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wiii PREFACE.

servations (marked off by brackets to distinguish them
from the original), and with an Appendix which is also
new.

I have been rendered fortunate and happy, in the
whole course of these labours, by the kindly interest and
willing assistance which have at all times been afforded
to me by those numerous professional friends and
savans who have come forward to witness and assist in
my experiments, and to tender their opinions and sug-
gestions, I have referred to many of these in the text,
and return to all my warmest thanks.

To my colleagues of the Medical Society of London,
I can never, in this respect, be too grateful. Before
them, as an entire stranger, I laid timidly the first
fruits of these inquiries, and as a friend the latest.
But, from first to last, their fair criticism, kind en-
couragement, and scientific interest, have been the same,
—to me invaluable. I return also my best thanks to
the Couneil of the Royal College of Surgeons, for having
granted me the free use of their great library; and to
their learned librarian, Mr. Chatto, for the courteous
assistance which he has often rendered me.

To Dr. R. Willis, of Barnes, my hearty acknowledge-
ments are specially due. Working together for many
years in the same field of practical labour and observa-
tion, many of the facts relating to disease, recorded in
these pages, were common to both of us, and afforded
matter for our mutual study, Here the more extended
learning of my fellow-labourer came willingly to my
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assistance, and helped me not a little in the first steps
of the way.

To Drs. Snow and Thudichum, and to Mr. Thomas
Taylor, Lecturer on Chemistry at the Middlesex Hos-
pital, I express equal gratitude.

In the past three years I have received the able
assistance of Dr. Alexander Henry and Mr. Wentworth
Scott; and I can never forget or overestimate their un-
wearied and efficient services, The former in literary
matters, the latter in experimental, have lent me their
ready skill in the same free and unanimous spirit, and
with the same intelligent industry and interest. During
publication, too, Dr. Henry has relieved me of much
anxiety, by undertaking the revision of the press—a
labour in which he is a perfect master. In his laborious
and learned way he has, moreover, carefully perused the
historical chapters, so as to ensure for them the greater
accuracy and value.

To Dr. Barker, of Bedford, my further thanks are due
for carrying out at my request several experiments which
required much time, expense, and trouble. Engaged
as Dr. Barker is with the harassing duties of the busy
medical practitioner, I can better feel than express the
friendly manner in which he undertook, and so effici-
ently performed, the experiments recorded in this work
as having been conducted by him,

I have to offer a word of apology and explanation
for the delay which has occurred in the publication of
this Essay. The work was intended for the latter part
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of last, or, at latest, the beginning of the present year,
and it was sent to press with this intention. But hay-
ing given at the Cheltenham meeting of the “ British
Association for the Advancement of Science ” an expo-
sition and full abstract of the Physiological part of this
work, many inquiries soon began to be made of me, by
medical friends, as to the bearings of the physiological
question on Pathology and Practice. I was thus led
into new lines of experimental inquiry, the result of
which has been the preparation of the Appendix here-
with published. This preparation, in the midst of other
pressing scientific concerns, has taken up more time and
work than I ought, in strict prudence, to have devoted
to it, and is, after all, but an instalment of a wider series
of inquiries, But if, as it is intended, the subject matter
of the Addendum should ultimately prove of service to
pathological and practical medicine, the good-natured
Reader will, T hope, forgive the delay, in consideration
of the labour which has called for it.

Whatever position the views published in this work
may now or in after time take, I, as their author, can
state thus much ; that they have been deduced without
any preconceived ideas, and in an earnest attempt to
follow out the pure inductive method of research ; that
if they gain ground, the success is entirely due to the
inductive principle ; and that if they fail, the failure is
exclusively my own.

As the conelusions at which I have arrived are based
on experimental evidence, so I hope to see them tested
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by similar evidence ; and I wish this remark to apply,
not to the phenomenon of coagulation alone, but to
every other experimental inference, and specially in
regard to the artificial production of certain diseases
explained in the last part of the work ; since this latter
point bears the same relation fo Pathology as the pre-
ceding to Physiology, and, in a practical sense, is
equally important. The experiments have all been
conducted with the utmost regard to simplicity of
detail, and are described as they were performed, so as
to render their repetition the more ready.

And whereas it is the business of no man here to set
himself up as the prophet of Nature, nor to run before
her, and so far to dominate over her as to dogmatically
assert that she does things which she does not, because
he has given the ipse dizi; so, in now recording certain
new interpretations of some natural phenomena accord-
ing to my best ability and closest observation, I hold
myself still the servant of my divine mistress, ready at
any moment, a8 I grow older and more learned in the
knowledge of her laws, to be corrected by her, and tor
accept her, but none other, as umpire on each and all
interpretations which are submitted to the reader. For

I know that a true interpretation of a natural phenome-
non is in the end irresistible, and that whatever is not
true will fall of itself, unsustainable in the presence of
the immutable and constantly recurring fact.

To the true scholar, Nature, the manuscript of the
Supreme, is the only book of reference. To him, the
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Elements are the letters of this book—their combina-
tions the words—their manifestations or phenomena
the thonghts. Turning up but a brief sentence of this
inexhaustible work, I have tried its interpretation with
willingness and industry, but with much more of reve-
rence and admiration. How feeble my efforts are, how
infinitely poor my abilities for the task, how marked my
shortcomings, I know better than the most unfriendly
critic could suggest. For it is the peculiarity, nay, the
fatality, of natural and experimental studies, that the
more one learns from them, the wider and wider
expands the argument, and the stronger and stronger
becomes the consciousness of the mind's limitation, and
of the facts, that the phenomena of the universe admit
of no isolation, and are seen but as material visions,
beginning in the unknown, ending in the unknown—
having to us, indeed, no beginning and no end.

12, Hinde Streot, Manchestor Square,
Docember 21st, 1857,
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COAGULATION OF THE BLOOD.

CHAPTER 1.

HISTORICAL MEMORANDA ON THE SUPPOSED CAUSES OF
THE COAGULATION OF THE BLOOD.

® Every physician will and ooght to make observations from hi# own expe-
rience ; but he will he able to make a better judgment and juster observations by
comparing what he reads and what he sees together. The searcher of anthors
has the benefit of other men's experience as well as his own, and it is by the joint
concurrenca of thesa Iﬂmt. we can hope for any considerable advancement in
knowledge. Were it mot for this, the oldest practitioner would always bhe the
best physician, and there would be little difference, even as regards the scientifical
part, belwixt an old woman and the most regnlar professor."—FRIEND.
IT is not my intention in this chapter to follow up
in chronological order the labours and discoveries of
those who, either in ancient or in modern times, have
endeavoured to solve the problem of the cause of the
Coagulation of the Blood. My object in these memo-
randa is simply to collate the various theories and
hypotheses, which have been advanced regarding coa-
gulation. The authors, advocates, or opponents of such
theories or hypotheses will, however, receive atten-
tion incidentally, as they may have originated, sup-
ported, or opposed the various opinions or arguments
which have to be narrated. It will be my endeavour to
condense what has here to be said, as far as is con-
sistent with plain writing and with fairness of descrip-
tion; while, to prevent the interruptions which always

B



2 PLATO ON BLOOD-FIBRE.

occur to the reader from repeated references to foot-
notes, the works of the authors mentioned, as the
history proceeds, will be tabulated at the end in an
alphabetical list. Should it happen that the views of
any writer are omitted, I crave pardon, and explain
that as this essay is mainly the record of an original
inguiry, no strain has been made towards historical
display. I place before the reader, in fact, in acknow-
ledgment of good and learned assistance, the names
merely of such authorities as have answered fully to
certain matters of fact and argument, which T was
anxious to obtain before embarking in original work,
and to bear in mind afterwards. For I hold it as a
rule, that no one can pursue an original inquiry, who
does not know that true originality of thought includes
two principles ; the one consisting in a knowledge of
what is not original, i. e., of what has been done ; the
other in an appreciation of what remains to be origin-
ally done, and how to do it.

The subject of the coagulation of the blood did not
escape the attention of the old physiologists of Greece ;
and even at the early period when they lived, the cause
of this phenomenon was supposed to depend on a
net-work or fibre in blood, which, by coming together
and contracting, gives rise to coagulation—a supposi-
tion which has been sustained to the present day. Plato,
in his Z%meeus, very distinctly remarks, that throughout
the blood are scattered a number of fibres, which give
to the fluid certain measures of tenuity and density ;
so that it may neither flow through the *thin" struc-
tures, nor, from its density, become unadapted to
motion, and thus find a difficulty in flowing back by
the veins. ~ And he further observes, that the blood is






4 HEWSON AND GULLIVER.

considered merely to consist in an aggregation of these,
brought about by some force of attraction. There is not
a more interesting historical subject in physiology than
the one here noticed. But I do not discuss it at length,
because Mr, Gulliver, in his introduction to Hewson's
works, has said all that can be said, with such masterly
judgment, candour, and critical learning, that it were
impossible to dwell on the topic without trespassing on
his domain.

Referring to the views, correct, at least, in part, of
Malpighi, Lower, Borelli, Boyle, Collins, Ruysch, Petit,
Butt, Glaubius, and Quesnay ; and to the incorrect and
confused views of Leeuwenhoeek, Boerhaave, Haller, and
Senac, Mr, Gulliver shews that the speculations con-
nected with Leeuwenhoeck’s microscopical researches
supplanted accurate experimental inquiries into the pro-
perties of the blood. When, therefore, “ the errors con-
sequent on this state of things began to wane, the blood
sank into neglect, and the just observations of Malpighi,
Lower, and Borelli were lost for the greater part of a
century.” In England, the errors continned to the year
1760; on the continent, even later than 1771, the year
when THewson first published his labours. To Dr.
Richard Davies Mr. Gulliver assigns the credit of
“ having revived and established that correct know-
ledge of the three parts of the blood which was taught
afterwards by Hewson, Fordyce, and the Hunters." This
may be so; and, indeed, Hewson himself laid no claim to
the discovery of the constituent parts of the blood, but
I take it, that he (Hewson) held more correct views
on this matter than any of his predecessors. He
described the red or eolouring paré—red corpuscles ; the

{ymph, or spontaneously coagulable part—fibrin (so called







a TEMPERATURE.

THE VARIOUS THEORIES AND HYPOTHESES.
TEMPERATURE.

The first, and possibly the oldest hypothesis, is that
which attributes coagulation to loss of femperature. This
seems to have been the hypothesis held by the Greeks,
and is in strict accordance with the general doctrines
regarding heat held by some of their philosophers, such
as Heraclitus, who supposed—not incorrectly in the ab:
stract—that heat was the elementary and moving prin-
ciple of all things. Thus Plato remarks, as I have
already quoted, that the blood, * when let out quickly,
coagulates in consequence of the cold surrounding it,"”
Aristotle and Hippocrates seem to have entertained a
similar opinion; and the same was received, in after
days, by the discoverer of the circulation of the blood
himself. T need scarcely repeat the well known fact,
that the fallacy of this hypothesis was satisfactorily dis-
posed of by Hewson, who proved, indeed, that the very
reverse obtains; and that, while an increase of tem-
perature favours the tendency to coagulation, a great
decrease causes the blood to remain longer in a fluid
state. The following experiments, performed by Met-
calfe, and described in his work Or Calorie, published in
1843, confirm, in a manner too striking to be omitted
or forgotten, the correctness of Hewson's views.

“ A healthy pigeon”, says this writer (Metcalfe) ** was
immersed in water at 47°, with the exception of its head,
when a thermometer in reefo fell from108°to74° in twelve
minutes; and the poor bird presented all the symptoms
of approaching convulsions, coma, and death. In this
state it was decapitated, and its blood made to flow into
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and, secondly, that the blood of an animal, if drawn
when the temperature of the body is low, coagulates
much more slowly than when the temperature is high,
or at the natural standard.

The condition of the blood in the fluid state, in
animals hybernating, has often been adduced to shew
that the effect of extreme cold on the blood is that of
preserving this fluid in an uncoagulable condition.

The opinions of many writers, then (opinions which
receive, by the way, the support of no less distinguished
a writer than John Hunter), all go to shew that the
ideas of the first physiologists, with regard to the effects
of loss of temperature on the blood, are absolutely
incorrect ; and, although they do not lend support to
a modern view, that temperature has no effect, they
indicate that an increase of temperature, whether de-
rived from animal heat or from external sources, tends,
under favouring conditions, to increase the rapidity of
congulation in healthy blood.

The following statements, according to Metcalfe,
form a resumé of the leading facts connected with the
effects of temperature on the blood, whether in or out
of the living body:—

“1. The contractile power of the blood when re-
moved from the body, like that of the muscular fibres,
is in proportion to the quantity of respiration, mean
healthy temperature, and aggregate energy in the dif-
ferent orders of animals; being greater in birds than
in mammalia, and greater in the latter than in reptiles
and fishes,

“2. As the temperature of arterial is greater than
that of the venous blood, so does the former coagulate
more quickly and firmly than the latter.
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posed to the atmosphere, and by observing the negative
effects of a low temperature. This theory has not

" been very favourably received by succeeding physiolo-

gists, who have shewn that blood, effused into serous
cavities or cellular structures, does sometimes coagulate,
though not exposed to the air; and that even in the
veins themselves, this change may take place during
life ; a fact which Hewson admitted.

The condition of the blood when *placed in vacuo
has also been inquired into by various experimenters,
Lehmann states that blood coagulates rapidly tn vacuo,
in consequence of the violent action indueced in the
molecules of the blood by the rapid development of
vesicles of gas and of aqueous vapour, Scudamore (p.27)
came to three conclusions on the effect of exposure in
vacuo, viz.: 1. That at a reduced temperature in vacuo,
coagulation is hastened, 2. That atmospheric air being
simply excluded in a stoppered bottle, the temperature
not being reduced, coagulation is retarded. 3, That all
communication with atmospheric air being prevented,
the temperature not being reduced, coagulation is much
retarded. This aunthor was also of opinion that the
extrication of gases, especially of carbonic acid gas,
from the blood, influences materially the period of co-
agulation. Simple exclusion from the air, without the
vacuum, refurds coagulation, in the opinion of Dr,
Carpenter, who observes, that if blood be received in a
vessel under oil, its coagulation will take place slowly,
a fact first noticed by Dr. Babington.

The question of the effect of exposure to the air on
coagulation was further inquired into by Sir Humphry
Davy, who found that the mere exposure of blood to the
atmosphere, nitrogen, nitrous acid, nitrous oxide, and
various other gases, does not materially affect the process.
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also taught indirectly that rest is the cause of coagula-
tion ; since blood stagnates and coagulates most quickly
where its motion is slowest, as in the extreme. parts
of the circulation. The same view has been sup-
ported by more modern physiologists and patholo-
gists, who have argued that the tendency to coagulate
is greatest in weakened animals. Magendie, who enter-
tained a similar opinion, made an experimental trial
by introducing a tube into the two extremities of a
divided artery, and found that the blood remained fluid
only so long as the action of the heart continued to drive
it forward. Magendie also, with J, Simon and Carswell,
refer to the experiment of passing a ligature, or needle,
transversely through an artery, and to the fact, that a
coagulum of fibrin forms upon the foreign substance
thus introduced into the circulating current. On a
similar basis of reasoning, reference has often been made
to the frequent coagulation of blood on the valve cords
of the heart, on indurated valves, and on any other
points in the circulatory apparatus which, from retard-
ing the blood current, form favourable peinfs &'appui for
the formation of fibrinous clots.

Dr. Bostock, in summing up the causes of coagula-
tion, supports the view that the procees depends on cessa-
tion of motion. Ile remarks, that, as fibrin is gradually
added to the blood, particle by particle, while this fluid
is in a state of agitation in the vessels, it has no oppor-
tanity of concreting; but when it is suffered to be at
rest, either within or without the vessels, it is then able
to exercise its natural tendency. In this respect,” he
adds, “the coagulation of the fibrin of the blood is
very analogous to the formation of organised solids in
general, which only exercise their property of concreting
or coalescing under certain circumstances, and when
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VITAL FORCE.

The idea that the coagulation of the blood is due to
some peculiar principle of vitality, is included in the well
known hypothesis of John Hunter. However carefully
the works of this physiologist are studied, one finds a
difficulty in understanding what he precisely meant by
the “vital principle,” or its effects in promoting the
coagulation of blood. In one sentence he remarks,
* This disposition to coagulate, when out of the vessels,
or when retained in them without motion, till the
consciousness of the use of motion, and, of course, of
fluidity, is lost, is one of the effects of the life of the
blood.” This sentence, obscure as it is, includes, as
fully as any other, Hunter's view. That he himself
was not satisfied, is obvious ; for he proceeds to remark
on the use he has made of the word * consciousness,”
explaining that he has employed that term because
we have no language existing answerable to all his
views of the animal economy; and that to coin words
would not answer his purpose, because he must
then have a dictionary of his own. In a further sen-
tence, Hunter speaks of coagulation * as a species of
generation, or as the first action or establishment of a

of action within itself, so as to'form itself into
muscular fibres—the only powers in an animal.” The
only explanation of this hypothesis that can be arrived
at, is, that it supposed to exist in the body a separate
principle or entity, which, although taking part in,
and overruling all the organic processes, is yet distinet
from them, and is itself unmodified by the changes it
excites, This principle, therefore, acts on the blood in
the body so as to form it into the various structures;

LS
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desire to avoid particularising the causes of congulation,
- says, in a word, * it is a vital process,” and Dr, Carpenter,
in one place, speaks of the coagulation of blood as an
evidence of vitality, and says that a deficiency of coagu-
lating power in blood is due ** to the want of due elabo-
ration in the fibrin alone, or to the destruction of its vital
endowments by some agent which has a noxious influ-
ence upon it.”

NERVOUS INFLUENCE,

Thackrah was of opinion from his experiments, that
blood, placed in an organised structure removed directly
from the body of a living animal,coagulated less speedily
than when it was placed in a similar structure from
which the vitality had absolutely passed away. These
conclusions receive opposition from certain experiments
of Seudamore directed to ascertain the same point.

But Thackrah's views being in harmony with the
hypothesis of the existence of a nervous force, gener-
ated in the medullary substance of the nerve-centres,
and communicated by the nerve-cords to all parts of the
economy, supplying or governing nutrition, secretion,
circulation, and all the organic processes, it has been
argued from them that the fluidity of the blood in the
living body is kept up by this nervous force, which has
been supposed by some to be communicated to the blood
in the lungs by the nerve-filaments. To this hypothesis
a kind of force has been added, by the argument that the
blood is found fluid in cases of death from electricity,
and where life has been destroyed by sheer exhaustion—
in the parlance of the neuro.physiologists, by nervous
exhaustion. This hypothesis, which is now well-nigh
exploded, has not unfrequently been confounded with

F#
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the vital hypothesis of Hunter, whose writings, indeed,
tend not a little to support such a confusion of ideas.
Thackrah’s summary runs thus: I conclude that the
vital or nervous influence is the source of the blood’s

fluidity.” (Essay, p. 91.)

CHEMICAL HYPOTHESES.

The advance of modern chemistry has led to not a
few theories, or rather hypotheses, regarding the cause
of coagulation. One point that has been forcibly urged,
is, that the blood, when drawn from a vessel, is pre-
vented from coagulating by the addition of certain salts
and other chemical substances. Thus it has been stated,
that the fixed alkalies completely prevent coagulation ;
and that some of the vegetable acids, as the acetic, have
the same effect. The various salts which are said to
have this property are, common salt, the tartrates and
borates, nitrate of potash, acetate of potash, chloride of
potassium, sulphate of copper, acetate of lead, tartrate
of potash, ammoniacal sulphate of copper, nitrate of
lime, chloride of iron, sulphate of potash, sulphate of
magnesia, and chloride of ammonium. Among the
vegetable salts are nitrate of strychnine and nitrate of
morphine, and the vegetable alkaloids, nicotine and
morphine. Mr. Blake found that the blood was not
coagulated after injection into the veins of caustic soda,
carbonate of soda, sulphate of soda, ammonia, nitrate of
silver, sulphate of zinec, sulphate of iron, phosphoric
acid, arsenic acid, arsenious acid, oxalic acid, infusion
of galls, infusion of digitalis, and alloxan. Magendie
found a fluid condition after injection of putrid matters
into the circulation,

It has been stated that coagulation is favoured in

©
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drawn blood by the addition of acetate of morphine,
solution of sugar, alcohol, ether, tannin, starch, alum,
benzoic acid, or iodine, Magendie observed that the
injection of a solution of bichloride of mercury into the
veins was followed by the coagulation and separation of
fibrin. In the hands of Gaspard and Mr. Henry Lee,
the injection of pus into veins, or its addition to blood
drawn from the body, has produced rapid coagulation.
The injection of brain substance into the veins has led to
a similar result ; and Mr. Blake found the blood coagu-
lated after the injection of the following matters: liquor
potassee (firmly), carbonate of potash (firmly), nitrate of
potash (firmly, blood scarlet), nitrate of soda, nitrate of
ammonia, nitrate of lime, nitrate of baryta, chloride of
calcium, chloride of barium, chloride of strontian, sul-
phate of magnesia, sulphate of copper, acetate of lead,
arsenite of potash, nitric acid, narcotine, tobacco, strych-
nia, conium, hydroeyanie acid, enphorbium, and water in
quantity. On the subject of salines and their effects on
the blood, Nasse comes to a general conclusion, differ-
ing, indeed, in a great degree from that of any other
observer. He argues that almost all salts, when not
used in too large quantities, accelerate coagulation,
though in small quantities they may retard it. Nasse
believes, too, that water in small quantities hastens
coagulation, and in large quantities retards it. (Leh-
mann, vol. ii, pp. 197-8.) Gulliver points out that blood
nfay be kept fluid for weeks by the neutral salts, and
may then be coagulated by dilution with water.

It will be observed, that various contradictions exist
in these statements; and that the effect which is pro-
duced by a given agent in drawn blood in one ex-
periment, seems to be just the reverse of what occurs in
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other experiments when the same agent has been injected
into the living circulation. Franz Simon, in fact, seems to -
experience so much difficulty in accounting for coagula-
tion on the chemical process, that he refers it to the old
doctrine of vitality, as I have before shown. Other
physiologists and pathologists, however, more daring
than Simon, seizing on the fact that the blood, when
drawn from the body, may be kept from coagulating by
some alkaline solutions, have argued that upon alkalinity
of the liquid part of the blood depends the non-coa-
gulability of that fluid during life: in short, that fibrin -
is chemically dissolved in the living blood. Dr, Fuller,
in his excellent work on Rheumaiism (1st edition), accepts
this theory, and argues that the cause of the deposition
of fibrin on the valves of the heart is due partly to its
presence in unusnal quantity, and partly to the weak
state of solution in which it is held, in consequence of
that extreme acidity of the system, which is so well
marked in acute rheumatic affections.

Further experimental researches of a chemical kind
relate to the effects of gaseous substances in retarding
or increasing the coagulation of the blood. I have
already referred to the experiments of Sir Humphry
Davy on this point, which shewed that the exposure of
drawn blood to nitrogen, nitrous acid gas, oxygen,
nitrous oxide, carbonic acid, carburetted hydrogen, and
atmospheric air, did not modify coagulation. Other
experimentalists have shewn that the process is not
retarded by the fluid being placed in vacwo. From a
long series of experiments performed by Dr. Polli of
Milan, with great care, it would seem that coagula-
tion takes place with equal freedom in pure oxygen,
nitrogen, and atmospheric air; but that the presence

Ca
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of carbonic acid always impedes it. Carbonic acid
gas, according to this author, is always given off from
blood during coagulation ; and the more quickly this
occurs, the more quickly the blood coagulates. The more
carbonic acid gas the blood contains, the more slowly
it coagulates, according to Polli, and the greater chance
is there of a buffy coat being formed; while a buffy
coat, formed over a dark clot without froth, is always a
sign of the blood being surcharged with carbonic acid.
- On the subject of the effects of gases on the blood,
* Lehmann also remarks that, since the blood contains
gases, the different quantities in which they occur
modify coagulation ; hence blood rich in carbonic acid
coagulates less rapidly than when the contrary is the
case. Scudamore, in his Essay on the Blood, in referring
to carbonic acid, states that he feels himself fully author-
ised in concluding that the period of time in which the
blood coagulates depends, in a great measure, on the
quick or slow extrication of carbonic acid gas. The evolu-
tion of this gas takes place most freely as the blood begins
to concrete, and ceases when coagulation is completed.
It is evidently, he presumes, an essential circumstance
in the process of coagulation, as the same canses which
retain the carbonic acid in the blood delay coagulation.
In relation to the point now before us, there is an
interesting and curious paper in the Philosophical Trans-
actions (vol. for 1818, p. 81), from the pen of Sir Everard
Home, which I notice here incidentally only, but to
which Scudamore refers at length. Sir Everard, in
giving an account of the evolution of carbonic acid
from the blood during coagulation, relates some ex-
periments made at his request by Professor Brande,
from which it was inferred, not only that carbonic acid
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gas exists in both the venous and the arterial blood of
man, but that as much as two cubic inches could be
extracted from every ounce of blood. Sir Everard did
not use this statement as one particularly bearing on
coagulation, but as supporting an hypothesis that as, in
the coagulation of dead blood, channels are made in it by
the escape of carbounic acid, so in the living body effused
blood may be made vascular by the blood-vessels trans-
mitting blood into it, by channels similarly produced.
Mr. Bauer scems to have been the first observer who
stated that blood in coagulating exhales carbonic acid.
Contrary to the views of Scudamore regarding car-
bonic acid, Dr. John Davy held that the agitation of
carbonic acid gas with blood does not retard coagu-
lation ; that newly drawn blood really absords carbonie
acid; and that water charged with this gas and added
to blood does not affect the coagulating process.
Without endeavouring to define its nature, Spal-
lanzani conceived that there was in blood an elastic
invisible gas, In this view he was supported by his
English translator, Dr. Hall, who urged this point on
the notice of physiological inquirers, as one deserving
special notice, and as promising to explain many of the
phenomena connected with the blood and circulation,
In speaking of the various chemical hypotheses which
have been raised regarding coagulation, it would be an
error to omit that which is held by Schmidt and Schulz,
and in some degree supported by the writings of
Mulder; viz., that fibrin, per se, does not exist in the
circulating living blood at all. Schmidt's arguments
are intended to prove * that, as blood escapes from
the circulation into a cup or other vessel, an acid
albuminate of soda, which previously existed in a state
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of solution in the blood, becomes disintegrated into its
component parts in such a manner that a less acid,
neutral, or basic albuminate of soda remains dissolved ;
while the other atom of albumen separates under the
form of protein, which we call fibrin.” The fibrin thus
JSormed and separated, afterwards contracts into the
smallest possible volume, just as freshly precipitated
silica, alumina, and phosphate of lime contract when
isolated. Respecting this peculiar hypothesis, L.ehmann,
to whom I am indebted for its history, observes, that if
we watch the separation of fibrin into filaments during
coagulation, it will be seen that * the analogy with hy-
drated alumina affords no special support to this hypo-
thesis, which, at first sight, seems sufficiently plausible.”

EFFECTS OF ELECTRICITY AND GALVANISM.

Gerhard and Hufeland, according to F. Simon, have
shewn by experiment that an electric current, continu-
ously passed through blood, tends to keep that fluid in
an uncoagulable state. Scndamore tried the effects of
both electricity and galvanism on drawn blood. The
results of his experiments, with reference to electricity,
differ from those of Hufeland and Gerhard. He found
that blood exposed to the electric current guined in
temperature two degrees on the introduction of the
current, but coagulated as soon as did other blood re-
moved at the same time from the same person and
allowed to concrete naturally ; and again, that the blood
treated by electricity coagulated more firmly. In ex-
perimenting with the galvanic current, he found also
that the temperature of the blood was raised. In
one case there was a copious evolution of gas at the
negative pole, and in all cases the current gave rise to a
peculiar process of coagulation and decomposition.
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PHYSICAL INTERCHANGES IN THE CONSTITUENTS OF THE
BLOOD.

Of late years, an hypothesis has been gaining ground,
that the fluidity of the blood is sustained during life by
the constant abstraction of fibrin from the circulation
for the purposes of nutrition. This idea was hinted at
indeed very broadly by Dr. Bostock, in the passage L
have already quoted from his work. * As fibrin,” he
says, “ is gradually added to the blood, particle by par-
ticle, while that fluid is in a state of agitation in the
body, it (the fibrin) has no opportunity of concreting.”
The idea present in Dr. Bostock's mind evidently was
that fibrin passes from the heart to the extremities of
the circulation without any change by the way; and
that, having arrived at its destination, it enters into the
construction of such solids as receive it as a part of
their structure, °

By another and more extended view, it has been
conceived that the liquor sanguinis, being constantly
pervaded by the red blood corpuscles, is elaborated by
them, and that the coagulable part is thus taken up as
quickly as it is formed. This view is maintained by
Mr. Wharton Jones, who does not, however, here under-
take to answer the question, whether the process of
coagulation be a vital or a physical one! but prefers to
explain, as above, why the blood circulating in the
living body does nof coagulate. By an extension of this
view, Mr. Jones argues further, that the elaboration sup-
posed to be performed by the red corpuscles is probably
the conversion of one protein compound into another,
albumen into fibrin, a less into a more highly organised
proximate principle,

Mr. Gulliver points out that this hypothesis is an old

. -
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one revived; that it was virtually advanced by Quesnay
in 1750, and by Bordenave in 1787. He objects to it,
as well as to the hypothesis that fibrin is elaborated by
the white corpuscles, on the ground * that fibrin and its
fibrils may be produced merely by mixing together cer-
tain varieties of serum, in which, before mixing, no
fibrinous particles can be discovered by the microscope.”
Mr. Dowler shewed that in the fluid produced by a
blister there exists a fibrous part, which can be extracted
by squeezing the fluid strongly through a fine linen
cloth. The fibrous part is left on the cloth, and re-
sembles the fibrin of blood. This observation, though
important, is, however, less pointed, since it may be
urged that coagulable lymph is effused, under the
blister, with the serum,

An hypothesis of the physical kind which is advocated
by some authorities is, that the period and the intensity
of coagulation depend on the quantity of fibrin, in relation
to the blood corpuscles and water. When the corpuscles
are few in proportion to the quantity of fibrin, the mole-
cules of fibrin become more densely compressed together,
and thus render the formation of the clot more marked,
and its structure more firm. (Lehmann, vol. ii, p. 199.)

A further hypothesis, which is in part physical and in
part chemical, is advanced by Dr. Carpenter: viz., that
coagulation consists in the passage of blood from the
soluble to the insoluble state, in which transition it is
not formed into an amorphous coagulum, but into a net-
work of fibres more or less definitely marked out. In
a former page we saw that Dr. Carpenter considered
coagulation to be a vifal process. However, we now
find him defining the process on simple principles.

Prevost and Dumas, in speaking of coagulation,
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thought that the red corpuscles were essential to that
process. They contended that * the attraction which
keeps the red matter fixed around the white particles
having ceased when blood is drawn, together with the
motion of the fluid, these parts remain at liberty to obey
the force which tends to make them combine and form a
net-work, in the meshes or amid the plaits of which the
colouring matter is included, with a quantity of particles
which have escaped this spontaneous decomposition.”
This speculation, as M. Edwards indicates, was entirvely
disproved by Miiller, who shewed that when the blood
corpuscles were filtered off from newly drawn blood, prior
to coagulation, the fibrin now left with the serum alone
spontaneously solidifies. It was further disproved by Dr.
Babington, to whom we owe the term liguor sanguinis,
as distinguishing the fluid in which the red corpuscles
float during life. This liquor sanguinis he believes to be
no mere mixture of fibrin and serum during life, but a
homogeneous mass, which, after the vital force is removed,
separates into two distinct parts; one part spontaneously
coagulable, the other fluid at ordinary temperatures—
fibrin and serum. Dr, Babington skimmed off the liquor
sanguinis from blood, and observed the coagulation as
a process independent of the corpuscles.

SPECIFIC GRAVITY.

The specific gravity of the blood, or of its parts, has
been thought to bear some relation to the rapidity and
cause of coagulation. On this point it has been shown
that viseid solutions, such as albumen, or thick solution
of gum, introduced into newly drawn blood, tend mate-
rially to retard coagulation; and that by this means a buffy
coat may be produced from healthy blood, Hence it has
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been inferred, that the density of the sernm, relatively to
the density of the other blood constituents in various
kinds of blood, has something to do with coagulation.
‘We have also seen that a large dilution of blood with
water is said to retard the coagulating process. On these
points, Scudamore has the following observations, which
embody much that has been written before and since his
time. “Blood,” he says, * possessing the highest specific
gravity, coagulates the most quickly. In blood of this
description, there is the largest proportion of red par-
ticles, which are the heaviest part of the mass. Blood
which gives the fibrinous coat in a great degree, has
a lower specific gravity than healthy blood, and is
slower in coagulation. Fibrin is lighter than the red
particles, and also lighter than serum.” He further
says that for the most part the specific gravity of the
serum is higher, in proportion as the quantity of fibrin
is natural. Hunter states that dilution with water
rather hastens coagulation, but makes the clot neither
firmer nor looser in texture. Secudamore’s experiments
led to an opposite result.

With regard to the blood corpuscles and their specific
gravity, Lehmann remarks that they sink just as rapidly
and just as slowly in defibrinated blood, as in blood
containing its fibrin. Hence, the fibrin exerts no in-
fluence on this part of the phenomenon. The blood
corpuscles unite and sink, in great part, from the dif-
ference between the density of the cells themselves, and
of the intercellular fluid,

OTHER CIRCUMSTANCES RELATING TO COAGULATION.

There are yet a few points of a minor kind regarding
coagulation, which deserve notice, because they have
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approaching in form the cube or sphere, it will be
scanty. This difference is owing to the greater or lesser
distance of the coagulating particles of fibrin from a
common centre, which causes a more or less powerful
adhesion and contraction of those particles."”

3. That moderate agitation of the blood in the open
air quickens coagulation; that agitation in a closed
vessel somewhat retards it; but that if the blood be
briskly whipped, ordinary coagulation is altogether pre-
vented. This latter fact is easily accounted for by the
separation of the molecules of fibrin, and by their ad-
hesion to the rods or stick employed.

PHYSIOCLOGICAL INFERENCES FROM PATHOLOGICAL DATA.

The fact that the various pathological conditions of
the blood have a great influence on the process of
coagulation has long been known, and upon it various
opinions have been based. These opinions relate to
the blood in two conditions, as it is drawn from the
living body, and as it is found in the bodies of the dead.

Regarding blood drawn from the living body during
the presence of pathological conditions, the observations
that have been made refer in great part to that modified
form of coagulation which is characterised by the form-
ation of what is called the * buffy coat™..

The identity of the buffy cout with the coagulable
part of the circulating blood was shewn, as I have before
said, by Malpighi, who further traced out its identity
with the fibrinous concretions sometimes found in the
heart after death.

Regarding the cause of the buffy coat, most writers
are agreed in these particulars.

1. That it occurs in blood from the human subject
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chiefly in cases where the fibrin is either actually or
relatively increased, as in acute inflammations (hyperi-
nosis) ; in pregnancy, plethora, albuminuria; and in
some instances where great loss of blood has taken place.

2. That the formation of the buffy coat is dependent
on, or at least coincident with, a slow process of coagu-
lation, as a general rule,

3. That the specific gravity of the buffy coat is lower
than that of the serum and blood-cells.

4. That the appearance of the buffy coat is owing,
simply, to the separation of fibrin in a tolerably free
state, i. e., unmingled with the red corpuscles, and freed
of serum.

5. That the tendency to the distinct separation of
fibrin is greatest, ewlerizs paribus, in those animals in
which the average amount of fibrin in the blood is
highest, as in some of the herbivora, and especially in
the horse,

6. That in cases where the blood presents the buffy
coat from mere richness or excess of fibrin (hyperinosis),
the blood corpuscles are below the average in amount;
and wice versd, that when fibrin is decreased (hypinosis),
the corpuscles are increased above the natural quantity,

These opinions, which, by the strength of the evidence

brought to support them, may almost all be received as
facts, would have a direct and most important bearing
on the coagulation of buffy blood, were not some other
considerations in the way, which I now proceed to
notice.
It has been argued that the white substance met
with floating on the top of the serum of blood, is not
invariably composed of fibrin alone, but is often made up
of other principles, either combined with, or absolutely
distinct from, fibrin.
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Mulder contends that the buffy coat is formed of two
compounds of protein, in a higher state of oxidation
than fibrin, viz., of the tritoxide and binoxide of pro-
tein ; the former of which is soluble in boiling water,
the latter insoluble, The terms binoxide and tritoxide,
ns applied by Mulder, do not, however, bear the chemical
interpretation ordinarily placed on them. They mean
that the binoxide contains one, and the tritoxide two
equivalents more of oxygen than is present in fibrin
itself.

Remak of Berlin has contended that the buffy coat,
s obtained from the horse after repeated bleedings, is
made up of an excessive quantity of lymph corpuscles,
and of but little coagulated fibrin. He predicted that he
should be able to distinguish between a buffy coat formed
by an excess of parent cells, and one counsisting of fibrin
proper. He thought that the looseness of the buffy
coat in some cases is due to the presence of lymph cells
in large proportions.

M. Bouchardat endeavours to prove that the buffy
coat is made up of three proximate principles. (a.) A
substance identical with pure non-coagulated albumen,
which he would call albuminose., (4.) A network, en-
closing the albuminose, composed of gelatine and of a
substance (¢) possessing all the properties of the epi-
dermic formation—epidermose. These substances are
not, however, to be considered as peculiar to the buffy
coat, but to represent an analysis of fibrin itself, when
freed from fatty substance. (Comptes Rendus, 1842.) Ac-
cording to Mulder, the gelatinous matter, thus described
by Bouchardat, is merely the hydrated tritoxide of

protein. |
There are still some other hypotheses respecting the
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composition of the buffy coat and of fibrin; such as,
that the fibrinous coat is nothing more than a modifi-
cation of albumen, and that the cause of the lighter
specific of the fibrinous coat is due to the presence of
fat cells and water; but on these particulars it is unne-
cessary specially to dwell.

Returning to the cause of this peculiar separation of
the fibrin coat and its mode of formation, it is to be re-
marked, that as many hypotheses have been advanced
on this subject, as on the composition of the coat itself.
Hunter was of opinion that the blood in an inflammatory
condition has a greater tendency to divide into its compo-
nent parts ; and that as this blood coagulates more slowly,
the red corpuscles have time to subside, and the coagu-
lable part is therefore left free at the top of the fluid.
Hewson and others have attributed the separation of
the fibrin to its lower specific gravity and its excess.
Henle and Nasse state that the time in which the
blood corpuscles sink bears an inverse ratio to the time
in which the fibrin coagulates. They found that they
eould produce an artificial buffy coat in ordinary blood
by retarding coagulation. Miiller pointed out also that
if, to a little recently drawn blood, a strong solution of
carbonate of potash be added, the coagulation is retarded,
the corpuscles have time to sink, and the clot is colour-
less at its upper part; while Dr, Babington discovered
that by receiving blood under oil he could bring about
the same result, viz., a buffy coat.

Our countryman, Mr., Wharton Jones, who may be
ranked as one of the first and ablest in observing the
process of coagulation systematically by the microscope,
believes that in buffy blood there is, with a diminution
in the quantity of the red corpuscles, an exaltation of
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their natural disposition to run into rolls; and that
these, again, forming a spongework, squeeze out by their
closer aggregation the liquor sanguinis, and by their
greater specific gravity rapidly subside. Upon this the
liquor sanguinis, which is in such cases proportionally
in greater quantities, collects at the top, and the
fibrin, coagulating, forms the buffy coat. The opinion,
as to the increased attraction of the red corpuscles for
each other in inflammatory blood, was pointed out by
Mr. Hunter ; and even the mottled appearance of buffed
blood was deseribed and explained by this physiologist,
as attributable to the red corpuscles attracting each
other, and forming spots of red. (Hunter's Works,
vol. i, p. 235.) Zimmermann concludes that the
appearance of the buffy coat is owing to slow coagu-
lation ; and that this slowness is brought about by
three causes: 1. By an increase of fibrin: 2. By the
diminution of the blood corpuscles and their tendency
to adhere to each other: 3. By some peculiar proper-
ties of the fibrin itself. The blood vesicles, he adds,
act as points of erystallisation, just as a straw thrown
into freezing water accelerates the formation of ice. He
further mapintains, that, in coagulated healthy blood, the
lowest portion of the clot is the heaviest, the proportion
of fibrin in healthy clots being, as proved by experiment,
27 in the lower part, and 7-3 in the upper; while in
inflammatory blood from a pneumoniec patient, it was as
33 in the lower portion, and 14'8 in the upper. There
is thus, he says, in inflammatory blood an inecrease of
fibrin, a tendency on the part of the corpuscles to sink,
and on the part of the fibrin to rise ; hence the result.
In these narrations are embodied the more important

speculations with regard to the formation of the buffy
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coat. In reference to the modifications arising from the
mode of bleeding, the vessel in which the blood is re-
ceived, and so on, the same remarks apply as were made
when treating on the coagulation of healthy blood,
One observation more is alone required: viz., that the
mere agitation of hyperinotic or sizy blood will tend
very much, by hastening coagulation, to prevent the
formation of the buffy coat. This fact is described by
Sydenham in an interesting passage, in which, after
describing the blood as drawn in pleurisy, and the white
or tongh skin of sanguineous fibres which rises upon
plewrific blood if the current flow freely, he adds:

“ Quinimo eim hoc ipso modo extrahitur, si orifi-
cium angustius, sive quid aliud, obstiterit, qud minus
pleniori exeat gurgite, neque hic sanguis plewriticornm
sanguinem colore emulatur, neque sger par exinde
commodum capit. Observavi etiam, quod, si sanguis
recens extractus, quocunque demim modo fluxerit, im-
misso digito agitetur, superficie rubenti ac florid, ut
in aliis morbis quibuslibet, spectabitur,” ( Observationes
Medice, sect. vi, cap. 3.)

STATE OF THE BLOOD IN THE BODY AFTER DEATH.

Regarding the condition of the blood in the body after
death from various diseases, many important facts have
from time to time been observed. Some of the German
writers have recently endeavoured to shadow forth a
kind of system, or set of fixed principles, on this im-
portant point. It would divert me from my present
purpose to dwell on this subject; I therefore shall only
refer to a few general observations which have at
various times been made,

In the first place, it has been argued by Hunter and

- |
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other observers, that in death from shock, lightning
stroke, electricity, and coup de soleil, the blood remains
fluid after death ; as also in cases where the fatal result
has occurred from sheer fatigue. This point has been
contradicted by other authors, who have found the
blood coagulated after these forms of death. Morgagni
has described the blood as quite fluid after death in
only four instances ; all these were cases in which death
ensued from slow arrest of the respiration. Drs. Peters,
Goldsmith, and Moses, three American physicians, have
published a report on the appearance of the blood in
seventy cases of death resulting from the excessive use
of ardent spirits. In every case, the blood was fluid and
dark, was of a cherry-juice appearance, and shewed
no tendency to coagulate. Magendie produced a fluid
state by injecting putrid matters into the veins of ani-
mals. In deaths from the narcotic poisons, from delirium
tremens, typhoid fever, and yellow fever, the blood is
generally described as thin and uncoagulable, Dr. John
Davy found the blood fluid and uncoagulable on expo-
sure, in cases of drowning, hanging, suffocation from
the fames of burning charcoal, and effusion of blood
into the pulmonary air cells. Mr. Gulliver narrates an
instance, in which a man and his three children were
suffocated in a burning house. In all, the blood in
their hearts was fluid, and remained so permanently.
In a case of hanging, Mr. Gulliver met with the same
fluidity ; but in kittens killed by hanging and drown-
ing, he has seen coagulated blood in the heart.

In cases of an opposite type, viz. acute inflammatory
disorders, hyperinosis, the blood has generally been
described as firmly coagulated, or with the fibrin more
or less separated in the form of concretion,
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Altogether, the experience and observation of the
majority of writers tend mainly to sustain the following
conclusions.

1. That in cases where immediately previous to death
the fibrin is increased in quantity (whether from active
hyperinosis or from a relative excess of the fibrinous
constituent), coagulation is firm, and the disposition for
separation of fibrin, in the form of concretion, is well
marked.

2. That in some cases, where the blood current is
impeded, as in an aneurism, or in the heart where the
valves are rigid, or in very feeble states of the heart, the
fibrin has a tendency to separate from the other blood
constituents, at the point of obstruction, and to form
itself into distinct masses—fibrinous concretions.

3. That after the introduction of some poisonous
agents, as pus, into the circulation, and the death result-
ing therefrom, there is often a distinct separation of
fibrin, and firm coagulation generally.

4. That, in instances where the death of the body
is produced by an interference with the natural
chemical interchanges between the blood and oxygen,
as from impeded respiration, great fatigue, the use of
ardent spirits, and the inhalation of volatile narcotic
agents, as carbonic acid, the process of coagulation is
often materially retarded, and is imperfect.

5. That in some special diseases of the hypinotic class,
such as scurvy and typhus, the consistency of the
blood is diminished, and its coagulation in a great
degree prevented.

6. That in instances where death occurs from the
abstraction of water from the blood, as in cholera, the

entire fluid is left in a dark, tarry, and semicoagulable
D3
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condition, but attended occasionally with separation of
fibrin in the heart.

7. That in examples of instanfaneous death from such
causes as shock, suffocation, or lightning stroke, the
blood oftentimes, but not invariably, remains fluid in

the circulatory system.

COAGULATION OF BLOOD IN THE LIVING BODY.

Of late years, an old question has been revived,
whether the blood does not sometimes coagulate in the
body during life? This question is now pretty clearly
answered in the affirmative. M. Velpeau, in the year
1846, related a case in the Academy of Medicine in
Paris, of a woman, from a vein in whose arm a long
coagulum of blood had been extracted, and who ulti-
mately recovered. But pathological observations have
afforded further evidence in proof, from the condition of
the blood in some aneurismal cavities ; from the appear-
ance of the arteries, and the formation in them of firm
clots of fibrin, in cases of gangrene of the parts which
they supplied with blood ; and from the construction of
the fibrinous masses found in the heart after various dis-
eases, together with the symptoms which in such diseases
preceded death. From the results of these observations
many facts, opinions, and discussions have been elicited
by Gould, Templeman, Kerckringius, Tulpius, Pasta,
Haller, Morgagni, Gitz, Brown, Burserius, Queye,
Cullen, Huxham, Corvisart, Stewart, and Chisholm, in
a past age; and in the present day by Meigs and Dana,
Baron, Fredoult, Bouillaud, Andral, Grisolle, Gaspard,
Gulliver, Davy, Burrows, Fuller, Simon, H. Lee, Paget,
Crisp, Hughes, Barclay, Corrigan, Fletcher, Kirkes,
Hasse, Wagner, and Rokitansky.
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I have myself for several years past paid attention to
this subject, and have communicated numerous papers
upon it, in the affirmative view, to the Medical Society
of London. The results of these labours will be given
in another plana.

From the various arguments and facts put forward
by the above numerous authorities, it has been no slight
task to make such an epitome as shall fairly represent
the meaning and end of their labours. The task, how-
ever, has been undertaken, and the inferences obtain-
able from a review of the whole, to the best of my judg-
ment, are these :—

1. That the blood may, in very rare instances, coagu-
late in the ordinary way, .., as a red clot, in the body
during life.

2. That the fibrin alone may separate in the form of
concretions during life ; this result being theoretically
attributable (@) to mere slowness of motion, as in the
aneurismal tumour; and as in some cases of slow death ;
(6) to absolute or relative increase of fibrin itself;
(¢) to a peculiar kind of coagulation arising from che-
mical or physical changes incident to the mixture of
some poisons as pus with the blood; (d) to the neutralis-
ation of those alkaline constituents of the blood, which
hold the fibrin in chemical solution, by some free acid,
as lactic, generated in the body superabundantly; (¢) to
an extreme tenuity of the serum in which the fibrin is
distributed, with a feeble resistance against the natural
attraction of*the molecules of the fibrin and their con-
sequent aggregation ; (/) to a supposed disorganisation
or disintegration of the blood, under the influence of
certain diseases, as typhus and scurvy, whereby it has a
tendency to divide into its constituent parts.
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3. That these depositions of fibrin may, like the buffy
coat, differ in constitution ; that they may be more or
less coloured, from enclosing in their structure modified
red corpuscles; that they may become softened in
structure, such softening being most marked in the.
centre ; that they are often accurately moulded to the
cavity which contains them; that they may be deve-
loped both on the venous and arterial sides of the cir-
culation: that they sometimes become firmly adherent
to the walls of the heart, by interlacing with the mus-
cular fibres; and that, in some rare instances, the ad-
hesion which they have formed with the heart may
become united by vessels, so that the deposit itself
ultimately assumes an organised character.

En resumé, we see that in regard to the causes of the
coagulation of blood, both in and out of the body, the
explanations that have been adduced rest on one or
other of three grand theories: the vital, the physical,
the chemical ; and it is to be observed, that in the order
of time in which these theories have influenced physio-
logical inquiries in general, so have they specially in-
fluenced those which relate to coagulation, How far
each or all of the speculations which have now been
recorded have a bearing on the question at issue, is a
subject which must be considered in a distinct chapter.
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corpuscles, and serum, are left in separated conditions,
the fibrin only in the concrete form ; #hirdly, that in
a red clot of blood, the corpuscles, and, for some little
time the serum also, are retained in the meshes of the
fibrin, and that the blood-corpuscles may be washed
out of the clot, leaving the fibrin free; fourthly, that
the blood corpuscles being removed by filtration, the
fibrin will coagulate in the serum, and, contracting
more and more, and squeezing ount the serum from
itself, will remain ultimately a separate and distinct
substance.

The question whether or not fibrin exists at all in blood
" circulating in the vessels of the living body, which some
have raised, does not at this point require consideration.
For, however much opinions may vary as to the state of
the liquor sanguinis during life, there are no differences
of opinion as to the fact, that, when blood is drawn, a
certain substance, called blood fibre, spontaneously co-
agulable lymph, fibrin, or by any other name, exists in
the blood as a distinct thing ; that the particles of this
substance possess, under such circumstances, a force of
aggregation and contraction; and that to such aggre-
gation and contraction the phenomenon of coagulation
is demonstratively attributable, whatever may be the
variations occurring in the development of that phe-
nomenon. Further evidence, after facts so obvious, is
unnecessary; and hence we start fairly with the general
principle, that upon the aggregation of the molecules of
fibrin coagulation ultimately depends; and that what-
ever may solve the problem of the cause of this aggre-
gation, solves at the same time, of necessity, the cause
of the phenomenon altogether, as far at least as we can
at present foresee,
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Temperature and its Effects. As far as written evi- -
dence goes, it proves, lst, that the process of coagula-
tion is retarded more or less by a decrease of tempera-
ture below the natural standard of the body, such re-
tardation being more marked as the freezing point is
approached ; 2ndly, that blood brought down to a tem-
perature of 25° Fahr. may become frozen, but not coa-
gulated, coagulation being possible, however, when the
frozen mass has been thawed by exposure to a higher
temperature ; 3rdly, that, at certain temperatures above
the natural standard, the process of coagulation is
hastened, . e. it takes place more quickly at 110° than
at 90° or 100° and more quickly at 120° than at 110°,
These conclusions are corroborated so fully, that they
may be received with confidence; for, although the
ancient philosophers took an opposite view, their
opinions are here of no weight, since their arguments
were based on a general and vague inference, while the
modern view rests firmly on direct experiment. Why
temperature influences coagulation, in the way we have
seen, is a great question. Its effects do not in themselves
explain the phenomenon to the observer; nor do they
chime in with the other hypotheses and theories which
have been advanced, save with one, that, namely, which
relates to the escape of gaseous matter from the newly
drawn blood. In relation to the speculation about a
loss of vital force as a cause of coagulation, the experi-
ments regarding temperature are, on the contrary, in
direct opposition. For, as the vitality of an animal is
impaired in proportion as its temperature is reduced
below the natural standard, so, according to this hypo-
thesis, should the tendency to coagulation of its blood be
hastened by a similar reduction. But the reverse obtains.
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to the Air. 'The experiments of Hewson on
the exposure of blood to the air are at once striking,
simple, and ingenious, and, as far as they go, convinc-
ing ; they afford at the least some evidence of a circum-
stantial character. His hypothesis has failed to convey
full conviction ; first, because it does not attempt to
explain the act of coagulation, but certain conditions
only under which the act is possible; secondly, becanse
it does not in truth include all those conditions; and,
again, because it does not show the reasons why the
conditions which it presumes to be necessary, are neces-
sary. It is argued, that the exclusion of air from blood
retards coagulation, and that exposure to air increases
it. But it is clear that these observations, however
accurate, prove but little when taken alone. For, in the
mere act of enclosing blood in an air-tight vessel, certain
physical or chemical changes may be prevented from
taking place. On the other hand, the free exposure of
blood to air admits, as seems well proved, of an escape
of gaseous matters. When to these arguments there is
added the further proof, that blood coagulates as rapidly
in vacuo, or when exposed to carbonic acid gas, to car-
bonic oxide, or to oxygen, as it does in common air, the
hypothesis becomes limited in its application and mean-
ing. But as a fact observed is often far more valuable
than the inference made from it by the observer, and
even remains when the inference is disproved, so we
may accept the observation of Hewson without binding
ourselves strictly to his deduction. The effects of ex-
posure to air, like those of temperature, chime in well
with the hypothesis of gascous evolution; and it is
curious that Scudamore did not see the matter in this
light, and give another reading to the vacuum experi-
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ment. For, as free gases act as vacua to each other, so
the escape of a gas from the blood should, a prieri, be
favoured by exposure of blood to air or to any gas; the
only additional effect of the vacuum being its assistance
in extricating the gases from the blood itself,

The experimental facts which indicate that blood
received, under oil, or in long and narrow vessels, or in
vessels tightly closed, coagulates slowly, all go to support
Hewson's view, when received with its necessary limit-
ations.

The Theory of Rest as the main cause of Coagulation
leads us at once into the sphere of physics. It offers
two propositions: first, that by motion the blood is
prevented from coagulating; in other words, that the
molecules of fibrin are prevented from coming together :
secondly, that when this motion is suspended, the me-
chanical force, by which the meolecules of fibrin are
separated, is removed ; that the mutual attraction which
they possess for each other is permitted ; and that the
first step in the process of coagulation is thus set up.
In this line of argument we rest, at all events, upon
simple physical principles, which admit of plain discus-
sion, and of direct experiment.

We have already seen that so powerful was the
strength of this mode of reasoning felt to be by some of
the older physiologists, that they adopted it as the only
satisfactory explanation of coagulation; in which view
they have been in part followed by Dr. Bostock. The
circumstances favouring the view are important.

In the first place, pathology has shewn very clearly,
that whenever the circulation of bloed through the
heart, or other part of the circulating system, is dimi-
nished in force, a decided tendency to coalescence
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amongst the particles of fibrin ensues, giving rise to the
formation of what are now called fibrinous concretions.
It has been shewn, also, that when the circulation of
blond is completely arrested in its course through the
visaly, as when a ligature is applied, the formation of a
coagulum of blood at the obstructed point is the ordi-
nary fact ; again, that in aneurism, where the current
is impeded from its passing through a dilated vessel, a
deposition of the fibrin is common at the most depend-
ing part, as a result of the languid motion ; nay, more,
that any direct obstacle to the course of the blood in its
vinsils, say an indurated valve, or a thread stretching
neross an artery or vein, is sufficient, under some condi-
tionw, to produce at the point where it obstructs a kind
of congulation.

In the second place, it has been very properly urged,
that the mere act of suspending coagulation for a time
by the agitution of blood in a closed vessel, is a proof
that abwsolute rest has to do with the coagulating pro-
e#mh,  For, ulthough the fibrin may either eventually
eling to the sido of the vessel in which the agitation is
kept up, or flout to the top of the fluid, these results are
slowly induced, and depend, indeed, on the fact, that
the fluidity of the blood has been kept up for a length
of time sufficient to permit the red corpuscles to sub-
side, and the fibrin to exert at leisure its specific pro-
perty of molecular attraction.

Thirdly, the experiments which shew that the blood
in a glass tube affixed by its two extremities to the
free ends of a divided artery, does not coagulate, so
long as it is passing through the tube, have been ad-
duced in favour of the correctness of the theory now
being considered.
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Against it there stand out in bold relief; first, the
valid objections derived from the facts Hewson dis-
covered and dwelt upon so forcibly, viz., that blood
retained in a state of rest in a vein coagulates very
slowly so long as it is thus confined. Secondly, that blood
extravasated into the living cellular tissue may remain
fluid for weeks, though at perfect rest, but being let
out will coagulate while still at rest in the receiving
vessel. Thirdly, that blood drawn from the body
cannot, by any kind of motion or agitation, be held in
the same fluid condition as during life; ¢ e. with its
fibrin distributed throughout the whole fluid as a part
of the homogeneous liquor sanguinis. To all these
arguments double force is added by the overwhelming
evidence in favour of the view, that, in the circulating
system, during healthy states, the fibrin is as certainly
in solution as is the albumen or the soluble salts, If so,
then, the force which can thus hold fibrin soluble is
sufficient of itself, is chemical rather than physical in
kind, and is independent of motion,

Such is the conflicting evidence on the subject of the
stasis theory of coagulation. Fact meets fact in colli-
sion. Taking it all in all, however, unless something
more can be said in its favour, the theory fails to
account in full for the phenomenon of coagulation.
But like the theory relating to exposure to air, it may
comprise so much of truth, that, in the presence of
the whole truth, the arguments and facts on which it
has been founded would be easily read off and under-
stood.

Hypothesis of the Vital Principle. If writers who
speak of a vital force, or principle, could define what
they mean by the term, or could even agree to a kind of
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hypothetical definition in regard to it, we might be able
to treat more satisfactorily of this hypothesis. Or if,
in using the term “ vital principle or force”, they would
rest content to let it stand to express, in a general sense,
the aggregate of all the phenomena observed in the
living body; or if they would only use the term to
explain any operation, whether chemical or physical,
which occurs in the body, simply because it does oceur
in it; if these definitions were admitted, there would be
fewer difficulties in the way. But so far is this from
being the case, that we find even those who speak of the
vital principle in connexion with coagulation, assigning
to it two distinet and directly opposite functions. It is
plain that Mr. Hunter held the vital principle, 4. e. its
presence, to be the cause of coagulation; for he com-
pares the change that occurs in the blood removed
from the body to certain transformations or changes
which occur to it in the body during life. On the
opposite principle, the older physiclogists thought that
the living blood was retained in a state of fuidity by the
presence of the vital force, and that the act of coagula-
tion, in blood at rest, arose purely from the loss of the
vitality which ensued upon its removal from the living
stroctures ; and it is evidently towards this latter view of
the vital hypothesis that Mr. Thackrah, Franz Simon, and
even Dr. Carpenter, incline. Our modern physiologists
are, however, much less consistent than were those of
old ; for, although they defend the idea of the existence
of some peculiar principle, or entity, which they call
vital, they at the same time do not omit the attempt to
explain the nature of the vital act itself on physical or
chemical grounds. Into this peculiar mode of reasoning
Dr. Carpenter very obviously falls, without sceming to
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be conscious that to offer a physical or chemical ex-
planation of any obseure phenomenon, is to admit that
the phenomenon itself is the result of physical or che-
mical causes., Thus, unhappily, whenever a very hard
and peculiar problem relating to organised structures
has to be solved, writers are apt, in a dilemma, to beg
the question by referring the cause of the phenomenon
- to the “vital principle” as to an entity, or ruling foree,
which, being vital, is open to any definition, or to
none. It is clear, however, that to bring a problem
to such an ultimatum as this, is merely equivalent to
saying that nothing is or can be known about it. For,
as the physiologist is prevented by the limitations of his
science from instituting any but chemical or physical
inquiries as to the causes of natural phenomena, it
were vain for him to institute such inquiries at all, unless
he felt that by them he might unlock possibly a chemical
or physical secret bearing on the point. Nay, should
he fail by such inquiries to solve the questions before
him, what would this negative result indicate? That
the cause of a phenomenon is referrible to an indefin-
able principle? Certainly not, But rather that his
knowledge of physical or chemical laws is simply in-
sufficient for carrying him to the goal he has in view.
In relation to coagulation of blood, the vital hypo-
thesis is entirely disproved ; nay, it would never have been
advanced but for the coincidence that the phenomenon
occurs in blood newly drawn, and without man’s inter-
ference. If an experiment were wanted, if blood had
to be raised in temperature to 150° or 160° to make
its fibrin coagulate, in the same way as is necessary
with the serum when its albumen is made to coagu-
late by heat, the idea of vitality would be ridiculous.
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Yet the albumen of the serum comes from the living
body the same as the fibrin. But why argue the point
thus, when experiment answers for itself? Hewson,
Hunter, John Davy, and others, have frozen blood, and
have kept it, thus frozen, from coagulating. They have
then thawed the frozen mass, and the fluid has there-
upon coagulated. Does the coagulation of blood that
has been frozen (and even frozen and thawed three
times successively) depend on the presence of vitality,
or on the loss of vitality !

One further disproof is conclusive, without more. Dr,
Davy and Mr. Gulliver have both shown that fresh
blood may be held fluid for weeks by the addition to it
of certain salts, and may then be made to coagulate by
the addition of water. * Some horses’ blood,” says
Gulliver, “ which I had kept fluid with nitre for fifty-
seven wecks, readily coagulated when diluted with
water,” Did this blood, kept fluid fifty-seven weeks,

te from the presence or from the abstraction of
the vital principle? With this query the hypothesis of
the vital force may be safely left to its advocates, for
once and for good,

Hypothesis of a Nervous Force. The idea that the
nervous system supplies something to the blood which
keeps it in the fluid state, though less mystical than
the vital hypothesis, is still very poor and improbable.
What is the nervous force? Is it analogous to elec-
tricity? 1f so, then the effects of electricity on drawn
blood shew nothing positive on the subject. Is it a
force in itself special? If so, how does it affect the
blood, and where! Instead of the * nervous influence”
keeping the blood in a fluid state, from what we know
regarding the effects of cutting off the nervous commu-
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nications from any part or organ, and the deficient or
imperfect nutrition, or transformation of blood into solid
structure (which, by the way, as John Hunter said, is
a kind of coagulation) which ensues, the inference would
tend towards the opposite point; viz., to prove that the
nervous influence should favour the process of coagula-
tion, rather than that blood should coagulate from the
withdrawal of it.

Chemieal Theories. The chemical theories regarding
coagulation relate specially to the effects of various che-
mical agents on blood drawn from the body. Itisobvious,
at the outset, that many of the results that have been nar-
rated can have no direct bearing whatever on the ques-
tion under discussion, It will be seen by reference to
the first Chapter, that various experimentalists, in en-
deavouring to ascertain what chemical agents would
hold the fibrin of the blood in a state of solution, have
employed a variety of substances, such as nitrate of
potassa, nitrate of soda, nitric acid, ete., substances which
in no way enter into the composition of living blood,
and which cannot therefore have any influence on the
fluidity of the blood during life. These experiments
are vague to the last degree, and can lead to no impor-
tant results. In other cases, where solutions of salts or
alkalies, which do exist in the blood, have been added
to drawn blood, little or no accurate attention has been
paid towards making these artificial solutions resemble,
in point of strength, the natural solutions of the salts
as they really exist in the blood circulating through
the body. It may be true, that a certain powerful,
perhaps saturated, solution of common salt will suspend
coagulation. But what has this to do with the ques-
tion? Does not the proof rather lie in the experiment

E
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whether an admixture of the salt with the blood, in the
proportion of some three or four grains to the thousand,
will lead to such a result?

In treating, too, on such discrepant statements as those
which have been recorded in preceding pages, I have well
founded suspicions that much of the discrepancy has
occurred from the simple fact, that the chemicals em-
ployed by various experimenters have not always, and,
indeed, have not often been, of the same chemical
quality or purity. The results obtained by two obser-
vers have thus been very different; for the explanation
of this there is no great difficulty.

To show how probable are the grounds on which this
supposition is based, I may relate an illustrative incident,
I was anxious to ascertain the effect of nitrate of potash
on freshly extracted fibrin. I obtained two specimens
of this salt from two different chemical establishments,
Both specimens were warranted as carefully prepared.
‘With each of these specimens I made a solution, in the
proportion of ten grains of the salt to one ounce of dis-
tilled water. Into each solution I then dropped two
grains of moist fibrin, derived from the same blood, and
left them standing side by side under the same condi-
tions. In three days I found that the fibrin in one of
the solutions was in a great measure dissolved ; in the
other it remained unchanged. This difference arose
from the fact that the salt which had dissolved the
fibrin contained free potassa; the other salt did not.

