removal from it.
These questions, however, will be more fully referred toin a
succeeding section (page 18). A

Possibly the most important result to be derived from

The marked resemblance observations on the blood in chn]ﬂm,

botwoen the bioplnsts inthe gonducted in the manner described

abiglanic deseckions: above, is the explanation which they
are capable of affording of the nature of the bioplastic bodies
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and cells so abundant in, and so charactqristic of, evacua-
tions passed during the course of the discase. We have
previously poinfed out that such evacuations f_'reququtly
contain evidences of the escape of blood into the intestines,
either by the presence of red cm'pusales. in greater or
less abundance, and oceasionally included within the charac-
teristic cells of the discharges, or by that of a. more or
less pronounced pinkish and sanguineous tinge of the fluids,
with the subsequent appearance of blood erystals n ther_n.
Now if, as observation has proved, the bioplasts contained in
the blood are capable of such activity and multiplication when
removed from the body, and with quite abnormal surroundings,
it is surely fair to allow them an equal, if not superiur', capa-
city when exuded on the interior surface of the intestines.

Such bioplasts, in passing through the various changes
deseribed above, will come to present every modification of
appearance and characters presented by those found in the
discharges. In their earlier stages they will correspond with
the freely motile amebze of the evacuations; when rather
older they lose their freedom of motion and show mere feeble
chanees of form, ultimately becoming motionless and pus-
like or rather exudation-like cells, such as are observed in the
flakes of lymph in peritonitic and similar effusions, and such
cells we know to form the great bulk of those present in
perfectly recent choleraic dejections.

Whilst in this condition it has been already mentioned
that they frequenfly show one or more distinet nueclear
vacuoles in their interior, and they are then identical in
aspect with the large mother-cells confaining bioplast-
masses, previously described in eonnection with the subject of
the evacuations.

There is one class of bodies in the evacuations, the

. nature of which has hitherto been

The °hyaline-cells® in the . .

blood and in the discharges peculiarly  puzzling and obscure,
namely, that of flattened, whitish or

pale-yellowish hyaline cells showing no evident structure or
contents, but the observations on the changes oceurring in
the bioplasts of the blood explain the nature of these also,
for the empty capsules persisting after the escape of the
molecular contents of the pus-like cells, are exactly similar
to the hyaline bodies of the evacuations, and unless the
actual steps in fheir formation had been followed, their
nature would have been as obscure as that of the latter
cells has till now remained. MHyaline vesicles, somewhat
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again, and found this to have been the case, to a certain
extent at all events, in some samples of blood. S8till even in
these exceptional cases the difference is so marked that we
almost venture to state that, given two samples of blood, one
being choleraic and the other healthy, although to the naked
eye, or at first sight under the microscope, no difference
might be discerned, we could pretty accurately state on the
second day to which of the two sources the specimens should
be referred.

Similar ameeboid corpuscles may very readily be detected
creeping out of the blood clot in this climate without any
special artificial arrangements being adopted to raise the
temperature even in healthy blood; butin no single ecase
have we hitherto seen them appear in anything like the
same proportion as in the blood obtained from patients
suffering from cholera, where not infrequently little white
spots about the size of a millet-seed may be seen with the
naked eye, which, when placed under the microscope, will
be found to correspond with ageregations of these pus-like
corpuscles. Added fo this the corpuscles appear to be smal-
ler and to disintegrate much more readily in normal blood ;
so much so that in the course of about twenty-four hours
nothing special is to be observed, merely the usual proportion
of white cells, with possibly some aggregations of molecules
and a few hyaline cells, regarding the origin of which no
conjecture could have been arrived af, had the earlier changes
undergone by the preparation not been carefully wateched ;
whereas in cholera these amceeboid bodies, after they have
become spherical, may, as has already been intimated, persist
for several days without any marked change.

‘Whether this persistency be owing to the inereased den-
sity of the blood in cholera, or to the character of the bodies
referred to, we are not in a position to state; nor would we
for a moment wish it to be inferred that any specific charaec-
ter ean be attributed to them, but it is evident that the blood
in cholera is particularly adapted to their development, or at
any rate to their being readily recognized and well pre-
served.

‘We have examined the blood in other diseases, and in

The blood in discases other  SUCHL exceptional diseases as tetanus,
Haini oler, but have failed to discover any such
marked deviation from the normal standard in any single
instance. Whilst examining some wax-cell preparations of
the blood in a case of typhoid fever (the patient having been
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nature of the bacteroid bodies in the blood in typhoid fever,
and of the bacteridia in ““mal de rate.” Possibly, also, the
eat number of the bioplasts which appear in the serum of
the blood in cholera, may be due to a diminution in the nor-
mal coagulability of the blood.*
Tt has long been known that in pyeemia the smaller
vessels and capillaries, especially near the parts affected,
are frequently blocked up with what are believed by many
to be aggregations of pus-cells in various stages of dis-
integration ; but another school, with Virchow as one of
its principal expounders, denies that these plugs are due to
pus, but aseribes them to solid particles brought by the
veins from the diseased tissue. Perhaps when the tend-
The “pus-cells” describea ©NCY in certain conditions of the
ﬁ;‘gﬂfﬁﬁgﬁﬂ“&fg“ﬁ“n’; blood to aggregation of particles of
EepREEin O OB e its plasma, in the manner described
as occurring in cholera, becomes generally known, these
views relative to the pus-like corpuscles in the small vessels
may become materially modified. 'We have not as yet been
able to obtain samples of blood from a patient suffering from
pyeemia, but we may state that the nearest approach to the
above described appearance of the blood in cholera was ob-
tained in specimens of blood (examined by precisely the
same method) from dogs, in whom a condition more or less
approaching to pysemia had been artificially produced.
It is neither impossible, nor without some show of
reason to infer, that the same tend-
Possibility of the minute ency on the part of these plasma
Bioplasts in eholorar . 0 7 pa,rgicles to legve the eclot, zlfnd to
become separated from the red cells,
may exist in the living tissues; thata tendency to accumula-
tion In the minute vessels and capillaries may occur in
cholera; and that this, to some extent at least, may be the
cause of the extreme difficulty with which the ecapillary cir-
culation is evidently carried on in the course of this discase.
These suggestions we make with much diffidence, as we
have not yet been able to test their accuracy by direct ex-
periment. In such complicated investigations it is often
extremely difficult to adduce positive proof of the truth of in-
ferences which are yet so far founded on evidence that they
deserve notice,

* This conjecture appears to receive a certain amount of eorroboration from the fact
that in two slight cases of cholern the blood was observed to contain such fibrinoid filaments
comcidently with an unusually small nuwber of leucocytes.
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It will be seen from the above table that the number of
instances in which monads or bacteria appeared in the speci-
mens of blood, whether in health or in cholera, before or
after death, is very insignificant ; indeed, in not a single
_ Absence of low organisms il]stan'ce is it recorded that any such
ﬁgéggﬁgggﬂggﬁgg agial organisms were present when exam-
Pen theruaaz: ined immediately after it was obtained.
It may be remarked that no extraordinary precautions were
adopted, such as exposing the covering-glass or the needle
to the flame of a spirit-lamp—very ordinary precautions
indeed having sufficed to prevent contamination to any
great extent with any low forms of life whatever. Of the
22 specimens of healthy blood examined, distinet evidence of
monads or bacteria was only once observed, and fungal fila-
ments only appeared on three oceasions, or at the rate of about
13 per cent. In the blood of cholera patients obtained dur-
ing life, monads or bacteria were only observed on two occa-
sions in 39 specimens, and fungi were seen to develope in
six preparations, just 2 per cent. more than in healthy blood.
Except on one oceasion, the fungus was observed to have
entered the preparation from without, the filaments having
insinuated themselves between the covering-glass and the
ring of wax at a spot where apposition had not been perfectly
effected ; in the exceptional case the filament emerged from
the clot, and was probably derived from a spore deposited on
the covering-glass by the duster.
The absence of these low forms of life is equally conspi-
: cuous in the table of the cholera-blood
in'the Hiood after desth m  preparations obtained after death. In
e the greater part of the specimens so
obtained, a series had already been under examination during
life. Of the 18 cases recorded, there was not a single prepa-
ration which manifested distinet evidence of bacteria, either
on the first or succeeding days, and fungi developed on four
oceasions only. '
As to the presence of sarcinse in the blood, which
Tho statement that saroine latterly have been alluded to (by
D Ttaatigted by these Liostorfer and other observers) as being
o Saroma  FossibIonatr®  oonstantly present in this fluid, we
can merely state that on two occasions only djd we observe
them make their appearance during our examinations of the
preparations of blood here referred to ; and it so h.appens
that whereas six samples of the particular l_:u]crcud alluded to
were under observation, only in the two specimens, to which
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oceasion, or even on two occasions, been contaminated in
a similar manner, and could consequently scarcely be
designated healthy. .

Indeed, not only is it shown that the organisms under
consideration cease to multiply under such circumstances
asthese, but that they actually diminish in number every
hour they remain in the system, and eventually dis-
appear altogether. -

Out of twelve preparations of blood obfained from
animals within six hours after the
introduetion of pufrefying matter
into their veins, active monads and bacteria were present
in seven of them, or at the rate of about 58 per cent.; and
out of thirty preparations examined, under similar eircums-
tances within twenty-four hours, they were distinetly
recognized in fourteen, or something under 47 per cent. ;
whereas, in nineteen specimens of blood derived from
animals who had been inoculated in this manner from two
to seven days previously, these bodies could only be detected
in two of them, or only at the rate of about 10§ per cent.,
just 6 per cent. higher than was observed to be the case in
healthy blood, which we have attributed to accidental
circumstances.

It may be noted that in four of fhe dogs whose blood
had been infected on two oceasions each, the blood, when
examined within four, five and six days of the first infection,
did not present a trace of these organisms.

What becomes of them we are not in a position fo
What becomes of these orge- State. Whether they become dis-
il integrated or dissolved in the warm
serum, or become merely filtered off during their passage
through the tissues and glands, is a subject we hope satis-
factorily to settle before long. In the meantime it may he
remarked that we examined fluid expressed from the axillary
and mesenferic glands in the greater number of the cases
above tabulated (and in the same way), and have found that
bacteria could be detected in them, especially in the mesen-
teric glands, at later periods thanin the blood, but have
noticed them absent, after a time, in these also.

As to whether these motile molecules, or staves, are

What relation do they bear themselves the cause of the distur-
i bance which takes place in the
system, consequent on the infroduction of putrefying mate:
rial into the blood (as will be fully referred toin a subse-

but gradually disappear.
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EXPERIMENTS ON THE INTRODUCTION OF ORGANIC FLUIDS
INTO THT SYSTEM.

We had deferred taking up systematically that portion
_ _ of the programme, drawn up for our
malcreseebed by tho Army  guidance by the Army Sanitary Com-
SRSVt mission, relating to the experiments
which should be earried out on lower animals in the con-
duct of this enquiry until the present year, as we did not
feel that our knowledge of the various stages through which
persons suffering from cholera have to pass, and of the pos-
mortem appearances associated with the disease, was suffi-
ciently exact to enable us to conduct observations of this
nature with profit.
Tt need scarcely bed mendﬁnned_ tEJa(::t exrmiy 111153,113 was
.o number of 8dopted to infliet as little pain as
dogh experimented upon. pnssﬂb]e on the animals whifh have
passed through our hands, considerably over a hundred
dogs, together with several animals of a smaller kind.

Chloroform has invariably been resorted to: in no single
Anmsthetios invariably re- instance has any animal been slaugh-
sorted to before the ome- tered except when thoroughly under
tion. its influence; and when, as in some
of the experiments, considerable pain would have bheen
inflicted by allowing the animal to recover from the effects
of the anmsthetic before the experiment was concluded, it
lLas been kept under its influence during the whole period
of operation, two or three hours, as the case may have
required.
At the commencement of these observations small
Objections to the use of animals were selected, such as rats,
very smoll animalsowingto  pahhits, or rather hares, for rabbits
are not obtainable here ; but we found the administration of
chloroform so very frequently proved fatal with such animals,
that they had to be abandoned. The same fatality was
the high mortality from Observed in connection with puppies
chlorotor and young dogs: indeed, even in

D
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less.* Added to this, the numbers obtainable and with
tolerable ease (these dogs being under the ban of the
Police here), it will be evident that, taking all things
together, they are the most suitable animals for systematic
investigations of this nature.

A.—Experiments on the injection of choleraic and other organic
fluids into the veins of animals.

In order to judge of the validity of generalizations de-
Condensed details of the rived from any such series of experi-

b bacause or their con. ments as that included under the
T tionor  the subjest of 1, ,ve Heading, it is clearly meces-
sary that the precise grounds for these should be known.
‘We shall therefore, in the first place, proceed to give a
brief abstract of the results of various cases, condensed from
notes taken at the time, and shall then proceed to draw
any conclusions from them which the data appear in our
estimation to warrant.t

We are the rather inclined to such a course, seeing that
but also of their possible almost any series of careful experi-
relation to other pathological .
conditions. ments on animals has not merely a
direct bearing on the point immediately at issue, but ought
at the same time to be capable of throwing numerous side
lichts on other subjects of physiological and pathological
interest. -

In proceeding to give a detailed account of the result

Classification of the experi- OF individual experiments, some more

Aicute acoptad: or- less systematic arrangement of
them is essential. The experiments in question, in this
instance, might be classified on various prineiples; but an
arrangement having as its basis the fact of the purity or
dilution of the medium employed, and sub-divided according
to the age of the material, in other words according to the
amount of decomposition which it has undergone, appears to
be as natural and as convenient as any. Such an arrange-
ment has aceordingly been adopted in regard to the experi-
ments of which we now proceed to give an account.

® We purpose, however, availing ourselves of an early opportunity of trying the
effect of injecting various snbstances directly into the small intestines of animale, b
taking out a loop of the gut, and introducing the selected substance by means of a finely-
pointed syringe ; thus overcoming this source of fallacy, at least as far as the direct
action of the stomach isconcerned.

t In order to economise the time of the render, we have endeavoured to render the
marginal uotes o convenient epitome of the salient points of ench experiment.
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1.—EXPERIMENTS ON THE INJECTION OF PURE CHOLERAIC
FLUIDS INTO THE VEINS OF ANITMALS.

(a). The choleraic material used being fresh.

ExperiMENT I.—A large healthy pariah dog was put
-&tpvﬂnche of the choleraic  UnLAEr chlurt}furm‘, and neﬂ'ﬂf an
e Miedtor. ounce of choleraic evacuation was
injected into the right femoral vein. The material injected
consisted, in greater part, of grey watery fluid, but con-
tained in addifion numerous minute fragments of the flocculi
characteristic of choleraic evacuations. The operafion was
performed at 8 a. M.

The animal continued dull and sluggish throughout the
course of the day, but did not show
the slightest indication of pain. It
neither was purged nor vomited, and on the following morn-
ing, 24 hours after the operation, it appeared to be much
livelier than on the previous evening. The wound in the
thigh, however, presented an unhealthy aspect, and there
was a considerable amount of swelling around it. The
animal became rapidly more depressed and dull during the
day, and in the evening appeared to be in a dying condition;
but throughout it showed not a single symptom which could
be supposed to resemble those of cholera.