F. Simon, in commenting on an experiment by M.
Denis, remarks incidentally on the possibility of an error
from a similar cause. (Animal Chemistry, vol. i, p. 19.)

In reviewing the experiments that have been con-
ducted in relation to the effects of chemical agents
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on the blood, the only essential fact which seems to
me to have been attained as bearing on coagulation is,
that simple alkaline solutions, both weak and strong,
of potassa and soda (one of which has been thought
to exist in blood), have the effect of dissolving fibrin.
In all other cases where, under the influence of certain
chemical substances, the tendency to coagulation has
been retarded or increased, the substances in question
either have not been those of the normal blood; or, if
so, they have been used in amounts remote from the
natural proportions in which they exist in normal blood ;
ergo, the effects obtained are only of an indirect value
at the most.

However, if it be simply true that free soda and
potash dissolve fibrin and suspend coagulation when
added to blood, here at all events is a fact, and one
that must not be disregarded. But, unfortunately, it
fails at once to explain coagulation. For, although the
serum of the blood remains slightly alkaline after its
abstraction from the body, such alkalinity is obviously
not sufficient to prevent the separation and coagulation
of the fibrin which was, during life, in solution in the
liquor sanguinis. If it were, there would be no
congulation at all. Erge, during life there must be
a more decided alkaline principle preventing coagula-
tion, than that which afterwards remains in the serum,
if alkalinity be the real cause. Again, if the solvent
effect of a fixed alkali is even admitted as a cause of the
fluidity of living blood, it remains a question how the
effect of the alkali is developed ; 4.e., whether it dissolves
the fibrin, and so holds it in solution, or whether it acts
indirectly, by modifying the chemical combinations of
the other blood constituents.

E?
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The hypothesis which refers to carbonic acid the
property of sustaining fluidity deserves to be remem-
bered. It remains to be seen whether the slow coagu-
lation of the blood richly charged with this acid be
a coincidence or a result; since it is said that blood
will coagulate in the presence of the acid. But it is
easy to imagine that blood, drawn from a vein charged
with carbonised material, would almost of necessity
coagulate more slowly than richly oxygenised blood ;
since the same chemical effects in the body, which
would charge the blood with carbonic acid, might lead
also to a reduction or to important modifications of
fibrin, In truth, we find that the formation or ela-
boration of fibrin can be arrested by slowly reducing
the process of respiration. Hence, possibly, one reason
of the fluidity of the blood in some cases of death
from chloroform and other narcotic vapours, as well
as in instances where life is put out by failure of the
respiratory organs, such as Morgagni has related. Still,
the evolution of carbonic acid from blood is impor-
tant as opening the question whether some other
volatile or gaseous agent may not also be thrown
off by the blood after its abstraction from the body,
and which may by its presence influence fluidity, and
by its escape give rise to coagulation. Iere is new
ground for minute investigation; for, while many
striking facts, such as the effects of exposure to the air
or to the vacuum, and of temperature, as connected with
the process, point markedly in this direction, there has,
as yet, been no very elaborate attempt made to ascertain
what really are the products evolved from drawn blood.
I shall bestow much labour on this subject in the end.

For the reasons assigned above respecting the dif-
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ferences in the qualities of the chemicals, which may
have occurred in the hands of different experimentalists,
it is difficult to draw many safe conclusions from the
materials before us. The following are those most
worthy of notice: —

1. The alkalies, potash and soda, dissolve fibrin, and,
added to newly drawn blood, hold it fluid.

2. Several salts, such as the chlorides of potassium,
sodium, and ammonium, added in free quantities to
blood, sustain fluidity.

3. The evidence in favour of the extrication of car-
bonic acid from newly drawn blood seems well sup-
ported ; but there is no proof that upon this extrication,
per ge, coagulation depends,

4. Blood held fluid by a salt may, after many weeks,
be made to coagulate on the addition of water.

5. The exposure of newly drawn blood to various
gases, such as nitrogen, oxygen, nitrous oxide, carbonic
acid, and carburetted hydrogen, does not affect co-
agulation.

The hypothesis which supposes that fibrin does not
exist as such in ecirculating blood,—but is formed after
the blood is drawn by the transformation of an acid albu-
minate of soda from a soluble into an insoluble and
neutral state, and the subsequent separation of a por-
tion of albumen under the form of fibrin,—~admits of no
experimental proof whatever, and is utterly inconsistent
‘with the clearest and best observed facts in nature. If
it were true that the fibrin does not move along in the
blood-stream, in the same manner as the albumen and
certain of the blood-salts do, how is it that it becomes
deposited in aneurisms T Why should it attach itself to
a thread carried through an artery! Why should it



54 PHYSICAL INTERCHANGES EXAMINED.

seal up an obstructed vessel! Why should it even
exude as plastic lymph? Or, lastly, why should it
exert its peculiar power of contraction in blood re-
tained in the vessels of the dead body !

Electricity, On the effects of electricity but little has
to be observed. The electric has been identified with
the nervous or the vital force by those who have spoken
of it in connexion with coagulation ; and the remarks
which have already been made in reference to these
forces bear equally on the electric force. It may, how-
ever, be observed, that although, as a general rule, the
blood is fluid after death from electric shock, or its
analogue the lightning stroke, this rule, which is now
proved to be not without its exceptions, would bear but
lightly on the question, even were it universal, since a
fluid state of blood is common to other forms of death.

Physical Inlerchanges. The hypotheses regarding the
physical interchanges in the constituents of the blood are
important. In one respect, some of these interchanges,
whatever their intimate nature may be, must be con-
sidered, at least, as having an influence in sustaining
fluidity during life. For, as it is clear that fibrin must
be constantly thrown into the circulation, so it is equally
clear that it must be taken up, and either applied to
some purpose as a product of nutrition, or carried away
a8 a product of elimination. Were there no provision
for removal of this kind, the fibrin in the blood must
soon exist in such superabundance as to nullify the
effect of the process, whatever it may be, by which its
molecules are kept from aggregating, and the healthy
blood is maintained in a fluid condition.

In reference to the special process, or processes, by
which the fibrin itself is claborated or removed, there
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is nothing to be said positively, and any lengthy re-
marks would tend only to lead away from the imme-
diate subject of this chapter.

Specific Gravity of the Blood. The experiments of
Nasse, on the specific gravity of the blood, and the differ-
ences arising under varying specific gravities, point to
certain physical, or rather, mechanical results. That
coagulation is retarded in cases where the specific gra-
vity of the liquor sanguinis is raised by the addition of
dense viscid solutions, is a receivable fact which carries
with it great weight. It tends, possibly, to show either
that the particles of fibrin in drawn blood have for each
other a natural attraction, which can be temporarily
broken by placing in the way a mechanical obstacle; or
that the added solutions hold for a time the gases which
escape from blood spontaneously. It should, however,
be borne in mind, that the specific gravity of blood,
when made higher than is natural by the addition of
viscid solutions, is very different from that increased
specific gravity which is sometimes met with in diseased
blood. The results, also, in the two cases are different ;
since coagulation is retarded in the former case, and is
hastened in the latter ; a difference explainable on the
ground that, where the specific gravity of the blood is
artificially increased, the serum is the portion densified ;
while in cases where the specific gravity is nafurally in-
creased, there is an excess of blood corpuscles.

On the effect of dilution with water, experimenters
vary in their statements. But the evidence, taking it
all in all, is in favour of the conclusion, that a free
dilution with water hastens ordinary coagulation, and
brings about the process in instances where it has been
suspended by saline substances. This dilution acts, it
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might be inferred, by distributing the solvent of the
fibrin over a large surface. It is impossible, however,
to argue safely on this point, because the experiments
related are not sufficiently circumstantial. The exact
quantities of water and blood added together by various
experimentalists are, as a general rule, indefinitely
stated ; nor are we always told whether distilled water
was employed, or spring water having salts in solution.

The remark made by Lehmann, that the corpuscles
sink as speedily in blood containing fibrin, as in defibrin-
ated blood, will be recognised as contrary to the idea
generally received. The question really resolves itself
into this. In ordinary coagulation, with the formation
of red clot, does the entanglement of the red corpuscles
with the fibrous network depend on the rapid contrac-
tion of the fibrin, or on the slow gravitation of the cor-
puscles?  Weighing the proofs on both sides, it seems
pretty clear, (a) that the corpuscles do not, in ordinary
blood, sink rapidly, and that the fibrin has therefore
time to enclose them in its meshes; (&) that in buffy
blood the corpuscles do sink more rapidly, and so leave
the fibrin to contract without them; (e) but that if
the fibrin of natural blood be held in solution for a
longer time than usual, as by the addition of carbonate
of potash, or by viscid mixtures, the corpuscles have time
to sink naturally and before the coneretion of the fibrin,
which then concretes alone. Thus the appearance of a
coagulum may vary from differences in the fibrin in one
case, in the corpuscles in another.

Minor Facts. The facts recorded in the last chapter,
on the slower or quicker process of coagulation in cups
differently shaped; in blood drawn with different de-
grees of rapidity ; and in blood subjected to agitation in
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various ways, are of value, though snbordinate in kind ;
and when the greater elements of the problem of coagu- -
lation are considered, they may, in an incidental way,
render important evidence. They would point towards
the hypothesis which connects coagulation with the
evolution of carbonic acid, and would give this hypo-
thesis strong support if it were itself sound, and if it
admitted of satisfactory proof by experiment, which we
have seen, from the labours of Dr. Davy, not to be the
case. If the enrrent of blood be slow, and if the receiv-
ing vessel be broad and shallow, ¢.¢. if the blood be ex-
posed over a wide surface, coagulation is quick; and
again, if the blood be agitated in an open vessel, by
which means a wider surface is exposed to the air, the
coagulation is hastened. It is unnecessary to describe at
length how compatible these facts are with the idea of
gaseous extrication, and how little compatible they are
with any other view that has been propounded.

The Pathological Arguments which have been brought
to bear on the problem of coagulation are all most
interesting. They tend, at first sight, to support the
theory, that to a dynamic force must be attributed
some direct or indirect influence in keeping blood fluid.
They shew, for instance, that when blood, by passing
through a dilated vessel, is impeded in its course, a
separation of fibrin, or, in other words, a form of co-
agulation, is the result; that when, from languor of
the circulating system, blood flows slowly through the
heart or vessels, the fibrin again begins to separate
in the parts were the languid motion is most marked,
as in the auricule and in aneurismal cavities, Pa-
thology indicates also that when fibrin is abnormally
increased, its peculiar tendency to separate, whether
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within or without the body, is manifested by the forma-
* tion of a distinct fibrinous clot # the body, by the
development of the buffy coat ouf of it; two facts
which have both a chemical and a physical meaning.
But neither the phenomenon of coagulation of fibrin
in the living body, nor the formation of the buffy coat
out of it, are sufficient in themselves to give satisfac-
tory proof in favour of the statical theory, inasmuch as
the fibrinous concretion or the buffy crust are possibly
never formed from blood which is in quality absolutely
normal, If fibrin be in excess,—if the tendency to
aggregation amongst the blood corpuscles be increased,
—if, as some presume, a free acid exist in the blood
under certain forms of disease, in which the tendency
to fibrinous separation is marked,—if any of these con-
ditions exist, the chemical properties of the blood, as
well as the physical, are so obviously modified, that to
speculate on the one modification without the other, is,
of necessity, a failure. Neither is it logical to deduce
ordinary principles from extraordinary phenomena ; for,
except in rare cases, a correct knowledge only of a na-
tural Jaw explains in full the causes of its variations.

In summing up the various theories and hypotheses
that have been propounded by different anthors on the
cause of coagulation, it is to be observed, that those who
have advocated the doctrine of a vital or other indefi-
nable cause, have done so mainly to bridge over the dif-
ficulty which has, up to this time, stood in the way of
discovering an agency more simple and definable, The
arguments of these may therefore be fairly eliminated.

On the other side, the supporters of either a spe-
cial physical or chemical hypothesis, or theory, while






CHAPTER III.

THE h[ITHUII'l PERBONAL OBSERVATIONS AND DEDUCTIONS
0N THE CONDITION OF THE HII.U'IDD IN THE BODY UNDER
YARIODUAR PHYSIOLOGICAL AND PATHOLOGIGAL STATES.

¥ Iy ponmilering any eowplex matter, we ought to cxamine every distinet
ftgrecdient ane by one, and reduce everything to the wtmost simplicity ; since the
eotulition of our nature binds ua to a strict law and very narrow limits, We
amght o compare our subject with things of a similar nature, and even with
things of & eontrary nature, for discoveries may be and often are made by the
cuntrast which would escape us on the single view. The greater number of

eomiparisons we make, the more general is our koowledge likely o prove, as
built npon & more extensive aml perfeet induetion."—Bunke,

In the course of my inquiries into the causes of the
coagulation of the blood, I have observed with special
care the condition of that fluid after death in five hun-
dred and forty-three cases, occurring either in man or
in inferior animals. In these cases the forms of death
have varied widely. In the human subject they have
included deaths from sudden syncope, epilepsy, apo-
plexy, enteritis, croup, pneumonia, bronchitis, bron-
chorrhoea, phthisis, mesenteric disease, purpura, acute
rheumatism, dropsy following scarlet fever, cyanosis,
h@moptysis, failure of the heart from fatty change,
cancer (the epithelial and medullary forms), aneurism
of the aorta, atheromatous and ossific disease of the
aorta, adhesion and ossification of the pericardium,
simple starvation, cirrhosis, degeneration of the heart
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from drunkenness, hydrocephalus, lateral compression
of the chest, ulceration and stricture of the wsopha-
gus, icterus, general dropsy from mitral disease, dilata-
tion of the right side of the heart, senile decay, and
hanging, In the human feetus I have examined the
state of the blood in the sixth, seventh, eighth, and
ninth months of development ; as well as in cases where
death has occurred, at or soon after delivery, from ex-
travasation of blood on the brain, from syphilis, from
mere premature, birth from atrophy arising from dis-
ease of the placenta, and from mechanical injury to
the head during labour,

In various inferior animals, inclnding pigs, sheep,
oxen, dogs, cats, rabbits, guinea-pigs, and birds, I have
observed the blood after death from the following
causes: hemorrhage, intestinal obstruction, poisoning
by narcotic gases (viz., chloroform, ether, smoke of puff-
ball, earbonic acid, tobacco smoke, antimonuretted hy-
drogen, and prussic acid), poisoning by solid opium,
by salts of ammonia and potassa, and by antimony ;
strangulation, both rapid and slow, drowning, electric
shock, simple exposure to cold, peritoneal dropsy na-
turally and artificially produced, shock from blows on
the head, extraction of the kidney, inhalation of oxygen,
and inhalation of chlorine.

I have also examined the blood in various stages
of development, in the feetal pig, lamb, and dog.

Speaking generally, in regard to these inquiries, T
note, in the first place, that the conditions of blood
which I have found are as follow :—

1. The whole blood firmly coagulated, without any
apparent separation of its constituent parts. Or as a
simple contracted red clot, lying loose in the cavity,
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and from which the serum seemed to have been removed
by absorption, either into the structures immediately
surrounding, or into the capillaries.

2. The fibrin separated and distinct at different parts ;
this separation being most commonly seen in the heart,
but sometimes in the arteries and veins. The separated
fibrin being either (a) in the form of a layer or series
of layers upon a red clot; or (4) isolated, and itself
filling a cavity, as the right auricle; or (¢) modeled into
a cylinder, and surrounded or grooved by a red clot;
or (d) in the form of a hollow cylinder, more or less
perfect, adapted to the vein or artery in which it is
sitnated, and having a cord or column of
red blood running through it; or (¢) merely fringing a
valve ; or (f) laid down on the endocardial surface in
the form of a membrane ; or (g) lying loose as a cord
in one of the large vessels, the remaining blood being
either coagulated or fluid.

3. The blood as a loose clot, composed of serum, cor-
puscles, and fibrin, but all so lightly held together as to
be broken up by mere removal ; or even so loose, and
the contractile properties of the fibrin so reduced, that
the whole fluid was brought down to a mere sticky or
tarry consistency.

4. Absolute fluidity of the blood in every part, with-
out any discernible trace of separation.

To avoid as much as possible the differences which
might occur from the circumstance that the blood in
each instance counld not be observed at the same period
after death, T have taken care, in cases where the coa-
gulation was not well marked, to preserve a portion of
the blood, and to watch the processes through which it
might pass for at least three days afterwards; this
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being the longest period after death at which any of
the inspections have been made, except in one or two
instances, where the feetus was the subject of inspection.

Referring in detail, but briefly, to the forms of death
in which the variations I have thus sketched out have
been met with, certain important facts relating to the
cause of coagulation stand prominently forward.

I. NORMAL COAGULATION OF BLOOD IN THE BODY.

In instances where life is terminated suddenly, without
any long or serious prostration beforehand, or where the
respiratory organs have not been primarily implicated
in the result, the blood left in the vessels in the normal
condition passes, after it is at rest, and if sufficient
time be allowed, throngh the same simple process of
coagulation as it does when drawn from the living
animal into an open vessel ; that is to say, it coagulates
first into a simple red clot, afterwards the serum is
squeezed out and left free, and ultimately the fibrin
and corpuscles remain as a contracted clot. In the
body, however, the serum does not always escape rapidly;
and, when it does, it must, I think, be taken up by os-
mosis into the capillary system. This supposition is
rendered probable, and may be demonstrated, as I have
often found, by the experiment of injecting the vessels
of a dead animal with serum or water. "The fluid in-
jected disappears in the course of four or five hours ; if
it is injected into the arteries, it finds its way into the
veins, and for a time fills them more or less,

The cases in which I have met with this, the simplest
form of coagulation, have been cases of death by syn-
cope, by rapid hemorrhage, whether internal, as from

rupture of the heart or of an aneurism, or external, as
i »
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from wounds. The best illustration that can be met
with, indeed, of this form of coagulation in the bedy,
occurs in the slaughter-house, after death by the knife.
Much, however, depends on the way in which the blood
is drawn ; for, if a large incision be made, with the head
of the animal depending, the loss of blood is sometimes
so great, that scarcely any trace of it is met with in the
larger vessels, except perhaps here and there a thin
cord of red coagulum.

11. SETPARATION OF FIRRIN WITHIN THE BODY.

In cases in which the blood after death is found
to be separated into its constituent parts, i. ¢. where the
fibrin is more or less distinctly divided, either into
layers, clots, tubes, or cords, the modes and causes of
death are generally very distinctly marked. This con-
dition of the blood oceurs, I believe, under three series of
conditions : first,in instances where the fibrin is present
in the blood in quantities abnormally great ; secondly, in
instances where amount of fibrin is relatively increased ;
and thirdly, in cases where some obstruction is thrown
in the course of the circulating current, and interferes
with or impedes the stream,

Positive Inerease of Fibrin. Where the guantity of
fibrin is positively increased, the process of its separa-
tion appears to be identical with that which occurs out
of the body, in the formation of the buffy coat. The
cases are also in themselves such as would give the
buffy coat, were blood extracted during the patient’s
life; i. e. they are mostly examples of diseases of the
acute inflammatory class, hyperinosis. The causes, also,
are possibly identical ; viz., increase of fibrin, and an
increased attraction of the ved corpuscles for each other.
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The separation of fibrin in such cases in the circu-
latory system takes place under two conditions,

1. When the excess of fibrin is slight, the separation
may occur after death. The fibrin then lies as a mere
layer on the uppermost part of a red clot, thus resem-
bling the buffy coat, except that the cupped appearance
is not present, and that the serum, from causes which I
have already explained, is abstracted.

2. When, again, there is a great excess of fibrin, the
separation may take place gradually during life. In such
instances, the fibrinous formations are widely different in
their physical conformation from that simple separation
described above. 'These differences arise from obvious
causes. In the former example, the fibrinous clot or
stratum forms while the blood is in a state of rest; in
the latter, it is formed from blood in a state of motion.
The differences thus produced are, in truth, so marked,
that from the appearance of a fibrinous concretion alone,
one may easily tell whether or not it preceded death, If
it have been formed from blood at rest, that is, after
death, it will be a simple coating on and above a red
coagulum ; if it have been formed from blood in motion,
that is, before death, it will be modeled to the contain-
ing vessel or cavity, will be adherent to the walls of the
cavity, or will be grooved by the blood currents that have
passed along it; while in some examples, where it has
been laid down in a vessel, it may be found as a perfect
tube enclosing a column of blood, and resembling, in
fact, an inner and additional coat of the vessel in which
it is deposited.

It would appear, further, that a fibrinous formation
occurring during life, takes its root, to use a common
phrase, at some point where the current of blood is

F
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most feeble. The aunricula of the right auricle offers
many advantages in this respect; the blood is here
driven into a corner ; the surface over which it passes
is inlaid with bands, and the contractile power of the
wall is feeble. The consequence is, that more than
half the coneretions found in the right side of the heart
have an attachment to this part of the circulating
organ ; and so firm is the union, that 1 have been occa-
sionally able, by pulling at a concretion arising from
this point, to turn the auricula inside out.

A second point, favourable to these formations, is the
funnel-shaped space running up from the right ventricle
to the pulmonary artery. A #ird point is the corre-
sponding space running from the left ventricle to the
aorta. A jowrth is afforded by the edges of the
valves, and the muscular and tendinous cords. Lastly,
any form of obstruction, whether direct, as from an
indurated valve or atheromatous deposit, or indirect,
as from the dilatation of the heart or its vessels, is
at all times favourable
to the construction of a
fibrinous concretion.

In a specimen now
before me, a concre-
tion on the right side
of the heart takes its
rise in the auricula of
the auricle, runs down
by the wall of the heart,
and, passing over a sec-
tion of the tricuspid
valve, finds its way
round in the course of the circulation into the pul-
monary artery. This concretion was obviously a de-

Flg. 1.
A Cavity of right nuricle. & Cavity of right ventricle.
o, The eaneretbon.
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velopment antecedent to death. As will be seen in the
preceding representation, it was in itself of sufficient
size to fill the auricle. It was mnot surrounded by
blood, but was directly overlaid by the wall of the heart,
and firmly attached at its upper part in the auricula; it
was modeled to the surfaces over which it passed, was
firm and fibrous in structure, and yellowish white in
colour. The blood in the large veins in this case was
firmly eclotted, but without any separation of fibrin.

In cases of death from acute croup, I have twice found
the cavity of the right auricle filled, and even distended,
with a concretion. In both instances the concretion was
grooved by the currents of blood from the inferior and
superior ven® cavie. The current from the superior
cava passed along the upper surface of the concretion,
almost in a straight line; that from the inferior grooved
the under surface, and made a gentle curve. The
grooves were both filled with red blood clot. In the
auricula, the concretion in each case had a firm attach-
ment to the muscular wall. The concretions, together
with the one precedingly named, and, with the others
deseribed below, were exhibited in their fresh state to
the Fellows of the Medical Society of London,

In another instance, I found the right auricle inlaid
with a complete fibrinous layer, from two to three lines
in thickness, firm in structure, adhering closely to the
muscular wall, perforated at the openings for the en-
trance of the two great veins, at the auriculo-ventricular
opening, and containing within a firm red coagulum,
Here the deposit had been laid down as in aneurism,
except that it lined the cavity throughout, that it was
more adherent to the wall, and that the auricle was of
normal size. It was a false endocardial lining.
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If in these examples of deposition of fibrin from eir-
culating blood, the process of deposition commence at
the root of the pulmonary artery or of the aorta, the
formation of a tube, more or less complete, is often the
result. These tubes are sometimes beautifully modeled
to the vessel ; and I have seen them admirably adapted
at the semilunar valves, the clot being constricted at
this part, and the impression of the valves being left
marked upon it. If the concretion be a hollow cylinder,
red coagulated blood may be found only in its central
part. I met once with the most perfect hollow fibrinous
cylinder of this kind in the body of an aged lady, who
died suddenly, after a brief illness, the symptoms of
which afforded no obvions reason for the rapidly fatal
result. On a post mortem examination, I found that the
aorta was dilated in the ascending and transverse por-
tions, and that its inner surface was thickly studded
with bony deposit. In this dilated portion there lay a
fibrinous cylinder, which completely filled the vessel.
On examination, this proved to be a distinct tube of
fibrin, with a cord of coagulated red blood running
through the centre. By a sudden dislodgment of
this concretion, it had been carried to a point where
the calibre of the vessel became narrower, upon which
the circulation was at once arrested, and death instant-
aneously ensued. In another case, where a fibrinons
tube laid down in the pulmonary artery was dislodged
from its attachment, and carried by the blood current
along the vessel, the death was not so instantaneous,
and the tube was surrounded externally by a layer of
red blood, which had floated between the deposit and
the side of the vessel after dislodgment.

When attaching itself to a mere projection, standing
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at an angle with the current of the blood, the con-
cretion may simply float loosely in the direction of the
stream, and may be merely composed of a few layers of
deposited matter, or it may be affixed firmly to the
projection by mechanical or even organic adhesion.

In the cases I have here been specially describing, the
formation of the concretion seemed due in great part to
an excess of fibrin in the blood. They were all inflam-
matory cases, in which what has been called Ayperinosis
by Franz Simon was present. In twenty-three cases of
death from acute inflammation of the respiratory organs,
and which ended fatally in the first stages by rapid sink-
ing, I found in every case a fibrinous concretion, answer-
ing to one or other of the above named varieties; and,
in the blood which remained in the form of red clot, the
proportion of fibrin was far above the normal amount,
These. observations are confirmed by Grisolle; who,
however, assigns for the concretion a different cause,
viz., pulmonary obstruction.

Since the time of Pasta, a dispute has been going on
in the medical world, as to the existence or non-exist-
ence of these fibrinous masses previous to death. I
have explained that there are two definite forms of
concretion; one formed from blood at rest—after death;
the other from blood in motion—Dbefore death. 1 think,
for my own part, that the arguments are conclusive
which explain the probability of these last named de-
positions ; for, could a concretion seize firm hold upon
the walls of the heart, or become modeled into a hollow
tube, or be grooved by blood currents, when all motion
has ceased ?  Still, as the settlement of this dispute has
not been definitely made as yet, I have thought it well
to push the matter to a more perfect demonstration, by
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inquiring whether a concretion could not be artificially
produced in an animal, and be laid bare in its heart
while the animal had not fully ceased to live, and while
its heart was still pulsating.

Assuming, therefore, as a basis of experimental re-
search, that in inflammatory cases the deposition takes
place from an absolute increase in the amount of fibrin
in the blood, and having repeated with satisfactory and
affirmative results some of the interesting experiments
of Dr. Gairdner,* in which he showed that by inhala-
tion of oxygen gas the fibrin could be increased in
quantity, I carried out a series of experiments with
animals on the inhalation of oxygen, in which the in-
haling process was continued for a period long enongh
to produce a decided class of symptoms, which were
considered to afford evidence of fibrinous deposition.
Then T rapidly destroyed the sensation of the animal,
and at once laid open the heart.

Before passing to the details of experiment, it is
necessary to premise, that many of the statements
ordinarily made, to the effect that oxygen is a narcotic
poison, are fundamentally incorvect. This error has
arisen from the mode in which the experiments which
led to it have been performed. I found, in the very
first step of my labours, that, if an animal were placed
in a jar of oxygen, with lime water beneath to remove
the carbonic acid, in a short time the animal became
subjected to symptoms of asphyxia and insensibility,
notwithstanding the fact that a taper placed in the jar
would burn more brightly than in common air. But I
found, further, that when these symptoms presented

# Essay on Gout, 2ud Editicn.
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themselves, they could be at once removed by the admis-
sion of mare ozygen. Hence the inference was clear,
that the animals were either suffering from carbonic
acid gas, or from the exhaustion of the gas, incident to
its being turned rapidly into carbonic acid, and being
removed by the lime, while no new supply was forth-
coming. I therefore modified the experiment, and,
instead of placing an animal in a closed chamber filled
with oxygen, subjected it to a constant stream of the
gas; or, in other words, kept it in a room ventilated
with oxygen.

I had made a chamber with glass sides, capable of
holding 3,350 cubic inches of gas. The chamber was
air-tight, except at the top and the bottom. In an
opening at the top a tube was inserted for the introduc-
tion of the gas. From an opening at the bottom,
beneath a perforated zinc stage, another tube ran down-
wards, for the escape of the current. This tube dipped
to the extent of an inch into some lime-water held in a
beaker beneath., When this arrangement was com-
pleted, a large Pepys’ gas-holder, capable of receiving
2,000 cubic inches of gas, was charged with oxygen
made by the decomposition of chlorate of potash.

Experivest 1. All being prepared, I introduced
into the chamber, at 9 p.m., a full grown healthy
cat. The escape tube from the gas-holder was con-
nected with the tube at the top of the chamber, and a
free current of oxygen was constantly driven through.
The apparatus played well, and bubbles of gas were
kept always escaping through the lime-water, no care
being taken to save the gas. If at any time the lime-
water became changed in colour, the ventilation was
increased ; and thus the animal was soon in an atmo-



72 EXPERIMENT.—INHALATION OF OXYGEN.

sphere of pure oxygen, always newly supplied. By
means of an additional gas-holder, I was further enabled
to keep up the current steadily, since one was always
ready when the other was exhausted of its gas; while,
by means of a funnel-tube, running perpendicularly from
the top of the chamber to a saucer inside, food was
supplied. The drawing beneath represents the chamber
and its appliances, while the experiment was pro-

gressing.

i Gaseliokler ecolalilig okygen. h{:hul::;rlmnhlnlnnﬂt. e, Tube for escaps of gua.
o, Vessal contalning lime-waler.

After the animal had been breathing the oxygen for
an hour and a half, the number of respirations was
markedly increased, and the act of inspiration was
accompanied by a dry harsh sound. The creature was
excited and thirsty, often licking the sides of the cham-
ber. At the end of seven hours, she became restless,
and slightly convulsed. The supply of oxygen was now
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cut off, and she was allowed to breathe the orgdinary
atmosphere quite freely. For three hours later, she
continued in a restless, sinking state, and died,

About two hours after death the body was opened,
and carefully examined.

The brain and spinal cord were perfectly natural
throughout. The lungs were intensely red, but showed
no indication of structural change. The blood in the
veins was firmly coagulated. In the portal vein there
was a thread of fibrin. The right auricle was literally
choked with a tough fibrinous mass, which was firmly
adherent to the wall of the auricula, It was covered
on its superior surface by a thin layer (about a line in
thickness) of red blood, which was easily removable.
A prolongation of this fibrinous con-
cretion passed into the ventricle, and
curved upwards to the pulmonary
artery. In the left auricle also there
was a concretion, but of less size. The
tricuspid and mitral valves were fringed mﬂﬂ%ﬂ: the
with fibrin; and, at the root of the Natural shee.
pulmonary artery, there was a small cord of the same
kind, which adhered by its lower extremity to the cardine
wall. No trace of organic disease existed; but the
muscles of the body and the vascular organs were un-
usually red. The bronchial membrane was dry through-
out, but in no way red or congested.

Here there was a case of hyperinosis artificially pro-
duced, and fibrin was deposited in the heart.

[It was unfortunate that this experiment was not
sufficiently conclusive; for, thinking that the death
would not be so rapid, the animal being left in the
open air, I, tired with watching all night, went for about
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two hours to sleep, and when I awoke death, and
even firm rigidity, had occurred. I therefore carried
out the experiment again on various occasions, and with
slight modifications, so as to husband the gas.

Of these experiments, I shall trouble the reader with
two only, since they alone conclusively establish the
position they were intended to support. In conducting
them, as will be seen in the next diagram, a slight
difference was introduced ; but the principle remained
the same.

Exrperiment 11. Tnhalation of Oxygen. 1 constructed
an apparatus consisting of a glass chamber, of smaller
dimensions than that used in the preceding experiment.
The chamber was capable of holding three hundred
cubic inches of gas; it was connected with a large Pepys’
gas-holder, charged with oxygen, from which the current
passing through it was obtained. By a further arrange-
ment, the current, after leaving the chamber, was made
to pass through hydrochloric acid, contained in a potash
bulb tube, and was then received into another gas-
holder, made for a different purpose, as will be described
in another place. This third gas-holder secured a re-
serve fund of oxygen, which had only to be washed
freely with lime water, for the removal of carbonie
acid, to be rendered fit for retransmission to the first
reservoir, and so again through the chamber, The
hydrochloric acid was used to absorb any ammonia that
might be thrown off into the air of the chamber from
the breath or other excretions of the animal.

The subjoined drawing shows the apparatus as in
action ; the artist, Mr, Aldous, having been present
when the experiment was progressing.

The apparatus being ready and the gas-holder
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charged with oxygen, made by the decomposition of
chlorate of potash, a full-grown healthy guinea pig
was placed in the chamber, and a current of the gas

Fig. L. 3
4. Ons-holder coptaining exygen. n Chamber eontaining animal, ¢ Bulb taba contaiuln
hydrechloria acid. ©. Heservo gus-boldeor.

was driven steadily and constantly through the cham-
ber, at the rate of 150 cubic inches per hour. The ex-
periment commenced at half-past one in the afternoon.
During the first half-hour the animal breathed with
considerable rapidity ; then this quickened respiration
subsided, and an excited condition followed, the animal
frisking about and seeming thirsty, often licking off the
moisture on the sides of the chamber. But this con-
dition also subsided ; and, after an hour, the creature
appeared, for a very long period, to exist in the natural
state. For two hours the current of oxygen was kept
constantly passing through, a new portion being gene-
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rated as occasion required, Omnce or twice in the course
of the proceedings, when the oxygen ventilation was
for brief intervals suspended, the effects of carbonic
acid became markedly symptomatised by difficulty of
respiration, lividity of the nose, and restlessness; these
symptoms invariably passed off at once when new
oxygen was admitted. At the end of eleven hours the
animal became exhausted. The exhaustion was quite
different from that produced by carbonic acid. There was
no insensibility, no spasmodie breathing, no blueness of
the feet or nose, but a general feebleness, and constant
turning about, with occasional attempts to recline on
the side. As soon as these symptoms were fully de-
veloped, I stopped the oxygen, and made the animal
completely insensible by narcotic vapour. As soon
as insensibility was complete, I removed it from the
chamber. It was making eight respirations per minute ;
the heart-beats being irregular, quick, and feeble.
I now, with one or two sweeps of the knife, removed
the ribs anteriorily, and laid the heart bare ; it was
seen pulsating quickly. The right auricle was much
distended. The cavities were immediately laid open ; a
watch-glass full of blood, caught from the superior vena
cava, coagulated firmly in two minutes, the clot being
intensely red. In the right auricle there was a little
fluid blood. In the auricula there was a clot of fibrin,
distinctly separated, modeled to the part where it was
found, and of about the size of a large hemp-seed.
The inner surface of the auricle was coated with a fine
layer of fibrin, which was easily removable with the
point of the scalpel. In the left cavities, fine web-like
cords of fibrin were interlaced with the chorde tendinese.
To the free margins of the aortic valves there were
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firmly attached three semi-transparent beads of fibrin,
each of the size of a small pin's head. The aortic valves
were fringed, on their free margins, with fibrinous
beads, one valve having also a swollen and reddened
appearance. In the aorta there lay a thin but long
thread of fibrin.

The lungs contained some blood, but were not con-
gested. They were, however, firmer in structure, and
less elastic than natural. They floated in water, The
vessels of the brain were congested. All the other
organs were natural in structure, but unnaturally red
in colour.

The operation of laying open the heart extended only
over one minute ; the organ was opened while yet briskly
pulsating; and several attempts at respiration were made
by the diaphragm and the chest muscles after the
fibrinons deposition had been exposed to view.

ExperiMENT 111. Inhalation of Oxygen. By means of
the apparatus described in the last experiment, I sub-
jected a pigeon to the influence of oxygen gas. The ex-
periment commenced at 11 a.m, For six hours after the
inhalation but little change was observed in the animal ;
but at this time, the administration of the gas having
been suspended for ten or fifteen minutes while the gas-
holder was being re-supplied, a severe paroxysm of
dyspneea supervened, but disappeared immediately when
a new charge of gas was driven through. At 8 p.m.
(nine hours after the commencement of the experiment)
the creature became feeble, and each inspiration was
attended with a peeuliar croupy sound. The respira-
tions were now 28 per minute, and the croupy sound,
which was so loud that it could be heard through the
walls of the chamber, continued well marked for two
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hours. There were the same indications of thirst as
were noticed in the guinea-pig. The peculiar noise in
the breathing subsided gradually, as a sleep supervened
which lasted until half-past eleven, and was remarkably
natural. On waking up at the hour named, the crea-
ture was less embarrassed in the breathing than it had
been before, but it was much exhausted and restless.
Its feathers were widely expanded out, and at times it
reclined partially on one side. The beak, the eyes, and
the feet were intensely red in colour, an appearance
which commenced about four hours after the inhalation,
and which continued to the end. At 12 o’clock, midnight,
(1. e. thirteen hours after the inhalation began) I pro-
duced rapid narcotisation. As is usual in birds, the
effects of the narcotic were at once developed, and in
one minute and a balf I removed the animal from the
chamber perfectly insensible. The inspirations taken
before the body was opened were three in the quarter
minute, and deep. The chest was now quickly opened,
and the heart laid bare. The muscular action on
both sides was rapid. The right auricle, on being
opened, was found in great part filled with a firm coa-
gulum, modeled to those parts of the heart-wall against
which it had rested. The clot was coloured by red
matter. From this coagulum a cord ran downwards
into the right ventricle, and, taking the course of the
eirculation, curved thence npwards for a short distance.
But the most remarkable appearance was met with in
the left ventricle. Here a firmer coagulum took a bul-
bous origin at the lower part of the cavity; from this
there ran upwards a neck, which, as it approached the
auriculo-ventricnlar valve, divided and ran along the
borders of the valve, making a circle or ring from
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which a prolongation was sent upwards into the aorta.
At the point where this prolonged cord crossed the
aortic valves, it narrowed evidently

from the valves having closed upon
it during the time the heart was
acting, and above expanded itself so
as to fill up a fourth of the diameter
of the artery. This concretion, at its
lowest or bulbous part, was beauti-

fully moulded to the adjoining mus- , Aorsa o~

cular wall, and it was so firmly at- n.ﬂlﬂlrulﬂﬂtmrlﬂ-.

it could not be removed without risk of breaking it
away. It was also firmly attached to the valve. The side
sketch gives a perfect representation of this concretion.

In both sides of the heart there was, in addition,
some fluid red blood, of the same colour on each side.
This, on being removed into a watch-glass, coagulated
(at a temperature of 60° Fahr.) in fifty seconds ; the clot
being very firm, and no serum exuding ultimately from
it. The blood corpuscles seemed to have undergone
no modifications. The other organs were intensely red :
and in the upper and lower parts of the trachea, for the
space of half an inch, there were distinct exudations of
plastic lymph ; in the upper part the exudation blocked
up the passage to a considerable extent ; thus accounting
in full for the noisy inspiration which had been so
marked in the course of the experiment.

These experiments, then, definitively settle in the
affirmative the question ;— W hether coagulation of blood
and separation of fibrin may occur in the body during
life? The pathological conditions produced in all the
animals, may be considered as those of active hyperi-
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nosis ; while in the pigeon the local manifestations
rendered the case a very correct imitation of the disease
called croup in the human subject. ]

Relative Inerease of Fibrin. The second class of cases,
to which I referred at a previous page (64), are those
in which the excess of fibrin is relative only ; that is to
say, the quantity of fibrin itself is not absolutely above
the natural standard, but the serum and some other
blood constituents are reduced below their natural
fignre. The results in such examples are the same,
under certain circumstances, as in the last instance;
i. e. the fibrin is laid down in a separate form in the
circulating organs. This kind of separation not un-
commonly occurs upon the setting up of profuse col-
liquative sweating or purging, as in the latter stages of
phthisis pulmonalis, and also in cases of cholera, where
a separated clot of fibrin is by no means unfrequent in
the right side of the heart, and even in the aorta, albeit
the remainder of the blood is in a semi-coagulated condi-
tion. In one case of phthisis pulmonalis, ending rapidly
from diarrheea, I found both sides of the heart filled com-
pletely with firm fibrinous coagula, which, when weighed
after removal, were found to exceed 200 grains. The
remainder of the blood was also firmly coagulated. The
lungs were less changed in structure than is usual in fatal
cases of phthisis; the characteristic signs of the disease
being confined mainly to the apex of the left lang. The
rapidity of the fatal event had, indeed, resulted more
from the profuse elimination from the skin and the °
bowels, and the consequent formation of the concre-
tions, than from the failure of the respiration.

Deposition from Obstruction. In the third place, I
infer, from numerous observations, that the deposition
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of fibrin may take place, from what may be called, in a
general way, obstruction of the circulating current.
[By this term I do not restrict myself to the idea of a
direct obstacle lying in the course of the current, such
as an indurated valve, or a bony mass, but include every
cause which may lead to languid motion of blood, either
generally or at any special point. Thus I include under
this reading, cases where the muscular power of the
heart is reduced to a dangerous degree, and cases where
there is a dilated portion in the circulatory canal, as in
the aneurismal cavity, and where the blood, for well-
known physical reasons, flows slowly, as well as cases
where the obstructing cause is direct.

Instances, in which fibrinous deposits form as the re-
sult of a languid motion of the blood arising from simple
failure in the heart, are exceedingly common ; indeed, in
the majority of slow deaths, where the struggle for life is
prolonged, and the patient lies prostrate with death
written on his countenance, in Hippocratic delineation,
for many hours, there is generally some tendency to a
separation of fibrin, be the disease what it may. This
may not only obtain in instances where the fibrin re-
mains normal in amount, but even when it is reduced
below the normal standard, as in purpura and typhus.
In the Dublin Hospital Gazette for December 15th, 1845,
a case of typhus is narrated occurring under the care of
Dr. Corrigan, in which, after death, there was found in
the right ventricle of the heart a bulbous-shaped firm
concretion of fibrin, which passed into the pulmonary
artery and continued its ramifications along the arterial
branches. This concretion was made up of several dis-
tinet layers of fibrin, easily separable,—a fact showing
the formation to have taken place whilst the blood was

G
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in motion. I met once with an extreme case of pur-
pura in a child. The body was covered with the dark
patches, and even firm pressure with the finger on any
clear spot of skin would give rise to a temporary blotch.
After many weeks of suffering and distressing languor,
death occurred one evening suddenly. On inspection, I
found the right auricle filled with a fibrinous concre-
tion, made up, as in Dr. Corrigan’s case, of separate
layers. A very short prolongation
of this concretion extended upwards
into the superior vena cava, and a
much longer prolongation, arising
from a point near to the short one,
extended downwards into the vena
cava inferior.

In cases where no obvious discase
is present, where life goes out pas-
sively in the seventh stage of its ex-
istence, falling like the full ripened
fruit, in these cases death is often
very prolonged, and fibrinous forma-
tions are deposited from the feebly
circulating blood. In such exam-
ples, the development of the concre-
tion will be in a great measure
governed by the condition of the
ik o i I respiratory organs. If the respira-
langation e iierios vens cara. tion be free and the air-passages un-
loaded, so that such blood as does make the pulmonic
current is oxidised, in such cases the concretion will
frequently be firm, of large size, and strongly attached
to the heart wall, if it be situated in one of the cavities
of that organ. On the other hand, if the respiration is
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to a great extent cut off, and is carried on with con-
siderable difficulty long prior to death, such concretion
as may form will be imperfect, its layers will be less
compact, and it will have much more feeble hold upon
any part with which it may come in contact. I will
relate a few examples of these different classes of cases,

A man died in his eighty-second year; he had been
long declining, but active disease of any kind was not
to be detected. He had well marked arcus senilis, and
the usual tissue collapse of old age. The veins were
flaceid and distended, the skin shrunken. He took, as
he thought, slight cold, lay prostrate for a day or two,
then began gradually to sink. The breathing was un-
impeded, and the action of the muscles of respiration
was more fully sustained by far than of any other set.
The last muscular energies of the man were expended
and concentrated in the respiratory group. When
the heart beat had ceased altogether, I observed that
one or two efforts were made to inspire. On opening
the body of this man, I found an immense concretion.
It commenced in the left ventricle, it extended upwards
into the aorta, crossed the arch, sent branches along
the ascending vessels, and terminated in the descending
aorta, making in its entire length eleven inches. This
was one of the “serpents” of the old writers. Ex-
amining it closely, I found that it was made up of
distinct layers, and that it was not a plug filling the
vessel (for if it had been so, the circulation must long
before have stopped, and indeed the thing could not
have formed in that situation as a solid cylinder), but
that it was a perfect hollow tube, that through its
centre a cord of red blood remained, and that it had, in
fact, been laid down layer upon layer from within, as

G1
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though it were a false vessel. I demonstrated the
tubular character of this concretion at the Medical
Society of London.

A middle-aged man, who from excesses in intoxicat-
ing drinks, from the effects of syphilis as a positive poi-
son, from mercury as a kill or cure, and from anxieties
about business, had become prematurely old, suddenly
dropped one day into a state of hopeless prostration,
with complete general paralysis of the right side of the
body. He was well plied with supporting substances,
but to no purpose: he sank listlessly away. The abso-
lute symptoms of death extended over three days; the
force of the circulation being far inferior to that of the
respiration. The nurse used to remark, in common
parlance, that he was dying by inches, and it was so ; for
the circulatory stream shortened in its circuit step by
step, and the lower limbs were unnonrished and dead
first. When after the death I opened the body, I found
in the aorta a concretion answering almost entirely
to the description of the one previously given. This,
too, was a hollow cylinder made up of layers, containing
in its centre a cord of red blood, and formed by deposi-
tion from within.

A middle-aged man, greatly debilitated by harass,
some excesses, and constant exposure to the night air,
suffered from malaise, as if from ecold, and soon showed
signs of prostration. I suspected that the walls of the
heart had undergone fatty softening. IHe became pro-
strate, suffering acutely at times with colicky pains and
slight serous purging. The lungs became congested,
the breathing enfeebled, and the skin acted at times
profusely. He was supported by quinine and the acids,
but sank. On examination, I found the heart of this
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man literally worn out. The walls of the ventricles
were thin, and their structure so softened, that they
could be torn like saturated paper. In the aorta, as
in the two peceding cases, a hollow cylinder of fibrin
was deposited. It was looser and softer in texture,
however, than the preceding, and had no firm adhe-
gion to the muscular wall of the heart at its point of

Lastly, in the case of a man who was worn out from
intemperance in the use of spirituous drinks, whose end
was quickened by an attack of bronchitis, and who died
very slowly, I found the blood in the veins, as in the
cases described by Drs. Peters, Goldsmith, and Moses,
uncoagulable, and resembling treacle more than
anything else. But in the right auricle of the heart
there was a large soft fibrinous clot, slightly adherent
to the wall ; while in the pulmonary artery there was a
half tube of fibrin modeled to the posterior half of the
vessel.

1 need enumerate no further examples of these forms
of conecretion. But I must add a word about the con-
dition of the remaining blood in cases of this kind. As
a general rule, the concretion is an index itself of the
state of the blood surrounding it or near to it. If the
concretion is firm and well developed, the blood is firmly
coagulated also. If the concretion is loose in structure,
—if it is formed into an imperfect tube or a semi-tube,
the blood is more or less uncoagulable, and sometimes
is quite fluid, yielding no trace of fibrin. Indeed, it is
not impossible that the fibrin which the blood should
contain is in some such cases removed, and that it exists
in the concretion.

It may be urged, that in some instances where in
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protracted dying the fibrin is thus separated, certain
modified conditions of blood may obtain, and may
favour the tendency to separation. It has long since
been shown, that in scurvy the fibrin may separate
spontaneously, and in the venesection of scurvy pa-
tients, the blood stream has been observed of a white and
a dark shade; hence it is possible that the blood in this
as in other disorders where disorganisation has occurred,
may divide into its parts coincident with the languid
motion, rather than as the sequence of such languor.
But, that slow motion of blood is of itself favourable
to the deposition of fibrin, is fully indicated in the
case of aneurism; since there can be no reasonable doubt
that the depositions of fibrin layer upon layer, which
oceur in the aneurismal sac, are greatly influenced by
the slowness with which the blood circulates through
the dilated part.]

It seems, in truth, that whenever and wherever there
is an unnatural dilatation of the circulatory system,
there there is obstruction, and there the deposition of
fibrin is under favouring circumstances imminent., In
the case of a child who died under my care with phy-
sical evidence of extensive dilatation of the left side of
the heart, the symptoms immediately preceding death
indicated te my mind clearly, that the cause of the
failure of the circulation arose almost exclusively from
the fibrinous separation. There were obstructed circu-
lation, pulmonic congestion, and ultimately a sudden
syncope. The post mortem examination proved the cor-
rectness of the diagnosis: the endocardial surface of
the left ventricle was inlaid with fibrin, deposited in
three layers or strata; while the cavity itself contained
a rounded concretion, attached firmly to the tendinous




ENDOCARDIAL FIBRINOUS EXUDATION. &7

cords of the mitral valve. This concretion weighed.
seventy-five grains.

In this instance, there were no preceding symptoms
indicating hyperinosis, or of any such modification in the
character of the blood, as would lead to deposition, nor
was the remaining blood unnatural in character,

In deseribing the formation of hollow cylinders of
fibrin, page 68, an illustration was given from a case in
which such a hollow cylinder was found in the dilated
and roughened aorta of an aged woman. This case
affords another example of the tendency of fibrin to
deposit in parts of the circulatory apparatus, where an
impediment lies in the way of the blood current.

[Thus there have been sketched out samples of the
three conditions in which fibrin may be deposited
directly from the living blood. In the first and second
of these conditions, there is excess of fibrin, and the
heart, to use a common phrase, churns out of the blood
the concretion. In the third variety, the deposition is
passive in character. These conditions may of course
occur together.

The concretions of fibrin, to which I have here di-
rected attention, must be considered as distinet deposits
from the blood, and are not to be confounded with
those small bead-like formations which occur in endo-
cardial inflammation, and are supposed by some patholo-
gists to be exudation products. I am in no position to
deny the idea of fibrinous exudation on the endocardial
surface ; but the matter thus thrown out, if it is ever
thrown out, must be limited, and can never build up a
large concretion. At the same time, it is possible that
such an exudation, in a disease of the acute inflam-
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matory type, may form a favourable basis for a larger
coneretion deposited out of the blood.

There have been, indeed, certain instances recorded,
in which a fibrinous mass has been found in the heart,
having a direct connexion with that organ by blood-
vessels, and having an organised character, It is fair
to assume that, if such connexion may exist, the
union might be accounted for on the principle here
supplied. One of the best histories of an organised
fibrinous mass in the heart, with which I am familiar,
is given by Mr. James Stewart in the Edinburgh Medical
and Swrgical Journal for April 1817, Here the right
and left ventricles contained each a concretion, attached
by several peduncles to the heart wall. This concre-
tion when cut into was found exceedingly vascular.
Mr. Stewart’s case was related with every evidence of
care and of truth, and other pathological observers
have reported similar observations, Still the evidence
has been doubted, T have, however, myself met with
one positive proof of the possibility of such organisa-
tion. An old lady, a patient of my friend Mr. Beres-
ford, of Narborough near Leicester, died suddenly.
On opening the body, the heart was found softened in
structure, flabby, and collapsed. 1In the left ventricle,
suspended from between the segments of the mitral
valve by a fine peduncle, was a large pear-shaped white
body, which moved easily by its neck. The entire heart
was brought away by my friend Mr. Thomas Taylor, who
was present at the posf morfem examination, and who
gave the heart to me. The growth in question was
unmistakeably, for I examined it minutely, fibrin-
ous. It was connected with the heart at its peduncular
part by vessel, and, throughout its structure, vessels
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could be distinctly traced. The diagram beneath gives
a fair idea of the size, shape, and position of this con-
cretion.
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A few years ago, my friend Dr, Sayer kindly showed
me a concretion which he had once removed from the
right ventricle. The symptoms indicative of the pre-
sence of coneretion had been present many months, and
the base of the mass was so firmly attached to the
heart wall, that it was torn away on removal. I ex-
amined the specimen carefully, and exhibited it at the
Medical Society, but could not ascertain whether it had
been organised. I was rather inclined to think not,
and to believe that the adhesion had been mechanical
only. In truth, so firm are the mechanical adhesions
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of this kind in certain cases, that the fact of adhesion
must never be accepted alone as a sign of connexion by
organisation. |

IlIl. THE BLOOD A8 A LOOSE CLOT—SEMI-COAGULATED.

The cases in which the blood is found semi-coagu-
lated, as though its contractile force were lost, and
where there is little or no tendency to a separation of
fibrin, occur, in the first place, in instances where
death has taken place from a lingering arrest of the
process of respiration. In forty experiments in which I
destroyed life in the inferior animals (dogs and cats
chiefly), by making them slowly inhale some narcotic
vapour, this condition of blood was usually met with,
The results, however, were slightly different, according
to the period after death at which the autopsy took
place, In instances where the body was opened within
two hours after death, I found in several cases that the
blood still remained fluid, this state being most marked
in cases where the process of death had been most pro-
longed. In each of these latter cases, the blood com-
menced to coagulate soon after its removal from the
body ; and whenever more than two hours was allowed
to elapse before the performance of the autopsy, the
coagulating process had always commenced.

I found, also, that the character of the gas inhaled
made less difference, as regarded the state of the blood,
than the mode of administration. If life were cut
short in a few seconds by the inhalation of a large dose
of the vapour of prussic acid, the process of coagulation,
even if the blood were found fluid, was rarely delayed
beyond eight or ten minutes after exposure. If, on
the other hand, the gas was largely diluted and inhaled
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slowly, so as to produce narcotism, convulsions, and
prolonged death, the blood would retain its fluidity
from one to two hours if allowed to remain in the body,
and would only slowly become a semi-coagulated mass
when exposed to the air.

The following experiments will illustrate this part of
the argunment.

ExperimeNT 1v. Chloroform. A pig, four months old,
was made to breathe slowly the vapour of chloroform.
From the difficulty with which the agent was exhibited,
the exact amount of vapour breathed could not be
ascertained. It was, however, exhibited so slowly, that a
full half hour elapsed before the animal was narcotised ;
and when narcotism had commenced, it was kept up for
half an hour longer before death took place, The heart
then stopped suddenly; and quickly afterwards the
respiration abruptly ceased. A large catheter was
inserted into the trachea, and artificial respiration
with pure oxygen was set up and continued for another
half hour, but withount any result.

The body was now laid open. The right side of the
heart and the large veins were filled with blood, com-
pletely fluid, a portion of which showed no disposition to
coagulate till after the lapse of an hour ; it then formed
a feeble clot, from which eventunally no serum exuded.

Another portion of this blood, weighing about
four ounces, was placed in a bottle containing some
small angular bits of lead ; and briskly shaken for a
long time. A few traces of moist fibrin, amounting
altogether to less than two grains, were obtained ; the
residue of blood remained permanently fluid.

Exvermvest v. Pumes of Tobaceo. A dog was placed
in a large chamber with glass walls. Into the chamber,
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through an aperture in the bottom, a free amount of
tobacco smoke was driven. The introduction of the
smoke was steadily kept up for half an hour, when the
animal became intoxicated, recled about, and essayed
to vomit, Soon afterwards he fell down insensible, and
continued breathing with difficulty for twenty minutes
longer, when both respiration and the beat of the heart
finally ceased. The body was opened after the lapse of
half-an-hour. It was then quite cold. The lungs were
found slightly congested; the right side of the heart
and the large veins were filled with blood, which was
quite fluid. The blood was received into a test tube
and retained. At the end of six hours it commenced
to coagulate, and formed a loose coagulum, without any
separation of serum.

In both this and the previous case, cadaveric rigidity
did not occur for thirty hours; it passed off quickly.

Exrerivent vi. Fumes of Lycoperdon giganteum, or
common Puff-Ball. 1 found, from several experiments,
that if an animal were so exposed to the fumes of
burning puff-ball that the fumes were inhaled very
slowly, and if the narcotism, when induced, were kept
up for a long time before death occurred, the coagulation
of the blood was much retarded, and eventually was
only imperfectly performed.*

[* The fuct that the smoke of the puflball possesses anmsthotic properties
wins first discovired by mysell io 1863, Iiis a8 yot an open question, what tho
ugeok is which produces the nareotism from fumes of pufl ball. Dr. Snow is of
opinion that it is & compound of cysnogen ; but Mr. T. Herapath Lias more re.
eontly urged, with great amount of probebility, that carbonie oxide is the nar.

cotia principle. For my own part, I do not know what it is; but this is certain,
that for physiological experiments on animals, puff-ball smoke is much cheaper
and safer than chloroform. Tis safety depends on the fact, that its influence in
arresting the power of the heat is secondary. In extreme narcolism from
puff-ball smoke, the eirculation slways oullives the respiration; so that life is
safe as long ns (here is any respiration, |
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The following single experiment will represent in full
the rest. A full grown healthy dog was placed in a box
charged with the fumes of puff-ball. It was not fairly
narcotised until a lapse of twelve minutes had taken place.
The animal was then quite insensible to pain. Ile was
retained in the fumes for five minutes longer. The
respirations were now reduced to ten per minute ; the
heart-beats were sixty. A portion of the fumes was at
this time allowed to escape from the box, and the crea-
ture was thus left breathing a very diluted dose of
the smoke. The respirations gradually fell to four in a
minute, and after a period of half an hour ceased alto-
gether ; the heart-beats continued for seven minutes
later.

The body of this animal was opened twenty minutes
after the action of the heart had ceased. The blood
throughout the right side of the circulation was quite
fluid, although the animal temperature had well nigh
departed. This blood remained fluid in a test tube for
ten minutes, and eventually formed only a loose semi-
coagulated clot.

Exrerimest vir.  Hydrocyanie Acid. A full grown
guinea pig was exposed to an atmosphere containing
hydrocyanic acid much diluted. Death did not take
place for five minutes. Fifteen minutes after death the
body was opened. The right side of the heart was filled
with fluid blood, which coagulated feebly in fifteen
minutes after removal into a test-tube, and did mnot
separate eventually into serum and clot.

Exverimest vin, Hydrocyanic Aeid, In another guinea
pig, which was killed instantaneously by being made to
breathe a larger dose of the vapour of this acid, the
blood was found firmly coagulated in the right side of
the heart, withiu fifteen minutes after death.
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ExperivMexnt 1x. Vapour of Ammonia, A dog, placed
in a large glass chamber, was made to inhale the vapour
of ammonia for one hour and a quarter. The amount
of the ammonia vapour inhaled could not be satisfactorily
ascertained. The inhalation at first caused some consi-
derable irritation, but in the end was borne pretty well.
The vapour was driven into the chamber from a test-
tube containing liquid ammonia, to which heat was
applied. At the end of the hour and a quarter the
animal fell on its side quite insensible, He was now
removed from the chamber, The heart beats numbered
sixty per minute, the respirations sixteen. The external
jugular vein of the left side was laid bare, and six
drachms of blood were drawn. The blood coagulated
slightly in two and a half minutes; and in the course
of six hours separated more decidedly into clot and
serum, than in any of the preceding experiments. He
evinced no sign of pain during the operation.

This blood unmistakeably evolved ammonia, for am-
monia could be smelt. The animal, after lying senseless
for the long period of one hour and three quarters, ral-
lied, walked about for a while in a drunken staggering
manner, and ultimately recovered.

I believe this is the first decisive experiment in which
it has been shown that the vapour of ammonia can be
made to produce anwmsthetic effects.

Exeerivent x. Carbonic Acid. A guinea pig was
made slowly to inhale an atmosphere impregnated with
carbonic acid. The introduction of the gas into the
chamber was occasionally suspended, that life might be
longer sustained. The animal was thus made to sur-
vive for an hour. Half an hour after death the blood
in the heart was still fluid, and was exceedingly dark.
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It coagulated feebly on exposure to the air, and ulti-
mately showed no disposition to separate into serum
and clot.

Exrerivent x1. Effects of Cold. A large rat was
placed in a glass chamber open at the top. The chamber
was then completely surrounded by ice and salt; and
the temperature of the air inside was reduced below
freezing point. The intensity of the cold was kept up
by relays of ice and salt. After exposure to the cold
for two hours, the animal was evidently sleepy; the
respirations were 100 per minute ; and the tail was in-
sensible to pain when pricked. Two hours later, the
animal was still drowsy, but not absolutely comatose.
Upon the floor of the chamber was now introduced
a layer of ice and salt, on which the animal was
obliged to recline. In forty minutes afterwards it was
profoundly comatose, and was not excited by being
pricked in various parts of the body, It reclined on its
side, breathing gently, the head nodding, as is common
in heavy sleep, The feet were quite frozen. An hour
after this it remained the same. It was now left six
hours, when it was found dead and rigid.

The animal was opened quickly afterwards. The eye
was remarkably bright, and was unsunken. The brain
and spinal cord were carefully laid open, and presented
no trace of congestion, nor of any other lesion. The
lungs were of a bright red colour, and free from con-
gestion ; but, on exposure to the air,the colour became
paler: they floated in water. The heart was flaccid,
and contained a small quantity of fluid blood on both
sides. The veins were filled with blood. The blood
on removal was quite fluid; but on its exposure to the
atmosphere, at the temperature of the room, 60° Fahr.,
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it formed a feeble coagulum. The bladder was filled
with urine, which was found to be albuminous.

Exreriment xm. Electrieity. [For this experiment I
am indebted to my friend Dr. Thudichum, who per-
formed it, and most generously gave the history of the
experiment to me.] A large bitch was the subject of
the experiment. The wires from the poles of the
powerful hydroelectric machine at the Polytechnic Insti-
tution were fixed to the animal by simple hoops; one
round the neck, the other round the loins. The battery
was now charged, and, on a given signal, discharged.
The animal made a start, as if she were stretching all
her muscles, and voided urine with great force; she fell on
her left side, drawing the hind legs in trembling motions
to the belly, stretching the fore legs straight from the
body, and raising the nose so that the head and neck were
in the same axis with the spine. The respiration ceased
with the stroke. The heart beat at the rate of not less than
160 in a minute, became then interrupted for periods
of two, five, and six seconds, made a stop of about ten
seconds, and, beginning again to beat slowly, gradually
recovered. The cornea and conjunctiva remained irrit-
able. Respiration returned; the animal sat up; and
was soon on her legs again.

The wires were again fastened, and a second shock
of electricity was given. The animal started and fell
in the same manner as before, and voided freces while
lying on her side. Immediately after the battery had
been filled she got a third shock, which told very little
upon the museles, There was now no respiration ; the
heart’s action could not be felt. The cornea and con-
junctiva were not irritable ; and the only muscles which
acted were the respiratory muscles of the face. The
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dog opened her mouth widely as if gasping for air; bat,
there being no motion of either thorax or heart, the
efforts naturally proved unsunccessful, and, after having
been repeated at longer intervals with decreasing inten-
sity about five times, they ceased altogether.

The dog, being quite dead, was placed in a warm
room. The animal had received the mortal stroke at
twenty minutes past two. At ten minutes before three
there were evident signs of rigor mortis; which, not-
withstanding that the animal was handled in order to
ascertain in what succession the muscles became rigid,
went on increasing to such an extent that, at half-past
seven (five hours and ten minutes after death), the dog
appeared as if frozen hard or carved of wood, being
quite stiff and inflexible,

After the onter muscles of the chest and abdomen
had been dissected, the body was opened, to ascertain
the state of the blood. All the veins were full of fluid
blood, which, on being let out, presented no appearance
of coagulation, but was of more consistency than venous
blood in the living body.