As it appeared probable that it would die during the
night, and that the results of post-mortem examination would
therefore be vitiated, it was anew put under chloroform at
5 P. M., 33 hours after the injection, and the administration
continued wuntil respiratoin ceased. An immediate posi-
mortem examination was then performed, the results of which
were as follows:—

There was much erysipelatous inflammation of an un-

Post-mortem. appesrances; Dealthy nature around the wound
nothing special observed. extending for some distance up the
flank. On opening the abdomen, the peritoneal G&";"itj,?" was
found to contain mo fluid, and the peritoneum both in its
visceral and parietal layers appeared to be perfectly healthy.
The intestines were empty, and in every respect appeared to
be perfectly healthy. The liver was extremely fatty, and so
soft and friable as to break under the slightest pressure. On
its upper surface there was a radiating cicatrix which, from
its appearance, seemed to indicate the site of an old rupture
of the organ. The larger veins contained fluid blood, and
there was no indication of the occurrence of embolism in

Effects of injection.
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any part of it. The kidneys were extremely fatty, and the
left one contained one or two embolic masses of considerable
size, projecting on the surface and extending deeply into its
substance. The bladder was full of wurine. The pleurse,
lungs, and heart were perfectly normal
in aspect. The blood showed no
traces of bacteria in it when carefully examined a quarter
of an hour after its removal from the heart.

Absence of bacteria in the
lood.

(b.) The choleraic material used being ONE day old.

ExperiMeNT IT.—A dog which had been previously the
subjeet of injections of choleraic media, both femorals and
one basilic vein having been previously tied (vide Experi-
ments VI., XXXVI. and XL.), but which was nevertheless
in very fair condition, was put under chloroform at 7-30 A. 1.

Material injected twenty- LD remaining basilic vein was now
four hours ol opened, and four drachms of a choler-
aic evacuation passed by a patient in hospital 24 hours
previously, and which had remained in a bottle during the
interval, was injected into it.

The animal rapidly recovered from the effects of the
chloroform, and, saving that it limped
slightly in walking, appeared to be
in no way affected by the operation. It continued apparently
in health throughout the day, walking about and feeding,
and on the following morning also it showed no symptoms
of illness. It was therefore killed under chloroform as in
the previous experiment, and an immediate post-mortem
examination performed.

There was a localized sac of pus in the sheath of the

Post-mortem — no special  VESSel last injeeted. The pus appeared
1emta, to be perfectly normal, and there was
little inflammation around the sac. The wounds caused by
the previous operations were clean and healthy, that in con-
nection with the femoral vein of the opposite side being
almost entirely healed up. The abdominal and thoracic
organs were carefully examined, but save for the existence of
one or two minute, congested, possibly embolic patches in
the liver they appeared healthy and normal.

Mo visible result.

ExperiveNt IIT.—A healthy young pariah dog was put
under chloroform at 7 A. a., and four drachms of choleraic
evacuation, which had stood for 24

Material 24 hours old. . it .
hours in a bottle, was injected into the
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which had stood in the laboratory for 48 hours were injected
into the right femoral vein.

The animal recovered rapidly and perfectly from the

influence of the chloroform. It show-

N2 sk ed no symptoms of illness, and on the

following day appeared to be quite well. As 1t continued in

perfect health, it was subjected to a fresh cperation 48 hours
after the performance of the former one (vide Exp. XXXV),

ExperiMeNT VI.—A healthy pariah dog, into the right
femoral vein of which choleraic mate-
rial had been injected three days pre-
viously without result, was put under chloroform, and four
drachms of a dejection, which had been passed 48 hours before
by a patient who had been ill for 24 hours, was injected into
the femoral vein of the opposite side,

The dog was never fully under the influence of the chlo-
roform, and very soon appeared as
though mnothing had happened to if.
On the following day it seemed to be quite well and remain-
ed so until after the lapse of three days, when it was again
operated on (vide Experiment L1).

Material nsed 48 hours old.

No rosult.

(d.)—The choleraic material used being THREE days old.

ExperiMENT VII.—A strong, healthy pariah dog was

put under the influence of chloroform,

oMsterialused 72 howrs ol and four drachms of choleraic fluid
animaleulm, obtaingd from & was injected into the left femoral vein.
The fluid was derived from an evacua-

tion which had been kept for 72 hours.* It was watery, and
at the time of the operation had but a very slightly offensive
odour and a faint alkaline re-action. There was hardly any
sediment present, and the material injected consisted entirely
of liquid erowded with very large and active, stiff-looking
bacteria, together with myriads of active flagellated monads.

The animal appeared to be very little affected by the
. weq  Operation, showed no symptoms of
ﬁlﬁ%ﬁ%fﬁiﬂ 5 Touwrs  disease tl;rnughnut the day, and by

er operation. . .

3 the following morning seemed to be
quife well. Chloroform was accordingly again administered,
and continued until death occurred 24 hours subsequent to
the performance of the injection.

¥ The ease from which it was derived was a very slight one, rather of choleraic diarrhoen than
of cholera, and made o rapid TeCOVEry,
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A post-mortem examination was performed at onee, the
Post-mortem: no_ perito- abdomen hBiﬂg DI}E’HEd before I'E,‘BPE.I'H.-
nitis; intestines healthy, tion and circulation had finally ceased.
There were no signs of peritonitis present. The mucous
surface of the intestines appeared to be quite healthy.
Scrapings from it showed merely normal epithelial cells and
villi with the usual sprinkling of minute bacteria. The me-
sentric glands were congested and contained a good deal
of fluid in their interior. A preparation of this fluid was
: mounted in a wax cell and examined
ed; aeric glandsconcett- one hour and a half afterwards. It
Bonrad they develop in 24 wag found to consist of a clear liquid,
containing no recognisable bacteria
or vibriones, but full of red blood-corpuseles and active
amaeboid bioplasts. If was again carefully examined 24 hours
later, but the only change observable in it was that the bio-
plasts had all become motionless and cireular. The rest of
the abdomen and thoracic organs were apparently healthy.
Two preparations of blood from the heart were mounted
No bacteria in the blooq, a5 usual in wax cells. These were
e examined about an hour afterwards,
and again after the lapse of 24 hours. On neifher oceasion
did they show anything abnormal, the serum was perfectly
clear and free from all traces of bacteria or vibriones, and an
abundance of leucoeytes crawled out of the clot and subse-
quently underwent their usual changes.

ExpeErIMENT VIII.—Immediately after the injection of

Materinlused, 72 hours ola, the previous experiment had been °

same asin last experiment. ~  gompleted, another very large healthy
pariah dog was put under the influence of chloroform, and
six drachms of the same fluid was injected into the right
femoral vein.
The animal rapidly recovered from the influence of the
, chloroform, and did not at first appear
LA to be much affected by the operation,
being able to walk to the kenmel with apparent ease. It
rapidly, however, became much depressed, and died within
three hours. A post-mortem examination was performed five
hours after death. .
Post-mortem rigidity was strongly marked. On opening
Post-mortem, No peritoni. the abdomen " there were found to be
tis; small intestines pale ex- no Eigﬂﬁ of ]_]E]Tit-[)l:litiﬁ- The small

ternally, and the mucons sur=-

1 t ith inkish :
subatanoe: SonalaNee ohlafy INLESTING Was pale externally. On
of epithelium, whieh had be-  gpening it, it was found to be coated

come almost entirely detachs- i i
= with a thick soft substance of pink
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hue. This layer was quite loose and easily removed from the
subjacent mucous membrane, and was found to be composed
of detached epithelium. When it was washed off, the denud-
ed surface of the membrane became visible, from which only

a very little material could be serap-
oronenth which werenumor-  ed, consisting of imperfectly developed
ones. epithelial cells, and containing an
abundance of very long, uniseptate or jointless vibriones,
lying motionless or progressing in a serpentine fashion over

the field, as represented in the woodcut (Fig. 1, page 84).

For about six inches immediately above the ileo-ccecal
Exemption of ileo-ccmesl Valve the gut appeared quite healthy
el d e and unaffected, but every where else
the epithelial coating of the mucous membrane appeared to
be detached.

The mesenteric glands were soft, and not congested, but
of a dirty yellow colour on section, and containing an abun-
= . dance of luid. A. preparation of this
with oseillatoriaiike vibse fluid was mounted in a wax cell and
g carefully examined an hour and a half
afterwards. It was found to contain an abundance of gland-
cells and to be swarming with elongated vibriones like those
present in the intestines, for the most part uniseptate, and
either still or only moving slightly., It was again examined
sixteen hours subsequently, but no changes had taken place
in the condition of the vibriones, although the majority of
the gland-cells had broken down, and numerous clusters of
fatty crystals had made their appearance.

The large intestine was normal in appearance, and the
remaming abdominal organs were
healthy. The stomach contained a

The large intestine healthy.

little glairy fluid.

On opening the thorax there was found to be no pleu-
No pleurisy ; slight conges- risy. The lungs were collapsed, the
FErotT o T left one totally so, whilst 1?]1& right
was partially congested. The pericardium contained
a little fluid, and there was slight congestion of both the
visceral and parietal layers. The heart was healthy.

A preparation of blood from the right ventricle was

, o buoterin in tho blood, mounted in a wax-cell and examined
pafcedle-shaped crystals  an 1}]:u:n_u' afterwards. At that time
no bacteria could be deteeted in it

but erystals had begun to appear, and the serum was stained

E
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lower end of the ileum, just above the unaffected portion of
the mucous membrane, the separation of the epithelium was
not so far advanced as higher up, and appeared to be in a
state of transition towards such a condition.

The mesenteric glands were highly congested internally,
Monontaris glandscontained. Of & S0ft consistence, and contained
becteria and long vibrionos.  an ahundance of pink fluid. A pre-
paration of this fluid was mounted as usual in a wax-cell.
When examined an hour and a half subsequently, it was
found to contain an abundance of minute bacteria, a sprink-
ling of the long vibriones occurring in the glands and intes-
tines of the previous case, together with normal gland-cells
and numerous red blood-corpuscles. Sixteen hours later, it
contained an abundance of minute active bacteria, together
with molecular matter, fatty erystals and cells, but showed
none of the elongated vibriones previously present in it.

The large intestine and appendix vermiformis were
Large intestine healthy. normal in aspect, and the rest of the
abdominal viscera appeared healthy. The bladder contained
a little urine.
On opening the thorax there were found to be numerous
o Sencerous nodules through- large cancerous nodules throughout
ditis. 35 " the substance of both lungs, which
were collapsed, but contained a little air. There was slight
inflammation of the parietal pericardium, and the visceral
layer also was somewhat injected.

A preparation of blood was, as usual, procured from the
right ventricle and mounted in a wax-cell. . When examined
about two hours afterwards, the serum was found to be deeply
pBtcteria developed in the stained with the colouring matter of

: the red corpuscles, and to contain
numerous minute active particles, but no distinet bacteria
could be detected in it. Sixteen hours afterwards it was
crowded with large blood-crystals and contained an abun-
dance of minute active bacteria.

ExpermuNt X.—A small healthy pariah dog having
polaterial used, same as in  been put under the imfluence of chloro-
hours old. : form, about three drachms of the same
fluid employed in the three preceding experiments, but
which had now been kept for nearly eight hours longer, was
injected into the right femoral vein.
The injection was performed at 4 p. ar.,
and the animal died during the night. A post-mortem exami-

nation was performed at 7 A. . of the following day.

Death in about 8 hours,
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Post-mortem rigidity was well marked. There was a
Post-mortem. Mucous Jlittle reddish serum in the peritoneal

Coverad witn L intestine  eavity, but the intestines and mesen-

Pitim, scopt apmengaepithe;  tery were not congested. On laying
vaxe. open the small intestine, the interior
was found to present the usual appearances, the portion
immediately above the ileo-ccecal valve being unaffected, and
the rest of it covered with a soft pink coating of detached
epithelinm.

Preparations of this pink material as well as of matter
scraped from the subjacent denuded mucous coat were exa-
mined. The former were found to consist of eylindrical epi-

. . thelial cells, and to contain numerous
e pink material crowded . AR R
with epithelial cells, and os- long serpentine vibriones similar to
those found in the intestines and
glands of the dogs of the previous experiments. The latter
preparations consisted of imperfectly developed epithelial
cells, with an even greater abundance of the elongated vi-
briones (Fig. 1.) which ultimately resolved themselves into a
network of leptothrix-filaments (Fig. 2).
The mesenteric glands contained pinkish fluid, a pre-
Fluid in mesenteric glands Pﬂl’ﬂti(}]l of which was mounted in a
L e wax-cell. When examined an hour
afterwards, the gland-cells were found to be considerably dis-
integrated, whilst the fluid contained great numbers of the
elongated serpentine vibriones, described in the previous pre-
parations, in a state of full activity. The majority of them
aplsl%ared to be uniseptate with a kind of hinge joint in the
middle.

The rest of the abdominal organs were healthy.

There was a little reddish serum in the pericardium ; the
right side of the heart was full of fluid blood, and the left
contained a little also.

A preparation of blood was as usual mounted in a wax-
cell, which was examined an hour and a half afterwards, and
found to contain numerous minute molecules in active mo-
tion, but no distinet bacteria. Twenty-four hours after-

Blood eontained active mola- Wﬂ-l‘dS lt was Gl"ﬂWdE!d. Wlth IEL['gB
SHlp s b Hesrenta, needle-shaped blood-crystals, and the
serum had almost dried up.

(d,)—The choleraic material used being FOUR days old.

ExperiMeNT XI.—A small healthy pariah dog was put
Motorial used asin Experi- UDder the influence of c]]lnmfnrm,
ments VILX, but 96 hours  anq four drachms of the fluid employ-
ed in Expeviments VII, VIII, IX and
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X, but which had now been kept for 96 hours, was injected
into the right femoral vein. The animal seemed to be very
little affected by the operation, and ran off to the kennel very
cheerfully a few minutes after it was

No marked effect, Killed oompleted. It remained in apparent

under chloroform © hours :
after operation. health, and was killed under chloro-

form about 9 hours subsequently.
During the administration of the ehloroform, tarry liquid
escaped from the rectum, and the large intestine was subse-
quently found to be full of similar
Fost-mortem. Tpperportiet material. The small intesfine for
a sanguineons substance, but  pearly two feet above the ileo-ccecal
tached. valve appeared healthy, but above
that the mueous membrane was coated with a sanguineous
layer, the epithelium however was not detached. The
mesenteric glands were very much congested and full
of reddish fluid. Some of them were reserved in a moist
chamber for 14 hours. On sections being made at the
close of that period, the gland was found to contain fluid
: in itsinterior swarming with active
od for 4 Kotrs ‘contaimed bacteria, and containing a sprinkling
bacteria and long vibriones : Df lﬂﬂg, ﬂﬂ-ti"i"e, SEI‘]_}EDti'IlE 'ViinDII.EE
similar to those found in the preceding experiments with the
same fluid. A preparation of the fluid from the glands was
also mounted in a wax-cell at the post-mortem examination.
On examination a quarter of an hour
T Ay, papy DT ns  afterwards, it was found to be full
Syelongds of red blood-corpusecles and crowded
with minute motionless molecules. Twenty-four hours later
many of these particles were in active motion, but there were
no elongated vibriones present. 'T'he rest of the abdominal and
thoracic viscera were healthy, and there were no traces of
pericarditis.
Two preparations of blood, one from the vena portee, the
_ other from the right ventricle, were
heart of vens portes bat mo.  Mounted in wax-cells as usual. They
e T e iseauently ey examined a quarter of an hour
afterwards ; the latter contained nu-
merous motionless molecules, the former a few small blood-
erystals, but in neither were there any distinet bacteria. They
were again examined after an interval of 14 hours. At this
time the preparation of portal blood contained numerous
moving molecules, and an increased number of crystals, whilst
the other preparation was apparently quite unchanged,
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ExpertvMeNt XIL—A young and healthy dog was put

L under chloroform, and four drachms
Material used 06 hours old.  of choleraic dejection, which had been
passed 96 hours previously, injected into the right basilic vein.