In this case, it will be observed that the development
of the coagulating process was much less marked than
in any of the foregoing experiments,

[Experivest xi1, Efeels of sudden Exposure to heated
Air. The temperature of the day was T0° Fahr. I
placed a large glass bell, open at the top and bottom,
in a common washing tub. A young and healthy cat
was put under the glass bell ; a little straw was arranged
at the bottom, on which she could recline or sit. The
opening at the top of the jar was four inches in diame-
ter; and she had ample room for moving in all directions
within. When she was composed, T surrounded the jar

H
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externally with a wall of sand, previously heated up to
a temperature of 170" Fahr. The temperature of the
air in the glass bell, and in which the animal was respir-
ing, rose at once to 120°, and continued to rise till it
reached 140°, Additional sand was added at intervals
to sustain the temperature. At first the animal seemed
to suffer nothing from the increase of warmth in the air
surrounding it. She sat for five minutes quietly; then,
as if she had received a sudden alarm or blow, she in a
moment became startled. Thebreathing ran up so rapidly
that it could hardly be counted ; and the tongue became
unnaturally red. Ten minutes later she lay on her side,
convulsed, frothing at the mouth, and purged. The
pupils were widely dilated, but she was not insensible :
she dropped dead in an instant. Five minutes after
death the body was removed and opened. The viscera
felt to the fingers unusnally warm, and the thermometer
introduced into the folds of the viscera rose to 100° Fahr.
The lungs were quite free from congestion, and in-
flated ; the brain was pale, and free from congestion ;
the liver and kidneys were natural ; the blood in the
large veins, and on the right side of the heart, was
bright red in colour, and of the thinnest quality I have
ever seen. There was a little blood also on the left side
of the heart: it resembled in colour that on the right
so closely that it was impossible, by mere appearance,
to detect any difference. The blood from each side was
collected and left at rest, exposed to the air, It gained
gradually in consistency, and after a time formed a soft
clot, very bright in colour, The heart was flaccid. Cada-
verie rigidity was strongly marked on the following day.]

Exrerimest xiv. Ligature of the Vessels of the Kidney.
I cut down to the left kiduey of a full grown dog, and

=i
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passed a ligature round all its vessels. The ligature
was firmly tied so as to stop all circulation through the
organ ; about three fluid drachms of blood were lost
during the experiment. The wound was neatly closed
with four sutures. The temperature of the mouth of
the animal was 96°. The dog seemed pretty well until
twelve hours after the operation, when he was seized
with severe rigors. He had passed a small quantity of
urine once since the experiment. When the rigors
passed off, he reclined in a sleepy inactive state; the
temperature of the mouth and rectum was 102° Fahren-
heit; the respiration varied from 30 to 40 in u minute,
and was short; the heart-beats were from 140 to 160
in a minute, and feeble. IIe now refused food; and
when roused seemed inclined to vomit. Six hours from
this time he was still in a semisomnolent state. The
action of the heart was feeble and most irregular; the
respirations were reduced to 30 in a minute; the tem-
perature of the mouth and rectum was still 102°; the
heat of the external surface was much increased. After
another interval of twelve hours the following results
were noted, He had been somewhat more lively, but
took no food; the external wound was closed, and
seemed healing kindly; there did not appear to be the
slightest tenderness of the abdomen; the bowels had
acted once, and a small portion of urine had been
passed ; the breathing was most irregular, it numbered,
on an average, 35 respirations per minute, but an in-
terval of ten seconds often elapsed without an inspira-
tion, and then several hurried ones were taken; the
heart-beats were also irregular ; the temperature of the
mouth was 97°, of the rectum, 100°. During the suc-

ceeding six hours the animal became very exhausted,
I1 a
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walked with a weak, tottering gait, and refused food,
but took freely of water. The respirations continued
to fail, and were more decidedly irregular; the heart-
beat was feeble. 'When the animal was left quiet, he
lnid himself down in a drowsy condition. An hour and
a half later he was found dead, but flaceid, and not
quite cold.

The body was now opened. The lungs were collapsed
and in no way congested. The blood of the right side
of the heart, and of the large veins, all of which were
filled, was fluid as water, without a trace of coagulum.
The left side of the heart and the arteries were empty.
The kidney operated on was dark, congested, and offen-
sive. The pelvis of this organ was filled with loosely
coagulated blood. There was no trace of peritoneal in-
flammation, nor was there any effused blood in the perito-
nenm. The opposite kidney was congested. The blood
drawn from the heart and veins, when set aside, com-
menced to coagulate slightly after an hour, but formed
only a feeble clot, without any separation of serum.

[Exeerivext xv. Inkalation of the Fumes of Tobaceo.
A young cat wos placed in a glass chamber capable of
holding 3,000 cubic inches. The smoke from some ignited
tobacco was now driven gently .through the chamber
with air, so as to keep up a steady current. The symp-
toms of the poison commenced in about five minutes,
with twitchings of the limbs and attempts to vomit, The
twitchings soon passed into convulsions, with partial
opisthotonos. There was no coma. At the end of
twenty minutes the heart had ceased to beat ; the breath-
ing continued for some seconds afterwards.

Five minutes after death the body was opened. The
lungs were collapsed, and peculiarly white in appear-
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ance; they were quite free from congestion. The heart
was still feebly contracting on both sides; and on both
sides it was full of blood. The aorta was also filled with
blood ; the arterial blood was of a very bright red, con-
trasting strikingly with the venous, which was unusu-
ally dark. Fifteen minutes after this blood had been
set aside, freely exposed to the air, it commenced to
coagulate ; but the coagulation was feeble and loose,
without any ultimate separation of serum. All the vas-
cular organs were free from congestion, and paler than
natural. The brain was free from congestion. Cada-
veric rigidity was well marked.

Exrerivent xvi. Effects of Tobaceo smoking. I made a
great number of experiments on the blood of a gentleman
who was addicted to constant smoking, He was natu-
rally stout, and at this time was anmmic, but was other-
wise in moderate health, and pursued his daily labours
with passable vigour. His appetite varied, and at times
he suffered from dyspepsin. The state of his blood
varied under special circumstances. In the morning,
after rising, and previously to smoking, it congulated in
two minutes with moderate firmness, and the corpuscles
were natural in shape generally: some, however, were
always irregular. When two or three pipes had been
smoked, a distinct change occurred in the blood; it
retained its brightness, but flowed freely and coagulated
slowly and feebly. After a long day of smoking,—from
fifteen to twenty-five pipes having been taken,—the
blood, though still retaining its bright colour, flowed
much more readily, and would sometimes refuse to co-
agulate altogether. Left for a time in the cup of a
microscope-glass, it would thicken from a sort of drying
process, but would not healthily coagulate, Examined
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with the microscope, when freshly drawn, the red corpus-
cles were irregular ; some of them were oval ; the central
spot, or depression, was absent; and they did not run
together in coin groups, but lay scattered irregularly,
with but feeble indication of mutual attraction. Dur-
ing this condition the breath of the man always yielded
freely the volatile alkali, and he was feeble, disinclined
for any kind of exertion, and irritable; the skin was
dry, the pulse quick and feeble. A night’s rest would,
in a great measure, dissipate these symptoms, and restore
to the blood its plasticity and health. In these experi-
ments the blood was drawn by puncture, and was there-
fore of the mixed kind. Capillary blood, I shall hence-
forth call it when thus obtained.

ExPErRIMENT XvIL. Blood in a jaundiced Patient, A
man presented himself to me, for advice, whose skin
was jaundiced from head to foot. 1 drew a little blood
from this man with the artificial leech, The blood was
of a dingy or dirty hue, and thin. It remained fluid,
on exposure, for twenty minutes, and then feebly coagu-
lated. The corpuscles, as in the previous cases, were
irregular, ovoid, transparent, and some stellate. They
were also loose and scattered. The fibrous network was
ill developed. As the man recovered, these appearances
subsided, the blood regained its plasticity, and the red
corpuscles their normal characters. Tt coagulated, on
exposure to the air, in from one and a half to two
minutes, and the clot was firm.

The microscopical examination of the blood-corpuscles
was conducted with scrupulous care; and the appearances
were proved decisively correct by repeated observations.®

* In theso, as in ull succeading experiments, where small quantities of blood
were amployed, the time of coagulation was determined by réssiving the blood in
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ExreriMeNT xviir. Blood in a jaundiced Patient. 1In
another man, who presented himself to me with well-
marked jaundice, I conducted an observation similar to
the last described. This man had an enlarged liver and
some ascites: the yellowness of skin was universal.
His blood, drawn with the artificial leech as before, pre-
sented the same dingy appearance when exposed to the
air on the microscope glass. It had also a peculiar
sticky, treacle-like consistence. It coagulated very
slowly, as though drying rather than coagulating. How-
ever, it did eventually coagulate, but feebly. The red
blood-corpuscles, though scattered, were of natural
shape ; but there was an abundance of white corpuscles,
The fibrons network was but indifferently developed.
The case is one which has obstinately resisted treatment,
and [ am unable to follow out the blood-characters further.

ExperiMENT x1x. Poisoning with Opium: Pseudo-
hydrophobia : Rapid Death from Chloroform. On Wed-
nesday, July 1st, I administered to a young and appa-
rently healthy cat seven drachms of Battley's solution
of opium. She swallowed the dose freely; but within
three minutes commenced to salivate profusely. On
the following morning she was in a drowsy state, but
ran about when called to, purred, took a little milk, and
ate some animal food. After this I administered ten
grains of morphia : she swallowed it all, but afterwards
had the same symptoms of profuse salivation; this
salivation continued during the whole of the day, with
occasional slight vomiting. In the evening she was

the eup of a microscope glass, and then cantionsly testing its time of coagula-
Lility by gently moving it with a fue needlo. The dmes speeified indicats a
period extending from the moment when the blood eseaped Lo the first sppoar-
apeo of pongulation,
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only semi-narcotised. I now administered a seruple of
morphia, without difficulty, but with the production of
an increased salivation. She took food and drink on
this occasion. On the following morning she was in a
half-sleepy, intoxicated state, purring and rolling about
and rubbing herself against anything in her way, in a
playful manner. On Saturday, July 4th, she had a
distaste for drinks, but she took three or four grains
more morphia in some mutton; each dose, however
small, reproduced the salivation, In the evening she
continued in the same sleepy, half-intoxicated state ;
but in addition she had a peculiar snap with her jaw,
and a further distaste for fluide. She was at the same
time very gentle, and fussy; but, thinking that there
were at least doubtful symptoms of hydrophobia, I
brought matters to a close by destroying her rapidly
with chloroform.

The body was examined twelve hours after death.
On laying open the chest the lungs were found greatly
congested on both sides, especially on the left. On both
sides there were evidences of pleural adhesions. The
right side of the heart was intensely congested, and was
charged with blood resembling very thin black currant
jelly; here and there were very small coagulated clots.
On being removed from the ventricle the blood was found
to contain bubbles of gas, and it evolved ammonia
very freely. A little of the blood (three drachms) re-
ceived into an evaporating dish was left exposed to the
atmosphere ; it coagulated with moderate firmness in
six hours, the temperature of the atmosphere being 80°.
The left side of the heart contained but little blood, and
that dark and congealed. The kidneys were congested.
The bladder was empty. The stomach was very vascu-
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lar. The brain was congested, and presented bloody
points in its structure. Morphia was chemically de-
tected in the contents of the stomach.

Expegiment xx. Poisoning with Opium : Inhalation
aof Ozygen. 1 diverge slightly from the present series of
experiments to narrate one, where, under a modified
plan, the blood was found with some portions of its
fibrin separated. It occurred to me, that it would be
worth trial to ascertain whether an animal profoundly
narcotised with opium, could be rallied from that state
by exposing it to oxygen.

I gave to a full grown healthy terrier ten grains of
solid opium. The dose produced stupor for several
hours; but no complete insensibility. The animal
recovered. On the following day twenty-five grains
were given, which in six hours brought on profound
coma, coldness of the surface, and entire prostration. 1
now placed the animal in the oxygen chamber, and
subjected him for two hours to the inhalation of oxygen.
The temperature of his body rose, but there was no
return of sensibility. In four hours after being removed
from the chamber, he died, in the continuance of sleep.

The body was opened about two hours after death.
The muscles were remarkably rigid. The blood through-
out the body was bright red and firmly coagulated.
The right auricle contained a large bulbous fibrinous
concretion, which sent a prolongation into the ventricle
and upwards to the pulmonary artery. The brain,
liver, and kidneys were congested. Morphia was che-
mically detected in the stomach, the blood, and the
urine,

Exverivent xx1.  Poisoning with Arnica Montana.
Two drachms of the tincture of arnica montana were
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administered to a large healthy cat. There was difficulty
in getting it swallowed ; and afterwards vomiting came
on, so that some of the poison was lost. The dose took
but little effect. Two hours later, four drachms of the
tincture were given; the greater part was swallowed,
and was retained, The animal soon became very
feeble, and at the end of three hours the hinder extre-
mities were paralysed, and the pupils were widely di-
lated, The half-ounce dose was now repeated and was
retained, The symptoms of prostration and paralysis
became more intensely marked, and in two hours she
died partly comatose. The fore extremities were also
paralysed, but never so fully as the hinder ones,

The post mortem examination was made twelve hours
after death. There was some cadaveric rigidity, but
not intensely marked The lungs were rather red in
colour and mattled, but well inflated ; on incision they
presented no sign of congestion. There was no effusion
in the pleural cavity. At some points in the upper
part of the lungs there was some emphysema. The
pericardium contained at least a drachm of dark bloody
looking serum. The vens cavee, and the right auricle
and ventricle, were distended to the last degree with
blood. The blood was semi-coagulated, of the consist-
ence of thick treacle, but presenting no definite firm
clot. The pulmonary veins contained a little blood.
The left auricle contained blood of the same character
as that on the right side; a little was also found in
the left ventricle. The aorta contained blood exactly
similar in character. The gall-bladder was not dis-
tended, but the surface of the liver was deeply tinged
with bile. The liver presented many bloody points:
the blood which exuded from it was fluid, 'The
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of the heart was immensely distended and ingested:
the right auricle was filled almost to bursting. The
blood was very feebly coagulated, and of a tarry like
consistence. The left side of the heart contained a
little blood, of the same loose consistence and dark
colour as the right. The liver externally had a pecu-
liar nutmeg appearance, and was congested, giving
forth fluid blood when incised. The kidneys were
intensely congested externally, presenting a beautiful
arborescent appearance ; they were also congested in-
ternally. The blood in the inferior vena cava was
completely fluid, showing no trace of coagulum. The
bladder was empty and healthy, The spleen was
healthy. The stomach was white, generally, with
several pink patches on its inner surface. 'The blood
set aside did not further coagulate ; the corpuscles pre-
sented the same irregular and shrivelled characters as
were observed in the arnica experiment. The actions
of the two poisons seem, indeed, both in symptoms and
pathology, to be almost identical.

ExreriMeNtT xxur. Poisoning with Bichloride of Mer-
eury. A grain of bichloride of mercury was given in the
evening to a rabbit. It quickly produced severe purging
and prostration. On the following morning these effects
had passed off. Two grains more were now given, with
the repetition of the previous symptoms in a more severe
form. The animal sank in a few hours.

The body was examined twenty hours after death.
There was little cadaveric rigidity ; the lungs were pale,
almost to whiteness, and entirely free from congestion
externally, but internally presenting bloody spots ; the
blood on the right side of the heart was dark and feebly
coagulated, filling the auricle and ventricle ; some blood
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of a similar character was found on the left side. The
liver was soft and dark, not congested ; the kidneys were
healthy, and free of congestion. There was perforation
of the mucous and muscular coats of the stomach at two
points, and at these points the peritoneum was inflated
outwards, giving a peculiar, bladder-like appearance to
the stomach externally; the stomach was filled with green
food, and its mucous surface, though perforated, as if
from ulceration, was pale. The blood set aside coagu-
lated with moderate firmness; the corpuscles were
irregular in shape, greatly contracted, and closely con-
gregated. Mercury was chemically detected in the
stomach, blood, and liver,

Experivent xxiv.  Death by Strangulation. A dog,
which its owner had destroyed by strangulation, was
brought into the Grosvenor Place Medical School. 1
learned that the execution had been most unskilfully
done, and that the animal had died very slowly, having
been nearly twenty minutes insensible, and violently
convulsed. I rescued him from ignominious burial to
devote him to the cause of pathological science.

The posi-mortem examination was made about two
hours after death, Slight cadaveric rigidity had com-
menced ; the brain, the lungs, the liver, and the kidneys,
were all deeply congested ; the right side of the heart
was filled with blood, which was dark and uncoagulated.
Set aside, and exposed to the air, it underwent a semi-
coagulation, becoming thicker, and containing some
small coagulated masses,

Exrerivext xxv. Slow Poisoning with Liguor Pol-
assee. A large dog was the subject of the experiment.
On Tuesday, July 7, at 12, noon, two drachms of liquor
potasse, P.L., with a little water, were administered. He
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swallowed it without hesitation; but it produced mo
effect. Two hours after, half an ounce was administered
in the same way, which caused, after a short time, the
vomiting of a little mucus tinged slightly with blood.
The vomiting soon ceased, and was succeeded by symp-
toms of prostration and unintermitting thirst, with quick-
ness and great irregularity of pulse. On the following
day the symptoms were a little relieved. He took all
liquid substances greedily, drinking water with the same
avidity as on the day before. Another half ounce of -
liquor potasse was administered. The administration
was followed, in a few minutes, by the ejection of
a small quantity of mucus. During the rest of the day
he lay in a prostrate semi-comatose condition ; the re-
spiration was quick and feeble; the circulation quick
and irregular to the last degree; the body was some-
times hot, sometimes cold, with occasional rigors: there
was no purging; the urine was passed with moderate
freedom. When placed on his legs he staggered, walked
a few paces, and reclined on his side as soon as possible.
The symptoms were so imminent, that the further admi-
nistration of liquor potasse was postponed this day. On
Friday he seemed somewhat relieved. An ounce of the
potash water, diluted, was administered per anum,
Throughout the day he continued the same ; nor was
there much modification of symptoms on Saturday. On
Saturday two ounces of diluted liquor potassw were in-
jected per anum. This was followed by the exaggeration
of the symptoms of prostration. During Saturday night
he lay breathing irregularly, and semi-comatose; and
in this state he gradually sank ; on Sunday morning he
died, without any considerable manifestation of pain.
The pupils throughout were widely dilated.
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The posé-morfem examination was made forty-eight
hours after death,in the presence of Drs. Snow, G. Hewitt,
Snow Beck, F. Webb, Rogers, Mr. Spencer Wells, and
others. There was but little cadaveric rigidity, and such
as appeared passed quickly off; the muscles were rather
darker than usual, less so than in some other cases where
I have seen death take place from the alkalies. The
teeth were covered with dark sordes; the tongue was
dry and black,—this black appearance extending to a
point immediately below the pharynx, where it termi-
nated almost in an even line, leaving the surface of the
esophagus of natural colour through its whole length ;
the stomach was free from congestion, blotch, or ulcera-
tion ; the intestines, examined throughout, were gene-
rally healthy, but contained here and there slight vas-
cular points ; the liver was thickly covered with pete-
chial blotches, and was softer than natural; the brain
was healthy in appearance. The right lung contained
some tuberculous masses of the size of small peas; the
left lung was collapsed ; neither lung was especially
congested. The blood throughout the body generally
was uncoagulated, thick, and treacly ; it could be poured
as a fluid from one vessel to another. In the right
auricle there was a loose fibrinous clot, modeled to the
auricle, and sending tubular prolongations into the su-
perior and inferior cavee ; a small fibrinous cord ran into
the pulmonary artery; the ventricles were distended
with the fluid blood, and the muscular structure of the
heart was dark, The blood-corpuscles were so entirely
broken up, that no perfect corpuscle could be found, and
but few irregular ones; the blood underwent no further
coagulation on exposure to the air for many hours.

Exreriment xxvi. Slow Poisoning with Liquor Pot-



-

12 EXPERIMENT —SLOW POISONING BY POTASSA.

assee, 1 kept a guinea-pig for three months on a diet of
milk and bread. It fattened on this diet, and remained
in perfectly good health. On May 29th, I commenced
to add two grains of potassa, in solution, to the milk;
repeating the dose night and morning. This was con-
tinued for a week, the animal taking the milk, after a
day or two, without hesitation, and seeming to suffer
nothing. At the end of the week, I took some blood
from a vessel at the base of the ear, The blood, when
received in the glass, had a dusky dirty appearance;
and its corpuscles were irregular, some being stellate,
and others many sided. They had but little mutual
attraction: and coagulation proceeded slowly, I now
doubled the dose of potash, and continued its adminis-
tration for another week. At the end of this time, the
excreta from the bowels, which in health had been dark,
were firm and of a clayey whiteness, The blood pre-
sented the same peculiarities as before. During the
third week, I carried the administration of the potash
to the extent of ten grains a day : but the animal began
to refuse to take it, though it never failed to receive
from three to four ounces of milk each day, and, when
milk alone was given to it, it drank freely; the avidity
for food seeming greater than it had been previously to
the experiment. I continued the same administration for
another week, with similar results. At the end of this
time, I injected twelve grains of potash, in solution,
into the stomach, by means of a small tube. This took
decisive effect. On the following day, the animal suf-
fered from incessant rigors and tremor ; its heart-beat
was feeble and irregular; it drank its milk freely, and
was conscious. The next day, it was in a semi-comatose
condition, avoided the light, and was in a constant state
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of jactitation ; the ears scemed never to be at rest: it
still took food. 'The next day, it was still semi-coma-
tose ; and in the evening it sank and died, without any
convulsion, but with constant tremor and jactitation of
the limbs. The blood was examined frequently, and
presented the same deficiency in coagulating power,
and irregularity in the corpuscles.

The body was examined ten hours after death, There
was slight cadaveric rigidity. The muscles throughout
the body were of a deep dark colour. The lungs were
shrunken, dark (like the other organs), but not con-
gested. The heart was filled on both sides with black
semi-coagulated blood ; the corpuscles of which were,
as during life, irregular and disintegrated. 1 could not
find a perfect corpuscle. The whole alimentary canal
was pale on its mucous surface ; it presented no ulcera-
tion. The liver was dark, covered with petechial spots,
and soft in structure. The spleen and kidneys were
dark, and softer than natural. The vessels of the brain
contained dark semi-coagulated blood ; the organ seemed
othérwise healthy.

ExreriMENT XXVII. Adminisiration of Ammonia. At
my request, Dr, Barker of Bedford poisoned a bitch
with the strong liguid ammonia of the Pharmacopeeia.
He gave to her ten minims of the liquor, diluted in half
an ounce of water. After the dose she fell on her side,
but rallied, vomited freely, and recovered. On the fol-
lowing day, Dr, Barker gave twenty minims of the
liguor, diluted in two ounces of water. It was swal-
lowed readily. 'The bitch soon fell on her side, became
convulsed, and died in a few minutes, with marked
opisthotonos.

The body was sent to me for examination. The

1
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the first dose on the 8th, the breath was tested by the
hydrochloric acid rod test, and yielded distinct white
fumes. The dose was repeated in the course of the day.

On December 9th, after the usual dose had been
given, blood was drawn from the ear, and examined.
It coagulated slowly and imperfectly; the corpuscles
were scattered and entirely modified, some collapsed,
and all more or less irregular in shape, being oval or
many sided. The animal, too, was unwell, was thirsty,
and inactive ; yet he took his food, as he had done all
through, without hesitation. In the evening he vomited,
bringing up a little viscid mucus. Although he had
eaten heartily all through the expenmlmt, he was now
thinner than he was at first.

In the course of the 10th and 11th days of December,
the animal received four five-grain doses of the bicar-
bonate. On December 12th, two doses of eight grains
each were given. On the morning of December 13th,
before any dose was administered, the breath was ex-
amined, and found markedly ammoniacal. The blood-
corpuscles were much more generally modified ; there
were none perfect. Some were oval, some many sided,
some star-like. The dark central point was absent in all,

On December 14th, an eight-grain dose was adminis-
tered in the morning ; on December 15th and 16th, the
same ; on December 17th and 18th, ten grains were
given each forenoon. On this latter date, a little blood
was extracted, and was watched for twenty minutes,
“during which time it did not coagulate.

On December 19th, 20th, and 21st, ten-grain doses
were given each day. On December 21st, the breath
was strongly ammoniacal, as before.

Dr. Barker now gave the animal a respite for seven
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days. On December 28th, he recommenced by giving
a scruple dose of the bicarbonate in the mnru'ing, and a
second dose of the same size in the evening. These
doses produced vomiting and a staggering gait; hnt
the effects passed off in a few minutes.

On December 29th, one scruple dnse was given in
the morning. On December 30th, a little blood was
drawn, which did not coagulate for nearly an hour.
After this observation, another scruple dose was ad-
ministered. On December 31st, a scruple dose was
given in the morning and in the evening.

On January 1, 1857, a scruple dose was given; but
none on the 2nd. The breath continued markedly
ammoniacal on January 1st, 2nd, and 3rd. On the 3rd,
a seruple dose was given ; two seruple doses on January
4th, and three scruple doses on the 5th. At this point,
the animal became decidedly ill; his appetite fell off,
and he was prostrated and drowsy, On January 6th and
Tth, two scruple doses were given each day ; on January
8th, three similar doses ; on the 9th, two; and on the
10th, three. During this time, the disease symptoms
above described became more evident; the breath was
more strongly ammoniacal, the blood coagulated slowly
and feebly, and the red corpuscles underwent remark-
able modifications. They assumed varions shapes ;
stellate, many sided, and oval. Some were entirely
disintegrated. All were free from central opacity.
They sometimes aggregated loosely in circular groups,
lying out flattened, not surface to surface like coins.
They continued long in motion, and had but little
mutual attraction. On January 11th, a dose of half a
drachm of the bicarbonate was given, and proved final.
A few minutes afterwards, the animal rolled on his side,
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became convulsed with opisthotonos, and died. Directly
after death, Dr. Barker sent him to me for examination.

At the post morfem examination, Dr. Fuller was pre-
sent. The animal had been dead about thirty hours,
but was quite fresh. There was slight cadaveric rigidity,
On reflecting back the chest muscles, they were found
remarkably dark in colour, an appearance which ex-
tended through the whole muscular system, and indeed
through all the soft parts. The muscles were soft in
structure, and easily torn. Fluid blood exuded from
the divided parts. The lungs, the liver, and the kidneys,
were dark, and intensely congested with fluid blood.
The liver and kidneys were soft in structure, and blood
exuded from inecisions made into them. The bladder
was charged with urine, which evolved ammonia freely,
and which, subjected to heat and nitric acid, was found
to be highly albuminous. The specific gravity of urine
was 1035. The brain was congested with dark fluid
blood. The stomach was vascular on its inner surface,
Along the alimentary canal, vascular spots were here
and there met with. There was no effusion in any of
the serous cavities. The lungs were congested, and the
bronchial mucous membrane injected in points, but
everywhere lined with secretion, The heart was filled
with blood on both sides. The blood was entirely fluid ;
and evolved ammonia so freely, that by holding over it,
at a slight distance, a surface of glass moistened with a
little pure dilute hydrochloric acid, the glass, on drying,
was frosted with crystals of chloride of ammonium.
The blood on both sides of the heart was dark in colour.
Each variety was exposed to the air in a small evaporat-
ing cup, at a temperature of 65° Fahr. Thus exposed,
‘the specimens continued fluid for thirty hours, and then
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commenced to coagulate, eventually coagulating so far
as to become modeled to the containing cup, and to
admit of being tunrned out of it as a shaped mass. There
was, however, no separation of serum. The blood-cor-
puscles presented the same modifications as were ob-
served during life. They were stellate, many-sided, or
collapsed ; none were perfect.

Exrerivext xxix. Jodide of Ammonium,. Thirty
grains of iodide of ammoninm were given to a rabbit.
The salt produced rapid and violent effects, great ex-
citement, convulsions, and death in six minutes. The
cadaveric rigidity was very feebly marked. At the post
mortem examination, the brain was found natural. The
lungs were peculiarly pale, almost white. There was no
mark whatever of congestion of lungs. Both sides of
the heart were filled with dark blood, having the con-
sistence of thin jelly. The left side of the heart was
fully distended with blood, but this blood was rather
more firmly coagulated than that on the right side. The
stomach was filled with vegetable substance ; its mucous
coat presented no sign of congestion. The kidneys
were congested. The liver was dark, but not particularly
congested. A little of the blood from each side of the
heart was left exposed to the air in a test-tube. It
set into a soft mass, from which serum exuded in twelve
hours. The blood-corpuscles presented the same irre-
gularity of character as in the two preceding experi-
ments,

ExverivMent xxx. Long continued Inhalation of Am-
monia Vapour. On Jan. 19th, 1857, I placed a fine large
healthy guinea-pig in a glass chamber, of the same size
and make as that described at page 71. The chamber
was capable of containing 3,350 cubic inches. It
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had a false bottom perforated in a few places. Beneath
the perforated bottom and resting on the true bottom of
the chamber, a half drachm of the strong liquid ammonia
was placed in an evaporating dish. The chamber was
then closed for an hour, so that the ammonia vapour
might diffuse through the air contained. After an
hour a small stream of air was permitted to flow through
for eleven hours; then the ammonia was repeated as
before. The air of the chamber was thus kept more or
less charged with the ammonia vapour. It had the
smell of a menagerie, Before the animal was placed in
the chamber, I made a lancet incision in her ear, and
collected six or seven drops of blood. The blood coagu-
lated in one minute and twenty seconds. The corpuscles
were perfectly regular and natural, running together in
coin piles in the usual way. After the experiment
commenced, the animal was fed as before; milk, green
stuff, and bread formed her staple commodities.

The experiment was continued until January 21st.
Meantime the animal continued moderately well ; the
only peculiarity was, that her cravings for food increased,
and that she devoured ravenously all her vegetable
matter. On the evening of the 21st I removed her from
her chamber. She was warm and lively. A little blood
drawn from her nose was rather more dusky than natu-
ral, and the corpuscles were irregular in form, some
being serrated at the edge, others many sided. They
continued for a long time in motion between the glasses,
and their force of aggregation was feeble. The blood
coagulated in two minutes.

‘The animal was again placed in the chamber. The
times of supplying the ammonia were made the same ;
but the amount of ammonia was made a drachm each
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time. At first the vapour excited some irritation of the
nostrils, but this effect soon wore off.

On January 23rd, the animal became restless, and her
breathing was quick and feeble. She took her food raven-
ously, and seemed as if she wished to be constantly eating;
the instinctive desire for vegetable food was predominant.
The blood examined to day showed further modification
of the corpuscles. A perfect corpuscle was not to be met
with. The blood rather dried on the glass than coagu-
lated ; and the fibrous net-work was scantily developed.
The experiment was rigidly carried on for several days ;
the ravenous appetite continued, the animal slept well,
and there was little variation in the other signs until
January 30th. At this date she became very feeble ; she
reclined on the side in part, and was for the first time
unusually sensitive to sounds. The merest noise, a
scratch on the side of the chamber, or any rustling
sound, at once startled her and made her uneasy. This
day she refused milk, but sought more ravenously after
green food. In the evening of this day her sight also
must have become disturbed ; for when food was put into
the chamber, instead of going to it at once in her usual
way, she sought about for it, without being able to find
it. When it was placed under her nose, she ate cabbage
leaf with great eagerness. Left quiet, but watched at
a little distance, she was seen to recline a little on the
left side, and to remain for several hours in a half
comatose state with the ears involuntarily twitching,
the limbs occasionally starting, and the breathing sharp
and spasmodic, as in singultus. On removing her from
the box, I found the tongue dry, the breathing hur-
ried, and the heart-beat feeble, quick, and irregular.
When the hand was placed over the back, all the
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muscles were felt to be tremulous, and now and then
the body was momentarily drawn up by a feeble spas-
modic movement,

The blood-corpuscles were now so much modified,
that it seemed a marvel to me how the animal could
exist. On the ammonia vapour being removed, however,
the serious symptoms quickly passed off. 1 now gave
the ammonia less frequently, but occasionally repeated
it in full dose for two or three days, and always with a
repetition of the same train of symptoms, Once I carried
on the administration till complete coma was produced,
and afterwards exposed the animal freely to air. About
the end of two hours signs of recovery recommenced.

On Febroary 28th, I withdrew the administration alto-
gether, and let the animal run about as usual, watching
the process of recovery from day to day. The desire
for food, especially for green food, was most extraordi-
nary. In a week she seemed as lively and as well as
ever, but the blood corpuscles did not lose their irregu-
larity for several weeks. It was as curious as instrue-
tive to watch the process of repair in those little floating
cells. Their restoration was coincident with, if not
dependent on, a restoration of the plasticity of the liquor
sanguinis. Towards the end of April, but not until then,
the blood assumed its normal attributes. The eorpuscles
were natural in size, shape, and power of aggregation,
the colour of the blood was bright on exposure to air,
and the fibrous net-work was well defined.

Exvenivent xxxi1. twhalation of Sulplid: of Ammo-
nium, In an experiment on a guinea-pig, conducted in
the same manner as the last, I substituted the sulphide
of ammonium for ammonia. The experiment extended
over three weeks ; and the results are summed up in say-
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ing that the symptoms produced were identical with those
related in the last experiment as occurring from ammonia

simply. The effects on the blood were also the same.
Exrerient xxxn, Effeets of Ammonia given as a
Medicine. 1 saw a case of inflammatory disease, which
in its last stages was treated with five-grain doses of the
bicarbonate of ammonia, given every two hours, in de-
coction of cinchona. The administration was continued
for nearly three days. The girl was sinking and partly
comatose before the ammonia was given; and the ex-
creting processes were very much diminished. She
gradually continued to sink until her death. At the post
morfem examination, twenty hours after death, the odour
of ammonia was distinet in the blood. The blood was
dark and thick, but uncoagulated. T collected half am
ounce of it from the right side of the heart. Upon
exposure to the air for three days, it underwent feeble
coagulation. The blood-corpuscles were all modified
in the same manner as deseribed in the last experiment.
The modifications which the blood-co es un-
dergo, as referred to in the pre-
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exclude all such false deduction, the observations were
repeated over and over again, with the strictest regard
to accuracy.

By mixing freshly drawn blood with weak solutions
of the alkalies, modifications of the corpuscles, exactly
similar in character, may be observed. The effects of
the alkalies on living blood-corpuscles is, indeed, direct;
and is, I believe, purely chemical. There is a pitch of
-alkalinity, exposed to which blood-corpuscles melt up
altogether. ]

Farar Broop. It has been observed by many writers
that a deficieney of fibrin is common to the blood of the
faetus. On this point I have made numerous observations,
which all tend to support the truth of the statement, in
so far as a want of coagulable power proves the absence
of fibrin,

Exeerivent xxxnr. I placed two ligatures on the
umbilical cord, about two inches from the abdomen of
a healthy feetus, in the usual way after birth, I now
firmly compressed the placenta with the hand, and thus
forced a considerable quantity of blood into the cord. I
then nipped the cord firmly at its placental end between
the thumb and finger, and, carrying them in this way
in the direction of the ligatured end, made the cord
congested with blood for the space of four inches.
Another ligature was applied at the spot compressed
by the fingers. The vein and arteries were next sepa-
rately punctured with a lancet, and the blood from each
(about three drachms) was received in separate tubes,
The blood from the vein was less dark than that from
the artery ; but, on exposure to air, the artery blood soon
assumed a bright colour. There was no coagulation for
twenty minutes in either specimen ; at the end of that
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time a feeble clot formed, unattended with the separa-
tion of serum.

Experimmest xxxiv. I placed a placenta in a wash-
hand basin, the cord being tied, and observed the pe-
riod of coagulation, by pricking the placental vessels
with a lancet at different intervals of time. The first
instance in which the blood was coagulated was in
fifteen minutes, This occurred in a large vessel, which
stood out prominently among the rest near the root of
the cord. Five minutes later, the blood in all the ves-
sels exposed to the air had slightly coagulated ; but on
turning the organ over, I found that several other ves-
sels, which had been lying in contact with the basin
beneath, contained blood still quite fluid. The blood
generally did not coagulate firmly, Tt is well to observe
that, immediately after the birth of this placenta, a little
blood flowed from the vagina of the woman and was
received in a teacup, This blood set into a firm clot in
two minutes.

[Exrerimest xxxv. [ opened the body of a child,
born at the full period of utero-gestation, and which
was stated to have lived an hour after birth, The body
of the child had attained a natural development, was
well nourished, and shewed no external evidence of
injury. Internally, the following peculiarities pre-
sented themselves. Each plenral cavity contained from
five to six drachms of bloody serous fluid ; and the peri-
cardium contained two drachms of a similar fluid, by
which the membrane had been distended. The fatal
openings in the heart were still patent. The pulmonary
veins and the left side of the heart were filled with blood.
A small portion of lung floated readily, with and without
pressure; the right lung, at its lower part, had, how-
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‘ever, a dark mottled appearance. The blood generally
was fluid, and slightly tarry in consistency, but with no
trace of clot in any part. When a portion of it was
mixed with a solution of potash, ammonia was distinetly
evolved. The blood was dark in colour, and its corpus-
cles were irregular in shape and larger than natural, but
not disintegrated. A little of this feetal blood was set
aside, exposed to the air. It became in twelve hours a
little thicker in consistence, but underwent no perfect
coagulation. ]

In a large number of further dissections of the
feetus in various animals (amounting in all to forty-
three), I have never found the blood firmly coagu-
lated, and have never met with anything like a separa-
tion of fibrin. In a case where the head of a child was
very large and where there was such severe compression
that the death of the feetus occurred during parturition,
1 found a large loose clot of blood between the scalp
and the eranium. In three feetal lambs, all from one
ewe, which had been killed by the kuife, I found a loose
clot of blood in the abdominal cavity below the liver,
Morgagni observed the same kind of clot in feetal calves,
where the cows had been killed at an early stage of
impregnation, In three instances in the human feetus,
where there were evidences of syphilitic eruption on the
skin, the blood was scarcely to be called coagulable at
all, being only of a sticky, tarry consistence, like cholera
blood, without even a trace of clot.

I have before referred to some cases recorded by
Morgagni, in which patients dying from difficulty in -
respiration were found to have the blood on the right
side of the heart in a state completely fluid, when the
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Expenivest xxxvr. Injeetion of Waler inlo the Perito-
neuwm. A dog, weighing twenty-three pounds, was bled
to the extent of two drachms by making an incision
into the ear. The blood coagulated firmly in two
minutes, A small opening was now made into the
peritoneal cavity with a lancet, and, a eatheter being
carefully introduced, four pounds of distilled water, at
the temperature of 90" Fahr., were thrown slowly into
the peritoneal sac. After the operation, by which the
abdomen was much distended, the animal lay down
guietly, and, in the course of four hours, was in a semi-
comatose state. At this time the distension from the
- fluid had disappeared, but no fluid had escaped from
the wound. The dog was carefully watched for eight
hours more, during which time he once or twice got up
and walked about, but with a tottering and exhausted
gait. Finally he became more decidedly somnolent, and
gradually sank and died,

On opening the body, an hour after death, no trace
of the finid could be found in the peritoncum ; but the
venous system was engorged with blood which was as
fluid as water itself, and showed no tendency to coagu-
late. I kept some of this blood for many weeks, until
it was offensive, but the fluidity remained. From another
portion of this blood T endeavoured to extract fibrin,
by agitation, without success. The blood-corpuscles
were unusually large. When heat to boiling point was
applied to some of the blood in a test-tube, only a feeble

teéndency to coagulation of albumen was witnessed,

Experivent xxxvit. JInjection of Waler into the
Peritonewm. 1 injected into the peritoneal cavity of
another -dog as much water as was equal in weight
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to a fifth part of his whole body.* Death took place
with symptoms differing in no material point from
those described in the last experiment. I found, on post
mortem inquiry, the same marked fluidity of blood. The
lungs were engorged with this watery blood ; there was
an effusion of two ounces of red coloured serum in the
left pleural cavity, and one ounce in the right. The
blood on both the arterial and venous sides of the circu-
lation did not coagulate when exposed to the air.

Exeerivent xxxvir, Injection of Waler info the
Peritonewm. Into the peritoneal cavity of another dog
I injected the same proportion of water as in the last
named instance. The symptoms were in all essential
points the same. The blood was again found fluid
after death, but the lungs were not unusually engorged.
On exposure to air, the blood did not coagulate; nor
could any traces of fibrin be obtained from it by agita-
tion with pieces of lead.

Exveriment xxxix. Imjeclion of Waler inlo the

[* Itis worthy of observation, that an amount of fAuid, squal to & Afth part of
his weight, is ordinarily fatal to o dog, when injeeted into the peritonen] cavity. Loss
than this, on the eontrary, rarely proves fatal; but the animal is feoble for & fow
days, takes little food, drinks nothing, passes a good deal of urine, staggers when
he fArst begins o walk, is gonerally eold over the whole surface of the body, and
has an anemic bruit in the neck.  If w littla of his blood is drawn, it is thio,
bright red; and feobly congulnble; it flows from the wound freely, and is in no
harry to stop. The eorpuscles are modified, being larger than natural, and often
irrogular in shape. The first sign of convalescence is & desire for food, and a
returning warmih io the body. At least three days must elapse before the animal
beging to run mbout again briskly ; but, when he does begin to recover, he
recovers quickly and perfectly. In one instanee [ saw anassrea supervene; bul
this soon passed away. I had one dog whose peritoneum 1 injected with water on
three otcasions, at intervals of twenty days., Ho showed the same symploms of
disease und of recovery each time, I meant to bave continued this much longer,
hudwtumrhuuﬁﬂmd-nhmu degeneration of the blood and tissues
would peerue from keeping the blood in ihis diluted condition. Unfortunately,
the dog one day gnawed throngh his tether, vanished, and beenme a pathological
wonder, wandering abaout the carth, with the only elaims he ever had to notoriety
unrecognised, and lost for good.]

K
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Exrerivest xxxvi. Injection of Waler into the Perito-
newn. A dog, weighing twenty-three pounds, was bled
to the extent of two drachms by making an incision
into the ear. The blood coagulated firmly in two
minutes. A small opening was now made into the
peritoneal cavity with a lancet, and, a catheter being
carefully introduced, four pounds of distilled water, at
the temperature of 90° Fahr., were thrown slowly into
the peritoneal sac, After the operation, by which the
abdomen was much distended, the animal lay down
quietly, and, in the course of four hours, was in a semi-
comatose state. At this time the distension from the
- fluid had disappeared, but no fluid had escaped from
the wound. The dog was carefully watched for eight
hours more, during which time he once or twice got up
and walked about, but with a tottering and exhausted
gait. Finally he became more decidedly somnolent, and
gradually sank and died.

On opening the body, an hour after death, no trace
of the fluid could be found in the peritoneum ; but the
venous system was engorged with blood which was as
fluid as water itself, and showed no tendency to coagu-
late. I kept some of this blood for many weeks, until
it was offensive, but the fluidity remained. From another
portion of this blood I endeavoured to extract fibrin,
by agitation, without success. The blood-corpuscles
were unusually large. "When heat to boiling point was
applied to some of the blood in a test-tube, only a feeble
tendency to coagulation of albumen was witnessed,

ExperiMENT XXxVII. Jnjeclion of Waler tnto the
Peritonewm. 1 injected into the peritoneal cavity of
another dog as much water as was equal in weight
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to a fifth part of his whole body.* Death took place
with symptoms differing in no material point from
those deseribed in the last experiment. I found, on post
mortem inquiry, the same marked Auidity of blood. The
lungs were engorged with this watery blood ; there was
an effusion of two ounces of red coloured serum in the
left pleural cavity, and one ounce in the right. The
blood on both the arterial and venous sides of the circu-
lation did not coagulate when exposed to the air,

Exrerivest xxxvir Jweetion of Waler into the
Perilonewn. Into the peritoneal cavity of another dog
I injected the same proportion of water as in the last
named instance. The symptoms were in all essential
points the same. The blood was again found fluid
after death, but the lungs were not unusually engorged.
On exposure to air, the blood did not coagulate; nor
could any traces of fibrin be obtained from it by agita-
tion with pieces of lead.

ExreriMent xxxix. Jwjection of Waler info the

[* Itis worthy of observation, that an amount of fluid, squal to a Bfth part of
his weight, is ordinwrily fatal to a dog, when injected into the peritoneal cavity. Less
than this, on the sontrary, rarely proves fatal ; bat the animal is feoble for a fow
duys, takes little food, drinks nothing, passes a good deal of urine, staggers when
he first beging to walk, is generally cold over the whaole surfuce of the bady, and
has an apmemic bruit in the neck.  If & Litlo of his blood is drawn, it i8 Win,
bright red, and feebly coagulable ; it flows from the wound freely, and iz in no
hurry o stop. The eorpuselés are modified, being lnrger than nataral, and often
irregular in shape. The first sign of convalescence is a desire for food, and &
returning warmih in the body. At least three days must elupse before the enimal
begins to run about again briskly ; but, when he doss begin to recover, ha
recovers quickly and perfectly. In one instanes 1 saw anasarcs Aupervene; bul
this soon passed awey. 1 had one dog whose peritoneum [ injected with waler on
thees oesasions, at intervals of twenty days. He showed the same symploma of
dissase and of resovery each lme. T meant o have continned Lhis much longer,
in order to ses what ultimate change or degeneration of the blood and tissues
would acerne from keeping the blood in this diluted condition. Unfortunately,
the dog oue day gnawed throngh his tether, vanished, and bocame s pathological
wonder, wandering about the earth, with tha only elaims he ever had to notloristy
nnrecogmised, and lost for gond.]

K
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Peritoneum. In a further experiment, I threw into
the peritoneal cavity of a dog, weighing twenty-six
pounds, three pounds of water. I also threw one pound
of water into the cellular tissue. For a short time the
animal was pretty well ; and the fluid injected seemed’
to have been entirely absorbed in the course of four
hours. Shortly after this he became exhausted, and
died in eleven hours. On opening the body, 1 found in
the peritoneal cavity no trace of water, but in the sac
there lay about a pound of semi-coagulated blood, which
had escaped from an artery that had been wounded by
the trocar. This blood contrasted strongly with that in
the heart and veins; the latter was like water itself as
regards fluidity, and on exposure showed no tendency
to coagulation. I shall be able to explain the cause
of the different states of the blood in the sequel. Dis-
tilled water, at a temperature of 96°, was always used
in these experiments,®

[Exverivment xu.  Efeets of copious Water-drinking.
Bearing on the subject of the effect of dilution of

[* These experiments were devised in connexion with a plan suggested by me
for the trestment of cholera. My papor on this subjest will be found in the
Asiociation Medical Journal for Angust 1854, and in Raunking's Abatract for 1854,
vol. ii. Thioking on the faet that In natural dropsy the most active purgation
with elaterium (artifieial eholers) removed the effused fluid, bat did not destroy
ihe patient, it cocurred to me to reverse this order of things, and in natural
eholera to produce artificial dropsy, eiiher of the peritonoum or of the eollular
Lissue, My experiments were, as fur as experimental inquiry can guide to prae-
tice, stroogly in faveur of the plan of injecting the peritoncal sas; and they
entirely supported the view that the main point in cholera practics, is to throw
a8 much fluid as possible into the bady, so that the loss in the flax may be
restored in tha new aupply. T have sines, however, modified the plan of
walor into the drained body by injecting the bladder with water, of the
peritonenm. That water injected into the empty and eontracted bladder of an
animal exhansted by purging or loss of blood, is rapidly absorbed by the mucous
surface of that viscus and is taken into the eireulation, admits of direet experi.
mental demonstration. Tt wonld lead me too far from the matter of the text,
h;ll:ll al the present moment on this subject: T therefore only state the fact
ns it is.]
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blood with water, I had the opportunity of making
some interesting observations on the human subject.
On November 29th, 1856, a boy, aged 16, came before
me with diabetes. He passed about seven quarts of
urine in the twenty-four hours, but much the greater
part in the night-half of the time. The amount of
fluids which he took averaged also about seven quarts,
but he was always thirsty, The urine yielded abundant
evidence of sugar. I made it a point in this case to
get the patient to do without drinking water, as
long as it was possible. He could manage to abstain
three hours. In this state I drew from his hand a
few drops of capillary blood, and watched the process
of coagulation. The blood was dense, rather dark,
and coagulated in thirty seconds. The blood from
the puncture ceased to flow in nearly the same time.
When this observation was concluded, I allowed him
to drink water freely, He took off two quarts greedily,
in half-pint draughts, at intervals of two minutes.
Five minutes after the last draught, I made a new
incision, and drew off in the same way as before a
few drops of blood. There could be no doubt as to
the physical differences between this and the blood
previously drawn. It was more fluid, it remained fluid
for five minutes, and ultimately rather dried than co-
agulated. The wound last made continued to give out
blood ; and the wound previously made recommenced to
bleed. Both wounds continued bleeding for several
minutes, the fluid retaining its liquid character; at last
I stopped the flow by pressure. I examined the red cor-
puscles in each specimen of blood. The difference here
again was well marked. There was not much variation
in size, but important variations in shape ; those of the
K 1
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latter or watery blood being irregular, some oval, others
many sided, and a few stellate, These also continued in
motion for a much longer time.

This experiment, as illustrating the rapid absorption
of water by the exhausted body, and the effects of the
water on the blood, throws much light on the cause of
of death in instances where fatal effects have occurred
in exhausted persons, after the drinking of fluids too
copiously. I may remark that this patient always
showed symptoms of faintness on replenishing himself
overmuch with water upon a prolonged abstinence. He
exhaled ammonia freely by the breath at all times,

Exvermvent xu1.  Tnhalation of Antimonuretted Hy-
drogen. In cases of antimonial poisoning, according to
my observations, the blood is found after death loosely

ated ; while in some extreme cases it is quite
uncoagulable, even after exposure to the air.

A young dog was placed in a chamber capable of
holding 8350 cubic inches. The chamber and its

ments were the same as in the experiment
No. 1, deseribed at page T1. After the animal had
become quiet in the chamber, I drove into it 100
cubic inches of antimonuretted hydrogen; and this
operation was repeated every twenty minutes so long
as the experiment continued, 100 cubic inches of
air being driven through with each dose of the gas.
In the atmosphere thus empoisoned the animal lived
three hours and forty minutes, in the course of which
time 1000 cubic inches of the gas, with the same quan-
tity of fresh air, were driven through the chamber. The
current was kept up so steadily that complication from
carbonic acid was entirely excluded.

The symptoms arising from antimony were soon
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elicited. At the end of an hour and forty minutes there
was copious purging, and ten minutes later there was
free vomiting. The excreted matters thus thrown off
yielded abundant evidence of antimony. The death
was not preceded by coma, but by increasing feebleness
and simple failure of the circulation. In this case the
breathing organs outlived the heart.

Forty-one hours after death, I examined the body
with Dr. Snow. There was intense congestion of all
the viscera. The heart was charged with blood on both
sides, and the aorta was full of blood. The blood was so
fluid that it could be poured out freely; and on expo-
sure to the air for two days it underwent no solidifica-
tion whatever, In the pleural cavity of this animal there
were about six drachms of a pinkish fluid, which, being
collected in a test-tube, coagulated on exposure to air
into a jelly-like clot from which clear serum exuded.
This was obviously an exudation of simple liquor san-
guinis: it resembled in every way the fluid which can
be skimmed off the surface of inflammatory blood before
the fibrin separates.

ExpreriMENT XU Anfimony tnjected into the Jugular
Vein. Dr. Barker, of Bedford, was kind enough to send
me a dog, which he, together with Dr. Thudichum, had
destroyed by injecting into the jugular vein one scruple
of tartar emetic, dissolved in two ounces of water. As
the solution came into contact with the blood, the
colour of the blood became suddenly of a bright scarlet.
The animal soon exhibited the symptoms of prostration
common to antimonial poisoning. There was, however,
no purging, nor vomiting; but at times there seemed
to be attempts to vomit. The prostration terminated
in death about three hours after the operation. On
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opening the body, I found the heart on both sides,
as well as the veins and large arteries, full of blood,
which was entirely fluid, and remained so permanently
on exposure to the air.

Experimvext xuur.  Antimony injected into the Perito-
newm. Into the peritoneum of a healthy bitch, one
scruple of tartar emetic was injected, dissolved in two
ounces of water, The symptoms of poisoning com-
menced within an hour, and the animal died, entirely
prostrated, at the end of the third hour. The post
mortem appearances were those common to antimony, as
I have described elsewhere,® The heart on both sides,and
the large vessels, were all filled with perfectly fluid blood,
which remained permanently fluid on exposure to the air.

ExreriMesT Xxvuiv.  Aalimony admimslered by the
Mouth, On the 24th of April, 1856, Dr. Barker, of
Bedford, commenced to administer to a dog two grains
of tartar emetic, with his food, twice daily. After the
twelfth dose, the animal died, without having previously
exhibited such serious symptoms as usunally precede
death from this poison. With the ordinary patholo-
gical signs, there was the same entire and permanent
fluidity of the blood.

It may be remarked, that in all these experiments,
the signs of cadaveric rigidity were very feebly mani-
fested ; that the blood always gave free evidence of the
presence of antimony ; that the corpuscles were disinte-
grated ; and that fibrin could not be extracted by agita-
tion with lead. 1 have retained specimens of these bloods
for months, and they have undergone no obvious change.

I have thus adduced numerous illustrations of the

= Bee Lancel for May 10, 18606, and Erit. and For. Medico.Chir, Review for
Oetober 1858,
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four general conditions of blood found after death. I
could have added the details of many more cases; but
to have done so would have implied the turning of this
chapter into a book of itself. Some authors have de-
scribed certain conditions of bleod, in which that fluid
is visibly charged with bubbles of gas; the blood being,
under such circumstances, decomposed. I have not met
with any approach to this extreme condition, except in
the instance described under experiment xix, at p. 104,

There are, however, one or two other facts which
require to be referred to generally, before this chapter
is closed.

In many cases, the condition of the blood found in
the body after death is modified by the circumstance,
whether the circulatory canals have or have not been
opened at or immediately after death. For example,
let two animals be killed by drowning at the same
period of time. As soon as death has oceurred, lay
open the jugular vein and the carotid artery, or any
other large artery and vein, in one of the animals ; and
fix in each vessel an open tube, bent upwards at right
angles, so that the blood shall not escape, and yet the
circulatory canals on both the venous and the arterial
sides shall be laid open. ILet the body of the other
animal remain entire, At the end of ten minutes, lay
open the body of the animal whose circulatory canals
have been opened ; the blood generally will be found
coagulated. Let the second animal, whose body has
been left entire, remain untouched for half an hour,
then open the body; the blood will be found fluid, but
will soon coagulate when it has been exposed to the air.

I have observed, again, on many occasions (and I
doubt not that other pathologists have made the same
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observation), that when, on opening the dead body, the
right side of the heart is found filled with blood, and
the left side contains but a small quantity, the aorta also
being empty, the blood on the right side is often feebly
coagulated, or in part fluid ; while the small portion of
blood on the left side is condensed into a firm clot.

Further, in opening the body of an animal soon after
death, it is common to observe that, if the knife in an
carly step of the operation divides a large vein (say the
subelavian ), the blood will flow out in the fluid state;
but that, by the time the heart is laid bare, the blood
found in it, as well as the blood in the ven® cavee, will
show distinet evidence of coagulation.

It has often been observed, that blood effused into
the areolar tissue, or locked up closely in small cavities,
remains fluid for a considerable period ; so long, in fact,
as it is sealed up from the air. My friend, Mr. Henry
Lee, informs me of a case in which a bursa was filled,
for many months, with blood which flowed out in a
state of perfect fluidity when the bursa was opened.
Another important observation has been made also by
Mr. Lee, which I can fully confirm, though it had
escaped my attention until he pointed it out. It is,
that on removing the calvarium in the dead subject
there is almost invariably an escape of fluid blood,
however firmly the blood may be coagulated in some
other parts of the body.

On the other hand, when comparatively small quan-
tities of blood are effused into large and distensible
cavities, as the pericardium or peritoneum, such blood
is usnally found after death in the form of a firm red
clot ; and not infrequently, with exuded serum sur-
rounding the clot. I have found such clots both in the
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pericardial and the peritoneal sacs. In an interesting
case of dissecting aneurism of the aorta, which I ex-
amined with my friends Drs. Hawksley, Cockle, and
Webb, a clot of this character was found in the peri-
cardium ; and a thin layer of coagulated blood extended
for several inches along the course of the aorta, between
the external and middle coats of that vessel.

After various forms of death in which the last act
has been sudden, and in which the blood has been fluid
at the moment of death, as in death by shock, the blood
remains fluid for a long time afterwards, if the circula-
tory canals are entire. But such blood coagulates
readily enough, after it is exposed to the air, It is not,
however, true, as some have presumed, that blood after
death from simple shock remains fluid in the unopened
body. The following experiments definitely negative
such supposition as a general thesis,

Exrermvent xuv.,  The Blood after Death by Shoek.
A kitten was killed by a sharp blow on the head. It
died almost instantaneously, and without a struggle.
Eight hours after death I opened the body. There was
blood on each side of the heart, and in all the large
veins, This blood was dark and everywhere coagulated,
but not firmly. There was no cadaveric rigidity.

Exrermext xuvi.  The Blood after Death by Shock.
Another kitten from the same litter was killed by the
same mode, and died as instantaneously. Twenty-four
hours after death the body was opened. The heart
contained blood on both sides, and the large veins were
filled. The blood everywhere was dark, but firmly
coagulated. There was no cadaveric rigidity.

Experiuest xwvi.  The Blood after Death by Shock,
A third kitten of the same litter was killed in a similar
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manner, and died as instantaneously. Forty-eight
hours after death, I opened the body. The heart and
large veins were filled with blood which, as before, was
dark and firmly congulated. There was in this case
also no cadaveric rigidity.

In the slaughter-house I have observed in oxen the
effects of shock, from the blow on the head with a pole-
axe, more than two hundred times; but I could never
find that the shock administered before the blood was
drawn, in any way prolonged the process of coagulation
in the blood afterwards abstracted by the knife. From
the fact that the butcher is anxious, the moment that a
beast is prostrated by the axe, to lay open the throat, in
order, as he says, * to empty the body” completely (an act
which cannot be effected if time is lost), I thought once
that some partial coagulation might occur in the body
direetly after the blow is struck, inasmnch as the blood
flows with difficulty in proportion to the time that is
lost. But I soon learned that the expedition is called
for, in order that the heart may retain sufficient force
to pump out the blood from the divided vessels, and
that coagulation is not the primary obstacle to the
“emptying process.”]

The observations recorded in this chapter have all
important bearings in regard to the phenomenon of
coagulation, as I shall have frequent occasion to point
out in the sequel. The immediate inferences to be
deduced from them are :—

1. That in cases of immediately sudden death (death
by electricity excepted) the blood coagulates, as a
general rule, with moderate firmness; and in the
ordinary mode, that is, by separating into two parts—
simple red clot and serum: [but that this process is
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quickened or delayed according as the circulatory canals
are opened early, or left unopened. ]

2. That in states of the body in which the blood is
superfibrinised, either from active hyperinosis, or from
relative increase of fibrin, there is often a modified form
of coagulation, consisting of a separation of blood into
three parts; viz., fibrin isolated, blood-corpuseles isolated
or mixed up and held together by fibrin, and serum.

3. That in instances where life is destroyed by
gradual arrest of respiration, the phenomenon of coagu-
lation is only feebly exhibited; [and that the same
law obtains in cases where death is induced by elec-
tricity, sudden exposure to intemse heat or cold, the
narcotics, and the alkalies.]

4. That an enfeebled movement of the blood in any
part of the circulatory system is favourable to coagula-
tion, and this especially if the respiration continue free,

5. That by throwing into the circulation a large
quantity of water, the process of coagulation may be
prevented, [That antimony produces a similar effect
in many cases; that the like result may follow death
from certain natural causes, as from cyanosis;; and that
the same effect has been observed by various authors to
follow deaths from poisoning by phosphorus, arsenic, and
amylene ; as well as deaths from cholera, yellow fever,
typhus, and uremia.

6. That the cause of imperfect coagulability of blood
would appear to be due to one of two causes—to a posi-
tive deficiency in the elaboration of fibrin, or to the fact
that the fibrin, being elaborated, is held in an abnormal
state of solution in the liquor sanguinis.

7. That such absence or unusual fluidity of the fibrin is
attended, as a general rule, with a modification, consist-
ing possibly of a partial solution, of the red corpuscles.]
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latter or watery blood being irregular, some oval, others
many sided, and a few stellate. These also continued in
motion for a much longer time.

This experiment, as illustrating the rapid absorption
of water by the exhaunsted body, and the effects of the
water on the blood, throws much light on the cause of
of death in instances where fatal effects have occurred
in exhausted persons, after the drinking of fluids too
copiously. I may remark that this patient always
showed symptoms of faintness on replenishing himself
overmuch with water upon a prolonged abstinence. He
exhaled ammonia freely by the breath at all times.

Exvermvest xu1.  Inhalation of Antimonuretlted Hy-
drogen. In cases of antimonial poisoning, according to
my observations, the blood is found after death loosely
coagulated ; while in some extreme cases it is quite
uncoagulable, even after exposure to the air.

A young dog was placed in a chamber capable of
holding 8350 cubic inches. The chamber and its
arrangements were the same as in the experiment
No. 1, described at page T1. After the animal had
become quiet in the chamber, I drove into it 100
cubic inches of antimonuretted hydrogen; and this
operation was repeated every twenty minutes so long
as the experiment continued, 100 cubic inches of
air being driven through with each dose of the gas.
In the atmosphere thus empoisoned the animal lived
three hours and forty minutes, in the course of which
time 1000 cubic inches of the gas, with the same quan-
tity of fresh air, were driven through the chamber. The
current was kept up so steadily that complication from
carbonic acid meuﬁrely excluded.
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elicited. At the end of an hour and forty minutes there
was copious purging, and ten minutes later there was
free vomiting. The excreted matters thus thrown off
yielded abundant evidence of antimony. The death
was not preceded by coma, but by increasing feebleness
and simple failure of the circulation. In this case the
breathing organs outlived the heart,

Forty-one hours after death, I examined the body
with Dr. Snow. There was intense congestion of all
the viscera. The heart was charged with blood on both
sides, and the aorta was full of blood. The blood was so
fluid that it could be poured out freely; and on expo-
sure to the air for two days it underwent no solidifica-
tion whatever. In the pleural cavity of this animal there
were about six drachms of a pinkish fluid, which, being
collected in a test-tube, coagulated on exposure to air
into a jelly-like clot from which clear serum exuded.
This was obviously an exudation of simple liquor san-
guinis: it resembled in every way the fluid which can
be skimmed off the surface of inflammatory blood before
the fibrin separates.

Exvenimest xvuit.  Anfimony injecled into the Jugular
Vein. Dr. Barker, of Bedford, was kind enough to send
me a dog, which he, together with Dr. Thudichum, had
destroyed by injecting into the jugular vein one scruple
of tartar emetic, dissolved in twe ounces of water. As
the solution came into contact with the blood, the
colour of the blood became suddenly of a bright scarlet.
The animal soon exhibited the symptoms of prostration
common to antimonial poisoning. There was, however,
no purging, nor vomiting ; but at times there seemed
to be attempts to vomit. The prostration terminated
in death about three hours after the operation. On
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manner, and died as instantaneously. Forty-eight
hours after death, I opened the body. The heart and
large veins were filled with blood which, as before, was
dark and firmly coagulated. There was in this case
also no cadaveric rigidity.

In the slanghter-house I have observed in oxen the
effects of shock, from the blow on the head with a pole-
axe, more than two hundred times; but I could never
find that the shock administered before the blood was
drawn, in any way prolonged the process of coagulation
in the blood afterwards abstracted by the knife, From
the fact that the butcher is anxious, the moment that a
beast is prostrated by the axe, to lay open the throat, in
order, as he says,  to empty the body” completely (an act
which cannot be effected if time is lost), I thought once
that some partial coagulation might occur in the body
directly after the blow is struck, inasmuch as the blood
flows with difficalty in proportion to the time that is
lost. But I soon learned that the expedition is called
for, in order that the. heart may retain suflicient force
to pump out the blood from the divided vessels, and
that coagulation is not the primary obstacle to the

“emptying process.”]

The observations recorded in this chapter have all
important bearings in regard to the phenomenon of
coagulation, as I shall have frequent occasion to point
out in the sequel. The immediate inferences to be
deduced from them are:—

1. That in cases of immediately sudden death (death
" ¢ electricity excepted) the blood coagulates, as a
general rule, with moderate firmness; and in the
' %ﬁﬂmbyupamﬁugmhtwupuu—
ed clot and serum: [but that this process is
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have found, without exception, that a well marked dif-
ference in the period of coagulation may be produced
by exposure of blood to extremes of temperature, to
wit, exposure at freezing point and at 140° Fahr.
Between these points, experiments on the mere process
of coagulation are, in some measure, limited ; since
above 140° Fahr. coagulation of the albumen is immi-
nent ; while below 32°, the physical change of freezing
is probable, by which change coagulation is temporarily
suspended.

[Before proceeding to the details of experiments, T
think it right to point out, as a guide to future in-
quirers, and as an indication of some of the causes of
the differences which are to be met with in the history
of past inquiries, certain difficulties which beset the
question of the influence of temperature on the process
of coagulation.

In the first place, it is necessary rigidly to observe
the rule of drawing no comparative deductions regarding
the effects of temperature from experiments made on the
blood of diferent animals, inasmuch as there are constant
variations in the period of coagulation according to the
animal from which the blood is taken, and independ-
ently altogether of the temperature. For example, the
blood of man, of the ox, and of the pig, coagulates,
under the same conditions, much more slowly than the
blood of lambs, and the blood of lambs more slowly
than the blood of sheep. The blood of an animal that
is heated by exercise coagulates more quickly than that
of one that is cold or exhausted. Again, in animals of
the same kind, and under the same conditions, the period
of the coagulation of their blood varies, possibly from
modifications in the condition of such blood itself. For
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example, I have repeatedly been present in the slaughter-
house when six sheep of the same breed, and all appa-
rently healthy, have been slaughtered one after the other.
I have received blood from each victim in the same cup,
in the same quantity, and in the same temperature, and
have observed variations in the periods of coagulation,
ranging from fifty seconds to four minutes; nor can I,

indeed, recall any two cases of this kind in which there
was absolute uniformity of result. To take the same
point of temperature, therefore, and to draw deductions
as to the effects of such temperature on the period of
coagulation in the blood of different animals is, of
necessity, to make a false inference.

In the second place, in exposing the blood of the
same animal to different points of temperature at the
same time, it is of absolute necessity so to use the
thermometer as to obtain the absolute temperature of the
blood itself, and not merely of the medinm in which the
cup containing the blood is placed. Take, for instance,
two cups of blood drawn at the same moment; place
them in different conditions ; place one eup in water at
a temperature of 60°, and the other in water at a tem-
perature of 100°; and, if the heat of the medium only
be considered, the inference, in nine cases out of ten,
will be that there is no appreciable difference as regards
the period of coagulation. To show, however, that
this inference is incorrect, it is only necessary to remove
the thermometers from the water, at the moment when
the cups for containing the blood are filled, and to
immerse the bulbs of the thermometers into the blood
itself. It will then be proved that the mercury in the
thermometer from the cold medium, as soon as the bulb
is immersed in the blood, runs up quickly towards the
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point of the temperature of the blood, i.e., to 90°, or a

or two more ; while the mereury which has been
exposed to the higher temperature will, on the thermo-
meter being immersed in the blood, sink down to the
temperature of the blood. Thus the two bloods, although
placed under such different circumstances, are in fact,
within a degree or two, of the same heat; and as the
period of coagulation is one sometimes of seconds, and
at most of minutes, and as the blood is a fluid which
yields up its caloric slowly, and absorbs caloric slowly,
the effects of temperature are often too refined to
become manifested at first sight. In order, therefore,
to obviate the difficulties here described, it is positively
necessary, in testing the effects of temperature, firstly,
to employ extremes of temperature, and, secondly, to
take the point of temperature from the blood itself.
Any inference deduced without attemntion to these
details is necessarily delusive.

Thirdly, the temperature of the uurroundmg atmo-
sphere must be taken into account. In all animals the
blood coagulates, as a general rule, more rapidly in very
hot than in very cold weather ; and, as one surface of
the blood exposed in a cup is open to the influence of
the external air, this influence has its effects, despite the
temperature of the medium in which the containing
cup is immersed. Blood, for instance, received in an
open cup, and placed in water at a temperature of 120°,
will coagulate more quickly if the external temperature
is at 70°, than if it were at 35° and wvice versd; a fact
which can only be proved by performing the same
experiment in winter and in summer. This may seem a
truism ; but it requires to be stated to secure accuracy.

Lastly, in performing comparative experiments on
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the effects of temperature, cups of the same size and
shape for containing the blood must be used, otherwise
an error from another source will spring up, as will be
fully shown in a succeeding page.]

Exrerivent xuvin. Erposure of Blood lo a temperature
of T0° Falr. An ounce of fluid blood was drawn direct
from the throat of an ox, and was received into a test-
tube. It was allowed to coagulate at the ordinary
temperature of the day, viz,, 70° Fabr. The tempera-
ture of the blood on being drawn, as ascertained by
a fine hair-bulb thermometer, was 98:5° Fahr. The
blood coagulated in three minutes,

Experivent xux, Ezposure of Blood to a lemperature
of 98° Fahr. At the same moment a similar quantity
of the same blood was received into a test-tube, of the
same size and shape as in the last experiment. This
tube was now placed in water at 98" Fahr,; the blood
it contained coagulated, as in the former instance, in
three minutes.

Exrerivent L, Erposure of Blood lo a lemperature of
32° Fahr. Another portion of blood was received in a
similar manner (in a test-tube) at the same time and
from the same animal. The test-tube was then im-
mersed in water at a temperature of 32°. The blood
coagulated in four minutes and two seconds.

ExperiMext 11, Erposure of Blood o a lemperature
of 10° above Zero. The same amount of blood was re-
ceived in a similar manner (in a test-tube) at the same
time and from the same animal. The test-tube was
then plunged into a mixture of ice and salt, in which the
thermometer stood at 10° above zero. In four minutes
the blood became rather firmer in consistency ; but it
did not coagulate for six minutes and ten seconds.

|
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[In the preceding experiments, as will be seen, I ob-
served only the temperature of the medium in which
the blood was placed. In those immediately succeeding,
the temperature of the blood itself was taken, after it
had been placed in the cups intended for its reception.
These experiments illustrate the importance of the pre-
cautions laid down at the commencement of this chapter.

Exrerivent v, Effects of Temperature. 1 took
three thermometers, which kept tune together, when
tested at different temperatures. I also fitted up three
glass cups, so that each cup should inclose a second cup
for holding blood. 1 then surrounded one of the inner
cups with water at 56° Fahr. : a second cup I placed in
water at 140° Fahr, The temperature of the external
air was 720 Fahr,

After taking the exact temperatures of the hot and
cold waters, as noted above, I removed the thermometers
from the fluids in which they had been immersed, and
placed them upright in the two empty cups intended to
receive the blood. The mercury in each thermometer
at once changed its position. That in the cup sur-
rounded by cold water rose to 657; that in the eup sur-
rounded by the heated water fell to 126°. At this mo-
ment an assistant received blood from the neck of a
gheep, and instantly filled the two cups; and also a
third eup, of the same size and shape, which was simply
exposed to the temperature of the air, and in which the
thermometer stood at 72° Fahr. As soon as the blood
enveloped the thermometers, the mercury changed po-
sition in all of them ; the two thermometers, which had
stood respectively at 65° and 72, rose to 92°; the ther-
mometer, which in the cup surrounded by hot water had
stood at 126°, fell to 95°, and did not reascend until after

L
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coagulation had occurred. The blood in each cup coagu-
lated in fifty seconds. I was unable to notice any differ-
ence at all in the period of coagulation ; but the clot, at
the end of one minute, was decidedly firmest in the blood
which had been placed at the highest temperature.

Exrerivent . Effecls of Temperature. 1 per-
formed on the same day a similar experiment on the
blood of a lamb, modifying it slightly by employing
water at other temperatures. The cool water was
brought down by ice to 50°, the warm water was raised
to 160°. The thermometers were placed in the empty
eups, and surrounded with newly drawn blood. Before
coagulation, each thermometer came to the same tem-
perature, within two degrees: the first rose to 91° the
other fell to 93°; and at these points they stood when
the blood coagulated, which it did in each case in
forty-six seconds after reaching the cups. As before,
the blood that had been poured into the warm cup was
firmest, as a clot, at the end of a minute,

ExreriMent vrv.,  Effects of Temperature. 1 per-
formed a similar experiment, on the same day, with the
blood of a sheep; the only modification being, that the
water surrounding the blood was, in one vessel, at 60°,
in the other, at 120°: the results were the same. The
thermometers approached the same point, and coagula-
tion took place in each cup at the end of one minute
and three seconds. The blood exposed to the warm cup
did possibly coagulate more quickly by the space of one
or two seconds ; but the determination of this delicate
point being doubtful, it would not be fair to press it as
a fact.

Exveriment Lv. Effects of Temperature. The tem-
perature of the external air was 72° Fahrenheit. I



EXPERIMENT —EFFECTS OF TEMPERATURE. 147

placed an eight-ounce thin glass cup in a freezing mix-
ture of ice and salt, and a second glass cup, of the same
size and shape, in water at 130° Fahr.; T then put a
thermometer into each empty cup which was to receive
blood. These preparations made, I received blood
from the throat of an ox, and instantly filled both cups,
together with another similar cup, which was simply
exposed to the ordinary temperature of the day. When
the blood was first poured into the cups in which the
thermometers stood, the mercury of the thermometer in
the cold cup rose to 91°; while the mercury in the
thermometer in the warm cup fell to 95° After a lapse
of fifty seconds, the mercury in each thermometer again
underwent change, the blood being still fluid in both
cases. The thermometer in the cold cup gradually fell,
and in the course of another fifty seconds stood at 68°,
which position it retained. The thermometer in the
warm cup, on the contrary, rose to 104°, at which point
it stood at the moment of coagulation, which occurred
precisely in two minutes. The blood which had been
set aside, at the ordinary temperature, coagulated thirty
seconds later. The blood, the temperature of which was
68° was, at this time, entirely fluid, and conveyed a dis-
tinet impression of cold to the finger; it was, in fact,
chilled thronghout its entire mass. At the end of four
minutes and a half it was still perfectly fluid; at five
minutes it commenced to thicken ; and at five minutes
and thirty seconds it was coagulated. The blood which
had been exposed to a high temperature, set in a firm
and dark clot; that exposed to a low temperature re-
tained its bright red colour, but the clot was less firm
so long as it remained surrounded by the cold.

I remarked in this experiment the interesting fact,

L1
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that the blood in the warm cup commenced to coagulate
from below upwards; while that in the cold cup com-
menced to coagulate at the top, the process extending
gradually downwards.

I shall show, in a succeeding section, the effects
which arise from the addition of water to blood. I
must anticipate the results of these vbservations at this
point to say that, at ordinary temperatures, the addition
of water to blood, in quantities not exceeding the
quantity of blood used, does not materially affect the
coagulating process. I took advantage of this fact
to ascertain the effects of temperature on coagulation,
by mixing blood, newly drawn, with water at different
degrees of temperature. By this intermixture I raised
or reduced the temperature of the blood at once, and
was thus enabled to compare the periods of coagulation
at different points of the thermometer. The following
experiments will illustrate this plan of research.

Exverivent v,  Effects of Waler at different Tem-
peratures on the Process of Coagulation. 1 placed in one
glass cup a fluid ounce of water at a temperature of
135° Fahr, In another cup I placed an ounce of water
at a temperature of 40° Fahr. I now received from
the neck of a sheep four fluid ounces of blood, and at
once transferred two ounces of the blood to the cold
water, and the other two ounces to the warm water,
After the blood, which was added to the warm water,
was fully commingled with the water, a thermometer
placed in the mixed fluid rose to 100°: this blood co-
agulated in fifty-seven seconds, the clot being firm and
dark. After the blood, which was added to the cold
water, was commingled with the water, a thermometer
placed in the mixed fluids rose to 63°: this blood coa-
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gulated in one minute and twenty-five seconds, the clot
retaining its red colour, but being much looser in
texture than the other clot.

Exrerivext wvir.  Effecls of Waler al different Tem-
peratures. 1 received two ounces of blood, freshly
drawn from the neck of a sheep, into a glass cup
containing one ounce of water, at a temperature of
45° Fahr. Instantly afterwards, I received two ounces
more blood, from the same source, into a cup contain-
ing one ounce of water, heated to 130° Fahr. The
blood received into the warm water coagulated in a
firm and perfect, but dark looking clot, in forty-four
seconds, The blood mixed with the cold water com-
menced to coagulate in one minute and thirteen seconds.
The clot, though not dark, was very loose, and, at the
end of ten minutes, was less firm than that in the other
cup at its first formation.

Exeerivext vvint.  Effeets of Waler al different Tem-
peratures. 1 placed in one glass cup two ounces of
water, the temperature of which was 50° Fahr.; in an-
other cup I placed two ounces of water at a tem-
perature of 120° Fahr, ; the temperature of the external
air was 70°. 'When all was ready, I received from the
neck of a sheep six ounces of blood. T transferred two
ounces of this blood instantly into the cup containing
the cold water, and two other ounces into the cup con-
taining the warm water ; the remaining two ounces were
left to coagulate naturally. The period of natural coa-
gulation was one minute and forty seconds. After the
blood added to the cold water was commingled with the
water, the thermometer immersed in the common fluid
rose to 68°; the blood became dark, and coagulation
did not commence for three minutes, and was never
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firm, After the blood was added to the warm water,
the thermometer fell to 111°. This blood coagulated
in one minute; the clot was dark, but firm.

Exverivext uix. Effecls of Waler at different Tem-
peratures. 1 placed in one glass cup two ounces of
water at a temperature of 56° Fahr,; in another
cup I placed two ounces of water at a temperature
of 125°; the temperature of the air was 71° I
now received from the neck of a sheep six ounces of
blood : two ounces were at once poured into the cup
containing the cold water; two other ounces into the
cup containing the warm water ; and two ounces were
left exposed to the external air. After thirty seconds,
the thermometer in the colder cup rose to 70°; that in
the warmer cup fell to 115%; another thermometer
placed in the natural blood rose to 93°. The order of
coagulation was as follows: The blood at 115° coagu-
lated in fifty seconds, with a firm but dark clot; the blood
at 93° in one minute and three seconds, with a red and
firm clot ; the blood at 72° coagulated in one minute and
twenty-six seconds, with the clot loose and dark. Serous
fluid exnded freely from all these specimens, but most so
from those with which water had been mixed.

I one day observed that some blood that had been
poured into a hollow part of a block of ice (the tempe-
rature of the air around being 50° Fahr.) was not frozen,
but was chilled generally, and was prevented from coagu-
lating for several minutes. Taking advantage of this
observation, I had suggested to hand a variety of pretty
experiments for illustrating this part of my subject. I
ask special attention to such of these experiments as
are about to be given ; because they are so simple, and
the results are so uniform and broadly marked, that
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any observer may at once perform and confirm them
without expense, and with the slightest possible trouble
incident to experiment.

Experivment wx.  Effect of receiving Dlood in an
dee-cup. The temperature of the day was 70° Fahr,
I cut out of a block of ice a cup of the size and shape
of a large watch-glass; I then received blood from the
neck of a lamb, and instantly filled the ice-cup, as well
as a glass cup of the same size, which was simply ex-
posed to the external air. The blood in the glass cup
coagulated in one minute and twenty-two seconds.
The blood in the ice-cup remained perfectly fluid for
fifteen minutes, being dark in colour, At the end of
twenty minutes, coagulation commenced, and was more
developed in five minutes, but the clot was not firm,
Removed from the ice and exposed to the external air,
the clot became firmer, and serum exuded from it.

ExrEriMENT LX1. Effect of receiving Blood in an Ice-
tube. In a large block of ice I cautiously drilled a
round bore, three inches deep and three-quarters of an
inch in diameter. At the lower part of the bore I
scooped out the ice more, so as to make a bulb at this
point, I then cut a stopper out of a smaller block of
ice, and made it fit as closely as possible into the upper
part of the ice-tube. My plans thus arranged, I re-
ceived blood from the neck of a sheep, filled the ice-
tube with it instantly, and inserted the stopper. The
blood of this animal, exposed to the external air, the
temperature of which was 75° Fahr., coagulated firmly
in one minute and fifty-three seconds. The blood in-
closed in the ice was left alone for half an hour. The
ice-stopper did not perfectly close its tube: by the
side of the stopper small bubbles of gas were observed
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escaping. At the end of the half hour the stopper was
removed, and the blood was found as fluid as at the
moment when it was first drawn. At the termination
of another half hour the blood was examined, and was
found partly coagulated ; and in fifteen minutes more it
had formed generally a soft coagulum, having at its
upper part a pale appearance. Replacing the stopper,
1 set the whole aside in a cold place. At the end of
fifteen hours, the clot was still very loose and jelly-like,
but was distinctly coated at its upper surface with a
thin buff layer of fibrin.

Exrenivent uxit.  Effect of receiving Blood in an JTee-
cup. 1 carved in a block of ice a shallow cup, three
inches in diameter at the upper and widest part. I then
cut a rounded block, which fitted into the hollow cup
and covered it externally, but did not quite fill up the
whole concavity beneath. Thus prepared, I received
half an ounce of blood from the throat of a lamb, and
poured it into the ice-cup, instantly closing it in with
the rounded block, and setting it aside, A little more
blood from the same animal coagulated in one minute
and five seconds in the outer air, the temperature of
which was 75° Fahr. At the end of half an hour, the
blood in the ice was examined, and found liquid, but
commencing slightly to thicken. At the end of thirty-
seven minutes it had formed a soft clot, covered at the
upper surface with a fine, pale, striated coat.

Experiment vxut.  Mizfure of newly-drawn Blood
with ITce-serapings. 1 scraped into a cup two teaspoon-
fuls of ice, I next received an ounce of blood from the
neck of a lamb, into a cup of the same size and shape.
As soon as the blood was in the cup, I transferred half
of it into the cup holding the ice, and gently stirred the
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ice and blood together. The blood left to coagulate na-
turally at the temperature of the air, 75° Fahr., was so
firm a clot in one minute and twenty seconds, that it
could be turned ea masse on to the table. By this time,
the ice in the other eup had dissolved in the blood, and
the blood was quite fluid. The thermometer bulb being
immersed in the cold fluid, the mercury fell down to 50,
and at this point it remained for seven minutes and a
half, the blood meantime being entirely fluid. At this
moment the mercury began to change its position, and
slowly to rise. At the end of two minutes the blood
was thickening ; and this process continued until four-
teen minutes had elapsed, when the thermometer stood
at 60°, and the blood had become an uniform dark and
soft coagulum.

Expemiment uxiv.  FEffeet of Freezing Blood. 1 had
constructed a long eight-ounce vessel made of thin tin,
and having a lid which could be slipped on air-tight.
Having, on a day when the temperature was 35°%, placed
this vessel in a box surrounded with snow and salt, I re-
ceived into it, direct from the neck of a sheep, as much
blood as completely filled it. T then adjusted the lid,
heaped above some more snow and salt, and set the
whole aside for half an hour. Meanwhile, a little blood
received into a teacup, exposed to the air, was found
to coagulate in three minutes and twenty-six seconds.
When the half hour had elapsed, I unclosed, in the open
air, the tin vessel containing the blood which had been
surrounded with the snow and salt. The blood was in two
states. In the centre of the vessel there was a column |
of lignid blood, amounting, by measure, to ten drachms,
which was poured off into a cup. The remainder of the
blood was a frozen mass, adhering firmly to the side of
the vessel,
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Exeerimest uxv. Observalions on the Liquid portion
of Blood. Leaving the frozen blood, named above, in
its vessel, still surrounded by the cold, 1 hastily divided
the fluid portion into equal parts in two glass cups,
Number one I left exposed to the open air, at 35° Fahr. ;
number two I carried into a room, the temperature
of the air of which at the place of observation was
60" Fahr. This blood thus observed coagulated firmly
in four minutes. At the end of this time, I returned
out of doors to blood number one. This was still fluid,
In one minute more it began to thicken, and in two
minutes was firmly clotted. Serum did not exude from
either specimen of blood-clot.

ExpPeriMERT LXVI. Observation on the Frozen Blood.
I now returned to the blood which remained frozen.
The portions most central were crispy, and were easily
removed with the handle of a scalpel. A portion of this
kind of frozen blood was received into a shallow cup
and taken into the warm air at 60°; it speedily became
fluid, and immediately commenced to coagulate. It
coagulated firmly, but no serum exuded from the clot.

Exvermvext wxvit.  Observation on the Frozen Blood.
A second portion of the frozen mass was put into a
spoon, and suddenly placed at a temperature of 1007,
It thawed first, and coagulated so quickly afterwards,
that, although I could observe the transitions, I could
not accurately note the intervals of time in which they
occurred.

ExeerismeNt Lxvit,  Observafion on the Frozen Blood.
I next removed a portion of the frozen mass nearest to
the surface of the tin vessel. This was hard, bright,
and glossy. I placed it in a test-tube, broke it (the
frozen blood) gently with a glass rod, and very cau-
tiously thawed it. When it was fluid, I immersed
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the test-tube in ice and salt, and froze the liquid
a second time. Again I gently dissolved it by heat,
again froze it. Having once more dissolved it by heat,
I poured it into a glass cup and carried it into the
air at 60°. Thus exposed, it slowly coagulated, but the
clot was dark in colour, feeble in consistency, and from
it no serum exuded.

ExrerivMent rx1x. Observafion on the Frozen Blood.
Lastly, I placed the tin vessel, containing the remain-
ing part of the mass of frozen blood, in the air at 60°,
Thus placed, the blood gradually thawed and then co-
agulated ; but the stages of transition from fluidity to
coagulation were not readily distinguishable, and the
clot formed was dark and loose.

In performing the experiments of freezing, thawing,
and coagulating blood, the utmost delicacy is required in
the thawing part of the process; otherwise the blood
will coagulate so quickly that the stage of fluidity will
not be observed at all. I have only once been able to
freeze and thaw blood three times successively, and that
was in the instance detailed in the last experiment.

I do not think it necessary to introduce any further
experiments on the effects of temperature on coagula-
tion. Those above named have been modified in various
ways, but with results tallying in essentials in every
point. It is clear that the period and the force of coa-
gulation are modified importantly by temperature; that
extreme cold suspends this process altogether, while
heat quickens and intensifies it. But to see this signi-
ficant fact clearly and positively by experiment, it is
requisite to provide for all modifying causes, to re-
member the laws by which heat is absorbed and ra-
diated, and to consider how the mass of blood used is
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acted on by the heat or the cold to which it is subjected.
Recognizing the great truth, that * what is of the local
is of the general”, I could never observe the often re-
peated fact, that very intense cold prevents coagulation,
* without feeling that this fact was but a point in the
scale of a general law. Now, with full experimental
information to guide me, I am safe in concluding that
the period of coagulation, under circumstances favour-
able to the process itself, and to the influence of heat
on it, is quickened by the addition of every degree of
heat, and suspended in the converse scale by the ab-
straction of the heat.

Experiment Ixiii gives of all, perhaps, the best illus-
tration of the influence of temperature. While the mass
of blood was subjected to the cold, the thermometer fell
and the blood remained fluid. When the heat was
equalised, and the combined ice-water and blood began
to absorb heat from the external air, the thermometer
rose, and the blood slowly coagulated. ]

This conclusion is in strict accordance with what
occurs in regard to the abstraction of blood at varions
seasons of the year. In hot summer weather, in per-
forming the operation of phlebotomy, I have seen the
blood, even when drawn from a free opening, coagnlate
at once on reaching the basin, although drawn from a
pneumonic patient. In performing the same operation
in a similar case in the middle of winter, when the tem-
perature of the room was itself 50° Fahr,, T once saw
the blood six minutes in coagulating ; a result which
~ was obviously due to temperature, since another por-

tion of blood from the same patient, which had been
placed in a cup floating on water at 120 Fahr., coagu-
lated in three minutes.
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The effects of heat and cold on the process of coagn-
lation are well known in the slaughterhouse. In very
hot weather, the coagulation is so rapid, that it is almost
impossible to gain sufficient time for whipping out the
fibrin from a mass of blood.

These results are, further, in accordance with the
observations of Metealfe; viz. that the period of coagu-
lation varies with the animal from which it is drawn,
being quickest in those which are endowed with the
highest state of chemical activity, and wice versd,

When animals are driven for a short distance imme-
diately before slaughter, and are killed while they are
yet warm, and respiring quickly from the exercise, the
blood coagulates with remarkable rapidity. I have
seen the blood of sheep thus drawn, even on a day
when the temperature was at 50° Fahr., coagulate in
twenty seconds when received into a test-tube; and
any physiological butcher who may be questioned on
this point, will confirm the observation. If, on the
other hand, the animal has been kept quiet, and in a
cool place, for a few hours previous to death, the blood
coagulates with moderate slowness; while in instances
where the animal has been driven for many miles, and is
brought to the abatfoir cold, breathless, and exhausted
from the fatigue, the blood drawn shows a very feeble
tendency to coagulate, and the clot formed is but loose
after a lapse of from two to three hours. An animal
in this condition is, indeed, in much the same state as
is one that has long been breathing a narcotic vapour;
for the force of the heart has been weakened; the
respiratory muscles have been reduced to a minimum
of power; and the chemical changes of respiration and
circulation have, from this combined failure, become
materially reduced in energy.
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I do not enter into any inquiry regarding the evoln-
tion of calorie from coagulating blood ; because this
question has been thoroughly investigated by Dr. John
Davy, and becanse it seems to be irrelevant at this
moment to do more than refer to it. For, as the fact is
now proved, that the addition of caloric favours coagu-
lation, while its abstraction retards coagulation, it is
illogical to refer this process to the absolute escape
of heat,

The solution of the question, Why is the rapidity of
the coagulating process increased by an increase of tem-
perature ! may be easily and correctly made by attri-
buting the effect to a mere physical cause, It may be
inferred, and we shall see how far succeeding observa-
tions will confirm this inference, that a high tempera-
ture exerts its well known physieal effects of quicken-
ing evaporation and the extrication of gases.

[H. EFFECTS ARISING FROM THE ADDITION OF WATER TO
FRESH BLOOD.

I have pointed out in the first Chapter certain results
which have been arrived at by different observers as to
the effect of diluting blood with water; and in the
second Chapter, in commenting on this historical point,
I have indicated that the discrepancies which have
arisen were possibly due to the fact, that water of
different qualities was employed by different obser-
vers. [t may be added in this place, after the experi-
ments which have been detailed regarding the effects of
water of different temperatures on blood, that modifi-
cations in the temperature of the water used, and of
the surrounding air, may also have modified the obser-
vations which have been made. To obviate these pro-
bable mishaps, I took special care, in the performance
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of the experiments now to be related, to use a pure
water; to use the same kind of water every time; to
note the temperature of the air and of the water at the
period when the experiment was proceeding ; and to
alter the temperature of the water in the different series
of inquiries. I believe, therefore, that the succeeding ob-
servations will convey to the reader a clear and correct
idea of the influence of water in quickening or retard-
ing the process of coagulation.

Exeerivest vxx. Effect of Diluting Blood with Water.
Temperature of the Water, 60° Fahr.; of the Air, 70° Fahr.
I placed #wo ounces of water at 60° in a glass measure ;
I then received into the same measure fwo ounces of
blood direct from the neck of a sheep, and handed the
cup to an assistant to note the time of coagulation. The
blood coagulated in fifty-four seconds: the clot was
dark and loose. A large quantity of water afterwards
exuded from it, upon which the clot became much firmer.

ExperIMENT LXXI. Effect of Diluting Blood with Water.
Temperature of the Water, 60°; of the Air, T0° Fahr,
From the same animal 1 received into another mea-
sure ready at hand, and containing one ounce of water
at 60°, fwo ounces of blood, and passed it to another
assistant to observe the period of coagulation. The
blood coagulated firmly into a bright red clot in fifty
seconds. From this clot much serum exuded : the clot
itself was very firm, and retained its ved colour,

ExperiMent wxxit. Efeet of Diluting Blood with
Water. Temperature of the Water, 60°; of the Air, T0° Fahr.
From the same animal I received into another glass
measure, in which there were already fwo fluid ounces
of water at 60°, one fluid ounce of blood. This
blood did not coagulate for one minute and fifty se-
conds. The clot formed was very dark in the lower
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part, and very loose; but at the upper surface there
were white flaky separations of fibrin. Set aside for
an hour, a large quantity of watery matter exuded
from the clot; the mass of the clot beneath continued
loose and dark, but the upper surface was coated with
a fine soft layer of fibrin, about a line in thickness, and
firmly adherent to the clot beneath.

The blood of the animal used in these experiments
coagulated in fifty seconds simply exposed to the sur-
rounding air, in which the thermometer stood at 70°
Fahrenheit.

Exeerimest wxxmnt, Efecls of diluling Blood with
Water. Temperature of the Water, 40° Fahr.; of the Air,
45° Fakr. 1 mixed &z fluid ounces of newly drawn
sheep's blood, by measure, with siz fluid ounces of water
at 40°. In four minutes coagulation feebly commenced :
the blood became many shades darker in colour as it
commingled with the water, and the clot was never
firm, though it could be turned out of the bason, en
masse, and serum exuded from it freely.

Other blood taken at the same moment from the
same animal coagulated firmly in one minute, exposed
to the temperature of the air.

Experimest 1xxiv. Effecls of diluting Blood with
Water. Temperature of the Water, 40° Fahr.; of the Air,
45° Fahr. 1 mixed siz fluid ounces of fresh blood from
the neck of another sheep, with #hree fluid ounces of
water at 40°. The change of colour was very slight. The
blood in this instance coagulated in one minute, and
ultimately formed a moderately firm clot. The blood
of this animal, exposed to the open air, was fully set in
one minute into a very firm clot.

ExperiMest 1xxv. Effect of diluting Blood with

" Water. Temperalure of the Water, 40" Fahr. ; of the Air,
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45° Fahr. 1 mixed #hree fluid ounces, by measure, of
another sheep’s blood, freshly drawn, with siz fluid
ounces of water. The blood commenced to coagulate
feebly in one minute, and the process continued for five
minutes longer: the clot was dark and very loose.
The blood of this animal, left to itself, coagulated
firmly in one minute,

Exrerivent vLxxvi.  Effect of diluting Blood with
Water. Temperature of the Water, 40° Fahr.; of the Air,
45° Fahr. I mixed siz fluid ounces of fresh blood from
the neck of another sheep, with twenfy-four fluid
ounces of water, At the end of four minutes the
blood began feebly te coagulate, but the coagulation
was modified. No uniform red clot was formed; but
the fibrin separated in a pale jelly-like layer, which
floated loosely to the top of the fluid: fully fifteen
minutes elapsed before the separation was complete.
The blood of this sheep, left exposed to the air,
coagulated firmly into a red clot in one minute and
-a half,

Experivest vxxvi.  Effect of diluting Blood with
Water. Temperature of the Water, 40° Fahr. ; of the Air,
45° Fahr. 1 mixed siz fluid ounces of fresh blood from
another sheep with fwenfy-four fluid ounces of water.
The results were the same as in last experiment. There
was a separation of the fibrin resembling pale jelly in
appearance, which floated in loose flakes in the upper
part of the general fluid. The separation was not
complete for an hour; but when, fifteen hours after-
wards, the serum was poured away, the fibrin contracted
into a loose jelly-like pale mass. The blood of this
animal, left to itself in the air, coagulated firmly in
one minute. g

M
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The blood of the animal used in this series of experi-
ments coagulated firmly in forty seconds when exposed
to the air (temperatare 75°).

ExperiMesT LXxX1. Effect of diluting Blood with
Watler. Temperature of the Water, 96° Fahr.; of the Air,
T2 Fahr. 1 poured fwe fluid ounces of blood from the
neck of a sheep into a cup containing fwo fluid ounces
of water at 96°: the period of coagulation was noted
by an assistant. The process was complete in thirty-
five seconds; the clot was dark but firm.

Experivent Lxxxir.  Efeet of diluting Blood with
Water. Temperature of the Water, 96°; of the Air, T2
Two fluid ounces of the same animal’s blood were poured
into four fluid ounces of water at 96°, Coagulation
occurred in forty seconds, the clot being dark and loose.

Exreriment wxxxut  Effect of diuting Blood with
Water. Temperature of the Waler, 96°; of the Air, T2,
Two fluid ounces of the same animal’s blood were poured
into siz fluid ounces of water at 96°. Coagulation com-
menced at the end of fifty-five seconds, the clot being
not fully formed for two minutes, and being dark be-
neath and very loose, with a pale surface above,

ExperiMent Lxxxiv. Effect of diluting Blood with
Water. Temperature of the Water, 96°; of the Air, T2°.
Two ounces of the same animal’s blood were poured into
eight ounces of water at 96°. In one minute and ten
seconds thickening began to occur in the centre of the
liquid ; and in four minutes there was a loose coagulum,
coated at its upper surface with a pale fibrous layer;
beneath, the colour was dark.

The blood used in this series of experiments coagu-
lated firmly in fifty seconds on exposure to the air
(temperature 72°).
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I received four ounces of blood from the neck of a
sheep, and subjected it to the following experiments.

ExreriMent vxxxv. Effecls of diluting Blood with
Waler. Temperature of the Water, 60° Fakr.; of the Air,
71 Fahr. Two fluid drachms of the blood were
mixed with #we fluid drachms of the water. Coagula-
tion occurred in two minutes and twenty seconds: the
clot was loose and dark, but could be turned out as a
general coagulum,

Exrerivent vxxxvi.  Effect of diluting Blood with
Water. Temperature of the Water, 60°; of the Adr, T1°.
Two drachms of the blood were mixed with #ws ounces
of water (temperature 60°). The blood commenced to
form a loose gelatinous mass at the end of six minutes :
at the termination of half an hour, a large gelatinous
semi-transparent clot floated in an abundance of fluid: a
pale film lined the clot on its upper surface. The clot,
on being poured into a basin, broke up into soft frag-
ments, resembling thin red currant jelly,

ExperiMeNT LxxxviL. Effect of diluting Blood with
Water. Temperature of the Water, 60°; of the Air, T1°
Two drachms of the blood were mixed with four ounces
of the water at 60°, A process of gelatinisation com-
menced at the end of ten minutes, At the end of half
an hour there was no definite clot, but a general soft,
semi-transparent gelatinous mass, coated at the top
with delicate, pale lymph flakes.

Exverimext wxxxvir  Efect of diluting Blood with
Water. Temperature of the Waler, 60°; of the Air, T1°
Two drachms of the blood were mixed with eight ounces
of water at 60°. Gelatinisation slowly commenced at the
end of thirteen minutes, At the end of half an hour,
there was a feeble gelatinous mass floating in the water,




EFFECTS OF ADDING WATER TO BLOOD. 165

coated at the upper surface with light lymphy mem-
branous-like shreds. The soft mass broke up completely
on being turned into a basin, but the lymph shreds
floated again quickly to the surface.

Exrenimext Lxxxix. Effect of diluting Blood with
Water. Temperature of the Water, 60°; of the Air, T1°
Two drachms of the blood were mixed with sizfeen
ounces of water. Gelatinisation commenced at the end of
twenty-two minutes: at the end of half an hour there
was a very feeble gelatinous-mass floating loosely in the
water, and coated at its upper surface with white lymphy
shreds. When the lymph was skimmed off, the soft
mass, with the water surrounding it, flowed in a uniform
current, into a receiving basin.

The period of coagulation of the blood used in this
series of experiments, when exposed simply to the air,
was one minute and twenty-five seconds.

These experiments on the effects of dilution of blood
with water were repeated in varions ways, but the results
were the same. I believe I am quite safe in deducing
from them altogether,

1. That dilution of blood with water does not mate-
rially modify the period of coagulation, if the amount
of water employed be not greater than the amount of
blood, but that the clot thus produced is loose in struc-
ture and uniformly dark.

2. That when the amount of water added to blood
is greater than the amount of blood itself, the process
of coagulation is retarded and modified. That when
the dilution is considerable,—as one of blood to sixty-
four of water,—a mere gelatinous coagulum is formed,
with a feeble separation of fibrin superiorly; and that
when the dilution is extreme,—say one of blood to a
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water at a temperature of 60° Fahr. The blood coagu-
lated feebly in two minutes: there was a firm but very
dark clot in two minutes and ten seconds.

ExrerivenT xc1v,  Admizture of Blood with Albumen,
One ounce of the blood was mixed with one ounce of
albumen, the temperature of which was 60° Fahr., the
specific gravity 1'040. The blood commenced feebly to
gelatinise at the end of six minutes. There was no
distinct coagulation until the end of twenty-six minutes,
when there was a feeble clot of a bright red colour, free
from buff colour at the upper surface,

Exrerivent xcv. Admizture of Blood with Syrup and
Mucilage. One ounce of the blood was mixed with ane
ounce of a mixture of simple syrup and mucilage, the
temperature of which was 60° Fahr., the specific gravity
1:060. Coagulation commenced feebly in seven minutes
and twenty seconds: at the end of sixteen minutes there
was a general but loose clot of a bright red colour.

I took from the neck of a sheep six ounces of blood.
"The natural period of coagulation of a portion of this
blood, as exposed to the air, was one minute and fifteen
seconds, The temperature of the air was 65° Fahr.

Exrerivest xcvi. Admizture of Blood with Waler.
(e ounce of the blood was mixed with one ounce of
water at 60° Fahr. Coagulation commenced in one
minute and forty seconds: the clot formed was firm
and dark. The blood darkened immediately after its
admixture with the water.

Expermment xcvir. Admizlure of Blood with Albumen.
Ome ounce of the blood was mixed with one ounce of
albumen, at a temperature of 60°, and a specific gravity
of 1:040, The blood commenced feebly to gelatinise in
two minutes and twenty seconds. There was no dis-
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tinct coagulation for eight minutes: at that time the
clot was very loose and was easily broken up; and in
this condition it remained. The blood retained its
bright red colour.

Experiment xevir.  Admixture of Blood with Syrup.
(e ounce of the blood was mixed with ome ounce of
simple syrup at a temperature of 60°, and of a specific
gravity of 1:200. The blood commenced to gelatinise at
two minutes and a half, but it had not fully coagulated
for eight minutes and ten seconds, when the clot formed
was very loose, but of a bright red colour.

Exrerimest xcix. Admicture of Blood with Syrup.
Two ounces of the blood were mixed with ore ounce of
syrup at 60° and of a specific gravity of 1-200. Coagula-
tion ocenrred in one minute and twenty seconds, the
clot being firm and of a bright red colour.

I took from the neck of a sheep six ounces of blood.
A portion of this blood exposed to the air, the tem-
perature of which was 65° coagulated firmly in one
minute and forty seconds,

Exvenimest ¢. Admizture of Blood with Waler. One
ounce of the blood was mixed with one ounce of water
at 60°. Coagulation occurred in two minutes and five
seconds, the clot being firm and dark.

Experiment e, Admizture of Blood with Syrup.
Two ounces of the blood were mixed with fwo ounces of
simple syrup at a temperature of 60°, and of a specific
gravity of 1-300. Coagulation commenced in seven
minutes and ten seconds: at the end of ten minutes
the clot was uniform, but loose. The colour remained
of a natural bright red.

ExperIMENT c11.  Admizture of Blood with Albumen.
One ounce of the blood was mixed with one ounce of
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albumen at 60° and of a specific gravity of 1:040. The
blood feebly coagulated at the end of five minutes : the
clot remained very loose, but of a bright red colour.

I received from the neck of a sheep six ounces of
blood. A portion of this blood, exposed to the air at
65°, coagalated in fifty seconds.

Exveriment cin.  Admizture of Blood with Waler.
One ounce of the blood was mixed with one ounce of
water at a temperature of 6(°. Coagulation was perfect
in one minute, the clot being firm, but dark.

Experivext civ, Admizture of Blood with Syrup.
Ialf a fluid ounce of the blood was mixed with a
guarter of a fluid ounce of syrup at a temperature of 60°,
and of a specifie gravity of 1:300. This blood coagulated
feebly in two minutes; the clot remained loose, but of
a bright red colour.

Exrerivexr cv.  Admizture of Blood with Albumen.
alf a fluid ounce of the blood was mixed with a quarter
fluid ounce of albumen at a temperature of 60°, and
of a specific gravity of 1:040. Coagulation occurred
feebly in two minutes and ten seconds: the clot re-
mained loose, but of a red colour.

Experivent ovi. Admizture of Blood with Albumen.
A quarter fluid ounce of the blood was mixed with half
a fluid ounce of the albumen. At the end of five minutes
there was commencement of coagulation; but the clot,
though red in colour, was very loose.

Exvermvent cvit,  Admizture of Blood with Gum-
water. Two ounces of blood were taken from the neck
of a sheep. One ounce set aside, exposed to the open air
at 65° Fahr., coagulated firmly in two minutes. The
ofher ounce was mixed with ese ounce of gum-water
(gum arabic) at a temperature of 60°, and of a specific
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gravity of 1'050. Coagulation had not set in at the end
of half an hour ; but at the end of two hours there was
a very loose flaky coagulum, floating in abundance of
lignid, The blood retained its bright red colour.

ExperiMENT cvint.  Admizture of Blood with Gum-
water. Two fluid ounces of blood were taken from the
neck of a sheep : one ounce set aside, exposed to the air
at 65°, coagulated firmly in one minute and forty seconds:
the remaining one ounce of blood was mixed with ene
ounce of gum-water of specific gravity 1:050, and of a
temperature of 60°, This blood remained perfectly fluid
for half an hour, and at the end of an hour was only a
little thicker than before ; in two hours, it was sepa-
rated into a very feeble clot, which floated, in a flaky-
like condition, in abundance of liquid, and retained its
red colour.

I drew from the jugular vein of an ox four ounces of
blood. A portion of this blood, exposed to the air at
68° coagulated firmly in a red clot in three minutes
and a half.

Experivent cix. Admizture of Blood with Waler at
60°  One fluoid ounce of the blood was mixed with one
ounce of the water: the admixture produced a general
dark colour. Coagulation was perfect in six minutes, so
that the clot could be turned out of the cup in one mass.

Exverivent cx. Admizture of Blood with Syrup.
One fluid ounce of the blood was mixed the next moment
with one ounce of syrup of a specific gravity 1300, and
a temperature of 60°. No change of colour followed
the admixture: at the end of six minutes there was
no indication of coagulation; but, one minute later,
feeble gelatinisation commenced; at ten minutes the
upper surface of the clot was paler than before; and
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at the end of fifteen minutes the whole was a feeble
coagulum, with a marked, pale fibrinous coat at the
upper sarface. The remaining part of the blood used
in these experiments, exposed to the air at 60° coagu-
lated firmly into a bright red elot in three minutes and
a half.

It is clear from these experiments that, by increasing
the specific gravity of blood, or by mixing it equally with
a fluid of, or near, it§ own specific gravity (1:055), the
process of coagulation is markedly retarded and modified.
It is clear, too, that this retardation is not due to mere
fluid admixture, according to quantities, nor yet to
special chemical action exerted by the added fluid, but
to the physical modification. 1f the mere addition of
fluid were the cause of retardation, then the equal addi-
tion of water ought equally to effect the retarding pro-
cess. If, again, the effect were chemical, the retardation
would not be common with different agents; whereas it
occurs whether gum-water, albumen, or syrup be the
fluids employed in the way of experiment.

If two drops of blood be taken from the hand, and
placed on the microscope glass at different points ; if the
one be mixed with a drop of albumen, and the other be
left free, a modification in the process of coagulation
will be readily observed. The blood mixed with the
albumen will remain fluid between the glasses, and the
corpuscles in motion for double, or even quadruple, the
time of the blood left naturally. The corpuscles of the
blood admixed with albumen will be seen also shrunken
and stellate, much in the same conditions as obtain in
super-alkaline blood, while the fibrous network will be
but slowly and feebly developed. Experiments thus
conducted, with drops of blood and solutions of di?femnt
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When the vein had discharged the first six drachms of
blood already mentioned, the current was stopped until
the blood could be removed and handed to an assistant,
who was specially employed to observe the period of
congulation. The vein was then again loosened, and
another six drachms were received into a half-fnck tube,
measuring eight inches in length: this blood did not
coagulate for five minutes and three seconds,

Exveriment cxnr.  Coagulation in a Closed Tube. A
fluid draught of blood, the same as the preceding, was
received into a half-inch tube, which was immediately
closed at the top. This blood showed no inclination to
coagulate for seven minutes; it then coagulated, but
the coagulum was darker and less firm in consistence
than in the former case, and it did not so readily sepa-
rate into serum and clot. The vein was now tied with
a ligature, and the animal did well.

Coagulation of 0z's Blood in vessels of different kinds.
Three vessels of the same size and shape were procured;
the mouth of one was free, leaving an exposed surface
of two and a half inches diameter : the mouth of the
second was reduced to half an inch: the third vessel
was provided with a stopper which closed it. One pint
of blood was now received direct from the throat of an
ox ; it was drawn all at once into a tin spouted vessel,
and treated as follows.

ExreriMENT oxiv.  COoagulation in a Closed Vessel.
A third part of the blood was poured into the vessel
which was to be closed ; as soon as the blood was in
the vessel, the stopper was firmly inserted. This blood
was quite fluid at the end of six minutes, when the
stopper was temporarily removed ; at the end of nine
minutes and twenty seconds the stopper was again with-
drawn, and the blood was found feebly coagulated.
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Exreriment oxv. Coagulation in the half-inch Vessel.
Another third part of the blood was poured into the
vessel the mouth of which was half an inch : coagulation
took place in four minutes and fifteen seconds.

ExpeEriMeENT cxvi. Coagulation in the Open Vessel. The
last third of the blood was poured into the open-mouthed
vessel : coagulation occurred in three minutes and
twenty seconds, the clot being very firm.

In these experiments the period of coagulation dates,
as in all previous and after ones, from the moment when
the blood escaped from the animal.

Coagulation of Blood in Tubes of different diameters and
lengths. 1 made four tubes of glass: the first was
straight, was closed at the lower end like a test-tube,
was an inch in diameter, and, when full, held exactly
four fluid drachms of blood : we will call this the one-
inch tube. I made a second tube, of a similar kind,
half an inch in diameter, but so much longer that it
held exactly the same amount of fluid as the other
tube: we will term this the half-inch tube. I made
a third tube, one-eighth of an inch in the bore, but
extended in length so as to hold the same amount of
fluid as the two previous tubes. That this tube might
be filled the more easily, instead of closing it at one end
I left both ends open, but bent the tube in the middle
with an easy curve, making it in shape like a Marsh's
apparatus without the bulb. The tubes being arranged
in a line with each other, a few ounces of blood were
drawn from the jugular vein of an ox, and subjected
to the following experiments and observations. The
temperatare of the air was 70° Fahrenheit.

ExreriMeNT oxvir. Coagulation in a three and a half-
inch Cup. Half an ounce of the blood was poured into
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a cup having a diameter of #hree inches and a kalf:
this blood was a firm clot in three minutes and twenty-
five seconds.

Exrperment cxvin, Coagulation in the one-inch Tube.
Half an ounce of the blood was poured into the one-
inch tube; this blood commenced to coagulate in four
minutes, and was a firm clot in four minutes and a half.

ExreriMeNT cxix. Coagulation tn the half-inch Tube.
Half an ounce of the blood was poured into the half-
inch tube; at the end of five minutes the blood
could be poured out of the tube in a semi.coagulated
state: after being exposed to a wider surface in a cup,
it formed, in a minute, a uniform coagulum like the
others.

ExrerIMENT cxx. Coagulation in the eighth of an inch
Tube. The eighth of an inch long bent tube was filled
with blood ; it was filled last of the series, and at least
four or five seconds later than the first (since moments
fly fast, however quick may be the hands); when six
minutes had elapsed, the blood was examined, At each
open end of the tube there was a firm seal of blood-
clot, and this extended down the tube for the space of
an inch on each side. 1 drew out these coagula, and
then, putting my month to one end of the tube, blew
through it, placing the other end over a cup. As I blew,
the blood in the tube flowed out in a thick stream, and
looked like broken up black currant jam, as it fell into
the cup: exposed widely to the air, the coagulation
quickened, and, in two minutes, the blood could be
turned on the table, a uniform and moderately firm
coagulum.

Coagulation of Blood under diminished Atmospheric
Pressure. Scudamore has shown that blood placed in
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vacuo coagulates more quickly than when it is exposed
to the ordinary pressure of the atmosphere. A variety
of experiments have confirmed to me the truth of this
position, as the succeeding illustrations verify.

Exrerivent cxxt. Blood under diminished Pressure.
Two watch- glasses were filled with freshly drawn blood,
taken from an ox: one was exposed to the ordinary
atmosphere (temperature 55° Fahr.); the other was
placed in the bell of an air-pump, and the air was ex-
tracted as rapidly and as completely as possible. The
blood in the ordinary atmosphere began to coagulate in
a minute and a half; that under the air-pump coagu-
lated rapidly, with a free evolution of vapour. Re-
moved from the bell of the air-pump at the end of a
minute, this blood was found as a firm and consistent
clot; while the blood in the air was still entirely fluid.
At the end of six minutes, the blood exposed simply to
the air was less firm than the previous blood had been
at the moment when it was taken from the bell,

[In experimenting on the effects of placing blood
under a diminished atmospheric pressure, it is better to
use the blood of the ox than that of the sheep; for the
blood of the sheep coagulates so quickly, and the steps
of the operation are, comparatively, so slow, that it is
difficult, even with two assistants at hand, to detect
well marked differences, as regards periods of coagula-
tion, under the ordinary and the reduced pressures. It
is requisite, also, to take the first gush of blood, and,
when possible, to draw it from the jugular vein before
the animal is felled ; since coagulation is proportion-
ately rapid as the current of blood is slow. Moreover,
I found, practically, that the air-pump is a tedious
and even difficult instrument to use in this inquiry.
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In using it, time is lost in placing the cup of blood
under the bell, as well as in pumping out the air after-
wards. I therefore adopted a simple and more ready
plan.

I had made and fixed on a stand a strong glass vessel,
like a cupping glass inverted, and having a firm and
narrow neck. For the meck a movable stopper was
made, from which a small tube depended for holding a
bit of cotton wick. The form of this exhausting cup,
with mode of using it, are given in the drawing below.

When the instrument was being used, the wick,
charged with spirit for ignition, was held ready at hand
by an assistant. The portion of blood requived was

N
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then received from the animal, and at once poured into
the glass, immediately upon which the assistant inserted
the stopper with the wick ignited, but slowly, so that the
enclosed air could escape. When the stopper required
to be taken out, a turn of the little stop-cock at the top
let in air, and allowed its easy removal.

Although by this exhausting cup less air is removed
than by a good air-pump, the simplicity and directness
of the experiment are so well marked, that the disad-
vantage is more than counterbalanced,

Exrerivent cxxit.  Blood under reduced A
Pressure. Half an ounce of mixed blood from an ox
was poured into the exhausting cup, and the stopper
with ignited wick was introduced. One minute after-
wards the stopper was withdrawn, and the blood was
found coagulated.

Other blood, drawn from the same animal at the same
moment, and left exposed to the open air the tempera-
ture of which was 65° was quite fluid at the end of the
minute, and coagulated ultimately in three minutes.

ExreriMeNT cxxiut  Blood under reduced Pressure.
Half an ounce of blood from an ox was poured into the
exhausting cup, the stopper of which, with the wick
ignited, was inserted as before. At the end of forty
seconds the stopper was withdrawn, and the blood was
found a firm clot. Another half ounce of the same blood,
exposed to the external air, the temperature of which
was 65° coagulated in one minute and ten seconds, The
rapidity of coagulation was here due to the fact, that the
blood had been caught while flowing in a langnid current.

Exrerivent coxxiv., Blood under reduced Pressure. -
I received an ounce of mixed blood from the neck of a
lamb. One half of it was poured into the exhausting
cup. The other half was set aside in an open cup, ex-
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posed to the temperature of the external air at 65° Fahr,
As soon as the blood had reached the exhausting cup,
the stopper, with the wick ignited, was inserted. At
the end of one minute I removed the stopper, and found
the blood not fully coagulated. I therefore relighted
the wick, and again introduced it. After forty seconds
had elapsed, I once more withdrew the stopper, and
removed the blood in a firm and uniform coagulum.
Turning now to the blood in the eup, I found it still
fluid. It coagulated thirty seconds later, the clot being
firm and uniform.

ExreriMeNT cxxv. Blood under reduced Pressure.
I caught an ounce of blood from the neck of a sheep.
Half this blood was at once poured into the exhausting
cup, and the stopper, with the wick ignited, was in-
serted, The remaining half of the blood was placed in an
open cup, exposed to the external air, at a temperature
of 65°. At the end of forty seconds I raised the stop-
per, and turned out the blood from the exhausting cup
in a firm coagulum. At the end of one minute, the
blood that had been exposed to the air coagulated
loosely ; and, in twenty seconds more, it had become a
firm coagulum.

Exverivent cxxvi, Blood wnder reduced Pressure.
I received an ounce of blood by measure from the neck
of another sheep, and poured half of it into the exhaust-
ing cup, instantly inserting the stopper with the lighted
wick; the remaining half ounce of blood was left exposed
to the air (temperature 65°), as before. At the end of half
a minute T removed the stopper of the exhausting cup,
and turned out its contained blood in a firm coagulum,
Turning next to the blood exposed to the air, I found
it so fluid that T could pour it in an unbroken liquid

Ni
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current into another vessel. It did not begin to coagu-
late for fifty-five seconds, and then formed quickly into
a firm clot.

Experivent cxxvit,  Blood under diminished Pressure.
One ounce of sheep’s blood, freshly drawn, was used as
before. Half an ounce was poured into the exhausting
cup; and the remainder was left in the open cup, at a
temperature of 65°. After forty-five seconds 1 removed
the stopper of the exhausting cup, and turned ont its
contained blood in a firm clot. ‘The blood in the open
eup was still perfectly fluid, and could be poured from
one vessel into another ; it remained fluid thirty seconds
longer. It then set into a firm clot,

It would be needless repetition to illustrate this see-
tion further, by the detailing of similar observations.
There are no experiments more easy or satisfactory to
perform than those with the exhausting enp. Of course
a little manipulative practice is required; but this
achieved, the stopper of the exhausting cup well fitted,
the blood received in the first gush from the animal,
and a competent assistant at hand to note and indicate
time, and every experiment becomes a success; i.e.
the blood in the exhausting cup may be turned out
each time a congulated mass, while the blood in the open
‘cup is yet fluid. In some instances, the blood of the
sheep coagulated so quickly on the introduction of the
stopper and lighted wick, that, on removing the stop-
per, after counting twenty seconds, I found the blood
fully ecoagulated, The rapidity in these cases oceurred
from the more perfect abstraction of the air, Indeed,
if a portion of blood from the sheep could, by any pos-
gibility, be introduced suddenly into a perfect vacunm,
its coagulation would, I believe, be the act almost of a
moment.
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The effect of the vacuum on coagulation is nowhere
better shewn than in the ordinary operation of drawing
blood by cupping. In this operation, the blood which
escapes into the glass coagulates with remarkable ac-
tivity. I once observed blood thus extracted coagulate
at the depending part of the glass in twenty seconds ;
whilst other blood, drawn at the same time, from a
lancet puncture in a free part of the back, did not co-
agulate for a full minute. Indeed, the success of the
operation of cupping depends upon the expedition with
which a free quantity of blood can be drawn into a glass
placed as lightly as is possible on the flesh. If too great
a portion of air is extracted from the glass when it is
applied to the skin—in other words, if too perfect a
vacuum is produced—the blood ecoagulates immediately,
and the incised wounds becoming quickly filled with
clotted blood, the operation in great part fails.]

ExvermvenT cxxvin. Effeels of drawing Blood through
Pointed Tubes. 1 drew out six tubes, from a piece of
glass tubing of the quarter-inch bore, into tapering
points, as shewn in the drawing. I dipped one end of
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each tube into ox's blood, freshly drawn, and then drew
up from the other end by my mouth. As each tube filled,
1 handed it to an assistant, for the purpose of his sealing
it up hermetically at both ends with the spirit-lamp and
blow-pipe. To my momentary surprise (for I was not
at that time prepared for such an event, and had, indeed,
another object in view), the blood thus treated coagu-
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Tube. 1 drew out a glass tube of a quarter-inch bore
into two fine ends, the diameter of each end being such
as to admit only of the introduction of a fine needle,
of number nine size. I immersed one end of this tube
into a little blood freshly drawn from an ox, and then
drew up strongly by my mouth. The blood rose at
first; but I could not, with all my force, fill the tube
completely. While making the suction effort, the blood
coagulated, and was fixed in the tube, At that moment
the blood in the cup, exposed to the air, at a tempera-
ture of 68°, was completely fluid, and remained so two
minutes longer, when it set into a firm coagulum.

Exverivent cxxxir.  Blood drawn through a Pointed
Tube. 1 drew out another tube, of the same length and
central diameter as the last named. One end was drawn
to the needle-point diameter; the other end was drawn
to the twentieth of an inch in diameter. I immersed
the finer end of this tube into half an ounce of blood,
that moment drawn from the neck of a lamb, and then,
with my mouth at the wider end, drew up the blood
gentlybut continuously. In ten seconds the tube was full.
‘When full, T gently blew downwards, and drove out for
a moment a thin blood stream ; but the current stopped
almost instantly, from coagulation having occurred at
the fine end of the tube, and in ten seconds more all the
blood in the tube was firmly set. The blood left in the
cup, from which the tube was filled, remained perfectly
fluid for a minute and a half, as it lay exposed to the air
(the temperature of which was 70° Fahr.), but it had
congulated firmly at the end of two minutes.

These experiments, very simple to perform, need not
be multiplied ; they are, in fact, but modifications of
the exhausting cup and air-pump processes. By pro-
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longing the fine extremity of one of these tubes to the
length of three or four inches, each minute drop of
blood, as it is drawn through this capillary course, is so
acted on by the exhausting force that it coagulates, and
the passage of blood may thus be stopped at the outset, ]

Coagulation of fowing Blood in Streams of different
Diameters. The fact has been known for ages past, that
if, in the operation of phlebotomy, the puncture in the
vein be small, the thin blood-stream soon stops, from
coagulation occurring at the wound ; while such blood
as it is caught coagulates with great rapidity. In bleed-
ing, I have seen the blood, when the current has been
slow and thin, coagulate as it trickled down the arm of
the patient, or fell on my own hand, On the other
side, when a full and free stream of blood is drawn, it
continues in the current until it is stopped from failure
in the force of the circnlation ; while the mass of blood
received into the basin congulates slowly in com-
parison,

By a very simple instrument I found myself able to
imitate this occurrence, and to see at a coup d'wil the
result of the thin and broad blood streams on coagulation.
I had made a eylinder of tin, eight inches long and
four inches in diameter. This cylinder was closed at the
lower end, and open at the top. At the lower part in the
side wall I inserted, at different points of the circum-
ference, four tubes, which stood out at right angles from
the vessel, and took a gentle spout curve. The ends
of these tubes within the tin eylinder measured the same,
viz. a quarter of an inch in diameter; but at the other
or projecting ends, each tube was brought to a different
diameter ; one was left at the quarter-inch bore; an-
other was drawn out to an eighth of an inch ; the third
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to the sixteenth of an inch; the fourth to the thirty-
second of an inch. The instrument, when in use, was
raised on a pedestal, so that a beaker could be placed
beneath each spout; then the large tin cylinder was
filled with freshly drawn blood, which discharged itself
into the beakers in currents of different diameters, as
shewn in the subjoined diagram.

Exreriment cxxxit.  Transmission of Blood through
Tubes of different Diamelers. 1 received a quart of blood
from the neck of a bullock, and from it filled the large
cylinder. The blood ran out in a full stream from the
quarter-inch tube, and coagulated in a firm clot in one
minute after being received into the beaker. The eur-



186 EXPERIMENTS.—STREAMS OF DIFFERENT DIAMETERS.

rent through the eighth of an inch tube ran for a few
seconds, then stopped altogether. The blood discharged
by this tube coagulated almost instantly after reaching
the beaker beneath. Through the sixteenth of an inch
tube no current at all was set up. A few drops only
escaped, when a drop at the end of the tube coagulated
and sealed up the aperture altogether. Through the
thirty-second of an inch tube not one drop fell; the
tube filled to its fine point at the first moment, but here
the blood set, and the further flow was prevented.
‘Experiment cxxxiv, Transmission of Blood through
Tubes of different Diameters. 1 received from the neck
of a lamb a pint of freshly drawn blood, and instantly
transferred it to the large cylinder. A brisk current
immediately flowed through all the tubes. The current
throngh the smallest tube stopped in ten seconds, its
point being blocked up with a bead of coagulum. The
current through the sixteenth of an inch tube stopped
next in order ; then that through the eighth of an inch
tube. The blood received into the beaker beneath the
quarter-inch tube remained so fluid when the beaker
was full, that I poured it back into the reservoir. At
the end of forty seconds from the first gush of blood
through the tubes, the current through the guarter-inch
tube failed from the formation of clot in the tube.
ExreriveNnt cxxxv., Transmission of Blood through
Tubes of different Diamelers. 1 received a charge of
blood from the neck of a sheep, and instantly filled the
large cylinder or reservoir. At first there was a free
spirt of blood from all the tubes; but the current
through the smallest stopped in three seconds from
coagulation at the point. The current through the
sixteenth of an inch bore stopped from the same cause
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stream from the jug into a another similar jug, repeating
the process. In twenty-five seconds I felt a clot passing
from one vessel to the other. At the end of fifty seconds,
an assistant noted that the blood left at rest was coagu-
lated. On examining the blood which had been poured
out, I found that the mode of coagulation had been by
simple separation of the fibrin, as obtains when blood is
whipped with the hand. The separation of fibrin in
this experiment was very perfect, as no coagulation
whatever ocenrred when the fibrous mesh was removed
from the fluid.

On the Effeets of driving eurrenls of Air through newly
drawn Blood. The abstraction of air favours and hastens
coagulation. The force of brisk currents of air through
blood has precisely the same influence. I use the word
air in this place, not because air only is implied, but
because air was the compound gas usually employed in
these inquiries, as being at once the readiest to hand
and cheapest. The effects, however, are precisely the
same, whether oxygen be the gas driven through, or
nitrogen, or certain other gases, which I shall refer to
further on, and which are negative in their chemical
action on the blood when driven throngh it, but exert
the ordinary physical effect of carrying with them other
free gases with which they may come in contact in
their course. .

To be able to drive air through blood with equality
of diffusion and freely, I constructed an apparatus, as
shewn in the next drawing. It was simply a straight
glass vessel, three inches in diameter, and eight inches
in height; it was open at the top. A little below the
middle part of this vessel was placed a circular tube,
perforated with holes above, like a circular gas-burner ;
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from this a tube ascended, which, bending over the
vessel, was connected with a pair of small bellows at
its extreme end.

Exverimexnt cxxxix, A driven through Blood. 1
received from the neck of a sheep as much blood as
would fill the glass vessel above named. As soon as the
vessel was filled, an assistant, who held the bellows,
drove through the blood a brisk current of air. A
separate portion of blood from the same animal was
received in a cup, and left at rest exposed to air, for
comparison. I took the periods of coagulation myself.
The blood through which the air was passing was well
coagulated in forty-five seconds. I mow drew out the
clot above the circular jet; it was a well made but
spongy mass. The blood in the lower part of the glass,
i. &, beneath the jets, was next turned out, and found
half in clot, the rest quite fluid. The fluid part coagu-
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lated in one minute after removal. The blood left
naturally at rest in the air did not coagulate for one
minute and a half. It then set into a firm clot.

ExreriMent cxi, Adr driven through Blood, 1 filled
the glass vessel used in the last experiment with blood
from the neck of another sheep, setting a little more
blood aside, and at rest in a cup, for comparison. The
results were the same: the blood throngh which the air
had passed had coagulated in a general but spongy clot
in forty seconds. The blood left at rest was fluid at the
end of one minute and twenty seconds, but in ten
seconds more had become a firm coagulum.

Exveriment cxtr.  Air driven through Blood. Two
equal portions of ox's blood were freshly drawn, and
were received at the same time into two bottles of the
same size and shape ; both were open at the top. The
blood in one bottle was left at rest in the air. Through
the blood in the other bottle a brisk current of air was
driven, by means of a tube carried to the bottom of the
blood, as in the common Wolf’s bottle, and conneected
at its opposite end with the bellows. The blood thus
treated coagulated in forty seconds, The blood at rest
did not coagulate for two minutes, but it formed a less
spongy coagulum.