The animal came rapidly out of the influence of the
chloroform, but its respiration was
disturbed, violent and gasping. To-
wards the evening of the same day it began to pass reddish,
mucous evacuations, and it continued to do so until 5 A. .
of the following morning, when it died, 22 hours after the
operation,

A post-mortem examination was performed at 7 A. .
et OO S On opening the abdomen, the cavity
Patches of red mucus in the WAS found to be free from fluid and
semall intestines. . i
the peritoneum was smooth and shin-
ing, appearing in every respect to be perfectly healthy. The
large intestine was throughout coated with a layer of thick,
dark red mucus which ceased sharply close to the ileo-ceeecal
valve. The small intestines showed small patehes of red
mucus on the interior of the jejunum and ileum, whilst the
duodenum appeared to be perfectly healthy.

The liver contained a few extravasated spots of small
Small.  extravesations in SiZe, and one about the size of an
gie Prerund almond beneath the peritoneum close
to the gall-bladder. The spleen was pale and bloodless. The
kidneys appeared to be perfectly healthy.

On opening the chest the pleural cavities were found free
of fluid, and the membranes, like the peritoneum, appeared
perfectly healthy. The left lung was universally mottled and
congested. It was gorged with blood, and exhibited numer-
ous small spots of extravasation probably due to embolism,

both superficially and throughout its
o the lungs which were cyhstance. The right lung showed
spots on the surface of the  pymerous blackish spots towards the

base, but was not universally congested
like the right one. The pericardium was healthy and contain-
ed no fluid. The surface of the heart, more especially of the
left ventricle, was covered with yellowish white miliary spots,
and small points of extravasation. The cavities of the right
side were extremely distended and fullof soff, black

clot.

Death in 22 hours,

The left ventricle contained a little fluid blood.
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ExperiMENT XIIT.—A healthy pup was put under
Material injeoted (uid and chloroform, and three drachms of
Bedimenl, A0 hanrs old. choleraic material injected info the
left femoral vein. The material consisted of the fluid and
sediment of an evacuation thoroughly shaken up, and was
in an active state of decomposition, the fluid being covered
with a thick layer of bacteria, and the sediment; enn_sisting in
areater part of amorphous matter with a few persistent red
blood corpuscles. The injection was performed at 9 a. M.,
and the dog rapidly came out of the influence of the chloro-
form. It died at midnight of the
same day without having shown any
choleraic symptoms,

A post-mortem examination was performed at 8 A. M. of
the following morning, 23 hours after the operation. The post-
mortem rigidity was well —marked.
There was no evidence of inflamma-
tory action around the wound in the thigh, which appeared
clean and healthy. On opening the abdomen, the cavity
was found to be free of fluid, the surface of the small intes-
tines appeared slightly roughened, but the parietal peri-
toneum was perfectly smooth and glistening, and there was
no evidence of inflammatory action present. The stomach

was empty, and there were a few
Jettnonn ond tha dasmroniey  €cchymosed spots on the mucous
g FICCURT IR RS membrane. The duodenum ap-
peared healthy and contained a small quantity of bile-stained
mucus. The mucous membrane was perfectly free of injection
throughout the upper portion of the jejunum, but towards the
lower extremity there was an ecchymosed patch three or four
inches in length. The ileum contained an abundance of
mucus of a peculiar reddish hue. The large intestine was
also coated with abundant reddish mucus.

The liver both on the surface and throughout itssub-

stance showed numerous small, light
peomall nodules of .aisin: eoloured spots about the size of small
e shot. There were no inflammatory
rings around them ; after the specimen had been for 12 hours
in a weak solution of spirit, these spots, where on the sur-
face, appeared slightly prominent; but these prominences
disappeared on exposure to the air, and slight depressions
replaced them, appearing to indicate that they had been due
to an abnormal absorption of fluid at these points., On mi-
croscopic examination, the material composing these light

Death in about 15 hours.

Fost-mortom Appearances.
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coloured spots was found to consist of molecular matter and
liver-cells in various stages of disintegration. The spleen was
normal in appearance. The kidneys also appeared healthy.
On opening the chest the pleurse were found to be
healthy. The trachea and bronchi were empty and normal.
The lungs were collapsed, containing very little air. They
appeared to be injected on the surface, contained a little black
The thoracic visceraheal- b}‘ﬂﬂ'd! and presented a somewhat
Ehr (E) pneumonic aspect. The smaller bron-
chial tubes contained a yellowish frothy fluid. The pericar-
dium was healthy. The right auricle was distended with
coagulum, part of which was black, part gelatinous and yellow-
ish. The right ventricle was in a similar condition. The
pulmonary artery was full of a similar coagulum. The left
auricle contained a little dark clot and the left ventricle was
strongly contracted and empty. The pulmonary veins were
full but not distended with blood.

ExPERIMENT XIV.—A small dog into both of whose

Wi foatarinl assd (snpets femﬂrﬂl' veins aqueous solutions of
e e _Gll.ﬂlel‘ﬂ,lﬁ material had been previously
A e aos had previ  injected without the slightest result
tions. (vide Experiments XXXIV &
XXXVIIT) was put under chloroform, and two drachms of
the supernatant fluid of a dejection which had been kept for

96 hours were injected into the right basilic vein.

The material injected contained innumerable monads,
bacteria and vibriones, together with a few amceboid bodies
about the size of white blood corpuscles. The operation was
performed at 7-30 A. M., and the dog quickly recovered from
the influence of the chloroform, was able to support himself
at once, and very shortly appeared as though nothing had
happened to it. The animal continued in perfect health, eat-
ing and drinking freely and having
certainly improved in condition during
the period in which he had been subjected to operations in-
volving the ligature of both femoral and one of the basilie
veins.

No effact.

Three days subsequent to the last operation, a specimen
of blood was taken for microscopic observation, and the dog
T DE i e o oo
examined ; neither monads 2 d =]
el B B e the regular diet and attention which
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he received during his period of service to science. The blood
was carefully examined but without yielding the slightest
evidence of the presence of monads, bacteria or vibriones.

ExreriMeNT XV.—A Iﬂrgci ?ealf?hy ynun&g d%g 1:113 put

; under chloroform, and about seven
it Ve drachms of the supernatant fluid of
an evacuation which had been kept
for 96 hours injected into the right
femoral vein. Five hours subsequent to the operation the
dog died somewhat suddenly, having passed about a pint of
liquid evacuation just before death.

Death in 5 houra.

A post-mortem examination was performed four hours
_after death. The body was still
abaominal cavirs “reddisn warm, and there was no rigor
i e mortis. On opening the abdomen,
a little sanguineous fluid was found in the peritoneal cavity.
The outer surface of the intestines was much congested and
of a purple color. The stomach was healthy. The mucous
surface of the duodenum was normal. The jejunum con-
tained reddish-yellow frothy fluid, becoming pink towards
the lower extremity; but there were mno erosions of the
much congestion of some mucous membrane. Towards the

tions of the small intasti. : :
Egﬁilﬂﬁh" reddish fluid con- middle of the ileum the contents
3 5

Substancs of the liver. ~ were of a sanguineous aspect and
of fluid consistence, but they became paler towards the
lower extremity. In the lower half of the ileum there were
patches of extreme congestion corresponding, as a rule,
with patches of {ricocephalus dispar. Towards the ileo-
ccecal valve the intestine appeared to be healthy. The large
intestine exhibited a few ecchymosed spots, but was other-
wise healthy in appearance. The liver was fatty and showed
small clots penetrating its substance. The gall-bladder
contained bile. The kidneys were slichtly congested, but
otherwise normal. The bladder contained about three
ounces of clear urine.

The pleural cavity contained a little slightly sangui-
! ; . neous fluid. The lungs were col-
Thoracic > ﬂ-ﬂ-ﬁt{; reddiash . - ‘ R

fﬁignﬁﬁg;.mmm and pleu- ]apsed, GDE‘tﬂ-lD.LIlg very little air H but
they were not congested. The peri-

cardium contfained about two ounces of fluid similar in ap-
pearance to that present in the peritoneal and pleural cavities.
The right auricle and ventricle were full of dark eolored clot.

F
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LixpErIMENT XVI.—A healthy pariah dog was put under
the influence of chloroform at 7 A. M., and half an ounce of
s s IO the suppm:mtant' fluid of a choleraic
fluid), 90 hoursold: deathin = evacuation® which had been kept
81x honrs. s wn A
for four days was injected into the
right brachial vein. The fluid injected was peculiarly feetid,
and was full of fine granular débris and bacteria. The
animal rapidly recovered from the influence of the chloro-
form, but continued in a profoundly depressed condition
until about 1 ».M., when he died. During the interval he
neither vomited nor passed any stool.

A post-morfem examination was performed at 4-30 ». .
Rigor mortis was strongly marked.
There was no fluid in the peritoneal
cavity ; but there was a certain amount of injection of the
omentum and mesentery with a good deal of dark pig-
mentary deposit in the same localities. The intestines were
very pale, externally almost white. Throughout the entire

course of the small intestines, from
gioxireme  .congestion and  the pylorus to the ileo-ccecal valve,
Satestings. wue of the small  the mucous membrane was congested,

softened, and apparently partially
disorganised. It was coated with a thick layer of semi-fluid
mucous material; and on this being wiped off, the surface
beneath presented a brush-like aspeet due to the injection
of the villi. The material was, in some parts, yellowish-
white ; but in general was of various shades of pink and
resembled strawberry-cream inappearance.

On miecroscopic examination, it was found to be com-

. . posed almost entirely of eylindrical
This creamy fluid, on mi- . - . . .
eroscopic examination, was epithelinm mixed with baecteria and
found to consist almost en- . -
tirely of perfectly preserved amorphous particles. The large in-
eylindri epithelinm. . . 5 .
testine also contained pinkish mucus,
but the membrane was mnot injected save along the
edges of the ruge. The stomach contained semi-digested
* This dejection was passed by a patient in the General Hospital. He was a sailor who
had been in the harbour for only three days, and who had, previons to his seiznre, never
been over the side of the ship. The symptoms came on with extreme violence and sudden-
ness, whilst he was in full health. The evacuations were exfremely characteristic, and the
term * rice-water* wag peculiarly adapted to deseribe their appearance. That examined was
passed two hours after seizure. On microscopic examination, the flocculi were found to
consist entirely of brightly refractive cells, resembling those found in recent exudations,
embedded in shreds of fibrinons material (so perfect was the resemblance that slides consisting
of the flocculi and slides of quite recent flocculent exudation, removed from the surface of
the liver, associated with peritonitis, when placed under separate microscopes could not be
distinguished the one from the other) ; these cells in the course of a fow hours broke down

completely, whereupon the extraordinary resemblance which this dejection bore to rice-
water disappeared.

Post-mortem appearances:
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found to be free of fluid, and the membranes appeared to
Thoracic cavity; siugns b€ perfectly healthy. The lungs
SHeIMpETEparpardiym, were collapsed, airless, and containing
very little blood. The pericardium was slightly injected.
The right cavities were distended with fluid blood, and the
left side also contained a little blood.
Preparations of the blood were procured, and, whether
gl under common covering glasses, or
tooiood swarming with bac-  in hermetically sealed wax-cells, were

found to be swarming with very active
bacteria after the lapse of 12 hours.

ExperiMENT XVII.—A large healthy pariah dog was
L N put under chloroform at 5 ». . of
fluid), 100 hours old : death in the same day in which the preceding
: experiment was performed, and half
an ounce of the same fluid employed in it injected into
the right median vein. The operation was rapidly and suc-
cessfully performed, and the animal quickly revived; but it
appeared to be in a condition of profound collapse while
under observation, and died during the course of the night,
having passed some liquid mucous evacuations of a pink
colour during the interval. The evacuations passed imme
diately after the operations were natural in colour and
consistence.
A post-mortem examination was performed at 7 A. 3.,
14 hours after the injection took
place. Rigor mortis was strongly
marked. Pinkish fluid* ran from the nose and mouth when
the body was lifted. There was no evidence of peritonitis,
and the external surface of the intestines was very pale, as
in the preceding case. The stomach contained a little pale
pinkish muecus; but the membrane beneath was not con-
gested. The duodenum contained more abundant and more
o S e highly ecolored semi-fluid mucous
cons membrano of the small matter, and the mucous membrane
== throughout the rest of the small in-
testines was softened, and coated with similar material.
There were also small spots of extravasation throughout.
The large intestine was not affected.
The mesenteric glands were all intensely congested and
Intense congestion of mes- full of Piﬂ]{iﬁh fluid GIDBE.IF i
enteric glands. h]lﬂg the intestinal material. The
latter was found on microscopic examination to be composed

ar

Post-mortem appearances,

* The fluid congisted of mucus containing innnmerable ova and a few PE[‘[‘NT. specimens
male and female, of Penfasioma fenivides.
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of eylindrical epithelium mixed with abundance of bacteria
and vibriones. The liver was variegated with light, yellow-
ish, fatty spots. It contained no evidences of embolism.
The kidneys and spleen were perfectly healthy. The bladder
was empty. The pleural cavities were healthy, and the

Thoracio cavity. No active 1Ungs were collapsed, pale and devoid
bacteria_in blood when re-  of any traces of embolism. The pe-

moved from the heart, but : = -
numerous motionless parti- Jqaqpdium  was qmte hﬂﬂlthj". The

es a abundant aotive
Bustoria subsequently. right cavities of the heart were empty,
and the left contained a little fluid blood. Preparations of
blood were procured from the heart and from one of the
systemic veins. These, when examined a quarter of an hour
subsequently, showed no active bacteria, but a uniform
sprinkling of minute motionless particles throughout the
serum, Twenty-four hours subsequently the preparations

were crowded with active bacteria.

ExPERIMENT XVIII.—This experiment was performed
_ at the same time and with the same
Material used (supernatant - .
fuid), 100 hours old, precise- material as the preceding one. A
" large healthy dog having been put
under the influence of chloroform, four drachms of the fluid
was injected into the right brachial vein.
In consequence of a failure in the first aftempt at
i injection and of the subsequent slip-
onsiderable loss of blood . . .
gr?ﬁ:r:fdl.té%g :agaigantﬁg EEI,;ET 3:: Png of a llg&ture, the animal was
" both kept for some time under the
chloroform, and moreover lost a considerable quantity of
blood. The operation was at length, however, successfully
performed. The dog seemed to be much depressed and
whined as though in pain for some time.
During the mnight, however, he improved greatly and
LA S S A g]r&nk some water ; and on the follow-
pletely in a few daysand was  Ing morning he ate and drank gree-
set at liberty. :
dily, and seemed to suffer more from
stiffness of the wounded limb than from any constitutional
symptoms. The wound looked clean and healthy, and the
animal was bright and lively in appearance. He continued
free from any constitutional symptoms, and five days after the
operation was set at liberty in full health and excellent spirits.

ExpertmuENT XIX.—A pariah dog of average size put

Material used (aupernatant under the influence of chloroform at
id), 96 hours old. 7 A. M., and four drachms of the
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supernatant fluid of a choleraie evacuation which had been
kept for 96 hours was injected into the right femoral vein.
The dejection from which the material employed was derived
was passed by a patient in the General Hospital whilst in
profound collapse, and consisted almost entirely of watery
fluid, only a wvery little flocculent sediment being present.
These floceuli, when quite recent, showed mere flakes of
minutely granular matter with a few hyaline cells and my-
riads of active infusoria. The material injected was entirely
free from particles of sediment and consisted of an opales-
cent fluid swarming with aective bacteria and containing a
few molecular flakes and active ciliated infusoria. The oper-
ation was performed rapidly and with perfect success, and
the dog quickly recovered from the influence of the chloro-
form. It passed a healthy evacuation
soon after the close of the operation
and showed no symptoms of pain, but extreme depression
persisted, and it died about three hours after the operation,
having neither vomited nor been purged during the interval.
A post-mortem examination was performed within two
At R S hours after death with the following
Fﬂéﬂmﬁgt igll:;r;lgpa.ﬂt aspect of results. On [)lJB]].l]]g the abdomen the
3 peritoneal cavity was found to contain

no fluid, the membranes showed no evidences of inflammatory
action, and the exterior surface of the intestines was extreme-
ly pale. They were, in fact, of a whitish colour and were
closely packed together. The stomach contained undigested
food, and the mucous membrane was pinkish and evenly
congested over the whole surface. The mucous membrane
of the small intestines was congested from the pylorus to the
ileo-cceeal valve ; it was deep pink and moist ; and the villi
5 . S _ presented the brush-like aspect pre-
sation  of the entire smali viously described in other experi-
Sieane ments, The surface was coated with
a thick layer of whitish, semi-fluid, flocculent matter, which
in many cases completely choked the lumen of the gut on a
cross section being made, and which on microscopic examin-
ation was found to be entirely composed of eylindrical
and the lumen_ of the gut CPithelium, mingled with which were
flled with 4 thick cresmy g few bacteria. The epithelial cells
ly of eylindrical epithelium. - yrepe in singularly perfect condition,
and were either scattered or in sheets and masses. The
large intestine was healthy in appearance. It contained
normal feeeal matter, and the mucous membrane showed no

Death in 3 hours.
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siens of congestion or other morbid change. The mesenteric
glands were of a deep pink hue internally, and contained

_ abundance of fluid of a similar colour.
glndse thofuid in themoon. This fluid on microscopic examination
e was found to be crowded with the
cells normally present in such glands, and to contain in
addition a laree number of active bacteria. The latter
subsequently multiplied to a great extent in a preparation
which was mounted in a wax-cell.

The liver was very soft in texture, but showed no evi-
dences of the occurrence of embolism. The spleen and
kidneys were healthy, and the bladder was full of urine,
containing numerous cylindrical epithelial scales and active
bacteria.

Orn opening the thorax, the pleural cavities were found
to contain no fluid, and the mem-
branes were smooth and healthy. The
lungs were pale and collapsed. There was no pericarditis.
The right cavities of the heart contained dark fluid blood,
and the left auricle and ventricle were empty.

Two preparations of blood were mounted in wax-cells.

Blood from the heart con. YWhen examined a few minutes after-
taned a sprinkling of bacte: ywards, one of the specimens was found
PO WAL e . to contain a sprinkling of minute,
active bacteria, whilst in the other only one or two could be
detected. Twenty-four hours afterwards, the former speci-
men was crowded with large active bacteria, which were
often arranged in long series and in ramifying flakes. The
other preparation also showed a considerable increase in the
numbers of bacteria present, although by no means so great
as had previously been observed in other similar cases.

Thoracic viscara.

ExrerimexT XX.—A large healthy pariah dog was put
Material used (supernatang  UNAer the influence of chloroform at
SECHSECRELOC Houmold B ]9 moen: off fhe same day in  which
the previous operation was performed, and four drachms of
the same fluid employed in it were injected into the right
femoral vein. The operation was rapidly and suecessfully
accomplished ; there was no heemorrhage, and the animal
quickly recovered from the influence of the chloroform, and
attempted to make its escape.
Shortly afterwards it became dull and depressed, and
oo g continued in that condition through-
arabbut measty woll oa the  out the rest of the day. At 7 .rl.gM.
E day. .
of the following day it was still some-
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what dull looking, but was sitting up and drinking water
freely, and at 2 ». a. it appeared to have almost entirely
recovered from the effects of the operation, and was made
the subject of another experiment (No. LVI) from which it
also recovered.

Experiment XXT.—A pariah dog of average size was
Material used (supernatant PUb under the influence of chloro-
fluid), about 100 hours old.  foprm  immediately after the com-
pletion of the previous experiment, and four drachms of
the same fluid employed in it was injected into the right
femoral vein. The operation was rapidly and in every way
sueccessfully performed.

The respiration ceased whilst fhe wound was heing
stitched up, but was readily re-established, and the animal
quickly recovered from the influence of the chloroform. Tt
passed a normal evacuation soon after the operation was com-

Escaped on the second day P]'Eted-' and remained in a somewhat
SEEATRI Y, Enatected, depressed condition throughout the
rest of the day. On the following morning, however, it was
much livelier, and 24 hours after the operation it appeared
to be quite well and was very desirous of effecting its escape,
which it succeeded in doing not long afterwards.

(e.)—The choleraic matter used being s1X days old.

ExperiMENT XXII.—The dog which had previously
Matorial used (supernatant  Peen employed in Experiment IV was
LR el ] put under chloroform, and half an
ounce of the supernatant fluid of the same dejection previ-
ously made use of in Experiment X'V was injected into the
left femoral vein. The dog appeared
ST ~ to be very little affected by the opera-
tion. Four days after he was in excellent health ; but the
wound in the thigh was still open.
Several preparations of blood were made by opening a
No bacteria in the blood Cutaneous vein, and either treated
4 days after the injestion. with osmic acid and acetate of potash,
or without the use of any re-agent; but in neither series
could any traces of bacteria be detected.

( f-)— Choleraic material used being TIGHT days old.

ExreriveNt XXIII.—A strong young pariah dog was

T et 5t Pt i ut under ﬂhlqrufm*m, and half an
game as in Ixporiment , ounce of the fluid of the same evacua-
tion employed in the preceding ex-

S
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periment, injected into the right femoral vein. Owing fo

the slipping of a ligature, the dog

L7 T lost about a couple of ounces of blood

during the operation. The hmmorrhage was, however, con-

trolled, and the dog recovered from the influence of the
chloroform, but died about three hours subsequently.

A post-mortem examination was made within six hours

after death. The abdomen was consi-

_ Bostmortem appearances;  (erably distended. There were two or

intestinos od with o sty three ounces of reddish fluid in the
pinkish material. 2 21 . -

peritoneal cavify, and the intestines

were pinkish externally. They were distended with air, and

coated with a slimy, pale pinkish material, but contained

very liftle fluid. The liver was pale, and there were already

gaseous bubbles beneath the peritoneal coat.

There was no fluid either in the pleural or pericardial
sacs. The lungs were collapsed. The right cavities of the
heart were distended with black blood; those of the left

side were empty.

(g9.)— Choleraic material used being TEN days old,

ExpPERIMENT XXIV.—A healthy, but very young pariah

pup was put under chloroform, and

_Miaterial injected 10 days ahout three drachms of the fluid of

gnd granular cells; desth in  {he same evacuation employed in the

previous experiments, but which had

now been kept for eleven days, was injected into the right

femoral vein. The dog rapidly recovered from the chloroform ;

but there was some disturbance of the respiration, more

especially immediately after the injection. The material in-

jeeted was erowded with monads and bacteria, and contained

numerous circular cells nearly the size of blood corpuscles
and with granular contents.

The dog died 2§ hours after the operation, and a post-
Post-mortem_appearances; n07{em eXamination was performed
Tl six hours afterwards. Rigor mortis
absent. The abdomen was distended, and the peritoneal
cavity contained some reddish fluid. The intestines were
distended with air, but contained no liquid. The mucous
membrane was, in one or two spots, coated with pinkish
mucus. The liver and spleen were healthy in aspect.

LES
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ExperiMeNt XXVIIL—A large healthy pariah dog
Material used same as in having been put under the influence
last experiment, 15 days old. of chloroform, three drachms of the
same fluid employed in the preceding operation which had
just been performed, were injected into the left femoral
vein.
The dog appeared entirely unaffected by the operation,
Mo effsch: animal kinea 8nd remained quite healthy for the
b o S next three days, at the close of which
period it was killed under the influence of chloroform.
An immediate post-mortem examination was made, and
the intestines, together with the other thoracic and abdominal
Visoers healthy: the glands viscera, were found to be perfectly
SN O g I e healthy in appearance. Some of tl}e
S ligurs mesenteric glands were reserved as in
Experiment X1, and were examined after 24 hours. The fluid
contained in the interior of them showed an abundance of
moving molecular matter, but not a single specimen of the
elongated vibriones occurring in the other reserved glands.

ExperivexT XXIX.—A small pup, similar to those em-
Material injectea15 days DPloyed in Experiments XXIV and
old. XV, was put under ehloroform, and
one drachm of the evacuation employed in Experiment
XX, &e., was injected into the right femoral vein. The opera-
tion was completed with perfect success and with no heemorr-
hage or disturbance of the surrounding tissues. Shortly
ilift];ar [il;hﬁ injection respiration ceased but was readily re-estab-
shed.

After the completion of the operation the respiration
was considerably disturbed. In the
course of an hour or so, the animal
began to whine and appeared to be in pain, moving about
his limbs and turning on his back. He vomited three or
four times and passed one evacuation. He died four hours
after the operation, and a post-mortem examination was per-
formed 21 hours after death.

Lligor mortis was strongly marked. The body was |
MLl e . scarcely warm, and the wound was
ost-mortem Appearances: : 5 . .

Jntestines congested and  quite healthy. The peritoneal cavity

75 contained no fluid, and the membrane
was not injected. The intestines were distended, and, in
greater part, of a purplish hue. They contained a pinkish
slimy substance, which, as a rule, was most highly coloured

Death in 4 hours.
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opposite the most purplish portions of the intestine. The
pinkish tint of the contents did nof, in this instance, corres-
pond with the presence of patches of worms, for the latter
were in several instances observed to occupy pale portions
of the intestine. The liver was healthy ; the kidneys were
congested.
The pleural cavities contained no fluid. The lungs were
Blood from the heart con- CoOllapsed, airless:and bloodless. Both
tained monade and bicteria.  gideg of the heart were full of blood.
The blood contained active monads and distinet bacteria.

(j.)— Choleraic material used being EIGHTEEN days old.

ExperiMeENT XXX.—A very young pup, similar to that
employed in the previous experiment, was put under chloro-
form, and nearly one drachm of the same evacuation, which
had now been kept for 18 days, was injected into the right
femoral vein. The operation was performed without loss of
blood ; although respiration ceased, it was readily re-estab-
lished, the restoration being apparently facilitated by holding
the animal up by the heels. There were no symptoms of
intestinal affection, but death supervened ten hours subse-
quent to the operation.

(k.)— Choleraic material being NINETEEN days old.

ExperiMENT XXXI.—A healthy dog of average size
Injected material 10 days Was put under the influence of
eldjthe dog wellin two days.  ohloroform, and four drachms of the
same evacuation employed in the previous experiment were
injected into the left femoral vein. There was no hwemorr-
hage, nor were the surrounding tissues disturbed. Towards
the close of the operation the respiration became imperfect,
but it never fairly ceased, and the animal quickly recovered
from the effects of the chloroform. It did not appear to
suffer from the operation, and in two days appeared to be in
perfeet health.

ExpErRIMENT XXXIT.—A healthy Eup was put under

Tadested, matsrial 10 Auys | LHO influence of chloroform, and a few
OI+(ClBAH LD L ORECS? drachms of the supernatant fluid of
an evacuation which had remained for 19 days in the
lahoratory was injected into the right femoral vein. There
was hardly any heemorrhage during the operation, and the
dog rapidly recovered from the influence of the chloroform.
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1t died five hours and a half afterwards, and a post-mortem
examination was performed three hours after death.
Rigor mortis was well marked. The abdomen was
Push:murt.emﬂ n%pqa.rancalﬁj Slig‘ll tl}' swollen and there was a little
Dtestines, o = aolourless fluid in the peritoneal
cavity. The duodenum was of a pinkish hue internally and
contained thick, pale, slimy matter. Further down, the con-
tents of the intestines were watery and of a sanguineous hue.,
There was pink coloration throughout the jejunum and ileum,
but both this and the fluidity of the contents diminished
in the neighbourhood of the ileo-cewecal valve. The large
intestine was mormal in appearance. The liver contained
numerous light coloured patches similar to those previously
described in the post-mortem examination of Experiment
XIII. It was not congested. The spleen and kidneys were
normal.

The lungs were totally collapsed, airless, and bloodless.
The ven@ cave, right auricle, and right ventricle were full of
dark and light coagula. The left cavities of the heart con-
tained a little dark coagulum.

9)—Choleraic material used being TWENTY-TWO days old.

ExperivmeNt XXXTIT.—A healthy dog was put under
o Inigoted material 22 days the influence of chloroform and half
= : * an ounce of the same choleraic dejec-
tion which was employed in Experiments XXIII, &e., and
which had now been kept for 22 days was injected into the
right femoral vein. The operation was performed with perfect
success; the animal rapidly recovered from the influence of
the chloroform, did not appear in any way to suffer from the
injection, and three days subsequently was in a state of,
seemingly, perfect health. :

2.—INJECTIONS OF AQUEOUS SOLUTIONS 0F CHOLERAIC MATE-
RIAL INTO THE VEINS OF ANIMALS,

(@).—The solutions being recently prepared.

h ;EE'.PERIMEHT XXXIV.—A young pariah pup was put
lorato deaniion atered cho-  under the influence of chloroform at

ra;ﬂntlw prepared. . 8. A M. and two drachms of a solution
of choleraic material were injected into the right femoral

~vein. The solution had been prepared about half an hour
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before the operation, and consisted of equal measures of a
perfectly fresh and filtered choleraic evacuation, and of water,

The animal rapidly recovered from the influence of the
chloroform, and did not appear to be
much affected by the operation.
Before evening he was as lively as though nothing had hap-
pened to him, and was on the following morning made the
subject of Experiment XXXVIII.

No result.

ExppriMENT XXXV.—The pup which had two days pre-
of Tqcently diluted solution viously been the subject of Experi-
hours old). ment V, and which appeared to be in
perfect health was put under chloroform, and two drachms
of a freshly prepared solution of choleraic evacuation [were
injected into the left femoral vein. The solution consisted of
the supernatant fluid and a little sediment of an evacuation
which had been kept for about 96
hours in the laboratory. The animal
rapidly recovered from the influence of the chloroform, was
quite fresh and lively shortly afterwards and subsequently

made its escape.

No result.

ExperiMeNT XXXVI.—A healthy young pariah dog
having been put under the influence
of chloroform, half an ounce of an
aqueous solution of choleraic material
was injected into the right femoral vein. The solution was
perfectly fresh, and the evacuation employed had been kept

Passed reddish watery eva- 10T fourteen days. During the course

guations during thedayjthe of the day the dog passed some
ed. watery reddish evacuations; but, on
the following morning, appeared healthy and continued to
do so until the third day, when he was made fhe subject of

Experiment XL.

A recently diluted solution
n{é:hularniu material 14 daya
ﬂ -

ExperiMeNT X XXVII.—A healthy pariah pup was put

: : under the influence of chloroform, and

of Sholorsis marorial 35 days 4 freshly prepared solution of choleraie
i material injected into the right
femoral vein. The evacuation employed was that which
had afforded the materials for injection in Experiments X111
and XXXII, and had been kept for 25 days at the time the
solution was prepared. The proportions of the water and

choleraic fluid in the solution were 20 minims of the latter
to one ounce of the former.
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The injection was successfully performed and the dog
et s sieone - EAPIONY  Tecovered from the influence
desth in 74 hours. of the chloroform ; but the respira-
tion continued to be hurried and somewhat irregular for
nearly an hour. This symptom, however, passed off, and the
dog appeared not very much affected. He refused all food,
ho;rever, and began to suffer from diarrheea, passing evacua-
tions, the first of which were normal in aspect, while the
subsequent ones became more and more mucous and blood-
streaked. Four hours and a half after the operation, he was
observed to suffer from rigors, and these continued to occur
for the next three hours at the close of which period he died.