On the Exclusion of Blood from Air, and the resulls in
regard to Coagulation. 1In the preceding experiments it
has been shewn, that the free exposure of blood to air,
as well as the removal of atmospheric pressure, favour
coagulation. In the ensuing series, the effects of
simple exclusion from air and of increased pressure
will be demonstrated. Some of these experiments are
modifications or imitations from Hewson, others are
original.
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[Exeeriment cxuir, Blood dnclosed in a Tube. T took
four pieces of glass tubing, two inches in length, and a
quarter of an inch in diameter. I connected these tubes
firmly with each other by pieces of vuleanised India
rubber tubing of the same diameter. 'The tube thus
formed was fitted with a stop-cock at each end. A
eurrent of blood fresh from the neck of an ox was now
poured briskly through the tube, as shewn in the next
illustration. When the stream was full, both ends of

the tube were simultaneously closed by a turn of the
stop-cocks, and a ligature was passed round the India
rubber tubing between ecach piece of glass tube, in
order that the blood inclosed in the segments might be
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segment was but partly coagulated, was in great mea-
sure a failure, from the two circumstances that it is diffi-

cult to ligature a portion of intestine so as to make it
air tight, and that intestine is easily distensible.

But I would speak of this experiment as important
from another point of view. It was an experiment
framed and carried out on the same principles as the
one which immediately preceded it. The only differ-
ence between the two experiments consisted in the fact
that, in the first, the tube containing the blood was
made up of dead material—glass and India rubber;
while, in the later experiment, the tube enclosing the
blood was an animal membrane recently removed from
its living position, and still by its warmth and occasional
contraction giving proof that it was not absolutely dead.
Yet the blood enclosed in this organised tube was re-
tained fluid for less than half the period of that in the
inorganised tube. And why? Clearly not from any
vital endowment, but from the obvious and common
sense physical reason that, in the first experiment, the
occlusion of the blood was more thoroughly effected.

Experivent cxuiv.  Ocelusion of Blood in the Jugular
Vein. 'Three inches of the external jugular vein of a
dog were laid bare. The vein was carefully separated
from its surrounding adhesions, for the full length ex-
posed. Four ligatures were now passed round the
vein, at intervals of half an inch, and were firmly tied.
The vein was thus divided into three distinct segments,
each one filled with blood. The operation took thir-
teen minutes to perform. A little blood (a drachm)
was then drawn from a vein iun the ear: it coagulated
firmly in seventeen seconds. The edges of the wound

in the neck were at this time brought temporarily
0
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together, and the jugular vein was left alone for fifteen
minutes. At the end of this period the vein was ex-
posed, and the middle segment was punctured with a
lancet ; the blood it contained flowed out freely in the
fluid state, and was canght in a watch-glass; it coagu-
lated firmly in one minute after being thus drawn and
exposed to the air. The wound was now again tempo-
rarily closed for fifteen minutes more ; it was then re-
opened, and the blood in the upper segment was drawn :
this blood was quite fluid, like the last, and coagulated
in the watch-glass in one minute as before, For the
third time the wound was closed for fifteen minutes,
and then reopened; the remaining segment of vein
was observed to be remarkably distended; on being
punctured, a portion of semi-coagulated blood was
turned out, followed by a little dark fluid blood. The
wound in the neck was neatly closed with sutures, and
the animal did well.

ExrerivMesT cxuv., Occlusion of Blood in the Veins.
An animal (a dog) was dosed at night with a drachm
of solid opium. He became partly comatose in a few
hours, and in the morning was found conscious, but
unable to move, cold, and very little alive to pain. A
little blood drawn from the ear coagulated in six mi-
nutes. He had had given to him full doses of opium for
several previous days. After the blood was drawn from
the ear, he was slowly killed by being made to breathe
a diluted dose of prussic acid vapour. The object in
producing gradual death by narcotism, was to render
the blood slowly coagulable, so that its period of coa-
gulation in different parts might be observed systema-
tically and deliberately in an animal newly dead. The
instant the animal had ceased to breathe, the external

!L:



EXPERIMENT.—OCCLUSION OF BLOOD IN VEINS. 195

jugular vein was laid bare, tied in two sections, and
recovered with the skin and soft parts. Next, the
abdomen was laid quickly open, the intestines were
turned aside, and the vena cava inferior was tied in
two places, so as to leave an inch of space, between the
ligatures, full of blood. The intestines were imme-
diately afterwards replaced in exact position, and the
wound in the abdominal walls was stitched up. The
animal was now let alone for one hour; at the end of
this time the jugular vein was examined, and the lower
segment was punctured ; the bloed in it flowed out in
the fluid state, and coagulated in seven minutes after
removal. At the end of fifteen minutes, the blood in
the npper segment was drawn: it, too, was fluid, but
coagulated in seven minutes on exposure. The chest
was then opened. The heart on the right side was
distended with blood, and, when the cavity was laid
open, this blood was found principally fluid; but in
one or two points (in the auricula, for instance, and in
the pulmonary artery) there were small loose .
Received in an evaporating dish and exposed to the air,
this blood all coagulated in one firm clot in ten minutes,
The blood in the left cavities of the heart was small in
amount, and had fully coagulated.

After a lapse of time, amounting to two hours and a
quarter, from the death of the animal, the inferior vena
was now again exposed. By this time the blood in all
the exposed and opened veins was coagulated ; but on
puncturing the segment of the cava which had been
included in the ligatures, the blood it contained flowed
out in a free fluid stream, and coagulated in ten
minutes on exposure to the air.

ExeerivMent exuvi.  Occlusion of Blood in  Veins.

0









=

198 OBSERVATIONS IN THE SLAUGHTER-HOUSE.

theme, which may be accepted in the light of experi-
ments observed and confirmed so many times as to be
abeolute as experimental data.

When a sheep is killed, from one and a half to three
pints of blood escape from the wound before death takes
place, sometimes more. The death is rapid ; the heart
and respiration cease together, and a strong convulsive
struggle finishes the scene. The blood drawn from the
neck coagulates with great rapidity : to my recollection
I have never seen it retain its fluidity for longer than
four minutes, when the animal was in health. The period
of coagulation is, in most cases, complete in one minute
and twenty or thirty seconds. The blood is derived from
the carotid arteries and the jugular veins. When the
animal is quite dead, it is kept in the horizontal
position until it is in part dressed, To complete the
removal of the skin, the creature is raised by its hinder
legs; and a little blood flows afresh from the wound as
the new position of the body is made ; but this flow scon
stops. Next, the skin is altogether removed. About
fifteen minutes usually elapses in these steps of the
operation. Meantime, from the change of position
from the horizontal to the perpendicular, the right side
of the heart and the inferior cava become charged with
blood from the veins below the heart; this blood the
butcher proceeds to remove. He makes a straight in-
cision down the neck, and then plunges his knife into
ornear to the base of the heart: a gush of blood follows,
amounting often to six or eight ounces, Caught in a
basin, it is found entirely fluid ; subjected to experiment,

it coagulates in the same way, and follows the same .

laws as the blood first drawn.
When several sheep have had to be killed on the

dhs
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same occasion, I have often induced the butchers to do
the killing part of their craft first, and have asked them
to wait a few minutes in the steps of the dressing opera-
tion, in order to allow as much time to elapse as possible.
Thus I have seen a full half hour intervene between
the times of the abstraction of the first and second
portions of blood; but, without exception, the second
batch of blood has always come into my beaker or
basin in the uncoagulated state, and has coagulated
afterwards, like the first blood, on being exposed to the
air.

Another fact is equally interesting, When an ox is
slaughtered, the throat is cut as quickly as possible after
the infliction of the blow from the poleaxe and the pith-
ing process by the cane; for if the animal were to die
outright from shock, the heart would not pour out its
blood freely. The cut in the throat is earried deeply
down to the great vessels, and a tremendous gush and
flow of blood follows: the flow continunes for four or
five minutes, and the blood as it escapes coagu-
lates in from three to four minutes after it has kissed
the air. But the butcher knows practically that the
* spontaneous cessation of the heemorrhage does not in-
dicate that the body of his victim is emptied of its
blood. To complete the emptying process, therefore, he
and his assistant place their broad feet on the abdomen
of the animal, and pump away with the utmost uncon-
cern in life. 'Whence the new supply of blood comes,
they have no idea, superficial or profound ; but certain
it is that new blood comes, and though the animal shall
have been dead half an hour, the blood comes fluid,
and does not coagulate till it gets plenty of air-space for
coagulation. .
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1 took care not to distend with blood the portion of
occluded vein. I watched the vein now for half an
hour without observing any change ; but, when a few
minutes more had elapsed, it became obvious that in
the occluded part of the vessel there was a degree of
transparency in the uppermost position. This process
of change continued, until at length the dark and the
transparent parts were nearly equal in length. On
changing the position of the animal, the dark and the
transparent parts of the vein changed position also.
It was clear, in fact, that the blood had yielded up some
gaseous matter, and that the portion of enclosed tube
was filled partly with gas and partly with blood. On
puncturing the vein into a watch-glass, a portion of
semi-coagulated blood escaped, on the surface of which
there remained some small bubbles of gas.

Exreriuent cL.  Blood enclosed in portions of F’m
I laid bare the external jugular vein of a dog, and tied
it as before, but in two segments instead of one. In
this case the change in the occluded vein, 7. e. the spon-
taneous division into gaseous matter and blood, com-
menced in twenty minutes. It commenced simulta-
neously in the two segments, and was as well marked
as in the cat experiment, After the extrication of gas
seemed to have ceased altogether, I punctured the vein,
and let out of each section a small soft clot of blood
and a little coloured serum,

The above experiments and observations show, then,
that when blood is arrested in its motion, and exeluded
from the air by being tied up in a segment of its vessels,
its coagulation is arrested. I have referred here to the
occlusion of blood in veins only, but the fact is even
better developed when the arteries are subjected to the
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Exverivent cui.  Blood enclosed in a Vein under Mer-
eury. 1 laid bare the jugular vein of a sheep, and tied
it firmly at two points: the lower ligature was left
long ; the upper ligature was taken from the long end
of the string running through the tube. After the
ligatures were attached firmly, the portion of vein in-
cluded within the ligatures was removed altogether
from the animal. By drawing out the string attached
to the neck of the glass tube, the piece of vein was
easily drawn under the mercury, and was there left
lying in the bend of the tube. Here it was secured
safely by a few turns of the loose ends of the string
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ExreriMeNT cLv. Observation on Leech-drawn Blood. 1
laid another leech on the arm of the same gentleman,
and allowed it to draw blood until it fell off of its own
free will. As soon as this occurred, 1 removed its con-
tained blood by laying its body freely open with a
lancet. The blood was received into a spoon, into which
it flowed freely. ‘I'his blood was set aside, exposed to
the air at a temperature of 65° Fahr., and closely ob-
served. It remained fluid for nearly two hours, then
became slightly glutinous, and at the end of four hours
presented a few feebly formed clots. Eventually it
formed a loose coagulum, resembling thin black currant
Jelly. .

After the leech was removed from the arm, the
wound it had produced continued to give out blood
very freely. 1 caught the blood thus flowing at differ-
ent intervals, allowing it to trickle into teaspoons of the
" same size and shape. The results were curious. The
blood which was received into the first spoon, and
- which was collected immediately after the removal of
the leech, was dark, and showed the same feebleness of
coagulation as the blood taken from the leech itself.
Another portion of blood received into a second spoon
five minutes later, coagnlated in twenty-five minutes
with moderate firmness. A third portion of blood,
caught ten minutes later still, coagulated in eight
minutes ; while at the end of half an hour the blood
which still flowed from the wound coagulated firmly,
and in fine red clots, in two minutes. Ultimately the
blood coagulated as it slowly oozed from the wound,
and so the wound itself was sealed up.

I laid two leeches on the arm of the same gentleman.
They took hold nearly at the same moment, and filled
to engorgement.
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clot. Its coagulatory force after this was not further
developed.

Blood under Oil. An experiment of receiving blood
under oil was performed some years sirice by Dr. Bab-
ington. He immersed the head of a cock under oil, and
in this position cut off the head and allowed the blood
to sink to the bottom of the vessel. In these experi-
ments Dr, Babington observed, as he informs me, a
retardation in the process of coagulation, and in some
instances the formation of a slight buffy coat,

Modifying Dr. Babington's process in some particulars,
I went through a series of like experiments, the results
of which were so uniform that one might be taken as
the type of all. I shall give, however, examples to illus-
trate the modifications in the method of experiment.

ExperiMENT cLvirn  Coagulation under O4l, 1 filled a
tube eighteen inches long and one inch and a half in
diameter, with sperm oil. A mnarrower but longer
tube, with a funnel top, was carried to the bottom of
the oil. One ounce of blood, that moment drawn from
the neck of a sheep, was at once deposited beneath the
column of oil through the smaller tube, which was then
slowly withdrawn. An evolution of gaseous matter
took place from the blood. After three minutes had
passed, I found, by gently agitating the fluids, that the
blood was liquid. Three minutes later still, from the
solidity of the under stratum of blood, it was clear that
coagulation had occurred. The oil and blood, in the
same positions, were set aside for twelve hours in a
warm room, At the end of this time, on observing the
two fluids, a pale film or crust was seen to lie between
them. I inferred that this was a buffy coat, but on
decanting the oil carefully, it turned out that the pale

)
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EXPERIMENT.—COAGULATION UNDER OIL. 211

Experiment cux. Coagulation under Oil at a Low
Temperature. 1 took the glass tube delineated at page
203. I filled both limbs to within two inches of the top
with oil, and then immersed the lower part of the tube
in a mixture of ice and salt, in which the thermometer
stood at 17° Fahr. I then poured through the long
funnel tube, which had been carried through one column
of the oil, one ounce of freshly drawn blood from the
jugular vein of an ox. Four minutes afterwards, the
blood under the oil was still fluid ; but a few bubbles
of gas rose on each surface of blood, and formed a froth,
A few large bubbles also ascended very slowly through
the oil. I now removed the tube from the cold mix-

. ture, and immersed it in water at 100° Fahr. There was
at once a more liberal extrication of gases; and in two
minutes the blood was an uniform coagulated column.
On pouring off the oil, the blood escaped from the tube
modeled to it, in a firm round cord. The blood of the
animal coagulated naturally, on exposure to the air,
temperature 63° in two minutes and a half.

Ezperiments with Cold and Pressure. In the year
1851, I conducted several inquiries as to the effect of
pressure on newly drawn blood. In those experiments,
I employed the screw-piston syringe, invented by my
friend Dr. James Arnott. To the lower part of this
syringe I fixed a strong glass tube, closed at its further
end. I then filled the syringe with blood from above,
the piston being removed. When the barrel was nearly
full of blood, the piston was replaced; and, by a few
gentle turns of the screw, pressure was applied. The
experiment was unsatisfactory : much time was lost in
adapting the screw, and coagulation sometimes oc-
curred before the experiment could be considered fully

P
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commenced. On one occasion, my glass tube brc
and the difficulties were so many, that I
the inquiry for the time. In the
Mr. Wentworth Scott (whose kind nﬂlﬂﬂ
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placing blood and devised for me
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ous. The short tube on the left was closed; the
central tube open; and the right-hand one open
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one end, and the other end was carried to the 1
part of the left-hand small arm, as delineated. Wher
these arrangements were finished, the two M uby
and the long tube to the height of the short on
filled with mercury. Blood freshly drawn 'Il'ﬁ
poured into the syringe from above, the piston
removed : next, the piston being replaced, the
of blood was driven into the upper part of the le
closed tube, the displaced mercury flowing ove
the open right-hand tube into a basin placed beneat}
The blood being introduced, the elastic tube was with
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of Turnbull’s eye-glass, and depicted below. The bottle
was first half filled with mercury, and immersed partly

g in a mixture of ice and salt, in
which a thermometer stood at
17° Fahr, The remaining part
of the bottle was then filled
with the chilled blood. The
stopper was inserted ; and the
little cup which surrounds the
stopper was filled with mer-
cury, the stopper being se-
cured firmly with a twist of
wire.

ExreriMENT crLxit. Blood
subjected fo Cold and Pressure.
I received from the neck of an ox an ounce of
blood into an ice-cup. I transferred some of this in-
stantly to the bottle which had been half filled with
mercury, so as to fill up the bottle with the blood.
Next I inserted the stopper, bound it down with a twist
of wire, and filled the upper cup with mercury. Lastly,
I removed the bottle from the freezing mixture, and
placed it in another mixture, in which the thermdmeter
stood at 32° Fahr, Here I left it for one hour. Then,
pouring off the mercury in the upper cup, and removing
the stopper, I poured out the contents of the bottle into
a wine-glass. The blood lay on the upper surface of
the mercury in the glass completely fluid. The tem-
perature of the air was 60° Fahr. Exposed to this, the
blood coagulated, in a dark but firm clot, in four
minutes and a half. The blood of the animal used in
this experiment coagulated naturally in three minutes.

Experivent cuxnt Blood subjecled to Cold and Pres-
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sure. I subjected the blood of another ox to the same
experiment, taking exactly the same precaution, but
allowing five hours and a half to
elapse before removing it from the
bottle. The blood was in two con-
ditions; part of it was fluid; the
other part was in a soft gritty-like
state, as though slightly frozen.
When poured into a wine-glass,
and exposed to the air at 60° Fahr.,
it all became fluid, but coagulated
afterwards in a feeble clot, with a
slight fibrinous separation on the
upper surface. The clot ultimately
remained loose and feeble. The
blood of the animal coagulated na-
turally, on exposure to the air at’a
temperature of 65° Fahr., in two
minutes and a half.

While this sheet was in press, I
constructed a simple tubular in-
strument, as follows. I took a piece
of barometer tubing, of half-inch
bore, closed it at one end, and then
bent it into the form represented in the drawing. The
lower and closed part was bent upwards at an angle of
45°; the upper part terminated in a wide funnel mouth.
Through the tube a long gutta percha tube, one-eighth
of an inch in diameter, was carried down to the begin-
ning of the upward bend. The gutta percha tube ended
superiorly in a small funnel.

. ExperiMeENT cLxiv. Blood subjected fo Cold and
Pressure. 1 received from the neck of an ox a few
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drachms of blood into ice, as before. First, holding the
glass tube horizontally, and bending the gutta percha
tube upwards, I poured in blood through the funnel of
the gutta percha tube until the closed bent and depend-
ing end was filled. I next withdrew the gutta percha
tube, stopped up the free end of the glass tube with my
finger, and gently turned the tube into the perpendicu-
lar position. Then, withdrawing my finger, I filled the
glass tube with mercury, so as to leave the blood above
the mercury in the lower bend. Lastly, I placed the
lower end, containing the blood, in a cold mixture, in
which the thermometer stood at 17° Fahr, I now set
the instrument aside for eight hours, in a room the
temperature of which was 60° Fahr. The freezing mix-
ture gradually thawed ; and in three hours the thermo-
meter stood in it at 55°% and remained at this point till
the end of the experiment. At the end of the eight
hours the mercury was poured off, and the blood flowed
out in a dark, rather thick, but fluid current. It was
poured into a shallow cup, became of a brighter colour,
and coagulated, in the course of an hour, in several
loose clots, The blood of the animal used in this expe-
riment coagulated naturally in two minutes, in the air,
at a temperature of 60

In the course of this chapter, I have sometimes spoken
of drawing blood direct from the veins of animals. For
effecting this purpose, 1 used a trocar, modified slightly,
as shewn in the drawing. From the canula, a small
tube stood out at a right angle; and to it was attached
a piece of elastic tubing. The trocar and canula were
thrust into the vein in opposition to the blood-current,
and pushed home to the projecting tube. The trocar
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correct. The simple explanation of these differences
lies, as is often the case, in the fact that the extremes of
both lines of argument are wrong, while there is a
nuclens of truth in each.

In speaking of the effects of confining blood in seg-
ments of veins, in the cellular tissue, in glgss tubes, in
the piece of intestinal tube, and under mercury, many
of the questions relating to the effects of motion were
answered indirectly. In so far as these experiments
have gone, they have supported fully the statement of
Hewson, that rest alone will not account for coagula-
tion. For it will be remembered that, when portions of
vein were included in the ligatures, the blood they con-
tained remained fluid for a long time (in one case, two
hours and a quarter), although in a state of absolute
rest. The same occurred in blood drawn into the cel-
lular tissue. I also remarked in chapter ni, p. 124
(Exp. xxx1v), that placental blood would often remain
fluid in the vessels for twenty minutes or more, although
not in motion ; and that the rapidity of coagulation de-
pends more on the extent to which the placental surface
is exposed to the open air, than on any other cause.
These remarks, as well as the more. forcible considera-
tions which spring from the experiments last described,
all bear on the subject of motion, and negative the
theory of a statical cause of coagulation. To follow
them to the end more certainly, I performed the sub-
joined experiments.

Exreriment cLxv. Blood agitated in a Closed Botlle.
A bottle capable of holding two fluid ounces was filled
with blood. The stopper of the bottle was placed in
securely, and the blood was agitated briskly by shaking
the bottle. Tt did not coagulate for seven minutes and
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in gentle motion up and down. At the end of two
minutes, the blood left at rest and expused to the air
was firmly coagulated; that in motion in the closed
bottle was still perfectly fluid, and remained so for three
minutes longer. At this time the fibrin began to sepa-
rate, and the form of coagulum which ensued consisted
of a fibrinous layer floating in the uncoagulable fluid of
serum and corpuscles.]

Whipping out Fibrin from Blood. The fact is as old as
the hills, that the mere whipping of blood by the hand
or the bunch of twigs is sufficient to separate the fibrin.
The experiment, however, is well worthy of observation;
for, if watched carefully a great many times, it yields
useful facts. In the slanghter-house the men are prac-
tically aware of many interesting points relating to this
mode of separating fibrin. They know, for example,
that if the day is intensely cold, the blood requires more
whipping than on warm days; conversely they know
that, if the day is very hot, there is little time for secur-
ing a good separation, because the blood sets so quickly.
They know, too, that the substance they whip out, and
which from its stringy appearance they call the * veins”,
is the cause of the setting. They are aware that blood
from an animal exhausted from long and hard driving
yields little of the plastic matter. They consider it a
readier process to receive the blood into a narrow pail
previously to whipping it, than into a wider and more
shallow vessel. And lastly, if they are anxious to obtain
a full amount of fibrin, they take the precaution to catch
the blood immediately from the wound, and to get it
flowing in as brisk a stream as possible, so that they
may commence to agitate it while it is still perfectly
fluid.
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blood during violent agitation #n #he open air, maybe con-
ceived as in the abstract the same as that being at work
in the vacuum experiment, Under both circumstances,
a free surface is exposed, and the result is the same.
This point is well illustrated in the experiment already
related of blowing common air through blood.

Again, there is nothing remarkable or contradictory
in the experiments already related, where the blood,
being confined in stoppered vessels, and being agitated,
did not coagulate for seven minutes, For, in this case,
although the blood was kept constantly in agitation, it
was moving in a closed canal, in some degree as in its
own vessels. In a bottle firmly closed, indeed, coagula-
tion goes on more slowly under agitation than it would
if the blood remained at rest.

From what has been here observed, I wish the reader
mainly to gather, that the different effects resulting
from agitation of blood, according to the manner in
which the process of agitation is conducted, arise from
purely physical and explainable causes. This is im-
portant to bear in mind, because it clears up much
of the contradiction that has hitherto existed on the
present question.

Blood in Circular Motion. Those who have supported
the theory that blood is kept fluid during life by mere
motion, have contended that the agitation of blood
in a closed vessel is in no way a fair experiment;
since the column of blood merely shaken in a bottle is
in some points at rest, and is not moving on in the same
equable and even cirenit as in the body during life.
This objection was plausible, and required to be met
by direct experiment. It occurred to me, therefore, to
devise an artificial cireulation, and, by mechanical
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_ up of two bags(cc) of thin vnleanised India rubber. The
bags were each capable of holding an ounce and a half
of fluid. From each bag ran out two tubes of the same
material. These tubes were three inches in length, and
were slipped on ta two curved glass tubes (s 3 8 8), 50 as
to complete a circuit with the bags, which were opposite
to each other in the semi-circumference on each side. The
circuit thus made was fixed on a strong wooden stand.
A light beam () extended across the table from one bag
to the other ; each end of the beam being provided with a
kind of cushion (E ) adapted to the bag. The beam
turned vertically on a pivot (r) in the centre, and was
provided with a handle at each end for assisting the
movements.

By simple spring valves (G 6) placed at opposite posi-
tions at the termination of each of the arms of the beam,
the passage of the fluid was kept in one direction ; and,
by the movement of the beam first on to one bag and
then on to the other, the onward motion was secured,

[When the apparatus was to be used, blood freshly
drawn was poured into the circnit. In my first instru-
ment, which was sent in to Guy's Hospital, and which
was hastily made, the blood was introduced by slipping
off one of the India rubber tubes from the glass tube,
and then rejoining them. In this way Experiment crxix
was performed. Afterwards, I improved the apparatus
by fitting to it at the upper part a funnel (a) with a stop-
cock, which stood upwards at a right angle with the tube,
When the apparatus was filled, the stop-cock was turned,
and the motion of the beam was commenced. By a little
care and dexterity, the process of filling was performed
in half a minute. |

When freshly drawn blood was introduced so as to fill

Q
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flowing out in a fluid state, and of a bright red colour,
coagulated in three minutes, Ten minutes later, a little
more blood, drawn in the same way, shewed scarcely
any tendency to coagulate ; and, at the end of the ex-
periment, the whole of the blood, on being received
from the apparatus into a vessel, was found defibrinated
and permanently fluid. I afterwards washed out, from
the bags of the apparatus, the fibrinous filaments, which
seemed to have been separated exclusively in the bags,
and were perfectly free from any red colouring matter.

[ExreriMENT cLxX. Blood in Cireular Motion. The
apparatus already named, as modified in the description,
was filled with blood freshly drawn from an ox, and
was immediately set in motion. After the motion had
been continued fifteen minutes, a little blood was with-
drawn, and coagulated on exposure to the air at rest.
Some more blood, drawn after a continunance of the
motion for fifteen minutes longer, shewed no coagu-
lating power, being defibrinated. The fibrin, as in the
previous case, was deposited in filamentous layers in the
India rubber bags. This experiment was repeated many
times with the same result.

The series of experiments narrated in this chapter
supply, in brief, the following facts.

1. Temperature. The power of coagulation of blood is
reduced in proportion as the blood is absolutely brought
down in temperature. Such reduction of temperature
may be carried to freezing point: the frozen blood remains
uncoagulated until the application of heat; but, on-
the blood being thawed and exposed to a higher tem-
perature, the process of coagulation manifests itself.
Conversely, coagulation is guickened in proportion as
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CONSTITUENTS OF BLOOD. 2

subjected to those physical influences which we have
already proved from experiment to promote coagulation?

Let us primarily consider the first of these questions.

As the blood floats along in its natural eircuit, it has
been chemically as well as physically considered as made
up of, 1. Organic substances, as fibrin, albumen, red
and colourless corpuscles, and oil; 2. Water; 3. Certain
free gases, viz. mitrogen, oxygen, and carbonic acid;
4. Soluble salts, viz, lactate of soda, chloride of sodium,
chloride of ammonium, carbonate of soda, phosphate of
soda, chloride of potassium, and sulphate of potassa;
5. Insoluble salts, viz. phosphate of lime, phosphate
of magnesia, phosphate of iron, and the carbonates of
lime and magnesia ; 6. An exceedingly minute portion
of a free alkali, supposed to be potassa or soda.

Regarding these constituent parts, it is to be observed
that they cannot all be supposed to exist in the blood at
the same time. Thus it would seem impossible for chlo-
ride of ammonium to exist in the presence of free potassa
or soda; and similar chemical objections might perhaps
be urged against the presence of other of the agents
named ; but, inasmuch as all these have been found in
the analysis of the blood, it is to be inferred that their
elementary parts at least there existed ; and, as we can«
not be expected to know intimately what the exact
chemiecal combinations of circulating blood are, those
detailed above come fairly under the range of experi-
mental research. If it be surmised that one or other
of the individual constituents named above has the
power of preventing coagulation, the questions would
be, What is this agent? What is the power it
exerts? Does it simply hold the fibrin in solution?
Or does it give rise to some form of indireet or catalytic
chemical action !
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Solution of Potassa. A solution of potassa was made,
‘containing four grains to 1000 of water. In this solution
were placed two and a half grains of fibrin, The fibrin
commenced to dissolve immediately, and at the end of
four hours formed a gelatinous mass, which hung toge-
ther and floated in the solution, and was coloured
slightly brown, In five days it was entirely dissolved,

ExreriMeENT cLxxit. Fibrin in a Solution of Potassa.
A solution of potassa was made, containing two grains
to 1000 of water. Two and a half grains of fibrin were
now added. The solution of the fibrin speedily com-
menced, and was completed in eight days.

Exveriment cuxxur. Fibrin in a Solution of Po-
tassa. A solution of potassa containing one grain in
1000 of water, received two and a half grains of fibrin.
The effects were almost identical with those in the last
experiment ; but it required eleven days to effect com-
plete solution.

Exrverivext cuxxiv. Fibrin in a Solution of Potassa.
A solution of potassa, containing half a grain to 1000
of water, was made to receive two and a half grains of
fibrin. In four hours the fibrin had assumed a gela-
tinous translucent appearance. It required eighteen
days to effect complete solution.

ExperiveNt cLxxv., Fibrin in a Solution of Seda. A
solution of soda, containing two grains in 1000 grains
of water, received two and a half grains of fibrin. The
fibrin was dissolved in seven days.

ExpPeriMENT cLXXVI. Fibrin in a Solution of Soda. A
solution of soda, containing one grain in 1000 grains
of water received two and a half grains of fibrin.
Thirteen days were required for complete solution of
the fibrin.
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Experment cuxxxiin, Fibrin in a Solution of Sulphate
of Potassa. Into a solution composed of two grains of
sulphate of potassa and a thousand grains of distilled
water, two and a half grains of fibrin were introduced.
In twelve hours no change whatever had taken place.
At the end of five days the results were unaltered.

ExeeriMext cuxxxiv. Fibrin in a Solution of Car-
bonate of Soda. "Two and a half grains of fibrin were
added to a solution of two grains of carbonate of soda,
in 1000 grains of water. In five days there was no
material change.

ExpERIMENT cLxxxv. Fibrin in a Solution of Carbonate
of Soda. Two and a half grains of fibrin were added to
a solution of one grain of carbonate of soda, in 1000
grains of water. The results were the same as in the
last experiment.

ExperiMENT cLxxxv1. Fibrin in a Solution of Phosphate
of Seda. Two and a half grains of fibrin were added to
a solution of two grains of phosphate of soda, in 1000
grains of water. No change had taken place in ten
days.

ExPERIMENT cLXXXVI1. Fibrin in a Solution of Phosphate
of Seda. Ten grains of fibrin were added to a solution
of forty grains of phosphate of soda, in 1000 of water.
There was no visible action after a lapse of twenty-four
hours.

Exrenivent cxxxvir. Fibrin in a Solution of Laclale
of Soda. Two and a half grains of pure fibrin were
placed in 1000 grains of water, to which bad been added
two grains of lactate of soda. There was no action until
the fibrin became putrid, several days later.

Exrerivent cLxxxix, Fibrin in a Solution of Lactate
of Seda, Ten grains of fibrin were added to 1000 grains
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EXPERIMENTE.—FIBRIK. a7

for passing notice ; viz. formate of soda, urate of ammo-
nia, uric acid, urea, kreatine, lactine, sugar, lactic acid,
formic acid, inosinic acid, and butyric acid.

It was considered worth the labour to inquire how
far these agents act on fibrin.

Experimext oxcit.  Fibrin in a Selution of Formale of
Soda, 'Two and a half grains of fibrin were placed in a
solution of two grains of the formate of soda in 1000 of
water. No effect whatever resulted.

Exrerimest cxciir, Fibrin in a Solution of Formate of
Soda. Ten grains of fibrin were added to 1000 grains
of a saturated solution of formate of soda, No solvent
action was perceptible.

ExrveriMest cxcrv. Fibrin in a Solution of Urale of
Ammonia. Two and a half grains of fibrin were added
to 1000 grains of a solution containing as much urate
of ammonia as could be taken up. No effect was pro-
duced until decomposition commenced.

Exrerivext cxev. Fibrin in a Solution of Urea. Two
and a half grains of fibrin were added to 1000 grains of
water, containing in solution two of urea. No solvent
action was perceptible,

Exrerimvext cxcvi. Fibrin in a Solution of Krealine,
Two and a half grains of fibrin were placed in 1000
grains of water, containing two grains of kreatine. No
solvent action took place. :

Exreriment cxevir. Fibrin in a Solution of Lackine.
Two and a half grains of fibrin were placed in 1000
grains of a solution containing thirty grains of lactine,
No result was apparent.

Exreriment cxcevii.  Fibrin in a Solution of Lactine.
Into 1000 grains of a solution of lactine, containing
fifteen grains, two and a half grains of fibrin were in-
troduced without effect. J
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solution of two grains of inosinic acid in 1000 of water.
No solvent action was shewn. In five days decomposi-
tion had commenced.

Exeeniment cevit.  Fibrin in a Solution of Bulyrie
Acid, Two and a half grains of fibrin were added to a
mixture of thirty grains of dilute butyric acid and 970
grains of water. The fibrin was made gelatinous in five
minutes, and in twelve hours was partly dissolved.

ExreriMeNT coviir.  Fibrin in a Solution of Butyrie
of Aefd. Ten grains of fibrin were placed in 1000 grains
of dilute butyric acid. The fibrin became gelatinous
almost instantly, but did not dissolve as in the alkaline
solution.

From the last named experiments, it appears that,
with the exception of butyric acid, all the substances
used proved inert as regards a soluble influence on
fibrin. Butyric acid would seem, according to Lehmann,
to be rather a normal constituent of blood than abnor-
mal. The acid is volatile.

II. EFFECTS OF CHEMICAL AGENTS ON FRESHLY
DRAWN BLOOD.

The preceding details contain a sketch of the effects of
varions substances on fibrin. I now proceed to record
the effects of the same and of other agents on freshly
drawn blood.

The experiments about to be related will convey a
correct idea of the effects of those chemical substances,
some of which certainly, others possibly, exist in circu-
lating blood, or, at all events, in the body.

It may be well to premise these experiments by stating
that, in performing them, an ounce of blood was always
used. It was received, as it flowed from the animal,
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in thirty minims of water. Firm coagulation had set
in in four minutes; the blood of the animal coagulated
naturally in two minutes.

[ExperimesT coxi. Effeet of Pofassa on Blood. One
ounce of blood from the same animal was received in a
vessel containing one-sixth of a grain of hydrate of
potassa with half a drachm of water. The blood coa-
gulated in two minutes and a half; the clot was soft
and dark, and eventually a considerable amount of
serum exuded from it.

ExperimenT cexiin. Effect of Polassa on Blood. One
ounce of blood from the neck of an ox was received into
a vessel containing one-eighth of a grain of hydrate of
potassa in solution with thirty minims of water, The
blood coagulated in two minutes. The clot was mode-
rately firm. The blood of the animal coagulated also
in two minutes on simple exposure to the air.

Exrerivest cexiv. Effeet of Polassa on Blood. One
ounce of blood from the same animal was received a
moment afterwards into a vessel containing one-tenth of
a grain of hydrate of potassa in solution with half a
drachm of water. Coagulation occurred in two minutes,
the clot being dark and moderately firm.

ExperiMent cexv. Effect of Polassa on Blood. One
ounce of freshly drawn mixed blood from the neck of
an ox was received into a bottle containing one grain of
hydrate of potassa with thirty minims of water. The
blood commenced to thicken in ten minutes, but did not
coagulate fully for two hours ; it then set into a firm but
dark clot, from which no serum exuded. The blood of
the animal used in this case coagulated naturally in
two minutes and a half.]

ExperiMesT cexvi. Efeet of Soda on Blood. One

R
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ounce of fluid blood was received into a bottle contain-
ing 1'27 grain of hydrate of soda with thirty minims of
water. The blood shewed no tendency to coagulate ; it
remained fluid until decomposition ensued. The blood-
corpuscles were found, when examined microscopically,
to be contracted, broken up, and irregular,

[ExperiMENT ccxvil. Effect of Soda on Blood. One
ounce of blood from the neck of an ox was received into
a vessel containing the fourth of a grain of hydrate of
soda in solution with half a drachm of water. Coagu-
lation took place in four minutes, the clot being dark
but firm.

ExperiMENT ccxvill. Effect of Soda on Blood. One
ounce of blood from the same animal was received into
a bottle containing one-sixth of a grain of hydrate of
soda in solution with thirty minims of water. The blood
coagulated in a firm but dark clot in three minutes.
The blood of the animal used in these experiments
coagulated in two minutes on exposure to the air.

ExperIMENT ccx1X. Effect of Soda on Blood. One
ounce of blood from the same animal was received in a
vessel containing one-tenth of a grain of hydrate of soda
in solution with half a drachm of water. The blood coa-
gulated in two minutes and thirty seconds, the clot being
of a bright red in its upper, and almost of a jet black in
its lower half.

b. Salts. ExreriMent ccxx. Effect of Chloride of
Sodium on Blood. 1received one ounce of blood from the
neck of a sheep, and placed it in a bottle containing one
half drachm of chloride of sodium. The blood remained
fluid. Stopping the bottle firmly, I retained this blood
for thirteen months. At the end of this period I re-
opened the bottle, and found the blood as fluid as before.
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I repeated Mr, Gulliver's experiment of adding water
to the blood, but could not induce coagulation by this
means. The blood had undergone some decomposition,

ExreriMext cexxi, Effect of Chloride of Sodium
on Blood. One ounce of freshly drawn sheep’s blood
was received in a vessel containing twenty grains of
chloride of sodium with thirty minims of water. After
standing twenty hours at rest, this blood remained in
great part fluid, but contained one or two loose clots ; it
retained its red colour. The blood of the animal used
in this experiment coagulated firmly in two minutes,

ExrerimeENT cexxi. Effect of Chloride of Sodium on
Blood. Ome ounce of blood freshly drawn from the
neck of the same animal as in the last experiment was
received into a vessel containing fifteen grains of chloride
of sodium in thirty minims of water. It commenced to
coagulate in one hour, and formed a firm red clot from
which no serum exuded, ]

ExperiMENT coxxiit.  Effect of Chloride of Sodium on
Blood. One fluid ounce of freshly drawn ox's blood
was received into a bottle containing ten grains of
chloride of sodium in thirty minims of water. Coagu-
lation commenced in four minutes and fifteen seconds,
Another ounce of blood, from the same animal, coagu-
lated naturally in three minutes and forty-five seconds
on exposure to air. The colour was slightly darkened
in the blood to which the salt was added. Under the
microscope, the blood-discs were found contracted.

[Exveriment coxxiv.  Effect of Chloride of Polassium
on Blood. One ounce of blood from the neck of an ox
was received into a vessel containing twenty grains of
chloride of potassium in solution with half a drachm of

water. In three minutes this blood commenced to
R 2
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[Experimest coxxvur, Effeet of Chloride of Ammonium
on Blsod. One ounce of freshly drawn blood from the
neck of a sheep was received into an open vessel con-
taining five grains of chloride of ammonium in thirty
minims of water, Coagulation occurred in five minutes,
the clot being dark and firm ; but little serum exuded
from it. The blood of this animal, exposed to the air,
coagulated firmly in one minute and a half.

ExrerRIMENT coxxiX. Efect of Chloride of Ammontum
on Blood. One ounce of blood from the animal named
in the last experiment was received into a vessel con-
taining two and a half grains of chloride of ammonium
with thirty minims of water. Coagulation occurred in
two minutes and a half, the clot being dark but ﬂ:m ;
but little serum exuded. ]

It will be remembered that chloride of ammonium
did not cause the solution of pure fibrin when added to it.

; [Experimest coxxx. Effect of Sulphate of Potussa on
Blood. One ounce of freshly drawn mixed blood from
the neck of a sheep was received into a vessel contain-
ing ten grains of sulphate of potassa with thirty minims
of water, Coagulation occurred in seven minutes, the
clot being firm and red ; a large quantity of serum ex-
uded from the clot. The natural period of coagulation
was one minute and a half.

Exreriment coxxxi. Effect of Carbonate of Polassa on
Blood. One ounce of mixed blood from the throat of a
sheep was received into a vessel containing ten grains of
carbonate of potassa in one ounce of water. Twenty
hours after this blood had been at rest, it retained its
red colour, and formed a very feecble coagulum. The
blood of the animal used in this experiment coagulated
naturally, on exposure to the air, in one minute and a
half.
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tassium on Blood. One ounce of blood from the neck
of the same animal was received into a bottle contain-
ing two grains and a half of sulphocyanide of potas-
sium in solution with thirty minims of water, The
blood remained fluid for nearly two hours, when it
gradually set into a firm clot, from which there was no
exudation of serunm. The blood of the animal used in
these two experiments coagulated, on simple exposure
to the air, in two minutes. ]

ExreriMeNT cexxxvil, Effect of Carbonate of Soda on
Blood. A fluid ounce of fresh blood was mixed with
ten grains of carbonate of soda in thirty minims of water.
Coagulation commenced in four minutes, but the coagu-
Ium did not become firm. The natural period of coa-
gulation in this blood was three minutes and a half,

[ExpeErmvent coxxxvinr. Effeet of Carbonate of Soda
on Blood. One ounce of mixed blood from an ox was
received into a vessel containing five grains of carbonate
of soda in thirty minims of water. The blood remained
fluid. Six hours after it had been at rest it was a little
thicker than before, and contained one or two soft clots.
The colour remained of a bright red. After the blood
to which the salt had been added had remained twenty
hours at rest, it had separated into two portions—a
serous portion above, and a dark column beneath;
when the serum was poured off, the dark mass was
found so feebly coagulated that it poured like thick
treacle into a cup. The blood of the animal used in
this experiment coagulated naturally, on exposure to

- the air, temperature 60° in two minutes and a half.]

Exreriment coxxxix. Effeet of Lactate of Seda on
Blsod. One fluid ounce of freshly drawn blood was
received into a bottle containing two grains and a half
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on Blood. One ounce of freshly drawn mixed blood
from the neck of an ox was received into a bottle con-
taining two and a half grains of phosphate of ammonia
with thirty minims of water. At the end of an hour
the blood remained perfectly fluid ; but on gentle agi-
tation, exposed to the air, it began to thicken, and in
another hour it formed a thick dark clot, from which
there was a considerable exudation of serum. The
blood of this animal, exposed to the air, coagulated
naturally in two minutes and a half.]

Experivment ccxuv. Effect of Urate of Ammonia on
Blood, One ounce of blood was mixed with half a
drachm of a saturated solution of urate of ammonia,
Coagulation took place in four minutes and fifty se-
conds ; which was also the time required for the coagu-
lation of the blood in the natural state.

Exrerivext cexuvi. Effect of Lactate of Ammonia on
Blood., One fluid ounce of blood was received into a
bottle containing five grains of lactate of ammonia.
Coagulation was produced in four minutes. The blood
coagulated naturally in three minutes and forty-five
seconds.

ExreriMesT coxuvir. Effect of Butyrate of Ammonia
on Blood. One ounce of blood was received into a
bottle containing thirty minims of dilute but neutral
solution of butyrate of ammonia. Coagulation took
place in six minutes. The natural period of coagulation
of the blood used in this experiment was six minutes
and a half. _

c. Acids. Exveriment cexuvin., Effect of Hydro-
chlorie Aeid on Blood. Hydrochloric acid can never be
presumed to be present in the free state in blood. Tt
enters, however, into the composition of several blood-
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ExreriyMest ccrit. Effect of Phosphorie Aeid on Blood.
One ounce of blood from the neck of the same animal
was received the next moment in a vessel containing
five minims of phosphoric acid with thirty minims of
water. The blood coagulated in three minutes; the
clot being dark, but moderately firm.

ExrperivmenT cornt. Efect of Acetic Aeid on Blood,
One ounce of sheep’s blood was received into a bottle
containing fifteen minims of acetic acid. The liquid
became of a dark colour, and assumed a treacly appear-
ance ; and, at the end of twenty-four hours, had under-
gone no further change. There was no trace of congu-
lum. The blood of the animal coagulated naturally in
two minutes. '

Experiment ccuv, Efeet of Acelic Acid on Blood.
One ounce of mixed blood from the throat of an ox was
received into a vessel containing ten minims of acetic
acid. The effect on the blood was at once marked ;
the fluid became thick, treacly, and of a dirty hue; it
underwent no coagulation for forty-eight hours. The
patural time of coagulation was two minutes,

Exrerivent ccuv, Effeet of Acetie Acid on Blood.
One ounce of blood from the neck of the same animal
was received the next moment in a vessel containing
five minims of acetic acid. The blood remained fluid
for rather more than an hour, and then set in a firm
dark clot, from which no serum exuded. The corpuscles
in all the specimens of blood to which the acetic acid
had been added were shrunken, and in some measure
dissolved ; their appearance differed, however, entirely
from that of the corpuscles acted on by the alkalies. ]

Experimext couvi. Effect of Uric Acid on Blood.
One fluid ounce of blood was received into a bottle
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to throw in a solution of lactic acid. As the acid came
into contact with the blood, a similar change occurred
to that noted in the last experiment. The blood became
dark, treacly, and homogeneous, communicating a slimy
and gritty feel to the fingers. 1 was unable to throw
in the acid, the pipe becoming clogged up. "When the
tube was withdrawn, a few drops of the thick disinte-
grated blood oozed into the wound. T caught this in
a watch-glass; it thickened and dried up, but under-
went no definite coagulation.

ExveriMent ccixt. Effect of Lactic Acid on Blood.
I drew three ounces of venous blood from an ox into a
bottle surrounded by freezing mixture ; and, stopping
the bottle firmly, kept the blood for half an hour in a
frozen state. I then gently thawed it until it became
quite fluid, and divided it into three equal parts. One
part was set aside, exposed to the air at 60°; it coagu~
lated in four minutes. To the second part, I added ten
drops of dilute lactic acid, The acid had the same effect
as noticed in the last experiment. To a third part I
added five drops of the acid. The special effect was
less marked; and in four minutes there was a semi-
coagulation, but the clot was soft, dark, and slimy.

These experiments with lactic acid were repeated on
several occasions with the same results.]

Exvermvest ceuxit.  Effeet of Formie Aeid on Blood.
One flnid ounce of blood from an ox was received into a
bottle containing thirty minims of dilute formic acid. It
had not coagulated when examined at the end of an hour
and a half. The colour was nearly changed to black,
and the fluid appeared decomposed. Under the micro-
scope, no blood-corpuscles were apparent.

[Exrerivest cuxin.  Efeel of Formic Acid on Blood.
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each three inches long, and bent them into the form of
horse-shoes. I now received a little blood from the
jugular vein of a young dog; and, setting the two tubes
upright, filled them with the blood. Into the open
ends of one of the tubes I inserted the wires leading
from a simple battery of two plates, allowing the wire on
each side to dip for the space of a few lines into the blood.
The blood in the other tube was left merely exposed to
the air, the temperature of which was 65°. The blood
through which the galvanic current passed coagulated
a few seconds later than the other blood. Both had
firmly coagulated in four minutes: there was no differ-
ence in the appearance of the clots,

ExperRIMENT coLxxvill. Effect of the Galvanic Current
on Blood. Blood from the jugular vein of another dog
was experimented on in a similar way. The blood
under the galvanic current began to coagulate in two
minutes, and formed a firm clot; that simply exposed
to the air had coagulated slightly in a minute and a
half, and in two minutes was a firm and uniform clot.

Experivest coLxxix. Effect of the Galvanie Current on
Blood. 1 received into each of two watch-glasses three
drops of my own capillary blood, derived from a small
wound. An assistant arranged the galvanic apparatus.
The poles of the battery were immersed at a slight dis-
tance from each other in one specimen of the blood ; the
other portion was left simply exposed to the air. The
blood under the galvanic current coagulated in seven
minutes. That simply left in the air coagulated a few
seconds sooner ; probably from being accidentally spread
over a rather wider surface.

ExreriMeENT coLxxx. Effect of the Galvanic Current on
Blood. 1 received into each of two watch-glasses four

s
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of sodium is the natural blood-solvent. To produce any
solvent effect on fibrin itself, a saturated solution of the
salt is required ; and even then the result is imperfect.

In reference to the various abnormal constituents of
the blood, and their influence on coagulation, it is to be
observed that the results obtained from the experiments
related, although important, are rather to be considered
as bearing on pathological than on physiological ques-
tions. I'leave, therefore, the facts recorded with regard
to these constituents as mere historical details, interest-
ing to be remembered, but diverging somewhat from the
point immediately before us.

Although it is clearly proved that the free alkalies—
soda and potassa—exert the property of dissolving fibrin
and keeping blood fluid, it is in no way proved that
they are the cause of fluidity. Before we could arrive
at such a conclusion, we must ascertain which of them,
if either, is really present in the blood in the free state.
As bases, both exist in the blood; and as the sernm of
blood is feebly alkaline, it has been presumed that the
alkalinity of necessity depends upon the presence of one
or the other of these alkalies, or their alkaline salts. It
may be s0; but even this is difficult to suppose; for if
it is true, as has been asserted by various chemists, that
chloride of ammonium exists in normal blood, it is diffi-
cult to understand how either potassa or soda can exist
free in the presence of this salt.

But, in the absence of any chemical objections of the
above nature, there is one simple truth which once and
for all negatives the hypothesis that the fluidity of living
blood depends on the presence of soda or potassa, or of
any fixed alkaline salt, in the blood. The circulating
blood is fluid ; the drawn blood, left at rest under fa-

84
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serum, Coagulation was perfect in two minutes and a
half, the clot being firm and uniform,

ExPERIMENT coLxxx11. Admixzture of Serum with Blood.
Half an ounce of blood from the same animal was re-
ceived into a cup containing two drachms of serum.
Coagulation took place at the same time as in the last
experiment, the clot being equally firm and uniform.

ExperiMeENT couxxxii. Admizture of Serum with
Blood. 1 received half an ounce of blood from the neck
of the same animal into a cup containing half an ounce
of the sernm. Caagulation commenced in two minutes
and a half; and at the end of three minutes the clot
was as firm as in the previous two instances. The
blood of the animal used in these experiments coagu-
lated naturally in two minutes and twenty seconds, on
exposure to the air at a temperature of 58° Fahr.

Exeperivent ccuxxxiv. Admizture of Serum wilh
Blood. One half ounce of freshly drawn mixed blood
from the neck of an ox was received into a cup con-
taining half an ounce of the serum. It coagulated in
three minutes; the clot was dark, but firm and uniform.

ExPERIMENT ccLXXXV. Admizture of Serum with Blood.
Two drachms of blood from the neck of the same animal
were received into a cup containing half an ounce of
the serum. The blood began to gelatinise in three
minutes; and in four minutes it formed a loose but
uniform clot, from which ultimately a considerable
amount of serum exuded.

Exrveriment ccLxxxvi. Admizture of Serum with
Blood. One drachm of blood was received into a cup
containing half an ounce of serum. The blood began
to gelatinise in four minutes: in five minutes it formed
an uniform but soft clot, from which a considerable
amount of serum was pressed out. The blood of the
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SUMMARY. 263

times its measure of normal serum, coagulation occurs,
with no other difference than that which arises from the
physical admixture, '

Thus the theory of the fixed alkaline salts, or of
normal alkalinity of serum, as the solvent agent of the
fibrin of circulating blood, is definitely excluded. ]

But, while this chemical hypothesis thus breaks down,
its place is no better supplied by the chemical argu-
ments that fibrin, as fibrin, does not exist in circulating
blood at all. In chapter 11, page 53, this argument has
been fully disposed of. Fibrin coagulates in aneurisms,
on threads introduced into arteries, in vessels obstructed
by ligature, in the occluded vessels of the dead body,
and in the serous cavities when effused into them. It
exudes as plastic lymph on the free surface of mem-
branes ; it coagulates there. How could any of these
things occur if fibrin, as fibrin, did not exist in the
circulating blood 1 '

[Again, the other argument advanced by some phy-
siologists, as Virchow, that the coagulation of fibrin
is the result of contact with oxygen, is equally fallacious:
inasmuch as coagulation takes place in the presence of
nitrogen or other simple gas, from which oxygen is ex-
cluded, as readily as in oxygen itself; and even more
readily # vacwo than under most other physical con-
ditions.

As regards the effects of acids, we have seen that
butyric acid dissolves fibrin; but as, when added to
blood, it quickens coagulation, its influence as a solvent
is excluded: while the formic and lactic acids, which
modify the coagulating process, do not dissolve fibrin,
These, therefore, may be rejected; not only for the
reasons here given, but becaunse the blood is alkaline.]



CHAPTER VI

EXPERIMENTAL INQUIRY INTO THE CHEMICAL AGENCIES
INFLUENCING THE COAGULATION OF THE BLOOD
(coRTINUED).

“ No more causes of things ought to be admitted, bot snuch as are both troe
and sufficient to explain the phenomena.” Sig Isiic NEwTow.

EVOLUTION OF GASEOUS MATTERS FROM BLOOD.

[In our preceding inquiries, physical and chemical, we
have been led irresistibly to the conclusion, that motion
is not sufficient to account for fluidity, nor rest for coa-
gulation ; we have seen that exposure to the air is not
alone sufficient to account for coagulation, though it is
a favouring circumstance ; and that mere confinement
from air will not of itself sustain fluidity. 'We have
seen that contact with living tissues is not alone com-
petent to account for fluidity; for, while coagulation
occurs in the presence of a living tissue, we have
also seen fluidity sustained under certain conditions in
contact with inorganic materials. We have seen that
temperature is not sufficient of itself to account either
for fluidity on the one hand, or coagulation on the
other ; inasmuch as the normal temperature of the body
favours the coagulation of drawn blood, and is yet com-
bined in the body with the circulating fluid blood. We
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have seen, in regard to the effects of chemical agents,
that while fibrin is evidently held fluid by some chemi-
cal principle, it is most clear that this cannot be one of
the fized substances ; or it would continue to sustain the
fluidity of blood, whether within or without the body.

‘We are thus driven, by the purest steps of exclusive
reasoning, to the investigation of a new point ;—namely,
Is the coagulation of blood dependent on the evolution
of some volatile substance, under circumstances favour-
able to its extrication 1]

The idea that the evolution of a gaseous product from
the blood is the cause of coagulation, was indeed put
forward, as has already been stated, by Sir Charles
Scudamore and Polli, who supposed, also, that it was to
the escape of carbonic acid gas that the process of coagu-
lation is mainly due. Scudamore did not, however, prove
this position, but the contrary; for he found that car-
bonic acid, passed through blood, had no marked effect
in retarding coagulation. This important fact, however,
both of them did prove: that coagulation proceeds in
proportion as carbonic acid and other gases are given
off—the most important observation that had been made
on the subject since Hewson's remark regarding the
effects of exposure to the atmosphere,

On looking back to all that had been done, and to
my own investigations, the conviction became more and
more powerful that, in principle, Scudamore and Polli
were right respecting the escape of some volatile sub-
stance, however wrong they might be in detail. In this
direction, indeed, all evidence points, as a reference to
chapter 1v will prove.

[In this chapter, as the details of physical experi-
ments advanced step by step, this view of the evolution
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primarily whether that vapour itself had any influence.
The result is given in the succeeding narrative.
Transmission of Blood- Vapour through Blood. 1 fitted
up a simple apparatus as follows. A Wolf’s bottle (4)
capable of holding three pounds of fluid blood, was
fitted with three good corks, so as to make it quite air-
tight. A bent tube (c) was fitted into one of the corks,
so as to descend nearly to the bottom of the bottle by
one end, and to be inserted by the other in a smaller
bottle (p) placed near the Wolf's bottle. From the
other side-opening passed also a glass tube, which

merely dipped into the neck of the Wolf's bottle, and
bent over so as to pass to the bottom of another small
bottle (¥), of the same size and shape as that already
mentioned. The two small bottles were also securely
corked ; but, in addition to the tubes already named as
passing to them from the Wolf's bottle, two other tubes
(u and 1) emerged from them. When the apparatus
was fitted up, it was easy, by means of a small pair of
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only began to circulate, this blood coagulated feebly,
the fibrin separating and floating at the top.

I repeated this experiment frequently, with the same
general result. On one occasion, it was modified by an
accident; but the accident proved an advantage.

Exrperivent cexcr.  Transmission of Blood- Vapour
through Blood. Having, as I thought, perfectly fitted up
the apparatus described, I proceeded to perform an expe-
riment as before. To my surprise, as the current passed
over, the lower part of the blood in the bottle (¥), which
was presumed to be charged with vapour, began to coa--
gulate rapidly and to darken, while all above remained
of a bright colour and fluid. When the experiment was
over, I found that this phenomenon arose from a simple
mechanical accident. In fitting in the tube which was to
conduct the vapour from the large bottle, the tube was
not pushed down far enough, so that it stood about one
inch from the bottom of the blood in the small one, The
result was that this lower inch of blood did not receive
the vapour, and therefore coagulated.

This experiment, trifling though it would seem at first
sight, has important pathological bearings. It shows
why a eurrent of blood, checked in any vessel, and there
held stationary, does of necessity coagulate ; for, in the
living body, the solvent principle, although not driven
along by a pair of bellows, as in my experiment, is borne
by the blood-stream, by which the same end is effected.

In considering the experiments thus related, and in
pointing out their practical meaning, it is important to
observe that the action of the blood-vapour, as thus
used, is necessarily limited as to effect. The necessity
for driving the vapour over by air unaveidably caused
it to be largely diluted; and the volatile products



| i imine

1 ‘.f.‘ "_’- - "n'-:“' o
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changing the test-tube containing the litmus solution
for one containing a solution of lime, carbonate of lime
was formed. I also received blood into a carboy, and
inserted litmus paper, slightly reddened, into the neck,
corking the vessel tightly afterwards. No result fol-
lowed.

Having failed, after several attempts, to obtain deci-
sive evidence of the evolution of free oxygen or nitrogen
from the blood, T allowed for the moment the probability
of such an evolution, and then endeavoured to ascertain
what would be the effect of exposing blood to the in-
fluence of carbonic acid, oxygen, and nitrogen. If]
under either of such influences, the blood exhibited no
modification in its coagulating property, the inference I
felt would be, that to the escape of none of these agents
could the process be attributed.

Experivent coxcn,  Carbonie Acid driven through
Biood. Through two ounces of fresh ox’s blood a stream
of carbonic acid gas was gently passed. After four mi-
nutes, coagulation rapidly commenced; and, by plug-
ging the tube through which the gas entered, prevented
its further access to the blood.

Exrerimest cexcin.  Oxzygen driven through Blood.
One fluid ounce of blood from the same animal was re-
ceived into a bottle filled with oxygen gas. Tts colour
became much brightened ; and it coagulated firmly in
two minutes and a half.

ExreriMENT cexciv. Nifrogen driven through Blood.
Through two ounces of blood from the same animal
nitrogen gas was gently driven from a bladder during
half a minute. Coagulation eommenced in four minutes
and fifteen seconds. The colour of the blood was slightly
darkened. The natural period of coagulation of the
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the spontaneous evolution of ammeonia from newly drawn
healthy blood. Yet there was nothing very objectionable
in such a view, for ammonia can be produced in the body;
and it is one of the most common agents in the chemistry
of organic nature. Any way it was present for examin-
ation, and could not be reasonably or fairly excluded
without experiment. To learn whether ammonia had
any part in the process of coagulation, two things were
required; 1. To discover if it were given off from
freshly drawn blood ; and if so, 2. To ascertain what
influence it had on blood drawn from the body.

In entering on the first of these inquiries, I endea-
voured primarily to ascertain whether, by passing the
vapour of blood over a rod dipped in diluted hydro-
chloric acid, the well known white vapour of chloride
of ammonium, formed by the union of the acid with
the alkali, could be obtained.

Exrenivext coxcv. Lesting Blood- Vapour with Hydro-
chlorie Acid. 1 had several pounds of ox's blood received
into a large carboy with a long neck. I then quickly
inserted the cork, with a piece of wire projecting down-
wards from it, to which was attached a small sponge
made of asbestos and wetted with hydrochloric acid.
The result was ni, although the experiment was several
times repeated.

I had already exhausted the reddened litmus test;
it was therefore unnecessary to repeat it.

I found, however, that it was not in any way con-
clusive against ammonia that these tests did not indi-
cate its presence in blood-vapour; for I ascertained by
a trial experiment that, if one grain of ammonia were
added to 450 grains of blood, it’ could not be detected
by the rod test, as being evolved from the blood;

T
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although it kept the blood fluid so long as the bottle in
which it was contained was well corked, and possibly
escaped when the bottle was uncorked, as the blood
then coagulated. Moreover, the escape of water vapour
from newly drawn blood is so copious, that the white
fumes of chloride of ammonium, even if present, would
be obscured by it. Some other more delicate tests
were therefore required, and were instituted. _

Formation of Ammonio-Chloride of Platinum. The first
test used was the ordinary one for obtaining ecrystals
of ammonio-chloride of platinum.

ExreriMest ccxevi, Formation of Ammonio- Chloride
of Platinum from Bleod-Vapour. An apparatus was
fitted up with a Wolf’s bottle (a), as in the experiment

of transmitting blood-vapour through blood. To the
free end of the long descending tube (p) the bellows
(¢) were attached. The free end of the short or exit tube
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(e) was connected with one of Liebig’s potash-bulbs (¢ )
charged with perfectly pure hydrochloric acid. The
Wolf's bottle being two-thirds filled with freshly drawn
blood, and quickly closed, the vapour arising from the
blood was blown briskly through hydrochloric acid,
until the blood was fully coagulated. The acid was
poured into a clean evaporating dish, solution of per-
chloride of platinum was added to it, and the mixture
was carefully evaporated in the water-bath. The result
was a deposit of the crystalline salt of ammonio-chloride
of platinum, which was afterwards well washed in a
mixture of alcohol and ether.

ExpERIMENT ccxcvil, Formalion of Ammonio- Chloride
of Platinum from Blood-Vapour. On the day after
making the above experiment, I repeated it. The
blood was drawn from a bullock. The apparatus
worked well, and a free amount of blood-vapour was
driven through the acid. The result was more decisive
than in the former experiment.

ExperiMeNT cexeviir. Formation of Ammonio- Chloride
of Platinum from Blood- Vapour. This experiment was
conducted in the same way as the preceding, the
subject being a heifer. The result was well marked,
in a copious formation of the yellow salt.

ExperRIMENT coxcix. Formation of Ammonto- Chloride
of Platinum from Blood- Vapour. 'The blood of an ox
was experimented on in the same manner, with a similar
result: there was a copious deposit of the salt.

In all these experiments, the same quantity of blood
was used ; viz., one imperial quart. The current of air
was gently kept up for five minutes after the blood had
coagulated. The air made for itself channels in the

clotted blood, and thus passed freely through it. The
T3
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THE MICROSCOPE TEST. . an
[In order to apply this process safely to the detection

of ammonia in blood-vapour, certain conditions are
required. 1. The acid used must be distilled over
twice, or even oftener, to secure its perfect purity. 2.
Before being used, a little of it is to be placed on the
microscope glass, evaporated to dryness, and examined
by the microscope, to see that it contains no crystal-
lisable substance. 3. In evaporating, the process must

be done cautiously and slowly. 4, As the crystals
rapidly absorb water, they should be examined directly
after experiment. 5. To prevent fallacy, another mi-
croscope glass, moistened with the same acid, should be
held at a short distance from the blood experimented
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common microscope glass, When the vapour had been
thus directed for three minutes, the glass was gently
dried. As the drying proceeded, a fine white cloud
became visible on the part of the glass forming the cell,
The microscope revealed the presence of a field of the
crystals of chloride of ammonium, which are here shewn.
They are a fair representation of those formed from
blood-vapour.

Exreeriment ceent. Formation of Chloride of Ammonium
Sfrom Blood- Vapour. The process was performed on blood
taken from an ox. The result was the same.

[Experivent ccerv. Formation of Chloride of Ammo-
niuwm from Blood- Vapour. A pint and a half of blood
was drawn, in the open air, from the neck of a sheep
into a bowl, and was briskly whipped with twigs. This
gave rise to a more than ordinary evolution of vapour,
in which I held a microscope glass moistened with hy-
drochloric acid.  After four minutes, I dried the glass
over a spirit lamp, and found it studded with groups of
crystals as before. For comparison, another glass, also
moistened with acid, was placed at the distance of eight
yards from the blood ; this, on being dried, yielded no
evidence whatever of crystals.