A post-mortem examination was performed two and a half
hours after death. Rigor mortis had
not set in. The body was still slightly
warm and the abdomen was not distended. The parts
around the wound in the thigh appeared quite healthy,
and the vein above the ligature was normal in aspect and
distended with fluid blood. On opening the abdomen the
cavity was found to be free of fluid, and the peritoneum
seemed to be quite healthy. The stomach contained glairy
_ ~ fluid mingled with bile. The interior
reddioh fuid and extremely Of the small intestines was extremely
Songogtec. congested, and the mucous mem-
brane was of a deep pink colour from the duodenum to the
ileo-cceeal valve. They were full of a red fluid mixed with
grumous matter. This material when subjected to imme-
diate microscopic examination showed
in the fuid. bat ameephens mo distinet traces of blood cells, but
pasticles and epithelialeell:  oontained mere amorphous particles
with some oil globules and a few epithelial cells. The large
intestine was pale and almost empty. The liver was abnor-
mally friable, and showed numerous yellow fatty spots scat-
tered over the surface and extending into the substance.
The gall-bladder was full but not distended: The spleen
appeared healthy. The medullary portion of the kidneys
was very red, while the cortical substance was of a pale
yellow tint and fatty aspect.

On opening the thorax, no signs of pleurisy could he
detected. The lungs were totally collapsed, airless, and
almost bloodless. The pericardium was healthy, and con-

tained no fluid. The right cavities of
the heart were full of dark coagula
and fluid blood. The left cavities were empty and the ven-
tricle was strongly contracted.

Post-mortem appearances,

Thoracic cavity.
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(b).—The solutions having been prepared TWENTY-FOUR
howrs previously.

ExperimeENT XXXVIIL.—The dog which had on the
Solution prepared 24 hours  Preceding day been made the subject
proviouly: of Experiment XXXIV without ap-
pearing in any way affected by it was again put under the
influence of chloroform, and two drachms of the solation
previously employed, but which was now in an active state of
decomposition containing innumerable monads, bacteria and
vibriones, were injected into the left femoral vein. The
animal recovered quickly, as on the
previous occasion, remained well after-
wards and was subsequently the subject of Experiment XIV.

No resulf,

ExperiveNT XXXTX.—A young healthy dog was put
Solution prepared 24 hours  UNLAer chloroform, and half an ounce
previously: deathind hours.  of an aqueous solution of choleraie
material injected into the right basilic vein. The solution
had been prepared twenfy-four hours previously, and was
derived from the same evacuation as employed in Experiment
XXX. The operation was successfully performed, and the
dog rapidly recovered from the influence of the ehloroform.
Shortly afterwards well marked rigors occurred, and the
animal died four hours subsequenfly having passed one
liquid evacuation during the interval.
A post-mortem examination was performed one hour
Post-mortem appearances: ond three quarters after death. The
injection of small intestine, body was still warm, and rigor mortis
just commencing. The peritoneal eavity contained no fluid
and the membrane was healthy. The mucous coat of the
intestines both large and small was injected almost univer-
sally, but the contents of the guts were of a yellowish-white
tint, only here and there showing a pinkish tinge. In these
coloured portions the consistence of the muecous matter of
which they were composed was more fluid than elsewhere.
Several tortuous patches of small vessels were visible on
the surface of the liver ; they were gorged with blood, but
the hepatic cells in their neighbourhood appeared to be
unaffected in any way when examined microscopically. The
spleen and kidneys were healthy.
On opening the thorax the pleural cavities were found

Mo monads norbactssia in. - 10 be. quite healthy. The lungs

}uhg_‘:{gl?ﬂ;gﬂgﬁﬁ?ﬁ;ﬁﬂ deve- were collapsed, airless and bloodless,
whae i

m d. t L " i
when, fungi appeared, the and several dark extravasated patches

cracked. were present in each, The heart was
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healthy. The right cavities were full, and the left n.]m:::-st;
empty. Specimens of blood were obtained from eacl_l side of
the heart, but no distinct traces of monads or bacteria could
be detected in them at the time, nor were any observed
to have developed in them two days subsequently, when
filaments of fungi had crept into the preparations through
cracks in the covers of the wax-cells in which they were
eontained.

(c.)—The solution having been prepared FORTY-EIGHT
hours previously.

ExperiMexT XL.—The dog employed in Experimﬂndt

: s XXXVI, but which now appeare
A s henlih, sind it the
wound in the right foreleg clean and healing, was again
put under the influence of chloroform, and five drachms of
the solution used in the preceding experiment, but which
had now been kept for 48 hours, was injected into the left
median vein. The fluid was thoroughly shaken up previ-
ous to injection, in spite of which the animal rapidly reco-
vered from the influence of the chloroform, and began to run
about as though nothing had hap-
pened. e continued in apparent
good health during the next two days, and was then made
the subject of Experiment V1.

No result.

3.—INJECTIONS OF ORGANIC SOLUTIONS, OTHER THAN OF
CHOLERAIC NATURE INTO THE VEINS
OF ANIMALS.

The arrangement adopted in the preceding sections will
_ be followed out in this also, so that
Organic subatances, not i E
choleraic, injested intd the ~comparisons between the various
e classes of experiments may be more
- readily made. The introductory remarks which have been
made concerning them, apply equally to this, the conditions
under which they were conducted being the same ; the animals
were taken indiseriminately, irrespective of sex, age or
strength, the solutions for injection having usually been
prepared before the animals had been seen.
It will be seen that the femoral and brachial veins have
B ol e i been selected in preference to the
suitable for these experi- veins of the neck, owing to the com-
ments, . . . i
plications which we had, in early
H
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floating in the mixture), were injected into the left femoral
vein of a dog, into whose right femoral vein some putrefying
blood had been injected three days previously without any
very marked result, although he was evidently far from well
(vide Exp. LIILI).

The dog quickly recovered from the effects of the chloro-
form, took to his food readily, and by
the third day was so far improved as to
have managed to make his escape.

Mo result : animal escapad.

ExperiveNT XLIV.—Half an ounce of perfectly fresh
Material injected: fresn Sanguineous peritonitic fluid was in-
et jected into the right femoral vein of a
large, healthy pariah dog which had been previously placed
under chloroform. The fluid had been obtained from the
peritoneum of a dog in whom peritonitis had been produced
by the introduetion of a solution of normal evacuation into
the abdominal cavity (vide Exp. LXXIV).

The animal continued somewhat dull and sluggish
throughout the day : the following day
it was more lively, but a large inflamed
swelling had appeared around the seat of the incision. Ou the
fourth day it was very much improved and seemed to have
nearly recovered. On the fifth day it was again put under
chloroform, which was pusbed until respiration ceased. A

Post-mortem examination: POS{-mioriem examination was imme-
Sremerdan hagliy. diately made, but not the slightest sign
of peritonitis nor of embolism could be traced, the only lesion
observed being the inflammatory condition of the wound in
the thigh. The bladder was full of urine, and the mucous
membrane of the intestines perfectly healthy.

Hecovery in 8 days.

(b.)—The organic solution injected being ONE day old.

ExperiMENT XLV.—A healthy young puppy was put
Material injocted, ailutea 0der chloroform at 8 a.ar., and three
graimary fecal matter 24 (rachms of a fluid composed of mix-
g ture of water,and healthy feecal matter
which had been prepared twenty-four hours previously, were
mnjected into the right femoral vein. The dog recovered per-
fectly from the effects of the ansesthetie, but died at 11 A. ar.
of the same day, three hours after the operation, having
passed several mucous stools in the interval, although the first
stool passed after the operation presented no such appearance.
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and both small and large intestines contained a considerable
amount of a grumous substance of the consistency and colour
of blackearrant jam or prune-juice, evidently due to altered
blood exudation. The liver was exfremely fatty. Kidneys
and spleen normal. The heart was healthy, the cavities on
both sides empty. There were numerous pneumonic patches
interspersed throughout the lungs, but no indication of further

mischief.

ExperiMENT XLVII,—The dog used in Experiment LIX

e having quite recovered was put under
tion of ordimasy feesi matcer, chloroform again, and six drachms of
e e a solution of mormal evacuation, pre-
pared 24 hours previously, were injected into the left femoral
vein. The animal did not seem to be the least affected by
this operation neither until the next day, when it became
sickly, and still more so on the second day, when chloroform
was again administered, and a posf-mortem examination at
once made.

There was no fluid ia the peritoneum, nor the least trace
of peritonitis; the intestinal mucous
membrane appeared to be perfectly
healthy and pale, so were the mesenteric glands, and all the
other abdominal and thoraecic organs.

A wax-ce]l preparation of the blood from the vena

The blood contained bae. CAava Was made, and examined the next
e morning, when a scanty sprinkling of
active bacteria were seen to be present; and on the third day
the preparation was erowded with stiff short bacteroid bodies,
perfectly still and resembling erystals.

All the viscera healthy.

EXPERIMENT KLVIII._g. very powerful pariah dog was

g, L . put under chloroform, and six drachms

of ordinary sivine disonaege, Of fluid which had been employed in
d4 houra old; no effact. . .

: the preceding experiment, ten hours
previously, were injected into the right femoral vein.

The animal quickly recovered, and was under observa-
tion for three days, but not the slightest indications of
functional disturbance were manifested, and it was subjected
to another operation (vide Experiment LXIT).

(e.)—The organic material injected being Two days old.

ExpertMENT XLIX.—A small quantity of the solution
R . of blood which had _remained over
posing solution of blood 48 Since its employment in Bxperiment

ours old, filltered, . : :
XLIT of this series, and which was
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epithelium, and the mucous surface of the small intestine
generally was much disorganised. The other abdominal

and thoracie organs were healthy.

Experiment LIT.—Immediately on completion of the
_Materinl injected snme as preceding experiment, another huge
in Experiment LI ; 86 hours .
old, swarming with bucterin. pariah dog was put under chloro-
minutes. form, and six drachms of the same
decomposing fluid, swarming with bacteria, injected into
its right femoral vein. The animal ceased to respire almost
immediately, and efforts to restoreit were in vain, although
it had nearly come from under the influence of the ansesthetie,

and none had been administered for some time.

The viscera were forthwith exposed; the right side

of the heart was enormously dis-

Fostmortem pppearances:  tended, and the left contained a little

blood. The mesenteric glands were pink and contained red

blood-corpuscles. The liver was of a very dark colour and
gorged with blood ; other viscera healthy.

Three wax-cell preparations of the blood were made ;
Bacteria developed in O1@ from the right side of the heart,
o o e gt hoedfrom  ganother from the left side, and a third
Betiom, from the left femoral. Of these, in
the first only could active bacteria be distinguished when
examined immediately after the specimens were prepared ;
nor did any appear in the other two for some hours ; next
morning, however, all three contained an abundance of moving
bacteria.
Two wax-cell preparations were also made of the fluid
And in the juice ofaxillary SQueezed out of an axillary, and out
O of a mesenteric gland, ’tnn:d;h}r of which
contained numerous active bacteria, and monads from the
first, and their numbers increased greatly during the follow-
ng twenty-four hours. In about four days the activity of
the monads and bacteria ceased, motionless molecules alone
remaining i the blood, as well as in the gland-juice pre-
parations.

(d.)—The organic material injeeted being THREE days old.

ExperiMeNT LITL—In order to complete the series of

gMaterial  used ; two filtered and wunfiltered, fresh, and
solution, 72 hours old; crowd.  decomposed  solutions of a simple

d with vi : e liqui
e vibriones organic liquid, two drachms of the
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producing any marked vesult, was again placed under
chloroform. and half an ounce of the decomposing solution
of ordinary feecal matter (exactly as used in the last
experiment (LIV), both experiments being performed on the
same day) was injected into the median basilic vein.
After the operation, ]:';t is u(‘it-a([lf “hthﬂ dog ﬂppﬁﬁ'ﬂ as if
; mder DoOthing ha appened.” e was
chloroforh hiter & Wook. kept under GbSErE}miUn for a week,
when, in order to ascertain what changes all these putrefying
matters might have produced, he was again placed. under
chloroform, and allowed to breathe it till respiration ceased.
The wounds over two of the three veins which had been tied
were completely healed. There was no peritonitis, the
B g e intestines were pale and perfectly
lmgs; a eavity in one; healthy, so were all the viscera except
extravasated spot in the
sploen.  No bacteria in the the 1u]1gs_am1 spleen. In the fm*mgl‘,
on both sides, large patches of hepatiz-
ed tissue were found evidently due to pneumonia, and, enclosed
by this altered tissue, at one spot was a small cavity filled with
a dark thickish fluid. In the spleen there was, near the sur-
face of one end, a small extravasated pouch about the size of
a hazel-nut.

The blood was carefully examined for monads and
baeteria, but none could be found.

ExeeriveNt LVI—Ialf an ounce of a decomposing

e solution of ordinary alvine discharge,

alvine discharge, 72 hours 72 hours old, the same as used in

Experiment XLVTI, &e., was injected

into the right femoral vein of a dog, previously brought

under the influence of chloroform. Not a drop of blood
was lost during the operation.

There were not the slightest manifestations of illness
during the three days the animal was kept under observation,
and when the viscera were examined after it had been
killed under chloroform, they were all found to be perfectly
healthy.

A wax-cell preparation of the blood was kept under

; _ observation for three days, but no

the blood, nor in the ghanas,  bacteria nor any other organisms
developed. A similar preparation was

made by squeezing some fluid out of a mesenteric gland ; here

also no monads or bacteria could be detected during the
period above named,

1
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cells (similar to those occurring in the floceuli of cholera
dejecta), together with a few epithelial cellsand structureless
latinous material.
Thirteen hours after the operation the dog died, and a
: post-mortem examination was made
RoRil 0 22} hon R immediately. No fluid in peri-
Demaathowhich the epithenum toneum, no evidence of peritonitis;
wc e mesenteric glands much enlarged :
dark pink internally and containing fluid of a similar colour.
The small intestines were very pale externally, whereas the
mucous surface was of a dark pink colour, being coated with
a reddish muecous substance, which on removal showed the
epithelial coat unaffected, and the mucous membrane not
congested. No further evidence of morbid change could be
discovered.

ExpermmMeNT LIX.—Four drachms of the alvine solu-
s tion, 96 hours old, as used in the
solution, 96 hours old: no last experiment, were injected into
A the right femoral vein of a moderate
sized dog under chloroform. The dog continued to be very
active for some time, and attempted to make its eseape, and
was evidently by no means so much affected as the previous
animal. By the next day it appeared to be quite well, and
some more decomposing material was introduced into its
circulation without producing any effect (vide Exp. XLVII),

ExreriMeNt LX.—A large healthy dog placed under
iy chloroform, and four drachms of the
Material injected, normal . . .

alvine solution, 96 Hours old: snlutl?n used in .the two previous
experiments were introduced into the

right femoral vein. There was no loss of blood. It con-
tinued drowsy for a considerable time, but recovered during
the course of the day, and by the fifth day was so far re-
covered as to seem fit to undergo another operation (vide

Exp. LXIII).

ExperiyeNt LXT.—A small healthy pariah dog was put

Material injected, normar Under chloroform, and five drachms

Heath in o tow hourr#od:  of the solution of ordinary feecal mat-

ter used in Exp. LVII, &e., now 96

hours old, were injected into the right femoral vein very

successfully. The animal died within a few hours, and a
post-morfem examination was made,
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ExperiveNT LXIV.—A large pariah dog was placed
under chloroform, and an ounce of

opaterial nsed, B sincharge, the same solution as used in Bxperi-
1007 hporiiold: 50 Hut, ment LVILI, &c., a hundred hours
old, was injected into the l'EIght femoral vein. 'It ccu.nti_n_uml
drowsy for some time, vomited a large quantity of bilious
matter, and by the next day was tolerably well. The wound,
however, had assumed an unhealtby, sloughy appearance,
so the animal was killed forthwith. There was no peri-
tonitis, the intestines were normal in every way, so were all

the other viscera, thoracic and abdominal. The bladder was
full.

A wax-cell preparation of a drop of blood removed
No bacteria developed i irom the external iliac vein of the
the blood. unwounded side, and a similar pre-
paration of fluid pressed out of a mesenteric gland, were
kept under observation for three days, during which period
neither monads nor bacteria were seen in the former, but an
abundance of white cells, whereas in the lattera few bacteria
eventually appeared.

ExperimeNT LXV.—A large healthy pariah dog was

: _ placed under chloroform, and five
e eat: denthin2s  drachms of precisely the same fluid
s as used in the last experiment were
injected into its left femoral vein. After the operation it
seemed to be much depressed, and vomited several times.
The animal continued in this condition for two-and-a-half
hours, when it died.

A post-mortem examination was immediately made, and
it was found that the small intestines, though very pale
externally, were internally deeply congested, and the lumen

Conwestion of vii sna Of the gut choked with a semi-fluid
detachment of epithelium. —  glimy substance, consisting chiefly of
detached epithelium, the individual cells being in a perfect
state of preservation. Beneath this substance the villi were
seen to be deeply congested, presenting a brush-like appear-
ance. The stomach was healthy, and so was the large intes-
tine. The mesenterie glands looked healthy, and so did the
remainder of the abdominal viscera. There was no perito-
nitis nor pleuritis, but there seemed to be some slight
pericarditis. The lungs were collapsed and pale, and bhoth
sides of the heart contained fluid blood.
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ments with solutions of various other organic and of inor-
ganic substances, of acid, alkaline or neutral re-actions, or
whether we should continue to use the same infecting
medium, varying the mode by which its introduction into the
system was effected. _ :

Having satisfied ourselves that putrefying matter intro-
duced directly in the blood, did very frequently exert as
direet an action on the mucous membrane of the small
intestine, as for example, mercury exerts on the mucous
lining of the mouth and on the salivary glands, or as atropia
and calabar bean exert on the iris, we yet felt convinced
that the physiological phenomena evoked, and the patholo-
oical changes induced, were not those of cholera, alt.hnugh
appearing to present a certain though, distant, relation to
them.

Although, some remedial agents act in pretty much the
same way, no matter how introduced into the system, whether
by the mouth, lungs or through the skin, such as mercury
and turpentine, the former increasing the salivary secretion,
and the latter the urinary, still, their actions are to some ex-
tent modified by the mode of administration. We were,
therefore, anxious, in the first place, to ascertain whether the
introduction of precisely the same media, through some other
channel, would modify their action on the system, in such
a way as to bring the results to approximate more closely to the
features presented in cholera, and in the second, whether the
effects produced by one kind of alvine discharge could, in any
way, be distinguished from those of another.

With these ends in view we conducted the following
series of experiments on the effeets of the introduction of
organic fluids into the peritoneal cavity.*

ExpermMENT LXVIII.—A large, healthy pariah dog was
_An ounce of choleraie mate. PUb Under the influence of chloroform
Jeoted “into tho inOid. inc  af 8-30 A. M., and one ounce of chole-
B O pdoe. raic evacuation in a state of decom-
position (having been kept for 96 hours) was injected into
the peritoneal cavity. Previous to injection a preparation of
the blood was mounted in a wax-cell; shortly after the oper-
ation the animal was observed to suffer from well marked

rigors, which reeurred at intervals throughout the course of
the day.

* The results of introduction of such materials into the system through the mucous
membrane of the lungs will be made the subject of experiment shortly,
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It remained in a state of extreme depression, lying in a
oSN S faioe doraaiiin sen.}l-::lrcrwsy condition, and neither
E;l&;s?vidmca of pain, nor o Wlll‘l]l‘l]g ﬂf}l." ShUWII‘lg any other symp-

tom of pain or uneasiness. A close
watch was kepton the symptoms throughout the whole day,
but nothing new presented itself; there was no passage of
urine, nor of dejecta, and the only change observed was a
gradual inerease in the depression and drowsiness. Towards
evening the animal appeared to be rapidly becoming weaker
and could not stand on its legs, but the limbs were quite lax
and showed not the slightest evidence of cramps. It seemed
to suffer from thirst, and drank water freely when offered to
it.

As it appeared to be very improbable that life would be
prolonged until the following morn-
ing, chloroform was again adminis-
tered at 7 . M. and continued until respiration had ceased.
A post-mortem exammation was then performed immediately
with the following results.

On opening the abdomen the ecavity was found to be

Podtimortetn “nopehnalics - Qispendegl with sﬂpguine ous fluid.
sanguineous fduid in peritc; This fluid was subjected fo careful
yery octive ameboid bio-  microscopic examination. It contained

a few red blood-corpuscles and myriads
of very active amaboid bioplasts, which in many cases, until
their movements and changes of form were observed,
presented a curiously marked resemblance to ecylindrical
epithelial cells. Many others, however, were ragged in out-
line, and passed off into long thread-like extensions. The
floid swrrounding the cells was very clear, hardly any mole-
cular matter could be detected in if,
and only here and there was a minute
tremulous monad to be seen.

The peritoneum and mesentery were intensely injected
and thickened, but there was no dis-
tinct evidence of the presence of solid
exudative flakes between the viscera. ‘

The stomach contained about ten ounces of glairy fluid,
its mucous surface appeared to be perfectly healthy, there were
no points of extravasation present, and the vessels were not
injected. The duodenum also appeared to be healthy and

Small * dntestines contea CODtained some bilious fluid. The mu-
with, what seemed tobe, In.  gng membrane of the jejunum was

apissated blood, whish could

be peelod off, leaving the mu-  goated with a dark layer of what ap-

thy. peared to be inspissated blood. Tlus

Eillad under chloroform.

But only very few monads.

Peritoneum injected.

— e
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operation, and was not affected by such distinctly marked
vigors as the former animal had been. : ot
His general demeanour, however, was precisely similar
gk D s i st tonthat observed as the result of the
CTAmpS HOX PUIEING. other operation; he was profoundly
depressed, lying perfectly quiet and neither whining nor
showing any other indication of pain. Neither fceces nor
urine were passed throughout the whole day, and there were
no evidences of spasm of any of the muscles. As he
appeared fully less depressed than the other dog, it was de-
cided to allow him the chance of surviving until the next
morning, and his condition at that time had not materially
altered, the only change perceptible being an apparent
increase in the depression.

Chloroform was, accordingly, again administered at

_ 7-30 A. M., 193 hours after the opera-

Killed under chloroform. 45, and the administration carried
on until respiration ceased.

The abdomen was opened before complete cessation
of respiration and circulation. The
cavity was distended with fluid of a
somewhat less marked sanguineous hue than that present in
the previous experiment, but, otherwise, it presented the same
characters both to the unaided eye and when subjected fo
microscopic examination. The peritoneum, both viseeral

Peritonitis, with sanguine. and parietal, presented well marked
ous flutd n the oavity. signs of inflammation, and the vessels
on the intestines were highly injected and very red.

There were a few shreds of soft lymph diffused over the

) surface of the liver, which, on miecro-
Bhreds of exudation over the 5 P .
liver, crowded with corpus- SCOpi¢ examination, were found to
cles, identical in appearance . .
with those found in cnolera- consist of aggregations of more or
SR 1 herieal corpuscles, identical in

ess spheric P 3

appearance, and probably also in nature with those present
in such abundance in the fluid after the active, vital, ameeboid
movements had ceased. The resemblance of such shreds of
soft lymph to the flocculi contained in choleraic evacuations,
cannot fail to strike any observer even at the first glance.

The mucous membrane of the stomach was healthy.

The small intestines coated LD€ duodenum was also normal in
e hooraaub-  aspect, and contained a little bile.
Tloh; Gxpens The jejunum and ileum presented
precisely the same phenomena as those present in the
previous case, but to an even more marked degree, as,

Post-mortem appearances.
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the choleraic evacuation employed in the two preceding
experiments, and which had now been kept for seven days,
was injected into the peritoneal cavity.

The animal appeared to be very little affected by the

No result. operation, had no rigors after it,
showed no symptoms of pain, and in the afternoon ran home
along with the servant, who had the charge of the dogs to
his hut in a village, about half a mile off. On the following
Killed under chloroform, morning he was brought back, and
S honsksikE Opareson at this time also appeared in no way
affected by the operation. Chloroform was administered until
respiration ceased, and a post-mortem examination was then
immediately performed, nearly 24 hours after the injection

had taken place.

On opening the abdomen about three ounces of pinkish-
orey fluid were found in the peritoneal cavity. The mesentery
Postmortem avpearances. WS thickened and injected, and there
very slight peritonitis; vis- were a few small patches of soft
Rt lymph on the liver. The walls of the
intestines appeared to be slightly thickened, but they were
otherwise normal in appearance. The bladder was distended
with fluid. The rest of the abdominal and thoraeic viscera

appeared to be quite healthy.

ExperiMENT LXXI.—A strong, healthy pariah dog was

~ putunder the influence of chloroform
Ei?}%%ﬁ:f@ﬂgﬁ:%‘%ﬁ at 8 A. a0, and half an ounce of a
i B solution of a mormal evacuation was
mjected into the peritoneal cavity.

The solution had been prepared three days previously, and

was in an active state of decomposition.

The dog was kept under close observation for seven
hours, during which it showed no marked symptoms of any
kind, and then went home with the man in charge, walking
along with him without manifesting any symptoms of pain
or inconvenience. The man brought its body next morning
and stated that, soon after he took it to his house, it suffered
from severe rigors, and that it died
about eight hours afterwards without
having shown any ofher decided symptoms.

Death in about 15 hours.

There was no vomiting, and no evacuations were passed
subsequent to the operation, A post-mortem examination
was performed eight hours after the occurrence of death,
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eontain about two ounces of red serous fluid almost resem-
bling pure blood in appearance. A preparation of this fluid
was mounted in a wax-cell and examined one hour after-
wards., It was then found to contain numerous red blood-
corpuscles and myriads of active amceboid bioplasts, but no
bacteria could be detected in it although they were specially
searched for under a 4th immersion lens.

On the following day, however, there were plenty of

no bacteria, which how- 8cbive bacteria present. The red cor-
ever were plentiful next day.  pygeles remained unchanged ; but the
bioplasts had lost all ameeboid motion, had assumed a more
or less spherical form, and were in process of disintegration.
By the following morning the activity of the bacteria had
ceased, and shortly afterwards the preparation dried up.

The intestines were congested externally, and their in-

Ak e ternal surface presented patches of
sanguineous effusion; other the tﬂ-]'i‘}" Sﬁl’]gﬂiﬂﬂ-ﬂﬂs effusion des-
BESe R cribed as occurring in the preceding
Experiments Nos. LXVIII, LXIX, &ec. The appendix
vermiformis was of very large size, but appeared to be quite
healthy. The rest of the abdominal and thoracie viscera
appeared not to be affected in any way, and the bladder was
full of urine.

A specimen of blood from the right ventricle was
mounted in a wax-cell and examined an hour afterwards.
+No bacterin appearedin o No monads or bacteria could be de-
blood. tected in it, but an abundanece of deli-
cate, active white corpuscles were present. The preparation
was kept under observation for some days, but there was no
indication of the development of bacteria in it.

ExrerivmeNtT LXXTIT.—A healthy pariah dog was put
et Bl il A under the influence of echloroform,
peritoncal fluid injected into  and four drachms of the fluid from
the peritoneal cavity of the dog of
Experiment No. LXXII were injected into the abdomen.
The fluid had been obtained at the post-mortem examina-
tion in the above experiment, which was performed immedi-
ately before the injection took place.

The animal rapidly recovered from the influence of the
chloroform, and appeared to be little affected by the opera-
tion. It remained quiet during the
day, showing no symptoms of pain,
or of eramps, but it vomited once or twice. Death oceurred

Death in abont 12 hours.
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very delicate vibriones took place, whilst the preparation was
under observation. They were elongated, of extreme tenuity
and of great activity. On the following day the serum was
bt the Tiaht secaived oave.  SWATNINE With the bodies described
ful ‘ndjustment, i ordor to above. They remained very active,
AR INEES and their delicacy was so great as to
necessitate most careful management of the light, in order
to render them visible. No further development occurred ;
and the only changes subsequently observed were gradual
diminution in the activity of the vibriones together with
breaking up of the small number of white cells presentin the
serum.

ExperivmeNxt LXXTV.—Whilst the posé-moréem examin-
B ey ation described in the previous expe-
gal flaid injocted into the ab-  riment was being performed, a syringe
was filled with the fluid contained in
the peritoneal cavity, and another powerful pariah having
been subjected to the influence of chloroform, about one
ounce of this fluid was injected into the abdomen. During
the operation, respiration and circulation ceased .for a short
time, but they were easily re-estab-
lished, and the dog rapidly recovered
from the influence of the chloroform. At first, it appeared
to be very little affected by the injection; but it rapidly
passed into a state of extreme depression, and died five hours
after the operation.
A post-mortem examination was performed two hours
after death, with the following re-
penmemortem appearances:  gults. Rigor mortis had just begun to
set in, but the tissues were still warm.
On opening the abdomen, there was found to be very marked
peritonitis. There was a large quantity of red fluid in the
abdominal cavity.
‘When a preparation of this fluid mounted in a wax-cell,
blood contained active bac. W48 ‘€Xamined an hour after its re-
kool oomtegrating  moval from the body, it was found
globules, to be crowded with minute, slightly
moving bacteria and monads, and to contain masses of
very small disintegrating pyoid corpuseles, together with
- numerous free oil-globules, The preparation was kept under
observation for several days; but no further developments
oceurred, and the activity of the bacteria gradually ceased.
The intestines were rough and injected externally ; but, when
L

Death in b hours.
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laid open, they did not show mnearly so much of the prune-
Tntestines conted with a juice exudation as had been observed
prune-juice-like substance. in other previnus instan ces. T]lB con-
dition of the mucous surface as regarded exudation closely
corresponded with that observed in the case of the dog,
into the peritoneal cavity of which decomposing heef-juice
had been injected (vide Experiment LXXII). The rest of
the abdominal organs appeared to he quite healthy.
On opening the thorax, there was found to be well
Thoracic viscera: injectea 10ATKed injection of the pericardium,
appearance of pericardium. ggpecially on its external surface ; but
the pleursze lungs and heart were unaffected. A preparation
of blood from the right ventricle was examined an hour
Blood full of minute active Alterwards, and was found te be full
Regtiole, of very minute active particles. No
farther development of these bodies was detected during the
subsequent few days in which the preparatvion was preserved.

ExpEriMENT LXXV.—Chloroform having been ad-
oA polution.of nopmel ove- ministered to a strong healthy pariah
edinto the abdominal cavity. d0g, an ounce of a decomposing
solution of normal evacuation was injected into the peritoneal
cavity. The solution employed had been kept for six hours
in a wide-necked bottle which was loosely plugged with
cotton-wool, in order to keep flies and other insects out.

The animal rapidly recovered from the influence of the
chloroform and showed no symptoms of pain or of eramps,
but after some time it passed some bloody mucous evacu-
ations.

It was killed with chloroform fourteen hours after the

After passing mucous 1NLjection, and a post moriem examin-
o tarm 34 hoegs "miter  ation was performed at once. On
pEprastop. opening the abdomen, the peritoneum
was found to be intensely inflamed and thickened, and flakes
of soft lymph were adhering to the liver and other viscera.