ExpreriMENT coev, Formation of Chloride of Ammonium
JSrom Blood- Vapour. One pint of fresh blood from a
sheep was mixed with a pint of distilled water at
100° Fahr, There was a free and rapid evolution of
vapour. The microscope glass, moistened with acid
and held in this vapour, was dotted over its entire sur-
face with the crystals.

When a microscope glass is simply held over blood-
vapour in the air, the objection may be made that the
ammonia comes from the air itself; and, although this
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1 afterwards made an instrument of another kind, as
depicted in the drawing. A pint bottle (), with a
well fitting cork, has a tube
(c) inserted throngh the cork.
The upper part of the tube is
blocked for supporting a small
glass eylinder (») lying hori-
zontally across it. The glass
cylinder is perforated in its
centre with a hole through
which the upright glass tube
passes, The eylinder is closed
at one end ; and the other is
fitted with a stopper. When
it is to be used, a microscope
glass (a), moistened with hy-
drochloric acid, is placed, as
indicated, in the cylinder, the acidified surface down-
wards over the tube.

Exreriment ceevit. Formationof Chloride of Ammonitm
Jfrom Blood- Vapour. 1 received half a pint of blood from
the neck of a sheep into the bottle (p); then inserted
the cork with the tube (c), and the cylinder containing
the microscope glass and acid. The blood coagulated
in two minutes ; but the bottle was allowed to stand for
half an hour. Then the cylinder () was removed, and
placed under a bell-jar over sulphuric acid in a sand-
bath at 100° Fahr. When the microscope glass, thus
dried, was removed, it was found, as before, dotted over
with ecrystals of chloride of ammonium.

In these days of no blood-letting, it is a difficult thing
to obtain human blood in quantity for the purpose of
experiment. However, through the kindness of Mr.
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Betts, cupper, of Wimpole Street, I have been enabled to
perform, with the blood of the human subject, three ex-
periments, which possess peculiar interest. I arranged
for Mr. Betts a cupping-glass for experimental purposes.
It was simply a straight cupping-glass, having stretched
across it within in its middle part a short microscope
glass, which was held in place by two slips of cork,
its flat surfaces looking upwards and downwards.
When the cup was to be used, two or three drops of
hydroch]unu acid were placed on the upper surface
of the microscope glass: the scarifications were made
in the patients, and the cup was applied.

ExreriMest cecviit.  Ammonia evolved from Human
Blood. Mr, Betts had a patient to cup, who was an old
man, and who for many years had been cupped regu-
larly once a month. He was thin, and sickly looking ;
but suffered from giddiness and affection of the head if
the cupping were not performed. Mr. Betts arranged the
glass as I had directed him, and, after scarifying, placed
it on the back of the patient, and drew off about four
ounces of blood. He then removed, emptied, and gently
dried the cupping-glass, and at once brought it to me for
examination. On the glass slide, there were a few
crystals of chloride of ammonium : but, on looking at
the upper and clean part of the cup, I observed there
several groups of small white specks, on which, with a
little trouble, I brought the microscope to bear. They
resolved themselves into fine groups of chloride of am-
monium crystals.

ExreriMesT cccix. Ammonia evolved from Human
Blood. A short time afterwards, Mr, Betts repeated the
experiment on another patient, who was in the prime
of life, and was bled to meet a plethora; for he who
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takes in too much must have too much let out. The
glass was applied, removed, and dried, as before. In this
case, the microscope again revealed groups of the crystals,
which, as in the previous instance, were not deposited
on the slip which bore the acid, but on the upper part
of the eupping-glass.

ExperIMENT ccoX. Ammonia evolved from Human
Blood., On another occasion, Mr, Betts cupped the first
mentioned patient; and -was se good as to send for
me to take part in the experiment. I arranged the
glass myself., After the application, I saw distinctly in
the glass the white curling fumes of chloride of ammo-
nium, as the blood-vapour came into contact with the
acid on the glass, This blood, unlike what generally
occurs when cupping is performed, remained fluid, after
the glass was removed, for full eight minutes. I held a
microscope glass moistened with acid over the blood,
gently dried it, as well as the cupping-glass and its
contained slip, examined these, and again found the
crystals, the greater number being in the upper part of
the cupping-glass.

In these experiments, three points were satisfactorily
established : 1, That the ammonia did not come from
the air, inasmuch as the cupping-glass is not only
closed, but partly vacuous; 2. That it did not come
from the acid used, because it was the vapour of the
acid which, combining with the ammonia, deposited the
crystals in the upper part of the glass; 3. That human
blood eyvolves ammonia.,

Against the experiment, there is one disadvantage,
which, indeed, applies to the preceding experiments;
namely, that, as the fumes of chloride of ammonium are
formed, they descend and are absorbed by the blood, so
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that the product is in a great measure lost. I suspect
that the prolonged fluidity of the blood in Experiment
ccevint might have been due to such absorption, inas-
much as the blood drawn from another scarification
into a simple glass partly coagulated in the glass before
its removal.

To remove still further all objections as to the source
of the ammonia, and to prevent the reabsorption of
ammonia by the surface, of the blood, I made another
apparatus, of which a drawing is supplied.

This consists of a large bottle (a) for holding the
blood, From the neck of the bottle a tube emerges,
which is connected by its opposile end to the suction
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opening of an air-pump syringe (8). To the escape
opening of the air-pump a glass cylinder (c) containing
a microscope glass moistened with hydrochloric acid is
attached, the further end of the glass cylinder being
closed by a silk valve opening outwards. The blood
being introduced into the bottle and the stopper in-
serted, the gases from it are pumped over the micro-
scope glass in the cylinder, pushing open the silk valve
in their escape.

Expermvest ccext. Formation of Chloride of Ammonium
Srom Blood- Vapour. 1 received into the bottle a quart
of blood from the neck of an ox, inserted the stopper,
and pumped the vapour into the glass eylinder over the
microscope glass moistened with acid. I continued this
process as long as I could draw over vapour; but I
could not succeed in removing all the vapour that was
present. The tube enclosing the microscope glass was now
removed closed, and the whole was gently dried. When
dried throughout, the microscope glass, being removed,
yielded magnificent groups of crystals. In two patches
on this glass the erystalline character of the deposit
could be seen by the naked eye. The blood coagulated
naturally in four minutes.

ExreriMENT ccoxit,  Formation of Chloride of Ammo-
nium from Blood- Vapour. 1 repeated the experiment on
the blood of a sheep. The result was the same; but in
this case the crystals were mainly distributed on the inner
wall of the cylinder surrounding the microscope glass.

Experiment ccexur.  Formation of Chloride of Am-
, montum  from Blood- Vapour.  The experiment was
repeated on the blood of another sheep, with the same
result, In this case, also, the formation of crystals
occurred in the glass cylinder around the microscope
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glass. Pouring a few minims of distilled water into the
cylinder, I dissolved out its contents, and receiving the
solution on a flat surface of glass, evaporated it down.
The deposit yielded beautiful fields of chloride of am-
monium crystals,

ExperivexT ceoxiv.  Formation of Chloride of Ammo-
niwm from Blood-Vapour. 1 repeated the experiment
on the blood of a sheep with results precisely the
same. The evolution of vapour from the blood in this,
as in the preceding instances, was copious, and the
coagulation of the blood exceedingly rapid.

ExrErIMENT coexy. Evolution of Ammonia from Human
Blood, At page 127, I have recorded the case of a
child, which died from cyanosis, with tuberculous de-
posit in the lungs. I removed from this child a few
drachms of blood from the right side of the heart, and
placed it, within two hours after its removal from the
body, in the bottle described at page 281. The micro-
scope was moistened with hydrochloric -acid, and the
lower part of the bottle was immersed in water at
100°, In half an hour, on removing the microscope
glass and cautiously drying, I found it finely frosted
with crystals of the chloride of ammonium.

- It is worthy of observation that, after blood has coa-
gulated, the evolution of ammonia and of watery vapour
does not instantly cease, unless the clot be placed at a
temperature at or below 32° Fahr., when all gaseous
evolution stops, and also the further act of separation
into clot and serum. If, on the other hand, a recently
formed clot be divided inte small pieces, and be placed
in a vessel surrounded by water at 100° Fahr., there is
a rapid separation of serum, and a continued evolution
of vapour ; the contraction of the clot being, in a word,
but an extension of the first act of coagulation,
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ExreriMENT coexvi. Epolution of Ammonia from recent
Blood-Clot. 1 caught a pint of blood from the neck of
a sheep, and allowed coagulation to take place. I then
divided the clot with a sharp knife into several sections,
without removing it from the bottle in which it was
contained, but immersing the bottle in water at
100° Fahr, The result was a free evolution of vapour,
and a rapid separation of serum. A microscope glass
moistened with hydrochloric acid, and suspended over
the blood in the bottle for ten minutes, yielded on being
dried fine groups of erystals of chloride of ammonium.
Another microscope glass, moistened in the same way
with acid, was simply exposed to the air of the room in
which the experiment was performed. On being dried
and examined, it shewed no trace whatever of crystals. |

EFFECT OF AMMONIA ON, FIBRIN AND ELOOD.

Thus far, then, by a few simple experiments, the
mere fact of the evolution of ammonia from blood
freshly drawn became clearly demonstrated; although
the amount evolved was unquestionably minute, But
this fact, however interesting, and however contrary to
the idea that ammonia would exist in the blood and
make the round of the circulation without specific
purpose, might after all be a mere coincidence, like the
evolution of carbomic acid. The volatile alkali might
have other use than that of holding blood fluid. It
might be a mere excrete.

To dig deeper, therefore, into this question, it was
necessary to change the line of inquiry, to adopt an
approach to the synthetical method, and to ascertain
what effect ammonia produces when added to fibrin, or
when added to blood.
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diagnosed, so as to produce their solution within the
body. The inference drawn from these inquiries was,
that ammonia promised the best results; and,in a paper
afterwards read before the Medical Society of London, in
speaking of the sinking symptoms, which, as I believe,
sometimes result from concretion in the heart, I explained
that it was possibly in such cases that ammonia had
been found useful as a dernier ressort ; and, in reference
to this remedy, drew a distinetion between this class of
cases, where its administration was reasonable, and
another class of cases, where the sinking was due to an
opposite condition of blood—that is to say, where the
blood is deficient in fibrin, and where the remedy would
possibly only add to the disease.

The experiment here referred to was briefly noted at
the time, as follows.

Exreriment ccexx. Effect of Ammonia on Fibrinous
Coneretion. Ten grains of fibrin from a coneretion formed
in the heart of Maria P’.(death from broncho-pneumonia),
were placed in a mixture of twenty minims of liquor
ammoni® (specific gravity ‘880) with two ounces of
water. The fibrin was divided into small pieces before
being introduced. It soon commenced to gelatinise;
and in five days had entirely disappeared, forming a
sticky solution, which evolved ammonia freely. I kept
this solution nearly four years, closed up in its bottle;
during which time it seemed to undergo no change.

It is clear from the above experiments (and, indeed,
the fact had been pointed out before by other observers),
that ammonia, like its fellow alkalies, dissolves fibrin.
The process is slow, as I take it, for the mere physical
reason that the surface of fibrin exposed to the solvent
is limited, the fibrin not being added particle by particle,

o
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were unaltered. The natural period of coagulation of
the blood used in this and the preceding e:penment
was one minute and thirty seconds,

[ExperivenT ceexxiv, Effect of Ammonia on Blood.
Five hundred grains of blood from the neck of an ox
were received into a bottle containing one grain of
ammonia with twenty minims of water. Ten hours
afterwards, the blood remained perfectly fluid, was very
dark, and evolved ammonia freely. Twenty-four hours
afterwards, it was still perfectly fluid.

ExperiMent ccoxxv., Effeet of Ammonia on Blood.
Five hundred grains of blood from the neck of the same
animal were received iuto a bottle containing three-
fourths of a grain of ammonia with twenty minims of
water, The colour of the blood darkened more than in
the preceding cases ; at the end of ten hours the blood
remained quite fluid. Twenty-four hours afterwards,
it was still perfectly fluid.

Exrerimext ccexxvi.  Effeet of Ammonia on Blood,
Five hundred grains of blood from the neck of the same
animal were received at the same time into a bottle
containing one half grain of ammonia with twenty
minims of water. The blood was left exposed in the
same atmosphere as in last experiment. At the end
of six hours it remained completely fluid ; at the end of
ten hours it was rather thicker than before, but was
still uncoagulated. Twenty-four hours afterwards, it
was rather thicker than before, but still fluid.

Expemiment cecexxvir. Effect of Ammonia on Blood.
Five hundred grains of blood freshly drawn from the
same animal were received into a bottle containing one-
fourth of a grain of ammonia with twenty minims of
water. The blood remained fluid for twenty-three

U
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these experiments coagulated firmly in one minute on
simple exposure to the air, at a temperature of
60° Fahr. :

ExrerivMExT ccoxxxir,  Effect of Ammonia on Blood,
I received from the neck of an ox five hundred grains
of blood into a wide-mouthed vessel containing one-fifth
of a grain of ammonia with a drachm of distilled water,
The blood was exposed to a temperature of 60° Fahr.
It coagulated in four minutes in a bright and mode-
rately firm clot.

Experivent ccoxxxin,  Effect of Ammonia on Bload.
Five hundred grains of blood from the neck of the same
animal were received into a vessel containing one-tenth
of a grain of ammonia with one drachm of distilled
water, Coagulation occurred in three minutes on ex-
posure at 60° Fahr., as in last experiment. The clot
was firm and bright. The blood of the animal coagu-
lated in two minutes on simple exposure to the air at
the same temperature.

ExperiMeNT ccoxxxiv.  Effeel of Ammonia on Blood.
One thousand grains of blood from the neck of another
ox were received into a bottle containing one grain of
ammonia with sixty minims of water. The blood re-
mained fluid for three quarters of an hour, and then
formed a firm coagulum on exposure to the air.

ExpreriMext ccexxxv.  Efeet of Ammonia on Blood.
One thousand grains of blood from the same animal
were received into a wide-mouthed bottle containing
three-quarters of a grain of ammonia with sixty minims
of water. Coagulation took place in ten minutes; the
clot being dark but firm. The blood of the animal
coagulated in four minutes on simple exposure to
the air.



"\-\.-F s

: :fxamwh fé-

__‘_ -\.!,-\.-,_.n-._-.-
r %?u.,

By O zm*g".i L “#mr by
R i Yo e

S wﬂ*ﬁﬁg%%ﬁ*‘_ =

Ty

s mqﬁ@;‘mﬁfm*ﬁ%*"‘? le

_.}-u-- \!‘-&-p’.




-

GAS-HOLDER FOR TRANSMITTING AMMONIA VAPOUR. 2056

(the upper one of which is represented by p) are
placed with their bases together as indicated. Within
the double cone thus made is an India-rubber conical
bag. The base of this is grasped between the bases
of the two conical vessels. The bag is thus loose in the
double cone; and if air or water
be driven into either cone at their
apices, the bag is distended and is
pushed into the opposite cone.
When the bag is entirely filled, it
adapts itself accurately to the side
of the cone in which it may lie.
At the upper part of the gas-
holder is a reservoir for water;
but the reservoir empties itself into
the lower part of the double cone,
s0 as to push the bag before it in
filling the holder, and so drive out
any contained gas through the tube
emerging from the apex of the
upper cone (n). The point in this
gas-holder is, that there is always a layer of India-
rubber interposed between the gas used, and the air
or water by which it is displaced. The capacity of
the gas-holder being known, any measure of gas in-
troduced into it can be retained in it for a time without
being absorbed by the water, while either air or water
can be used as the displacing medium. If the gas-
holder is filled with water from beneath, the gas is
introduced by the upper escape tube; the stop-cock in
the lower escape tube is turned open, and as the gas
flows in at the top, the water flows out at the bottom,
When the gas has to be displaced, the bottom stop-
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gently than on the previous occasion. The blood re-
mained fluid for twelve minutes, while this process was
going on; a fourth part of the ammoniated air having
been driven through. The current was then stopped, and
simple air was driven through two hundred and fifty grains
of the blood ; coagulation took place in three minutes.
The remaining two hundred and fifty grains were set
aside in an evaporating dish at rest; and had firmly
coagulated in half-an-hour. The blood of the animal
used in this experiment coagulated naturally in four
minutes, at a temperature of 50° Fahr,

" EXPERIMENT cccxiir.  Transmission of Ammonia
Vapour ithrough Blood. One grain of ammonia was
diffused as before into the gas-holder, with three hundred
and fifty cubic inches of air. Five hundred grains of
fresh blood from an ox were now poured into a potash-
bulb. The potash-bulb was connected with the gas-
holder, and a fourth part of the ammoniated air was
driven very gently through it. The blood remained
fluid for twelve minutes. The potash-bulb was next
detached, and common air was driven through it. Infive
minutes, the current of air was stopped by the blood
coagulating in the last bulb, nearest the escape tube.
The blood in the other bulbs was allowed, therefore, to
be at rest ; and in half an hour coagulation had taken
place throughout. The blood of the animal coagulated
naturally in five minutes on exposure to the air at a
temperature of 48° Fahr. ]

Exretmmest ccexuin.  Effect of Sesquicarbonale of
Ammonia on Blood, One ounce of blood from an ox
was received into a bottle containing thirty minims of
water and four and a half grains of sesquicarbonate of
ammonia. It did not coagulate in the bottle; but,
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PHYSICAL AGENCIES AND AMMONIATED BLOOD, 209

Exrermvent ccoxuix. Effect of Soda on Blood. Other
five hundred grains of the same blood were placed in
another cup of the same size and shape, containing one
grain of hydrate of soda with thirty minims of water.
The cup was placed on the water bath at 96° Fahr.
The blood remained permanently fluid, becoming dark.

Exrermvent ccon.  Effect of Ammonia on Blood. The
remaining five hundred grains of blood were placed in
another glass cup of the same size and shape, with one
grain of ammonia and thirty minims of water. This
cup also was placed in the same water bath with the
previous two. This blood became dark like the others ;
and for a time it evolved ammonia freely. In four hours
it had set into a firm clot. The blood of the animal
used in these three experiments coagulated paturally in
three minutes and a half on exposure to the air.

I repeated the experiments with the three alkalies
on the blood of a sheep, with the same results; namely,
permanent fluidity of the bloed to which the fixed
alkalies were added, and femporary fluidity of that
to which the volatile alkali was added.*

Effect of Physical Agencies on Ammonialed Bload,
Turning back to the experiments narrated above, we
learn definitely the fact that ammonia not only possesses
remarkable powers, even in very small proportions, of
holding blood fluid, but further, that blood to which
ammonia has been added remains but temporarily fluid;
that, under favouring influences, the ammonia exerts
its volatile force, leaves the blood, and allows coagula-

* Whion, in the preceding expariments, and also in thoss which are lo eoma,
reference is made to hundreds or a thousand griins of blood as having been used,
it is to be understood that the blood was received inte vessels which hal been as-
ceriained to contain the respective quaniities mentioned.
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the morning the blood was found a firm well made clot,
a little darker than when I left #t. The blood ex-
posed to the air at 64° was still quite fluid, and
remained so for two days, when it gradually coagulated
into a firm dark clot, with copious exudation of serum.

Exrerivext cccuit.  Effeet of Inereased Tempera-
ture on Ammoniated Blood. One thousand grains of
mixed blood from the neck of a sheep were received
into a bottle containing one grain of ammonia with
sixty grains of water. The bottle, with the stopper
removed, was now placed in water at 120° Fahr., a
thermometer, the bulb of which was immersed in the
blood standing at 94° Fahr. This blood commenced to
coagulate in four minutes and a half, and in five mi-
nutes was a firm and uniform clot.

Experivent cecuint,  Effect of Simple Exposure lo
Air on Ammonialed Blood. One thousand grains of
mixed blood from the neck of the same animal were
received at the same time into an empty bottle, of the
same size as the one named in last experiment, together
with the same quantity of ammonia. The blood was
left simply exposed to the air at 60° Fahr., and co-
agulated firmly in six minutes.

Exreriment cecriv,  Effeet of Reduced Tempera-
ture on Ammoniated Blood. Ome thousand grains of
mixed blood from the neck of the same animal were
received into a bottle containing one grain of ammonia
with sixty of water. The bottle was then immersed in
a freezing mixture, so that a thermometer, the bulb of
which was placed in the blood, stood at 35" Fahr.
In ten minutes this blood began to gelatinise; and in
fifteen minutes it had formed a firm clot. The blood
of the animal used in these experiments coagulated
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EXPERIMENTS.—TEMPERATURE. 303

coagulated in two minutes on simple exposure to the
air at 60°,

I received from the meck of a heifer one thousand
grains of mixed blood into a cup containing one grain
of ammonia with sixty minims of water. The blood
was thus held perfectly fluid, so long as it was enclosed
in a stoppered bottle.

Experiment ccenvirt.  Effect of Increased Temperature
on Ammoniated Blood, Two hundred and fifty grains
of this blood were placed in a test-glass, which was then
immersed in water at 958° Fahr. In three quarters of
an hour the blood had thickened; and in one hour it
was a firm uniform clot, from which serum eventually
exuded freely,

Exrerivent cceix.  Effect of Simple Exposure lo
Air on Ammoniated Blood. 'I'wo hundred and fifty grains
of the same blood were placed in a similar test-glass,
and were left exposed to the air at a temperature of
600,  After five hours the blood commenced slowly to
thicken ; and at the end of seven hours it formed a feeble
gelatinous clot.  The red colour was retained. It was
now placed in a water bath at 96°; and in an hour
it had set into a firm, uniform clot, moulded to the
vessel,

Exrerivent cccrnx.  Effect of Reduced Temperature
on Ammoniated Blood. 'Two hundred and fifty grains
of the same blood were placed in a test-glass and sur-
rounded by an ice mixture, in which the thermometer
stood at 34°; at which mean temperature the cold fluid
was kept. The blood became of a bright red colour;
and, after standing seven hours, was still entirely fluid.
The hydrochloric acid rod test detected no evolution
of ammonia. T now removed the test-glass from the
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a sheep were received into a bottle containing one half
grain of ammonia with sixty grains of water. The
bottle was left with the stopper out, so that the blood
was exposed to the air. Coagulation commenced in
thirty-five minutes; the clot becoming uniform but
loose. The temperature of the air was 60° Fahr.

Expermment cccrxv. Effect of Erclusion of Air on
Ammoniated Blood. One thousand grains of mixed
blood from the neck of the same animal were received
into a bottle of the same size as last, containing one
half grain of ammonia with sixty of water. The blood
exactly filled the bottle. The stopper was inserted
firmly, and, with this exception, the blood was left the
same as in last experiment. Three hours later, the
blood remained completely fluid. The blood of the
animal used in these experiments coagulated naturally
on exposure to the air, temperature 60° in one minute,

ExPERIMENT cccLxXvL.  Effeel of Exposure to Air on
Ammoniated Blood. One thousand grains of mixed blood
from the neck of a sheep were received into a wide saucer
containing half a grain of ammonia with sixty minims
of water. Firm coagulation occurred in fifteen minutes,
the clot being of a bright red colour.

Exreriment cccrxvir. Effect of Parfial Erclusion
of Air on Ammoniated Blood. One thousand grains of
mixed blood from the neck of the same animal were
received next moment into a bent tube, thirty-two inches
long, similar to the one described at p. 203. In the
lower bend of the tube was half a grain of ammonia
with sixty minims of water. The blood commenced to
gelatinise at the end of an hour, and formed a feeble
but uniform clot, with free exudation of serum.

Experimest cconxvit, Effeet of Exclusion of Air

X
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ExreriMenT cccnxxr.  Effect of Erposure fo Air on
Ammaniated Blood. Another half ounce of the same
ammoniated blood was placed, at the time when the
vacuum experiment commenced, in an evaporating dish
of the same shape and size as that under the pump.
This blood eommenced to thicken in thirty-five minutes,
but two hours later, though gelatinous, it admitted of
being poured from one vessel to another in a continued
stream : it ultimately formed a firm clot. The tem-
perature of the air was 58° Fahr.

ExPERIMENT ccoLxxit. Effect of Simple Ezclusion from
Air on Ammonialed Blood.  Another half ounce of the
same ammoniated blood was placed in a bottle firmly
stoppered, At the end of three hours this blood was as
fluid as at first, but, on exposure to the air at 58° Fahr,
in an open cup, it thickened, and in two hours had be-
come a feeble coagulum.

Five hundred grains of blood from the neck of a
sheep were received into a bottle containing one half
grain of ammonia in thirty minims of water. This blood
was divided into two parts and treated as follows.

Exveriment cccLxxitt,  Effect of the Vacwum on
Ammoniated Blood. Two hundred and fifty grains of
this blood were placed in an evaporating dish under the
bell of an air-pump, and the air was extracted. After
working at the pump for a few minutes, I observed
small bubbles of gas commence slowly to arise. The
blood coagulated in twenty-five minutes.

Exrerivent cccuxxiv. Effeet of Ezposure fo Air
over a Wide Surface on Ammonialed Blood. The other
two hundred and fifty grains were placed in a saucer, so
as to form a thin layer. The blood was then exposed to
the air at 60° Fahr. At the end of twenty-five minutes

X2
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EXPERIMENTS —REST AND MOTION. 300

their contents were steadily and orderly re-poured into
the centre vessel. At the end of the twenty-five
minutes, the current stopped from coagulation in the
small tube, the point of which was the thirty-second
of an inch in diameter, and such blood as last flowed
through it coagulated in the beaker. At the end of
half an hour, the current in the sixteenth of an inch tube
stopped from the same cause, and the blood it had poured
into the beaker also coagulated, and at the end of
thirty-seven minutes, the blood passing through the
eighth of an inch tube, underwent the same change
At this moment, the larger mass of blood flowing
through the quarter inch tube was fluid, and continued
in current until forty-five minutes had elapsed ; then
a long gelatinous coagulum filled and hung from the
tube, and the current stopped. A few minutes later
still, the mass of blood remaining in the centre vessel
had formed a loose clot, which eventually became very
firm. The blood of the animal used in this experiment
coagulated naturally in four minutes. The taemperm
ture of the day was 56° Fahr.

Rest and Motion. Experimext cceLxxvit.,  Effect
of Agitalion in a Closed Vessel on Ammoniated Blood, One
thousand five hundred grains of mixed blood from the
neck of a sheep were received into a bottle with a
narrow neck, containing one half grain of ammonia
with sixty minims of water. I placed my thumb
firmly over the neck of the bottie, and kept the fluid in
gentle oscillation.  The blood remained fluid for seven
minutes, and I poured it into a beaker. On returning
it to the bottle, it commenced to coagulate, evolving
ammonia feebly, It formed a firm red clot.

Exrerivest ceonxxix,  Effect of Rest on Ammoniated
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ExrerimeNt cecuxxxit.  Effeet of Whipping Am-
moniated Blood. TFrom the neck of the same animal T
received other five ounces of blood into a basin contain-
ing five grains of ammonia in solution with sixty grains
of water, and handed it to another assistant, who com-
menced at once to whip it with a bunch of twigs, and
continued this process for half an hour. The blood
became of a bright red colour, but no fibrin adhered to
the twigs. I now set this blood aside for eight hours, at
a temperature of 60° Fahr. It retained its red colour,
and evolved ammonia duoring the whole of this time,
continuing also fluid. At the end of nine hours it com-
menced to thicken, and the ammoniacal odour was lost.
At the end of ten hours it had coagulated, and formed
an uniform firm and bright red clot.

Exreriment cccuxxxiut.  Effect of Rest on Ammoniated
DBlood. From the neck of the same animal I received
other five ounces of bleod into a basin, containing five
grains of ammonia with sixty minims of water. This
blood was once gently stirred round, and was then set
aside at the temperature of 60° Fahr. It became of a
very dark colour, At the end of ten hours, this blood
continued to evolve ammonia, and remained perfectly
fluid. It was now poured a few times from one basin
into another, and was left with a wide surface exposed
to the air. At the end of twenty-four hours, it had
coagulated in a moderately firm but diffuse clot. The
blood of the animal used in this experiment coagulated
on simple exposure to the air, and at rest, in three
minutes.

I received three thousand grains of blood from
the neck of a sheep, and added to it one grain and a
half of ammonia with three drachms of water. 1 then
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ADDITION OF WATER. 313

The other half of the blood was placed in a basin and
allowed to remain at rest in the air at a temperature of
58 Fahr, It remained fluid for eight minutes ; at the
end of nine minutes, it had set into an uniform soft clot,
which afterwards became firm. Serum freely exuded
from it.

We thus see that the physical agencies exert, as a
general rule, the same influences on artificially ammo-
niated blood as on natural blood, with one exception—
namely, where water is added in excess, But here the
exception proves the rule; for, as the ammonia was
present in excess in the experiments named at p. 404,
s0 it ought to obtain, that when this excess of the am-
monia was distributed over a wider surface by the ad-
dition of water, the coagulation should be quickened as
compared with the other ammoniated blood, though still
slower than in natural blood. When Mr. Gulliver re-
~ tained blood fluid for fifty-seven weeks with nitre, and
then caused it to recoagnlate by the free addition of
water, as has been mentioned at p. 48, he performed
virtually the same experiment with another chemical ;
that is to say, he largely diluted the added solvent.

When blood is naturally a long time coagulating, the
same occurrence may sometimes take place, and may
mislead the observer as to the effect of the addition of
water to blood. The following experiment is in point.]

ExperIMENT cocLxxxi1x. Addition of Waler to Blood,
Five drachms of water were put into a clean wide-
mouthed bottle, and upon this four drachms of freshly
drawn blood were poured and mixed with the water by
gentle shaking. At the same time six drachms of
water were placed in a similar bottle, and two drachms
of the same blood were added toit. I thus obtained
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COAGULATION OF AMMONIATED BLOOD. ans

mixed blood from the neck of an ox. Shaking these
solutions together, I carefully stoppered the bottle con-
taining them, and placed it in water at 32° Fahr. until
such time as I could manage the following details.

I took a piece of glass tubing of half inch bore, closed
it at one end like a test-tube, and then cut it to such a
length that it would just held the thousand grains of
solution named above. This being done, I poured the
solution into the glass tube, hermetically closed it, and
set it aside in the perpendicular position at a tempera-
ture of 60° Fahr. In the course of one hour the blood-
corpuscles began to sink, and in twenty hours they were
all congregated in the lower three inches of the tube.
I now filed a small hole in the tube at a line one inch
above the corpuscles, and, re-opening the tube at the
top, decanted off the upper and clear liguor. This
was a viscid feebly pink solution, and may be considered
as a kind of liquor sanguinis,

Returning to the blood-corpuscles and the remaining
solution in the lower part of the tube, I turned the
whole into an evaporating dish, and added a part of
the supernatant solution. There was no trace whatever
of clot; and, on gentle stirring, the corpuscles again
commingled with the surrounding fluid. I then placed
the evaporating dish with its contents in the water bath
at 98° Fahr., gently stirring up the fluid occasionally.
Ammonia was steadily evolved. In four hours feeble
coagulation had occurred ; and in six hours the whole
was an uniform dark coagulum, from which no serum
exuded,

But the most interesting fact in this matter is,
that superammoniated blood may be made to coagu-
late by the very cautious addition of the fixed alkalies
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COAGULATION OF AMMONIATED BLOOD. 37

Fluid by Ammomia on Addition of Lime. One hundred
grains of mixed blood from the neck of a sheep were
received into a bottle containing one-tenth of a grain
of ammonia with six minims of water, The blood re-
mained fluid for twenty-four hours, exposed to the air
at 60° Fahr. ; it also acquired a dark colour. At the
end of this time, I took a grain of unslaked lime, slaked
it, and made it into milk of lime with five minims of
water. I then added the milk of lime to the blood in
an opén cup, setting the eup in a water-bath at 98°,
Ammonia was now distinetly evolved ; and in four hours
the blood had formed a dark feeble coagulum, from
which serum exuded. Another hundred grains of
blood from the same animal, which had been treated
with ammonia in the same proportion, and which
was simply left at rest at the same temperature (98°)
did not coagulate.

In these experiments, especially if potassa or soda
be employed as the displacing agent, the greatest
delicacy is required. For, if too much of the alkali
be added, it not only displaces the ammonia, but
takes its place, and the fibrin is dissolved by the fixed
alkali. This event, while it leads to apparent failure in
many experiments, may be avoided with proper care.
During the experiment, the blood should be kept at
98° Fahr,

Re-solution and Recoagulation of Blood-Clof. When
once blood has coagulated, or when fibrin has been
removed in the separate state, rapid re-solution either
of red clot or simple fibrin is exceedingly difficult,
This is due apparently to mere physical causes,—i. e.,
the particles of fibrin come so closely and compactly
together after their precipitation, that the solvent enters
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fibrin lay at the top, and the serum and blood-corpuscles
beneath. I made a hole with a glass rod through the
centre of the fibrinous coagulum, and poured through
it sixty minims of liquor ammoniew, of specific gravity
‘882, The vessel was now closed and set aside at a
temperature of 65° Fahr, In the course of half an
hour, the coat of fibrin was much reduced in size,
and, instead of lying close to the side of the vessel,
it was floating easily on the fluid part. After the
lapse of two hours, this dissolving process seemed to
have ceased. The mouth of the vessel was now left
open to allow evaporation, There was a free escape
of ammonia. After two hours, on examination, I fonnd
that the lower and previously fluid part of the blood
had become firmly coagulated into a red clot modeled
to the bottle, The remainder of the original crust of
fibrin adhered to it at the top.

In this first experiment in the present direction, the
results, though arising in part through accident, were
not less instructive. They proved the solvent effect
of ammonia upon fibrin ; and also that separated fibrin,
thus held in solution and re-mixed with serum and
blood-corpuseles, will, under favouring conditions for
the escape of the solvent, be reprecipitated and give rise
to the formation of red clot.

[Exrerimext cccxcv. Re-solution and Becoagulation
of Blood Clof. 1 had a few pounds of blood caught
from the neck of an ox, and set it aside for twenty-four
hours, that the serum might separate completely. When
this had occurred, I removed from the clot two hundred
and fifty grains, and placed this portion of clot in a
mortar. I next drew off two hundred and fifty grains
of the serum in which the clot floated. I then added a
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was next placed in the water bath at 98° Fahr. In three
hours, the blood had coagulated.

Exreriment ccexevir.  Re-solution and Recoagulation
of Blood Clot. In performing an experiment with my
colleague, Dr. Halford, in which the jugular vein of a
dog was laid bare, I punctured the vein, and drew off
half an ounce of blood into an evaporating cup contain-
ing half a grain of ammonia dissolved in two minims
of water. I next drew off another half ounce of the
same blood into a clean evaporating dish, and allowed
it to coagulate. The moment it coagulated, I transferred
the clot to the dish containing the ammoniated blood,
which was still fluid. T then gently broke up the clot with
my fingers, and caused it to entirely redissolve in the am-
moniated blood, The combined fluid was now set aside,
and in half an hour it had formed an uniform coagulum.

This experiment, exceedingly simple to perform, is
not always so successful as in the above example. On
another occasion, where Dr. Halford and 1 were
similarly engaged, I again performed the experiment;
but, in mixing the blood-clot with the ammoniated
blood, I stirred too quickly, and so separated the fibrin
from both specimens. The result was a whipped blood,
in which the fibrin floated in the defibrinated serum.

From the contraction of blood-clot there is a diffi-
culty, as I have before shown, in perfectly redissolving
the clot in alkaline solutions. To avoid the loss of time
thus demanded, a simple plan is the following.

Exeerivent ccoxevitt, Re-solution and Recoagulation,
I received a thousand grains of blood from the neck of a
sheep into a vessel containing a thousand grains of water.
As soon as a clot had formed, and before there was any
separation of water from it, T turned it into a mortar,

Y
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and, adding to it two-thirds of a grain of ammonia
in solution with six minims of water, rubbed the clot
up gently and steadily until complete solution had
occurred. I then placed this solution in the water-
bath at 98°, and added to it fresh milk of lime, made
from eight grains of the alkaline earth. There was
a free evolution of ammonia, detectable by the smell,
for twenty minutes. The odour now became fainter,
and in an hour the blood had again become a soft,
dark, uniform clot, modeled to the containing cup.

In these experiments, potassa, as the displacing agent,
is much better than lime, the clot being then firmer, of
a brighter red, and better modeled. But more care is
required in the addition of the potassa, an excess leading
to continued solution, from the replacing of the volatile
solvent by one which remains fixed in the fluid.

In so far, then, as experimental research can lead to
practical results, we are brought by the simplest in-
ductive evidence to the recognition of two facts,—the
one obtained by the analytical, the other by the syn-
thetical process of inquiry. The first is, that an am-
monia is given off from blood freshly drawn ; the second,
that ammonia, added to blood thus drawn, suspends the
process of coagulation, such suspension of the process
being modified by precisely the same physical con-
ditions, varying only in degree, as those which modify
the process of ordinary coagulation.

I wish in this present work to push this proposition
but little further. Various refinements of detail are
open for argument and research; but for the full
elaboration of these much time, thought, and work
are demanded from the future. Meanwhile, as an index
to what has to be done, one or two brief reflections
come legitimately on the page.
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The process of coagulation may be in part imitated
by many simple plans. If a little isinglass be dissolved
in hot water, and, when cooled, mixed up with defi-
brinated blood, it commingles with the blood and forms
red coloured fluid. If this fluid be set aside so as to
allow the isinglass to gelatinise, it forms with the blood
a beautiful coagulum, wonderfully like the ordinary
blood-clot. Even watery matter, like serum, will some-
times exude from this mass,

Now here the process of coagulation, if I may thus
use the term, is the result of the evolution of heat simply;
and in this respect the process differs in detail and in
cause from normal coagulation of blood. But the general
appearances as regards the changes which the fluid
undergoes are the same—viz. the precipitation of a
contractile substance in a mixture of serum and blood-
corpuscles.

The deposition of the solid matter of collodion on
the evaporation of the ether is a kindred process,

There are other substances than fibrin which, held in
solution in ammonia, are precipitated on the withdrawal
of that alkali. If twenty grains of shell lac be treated
with half an ounce of boiling water, the shell lac rises to
the top, adheres in a mass, but remains insoluble, and
communicates no colour to the water. Let five minims
of the stronger solution of ammonia be added, and the
resin at once dissolves. Now treat the solution with
hydrochloric acid, or cautiously with potassa or caustic
lime, or expose it to heat over a wide surface of glass,
and the resin is precipitated, with evolution of its
solvent. *]

* In ithe manufacture of hats, the solveut property of tie volatile alkali s thus
tnken advantage of. The wall of the hat is stiffened with shell las, which is firsi

Y




a2 FORM OF AMMONIA IN BLOOD.

It is a question as yet undecided, in what form the
volatile alkaline solvent of the fibrin exists in the blood.
The extreme smallness of its amount in healthy blood,
as well as the difficulty, of which mention must yet be
made, of securing the capture of all that is given off
in the halitus of a certain definite weight of blood,
render the question now before us one of great practical
difficulty. In’my experiments, I have either liberated
the ammonia, or, by passing it free or combined through
hydrochloric acid, have fixed it in combination with
that acid. As common ammonia (N H ,) it will possess,
existing either in the free state, or in combination with
carbonic acid in the form of volatile or neutral car-
bonate, all the properties necessary for sustaining
fluidity under one set of physical conditions, and for
allowing coagulation under conditions of an opposite
nature. We might, therefore, assume its evidence in
either of the states. We might, moreover, assume the
possibility of its existence in each of these conditions in
different parts of the blood-cireuit, #.¢. free in the arterial,
in combination in the venous blood. In the ammonia
which is evolved with the breath (of which an after-word
will be supplied) there is a definite combination between
the alkali and the carbonic acid, as will be proved here-
after. At the same time, it is clear that the combina-
tions of ammonia with other blood-constituents are
never in healthy blood so fixed as to prevent the
elimination of the ammonia from blood itself, at a tem-
perature of 98 Fahr,, and exposed freely to the air.

dissolved in & weak solution of ammonin. The fabrie is steeped in the solotion ;
the smmonia i driven off by heat; and the resin, left stranded in the fabrio, im-
pacts ihe Armness which supporis ihe body of the hat. The opération thns per.
formed by the hatter, is possibly but a repetition of what occurs in nature, when
the resin, after being brought fAoid to the surface of the plant, is deposited in
the solid staie on exposure Lo the air.
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[A question which also presents itself as of great
interest is, whether the ammonia evolved in the blood
halitus of a/l animals is ammonia as N H,, or an am-
monia in which nitrogen is combined with a basic
radical in lieu of the simple element. There are many
ammonia bodies of this latter class, such as methyl-
ammonia (C, H, N), ethyl-ammonia (C, H, N), biethyl-
ammonia (C,H,, N), all having properties so closely
allied to the simple ammonia (N H,), that they may be
considered practically (7. e. as regards effect) identical
with the simpler form; and these ammonias seem so
closely intimate with the organic changes, that a new and
wide field of inquiry lies directly open in this direction.
From analogy it may be supposed that these ammonias
would exert, if present, the same influence on blood
as the simpler and better known representative of this
chemical series. But for the elucidation of this matter,
which I shall not be slow to follow out and record at a
future day, experiment is required. It must not only
be determined whether an ammonia, having an identical
formula, is present in each grand division of the animal
kingdom, but whether the same rule obtains in the
same animal under varying external conditions, and in
conditions of discase. Meantime, I rest content in de-
seribing, by analytical and synthetical research, the
influence of the simpler ammonia, and in leaving the
fact of its influence already related as one of the major
propositions of this work, and as the basis of all that
may follow from it.]

It was at first a doubtful question with me, whether
ammonia could be evolved from blood with sufficient
rapidity to account for the rapidity of coagulation. This
doubt was dispelled by the repeated observation that
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the amount of ammonia, as obtained on the microscope
glass in the form of chloride of ammonium, was not
modified by the rapidity of coagulation if the experi-
ment were expeditiously done. Thus in sheep’s blood,
which coagulates rapidly, the evidence of the crystals
was as marked as in the case of ox’s blood, where the
process extended over three or four minutes. Thus the
fact stood, that the rapidity of evolution held a direct
relation to the rapidity of coagulation. The doubt was
still further dispelled by the observation that ammonia
added to blood is also driven off, and that coagulation
proceeds in proportion to such evolution.

[But why such rapid evolution? The answer is
simple, and is explained in those experiments, where
blood surcharged with ammonia was treated with
another alkaline substance. The chemist, in order to
liberate ammonia, adds milk of lime or caustic baryta,
and with gentle heat eliminates the volatile alkali from
the substance containing it. What the chemist here
performs in the laboratory, the nature chemist has
anticipated. In the exquisite balance of the chemical
forces in the blood, it is arranged that the blood is feebly
alkaline from fixed alkali or alkaline salt; not suffi-
ciently alkaline to hold fibrin in solution, but sufficiently
so to leave the volatile alkali free for this purpose in the
closed chambers of the circulation, When, however, the
blood is exposed to the air or the vacuum, the volatile
alkali, having no fixed combination, is evolved, each
addition of temperature being now subservient to the
more rapid evolution, and the fibrin is precipitated. ]

The question, how or where the ammonia is formed
in the body, I must leave open. The elements of the
alkali, in whatever modification it may exist, are present.
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In the organic world, the combination of these elements
for the construction of the alkali is a common phe-
nomenon. From the experiments of Milne-Edwards, it
is known that a slight loss of nitrogen occurs in respira-
tion. What is the destination of this? There is am-
monia in the air. Is this a product from the animal
world, or a gift to it? In the metamorphosis of the
nitrogenous tissues in the living body, is an ammonia a
normal and necessary product? These are mere sug-
gestions, and as such are left with the reader.

The reason why the evolution of an ammonia from
blood has not been previously shown is easily explained.
It had not been looked for in blood-halitus, Notwith-
standing Scudamore and Polli’s laboured researches, it
had not been absolutely proved that coagulation depends
on the elimination of volatile matter at all. Lastly, the
proportion of volatile alkali necessary for holding blood
fluid, is so exceedingly minute, as compared with the
mass of blood, that its presence might easily escape ob-
servation. Ammonia, indeed, could not be expected to
be found in quantity in the serum or clot of healthy
blood, its elimination oceurring in the act of coagulation,
According to the time at which the analysis of blood
commenced after abstraction, and according to other
accidental conditions, such as the healthy or modified
condition of the blood operated on, a little of the alkali
might or might not be fixed and retained. Hence some
chemists have found, in their inquiries, evidence of
chloride of ammonium ; others have not. The explana-
tion of the two facts is easily understood.

some extreme conditions of disease, however,
where the alkali entered into combinations which fixed
it for the chemist’s hand, or where the proportion of
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ammonia was raised, as in Dr. Blair's examples of the
blood in yellow fever (to which reference will be made
in the Appendix), the evidence of its presence was
obvious enough.

To ascertain with precision the absolute quantity of
ammonia required to hold fibrin in solution in the
circulating blood, is a point surrounded with grave
difficulties, not only on account of the smallness of the
- quantity itself, but from the fact that the physical con-
ditions of the healthy circulation cannot be imitated to
perfection out of the animal body, and that the propor-
tion is obviously not the same in every kind of animal,
nor yet in the same animal at all times, These facts are
of immense moment. Insheep’s blood, coagulation occurs
in a period of time at least two-thirds less than in that
of the ox, while ammonia must be added in larger
quantities to sustain the fluidity of the blood of the ox
than of the sheep. The inference from these facts is,
that in ox's blood the amount of the volatile solvent is
greater in proportion to the fibrin ; while in the sheep,
the amount is smaller in proportion to the fibrin.
When, again, an animal is exhausted by fatigue, the
coagulation of blood is slow, and the solvent evolved is
better secured, as I have shown by experiment. In like
manner, in exhausted states, the evolution of ammonia
by the breath is more free and decided. These results
are possibly due to a greater development of ammonia,
as a result of metamorphosis of the tissues,

At first sight, the amount of ammonia required to
hold blood fluid seems incredibly small when considered
in relation to the mass of blood. But it is wrong to
consider this relationship at all; for the point to be
settled is, what proportion must the alkali bear to the

. ]
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fibrin in any given quantity of blood? If, then, we
take 22 grains of fibrin as the proportion normal to a
thousand grains of blood, we have to discover how much
of alkali would be required to hold this small quantity
of fibrin in solution, in a serum already slightly alkaline,
but not sufficiently so for such solution. Moreover, we
have to consider this problem in connexion with the
admirable physical arrangements of the circulation, by
which it is insured, not only that the mass of fibrin
thrown into the general circulatory channels is added
particle by particle, but that, in the rapid circulation,
the fibrin is held in solution for the brief space of time
only, during which it remains in the blood before being
given up to the tissues,

In health, there is unquestionably a definite re-
lationship between the amounts of fibrin and of its
solvent; which relationship is"susceptible of but little
variation without the development of general disorder.
If the proportion of alkaline solvent is beneath the
natural standard, the fibrin is imperfectly held in solu-
tion, and its deposition is imminent ; while, if the pro-
portion of alkali exceed the normal standard, not only
is the fibrin held more decidedly fluid, but the blood-
corpuscles also become subject to dissolution—an event
which seems inevitable, if the quantity of alkali exceed
one part in a thousand of blood.

Returning to the absolute question, what proportion
of ammonia is required in the normal circulation to
hold the fibrin in solution, there are two modes of investi-
gation—the one directed to the detection of the exact
amount of ammonia evolved from a given quantity of
recently drawn blood—the other directed to the de-
termination, as far as possible, of the smallest amount
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of the alkali required to sustain the fluidity of drawn
blood under conditions approaching, as nearly as pos-
sible, to the conditions of the circulation itself, Both
these investigations are, however, attended with so many
difficulties, that the results to which they lead can be
considered as approximative only. The experiments
given at pp. 274-6, while valuable in their way, must be
accepted simply as qualitative ; since a great loss of
volatile matter occurred in transferring the blood from
the animal operated on to the containing vessel. To
render these more complete, I made several attempts to }
receive the blood at once in large quantities from the
vessels of animals, and to wash over the gases evolved
into an acid solution, driving the atmospheric air first
through sulphuric acid, to remove all fallacies in refer-
ence to the traces of ammonia in the atmosphere. But,
owing to the delicacy of “the fact to be determined, and
to the modifying influences detailed above, the results
have been too varied to admit of close argument, though
sufficiently valuable to lead to a longer series of similar
observations. |
By the synthetical process, some kind of approxi-
mation to the answer of the problem of quantity may be
cautiously approached ; for, although it does not show
the minimum of alkali required for the solution of the
fibrin in the normal circulation, it proves that a certain
quantity there present is sufficient for all required
purposes ; and that an excess, over and above a certain
proportion, would be detrimental. Thus E:perlmant
ccexxvir shows that one-fourth of a gmn of ammonia
to five hundred grains of ox's blood, or, in other words,
one grain of the alkali to two thousand of blood, are
sufficient, even after exposure to the air, to hold the
blood long fluid, Experiment ccexxx shows that one

£ J
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grain of the alkali, in three thousand grains of sheep’s
blood, was sufficient to retain fluidity for twelve mi-
nutes; this blood being at rest and exposed to the air
at 60° Fahr,

But the proportion of alkali is better shewn in Expe-
riment ccextir, where a fourth of a grain of the alkali
in vapour, diffused through 87-5 cubic inches of air, was
sufficient, thus diluted, to retain the fluidity of five hun-
dred grains of blood, so long as it gently passed through
it. In this experiment, better than in any preceding,
the relative positions of the ammonia and blood in the
system were imitated. The blood, from the first fluid,
was steadily supplied with the diluted portion of am-
monia gas, which constantly passed in current with the
air throngh the blood, at the rate of 0:12 cubic inch of
the combined gas per second. With such thorough
current of air through the blood, it is doubtful if any
accumulation of ammonia would occur; and we must,
therefore, leave the cause of the sustained fluidity to
the equal and constant diffusion of the alkaline gas,

Another experiment further proves this point.

ExperiMent ccexcix. Blood Relained Fluid by Am-
monia and Motion. 1 received two thousand grains of
blood from an ox, added to it one fourth of a grain of
ammonia in a drachm of water, and instantly transferred
the whole to an apparatus similar to the one described
at page 224, When the blood was fairly in its closed
circuit, it was kept in steady circular motion for an
hour. It was then withdrawn, entirely fluid; but, on
exposure to the air, quickly underwent coagulation.
There was no separation of fibrin within the bags.

To sum up, and as an approximation towards the
fact, I opine, from all my experiments, that a propor-



tion of one part of alkali to sixteen of fibrin, o, i
other words, nearly one part of alkali to eight thousa
of blood containing 2'2 per thousand of fibrin,
sufficient for retaining the perfect fluidity of '-
circulating blood. The proportion may be less, b
need not be more.

R&mnkwu.lbehwe,thaﬁnttonbmem
which remains for a long time fluid, undo:guel
faction very slowly. If ammonia be added in e:
blood, and the whole be then exposed to thuln,
is a rapid absorption of carbonic acid, and pr
and coagulation are in like manner equally s
When,ngun,hhod,whwhhuomgnhﬂd,km
in a warm place and exposed to the air, so that p
faction commences, there is a freedevdapmmﬁ
monia and dissolution of the clot; and I have some-~
times even been able to produce a soft mgnlmin-_
fluid in which clot has been thus dissolved, on displacing
the alkali by the addition of milk of lime at a te
ture of 100° Fahr,

Irrespectively of the use of the volatile al'hh
blood-solvent, it is impossible to aver-uttmnhlh
properties in the animal economy. The learned I
has anticipated me in pointing ount thatmlnylli
processes of secretion and deposition of solid o
the body may be connected with the removal uf
volatile alkaline solvent. The coagulation of .-
fluids, of chyle, and lymph, is possibly due tﬂf, 3
similar evolution.

Lastly, the formation of ammonia in animal t
and its excretion from them, connects more inti
as I shall afterwards show, the relationship whioh
between the animal and vegetable worlds.]
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PHENOMERON OF THE BUFFY COAT.

“Thiphﬁhlogiu.’i consideration of the things which are secording to nature,
i6 to be Arst undertaken Ly medical men ; sinee that which is in eonformity with
natare is right, and serves as & rule both to itself and to that which is wrong.”
Harvey,

Tue peculiar form of coagulation denominated the
“ buffy coat,” is essentially nothing more than a sepa-
ration of fibrin in the isolated form from coagulating
blood. The process, as thus conducted, does not differ
much from what occurs when blood is briskly stirred
and the fibrin is left floating at the top, except that in
the latter case the fibrin is separated in irregular masses,
not in one uniform mass as in buffy blood. Nasse has
already shewn, and my own experiments corroborate
his observations, that by merely arresting the process
of coagulation by physical means, as by adding some
thick substance, the molecules of fibrin are prevented
from coming together, and the buffy coat sometimes
results. My own experiments have further shown
that, if coagulation is partially suspended for a time,
(as by passing blood-vapour or diluted ammonia vapour
through blood,) the fibrin rises to the top, and there
forms a distinct layer. On the other hand, as Sydenham
pointed out, the brisk agitation of even inflammatory
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blood prevents the formation of the b
mm&.munmxmu
tunity of testing and confirming.

From these facts regarding the modified pi
oﬂlgﬂlﬂhﬂn,wemlyhyitdnwnutgml
slowness in the process of coagulation is favo .'
the formation of a buffy coat. There is, in truth, li
difference between the formation of the fibrinous ¢
on the top of slowly coagulating blood, and the sep
tion of fibrin in the heart and circulatory s
some forms of commencing death.

But if, under some circumstances, slow c
favours the formation of the fibrinous coat, tl
mwhmiheafmthproduoeﬂuﬂerﬂn'
of other conditions. Among these stands first
foremost simple excess of fibrin. Dr. John Davy hi
accurately pointed out that inflammatory ﬁu
often separates as quickly as natural blood coagulates,
mthtinmchﬂleﬂlenepuﬂﬁnnnfthaﬁbrh.. t
depend on mere slowness of coagulation. In this b
there is an excess of fibrin; and in it two form
coagulation are often set up. First, a portion of
fibrin becomes, as a general rule, ennngledwiﬁ
blood-corpuscles, and forms with them a red under cle
Secondly, the remaining portion of the fibrin rinr
the top, and produces the peculiar crust known as thy
buffy coat. Inthnand.themmmfnrudout,ﬁ
ordinary coagulation, by a continuance of the proce T.if
by which the fibrin is separated and solidified. ‘

In some instances, when an excess of fibrin
the process of coagulation is prolonged. In such cases,
it is fair to presume, either that the volatile solvent of
the fibrin is also present in increased quantity, or that

!
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it is evolved with less freedom, The fibrin in these
cases sometimes separates altogether and floats at the
top, leaving the blood-corpuscles and serum alone at
the lower part. But this is rare; for in thirty specimens
of buffy blood which I carefully observed, I never
failed to find evidence of fibrin in the lower part,
mixed up with and enclosing the corpuscles. In some
cases, it is true, the quantity was small, and imparted
but little consistence ; but in many others, it imparted
as firm a consistence to the red lower clot, as it does to
blood which has mno fibrinous crust,—I mean blood
ordinarily coagulated. Some authors have dwelt on
the lighter specific gravity of fibrin, as compared with
serum and blood-corpuscles. This is no doubt impor-
tant in relation to the buffy coat; for, if fibrin were
not lighter than both serum and blood-corpuscles, it
would not float so easily in one and above the other,
It becomes a fact, therefore, of the simplest 'physical
kind, that fibrin, when coagulating separately, and not
ballasted by blood corpuscles, will float to the top of
the fluid like a cork in water,

Regarding the special effects of the volatile alkaline
solvent of fibrin in the process of coagulation of buffy
blood, it is to be remarked, that the buffy coat is not
always identical with fibrin proper. I have not been
able to conduct any careful inquiries as to the influence
of the alkalies on the crust of inflammatory blood.
But in one case, where I found a firm fibrinous elot in
the right auricle of a child who had died from acute
pneumonia, I tried the experiment of immersing por-
tions of this clot in solutions of ammonia of various
degrees of strength, and found that they were soluble.

The statements that have been made by authors
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respecting the force of mutual attraction possessed by
the red corpuscles of inflammatory blood are of greatest
importance, But it remains yet to be seen, whether
this attraction depends on the mere fact that the cor-
puscles are left free of entanglement from fibrin, or on
a property inherent in themselves, and brought out
more forcibly during the inflammatory diathesis. _
For the production of a buffy coat, two conditions
are alone sufficient, taken in conjunction with the lower
specific gravity of fibrin as compared with the defibri-
nated fluid—viz: 1. Slow coagulation (a) from excess of
the fibrin solvent, (4) from slow evolution of the solvent,
as when dense fluids are added to healthy blood. 2.
Absolute excess of fibrin. .:
But while these views are sufficient to explain the
buffy coat, they in no way oppose or generally supersede
the theory of Hunter and Schreeder Van der Kolk, that,
while inflammatory blood is still fluid, the red corpuscles,
by virtue of an increased attraction in themselves, rash ‘
|

wilf

together, giving rise, first, to the red mottled appearance
which Hunter so well described, and afterwards sinking
in groups to the bottom, leaving the fibrin to rise in the
serum. The objections, if they are objections, to this
view are, that the corpuscles of inflammatory blood are
not always found separate from fibrin ; secondly, that the
buffy coat will form in non-inflammatory blood,(where the
attraction of the red corpuscles for each other certainly
cannot be such as to modify definitely the whole pro-
cess of coagulation,) if the process is impeded by the
addition of fluids of a high specific gravity, ;
There is yet much, I had almost said all, to be learned
in reference to the changes which occur in blood during
inflammatory states; and the brevity of this chapter
has arisen, I am sorry to say, from deficiency of experi-
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mental matter, rather than from studied condensa-
tion.

[If I venture, in fine, to speak of inflammatory blood
as blood in which the oxidation process is abnormally
active, or let fall the suggestion that in this state the iron
enclosed in the blood-cells may possibly have become
the magnetic oxide, and that the rapid aggregation of
these cells in inflammatory blood has thus some relation
to the magnetic force, I do so open to the correction of
more extended observation.]



CHAPTER VIIIL

BEUMMARY OF CONCLUSIONS AND PROPOSITIONS.

“ Com bes per multa volumina, parque magne contentionis dispotationes, &
medicis smpe tractata sint alque tractentur; subjiciendum est, gque proxima
vero videri possint."—CrLsus,

ThE total of this essay is summed in two major and

a few minor propositions.

1. First Major Proposition. The primary and essential
part of the process of coagulation consists in
the evolution of a volatile principle from blood.

[This is proved by the experiments which have gone
before. These have shown that coagulation is prevented
by exclusion from air or other gas, by cold, and by cold
and pressure; and that it is refarded by motion in a
closed circuit, and by addition of dense fluids. Con-
versely, other experiments have indicated that exposure
to the vacuum, to the air, or other gases, motion during
such exposure, and increase of temperature during
such exposure, are each and all physical conditions
which guicken coagulation.

With the escape of a volatile agent these conditions
are all in perfect accord and harmony ; in the presence
of any other view, they become mere disjointed and even
contradictory phenomena.
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The proof is carried further still in the experiment
of passing the vapour of blood through blood, and in
the suspension of coagulation which succeeds. ]

11. Seeond Major Proposition. The volatile principle
thus eliminated from blood is ammonia, differing
perhaps in formula in different classes of animals,
but serving essentially the same purpose in all.

[This proposition is proved by two series of experi-
ments ; first, by those which have shown that ammonia
may be obtained from blood-vapour; and secondly, by the
results which follow the addition of ammonia to newly
drawn blood, Still further, but in the same direction,
it is proved in the experiments of redissolving the
blood-clot or the fibrin-clot in ammonia solutions, and
reproducing coagulation by eliminating the ammonia.

Lastly, the proposition is exemplified by the ex-
periments which show that, in blood held temporarily
fluid by excess of ammonia, coagulation is favoured or
retarded by the same physical agents as those which
favour the normal coagulation of blood.]

The minor propositions which spring naturally from
the foregoing, are the following :

(a) As a result of the evolution of the volatile solvent
from newly drawn and liberated blood, the fibrin, which
has previously been held in solution in the serum by
virtue of the alkalinity imparted by the ammonia, is
transformed from the fluid to the solid condition ; its
particles, coming together, constitute with the blood-
corpuscles and serum, in ordinary coagulation, the red
clot; and the after separation of the serum is due
to the contraction of the fibrin, by a continuance of

the same process.
Zz
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(8) In cases where blood coagulates with its fibrin
partly or wholly in an isolated form, the effect arises
either from an excess of fibrin, or from slow coagulation
(the result of slow elimination of the solvent), or from
rapid subsidence of the red corpuscles, or from a com-
bination of these causes; the particles of fibrin are
thus brought together in mass, and rise to the surface.

(¢) The imperfect coagulability of blood, under the
abnormal conditions specified in preceding pages, is
due, according to the case, either to an absolute defi-
ciency of fibrin, or to slow evolution or excess of its
volatile solvent.
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% Truth can never ba confirmed anongh,
Though doubta did ever sleep ;"
no apology is required for the reintroduction of a
series of natural facts which are equalled only in im-
portance by the inattention which is paid to them.

The other subject matter of the appendix is entirely
new.

It was my intention in the first instance to have pub-
lished this appendix as a separate treatise ; but as many
of the arguments adduced are based on the experimental
data furnished by the labours of the preceding essay, I felt
it best, in the end, both for reader and author, that the
appendix should stand as it does, the corollary and, in
some measure, the practical result of physiological
research in its simplest representations.
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ON SUPERALKALINE CONDITIONS OF THE BLOOD IN
RELATION TO DISEASE.

THE existence of ammonia in the blood in some diseased
conditions has been referred to by many writers. Mr.,
Herapath found carbonate of ammonia in the blood of
cholera patients. Frerichs and Litzmann have shown its
presence in ureemia. Dr. Blair, in a Report on ¥Yellow Fever
in British Guiana, remarks specially on the ammoniacal
state of the breath, the blood, and the vomited matters in
that disease, In some of his cases, he says, the blood was
like to port wine as regards its fluidity, and the cor-
puscles were all dissolved ; the blood in these cases was
strongly ammoniacal.

I might extend such notices ; but my object in this
essay is rather to point out the possible fact that
ammonia or its salts, existing in the blood in excess,
may be considered as the cause of the leading and more
serious symptoms in certain forms of acute and chronic
disease,

‘We have seen by direct experiment what the effects
of ammonia are when it is thrown into the body in
large quantities. Thus introduced, it produces what
may be unhesitatingly considered f#yphoid symptoms,
The tongue becomes dry and dark ; there is an involun-
tary action of the muscles, varying from subsultus to
violent convulsions; there are insensibility, extreme
sensitiveness to sound, obscurity of sight, and ulti-
mately, if matters are pushed far enough, death by
coma. The morbid anatomy is equally demonstrative.
The blood is dark and fluid ; the serous membranes
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chloride of ammonium, and restored the blue colc
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The superammoniacal condition of blood extends ¢
other discases, marked by the typhous or typhoid typ
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result. In cholera, the excess of ammonia in th
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formed into the carbonate of ammonia. 'This sc
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i the absence of water—a result dr
the excess of the alkali, Water added to blood of
kind dissolves it into a thin fluid, which on ¢ e-
ment of the ammonia coagulates. Nawlydnm 1*_-__
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held fluid by excess of carbonate of ammonia, and
gently evaporated down, may be brought to have all
the characters of cholera blood. = Thus reduced, it may
be again made fluid by addition of the water lost, and
may be induced, by displacement of the alkali, to
coagulate firmly.

In cases where the blood is surcharged with alkali,
and where the water is not deficient, cases of fever par
ezcellence, the fibrin, held in too permanent solution
by the blood-stream, is infiltrated into the structures
of vascular organs. If the blood here congested remain
locked up, a condition obtains somewhat similar to
what occurs in the blood enclosed in the vessels after
death. The alkaline solvent is gradually eliminated
into the surrounding structures, and the fibrin is at
length deposited or stranded in the infiltrated part.
Thus deposited, it forms those semi-plastic exudations
so common in many diseases of a low or asthenic
inflammatory fever type; ultimately, if recovery takes
place, it either undergoes transformation and becomes
the basis of a morbid growth, or remains a firm fibrinous
exudation, the more fluid parts of the liquor sanguinis,
with which it was originally in company, being removed
by absorption.
 But while the considerations above noted lead to an
explanation of many symptoms and pathological states
commonly met with and recognized, they invite also to
work at deeper strata. They are secondary to and
dependent on the development of the agent which in
excess produces them.