Post-mortem appearanees : T]'.IE Gﬂ?it}r ﬂﬂﬂt&iﬂﬂd ﬂhﬂ'I.It & Pﬁlt ﬂf
intense peritonitis; fluld in  ganguineous flmid. A preparation of

peritonenm crowded with A = i m
granular corpusecles : this fluid in a wax-cell was examined

two hours subsequent to its removal from the abdomen; it
was found to consist of a clear fluid crowded with bodies
resembling the white corpuscles of the blood, and containing
numerous red blood-corpuseles also. More than half of the
white cells were stil actively emitting long stringy protru-
sions, There were numerous delicate filbrinoid threads
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netted through the preparation, but although a careful
search was made for them with the {th immersion lens,

Busteria developed in tne Teither bacteria nor vibriones Fl:iﬂ‘l.ﬂ(].
OSEFNE 08 M DT 20T be anywhere discovered in it. Three
hours afterwards, however, a few motionless bacteroid bodies
were observed in it, and twenty-four hours after, a few
moving bacteria were present, and the field was covered
with elongated motionless vibriones (Leptothrix ?).

When the small intestines were laid open, the ileum
Hxcept immediately above iMmediately above the ileo-coecal
the lleo.cmon! yalve,sno - valve was found to present a per-
e T feetly normal aspect, but throughout
the rest of the gut the mucous membrane was coated with
a tarry layer similar to that observed and described in several
previous cases. As before, this was found on miecroscopic
examination to eonsist of the normal tough infestinal mueus
crowded with blnud-crysta.llsﬂ and -:ﬁusnta]ijning a f'?w dwhitci
3 anular cells, but enfire evoic
ﬁﬁuﬁﬁ%ﬁﬁgﬁ o rod blood-corpuseles and e}iaithelial
“  cells. There was no detachment of
epithelinm, and on peeling off the bloody, mucous layer,
the epithelial coat was exposed quite intact and merely
characterised by a certain dryness of appearance. The large
intestine was unaffected, and the rest of the abdominal organs
appeared to be healthy. The bladder was full of urine.

On opening the thorax the lungs and pleurse were found

4 Pericardium injected with o0 be perfectly healthy, but the peri-
eposits of lymph on its sur- . (i

face. cardium was injected, and there were

deposits of lymph on its surface. The heart did not present

any abnormal appearances.

A preparation of blood from the heart was, as usual,
A ek o onads —any . IoUNted in ‘a’ waz-celli. When ‘ex-
Ei;riﬂg,mhau& ey developed amined, an hour ﬂ-ftfarwards, no traces
of monads or bacteria could be detect-
ed in it. Three hours subsequently it was again examined,
and one or two moving molecules, together with some still
ones, were then detected, whilst very few white corpuscles
had erawled out into the serum. On the following day there
was an abundance of active bacteria in the serum; they
confinued in motion thréughout that day, but had all
become still when the preparation was again examined on
the subsequent morning.
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Experment LXXVL—A very powerful pariah dog was

An ounce of peritonitie PUbUNder the influence of chloroform,

Bata thg angurs old, injected  and one ounce of the peritonitic fluid

" obtained from the abdominal cavity

of the dog of Experiment LXXII, and which had been

previously employed in Experiment LXXIII, was injected

mto the peritoneal cavity. This fluid had been kept in an

open gallipot for thirty-six hours at the time when the
injection was performed.

The dog rapidly recovered from the influence of the
chloroform, and remained somewhat
dull and sluggish throughout the
course of evening. It didnot, however, show any symptoms
of pain or cramps, and on the following morning, about
fifteen hours after the injection, it did not appear to be any
worse.

It was accordingly killed with chloroform, and a pest-
Killed under chloroform, 15 7207lem exXamination was performed
Houre STiar aperation. at once. The appearances which
presented themselves did not differ materially from those
deseribed in conneetion with the preceding experiments.
Preparations of the peritoneal fluid and of the blood were,
as usual, mounted in wax-cells. The peritoneal fluid was
examined an hour after its removal from the body, and
Post-mortem sppearances: Was then found +to contfain an
peritonitis; the fluid con.  ahyupndance of minute active bacteria.
BURLRS ERELE G ISR, There were also numerous hioplasts
and red blood-corpuseles, the former of irregular shape,
and showing slow changes in form only. Three hours
afterwards the bacteria continued in activity, the bioplasts
were very ragged in outline, and there were now numerous
aroups of delicate, beaded, mofionless threads resembling
leptothrix, present. On the following day these threads
had disappeared, and the preparation was crowded with
bacteria and monads, some of which were motionless, whilst

others were in full activity.

The preparation of the blood was also examined an hour
after it had been set up. It then showed mno distinct
The blood contameds fow Pacteria, but contained numerous
AcEED HACIBOTE: minute, motionless molecules. It
was again examined after an intérval of three hours, and a
few active molecules, together with two very active short
vibriones, were observed in the serous ring. Only two or

No marked effect,

-"'l_nﬂ‘—' W o enied - 1 ..-_.:,. =
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three white cells had crept out. A second preparation,
however, at this time contained an abundance of free white
cells, and showed neither active molecules nor bacteria. On
the following day the former preparation showed some
patches of still molecules: the latter now contained a few
active bacteria. No farther developments oceurred in either
of these preparations subsequently.

ExpeErIMENT LXXVIL.—A healthy pariah dog was put
under the influence of chloroform at 8-30 A. ., and half an
b, SR s (Ul of peritonitic fluid which had
peritonitic fluid injected into Immediately Dbefore been removed
5y i o from the abdominal cavity of the dog
of Experiment LXXV was injected into the abdomen. The
animal appeared to be somewhat dull and depressed fora
short time, but in the afternoon it seemed to have entirely
recovered from the effects of the nplcmt-inn. It continued in
, apparent health throughout the follow-
ﬁﬁmﬁﬁ-’%ﬁ“i’a hours iug[-} day, and was ki_llged with chloro-
< form on the next morning, 48 hours
after the injection.

A post-mortem examination was performed at once, but
No peritonitis;all the or- 10 lesions could be detected. There
| sEshoatthy. was no peritonitis, and all the organs
were quite healthy in aspect.

ExPERIMENT LXXVIIT.—A large healthy parialr dog

,An ounce ofa solution of Was put under the influence of ehloro-
fixto tho apdominal cavity,  form, and an ounce of the superna-
tant fluid of a solution of healthy evacuation was injected
into the peritoneal cavity. The solution was that employed
in Experiment LXXY, and was at the time of injection 72
hours old. It had been retained as before in a wide-necked

bottle plugged loosely with cotton-wool.

The dog was dull and depressed during the day, but
. ¥o marked effect: 24 hours drank water freely in the evening,
ter operation the dog was v, : (=]
aguin put under chloroform and on the following morning, 24
and the abdomen opened; ; .
marked peritonitis evident. ~  hours after the operation, it appeared
to be perfectly well. Tt was, accordingly, again put under
chloroform and the abdominal cavity opened. There was
considerable inflammation of the parietal peritoneum, the
mesentery and intestines were intensely injected and inflamed,
but there was no fluid present.
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The administration of ehloroform was eontinued, and
A loopof the small intestine U@ animal killed at the close of an
Fasligatured, salt and water  hoype,  The ligatured loop of in-

injected, then returned into - =
the abdomen. testine was found to be full of

fluid, no absorption appearing to have occurred. The interior

Chirotari! Hacia sy surface” (wast vooated wath. wrhite

t d fi h , th at1 : i
o e Lo ed. bat me  gelatinous matter, and floceuli of a
absorption had taken place. similar nature were ﬂ{]{l,tl]]g in the

fluid.
These flocculi were found, on microscopie examination,
e to be mainly composed of epithelium,
was lined with a _gelatinous ~ and, when the gelatinous coating was
of epithelium, and when this ~ seraped off, the mucous membrane
Wi ac:mpuduﬁ .
beneath it was found to be deeply
congested. The rest of the intestine was intensely congested,
the surface below wasdeas. 3110 showed patches of the prune-juice
Iy congested; so was the coatine so characteristic of the mucous
remainder of the intestine, o ¢ ; e
which was lined with the membrane of the gut in perifonitis
= > induced by the injection of fluids

into the abdominal cavity.

[}.—A short review of the preceding experiments.

In attempting a short analysis of the preceding series
of experiments, it will perhaps be as good an arrangement as
any to adhere to the classification already adopted in their
narration.

1. Thirty-three experiments have been deseribed, more

P T M SO 1e§s in deifail, in conneetion *»:_rrit-h
whose veins cnolera fuid iad  the introduction of small quantities
of the alvine discharges of cholera
patients, unmodified by any admixture, into the veins of
dogs of various size and age ; whereas seven others are given
in which the choleraic injeeting material had been diluted
with water. Thirty-two dogs were made use of in carrying
out these series of thirty-three experiments, one dog having
been resorted to on two oceasions for the same purpose ;
whereas some of the others had either already been operated
upon, or were so in another class of experiments subsequently
undertaken.

In these thirty-two experiments sixteen deaths occurred :

The rate of mortality, sbout thirteen evidently from the direct
e action of the putrefying material exert-
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With this material, one and two days old, five experi-
; ments were performed, but all the
rinl Tgontad “wan trom 1'to8  dogs recovered ; whereas when the
e material used had been kept for three
days, three out of four dogs experimented upon died within
from three to six hours, and with well-marked lesions in each
of them which will be referred to further on. It so happens
that in all four of these experiments the same material was
used ; it was obtained from a questionable case of cholera,
and was by no means so offensive to the smell as is generally
the case with choleraic dejecta after being kept so long.
There are eleven cases recorded in
eromyddaye old; also from  yrhich the choleraic material injected
was four days old ; of these, six died,
or about 54 per cent. In one of the animals which did not
die, but was slaughtered, it was found that well-marked
intestinal lesions existed. Twelve experiments are likewise
cited in which the material used varied from six to twenty-
two days old. Four of the dogs died from causes reasonably
attributable to the poisonous action of the material intro-
duced, whereas two (puppies)died of shock.
2. Of the seven cases in which the choleraic material
injected into the veins bad heen more
lemmia alaywhendimtea eno-  or less diluted with water, two died,
CNpeHs T DEE ORI, which will be equal to about 35 per
cent., this being considerably lower than the mortality when
the undiluted material was resorted to. The post-mortem
appearances were precisely analogous in both instances, but
these will be referred to more at length hereafter.
3. There were twenty-one experiments on the introdue-
_ tion of solutions of ordinary alvine
ordinary Foeal muttorcwss discharges carried out; mnine of the
gugr Rkt PE (e animals died, three of these deaths we
attribute to shock, which for the sake of uniformity we also
leave out of the caleulation, thus leaving six deaths, or a
mortality a litfle over 33 per cent., about 2 per cent. less
than the mortality from the injection of the diluted choleraic
material.

M






[ o ]

and, in the generality of cases to its whole course from the
duodenum downwards, except for a distance of from one to
two feet above the ileo-ccecal valve, a portion which in almost
every instance has escaped being materially affected. We
are totally unable to account for the cause of this exemption,
and have tried in vain fo reconcile the p]izimmeno? ‘E'E"i.tt_].l an };

fon' of the poshion  EOOWIL  anatomic eculiarities o
neur lleb-seal valve. " this part of the gut.P We were the
more surprised, as we had previously observed at the
autopsies of cholera patients—a subject which we, however,
for the present postpone—that it was just this very portion
which seemed to show the most marked tendency towards
the congestions which every now and then are observed to
be present in this disease. Future observation may modify
this impression, but we venture to go out of our way a little
in order to draw atfention to it. In no instance was any
tendency to special affection of the intestinal glands observed.
The stomach and the large intestine have in nearly all the
cases seemed to us to be quite healthy.

In connection with these observations on the disorgani-
The oscillatoriadike vibri- Sation which the small intestine is
i el subject to, when putrefying matters
are injected into the blood, it may be remarked that on three
oceasions we observed a great number of vibriones or oscilla-
toria-like filaments, embedded in the mucus which lined the
intestine affer the substance which was free and filling the
lumen of the gut had been wiped away. These may have
existed in more mumerous instances, and been overlooked ;
still it may seem strange that they all three occurred in dogs
into whose veins the dejection from a very mild or even
questionable case of cholera, above referred to, as having
proved so fatal had been injected. We have deemed these
o LIS O0OUTTENC0H: a8 worthy of attention,
eases and those of myeris - MOTE especially when taken in con-
nection with the cases of mycosis
intestinalis, which, we understand, are prominently alluded
to by Professor Parkes in his Annual Review of Ilygiene in
the recently issued Report of the Army Medical Department,
which has however not yet reached Calcutta. We shall
certainly continue to wateh closely for any organisms of the
kind in the intestinal canal of man and of animals. Tt will
be seen that similaractively moving vibriones were detected
in the mesenterie glands, but not in the blood.
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A Table showing the number of experiments i w:‘iiulﬁ decomposing organic
solutions were introduced into the peritoneal cavity, the mortality, and

the principal lesions produced.

T Taohy | 3¢ [#=z.d]%3e2[Z57 [=2 2
=3 el ~Ea £ 5 P - E
58 | g | &g ol e g Sl e
Wature of solution introduced. 55 | 23 E_gg Eﬁ%; Eﬂ-ﬁi 28E5 | 2535
= = Hem bk = & £2 ks E==3d
g - EZ EviE | BEiE | BFad | 5535

LR LS b Ll
Decomposing beef-tea 1 1 1
Peritonitic fuid : 2 2 3 2 &
Choleraic dejection 4 4 4 3
Normal & 3 1 2 3 1 3
Toran sl 3 8 ) 10 3 10

As in the previous series of experiments with decom-
g il _ posing organic solutions, so in this,
aueed matonally diforent i the most prominent and constant
this series of eXperiments:  post-mortem phenomenon observed
was the affection of the muecous surface of the small intestines.
The lesion, however, appeared to us to be of a very different
nature; in faet, the mucous membrane itself was not in a
single instance materially affected, but a sanguineous exuda-
tion had taken place giving the tube of the gut a more or
less evenly distributed coating, which, when carefully peeled
off with a forceps, left the mucous surface and its epithelial
lining intact. This matter was on each occasion very care-
fully looked into; and the substance exuded, as well as the
base upon which it was spread, were subjected to careful
microscopic examination. The former consisted, almost
entirely, of altered blood elements, blood-erystals, &e., but no
entire red corpuscle could be detected, whereas the mucus-
surface over which it was spread consisted of the unaltered
structures belonging to the part.
In two cases in which the intestines were particularly
Besult of mling molstea COnSOSted, a loop of the gut was tied
lops of congested intestine Whilst the amimal was still alive but
under chloroform, and luke-warm
water injected into the ligatured portion in one ecase, and
salt-and-water in the other, the gut in both cases being
returned into the abdomen, and chloroform being continued
for an hour. When subsequently examined it was found
that no absorption had taken place, but the fluid had so
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ratio was by no means confined to any pnrticg]ﬂ,r class of t.h_c
organic solutions which had been infroduced into the ﬂh[lunlru-
nal cavity. In the fresh condition this fluid swarmed with
irregular masses of bioplasm exhibiting great activity, and
very rapidly undergoing the process of segmentation.

‘When the fluid produced in the peritoneal cavity was
transferred to the abdomen of another dog, the bioplastic
bodies in the resulting exudation appeared to us to have
become smaller and less active ; this statement, however, we
make reservedly.

With regard to the numbers of bacteria present in this

Relation existing between ﬂl]l(l, d ﬂ.lllid b}" thB way, l'ES'i]l?IHg
the development o Pisecn: from the infroduction of solutions
HAN HSEOT Drouess. generally teeming with such orga-
nisms, we are convinced that no material increase takes
place so long as the inflammatory process is progressing
actively. It will be observed, on reference to the experi-
ments bearing on this matter, that in several instances not a
single bacterium could be detected in the recent fluid, and
that in all, the numbers present appeared to bear an inverse
ratio to the number and activity of the bioplasts.