If we may allow ourselves to take a broad view of
pathology, symptomatological as well as anatomical,
we may look on every pathological state as a modified
physiological process.
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explanation of this fact in speaking of the rapid elix
nation of the alkali from drawn blood: f.:.- :
the fixed alkaline property of the blood, as
the temperature of the blood, an aﬂmirnhld
against excessive absorption. For, were omia
of absorption by the blood as it is by m. here is 1
nfaulplmwhﬂedammpmngorgmiomﬂbi
up its ammoniacal emanations, which would =
once and permanently a very plague spot, th
and home of fever, absolutely uninhabitable. 13
question, however, that an ammoniated air ¢ “'fn,-"'
inhaled is and must be injurious, despite the j
made for its exclusion. There my.mm, 58
ditions of blood, otherwise brought about, such ._
excess of water, which favour the nbaorpﬂm
alkali, and may be accepted as so-called “ predispos
causes” (a term often violently abused,) for

L
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ception of the alkali; and thus symptoms of disease
may arise from? simple exposure to the alkaline
vapour. But these instances are rare; and the symptoms
produced are either transient when they are lighted up,
or, if permanent, slow and feebly defined.

In a close room, through which ammonia vapour is
diffused so widely as not to be detectable by the sense,
I know from personal experiment that the air thus feebly
charged is for a time the cause of symptoms, to say the
least of them, disagreeable. There are headache, nausea,
giddiness, and debility. These symptoms pass away as
fresh air is breathed ; but, by frequent repetition, they
at length produce a more permanent debilitating in-
fluence,

Hence I presume that much of the excitable an@mic
feverish state, to which persons who live in foul localities
are subjected, may have its origin in the cause thus
specified. We must push this argument but little closer
now ; for that fever is ever actually lighted up in such
way, there is as yet no satisfactory proof. But that fever
once lighted up would find its course and its intensity
favoured by the inhalation of an air bearing even one
ten-thousandth part of ammonia, is an inference fairly
derivable from the labours which have gone before.

But "the matter here considered must not be left
without a word of suggestion. Brooding in low and
filthy localities, there is common to them a form of fever,
endemic in its character, doubtfully contagious, and
seeming to want Aabifal only to take form and live,

While some experimentalists occupy themselves in
seeking in organic cells for the cause of this disease,
others might, with equal chance of success, and with
more precision, look for it in one of that mumerous
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family of volatile alkaline principles, co
death of the organic world, of m
ammonia forms but a single _-;-'
‘Wherever there is an air containing such a trace
feetid vapour as to be detectable by the senses, and oft
in one or other of its varieties.
mmpamnmmmmm
since all the ammonias yield characteristic c
the chloride. Another delicate test for a
ﬁam&uﬂmﬁrm,ﬁemm
mﬂlwuohmwoﬂdhemmabhm
circumstances, being a sufficient check on the ac
the ozonometer.
In tobacco-smoke, an ammonia is given off in
quantities, If & microscope glass moistenod ,;_,;f‘.‘."
hydrochloric acid be held for but a moment o
fume of the weed, and be then dried, r.heg]nn
Mﬁuﬁdmthuymhufthechlnndudf
The breath of all confirmed smokers is -|:=- 11
ammoniacal ; and I have shown in erper[m
p- 101, 'lrhlttha effects of inveterate smoking ar
the blood. There is no doubt that some ammonia i
absorbed from the pipe in prolonged smoking; the
modification of the blood-corpusclesand the fluidityof .;;._T-'
blood incident on prolonged inhalation of thé* oba
fumes proclaim the fact; while part of the p
the anemia, themnam,nndthehystemmm
smokers who have not the lungs of Stentor, are sub -'.' "_"_
are possibly traceable to superalkinity of blood, a
tobacco as the source of the alkali.
In cases where the function of the kidney hn

suppressed, we have a fair insight into the «

L
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the ammonia salt with which the body is poisoned from
the excess of the ammonia. We find the source here
in the non-elimination and subsequent decomposition
of the urea. In experiments where the kidney is
extirpated, this superammoniacal state of the blood
prevails, The blood is rendered fluid, the corpuscles are
dissolved, and coagulation can only be induced by the
addition of caustic lime,or the cautions addition of potassa
or soda,so as to secure the elimination of the ammonia.
The breath also before death is strongly ammoniacal. In
fatal cases of scarlet fever, where the function of the
kidney as well as that of the skin is suppressed, the
feetid breath is loaded with the alkaline execreta, and
the convulsions and coma are accounted for by a sim-
ple toxical cause. The same argument might extend
to many other diseases, preceded in their later stages
by an arrest in the action of the two great emunctories,
the skin and the kidney.

During periods when the body is exhausted by over
fatigue, and espeeially when to this prolonged absti-
nence is snperadded, the excess of ammonia evolved
by the breath is well marked ; and impoverishment from
imperfect diet is in itself a cause of diseases marked
by great fluidity of blood, exudations, and flux, In
these cases, the breath is alkaline, and the blood-cor-
puscles are more or less dissolved. The excreted
matters thrown off by the stomach and bowels are
feetid and charged with ammoniacal compounds; while
the symptoms, the convulsions, and ultimate coma, are
in a general sense identical with those of slow alkaline
poisoning. In short, when the balance between the
forces of regeneration and decay is broken, and the
former kicks the beam, there is set up a decomposition,
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with an extreme ammoniacal condition of loc
These conditions, as T have already stated,
hmﬁmmmm&mm
Contagious typhus, the only disease of this clas
being discussed, to which my own observs
been specially extended, is marked by si
tations.
In instances where an enfeebled or obstructed re
ation precedes dissolution, extreme '
# My ostimable friend and colleague, Dr. Cockle, uﬂm [

m- the poisons of yellow fover and the e
nal on his part, and which bas lately received nm!th.l
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is often a post mortem fact. It has been already ex-
plained that this result may arise from a deficiency of
fibrin. But, in the case of the child who died from
cyanosis and tubercular deposit, page 127, and whose
death was purely by asphyxia, the blood was fluid
and contained a large excess of ammonia. In experi-
ments where carbonic acid gas is inhaled so as to
produce slow poisoning, the blood is slow to coagulate
on simple exposure to the air. But, as the addition of
potassa with extreme care, so as not to produce a new
and fixed solvent, produces in such blood firm coagula-
tion with evolution of ammonia, it is a fair inference that
in this experimental example the carbonic acid, received
into the eirculation, enters into a combination with the
alkali, producing a compound which is not at once
eliminated when the blood is set free.

Lastly, in cases where putrid matter is imbedded in
the system, as when deep seated abscesses, open by fistu-
lous canals to the air, exist in the organism, and con-
tain pus in a state of partial decomposition, ammonia
is fully generated by decomposition in the putrid mate-
rial, and is sometimes, I have reason to suspect, when
the exit for the purulent matter is not free, absorbed
by the surrounding tissues and taken up into the blood.
Here received, the toxical effect is not slow in being
developed,and the *typhoid” which succeeds is the result
not of so-called irritation, not of exhaustion from the
drain, but of poison generated in the cavity and conveyed
from it to the body at large. In the lungs, when putrid
abscess forms, the foetid breath is charged with ammonia;
and T found by direct experiment in one patient, under
my care at the Royal Infirmary for Diseases of the Chest,

that the feetor arose from the sulphide of ammonium,
A A
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Inlllnhmnl,theﬂugcnuhlu'
are doubled, since the

tion must constantly hmnthnm nrteul
Reuling believes that ammonia may be for
Mﬁmtﬁmu&'mnﬂm

there from the decomposition of mtdui |-'-
Corpuseles of Superalkaline Blood. The modifica
which occur in the blood-corpuscles under the inf
ence of the alkalies have already been depic
described. Whoever would see these . '
once, has only to watch on a little afh‘inm
influence of extremely diluted portions of amr
oo o need not dwell on facts whi

many authors have referred
® O regarding the mluhﬁﬂ;
» envelope of the corpuscles
- > alkali. Bnt:tmwnﬁ*
. '& that under the inf ;-. :
alkalies, and spenin]ly

influence of ammonia when the blood of a h'mlg
is surcharged with it, the corpuscles undergo
changes within the body, being easily soluble, b
crenate at the edge (». £.) (as sometimes may k
ved when the corpuscles are losing the ﬁmﬁ |
them from evaporation, but not in these c rom

cause) becoming many sided, mhurleu, spar
collapsed, and loosely agglomerated, but not h

(c. 6.) or even taking the pure oval form (¥.), so ;
be undistinguishable from the corpuscles of birhm

conditions of corpuscles may, it is true, occur under
other circumstances; for I have seen the oval or bird
corpuscle, for instance, which seems to be an extreme
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modification, in jaundice (see experiment xvii, page
102), and also when water has entered the system in
excess, (experiment xi, page 130); but the effect is
most common to superalkaline blood.

The effect of an excess of alkali on the blood-corpus-
cles during life being, then, to effect a modification of
shape, and even, in extreme examples, as in Dr. Blair's
cases of yellow fever, and in my own experiments,
(see especially experiment xxx, pages 118-21), to
djssolve up the corpuscles generally, the influence of
superalkalinity in this direction is a matter of great
moment.

It is, indeed, as curious as it is interesting, to find
how fully the microscopic observations of Dr. Jenner
on blood in typhous fevers correspond with mine on the
blood of animals poisoned by alkali. Amorphous heaps
of red discs, according to Dr. Jenner, replace the nor-
mal rouleaux; and the adhesion of the red discs to each
other, in the imperfectly formed rouleaux, is far less
complete and long continued than in healthy blood.
The red discs lose their colouring matter more easily,
and dissolve more rapidly than they do in their normal
state. This is shown by the red serosity formed in
almost every serous cavity, and by the deep dusky red
hue of the flesh and of every structure in contact with
the blood. The blood drawn during life, or found after
death, is loosely coagulated or absolutely fluid.

How far the more serious symptoms arising from
superalkalinity—the convulsions, the subsultus, the
coma—are due to destruction or modification of the
blood-cells, is a point on which I have no data to guide
to an opinion.  But this, from demonstrative evidence,
may be stated ; that the corpuscles, after undergoing a

AAZ
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Usually the fact is shown by the exhalation:
lungs or skin, which yield the alkali in abu:
with the evidence ufﬁeprmnnenfﬂhlim

= For the examination of blood in disesse I have been

A, n eylioder baving a solid base, b, perforated st
n, 50 84 to communicate at that point only with ¢, »
small glass rocoiver,

G, m piston to the eylinder a, worked by arod &,
whizh is foursided, and moves in & four-sided aper-
ture in i, to prevent its tnrming round, and having
i ring at the end for the flnger.

Attached to the piston is a slender rod I, having a
#pring trigger ot its end, and descending through n,
iute the receiver ¢, when the piston is throst down.

A spring, ¢, is connected with the nesdle d, which
passes throngh the solid baso of tho large eylinder
in tho reeoiver below,

The needle, d, is wo shapad at the point, that it
shall eut an opening into the enticle sufficiently
wide to allow the blood, in its natural proportions of
corpuscle and seram, to gush through, and is not
long enough to reach the surface of the fAesh until
discharged by the trigger.

\ A pistol shaped handle is attnched to the cylinder
T at b, m, b

1n using tha instrument the orifice of the reociver '
#Mm&nﬁnﬂhrﬂﬂﬁwwmmw
place,  The piston rod is raised by the finger in llnlhg,ndtlnlhi
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halations, the blood-corpuscles are altered in character,
such alterations being clearly not due to the mere phy-
sical result of drying er of admixture with fluids of
different densities, and if the symptoms already described
are present, the inference is fair that the blood itself is
surcharged with an ammonia, by whatever name the
preexisting disease may have been known and recog-
nized, and that the symptoms are such as experiment
would trace to the alkali as a toxical cause.

The effects of the fixed alkalies on the blood, or of
their alkaline salts in excess, ought not to be omitted
in considering the question of superalkalinity. That
there may be an excess of fixed alkali, and that symp-
toms may arise from this cause analogous in character
to those arising from the volatile alkali, and even more
permanent, is an inference fairly deducible from the
experiment recorded in chapter 111, where the effects of
potassa as a slow poison are strikingly brought out ; and
the possible influence of common salt in the produc-
tion of sea scurvy is not difficult to understand, when
the effect of the chlorides of potassium, sodium, and
ammonium, in holding the blood fluid, is fully com-
prehended.

is sufficiontly exhansted to draw the flesh up into its cavity. As the piston rises,
the trigger, st the end of the slender rod, catches the spring and raises it, and
with it the needle. The moment the piston has reached the top of the cylinder,
the flesh being well up in the receiver, charged with blood, and insensible to
pain, the spring slips from the trigger, and the needls is instanianecusly daried
into the fesh and withdrawn by the recail of the spring, & drop of Llood starung
wi the same momment to the surface.
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AMMONIA AS AN EXHALATION FROM °

Ammoxnia has long been known as an e:
skin. My friend, Mr. Thomas ‘l‘qlﬂ*
Chemistry at Middlesex Hospital, tanuh
years ago, Dr. Hue was accustomed to di
his class the presence of ammonia in ﬂt
exhalation by ﬂm following experiment, w!
time was not new. He exposed to a red heat fine |
gand, let it cool down, and showed by experiment tl
no ammonia was evolved from it. Then rubbing
sand with his hands, previously washed and dried, 1
again exposed the sand tahmt.nmhhonn&ﬂw evoluti
of ammonia from it by the turmeric test. The object
to this experiment is, that in the friction of the hanc
with the particles of sand, organic matter may be
removed, and may be decomposed on the second app!
cation of heat. This objection is however removed,
least in part, by the experiments of Berzeliu
Anselmino, the former of whom found in
cutancous exhalation, chloride of lmmomumi
latter acetate of ammonia. "
Some fifteen years ago, my esteemed and learne
friend the Rev. J. B. Reade, F.R.S., Vicar of Stox
whn,aaamumbarufnnuu:tprufmmnmi' '
same time a successful and unwearied expe
inquirer in matters of natural science, may hu
on as the Hales of this century, made the d
that an ammonia is contained in the e:tp::mm
the breath. Extending his observations from hi
to others, and to inferior animals, Mr, Reade dec
that the rule was general. Tis mode of testir !
by the microscope and acid test; and a brief account of
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his labours was laid before the Microscopical Society
soon after they began, and was ultimately printed in
abstract in the Gardeners’ Chronicle.

Since the observations of Mr. Reade, Dr. Reuling,
in 1854, published a paper which is epitomized by
Dr. Day in his edition of Lehmann's Chemistry, vol. 111,
page 559. In this paper, Dr. Reuling points out that
the expired air of every one contains ammonia, and
shows that in certain diseases—as typhus, pymmia, and
uremia—ammonia is in exeess in the breath. He
argues, however, that in health there is no exhalation of
ammonia, nor absorption of it by the pulmonary mem-
brane. Scherer has, if 1 mistake not, referred also to am-
monia as a constituent of the expired air in respiration.

Independently of these inquiries, after the detection
of ammonia in blood-vapour, I sought for evidence of
it in the breath and in the cutaneous exhalation, using
the microscope test as it had already been used by Mr.
lteade, but without any knowledge of his labours.
The result has been to confirm these previous observa-
tions to their fullest extent.

Up to this time, the experiments [ have made on
the breath amount to more than a thousand. They
have been made on persons of both sexes, on animals
of different kinds—dogs, cats, oxen, horses, guinea-pigs,
and sheep. They have been made on myself under
varying conditions, as regards temperature of body,
times of day, repose, and fatigue. They have been made
on individuals suffering from different kinds of diseases.

I shall attempt, as a condensation of these observa-
tions, to sum up the results under a few heads.

While I fully corroborate the deduction made by
Mr. Reade and Dr. Reuling, that expiration of am-
monia by the breath of persons in health is universal
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to all vegetarians, I cannot say.
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as a rule, I have met with mump&nuf
out of all which came before me,

This exception occurred in a gmm '
entirely on vegetable food, and abstained fi
drinks. Time dherhme,nndfori‘nmnh
at once, T tested this gentleman’s hmﬁ
microscope glass for ammonia, without ever finding
trace of crystal ; while at the same time, in the s
air, and under every identical condition, the br
other persons yielded abundant evidence of ﬂm
tion of the alkali, Whetharthamuew

In examination of my uwnhmﬂ:lihﬂ'&
remarkable variations. On rising in the
after a sound night's rest, I have nbhinadm
of ammonia in the breath. Then, having gone tl
the day's labour, and mh.u'mng home tired an
exhausted, [ have found, on repeating the same pre "
under the same conditions, abundant evidence 3
alkali, I once carried on this inquiry ﬂlnly for
weeks, with the same results. I made experiments |
on myself when heated with exercise nnd r hot
summer weather, as well as at periods when thuaii’
cold and my own body was cold, doing the experi '_ ent
out of doors in frosty air in the latter instances.
the rule was general ; during the higher temp
the evolution of the alkali was free, during ﬂw
weather the result was either very little marked o

Anpremua:remnrlu prmre,laufuagm
Reuling as to opine that in health, and with no e
of ammonia in the air, there is possibly no absorption of
the alkali by the pu.lmonn.ry membrane. ButI main
tain that the evidence is demonstrative that s - “
constantly erkaled by the pulmonary mamhmm.r
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that what is found in the breath is not the mere return
of the minute proportion inspired with the air. The
single fact above referred to, where one gentleman did
not throw off the alkali in respiration, while others
breathing the same air did, is indeed sufficient evidence
of itself of the truth of my position.

But to carry this argument further, I took advantage
of times, when my own breath was yielding the ammo-
nia so freely as to give a field of crystals after thirty or
forty expirations over the microscope glass, to test the air
which was being breathed by having it driven in gentle
current from small bellows, during the same interval,
over another microscope glass prepared in precisely the
same manner. Then, drying the microscope glasses
together, I examined them, and found, as an invariable
rule, the presence of the ammonia salt on the glass
which had been breathed on, and no trace of it in that
over which the air had simply passed.

I found further by experiment, that the amount of
alkali exhaled is greatest at the end of an expiration.
If short expirations be made, intervals of four or five
minutes will elapse without any production of crystals ;
while thirty prolonged expirations made in one half the
time, will yield sufficient of the alkali to afford a fine
field of the crystalline salt. This experiment removes
satisfactorily an objection I have heard made, that the
ammonia comes from the decomposition of organic mat-
ter in the fauces or about the teeth.

In one form of disease, simple an®mia, I have met with
cases in which no evidence of ammonia could ever be de-
tected in the breath. In the case of a young girl suffering
from pure anemia in its most marked form, this obtained
so fully, that on two occasions, after making her breath
pass through hydrochloric acid in a potash bulb tube
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fitted for the purpose, for six hours ¢
MMMM&&
chloride.
On the other side, a copious expiration
is common to many diseases, I hl:u
breath of all inveterate smokers is
pdntinmaknbpabmmdmn
when the breath is tested. In both sexes
with excess of ammonia in the breath in ¢
chitis, in typhus, in mawﬂmuhﬂm
in various simple dyupapmmwhmm
constipated, in uremia, in a case of albuminuri
uriunlltnguot'phl:hmn.mdiuahmuﬁ
Tnnrﬁvaltm:ppmoximnhaidenuhth
abnormal amount of ammonia exhaled by
practice is required, first with men in
afterwards with men diseased. To m
solute quantitative analysis in each case is in
not only from the time required for tbe ,;h
from the difficulty of calculating the amount of
altogether evolved in a given time by different person
But simple practice with the microscope glass soo
supplies the general fact.
For the detection of the expired ammonia, HM
ling recommends logwood paper;® but the n '
tutuudulmhnmnhedmad.u,ﬁm._
*ﬂiuﬂnhﬂwuuﬁ-mhmhuﬁnmmmh
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maereury, Ifan acid is introducad, the colour becomes yellow, but |
precipitate ; and, by sdding sulphuric acid, erystals of unchanged b
are formed. If air is allowed to enter the ammonia solution, the e
diately becomes purple, and ultimately dark red and slmost opagque, 1'*
the hiydrogen in the hematoxylin combines with the oxygen of the t
now body is formed which Erdmann calls hematein,
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practice, most manageable, and gives a general know-
ledge of quantity. The mere holding of a rod moistened
with dilute hydrochloric acid is not a sufficiently
delicate test in the majority of cases; but if, when the
rod is thus used, there is distinet evidence of white
fumes, the test is sufficient to show that the amount of
ammonia expired is far beyond the normal proportion ;
and, as at once proving this fact, it is simple and
valuable. The reddened litmus and turmeric tests are
also uscless in most cases, because carbonic acid is
thrown off in excess as regards the alkali ; but if in any
case these tests show the presence of alkali, they are
valuable as proving at once a condition seriously ab-
normal, and ans denoting excessive alkalinity of the
blood. In one case of typhus in a boy, I used a piece
of fine white gauze stretched over a ring. This, satu-
rated with the reddened litmus, was held over the mouth
and nostrils; and the expired air, passing through the
gauze, restored, during the acme of the disease, the
colour to the litmus after ten or a dozen expirations.
As recovery advanced, the test failed.

To avoid fallacies in the use of the microscope test,
it is well to use an instrument as sketched below. Tt is

A

nothing more than a straight breast-pump with a
microscope glass carried across the trumpet end. In
using this, a drop or two of pure acid is placed in the
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bulb (8); thonimmpngln(ﬁ} :
'ﬁnmpﬂnﬂmﬁnhudd“

the patient is made to breathe t "1 1€
byhilmthntthahngmdhw end. 1
thus comes in contact with the acid i
ith‘hhnlh;“dﬁm of the alk . _
but some of the acid and alkaline Isc
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glass, a field of crystals is deposited on d
acid in the bulb, containing also water i _ as |
condensed with mmumn.mtyllnh-
quired, and subjected to experiment. In the subjoi
microscopic n]wtch, the crystals were m

specimen derived in the manuner above &
healthy man.
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Ordinarily, the ammonia evolved by the breath is in
combination with carbonic acid; and if the carbonic
acid is removed, as I have found by experiment on
my own breath, evidence of the free acid and of the
alkali may often be obtained simultaneously. To show
this, it is simply requisite to place baryta water in a
Wolf’s bottle, to breath through this, and to connect a
long escape tube from the bottle with a potash bulb tube
containing a solution of litmus, slightly reddened with
acetic acid. While the expired air is passing through the
baryta water, the Wolf’s bottle is immersed in water at
200° Fahr., so as to raise the temperature of the baryta
water and prevent the absorption and fixation of the am-
monia. The expired air must be gently driven through
the fluids in both containing vessels ; and, if much time
elapses, the baryta water must be changed. In the end,
not only will the evidence of the carbonic acid be given
in the baryta water, but the reddened litmus will have
its colour temporarily restored.

The evolution of ammonia in cutaneous exhalation
has been known, as I have already shown, for a long
time. In seeking for its presence in this exhalation, I °
place the hand for a few hours in a large wide mouthed
hottle, moistened on its inner surface with pure hydro-
chloric acid, and connected to the wrist by a broad India
rubber band, so as perfectly to exclude the air. After
the hand is withdrawn, the contained fluid is carefully
poured out of the bottle into a watch-glass. A drop of
it placed on the microscope glass and evaporated down,
with the usual precaution to evaporate slowly that the
salt formed may not sublime, yields full evidence of
the crystals of the chloride.

In some diseases where the action of the skin is pro-
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able. From the bodies of the consumptive, du
after the colliquative perspirations, this evo
most marked. In one case of this kind, I found
rod gnhgwhhafnmwhun held near to the cut
thcpqu:lnm of the phthisical, uﬂ.
when the bedclothes are
this cause, being faintly mnmnnlil
thnurimﬂnmoffnuthmunm

From fresh urine in health, ammonia :
off spontaneously,—at all events, in sixty ex
of thenpour from healthy urine at the m
it was passing, I failed to detect it with thu
test ; bntinmmrufmmmtham
fixed alkali or caustic lime with eleuﬁnn-a! -_"-"' ra
ture to 98° secured its evolution. The nor w
of excretion by the urine of ammonia in combinati
as a salt, and the excess of such excretion in d
conditions, are points on which, from deficie
perimental evidence, I hesitate to speak. i

In a paper read before the Royal Society, 1 )
of which I have been favoured by the author, Dr. Bence
Jones has endeavoured to show that, when salts
monia are administered internally, nitric acid i
quantities may be detected in the urine, a result
he opines, to oxidation of the nitrogen in the
Lehmann has disputed this, on the ground that thy
of analysis pursued by Dr. Jones is calcul
mislead. Withunlenmnngmhndhmnnm '
teresting topic, I would mention two facts.
in an experiment where an animal was subjected to am
monia for a long time, until in fact death oc
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urine was not ammoniacal, but had often a feebly acid
reaction. The other fact is, that where ammonia is largely
administered, its removal by the breath is so rapid and
immediate, that no argument as to its elimination
or non-elimination by the urine can be satisfactory
in the absence of observations as to the condition of
the air thrown off in expiration, and of the exhala-
tions from the cutaneous surface. So rapid, indeed, is
the elimination of ammonia by the pulmonary mem-
brane, that in an experiment performed and recorded
by Mr. Blake, where a drachm of liquor ammonie was
thrown into the jugular vein, ammonia was detected
in the breath by the acid rod test a few seconds after
the operation.

When the serous cavities, as the peritoneal cavity, of
the body of an animal are opened directly after death,
there is, for a few minutes, a free watery exhalation,
which, according to my observation, always contains
ammonia. In oxen, after a small opening has been
made into the peritoneum, I have several times in-
troduced a microscope glass moistened with aeid, pro-
tected by a cylinder, (as in the eylinder s, p. 281), into
the cavity, and, after withdrawing the cylinder, and
carefully drying it and the contained glass slip, have
found distinet evidence of the crystalline deposit on
both. The coagulation after death of the serous fluid
in these cavities may possibly be connected with this
evolution.

I infer, then, as will be seen from the preceding, that
ammonia is a normal excrete of the animal body. The
inference is significant, apart from the mere considera-
tion of the animal organism. It embraces the idea of
a further and more intimate connexion between the
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animal and the vegetable worlds. We h
nized the carbonic acid excrete &nwwin,
vapour which he exhales, as deposits in t
the use of plants, and for elaboration by them int
food for the animal itself. To the mag ~ lea
mbemmndnnad not nnlyumulhng
composition of effete animal matter, but as
directly from the animal organism.
In the transformations of the animal body, t
tion of ammonia uunemryannctum
and the freedom of its evolution is secured t
tility, equal diffusion, and easy excretion :
excretory surface, Had a fixed alkali bam
solvent, not only would the required amount ha:
considerable, but the diffusion would hm
subtle, and the elimination less secure, since the ar
of the function of but one organ would lead to &
mulation and to the dangers incident thm at '
The consideration of the evolution of ammonia
the body as an excrete, leads also to one or - n._-"._'
vations bearing on practical concerns. 11
that in consumption there is at times an
halation of ammonia by the skin, while in
diseases of a chronic nature there is also m 1
abnormal elimination of the alkali by the
These cases must be carefully se mtud&m
the low fever class, in which the fmu elimination is!
the result of superalkalinity. This lapnnh_ 1
the question naturally suggests itself, whether i
chronie cases where the elimination is so fm&,
of the elimination may not be intimately conne 2]
with the fact of the debility and waste of substance by
which such exhaustive diseases are npeciall;r- tha
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ized. Tt isclear that an evolution of the two elementary
representatives, nitrogen and hydrogen, cannot occur in
excess, and over above their normal standard, without
waste of substance, if the position be correct that such
evolution is direct from the blood; and this position
seems at once possible and obvious.

Lastly, the evolution of ammonia by diseased persons
is suggestive of various hygienic points bearing on the
treatment of disease. A number of healthy persons
cannot be long entombed in an ill ventilated place,
without respiring an air charged, not only with carbonic
acid, but with the alkaline emanation in addition. An
historian of the Calcutta black hole tragedy, himself one
of the sufferers, tells us that what added intense suffer-
ing to the prisoners, was the intolerable irritation pro-
duced by the inspired air: the sensation being, as he said,
as though the face were held over a vessel of hartshorn.
In this catastrophe, one hundred and forty-six men were
shut up in the dungeon, which was eighteen feet square,
open to the west only by two small windows, which
were strongly barred, and admitted but a feeble current
of air. The difficulty of respiration commenced within
an hour after this living interment; and in two hours,
fifty were dead. In the morning, only twenty-three
remained alive; and it is a matter of great interest,
that nearly the whole of these suffered afterwards from
putrid fever—evidently our malignant typhus, and many
of them died.

Dr. R. D. Thomson has also shown that, in the air of
ill ventilated cholera wards, sulphide of ammonium is
one of the constituents. I have already indicated that
the effect of sulphide of ammonium on animals is to
produce symptoms strictly analogous to typhus; and

BB






EFFECT OF LACTIC ACID ON ANIMAL BODIES. vl

I1I.
EXPERIMENTS SHOWING THE EFFECT OF LACTIC ACID
ON ANIMAL BODIES,

WaiLstT my attention was being directed to the effects
of the alkalies, I thought it would be a point of great
interest to change the line of experiment, and to inquire
into the influence of the acids as administered in mode-
rate and continued doses. I selected for experiment
primarily the lacfic acid; first, because it is a feeble acid ;
secondly, because it is an acid of the tissues; and, thirdly,
in consequence of the theory advanced by Dr. Prout,
and supported afterwards by the arguments of Drs. Todd,
Williams, Fuller, Headland, and Mr. Spencer Wells,
that lactic acid is the probable maferies morbi of acute
rheumatic fever.

I premise by stating, that the acid solution used in all
the coming experiments contained ten per cent. of the
acid itself.

In the first experimental attempts, the acid was given
by the mouth, but the results were unsatisfactory ; there
was a difficulty in the administration, and the effect of the
acid was, as I think, destroyed by the digestive process.

I followed up these attempts by trying to throw the
acid into the system by the veins; but here two objec-
tions came in the way. As the acid came into contact
with the blood, it formed with it a slimy semicoagulated
mass which prevented injection ; and at the same time
1 foresaw that any effect on the endocardial surface,
after such injection, might be reasonably construed as
resulting from the direct action of an irritant.

In this dilemma, I turned to the experiment of in-
jecting the fluid, well diluted with water, into the peri-

B B2
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remove these objections, 1 got Mr, Wcadm
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The instrument is a simple hollow needle, at
by its blunt end to a tube connected with an In
ber injecting bag. During the operation, Hu-
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viously raised to a temperature of 96°, is slowly thrown
in. Prior to the operation, the animal is kept for a few
hours from food and drink.

I proceed now to the details of experiment.

Exrerivent ccce, Injection of Lactic Acid. A full
grown healthy cat was placed under the influence of
chloroform. The external jugular vein was laid bare, a
small tube was introduced into it, and an attempt was
made to inject four drachms of the acid with the same
quantity of water. The operation, for reasons I have
explained above, as well as in experiment ccrLx, p. 252,
did not succeed. 1 therefore at once closed the wound
in the neck, put a ligature on the vein, and making a
lancet opening into the peritoneum, threw in seven
drachms of the acid with eight of water. The opera-
tion was easily done, and no fluid was lost. The animal
soon regained consciousness, and recovered from the
effects of the chloroform. During the first hour after the
operation, she was breathing at the rate of forty-five per
minute ; the surface of the body was cold ; and she was
restless. T'wo hours later the respirations were forty-
two per minute, and the heart-beat so irregular and
irritable that it could not be counted accurately. About
six hours after the operation, she was left in the same
condition for the night, being provided with a straw
bed and food. In the morning she was found dead, and
with the body in a state of intense rigidity.

Post mortem Eramination, The peritoneal surface
showed no sign of inflammation, and contained no trace
of the injected fluid. The liver on its exterior was
rather pale, but internally was congested. The kidneys
and spleen were congested. The lungs were entirely
free from congestion, but of a colour too much ap-
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proaching to red to be natural.
veins and right side of the IM
slimy, soft, aml cheesy character,
described as occurring when huﬁu A '-i
simply to blood (Experiment ccLvimm
right side of the heart was healthy. The
contained a small coloured coagulum, whi
feebly with the muscular structure of the w
ventricle contained some fluid blood. The
was greatly thickened, red, and (I am indeb
term, as I shall afterwards explain, to my
colleague Dr. Halford) cedematous. On ﬁt
the valve there was a small fibrinous ¢
adhered to its position by mmnot’anunilﬂt
white glutinous fluid, the like of whinhI found
wards could be made to exnde from the v
turing it with a needle. The surface n£ ndor
dium lining the left ventricle had an intensely vascu
appearance, resembling, in fact, bright red - .'
pericardium was dry and slightly injected. ‘I
trace of mischief in the joints, and thﬂ'bmln
ExreriMeNt ccect, Injection nfLﬂHﬂM I
into the peritoneal cavity of a full sized t
through a lancet opening, one ounce of llﬁtiu
two ounces of water, at eight p.m. The: .
not narcotised, and seemed to suffer huthl:da om |
operation. The fluid was all retained.
operation, the chest was examined with thu
and the respiratory and heart sounds were |
normal. On the following morning, he was
and seemed to care little for food: there was

~on pressure of the abdomen, nor fullness. The he

beat was quick and sharp; the second sound seemis
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accented ; the first obscare. The respiration was natural.
At eleven am., I injected another half-ounce of the
acid with an ounce and a half of water; the operation
produced no expression of pain. At three p.m., Dr.
Snow, Dr. Beck, Dr. Graily Hewitt, Dr. F. Webb, Mr.
Spencer Wells, dnd Dr. Rogers, saw the animal. We
distinctly made out, that the second sound of the heart
was prolonged, and the first obscure ; but we could not
decide as to the existence of a bruif. The sclerotic
vessels were greatly congested. The animal lived, with
much the same symptoms, till early the following mom-
ing, when he was found dead, but lax and quite warm.

Post-mortem Eramination. The cadaveric rigidity was
less marked than in the cat. No injury to the intestines
had resulted from the operation. The peritoneal lining
showed no trace of injection or inflammation, but was
rather paler than usual. The mucous surface of the
intestines was in parts vascular. The liver was rather
shrunken and pale, dense in structure, not inflamed.
The spleen was normal. The kidneys were rather con-
gested, and their capsnles were intensely injected, the
vessels being beautifully delineated. The bladder was
contracted and empty, and its lining membrane was pale.
‘The bronchial membrane was free from congestion ; but
the lungs were vascular, dark, and condensed, except
the surface of the upper lobe of the left lung, which
was of a bright red, contrasting strongly with the other
parts. The pericardium contained no trace of fluid,
but was unusually dry, and, like the capsule of the
kidney, had its vessels finely injected. Held up to the
light, the membrane had a bright vermilion tint. The
heart was distended on both sides, but most on the left
side, with clotted blood. The endocardial surface on
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dial surface Immg the ventricle m
brilliant red colour, having a mhala
contrasting strongly with the lining me,
right ventricle. The segments of the m
thwhmnd,wdemnhu,andllmdlm-.
while, around their free margl.nl, were scve
varying from the size of a pin's head t
millet-seed. The aortic valves were pf
colour ; their free borders wmthinl:ﬂni"' -
‘I'here were no fibrinous coagula. The muscular :
ture of the hmtg&nerdlymm&n 1
The external vessels of the brain were congested
the brain structure was natural. Bennl
h:doym,butprmtednuahmd ppearar
The appearances presented byﬂmhmt
side have been admirably depicted by Mr. '
(See Plate I). The drawing indicates wha
a&erwardndmgutemdomrﬁhamﬂuﬁrﬁ
ExeeriMENT cccont.  Twjection of Lactic £
jected into the peritoneal cavity of a very s
with the needle apparatus described at p. 3
ounce of solution of lactic acid with two oune
water. The animal had, very improperly, L .--.-.-_=-;f jus
previously to the experiment; and, after the ope
vomiting succeeded. He soon became cold, trer
and feeble, and died within twelve hours.
Post-mortem Examination. The peritoneal surf e w
found intensely inflamed, and contained nearly as
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fluid as had been injected, in which floated numerous
flakes of coagulated lymph. The lungs were natural.
The heart contained coagulated blood in all its cavities.
One segment of the tricuspid valve was cedematous and
red, but the lesion was slight when compared with the
other cases. The pulmonary valves were normal. On
the left side, there was no injection of the endocardial
surface, nor any lesion of the mitral valve; but the
aortic valves were reddened, and thickened at their free
margins,

In this case, it will be observed that too large a dose
of the acid was injected. The fluid was not absorbed,
and rapid peritonitis was the result, with comparatively
but little cardiac mischief.

Exverivest ccccin.  Jujeclion of Lactic Aeid. At
the same time when the last experiment was performed,
one ounce of lactic acid with two ounces of water were
injected by the needle apparatus into the peritoneal
cavity of a very large dog. The operation was un-
attended with any manifestation of pain. Prior to the
operation, the heart-sounds and the respiration were
perfectly normal.

Second Day. The animal was very unwell; he fre-
quently suffered from shivering, and his skin was hot,
Pressure on the abdomen caused no pain. The heart’s
impulse was great. The second sound was intense and
accented ; the first sound somewhat obscure, There
was no pain in the joints, nor limping.

Third Day. The symptoms were much the same.
The heart's impulse was considerable; the first sound
was quite lost; the second was sharp and accented.
There was no pain on pressure over the abdomen. An
ounce and a half of the acid was now injected with four
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ounces of water. A few hours afterw
food as usual.
- Fourth Day. The tremulousness ﬂ
There was no affection of the joints, nu:‘
peritoneal pain. The action of the h
irregular; the second sound was still accen
accompanying the first sound, there was a s nurn
rubbing, as it were, into ﬂmmdm ﬂ
Fifth Day. The joints continued ed,
there was the same absence nfpemmul
action of the heart was more irregular th
there was a loud systolic bruil, mﬂs
surface. The second sound was
There was ll]lghtmnntnnthnnﬂngmgn ' 1 o
and a half of lactic acid solution, mﬂtw
water, were again injected into the pe m
any manifestation of pain. During ﬂwdny, he symj
toms continued unaltered; and, in the W of the
night, death took place. )
Post mortem Eramination. The peritoneal ¢
filled with a brown glutinous fluid, having u
reaction, and which had escaped, as was found
a wound in the small intestine, opposite thapdi it
the last injection had been performed, and e
prodnmdhythanaadle. Thmwupem:nuittl,b
less intense than in the last case, The s - '-~
generallywere congested. The lungs were '.ﬁ
in the left pleural cavity there was an ext
lymph. The pericardinm embraced the heut
its vessels were injected ; the membrane was g
reddened ; and, on the superior nnmriurput. r th
left ventricle, there was an exudation of plastic lymph
of about the size of the surfuce of a shilling. At thi
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point, the membrane was a little thickened. The right
side of the heart was filled with dark coagulated blood,
and all the segments of the tricuspid valve were
thickened, firm, and of a palish white colour. (See lower
sketch, Plate 1I). The anterior segment of this valve
was thickened many times beyond its normal size, and
was bound down by recent fibrinons adhesions to the
side of the heart, as is depicted in the drawing above
named. The endoecardial surface lining the ventricular
~ wall was natural, as were also the pulmonary valves.
The left ventricle contained a small quantity of treacly
blood. The segments of the mitral valve were thickened
several times beyond their usual size, and were of a
pale red colour ; their consistence was firm; and their
free borders were studded with beads, whitish in colour,
and pearly (see fig. 1, Plate IT), On examination with
a common lens, the pale appearance was seen in this
valve, as in the tricuspid, to have arisen from exudation
of lymph beneath the lining membrane. In the third
drawing (Plate 1I.) the artist has depicted this appear-
ance separately. The aortic valves were red, thickened
on their free margins, and everted. The brain and its
membranes were normal, Some of the larger joints
were opened, and in the ankle-joint the lining surface
was a little more vascular than in the others,
Exveriment cccarv,  Jnjection of Lactic Aeid. Into
the peritoneum of a healthy dog (the respiration and
heart-sounds being perfectly natural) I injected through
a lancet opening one ounce of the solution of lactic acid
with two ounces of water. Drs. Snow, Graily Hewitt,
F. Webb, and W, R. Rogers, and Mr. Spencer Wells,
were present at the operation, which was unattended, as
before, by any manifestation of pain. On the following
day, the dog was dull, heavy, and cold, suffering from
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Fifth Day. The purging ﬂnnhnund,ﬂ
still had an acid reaction. The animal

regular. An ounce of the solution of thn
as before, was injected into the pentamuﬂ,
Sizth Day. 'The pain ‘in the shoulders |
being most marked in the left shoulder ; so th W
the animal was led about, he rested the i C
entirely, and moved on the remaining three. H
exceedingly thirsty, and the skin was hot. The
sound of the heart was again obscure ; the s
strongly accented. The alvine evacuation was still
copious, and manifested the same acid reaction as befi
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The animal took his food freely. An ounce of the acid
was added to his drink.

Seventh Day. The pain of the limbs had passed
away, and he moved about on all four legs. There was
no pain of the peritoneum; but the small opening,
through which the fluid was last injected, was unhealed,
and had a fistulous appearance, so that a probe could
casily be passed into the cavity. The first sound of the
heart was lost ; the second sound seemed to me intensely
accented ; but Dr. Halford, who examined the heart on
this occasion, thought that the intensity of the second
sound was simply relative—that is to say, arising from
the loss of the first sound. The animal passed urine
frecly ; the fluid was intensely acid. Throngh the
fistulous opening in the abdominal wall, a full ounce
of the solution of lactic acid was injected without
difficulty.

Eighth Day. The pain in the left shoulder returned ;
the animal moved again on three legs. The first sound
of the heart was now heard as a soft blowing murmur ;
the second sound was sharp, as before. Another ounce
of lactic acid was thrown into the peritoneum by the
fistulous opening ; but some returned at the time, and
most of the remainder afterwards.

Ninth Day. He was better, and free from pain in
the limbs. The heart-sounds were clearer, but not
well defined. The urine was neutral ; there was no
purgation. On probing the fistulous opening, it was
found closed at the lower part. A small opening was
therefore made on the opposite side, and two ounces of
the acid, diluted with the same quantity of water, were
injected.

Tenth Day. The animal was dull and very thirsty.
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hacking cough. |
Eleventh Day. The animal
He passed large quantities nf
There was free alvine a‘lmﬂma
cough continued, and there was g ﬁ
over the heart. The heart’s action s
irritable,
Twelfth Day. The symptoms m
same. The urine was copions, and st
was great pain excited when the st ]
mthnhwt.mﬂthehmt-bm-m
irritable. Theﬂntmnndwlllglln
short cough was constant ; but the re
was clear. Thadmemehmmﬁm
Thirteenth Day. The symptoms were
vated. The application of the stethoscop
great expression of pain. The }
quick and irritable ; the first lml.lul was ¢
second accented. The animal vomited _'
tn-dny, mdmfunud&nd,bntdnnkm
urine in the morning was strongly acid
neutral. Inthuwumg,hamanmhh, d
so much when the stethoscope was appl F
chest, or when the joints of the shoulder were me
that only an imperfect exploration of thu’ .a"-. ]
be made. The first sound could not be detected, a
there was great irregularity of action. -
Pourteenth Day. The general symptoms w
same. The urine was copious and intensely acid. T
short cough continued. There was much thirst
occasional vomiting of a little mucus. There wa
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considerable pain over the region of the heart, and a
loud and pure systolic druif was now heard. In the
evening, Dr. Cockle examined the heart, and confirmed
the diagnosis of the systolic druit.

Fifieenth Day. The general symptoms were the same ;
the cough continued. I noticed, for the first time, a
little fulness of the abdomen. Drs. Fuller, Cockle, and
Meredith saw the animal this day, and listened to the
systolic murmur, which was extremely well marked,
and could be heard generally in the cardiac region. In
the course of the day, the tension of the abdomen in-
creased rapidly, showing that there was some effusion ;
and, in the evening, 1 drew off by puncture six ounces
of a thin darkish fluid.

Sizleenth Day. The general symptoms were the
same. The systolic druit was very lond and harsh.
There was a little exudation from the wound. The
urine was strongly acid. Drs. Hawksley, F. Webb,
and Cockle examined the heart this day, and confirmed
the diagnosis of a systolic drudt.

Seventeenth Day. On visiting the animal this morn-
ing, I found a return of the pain in the limbs, together
with considerable exhaustion. When his limbs were
touched, he grew angry, but could not stand nor move
his head withount great pain and difficulty. When food
and drink were brought, and placed conveniently for
his mouth, he raised himself slowly, so as to eat and
drink, which he did with great avidity. During the
whole of the day, he could not move his limbs, and
cried when they were touched. The systolic bruil was
still well marked.

Eighleenth Day. FEarly on this morning, the tender-
ness of the limbs entirely diappeared. He ran about
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and the pure first sound more obvions. After three weeks,
the murmur being now almost extinet, I narcotised the
animal to death with the fumes of the Lyecoperdon gigan-
feum, and opened his body in presence of several of the
gentlemen who had seen him during life. All that re-
mained of the endocardial lesion was a series of fibrinous
beads along the border of the mitral valve (see Plate 111.)
The beads were firm and pearl-like, One of the aortic
valves was slightly thickened, and quite opaque,

The joints showed no pathological evidence of the
disease to which they had been subject,

ExreriMesT cccev. [twjection of Laclic Aeid. A
fine healthy terrier was the subject of experiment. His
respiratory and heart-sounds were natural. Into his
peritoneal cavity I injected, through a lancet opening,
one ounce of the solution of lactic acid with two ounces
of water at 96°. The operation scemed to give but
little pain. Half an hour after the operation, the pulse
was 45. It conveyed to the finger a gentle thrill,
and intermitted occasionally. Five hours later the
pulse remained the same, and there were marked fits of
shivering. He was left for the night with food and
drink, and well bedded.

Seeond Day. The shivering had passed away, and
the body was hot and feverish. The heart-beats were
quick and sharp, but both sounds were audible. He
took but little food.

Third Day. He was moving about on three legs,
holding up the left hind leg, and evincing much ex-
pression of pain when the limb was moved. The
heart-beats were sharp and irritable ; the second sound
was accented ; the first was scarcely audible, He was
still disinclined for food, but drank freely.
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There was a general fecbleness, but t
from the inability to move the limbs |
from the instinctive desire for rest. Pres
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Fifth Day. 'The general
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flammation about the wound.
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character, but the infl = d
The general symptoms had also lnmtinn B
limped on three legs, the right mmh‘

and clear. An ounce of the acid anhhon;,_
as before, was injected into the fistulous o
the greater part flowed back. “‘
Seventh Day. Te was still lame in the righ
].i.l'l:lb, and the heart's action was irritable,
gether he seemed more lively, and better,
As the fistulous opening closed but slowly, I di
reinject this animal, but allowed him to recover,
a few days the joints were at times affected, the

A



EFFECT OF LACTIC ACID ON ANIMAL BODIES. 247

ness moving from one joint to the other. At last
recovery was perfect; and, twenty-one days after the
operation, he was running about in perfect health.

ExpreErIMENT cocevl.  Imjeclion of Laclic Aeid. 1 in-
jected into the peritoneum of a healthy puppy, with the
needle injecting apparatus, one half ounce of the lactic
acid solution with an ounce and a half of water at 96°.
The operation seemed to cause but little pain.

Second Day. There had been slight shivering, fol-
lowed by heat of surface, and a sharpness and irritability
about the heart-beat, but no abnormal charaeter in the
sounds. The joints were unaffected. He ate and drank
freely, and seemed all alive,

Third Day. He was quite lively, and showed no in-
dication of disease. One half ounce more of the acid
solution, with water as before, was injected with the
needle apparatus.

Fourth Day. The shivering, followed by heat of
surface, and irritability of the heart, had returned ; but
he continued lively, and took food and drink freely,

Fifth Day. 'The heart-beat was sharp, but both
sounds were audible ; the second was slightly accented.
The joints remained free, and he moved actively about,
There was throughout no indication of peritoneal
mischief.

The animal was now allowed ten days respite, during
which he made complete recovery. At the end of that
time, I injected into the peritoneum an ounce of the
acid solution and two ounces of water.

During the operation an accident occurred, The
animal struggled, and the needle, being for a moment
partly withdrawn while the pressure of the fluid was on,
the cellular tissue was injected with the fluid, and an

cca
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The post mortem examination was n
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were bound together, more or leu,. l:r
posited lymph. The spleen on its anterior ..-'_-j .
been torn by the injecting needle, The vas 1
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normal. The peritoneal mischief was the probable
cause of death.

As it is my chief wish, in recording these experi-
mental facts, to leave them with the reader, that he
from them may draw his own inferences, I have de-
scribed them with all the precision as to detail which
constant observation could supply, and without comment,
Such comments, therefore, as are now about to be made,
are to be considered only as those of a mere looker on,
and as open to the same criticism as the deductions
of a stranger.

The first inference deducible from the experiments,
according to my reading of them, is, that lactic acid has
the power, when existing in an animal body in excess,
of producing a class of symptoms attaching themselves
mainly to the fibro-serous textures, and which, regarded
in all points of view, are essentially the symptoms of
acute rheumatic inflammation.

The symptoms also are obviously dependent on the
presence of the poison. Experiment ceccery, which
is, in fact, a series of experiments, tells this fact defi-
nitely. By giving time for the elimination of the poison,
symptoms could be made to disappear; on the re-
supplying of the poison, the symptoms returned ; the
alternation was as marked as night and day, and was as
clearly in the order of natural sequence. There was
also what the old school-men would call * metastasis™ of
symptoms ; now one joint suffered, then another, again
the heart,*

* It also will be observed, in looking over the partculacs of the experiments,
that in the examples where ibe hemti suffered most, the periloneum suffered
least, and pice versd,  An exception would at first sight seem to have occurred
in Experiment ceccrn; but bere the bowel was injured, and the intestinal eon-
tents wore pourcd into the peritonesl envity., Reganding this peritoneal miscliaf,
when it was present as the mere effect of 1the injectdon of weid, its charnclers
wore peculiar, Tis eanse was evideotly conneeted with slow absorption of the
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present ; and in the human subject, I believe endocardial
mischief to be a more common complication than is
generally conceived of pneumonia, which is the disease
par excellence of hyperoxygenation,

It will be observed that, in the experiments with lactic
acid, the right as well as the left side of the heart was
sometimes affected. This was to be expected; for as
the poison was thrown ready made into the body, it was
taken up at once by the absorbing vessels, and carried
into the right heart by the venous current, and after-
wards by the pulmonary veins into the left heart; and so
to the body at large through the arterial currents. The
poison, therefore, of necessity passed through both ca-
vities of the heart, and both were affected. But if by
experiment, instead of injecting the acid ready made .
into the venous current, I could inject into that current
an agent which, in the pulmonic cirenit, and during the
process of oxidation, should be transformed into lactic
acid, then the inference is fair that the left side only of
the heart would be affected.

In rheumatic endocarditis, occurring from the for-
mation of the poison in the body itself, the left side
only is affected as a general rule. Hence I infer that
the chemical change whereby the maferies morbi of acute
rheumatism is produced, is completed in the pulmonie
circuit ; that in the respiratory act the aeid quality of
the poison is produced ; that, thus formed, the poison is
carried by the arterial circulation to be disposed of by
decomposition or elimination, or both ; and that it does
not return as an acid by the veins, but simply as a
product which admits of re-transformation in the
pulmoenic circuit into the acid state.

If this view be true, it is easy to connect further the
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Returning to the experiments, and leaving the argu-
ment from inference altogether for matters of fact, there
are certain truths, pathological and practical, taught by
these experiments, which deserve consideration.

From the circumstance that the animals operated on
either died, or were killed, at certain different and well
marked phases of the disease, an opportunity was af-
forded of observing, perhaps for the first time, the course
of endocarditis through each successive stage. I find
from these observations that endocarditis has three well
marked periods of progression.

1. The primary stage is one of congestion and cedema,

In this stage (see Plate 1, p. 376), the endocardial
surface is intensely vascular, approaching in colour to
bright vermilion. The membrane has also a soft fleecy
character, giving to it a velvety appearance. The cur-
tains of the valves are in a swollen and vascular state,
which my colleague Dr. Halford has very appropriately
called an * cedematous condition”. If the swollen valve
be pricked with a needle, a clear lymph oozes from the
puncture, and the valve collapses, In the heart de-
picted in Plate 1, the valve, several times larger than it
is shown in the drawing, had lost its fulness before it
reached the artist, in consequence of its having been
punctured in this fashion. Occasionally during this
stage, if the congestion and cedema is very great, there
is a transudation of this lymph through the membrane
on to its free or ventricular surface. When this occurs,
there is laid at once the basis of a fibrinous deposit from
the blood. In Experiment ccce, this occurrence was
beautifully marked, and as a positive result its value
cannot be well over-estimated. For, us in the process
here described, there is laid a basis for a fibrinous de-
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is not dependent on mischief in the lungs, but is con-
nected with the condition of the heart.

2. In the second stage of the disease (see Plate 11, page
379), the pathology is modified. The endocardial surface
loses its intense vascularity, but presents points at which
the tendinous cords are bound down to it by loose ad-
hesion. The intense redness is shaded down to a pale
pink, the membrane superficially being of the pink
colour, while beneath it there is a pale film which
shades through it. The curtaius of the valves remain
thickened, but less red. Their surface externally is
pink above, while beneath the membrane there is a
pale fleecy appearance, evidently from the presence of
clear and semi-solid lymph exudation, With a small
magnifying power, this is brought out very beautifully ;
and in the lowest sketch on Plate m, the artist has de-
picted this condition with considerable effect, Some-
times, as in the middle sketch of the same plate, the
thickened valve, in this instance the tricuspid, is firmly
bound down to the heart-wall by firm exudative bands.
In this stage, the beads around the margin of the valves .
have assumed the same characters and appearances as
the curtains of the valves themselves; they are firmer,
pink on their external surface, with a curtain of pale i
exuded lymph as the back ground.

The symptoms of this stage are equally characteristic.
The heart-sounds are modified. The ventricular valves ' ¢
having lost their spongy or cedematous state for one in
which their structure is firmer, a sound results from .
their attempts at closure, but this sound has become a x‘t.l
murmur, which varies in intensity, At firstitis wa?enng,. ot
dull, and obscure ; then soft, and almost musical ; next, \i\
loud, harsh, and prolonged. Ultimately, if recovery is \
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1V.
DEPOSITION OF FIBRIN IN THE HEART AND BLOOD-
VESSELS DURING LIFE.

In Chapter IIL, pp. 64 to 90, I have referred to the
subject of the separation of fibrin during life, under
certain abnormal conditions. Those observations were
recorded merely for physiological purposes. In the
present. chapter I shall take up in detail certain points
which would have been out of place there, and which
refer specially to pathological and practical studies.

Simple coagulation of blood in the vessels of the
living body, although an occurrence of great rarity,
has been observed. At a meeting of the Academy of
Medicine in Paris, in 1828, M. Ferris related an instance
in which he had endeavoured to perform venesection in
a woman, whose arm had suddenly become intensely
swollen and of a livid red colour. He found the vein
filled with a simple coagulum of considerable length.

But depositions of fibrin in the separate form in the
circulatory system during life are of much more frequent
oceurrence. A word or two on the history of this sub-
ject will not be without interest.

In the past literature of medicine, an amount of
knowledge is to be found on the subject of fibrinous
depositions in the body during life, which would some-
what surprise such members of the medical profession
as are unacquainted with the medical literature of the
period extending from the time of Malpighi, about the
middle of the seventeenth century, to that of Chisholm
in the latter part of the eighteenth.

The surprise would moreover be increased by the ob-
servation that the many questions invelved in the study
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nature of that influence, as it exists spread over at least
a mile of ancient paper in imperishable folios, T should
say i—

1. That although the writings of Pasta and Ker-
kringius were well caleulated to lead to a contrary
supposition among the advanced FEsculapians in the
seventeenth and eighteenth centuries, the opinion was
pretty general that polypoid coneretions were formed in
the heart and blood-vessels previously to death.

2. That the presence of these concretions in the living
body could often be diagnosed.

3. That they were formed out of the blood.

4. That they were peculiar to certain disecases, and
to certain stages of those diseases; exhaustion and
debility being the most favourable conditions for their
development.

5. That they might either form suddenly and destroy
life as by one check the circulation, or form slowly
and give rise to a peculiar class of chronic symptoms,
continued over a lengthened period.

6. That the concretions were more frequently found
on the right than on the left side of the heart.

7. That there were sometimes, though very rarely,
and only under peculiar circumstances, epidemic visit-
ations, in which persons seemed peculiarly liable to
the development of cardiac polypi.

8. That the concretions were susceptible of under-
going organic changes, such as organisation and vascular
adhesion to the walls of the heart, and softening.

9. That cardiac polypi, instead of being substances
requiring but little consideration, were of the greatest
importance ; and that they were the absolute cause of
death in many forms of disease.
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dicine, which always is modified by new theories either
in practice or in physiology, was diverted briefly from
the study of the circulation of the blood, towards a
method which endeavoured to explain everything in
disease by dogmatical, but often incomprehensible,
references to the functions and derangements of the
nervous system. As each discovery in relation to the
nervous system was made, a series of hypotheses were
woven about it, in relation to diseased conditions, which
tended much more to embarrass and mystify medical
practice than to rationalise it. Thus it came about that,
whatever the cause of death might be, little or mo
differences were made ; for men could only die suddenly
from “ apoplexy”, or * shocks to the nervous system”, or
“mnervous exhaustion”; and in the posf morfem room,
the brain was examined for miecroscopical causes of dis-
solution, to the almost total neglect of other parts and
organs, In short, to use the language of my former
distinguished Professor, Dr. J. A. Easton, * the nervous
system was made the convenient beast of burthen, on
which observers of all diseases saddled all their peculiar
little difficulties.”

In a preceding chapter (111), I have already pointed
out facts, which prove to a demonstration that fibrinous
depositions may occur during life. It has been there
shown that the fibrinous deposit may positively be re-
moved from the heart of an animal, while yet that organ
is contracting briskly. Further evidence of this kind
is not required.

I shall, therefore, in this place, confine my observa-
tions more closely to the mode in which fibrinous de-
positions are laid down, and to the symptoms by which
their presence is characterised.

DD
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merely formed during coagulation of the blood in
the body after death, as the buffy coat is formed in
the cup after venesection. In regard to this question,
it must be admitted, that ocecasionally clots of blood
are found coated with a layer of fibrin, which has ob-
viously been produced by coagulation of the blood
during or after death. Fibrinous layers of this kind
are, as a general rule, found in the right auricle, and
more rarely in the right ventricle. The layer lies in
these cases upon the blood ; and, as the body usually lies
horizontally during the time that coagulation is taking
place, the surface of the clot is not directed toward the
base of the heart, but toward the anterior wall of the
auricle or ventricle, and parallel with the anterior wall of
the chest. The concretion in this case takes the shape of
the ventricle, being convex anteriorly, and flat or con-
cave where it lies in contact with the blood. It is thin,
varying from the thickness of a shilling to that of a
half-crown ; and it may be easily raised from the clot of
blood beneath, into which it is gradually shaded.

Such is the description of the only kind of fibrinous
concretion that is formed, as I believe, after death from
simple coagulation of the blood. Compared with other
concretions, it is rare ; but it may exist either alone, or
together with other concretions, which present un-
mistakable evidence of a formation previous to death
from blood in motion.

The purest form of a concretion formed during life is
that which absolutely fills one of the cavities of the heart,
and with which few traces of clotted coloured blood are
to be detected. I have three such specimens before me
at this moment, all of which have been exhibited at the
Medical Society of London. Ome is from the heart of

DD2
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will often go on until the spaces left for the current of
blood through the auricle are reduced to a few lines in
extent; and the two existing concretions seem almost as
one, their parallel surfaces being separated merely by a
film or band of coloured blood-clot.

Wherever situated in the heart, a fibrinous concretion,
if pre-existent to death, has an attachment more or less
firm to some favouring point in the cardiac wall. The
degree of firmness varies with the nature of the surface,
In the appendix auriculw, the rongh muscular structure
affords an excellent point 'appui ; and here, therefore, a
concretion forms a firm connection, The connection is,
however, as a general rule, mechanical only ; the fibrin,
divided into filaments, entwining itself round the mus-
eular columns, In other instances, where the surface
is less irregular, the fibrinous matter is laid down in a
fine delicate stratum, which may be raised with the
forceps ; and in some inflammatory cases I have found
the internal cardiac surfaces lined with these transparent
layers, which resemble so closely the endocardial mem-
brane itself as not to be distinguished from it without
careful examination,

A concretion sometimes extends from the right auricle
into the corresponding ventricle. Thus extending, it
generally passes as a loose body, suspended as it were
from the superior, into the inferior chamber. But I
have also met with a coneretion taking the same course,
but adherent all its way to the side of the heart. In
the first case of this class which came under my ob-
servation, the concretion seemed to have taken its origin
in the extremity of the appendix auricule, to which it
was firmly attached ; it then swept down by the cardiac
wall, and passing out of the auricle through the auriculo-
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machinery, and the pulmonary artery and the infundi-
bulum are excellent points for finding them. To see
them properly, the artery and ventricle should be
divided together perpendicularly. If a concretion then
be present in the canal thus laid bare, it may be found
in various forms, 1, It may lie as a semi-cylinder
around part of the canal, attached firmly by its base
to the muscular wall of the ventricle. 2. It may exist
as a pure hollow cylinder, completely coating the vessel,
and filled in its interior with red coagulated blood.
3. The concretion may lie loose like a plug of a conical
shape—its base in the ventricle, and its apex tapering
and running into the artery; its body being modeled
sometimes by the semilunar valves, and its external sur-
face being separated from both artery and heart by
coloured coagulated blood. Sometimes the deposition is
formed, in the first instance, as a hollow cylinder; but,
from the force of the blood-current, and from an im-
perfect adhesion of its lower part to the cardiac walls,
it is torn away from its attachment, and left loose in the
artery. Thus placed, it contracts on the blood in its
centre; and the current of blood rushes between it and
the wall of the vessel, and thus finds its course into the
lungs, so long as life continues. Virchow has pointed
out, that occasionally, when a concretion exists as a plug
in the pulmonary artery, the blood forces its way be-
tween the concretion and the vessel, taking a spiral
course around the concretion. I have

observed this in more than one instance,

It occurred, however, most strikingly

in the cat experiment, page 73, The

spiral character of the concretion is

given in the drawing here reintroduced.
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teresting to look for more, and sometimes the search will
be crowned with peculiar success. Behind the columnee
carnew, beneath the surfaces of the valves, deep in the
interstices of the musculi pectinati, shreds, filaments or
layers of fibrin may often be found, all affording de-
monstrative evidence of an existence previous to death.

Fibrinous concretions somelimes found in the arterial
system, I have already said something of the existence
of fibrinous concretions in the pulmonary artery, and
of their mode of formation in that vessel. In the ar-
teries of the general system, fibrinous masses have an
importance not easily described in words. The arch of
the aorta is a very common point at which they form.
Here existing, they are almost always hollow cylinders ;
and it was in the examination of a concretion removed
from the dilated aorta of an aged woman, that I first
observed the hollow eylindrical nature of a coneretion. A
concretion in the aorta varies considerably. Sometimes
it has its root in the left ventricle, extends up the
ascending aorta, over the arch, and for some distance
down the descending trunk. When this is the case,
there are always some branches, passing off from
the concretion into the vessels arising from the aortic
arch. A concretion may also be found, having its com-
mencement above the aortic valves, and unconnected
with the ventricle. In these cases there is generally
some diseased condition of the aorta; it is either dilated,
or roughened on its inner surface ; or else the coneretion,
having commenced in the ventricle, has been broken off
from its attachment and been carried past the semilunar
valves into the vessel.

Dr. Crisp, in his valuable practical work on the
arteries, has described a case in which a fibrinous con-
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for 1847. In this remarkable case, the whole of the
arteries in the inferior half of the body seem to have
been choked with fibrinous masses ; and I once saw a
case myself, in which the brachial and femoral arteries
were blocked up in a similar manner. In another case
which 1 examined, I found the basilar artery and several
other branches of the circle of Willis plugged up with
fibrinous concretions; these arteries were very much
diseased, they were dilated and unyielding tubes from
atheromatous and bony deposit.

I have never yet been able to positively satisfy myself
as to the construction of concretions found in the smaller
trunks of arteries. In the case named above, where
the concretions were found in the arteries of the brain,
they were distinct hollow cylinders ; and I suspect they
are so in many other cases.