It will be seen that this series of experiments also,

e failed to induce lesions or phenomena
riments, on the ptoms 1dentical in nature with those of
and lesions in cholera. 4

cholera ; nay more, the affections of
the intestine here present, appeared rather to be the result of
local disturbance of the circulation excited by the inflamma-
tory action induced by the introduction of extraneous matter
into the peritoneal cavity than of the action of any specific
agent; in this series likewise, no special action appeared to
be excited by choleraic as contrasted with other material.
Taken together, the entire series of these preliminary experi-
ments has not afforded any evidence in favour of the exis-
tence of a specific poison contained in choleraic exereta,
peculiar to them alone, and giving rise to special phenomena
when infroduced into the system. The number of our expe-
riments do not appear to us to warrant any definite coneclu-
sion regarding a difference in degree in toxie influence
between the two classes of materials ; they merely indicate
the absence of any special action peculiar to one and absent
in the other when introduced into the system by special
channels.

It must, however, be evident at first sight that the

Their practical bearing on results obtained f'rqm these experi-
Skl ments, have a most important practi-






PART LIT.

EXPERIMENTS ON THE SECTION OF THE SPLANCHNIC AND
MESENTERIC NERVES.

When we had satisfied ourselves that decomposing organic
matters introduced into the circula-

enm O riments and tion exerted the special if not specific

e o I patucs modd:  actions previously described, on the
OSSR intestinal mueous membrane, but an
action producing lesions materially differing from those
characteristic of cholera, we were naturally led to consider
the prineipal points of dissimilarity with a view to ascertain
whether future experiments might not be susceptible of any
modifications ealculated to attain more consonant results.

In doing so, one of the most striking differences, which

Absence of increased secre- 20 01ce presented itself fo observation,

tion of intestinal fluid. one, too, in regard to which there
could be no debate, was the almost total absence of any
increased secretion of fluid from the mueous membrane,
however profoundly the later might have been otherwise
affected.

We had then to consider by what means we might best

Choiceof meansof inducing  Promote such an increased secretion,

. so that by combining its employment
with the experiments as previously performed, we might, at
all events, assimilate the conditions inthe two instances a
little more closely to one another. The secretion of fluid might
of course have been promoted by the use of drugs or other
media introduced into the system, but the complexity of the
subject would have been greatly increased by such a mode of
procedure,and we therefore decided in the first place to attempt
to attain the desired end by means of direct operative inter-
ference. It next became necessary to determine in what
that interference should consist, and that having been settled,
to test with care the effects arising from its influence, when
employed alone, before proceeding to combine it with any
other experiment.

The best means available and whieh appeared to warrant
a hope of success was section of the
intesfinal nerves. Moreau’s celebrated

N

Bection of nerves selected.
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Kao. Rerves divided. Pc;minﬂiuﬂmuﬁ:rﬂ REsULTS.
1 | Right oo | A fewminutes... | No result.
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3 | Left Il oo 2 i pale and dry.
4 | Lelt s T I it T o o
5 | Both T i o - 7
(i Lﬂﬂl was 1 » » " i 3
7 | Right aen 9% . @ van ) 1 13 ”
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The following cases have been selected from among these
Seloctod cases of the opera- €Xperiments as being the most inter-
B esting of them :—

. ExperiMeNT I. (No. 5)—A healthy young pariah dog
was put under the influence of chloroform, and both splanch-
nic nerves were divided. The administration of chloroform

Both nerves divided with- Was then continued for half an hour
gRurefuit longer, and the animal subsequently
killed. The mucous membrane of the small intestines was
not in the least congested; it was on the contrary pale and
dry-looking, and the cavity of the gut was absolutely devoid
of any fluid whatever.

ExperivMeNT I1. (No. 7).—A large healthy pariah dog
having been put under the influence of chloroform, the
right splanchnic nerve was divided. The animal was killed
94 hours after the operation and a posf-mortem examination
performed at once. The external surface of the intestines
was somewhat congested, and there was a little absolute
peritonitis in the neighbourhood of the wound, but there was
Right nerve divided; no hardly any fluid in the abdominal
AT B ORI TR cavity. Although noevacuations had
been passed subsequent to the operation, the intestines were
found to be empty, and their mucous surface pale and dry.
The bladder was full of urine, secreted since the operation.
This was carefully examined and was found to contain a
trace of albumen, but no evidence of the presence of sugar
could be detected in it.

ExPERIMENT III. (No. 8),—A healthy pariah dog of
average size was put under the influence of chloroform, and
both greater splanchnic nerves were divided. Ten hours
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afterwards chloroform was again administered, and the ad-
ministration continued until death oceurred. An immediate
Both nerves divided with- P08/-mortem examination was per-
ke formed, the abdomen being opened
before circulation had ceased. The intestines were pale
externally, and the mesentery only here and there showed
any evidences of peritonitic action. The intestines were
empty, and the mucous membrane dry; in greater part
normal in appearance, but here and there coated with a
thin layer of sanguineous exudation.

In all cases ecareful dissections were made, in order to
ascertain without doubt that no mistake existed in regard
to the actual division of the merves. In mnot a single
instance was there the slightest evidence of any inerease in

r , the secretion of intestinal fluid; on

No inecreased  Becretion

ciused by section of the the contrary the mucous membrane
NErves in any case, 2 W

i the majority of cases was pale
and somewhat dry in aspect. In no instance was there any
affection of the membrane beyond mere small patches of
congestion, or of a thin layer of sanguineous exudation, buf
not more marked than may frequently be observed in post-
mortem examinations of healthy animals which have died
under the influence of chloroform without having been
subjected to any operation, and which, if they were in any
degree due to the operations in question, were fairly aserib-
able to the irritation and fendency to inflammation induced
by the opening of the abdominal cavity and the handling of
its contents.

Increased activity in the intestinal contractions was in
Norany increased activity 1O case observed; but as this was
in the intestinal movements.  pof the subject of immediate enquiry,
and as the openings in the abdominal parietes were closed as
rapidly as possible on the completion of the operation, it
may well have occurred and yet have escaped notice.

B.—Section of the Mesenteriec Nerves.

These experiments having failed to achieve the end in
Moreaws experiment re- VieW, it Was still necessary to repeat
peated. Moreau’s experiment exactly, as the
possibility remained of the semilunar ganglia and solar plexus
acting as an independent mervous centre in regulating the
secretion of the mucous membrane.
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any extent, it was usually asuribaplc' to an extra amount of
handling or injury of the viscera incident on some accident

Little peribonitis in moss 1R The course of operation, as, for ex-
cagos. ample, on heemorrhage from the ves-
sels oceurring during the separation of the nerves, or on the
plugging of the vein with coagulum, and the resultant ex-
treme concestion of the gut and fold of mesentery supplied
by it. When general peritonitis had occurred to any extent
the mucous membrane of the gut presented patches of mucus
of a prune-juice colour such as is ordinarily present in such
cases, but these were not localised to the loop, the mnerves.of
which had been divided, nor was there any effusion of fluid
into the gut.

The following cases have been selected as affording illus-
) trations of the various phenomena
RS observed as results of the operation:—
ExperiMeNT IV (No. 6 ).—A healthy young pariah
dog was put under the influence of choloroform, and an
incision having been made along the middle line of the
abdomen, the ecavity was opened and a loop of the small
intestine drawn out. The vessels supplying the central por-
tion of this loop were then carefully cleaned, and every thing
resembling a nervous filament divided. ILigatures were then
applied round the intestine at the
terminal twigs of the vessels, the ac-
companying nerves of which had been divided, and finally a
loop of intestine on either side was ligatured. The three
licatured loops were now returned to the abdomen, and
another portion of the small intestine having been taken out
was treated in exactly the same way. The second set of
ligatured loops was next returned to the abdomen, and the
wound in the parietes earefully stitched up.

The dog rapidly recovered from the influence of the
chloroform, showed mno indieations of pain, and, 9¢ hours
after the operation, appeared to be quite cheerful in spite of
having six loops of its intestines firmly licatured, two of
which, moreover, had their nervous supply divided.

Chloroform was again administered, and continued until
death occurred. The abdomen was opened before circula-
tion had ceased, and was found to contain about an ounce of
serous fluid, but there were no evidences of general peritonitis.
The ligatured loops of intestine were next laid open, but
were found in no way fo vary from one another, whether

Operation deseribed.



| 104 ]

their nervous supply had been divided or not. They were
all empty, and of a reddish brown ap-
pearance internally, due to sanguine-
ous staining of the normal mucus. This staining extended
uninterruptedly from the highest ligatured loop to a little
beyond the ccecal extremity of the lowest one. Above the
upper ligature, the mucous membrane of the gut was pale
and somewhat more moist than in the ligatured loops.

1st case : no result.

ExprrIMENT V (No. 8).—A strong healthy pariah dog
was put under the influence of chloroform, and three loops
of intestine were ligatured as in the preceding experiment,
the nerves of the central loop being as before divided whilst
those of the lateral loops were left intact. The intestine
was then returned to the abdomen and the wound sewed up.

After the lapse of an hour the abdomen was again
opened, and the ligatured loops were examined. The vein
of the central loop had become oceluded with coagulum,

which had caused extreme congestion
y2d case: oocluslonof the  of the corresponding portion of the
gut, but beyond this eongestion no

other difference existed between the central and the two |

lateral loops.

ExreriMENT VI (No. 9).—A large healthy pariah dog
was put under the influence of chloroform, and the division
of the nerves of aloop of intestine performed in the usual
manner.

Nine hours and a half subsequently the animal was kill-
ed with chloroform, and the abdomen opened. The ligatured
loop, the merves of which had been divided, was distended
like a sausage, and of an intense black colour. There was
extreme extravasation along the lines of the vessels in the
corresponding portion of mesentery, and the layers of the
latter close to the intestine were widely separated by a wedge-

3rd case: occlusion of the SII&PEd mass of tﬂl‘l‘j’_ blood. I']:]11.3
vein: sanguineous effusion.  eayity of the gut was dlStE{lﬂEd with
black blood, and the tissyes of its walls were 1nﬁ1tra.13&d
and thickened with similax” fluid. This extreme congestion
and extravasation had been caused by the complete uuﬂl_usmu
of the vein by coagulum at the site of the section of

the nerves.

Experiment VII (No. 16).—A small pariah dog was
put under the influence of chloroform, and the operafion

1
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of seetion of the nerves of a loop of the small intestine per-

formed in the usual way. _
After an interval of eight hours, chloroform was again

administered until death ensued, and an immediate posf-mor-
tem examination was then performed.

There was no peritonitis. Not the slightest difference
could be detected between the cen-
tral ligatured loop of intestine in
which the nerves had been divided, and the two lateral
ones in which they remained intact. The mucous surface
was exceptionally dry.

A careful dissection was subsequently made of the por-
tion of mesentery, including the divided nerves, and the
division was found to have been almost, if not absolufely
complete.

4th case: no result.

ExperiMeNT VIII (No. 14).—A healthy pariah dog
was put under the influence of chloroform, and the nerves
of two loops of the small intestine were thoroughly divided.
Into one loop («), an ounce of tepid water was then injeet-
ed, whilst the other loop (&) was left empty.

Nine hours and a quarter subsequently the animal
was killed, and the intestines were examined at once. The
interior of the first loop (¢) was empty, the mucous
membrane being moist and covered with a layer of soft

Hth case : absorption in one :Fﬂ-ucl}s Gf & sﬂnguinﬂﬂuﬂ hue' The

loop; non-secretion in the interior of the second loop (&) was

also empty, but the mucous membrane

was in this case dry and much less congested than that
of the portions of intestine on either side of the ligatures.

The congested state of the mucous membrane was
probably due to the fact that a considerable amount of peri-
tonitis had been caused by the operation.

ExpERIMENT IX (No. 12).—A large healthy pariah
dog was put under the influence of chloroform, and the two
nerves of loops of the small intestine were divided in the
usual way. Into one loop (a) an ounce of water was inject-
ed, whilst the other (b) was left empty.

Nine hours afterwards the animal was killed, and a post-
mortem examination was performed at once.

The former loop of intestine {¢) was empty, and

. ebsorntion inone CODtained merely a little sanguine-
g;%%?’ﬁf&u&u flwidin the ous mucus, buﬁF the latter (4) was
fully distended with clear serous

a
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fluid, containing a few small pale yellowish floceuli. The
mucous membrane was soft and of a macerated aspect.

~ No mistake could have been made as to the
identity of the two loops, as they had been carefully
distinguished by means of different ligatures, both ends
being cut short in one ecase, whilst one end was left
uncut in the other. The floceuli contained in the serous
fluid were examined microscopically, and were found to
consist of a molecular basis crowded with bioplasts of all
sizes, and exactly resembling the floceuli ocemrring in chole-
raic dejecta.

Careful dissections of the nerves were made in both
cases. In neither were they entirely divided, but the
remaining nervous connections were decidedly greater in the
second loop (&) than in the first ().

ExPERIMENT X (No. 15).—A large healthy pariah dog
was put under the influence of chloroform, and the nerves
of a loop of intestine were divided in the wusual way. The
animal was killed 92 hours afterwards, and a post-mortem
examination was performed at once.

The eentral loop of intestine contained brownish fluid.
The mucous membrane of the two lateral loops was very
dry, and was coated with a layer of
brownish material identical in colour,
and probably in nature, with that dissolved in the fluid in
the central loop, of which the nerves had been divided. A
careful dissection was made of the nerves, and it appeared
that, whilst the main trunks had been freely divided, one or
two lateral connecting loops of some size remained intaet.

The two last cases are peculiarly instructive and note-
worthy, inasmuch as they appear to demonstrate a fact which
had never previously been experimentally determined, namely,
that the relation which the secretion of the small intestines
bears to their nervous supply is strictly analogous to that

Sl RN which has long been known to hold
ting intestingl Seorction ama-  in regard to the secretion of the sub-
aeﬁgﬁuf a?t‘hasﬁhfm ma:xﬂlary glﬂ,ﬂd and i1fs nervous
s supply. It was an ascertained fact
that partial paralysis of that gland induced hyper-secretion,
whilst total paralysis diminished the secretion, but, in as
far as we can ascertain, it was a matter of mere conjectural
probability that the same held in regard to the small intes-
tines also. The importance of the detefmination of this
point in reference to the pathology of cholera is very great,

Tth case: secretion of finid.
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as it appears to indicate partial paralysis of the intestines as
one of the most important lesions in the disease. What the
nature of the nervous filaments, which respectively inhibit
and promote the intestinal secretion, is, remains undeter-
mined, and is a problem, the solution of which necessarily
involves many difficulties, but it is, at all events, a step in
the right direction to ascertain that filaments with these
different funetions actually do exist.

There is another point in connecfion with the pathology
of cholera on which some additional light appears to have
been thrown by the above investigations. The increased

; , secretion of intestinal fluid in the
cironintion cause. sengaine- disease has been ascribed by some to
S mechanical obstruetion to the current
of the capillary circulation, but our experiments appear to
indicate that mere obstruction to the ecirculation causes
sanguineous effusion and not hyper-secretion.

Time has not as yet sufficed to allow of any extended
series of experiments regarding the effect of division of the
nerves combined with injections of organic fluids into the
circulation, but we trust that the time expended in following
out the above preliminary enquiries may not be deemed to
have been wasted, seeing that the latter have afforded some
additional information in regard to the action of the cause
inducing that series of phenomena which in the aggregate
constitute cholera,

‘We cannot conelude this Report without expressing our
own sense of the imperfections under which it labours. Both
in the planning and execution of the experiments we are
well aware that there are no small defects, but we trust that
in any estimate which may be formed of them, the very
many difficulties incidental to such work in India may not
be left altogether out of sight.
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