It were impossible to leave the discussion of this
subject without a word on the deposition of fibrin in
aneurismal tumours. In these dilated chambers we see
represented, on a large scale, what is much more fre-
quently met with on a smaller scale in more ordinary
cases of disease. The position of the fibrinous mass in
an aneurismal tumour is in no way specially related to
any peculiar position of the blood-current. It may lie
beneath the current, above it, or completely around, so
lining the tumour throughout. In a most interesting
case, which I reported to the Medical Society of London,
of aneurism of the aorta, in which the root of that
vessel measured six inches in circumference, and the
arteria innominata was lost in the expansion of the
ascending aortic trunk, an immense fibrinous deposit,
firm, dense, in layers, and of the size of a large orange,
lay in the upper part of the tumour, its convex surface




d

= o ot T
F F 1N
412 DEPOSITION OF FIBRIN
%

being applied to what was o
mdﬁlﬂﬂﬁl
oppmatnﬂulm-.ﬁlti he lo
aortic arch, which was roughened fr
lay a large and very distinet hﬁ
recent formation, which served e
tion with tlmmthon,hm
nel. Some blood, it is true, had forced
the vessel, between the two fibrinous deg
mumgmwdbythemt.ﬂi
remained in the groove thus formed.
In the venous trunks fibrinous concretior
times form. Dr. Burrows mdr; remarka
{cmmmxmm.-n'
in which a mass of yellow looking co '
11 'the. inforior vens oays aidithaiial |
struction giving rise during life to great en
the veins of the inferior extremities, and tc
Dr. Fuller's case also, thnvanl-umfum e ‘
up by coagula at its pﬁlﬂt@fjnnﬂtlﬂnﬂtﬁ?‘ e
and Morgagni has related the history of a we _.
bodypmuu:tndaathhadbeennmva:nl!y '
of that livid hue which the skin usually p; s
a great number of the subjacent veins are ti
blood. In examining the body of this v
Anthony Stancari found the vena cava lﬂ.
veins dilated ; the coats were partly cartilag
i other plcesbony; and dhey, 1o well  th
other veins, were nearly filled with a hard anc
substance. Various similar cases have bun
modern writers. -

I confess myself unable to speak satisfac -I-f-'.

kL

'I' =
.
- v

i




DEPOSITION OF FIBRIN DURING LIFE. 413

the construction of fibrinous concretions situated in the
venous trunks. I refer the reader to the distinguished
Virchow's researches on this point, because he has
studied this subject from nature, and I have not. His
writings on this point were, indeed, perfect but for one
fault ; viz., the use of terms, such as *“thrombus” and
“emboli,” which are quite unnecessary, and will only
add more confusion to the Babel of medical literature,

Considerable attention has been paid by different ob-
servers to the manner in which fibrinous concretions are
placed in relation to the blood-current. I have met
them with the elongations opposed to the stream of
blood, or bending with it. The difference depends on
the manner in which the concretion commences and
progresses. If it commences in the face of the blood-
current, as, for example, in the right auricle, or in the
extreme points of the pulmonary arteries, the deposition
takes place, layer upon layer, in the face of the current;
and the free end of the concretion points necessarily
into the current, and is often coated with red blood-
clot. If, on the other hand, the concretion, commencing
at one point, is laid down with the stream, it usually
assumes the tubular character, and the free end of the
deposit goes with the current.

Modifications of siructure in fibrinous concretions. The
difficulty of distinguishing between a true fibrinous
concretion and other growths or formations which may
form in the heart, and the confusion arising out of this
&lﬂimlty, were fully recognised by Morgagni; who says,
in speaking of polypus of the heart (Seats and Causes of
Diseases, translated by Cooke, vol. 1., page 364), “ Con-
cretions found in the heart have be compared by
different anatomists to marrow, fat, and sometimes to
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The mere fact of a concretion having a firm hold on
the cardiac walls, has been set down by some authors as
a proof of the possibility of an organic change in these
developments. This, however, is possibly a fallacy when
applied to the majority of cases in which these intimate
mechanical adhesions oceur, and of which I have given
some illustrations (page 89). But we have seen, in re-
ferring to acute endocarditis, that an exudation of plastic
matter may form the basis of a deposit, and it is possibly
in such manner that true organised concretions are pro-
duced.

A concretion was once shown to me by a medical
friend, which he supposed to be organised because of its
peculiar red and fleshy appearance ; it certainly resem-
bled a piece of muscular structure very closely. But I
found that the red colour depended merely upon a tinge
derived from the colouring matter of the blood, and the
symptoms of the case indicated that the mass had been
of very modern formation.

Fibrinous concretions are occasionally found having
in their centres a fluid resembling ordinary pus in ap-
pearance, This eircumstance was at one time put
forward as proof that these formations were capable of
organisation, this fluid being mistaken for pus resulting
from disorganisation, as in ordinary living structaores,
The researches, however, of Mr. Gulliver have proved
that this fluid, found in fibrinons masses, simply arises
from internal softeming of the mass itself, and is no
proof of organic adhesion.

Weight, size, and consislency of fibrinous concretions.
There is a concretion preserved in the Colllege of
Surgeons, which filled up nearly the whole of the
thoracic and abdominal aorta, and which must have

i
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have existed for a long period in the heart, and have
passed through some form of chemical or degenerative
change, under the influence of the blood-current and
the contractile motion of the central circulatory organ.
I have never myself met with coneretions of this type.

The breaking up of a concretion under the influence
of the blood-current, and the sealing up of fine vessels
by the fragments, has been suggested. Gould was a
very decided advocate of this supposition. In the
course of these last few years, the same theory has been
advanced originally by Dr, Kirkes. That from a fibrinous
clot in the heart, which has undergone some sort of
change rendering it soft or friable, small portions may be
detached and be borne into remote parts of the arterial
system, is a circumstance as probable as it is possible ;
and I once saw a case, in St. Mary’s Hospital, through
the kindness of my friend Dr. Sibson, in which this
event had occurred. A man came under Dr. Sibson's
care, suffering from a peculiar embarrassed condition of
the heart. This continued for several days, when sud-
denly the embarrassment was relieved, but was followed
almost instantaneously by numbness and coldness in
the right arm, which continued more than a week.
The man, it should be added, had old standing valvular
disease, Dr, Sibson's diagnosis in this case was, that
the embarrassment of the heart resulted from a conere-
tion formed on the left side ; that the sudden relief arose
from the detachment of the concretion, which, being
carried into the brachial artery, sealed up that vessel,
and produced numbness of the limb, until a re-supply of
blood was ensured to it by the establishment of the
circulation through anastomosing branches,

But the oceurrence of such cases as these must not lead
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changes in neighbouring structures. If the right auricle
be filled with a concretion, as it often is in cases of croup
or acute bronchitis occurring in young children, the
abdominal veins and organs are congested to a re-
markable extent, while the right ventricle is deprived
of blood : the lungs are absolutely blanched and often
emphysematous, and the left side of the heart and the
arteries are comparatively empty. These conditions are
easily accounted for. If a concretion exist on the right
side of the heart, but only of such proportion as but
partially to obstruct the blood-current through the pul-
monic circuit, there may be, and often is found, not only
a congested condition of the abdominal veins, but of the
right side of the heart, of the pulmonary artery, and of
the lungs, with fulness perhaps both of the left ventricle
of the heart and of the arteries. I once saw general
anasarca caused by the partial blocking up of the right
auricle by a fibrinous concretion. Again, should the
concretion be situated in the left cavities of the heart,
or in the aorta, more or less of congestion of the lung
occurs, according to the size of the concretion and its
exact position in the cavity or vessel ; while the venous
system and right cardiac cavities also present indica-
tions of congestion. Lastly, when an artery or vein is
plugged up with fibrin at a point distant from the
central circulating organ, there may be general dis-
organisation of the structures beyond the concretion, if
the obstruction is arterial; or cedematouns swelling of
veins if the obstruetion is venous.

To resume : the evidence from a fibrinous conecretion
itself, that it has been laid down during life, is supplied
in observing whether its construction accords only with
the idea that it was formed while there was yet living

EE!
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portion to its solvent, and deposition becomes a mere
mechanical result, taking place at such parts as afford
most resistance, such as a point of exuded matter, or a
thickened valve. When the excess is relative, the
effect is virtually the same; except in special cases,
cholera for instance, where the diminuation of water is at-
tended with increase in the amount of alkali ; or in cases
where the respiration is much impeded. In the third
class, where an obstruction to the current of normal
blood gives rise to the deposition, the deposition is the
result of partial stasis of blood at the obstructed point.
The blood, thus checked, yields up its solvent to the
blood-current which does pass along the tube, as the
blood in the test-tube beneath a current of blood-vapour
yields up its solvent to the upper and fluid stratum, and
straightway solidifies. In the aneurismal cavity, this
process of separation is exceedingly simple. Lancisi,
and also Dr. Baillie, were aware that the deposition
in the aneurismal tumour is most marked at the point
where the current is most feeble. But Lancisi attri-
buted the effect to a mere statical cause; and stasis is,
after all, the primary element. But stasis in itself would
never lead to deposition if the fluid were permanent;
nay, it does not even lead to the final deposition of
blood-corpuscles, for these are washed away with the
stream ; but it is sufficient to lead to the deposition of
the plastic fibrin, held as it is but temporarily fluid by
a solvent which, under favouring physical conditions,
is diffused and borne away. In instances where the
fibrinous deposition is the mere result of an enfeebled
circulation, there may yet be other conditions favour-
able to deposit. There may be, for example, as in
phthisis pulmonalis (in which disease these depositions
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abounds, and stasis only is required to give all the cir-
cumstances favourable to deposition.

Symploms and Diagnosis of Fibrinous Concretions in

the Heart.

The symptoms produced by fibrinous deposition in
the heart are strikingly characteristic when they are
once understood, But as they are commonly super-
added to other symptoms, and appear at the acme or
near the end of a disease, they occasion great per-
plexity to all who are not prepared to read them off,
and whose attentions are bent to some mere local
mischief, by which the disease perchance is misnamed,
rather than to the grand changes which are occurring
in the body as a whole.

Whatever be the disease, the effects of a fibrinous de-
position are in the main the same, according to the
manner in which the deposit itself is laid down. In
other words, the symptoms depend on the position,
form, and character of the deposit, less than on the pre-
existing malady,

Whenever fibrinonus deposition takes place in the
heart during the course of a disease, the pure symptoms
of the disease are lost or masked by the new symp-
toms which are set up, and which take to themselves a
general representative position.

The advantages which I have had for tracing out
the symptoms produced by concretion, and for confirm-
ing by dissection the diagnosis instituted, have been
confined mainly to cases where active inflammatory
mischief (hyperinosis) has been the forerunning disorder.
I write, therefore, from these sources of natural infor-
mation.
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pathology of the cases thus referred to be correct, the
origin of the symptoms is connected with obstruction
on the right side of the heart, in the majority of in-
stances. The obstruction may be on the left side ; but
the occurrence is comparatively rare, and the symptoms
themselves are modified in detail by the difference in
the point of obstruetion.

Taken generally ; the symptoms of fibrinous obstruc-
tion on the right side are those which might be antici-
pated on a priori physiological reasoning, as necessarily
incident to obstruction of blood-making towards the
pulmonic circuit. They are the symptoms of arrest in
the nutrition and life of the body. They are charac-
terised primarily by a peculiar and distressing dyspncea.
This occurs, not because the respiration is checked, for
the respiratory murmur may be aundible enough, but
because the current of blood to the lungs is in part cut
off. As an addendum, emphysema of the lungs, espe-
cially in children, results, and the physical signs of this
lesion are often a valuable corroboration of the presence
of concretion on the right side. The dyspneea depends
on the deficiency in the supply of blood to the lungs
and the nervous centres. The left side of the heart
being imperfectly supplied with blood, the arterial circu-
lation is weakened ; the pulse is small and intermittent ;
the surface of the body is cold, and generally white as
marble; but, as there is stagnation of blood in the venous
circuit, the more vascular parts, as the lips and centre of
the cheeks, are often of a leaden hue. There is general
muscular prostration ; and, as the brain is not supplied
normally with blood, the muscles are not under the con-
trol of the will, but are in a continued restless motion,
The mind loses its power ; the acts of exeretion are per-
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tion. The coneretion, in this instance, commenced in the
auricula, where it had a firm attachment, and sent a
prolongation downwards into the ventricle. In the case
supplied by Dr. Sayer, and described at page 89, the
symptoms of dyspnecea extended over many months;
and Mr. H. Lee has recorded an instance in which a
similar extension of symptoms occurred.

When the coneretion is deposited on the left side of
the heart, the ventricle, the infundibulum, and the
ascending portion of the aorta, are the most common
positions, The symptoms which characterise the pre-
sence of coneretion here situated are different in many
respects from the preceding. There is tumultuous
action of the heart, a symptom which is strikingly
indicative that the deposit is on the left side. There
is congestion of the lungs, and suffocative dyspncea,
with expectoration sometimes mixed with blood. The
surface of the body is of a leaden colour, and the body
is cold. The muscular perturbation lapses into power-
ful convulsions, and coma precedes dissolution, These
symptoms may extend over many hours.

But, as in the preceding class of cases, the symptoms
may also occur in a sudden manner. The patient, in
moving or making a straining effort, suddenly falls
back, is seized with a violent convulsive fit, and so
expires.

I once saw these symptoms and this sudden form of
death in an old lady, who had previously suffered from
no other symptoms than a slight attack of cold. In
rising from bed she fell, as I have described, and died
before medical assistance could be obtained. In this
case, the concretion had formed as a hollow cylinder in
the infundibulum of the left ventricle, had become dis-
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is a muffled character with the sounds, dependent on
the obstacle to the play of the valves, by the tension of
which the sound is produced. But, as it is scarcely ever
the fact, that both sets of auriculo-ventricular valves, or
both sets of semilunars, are affected simultaneously by
concretion, loss of either sound is of rare occurrence.
In short, the only physical signs of moment are, feeble-
ness of action, tumultuous action, or occasionally a pe-
culiar rambling, fidgety, jog-trot motion, with which
the two sounds are heard in natural sequence as re-
gards each other, but irregularly and lispingly.

The diagnosis must therefore rest on the general
symptoms, rather than on the physical. The nature
of the case must first be considered. All acute sthenic
inflammations form favourable pre-existing conditions;
pneumonia foremost of all. The puerperal state, before
and immediately after parturition, stands in the same
category, and this without the absolute necessity of
acute inflammatory disorder. The puerperal state is
second to none in this particular, and the symptoms of
concretion are often as insidious as they are sudden. I
do not speak here of puerperal phlebitis, and of deposits
in the veins, but of cases where there has been no
untoward sign, either during pregnancy or after partu-
rition, and where the woman suddenly succumbs, with-
out any preliminary indication of acute disease.

I have met with but one example of this kind, and my
notes of it are defective. My friend, Mr, Edenborough,
has, however, given me a note of an unpublished case
which occurred in his practice, in May 1849, which
illustrates the argument too painfully. The patient was
delivered of her sixth child, after an easy labour of three
hours, on May 1st. On the following day, lactation was
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end fatally by the deposition of coneretion. Many cases
of so called “simple inflammatory” or perhaps * con-
tinued fever,” are of this character. After death, it is
found, that there has been an inflammatory affection of
some organ, but that such affection has not been dia-
gnosed. In these examples, the spleen is often the
organ which has suffered the local lesion, but the
symptoms have not been sufficient to be readily detect-
able during life.

I have, in a former part of this work, described cases
where, from a relative increase of fibrin, or from a dis-
proportion between the fibrin and its solvent, concre-
tions are produced. In phthisis pulmonalis, this event
is common, and the last stages of the disease are
often cut short in this manner. A sharp colliqua-
tive diarrhcea, profuse sweating, or haemoptysis, is suffi-
cient to establish a relative disproportion in the
constituent parts of the blood; and the result is a
deposition of fibrin,

In any case, whatever be the producing cause, the
symptoms of concretion in the heart, as I have given
them, would remain the same ; for, as has been ex-
plained, when the symptoms of coneretion are present,
they supersede and mask those which were preexistent,

By some observers, who admit that the fibrinous
deposit may be formed before death, an argument is
sometimes used that such concretions are always formed
in the last hours of existence, and that they are rather
the sequences of the dying state than its precursors and
final cause. To some extent this argument has weight ;
for there are cases certainly in which these concretions
are found, where the inference is fair that death would
have oceurred, though the concretion had not existed.
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fatal symptoms of concretion on the right side follow
the free abstraction of blood, as clearly as the symp-
toms of narcotism can ever be observed to succeed upon
the administration of an opiate.

For the same reason, in the later stages of acute in-
flammatory affections, it is equally dangerous to carry
the depressing system by medicines to an extreme, or to
produce too free an elimination from the body: of all
medicines, in such stages, purgatives and opiates should
be alike avoided.

Lastly, the correct diagnosis of concretion in the
heart may prevent unnecessary surgical interference, and
explain the reason why some measures, conducted on the
most scientific surgical principles, miss their intended
object. This is strikingly illustrated in the disease,
true inflammatory croup. In this affection, as I have
proved by repeated inspections, concretions definitely
formed from blood in motion, and long before death,
are often found in the heart after death has ocenrred.
Further, I have been able in this disease to trace the
symptoms of concretion as clearly as I had previously
traced the special local or inflammatory symptoms
of the disorder. Thus, in croup, there may be death
from one of two sources; from the obstruction in the
larynx—asphyxia ; from the obstruction in the heart—
syncope ; or from the combination of these.

If, then, the symptoms are clearly those of pure
asphyxia, dependent obviously on the obstruction in
the air-passages, the operation of tracheotomy is the
grand remedy. But if the stethoscope tells that the air
enters the lungs with moderate freedom at each inspi-
ration ; if indications of emphysema are present ; if the
symptoms are those of obstruction at the heart—
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v‘
THE ALKALIES AND ACIDS A8 REMEDIAL AGENTS.

The Alkalies. 'The resolvent effects of the alkalies in
general, and of the volatile alkali in particular, have
long been empirically known. Hartshorn and oil is the
common external resolvent used by all classes of people,
both for man and beast. In the early days of the che-
mical school of medicine, the volatile alkali had a great
reputation., It resolved humours, neutralised acidities,
stimulated the heart and arteries, and was a panacea
for epilepsy and a host of maladies,

The remedy, softened down in its specific pretensions,
has retained its good name generally, both as a re-
solvent, a stimulant, and an antacid. The Hon. Robert
Boyle, of whom a word anon, took great credit to him-
self for being a leader in the introduction into this
country of this remedy. From what I have gathered
from experimental data, all the alkalies have many
properties in common. They are all, according to the
old language, “resolvent,” i.e., they lead to solution
of nitrogenous tissue. But the volatile alkali differs
from the others, in that it execites the heart and circu-
lation and muscular system primarily, when given in a
large dose, and in that its effects quickly pass away,
owing to its volatility.

It may seem strange, at first sight, but it is equally
true, that there is a striking analogy as regards patho-
logical effects between the alkalies and the salts of
antimony, I have dissected, with great care, the bodies
of animals slowly killed by the alkalies, and also of
those killed by antimony ; and my feeling is, that in
ignorance of the symptoms preceding death, and with«
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body in excess. This was well brought out in the ex-
periments where water was thrown into the peritoneum.
Here, too, the blood is fluid, the corpuscles are more
or less dissolved, and the tissues are injected with fluid
blood. The last symptoms, also, are much the same;
viz., prostration and coma.

The application of the alkalies as medicines seems
pretty clearly defined. It includes cases of the in-
flammatory type, where fibrin is in excess, and where
there is rapid oxidation. It includes cases where there
is acidity of the excretions; and in these respects
the alkalies are now specially recommended in acute
rheumatism. It includes cases where there is indu-
ration of tissue; and, in fine, cases generally, where
resolution or fluidity of the blood and plastic tissues
are required. As on the dead tissue, so in the living,
the alkalies are the solvent or resolvent agents.

But from this very fact, there arises a caution which
I would specially name ; viz., that the alkalies as medi-
cines may be carried to a dangerous extent. Of this
I feel, from observation, quite sure. At page 122, I
have related a case of the inflammatory type, in which,
during the last stages, the use of ammonia was pushed
to so great an extent, that after death the blood was
found surcharged with the alkali, and the blood-cor-
puscles were dissolved. This is putting the remedy to
an extreme past all reason. The event might be avoided
by care in observation. As a diagnostic mark that the
use of alkalies has been carried far enough, the blood-
corpuscles afford the best indices. When these begin
to take irregularities of form and character, such as I
have already described, the indication is clear that, for
the time at least, the remedy had better be discontinued.
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of lung produced by alkali, is the mere infiltration of
tissue with abnormally fluid blood. It is a kind of
blood-edema, if such a term is allowable, and is as
far removed from inflammation as the scurvy blot
or the fever petechia. So far from antimony causing
inflammation of tissue, I believe that the continuance of
inflammation, in its legitimate sense, is impossible in a
body under the influence of antimony.

Neither I, nor any other scientific practitioner, pin
any faith to verbal dogmas, nor practise by the absurd
rule “ contraria contrariis curantur.” But if we did, we
could not have a stronger argument in our favour than
the true influence of antimony on the true inflammatory
condition,

Concerning the special use of each of the remedies I
have named, in the treatment of acute inflammation, I
have no experimental data for argument. 1 infer that
any one of them, judicionsly used, would have an
equally good effect; while they are alike chemically
compatible in combination. In prescribing the alkalies,
I prefer, for my own part, the simple thing rather than
the salts. Well diluted with water, both simple am-
monia, potassa, and soda, are more quickly absorbed,
and give their effects more rapidly.

In some experiments with oxygen on rabbits and
guinea-pigs, in which the pneumonic inflammatory mis-
chief was strikingly developed, I allowed the animals on
removal from the gas to have plenty of fluid, milk and
water, and nothing more. They drank freely, and re-
covered as favourably as could be desired. In the ex-
periments with lactic acid, after endocarditis had fully
set in, the natural process of cure was permitted, and
was as satisfactory as could be wished. But it is to be
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able. Acting as an excitant to the heart and respiration,
it whips on the circulation, while the blood is supplied
with its own normal solvent.

Dr. Ogier Ward, in a very able paper on the action
of Ammonia, read before the Medical Society of London
last session, drew out certain analogies between the
action of some salts of ammonia, especially the chloride
of ammonium, and the preparations of iodine. There are
some points of analogy. In the course of last and the
present year, I made a long series of observations on the
action of iodide of ammoninm, a salt now largely used for
photographic purposes. The cases in which I prescribed
it were such as would have been selected for iodide of
potassium; viz.,cases of secondary syphilis, and of chronic
glandular swellings. I have thus preseribed it in about
one hundred cases, Itis unnecessary to tabulate these,
because one or two remarks will contain the pith of all
that occurred. The medicine was applied locally as an
ointment when the case was fitted for it, or given inter-
nally in doses of from one to two grains, with bitter infu-
sion. In the main, the effects obtained were essentially
the same as those of iodide of potassium. But the salt
requires to be given with a little more care. Its action
is rather more rapid, and externally applied it produces
absorption of glandular swelling with great rapidity.
In a child suffering for a long time with enlargement of
the tonsils, 1 had a drachm of the salt dissolved in gly-
cerine, and with this solution had the tonsils painted
over each day. The result was, the entire removal of
the enlargement, and apparently complete recovery. A
few months later the enlargement returned, and was
treated again in the same way with similar happy results.
Mr. J, F. Wells, Surgeon to the Royal Infirmary for
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an effect somewhat similar to that caused by lactic, but
more decisive.

We have seen that the effect of lactic acid on the
systems of living animals, is to produce endocardial
inflammation and plastic effusion.

As medicines, the acids have been used as stypties,
astringents, and in the treatment of scurvy and fever.

Their use in these respects is in accordance with
experiment. But experiment teaches demonstratively,
that discretion is required in the selection of acids for
such administration.

As stypties, the mineral acids are the true agents.
Their effect is immediate in producing coagulation, As
styptics, the acetic and the citric acids are objectionable.
They both retard coagulation, and, applied to cut sur-
faces, have no influence in stopping loss uf blood. The
same rule applies to their internal administration in
cases of hemorrhage.

In the year 1852, a new styptic was brought before
the notice of the profession by Dr, Pagliari of Rome,
and raised a great amount of discussion. The composi-
tion of this styptic was as follows:—gum benzoin,
eight ounces ; alum, a pound ; water, ten pints, The
alum and benzoin were directed to be boiled for eight
hours in the water ; fresh water being added to make
up for loss by boiling. The supernatant liquor afforded
the styptic, the virtues of which were said to be such,
that if one minim were added to a pint of newly drawn
blood, instant coagulation resulted. 1 had some of this
styptic carefully made, and tried it both on animals and
on the human subject. In experimenting with this solu-
tion on blood, 1 used the mixed blood from the neck of
a sheep; but by comparing each time for several occa-
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4. That cold, carried to the point of freezing the part
to which it is applied, temporarily stops hmmorrhage.
That cold acts like pressure, i.e. simply by produe-
ing contraction of the vessels. But that it is not a safe
styptic, inasmuch as the heemorrhage sometimes retarns
as the reaction commences,

In experimenting on dogs or sheep with styptic solu-
tions, immense care and quickness of observation are re-
quired, in distinguishing between the real and the sup-
posed effects of the solution. If the femoral artery of a
dog, a vessel often experimented on, be laid bare and di-
vided, either by transverse incision, obligue incision, or
puncture, it is astonishing with what rapidity the
hemorrhage will cease spontancously. As I have been
deceived myself before instituting comparisons as to
the assumed effects of styptics, I point out this warning
with more earnestness and foree.

As astringents, the use of the acids is well known and
recognised. From the observation of the influence of
acids, both as applied in disease and by experiment, I
incline to the opinion that the mineral acids are the only
astringent remedies of this class which are to be relied on,
with one exception in favour of the gallic acid, which, in
its effects on blood, on bleeding wounds, as an internal
remedy in averting heemorrhagic flux and profuse excre-
tion, is scarcely second to either the nitrie, nitrous, or
sulphuric acids. For all these astringent purposes, the
acetic and the citric acids are inadvisable, both on prac-
tical and experimental data. I remark strongly on this,
because T have known acetic acid preseribed as an in-
ternal remedy in phthisis, for the arrest of hemoptysis,
and as a check on the colliquative sweats and pulmonary
excretions, But I have shown that acetic and citric
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symptoms, such as the dry tongue, and quick feeble
pulse. The diagnostic signs which demand the acid
treatment, are the alkaline breath, the partly dissolved
blood-corpuscles, and the feeble power of coagulation.
In such cases, the physiological practical argument dis-
poses of all application of the alkalies, the alkaline salts,
and the narcotic alkaloids, The elements of treatment
are, in fine, reduced to one or two simple axioms. En-
courage the elimination of the volatile excreta of the
fever-patient, by free and constant ventilation; encourage
the healthy oxidation of the body by the same means;
meet the alkaline state of blood by the administration
of a mineral acid ; and supply a diet in which the nitro-
genous and carbonaceous elements of food are correctly
proportioned, and in which the introduction of aleo-
holic stimulants takes no excessive share.

These are the leading principles in the treatment of
true fever, which physiology teaches; and I believe that
their application at the bedside will confirm their
efficacy more and more, as they shall be relied on by
practitioners of the healing art.
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with great ease. I then laid bare the common carotid,
and performed the same experiment with equal facility.
The facility with which the operation was done, sug-
gested the plan of transfusing blood into a living
animal after a similar manner. 1 have now performed
this operation several times with excellent results,
As examples, I shall give two representative experi-
ments ; the one showing the dangers which are to be
avoided ; the other, the operation as it may be safely
practised,

ExreriMent cccevitl.  Transfusion of Blood. 1 laid
bare the jugular vein of a healthy dog, and drew from
it into an evaporating dish two ounces of blood, in
which were four grains of ammonia with a drachm of
water, The blood was set aside for a brief interval.
Next, I drew two other ounces of blood from the same
vein into another evaporating dish, in which there was
no ammonia, and set this aside that it might coagulate ;
the vein being meantime secured above the opening by
a firm ligature. When the blood in the second cup had
firmly coagulated, an event which occurred about four
minutes after its abstraction, I drew into a two ounce
syringe the blood charged with ammonia, and which
was still quite fluid, and, introducing into the vein the
nozzle of the syringe, threw in slowly the ammoniated
blood. The syringe was withdrawn, and the vein was
tied below the opening. For a few moments after the
injection there was but little change; then suddenly
the action of the heart became so bounding and in-
tense, that it seemed to heave up the chest-wall. Almost
coincident with this, general tetanic spasms occurred,
with rigid opisthotonos; and, in fine, symptoms so
strictly analogous to those produced by strychnia, that
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The analogy between the actions ﬁf
strychnia is so striking when thafurmatil s t
in excess into the circulation, that I ¢ .'
strongly on the fact, since it may hlw
bearing on the mode in which strychnia d
and the means to be adopted mmwhm is al
is fatally administered. In an experiment in whi
Halford lent me his assistance, the same
observed, under the same circomstances. .q,
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.880) with thirty minims of water. Othe!-
of blood were drawn off into another dish e
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meantime was tied above the opening.
minutes, the blood in the second cup had fi
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lated. The ammoniated blood was still completely
fluid. After five minutes more had elapsed, the nozzle
of the injecting syringe was introduced into the vein of
the animal, and the ammoniated blood was injected.
Dr. Halford, who managed the syringe, took great care
to introduce the fluid slowly, and a full quarter of an
hour was taken up in this way. Then the syringe was
withdrawn, and the vein was tied beneath the opening.

In the course of this operation, not a dangerous
symptom supervened. The blood ran easily. As it
first reached the heart, that organ, which had been
flagging, beat with a little more force, and sustained
this activity, without abnormal increase, The animal
recovered without the slightest indication of injury, and
it is alive and well now.,

A small portion of the ammoniated blood left in the
evaporating dish, was observed to coagulate thirty-five
minutes after the blood was first drawn ; it formed into
a firm clot. The temperature of the day was 75° Fahr,

In performing the operation of transfusion by this
simple means, in the human subject, in the extreme
cases adapted to the operation, a few precautions are
required. The amount of ammonia first added to the
blood about to be transfused, shonld not exceed two
minims of the stronger liquor ammoniw to the ounce of
blood ; for it is quite easy, if a diluted solution of the
ammonia be ready at hand, to add a little more in
course of the operation, if the blood should show a ten-
dency to coagulate. The ammonia diluted with water,
in the proportion of one part of the alkali to tem of
water, should be placed in the vessel in which the blood
is caught from the vein ; and the blood as it falls into
the vessel should at first be very gently stirred. 'When
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VIIL
ON SBOME CONDITIONS OF THE BLOOD AFTER DEATH, IN
RELATION TO MEDICO-LEGAL INQUIRIES.

In sudden death from shock, as by a fall from a
height; in instant death from chronic disease of the
heart (rupture of the heart excluded); in death from
blow on the stomach; and from syncope, the result of
terror or emotion, the blood is often found fluid after
death.

The cause of this fluidity is simple. It depends,
when it is present, on three conditions :—

1. That death took place instantly, so that, after ab-
solute death, the blood still remained fluid.

2. That the circulatory system was fully charged
with blood, both in the heart and in the vessels belong-
ing to it

3. And this is most important, that the circulatory
system remained, at every part, unopened and perfect.

These three conditions present, the blood will re-
main more or less fluid, until it is exposed to the air by
the dissector’s knife; then it will coagulate, as speedily
as under any condition, if it is raised to a temperature
of 98° Fahr.

The sustainment of the fluidity in these cases de-
pends on simple physical causes, as I have already
explained. Consequently, a modification in these con-
ditions may lead to a modification in the condition of
the blood, although the cause of death may be virtually
the same—that is to say, by shock.

For example, if death occur from a fall, and in the
fall a wound be inflicted laying open the circulatory
canals, the blood will not remain fluid, as it would if no
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on the main air-passage. 2. Dislocation of the vertebre.
3. Arrest of the circulation in the brain, from compres-
sion of the vessels of the neck.

In the first two modes, the death is almost imme-
diate, and the blood is ordinarily fluid. In the last
named mode, life may be long sustained with comatose
symptoms ; and the blood, after death, may be found not
only coagulated, but with distinet deposition of fibrin,
laid down during life, and leading to the fatal ter-
mination,

The following example is in point,

On Wednesday, 30th November, 1853, I was called
to a man who had attempted suicide by hanging. He
was tall, and the beam to which he had suspended him-
self was low, so that his feet touched the ground, while
his shoulder rested against a wall. He had on his neck
a stiff stock, and the cord rested anteriorly on this, but
laterally pressed on the neck. He was hanging several
minutes before he could be cut down, as the door of the
room was secured within. When he was relieved, his
face was congested, and he was profoundly insensible,
but soon commenced to breathe, and when I arrived he
was breathing well. I had him laid in bed, and bled
him freely; once from the arm, and once from the
temporal artery. The blood flowed readily, and the
arterial blood was of bright red colour. The bleeding
had no effect. The man reclined like one in catalepsy.
He was quite unconscious; and wherever his limbs
were placed, there they remained. After a lapse of
eight hours, the temperature of the whole body, the
head and face excepted, became greatly raised; the
pulse got hard ; and all the acute general symptoms of
an inflammatory fever were manifested. Through t.'ha
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other organ, but some congestion of the liver, spleen,
and kidneys.

In death from the excessive imbibition of water into
the circulatory system, the fluidity of the blood is
sustained ; while, after death by the electric shock, there
is not merely fluidity of 'blood, but, as it would seem,
general disintegration.

In instances of slow poisoning, as by the alkalies or
antimony, where the blood is found fluid, and the cor-
puscles more or less disintegrated, there is found also
extensive congestion of the soft tissnes. This con-
dition must be scrupulously disconnected from all idea
of inflammation or its upshot. The congestion has two
sources.  First, the blood being abnormally fluid,
easily flows, as Plato has it, * through the thin struc-
tures.” Secondly, when the more solid parts of the
blood, as the fibrin and blood-corpuscles, undergo ex-
tensive liquefaction, the volume of the mass of blood
augments and exerts a passive pressure from within
upon the vessels, in addition to the active forces per-
taining to the normal circulation. ‘

After death from starvation, the blood is semi-
coagulated (see case, page 126). This rule is not
strictly absolute; for in a late instance of death from
stricture of the wsophagus, in which the patient swal-
lowed no solid food and but little fluid, for the long
period of twenty-three weeks, and in which death arose
from pure inanition, I found the blood, both on the
right and the left sides of the heart, separated into a
thick fluid part and a distinct fibrinous layer.

Fluidity of blood in the sinuses of the skull of the
adult, is rather a normal than an abnormal indication ;
for, in the closed cavity of the skull, if there be no
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other hand, the right side of the heart is distended
with blood, and the left side is found quite empty, the
inference is fair and almost demonstrable, that the
arrest of the circulation commenced in the pulmonic
circuit—apneea. There are indeed, according to strict
rule, only two real causes of death ; death commencing
at the heart—syncope; and death commencing at the
lungs—apneea ; though these two modes admit of com-
bination. Other so-called modes of death, coma and
asthenia, are but forerunners, or, as it were, preceding
diseases, If the heart and circulation continue in play,
together with the respiration, there can be no death.
This is a truism ; but it is necessary to state it, that the
forms of death may be reduced to their proper number
in a physiological point of view. A man may lie coma-
tose for hours, or even weeks, but he need not there-
fore of necessity die; nor does he, thus lying, begin to
die until such time as his circulation or respiration
begin, one or other, or both, to fail.

Much has been said and written about the differen-
tial diagnosis of the blood of man and of other mam-
malia. For my own part, I am free to say that, if
specimens of blood from man, from the sheep, ox, pig,
guinea-pig, dog, cat, or rabbit, were placed before me, I
should be utterly unable to say with precision, from
any examination which 1 could institute, chemical or
microscopical, from which of these animals the different
specimens were derived, The size, and to some extent
the shape, of the blood-corpuscles, are not, indeed, alike
in the same individual or in the same animal at all
times. A mere difference in the specific gravity of the
blood is alone sufficient to cause modifications of the
corpuscles.
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obligations are expressed. -+

U.n_.
|.

THE END.

T. BICHANGE, 37, GREAT GUERN STOEET.






THE MEDICAL TI'HEI

mmnmq:m '

'.l!hﬂm"hlumﬂmhmifﬂl ,f .
support which enables it to refloct the progress of Jical
m“hﬁlm_ih

Jh...
THE HALF-YEARLY n n. >
MEDICAL ScCI gn *:-,, |
H{lnﬁ:ﬂdﬁlm-ﬂ‘ '.rﬁ“

ted by W, 1L Cantah,, and C. B, §
Mhhﬂ. Vola Lt n.,

THE JOURNAL OF Psvnum.mi" L
AND MENTAL PATHOL

oL

THE PHARMACEUTICAL ﬁt"*
EDITED BY JACOB BELL, F.L&, |

; mm.puu-m

*.* Vals, tht.b-dhbﬁ,ph‘lﬁ"

{ e

THE DUBLIN MEDICAL PRE
Pablished Weekly, Mpﬂtﬁgﬂghﬂﬁf

Being a Review of Medieal
issrow, M.D,  Prive & Gd.

THE LONDON AND PROVINCIAL MEDICA w' )
Published Annmally, lhlﬁﬁ,h




A CLASSIFIED INDEX
MR, CHURCHILLS CATALOGUE.

"

1o 2@y (e ot
........uuu..uuuu-uu ....:..._....-......iuunnnuu....uuuu u--uu-n-n-un-u
-

rrrrrrrrrrrrrrrr
llllll = =r oy W oEw .-.-.1-.- F o ® s W F W
rrrrrrr
|||||||||||||||

: u___ ._m _E i ;
mm_m_ mﬁ _m____ mnmm mmw_____m_mmnw i

uu-n lirruﬂ “ﬂﬂﬁhﬂﬂl!- llliiuuuu .lllﬂﬂ.ln

m mm __ g
_;m i __n m i
m_ m _n%ﬁmmm mmﬁﬁ_mm m bl _mmm

-
MI!HH ca=sso= wmERARAORARASE SR ’ IHIHII CE

----------------------------

T T i
m mwm_wm__m | mm_wmmﬁmm i1 mmm._“
j Hedlifli 35

ilehuaalfes o Bk

10— R ~ot————— —




- '
Robe o

zi, .ﬂ.w_m__m

hatadadd—4 33-4-F1-F F llﬂhﬂﬂil.ﬂ
SRR - R

ttttt

-~
H
:

-
i







o3 s
aé.ir{i'

WMW

nmmmﬂm-.ﬁ

REPORTS ON EPIDEMIC CHOL
mmdh -‘ :

A MANUAL OF THE PMIEE OF
tﬁ.lﬁﬂ. e
DR. m

i"i

 PRAEVIA; bing dhe Lot Lectur o dwifer

DR. BASCOME.
A HISTORY OF Enmmo PESTILE)
" EARLIEST AGES, Bvo. cloth, s, =

MR, lu'rlnul'l.

-r and M :

lﬂ in Wi llh-ll
ﬁpl'h ‘ater, Buecedaneimn,

-n-z-?ﬁq‘--um Third ll'-.h
e — B
ER. BEALE.

tmﬂﬂrg &HD JCATIH T
nm]%u mmhﬂ Wood. -l’-th_

-""wﬂw EH{’EE




; MR. CHURCHILL'S PUBLICATIONS. B
— RC-

- MR. LIONEL J. BEALE, M.R.OS.

THE TAWS OF HEALTH IN THEIR RELATIONS TO MIND
:hlgr;ﬁ?&'ﬂ A Series of Letters from an Old Practitivner to a Pateot. Post Bvo.

HEALTH AND DISEASE, IN CONNECTION WITH THE

GENERAL PRINCIPLES OF HYGIENE. Feap. Bvo, 2 6d,

DR. BARCOLAY.

A MANUAL OF MEDICAL DIAGNOSIS. Feap. 8vo. cloth, 8s. 6.

MR. .ll!l.l‘i"

THE BOOK OF PR@GRIPTIGHS muhmg !HW Prescri
aod Foreign. Z4ma. cloth, Gr

THE DRUGGISTS' GEHERAL RECEIPT-BOOK : a

.f capions Veterinary Formulary and Table of Veterinary Materin Madiea ; Patent and

Proprietary M ldihﬂ.]lzuqhh Nostrums, &e. ; P'lrﬁ:n-;r BI;InE-nﬂicl.H.lJ.r
Coametics, and Teeth Cosmetics; Deverages, Distetic Articles, and Condimenta; Trade
Chemicals, Miscellaneous Preparations and Compounds used in the Arts, &e; with
useful Memoranda and Tables. erﬂtlmunl, 24mo. cloth, Ga.

THE POCKET F{]RHUL!.RY AND SYNOPSIS OF THE

BRITISH AND FDHBIGH FH#RHACDFEIAB;
npproved Formule for the Cumd: employed in ‘!ﬂ&ll Flnl'hl.
Bixth Edition, corrseted nd enlarged.  Z4mo,

DR. O'B. BELLINGHAM.

ON ANEURISM, AND ITS TREATMENT BY COMPRESSION.

12me. cloth, ds

DR. HENRY BENNET.

A PRACTICAL TREATISE ON INFLAMMATION AND

OTHER DISEASES OF THE UTERUS. Third Edition, revised, with Additions.
Bvo. eloth, 12v 6d.

i
A REVIEW OF THE PRESENT STATE OF UTERINE
PATHOLOGY. Bvo. cloth, 4s.

DR. BILLING, FR.S.
ON DISEASES OF THE LUNGS AND HEART. 8vo. cloth, 6s.
FIRST PRINCIPLES OF MEDICINE. Fifth Edition, Revised and

Improved, 8Svo. 104 Gd.

-







i




=2
s

m-m m-

jmm

Steel and Wood. Thind Edition. Foup. Bvo. el

mnmmmﬁ

- rous Engravings oo Woed Hm

'S

it

-lh-iu—un mhum.nu.
‘ O INDIGHSTION, ;ﬁ?m
CONJOINED WITH IT. mm 8

m MR. J. PATERSON
T




MR. CHURCHILL'S PUBLICATIONS.
-

-
DR. CONOLLY.

THE CONSTRUCTION AND GOVERNMENT OF LUNATIC

ﬁilghllﬂﬁ AND HOSPITALS FOR THE INSANE. With Plans, Post Bvo.

LEWIS CORMARD,

SURE METHODS OF .&TTAIHIHE A LONG AND HEALTH-

FUL LIFE, Thirty-cighth Edition. 18mo.,

MR, COOLEY.
COMPREHENSIVE SUTFLEMENT TO THE PHARMACOMEIAS.

THE CYCLOPZAEDIA OF PRACTICAL RECEIPTS, AHD COL-
LATERAL INFORMATION IN THE ARTS, W ONS,
FACTURES, AND TRADES, INCLUIMNG HEDIGI.NE. FM.M:Y AND
DOMESTIC ECONOMY ; designed as o Compendious Dook of Reference far the
Hmuﬁmmm,mdﬂnhdhﬂﬂiu Third nnd greatly
enlarged Edition, 8ve. cloth, 26a.

'i MR, BRANBBY 8. COOPER, F.R.8.

LECTURES ON THE PRINCIPLES AND PRACTICE OF SUR-

GERY. #vo. cloth, 2ls.

MR. W. WHITE COOPER.

ON NEAR SIGHT, AGED SIGHT, IMPAIRED VISION,
AND THE MEANS OF ASSISTING SIGHT. With 31 Iustrations on Wod.
Becond Edition. Feap, 8vo. cloth, Te. fd,

MR COOPER.

A DICTIONARY OF PRACTICAL SURGERY; comprehending all
the mest interesting Improvements, from the Earliest Times down to the Present Period.
Beventh Edition, One yery thick volume, Bvo., 11 10s,

8IR ASTLEY COOQPER, BART., F.R.S.

ON THE STRUCTURE AND DISEASES OF THE TESTIS.

Tlustrated with 24 highly finished Coloured Plates. Second Edition. Royal 4to,
Reduced_from £3. 84, to £1, 104,

MR HOLMES COOTE, FR.O.S.

A REPORT ON SOME IMPORTANT POINTS IN THE

TREATMENT OF BYPHILIS., 8vo. cloth, 5«

DR. COPEMAN.

? RECORDS OF OBSTETRIC CONSULTATION PRACTIOE;

and o TRANSLATION of BUSCH snd MOSER en UTERINE ILEMORRILAGE;
with Notes and Cases. Post Bvo, cloih, 5s.




"f.-\l 'ﬁ' '—'9—.;\::"'

Al 4]
{ Adghn -\.\-._ﬂ-_ll-

:J"IE. ¥,
MJ'\. .ﬂ.l







Quacrranive; Fourth B
QuaNTITATIVE, u..l

MR. m; llut‘:._..'- F.R.S,

A MANUAL (’IE‘W :

ixth Bdidon. Feup. fvo. cloth, 125 6 S

mh;t—n—umm-ﬂ:ﬁﬁ - Hosuaas,
-mﬁ -

%*&EM&M

mmnummaummm .
CHEMICAL um.m m

MR, GALLOWAY.

L f
THE FIRST IN CHEMISTRY. Second Edition.
A MANUAL OF OF QUALITATIVE ANALYSIS.
!ﬂhiﬂ.uu :

DIAGRAMS. Ou Four lacge
hululn-. Ba, 6d. the Set.







sl
R b,

ON THE

nrhnn.-lnm-ﬂ-n_m
mmm
nﬁmmmmmmmm
| mmmmmmmnr,

‘Bvo, s, Gd.

lll:l.l-lum

M’W W..m-fﬂm

1M

.'3"

"i
_'.‘







: OR. JAMES JAGO, AR, : -'"
mw ----4-'*-5'4' -

" PATHOLOGICAL AND OL]
NG :1|1|-w|||~ ]







Wt - — . . csl GEE e ddvrirEmesa s

18 MR. CHURCHILL'S PCBLICATIONS.
- —— - I
DR. LANE, MA. i

HYDROPATIIY; OR, THE NATURAL SYSTEM OF MEDICAL |

TREATMENT. An Explanatory Fasay. Post 8vo. cloth, 32 6d.

:h‘h‘}ﬁ

MR. LAURENCE, M.B, F.RCS. |

THE DIAGNOSIS OF SURGICAL CANCER. The Liston Prize |

Essay for 1854, Plates, Bro. cloth, 4s. 6d,

e

MR. LAWRENCE, F.R.8.

A TREATISE ON RUPTURES. The Fifth Edition, considerably
enlarged. Bvo. cloth, 16s ]I

DR. EDWIN LEE.

L
TIHE EFFECT OF CLIMATE ON TUBERCULOUS DISEASE,

with Notices of the chief Foreign I'laces of Winter Ilesort. Small Bve, cloth, e

f THE WATERING PLACES OF ENGLAND, CONSIDERED
ﬂtgdrmrrrtm to their Medical Topograpby, Third Edition. Foolscap Sve. cloth,

.

THE BATIIS OF GERMANY, FRANCE, & SWITZERLAND.

Third Edition. Post Bvo. cloth, 8s, 6d,

* THE BATHS OF RITENISH GERMANY. Post 8vo. cloth, 4s. l

MR. HENRY LEE, FRC.H.

PATHOLOGICAL AND SURGICAL OBSERVATIONS; including

an Essiy on the Surgical Treatment of Hemorrhoidal Tumors.  Bvo. cloth, 7s. 64,

OR. ROBERT LEE, F.R.8.

CLINICAL REPORTS OF OVARIAN AND UTERINE DIS-

EASES, with Commentaries. Foolscap 8vo. cloth, G, 6d.

CLINICAL MIDWIFERY : comprising the Histories of 545 Cases of

Difficult, Preternatural, and Complicated Labour, with Commentaries. Second Edition.
Foolscap 8vo. cloth, 5.

n.

PRACTICAL OBSERVATIONS ON DISEASES OF THE

UTERUS. With coloured Plates. Two Parts, Imperial 4to., 7o 6d. sach Part,

i . — e
o —— ————

. e St

PRACTICAL SURGERY. Fourth Edition. 8vo. cloth, 22s.
%_‘_‘{. e pa e S i ._._._..—.g.-,.....m

8



e e
JEULOLU




e .*-r-.--- T

A ON \USCULT

MR. JOHN L. um -.
mm&mmm m-l-ﬁ-

e —

DR. MONRO.

L] =

REMARKS ON INSANITY : its Nature and Tr
" -~
MIEPBITMLM ASYLUX

DR. NOB I-J-

| ELEMENTS OF PSYCHOLOGICAT,

D‘Emnnmr mmm_‘ NITY.

S ———

H&#Hﬂﬂm
mmmormmw







R e Sy = - —3o——=240%

29 ME. CHURCHILL'S PUBLICATIONS.
= = = o

MR. LANGSTON PARKER.

THE MODERN TREATMENT OF SYPHILITIC DISEASES,

both Primary and Becondary; comprising the Treatment of Constitutional and Confirmed
Byphilis, by & sfs and succesaful Mathod. Third Edition, Bvo. cloth, 10s

MR, JAMES PART,

THE MEDICAL AND SURGICAL PﬂCKET CASE BOOK,

ﬁtﬂ&WmnﬁmpﬂhﬂtﬂuﬂmPﬂnﬂPmﬂmmﬂhuﬂtm S»tuh:u.ul‘
Howpital tice, Second Edition. 3 6d.

DR. THOMAS B. PEACOCK, M.D.

ON TIE INFLUENZA, OR EPIDEMIC CATARRHAL FEVER

OF 1847-8. Bvo. cloth, 5e. Gd.

DR. PEREIRA, F.R.B.

SELECTA E PRAESCRIPTIS. Twelfth Edition. 24mo. cloth, 5s. °

f MR. PETTIGREW, F.R.8.

ON SUPERSTITIONS connected with the History and Practice of
Medicine and Sargery. Bve. cloth, 7.

[P

MR. PIRRIE, F.R.8.E.

$ TIE PRINCIPLES AND PRACTICE OF SURGERY. wie

numerous Engravings on Woed. 8vo. cloth, 212

PHARMACOPEIA COLLEGII REGALIS MEDICORUM LOXN-
DINENSIS. Bro, cloth, 8. or 24mo. 5u.
I‘r:.ll‘:llliu:,— cui titulos, PEARMACOP®IL Cotizorr Reoarts Mepicorusm LowpinExsrs,
Datum ex /Edibus Collegii in comitiis censoriis, Novembris Mensis 14* 1850,
Jomawxes ATeToX PAR1Ss. Proses

PROFEBBORB PLATTHNER & MUSPRATT:

THE USE OF THE BLOWPIPE IN THE EXAMINATION OF

MINERALS, ORES, AND OTIHER METALLIC COMBINATIONS. Illustrated
by numerous Engravings on Wood, Thind Edition. 8vo. cloth, 10s. 6d.

THE PRESCRIBER'S PHARMACOP(EIA; containing all the Medi-
cines in the London Pharmacepeeis, armnged in Classes according to their Action, with
their Composition and Doses. By a Practising Physician, Fourth Edition. 32w,
eloth; 2s. 64.; roan tuck (for the pocket), 3s. Gd.

B Y -y T ‘o2






o= 2P {WC~o1

L
x

]

| ON THE PHYSIOLOGY AND DISEASES OF WOMEN, AND

o o g
M MR. CHURCHILL'S PUBLICATIONS.
- Ja

MR. ROBERTON.

ON PRACTICAL MIDWIFERY. Bva. cloth, 12

OR. ROTH.

ON MOVEMENTS. An Exposition of their Principles and Practice, for
the Correction of the Tendencies to Disease in Infancy, Childhood, and Youth, and for
the Cure of many Morbid Affections in Adalts. Illustrated with numerous Engmavings
on Wood. Bvo. cloth, 10

DOR. ROWE, F.8.A.

ON SOME OF THE MORE IMPORTANT DISEASES OF

WOMEN aod CHILDREN, Becond Edition. Feap. 8vo. cloth, ds, 6d.

II.

NERVOUS DISEASES, LIVER AND STOMACH COM.
PLAINTS, LOW SPIRITS, INDIGESTION, GOUT, ASTHMA, AKD DIS
ORDERS PRODUCED BY TROPICAL CLIMATES. With Cases. Fifteenth T
Edition. Feap. Bvo. 25, 6d. ?

T

DR. ROYLE, FR.8.

A MANUAL OF MATERIA MEDICA AND THERAPEUTICS.

With pumerous Engravings on Wood. Third Edition. Feap. Bvo. cloth, 12, 6d.

MR. RUMBEY, F.R.C.8. i

ESSAYS ON STATE MEDICINE. 8vo. cloth, 10s. 6d.

MR. BAVORY. ‘

A COMPENDIUM OF DOMESTIC MEDICINE, AND COMPA-
NION TO THE MEDICINE CHEST; comprising I"lain Thrections for the Em -
ment of Medicines, with their Properties and Deses, and Briel Descriptions .,Flg.
Bymptoma and Treatment of Diseases, and of the Disorders incidental to Infants and
Children, with a Selection of the most efficncious Prescriptions.  Intended as a Soures
of Ensy Reference for Clergymen, and for Families residing at a Distance from Profes-
sional Assistance. Fifth Edition. 12me. cloth, 5s.

DR. SCHACHT.

THE MICROSCOPE, AND ITS APPLICATION TO VEGETABLE

ANATOMY AND PHYSIOLOGY. Edited by Fazorrick Cunrxv, MAA. Feap,
Bre. cloth, 6r.

DR. SBEMPLE.
ON COUGIHI: its Canses, Varietics, and Treatment. With some practical
Remarks on the Use of the Stethoscope as an aid to Diagnosin.  Post 8w, cloth, ds. 64,

m*ﬂ ol S N S, PP




1
il |
|

u:«frf; R
APTD ATTVE

OP!




E@c--ot ro
28 ME. CHURCHILL'S PUBLICATIONS.
B T T — -
L]
]

OR. BPURQGIMN.

LECTURES ON MATERIA MEDICA, AND ITS RELATIONS
TO THE ANIMAL ECONOMY. Deliveed beos the Reral Cellog of Phyuicinna.

MR BSGQUIRE.

THE PHARMACOPEIA, (IONDON, EDINBURGH, AND

DUBLIN,) Im.ul:l,-ﬂ in = m;::uut Tanr l..ll‘h]:{lhk, beth i:ul:ﬂ the Prescriber for
he Dispenser for compounding formule; Notes, Tests, and
Tlht 'M.d.ﬂh 12 I

| DR BAWAYNE.

OBSTETRIC APIIORISMS FOR THE USE OF STUDENTS
COMMENCING MIDWIFERY PRACTICE. With Engraviogs on Wood.  Foap.

L
A MEDICAT, MANUAL FOR APOTHECARIES' HALL AND OTHER MEDICAL
BOARDS. Eleventh Edition. 12mo. eloth, 10,

n
A MANUAL FOR THE COLLEGE OF SURGEONS; intended for the TUse
of Candidates for Examination and Practitioners.  Second Edition.  12mo. eloth, 10w,
.
GREGORY'S CONSPECTUS MEDICINA THEORETICE. The First Part, con-
lTII:IlII.nEl[:Il.h Uriginal Text, with an Urde Verborum, and Literal Translation. 12mo.
cloth,

!

|

!
DR. STEGGALL. f
STUDENTS' BOOKS FOR EXAMINATION. %

1

I

I

Iv.

TUE FIRST FOUR BOOKS OF CELSUS; containing the Text, Ordo Verb-
orum, and Tronslation. Second Edition.  12mo. cloth, 8s,

L
FIRST LINES FOR CHEMISTS AND DRUGGISTS PREPARING FOR EX-
i&ﬂu:u;ﬂgusf E:?T THE PHARMACEUTICAL SOCIETY. Second Edition

I

|

v |

A TEXT-BOOK OF MATERIA-MEDICA AND THERAPEUTICS. 12mo. cloth, 7s. |
|

I

MR. BTOWE, M.R.C.8.

$ A TOXICOLOGICAL CIIART, exhibiting st one view the Symptoms,

s Treatment, and Mode of Detecting the various Poisons, Mincral, Vegetable, and Animal.

To which are added, concise Dircctions for the Treatment of Suspended Animation,
Eleventh Edition. Un Sheet, 2r.; mounted on Roller, 5e,

Wer—ot——— - — — it — - g



-
MR. CHURCHILL'S PUBLICATIONS. 7
e 1=

‘ MR. TAMPLIN, FRCS.E. i

LATERAL CURVATURE OF THE SPINE: its Canses, Nature, and

Treatment. Bvo. cloth, 4s.

DR. ALFRED 8. TAYLOR, F.R.8.

A MANUAL OF MEDICAL JURISPRUDENCE. Fifth Edition.
Feap. Gvo. cloth, 12s 6d.

ON POISONS, in relation to MEDICAL JURISPRUDENCE AND
MEDICIMNE. Feap. Bvo. cloth, 12s, 6d.

DR. THEOPHILUS THOMFBON, F.R.8.

L
CLINICAL LECTURES ON PULMONARY CONSUMPTION.

¥ With Plotes. 8vo. cloth, 7s. 6d.

1L
LETTSOMIAN LECTURES ON PULMONARY CONSUMPTION ;

with Remarks on Microscopical Indications, and on Cocon-nut Oil, Pt Bvo., 2s 64,

DR. THOMAS.

" THE MODERN PRACTICE OF PHYSIC; exhbibiting the Symp-

toms, Causes, Morbid Appearances, and Treatment of the Disenses of all Climates.
Eleventh Edition. Revised by AvLcErxon Framerow, M.D. 2 wols, 8vo. cloth, 28s

; HENRY THOMPBOM, M.B. LOND., F.R.C.S.

STRICTURE OF THE URETHRA; its Pathology and Treatment.

_ ﬂ-&: lust Jacksonian Treatise of the Hoyal College of Surgeons. With Plates. 8vwo,
| s 108,

o

DR. TILT.

L
ON DISEASES OF WOMEN AND OVARIAN INFLAM-

MATION IN RELATION TO MORBID MENSTRUATION, STERILITY,
PELVIC TUMOURS, AND AFFECTIONS OF THE WOMB. Second Edition.
Bvo. cloth, 9.

Y THE CHANGE OF LIFE IN HEALTH AND DISEASE: s ;
Practical Treatise om ths Nervous and other Afections incidental to Women at the Decline
g of Life. Second Edition. 8vo. cloth, 6s, .

- e |




1
' e
28 MR. CHURCHILL'S PUBLICATIONS.
i 5

* DR. ROBERT B. TODD, FRS.

CLINICAL LECTURES ON PARALYSIS, DISEASES OF THE
BRAIN, uad sibet AVFECTION of the NERVOUS STSTEM. Seoead Edicie.

CLINICAL LECTURES ON CERTAIN DISEASES OF THE

URINARY OROANS, AND ON DROPSIES. Feap. Bro. cloth, 6s

MR JOSEPH TOYNBEE, FR.S,

A DESCRIPTIVE CATALOGUE OF PREPARATIONS ILLUS.-
TRATIVE OF THE DISEASES OF THE EAR, IN HIS MUSEUM.  ovo.

[PPSR,

MR. SAMUEL TUKE.

i DR. JACOBI ON THE CONSTRUCTION AND MANAGEMENT

OF HOSPMITALS FOR THE INSANE. Trmnelated from the German. With In-
troductory Ubservations by the Editor. 'With Plates. 8vo. cloth, Sa,

DR. TURMNBULL.

{ A PRACTICAL TREATISE ON DISURDERS OF THE STOMACH

with FERMENTATION; and oo the Causes and Treatment of Ind.igu‘liﬂl, &e  Bro.
cloth, Ge.

DR. UNDERWOQOD.

TREATISE ON THE DISEASES OF CHILDREN. Tenth Edition,

with Additions and Corrections by Hexny Davies, M.D. 8vo. cloth, 15

VESTIGES OF TIIE NATURAL ITISTORY OF CREATION.

Tenth Edition. lllustrated with 100 Engravings on Wood, 8vo. cloth, 12, 6d,
BY THE SAME AUTHOR.

EXPLANATIONS: A SEQUEL TO “VESTIGES.”

Second Edition.  Post Bro. cloth, s,

DR. UNGER,

BOTANICAL LETTERS. Translated by Dr. B. Pavr. Numerous

Woodcuts, Post Bvo., 5e.

r—t— - — -~ - - ————ta

*.
|

l
|

f

:

t



Rt 1o

!

% LECTURES ON THE DISEASES OF WOMEN. 8vo. cloth, 10s. 6d.

ME. CHUMHIL‘L,H PUBLICATIONS. )
i =

DR. VAN OVEMN.

ON THE DECLINE OF LIFE IN HEALTH AND DISEASE;

hcmq an Attempt to Tnvestigate the Canses of LONGEVITY, and the Best Means of
Attaining o Healthful Old Age, 8vo. cloth, 10s. 64,

MR. WADE, F.R.C.8.

STRICTURE OF THE URETHRA; its Complications and Effects.
With Practical Observations on its Causes, Symptoms, and Treatment; and on a Safa
and Efficient Mode of Treating its more Intractable Forms. 8vo, cloth, 5a

MR. HAYNES WALTOMN, F.R.C.S,

OPERATIVE OPHTHALMIC SURGERY. With Engravings on

Wood, 8vo, cloth, 18s.

DR. WARDROP.

ON DISEASES OF THE HEART. 8vo. cloth, 12s.

DR. EBEN. WATSOMN, A.M.

ON THE TOPICAL MEDICATION OF THE LARYNX IN

CERTAIN DISEASES OF THE RESPIRATORY AND VOCAL OROANS.
8vo, cloth, 5s.

e e i

DR. WEBER.

A CLINICAL ITAND-BOOK OF AUSCULTATION AND PER-

CUBSION, Translated by Jonw Cocxrx, M.D, b5a.

DR. WEGQ.

OBSERVATIONS RELATING TO THE SCIENCE AND ART

OF MEDICINE. 8vo. cloth, Bs.

DR. WEST.

-—f Fo—

e—— i _ﬂ.ké

= i, At



MR. T. BPENCER WELLS, F.R.C.8,

PRACTICAL OBSERVATIONS ON GOUT AND ITS COMPLI-

dG:EIgNB’ and on the Treatment of Joints Stiffened by Gouty Deposita.  Foolseap 8o,
th,

MR. WHEELER.

HAND-BOOK OF ANATOMY FOR STUDENTS OF THE

FINE ARTS., New Edition, with Engravings on Wood. Feap. Bvo., 2. 6d.

DR. WHITEHEAD, F.R.C.B,

ON THE TRANSMISSION FROM PARENT TO OFFSPRING
OF SOME FORMS OF DISEASE, AND OF MORBID TAINTS AND
TENDENCIES. Second Edition. 8vo. cloth, 10z, 6d.

i

THE CAUSES AND TREATMENT OF ABORTION AND

STERILITY : being the result of an extended Practicl Inquiry into the Physiological

and Morbid Conditions of the Uterus, with reference especially to Leucorrhoal Affec-
tions, and the Diseases of Menstruation, Bvo, cloth, 12s,

DR. WILLIAMS, F.R.8,

PRINCIPLES OF MEDICINE: An Elementary View of the Canses,

Natare, Treatment, Dingnosis, and Prognoss, of Discase. With brief Remarks on
Hygienics, or the Preservation of Health. The Third Edition. 8ve. eloth, 15

DR. JOSEPH WILLIAMS.

INSANITY : its Causcs, Prevention, and Cure; inclading Apoplexy,
Epilepsy, and Congestion of the Brain. Second Edition. Post 8vo. cloth, 10s, 4,

DR. J. HUME WILLIAMS,

UNSOUNDNESS OF MIND, IN ITS MEDICAL AND LEGAL

CONSIDERATIONS. Bvo. cloth, Ts. 6d.

.

DR. HENRY @. WRIGHT.

—— —— - - ._....._____—"....
MR. CHURCHILL'S PUBLICATIONS.
:

:

f

HEADACHES ; their Causes and their Care. Second Edition. Feap. 8vo. %
2s, 6d.

s = . e am ._,—|__.__.....--—--—-——.-_-.—,i..-|-





















¥¢1 Richardson,3ir B,W,

R62 The cause of the coagu
1858 lation of the blood,
- == ——

NAME !  DATE DUE

]
W
- e
]
T
1
]
Iu
........i PP r—
........................................................ P asmmsee e e m—
i
|
I
anannast sssmmen
i
............................................................
s L ETEEE Rt T TR R rrrrrrERA
|







