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PREFACE.

Tue Lectures of M. Magendie « On the Blood; and on the
Changes which it undergoes during Disease,”* now presented to
the readers of the *Lisrary,” will be found to be the fullest de-
scription hitherto given of the properties, and physical and vital
modifications of this fluid. It would be inaccurate to say, that the
reign of the humoral pathology is restored; but the well-read
and observing physician may safely allege, that it is impossible for
us to take cognisance of the reciprocal action of the organs, in the
play of their %unctions, on each other, or of the operation of either
medicinal or noxious agents on the animal economy, without
admitting the frequent changes in the fluids under all these cir-
cumstances. As there is no tissue which does not consist of both
fluids and solids, so is there no organic change accomplished with-
out a change in their relative proportion or position, and no im-
pression of any moment made on the one which does not directly
affect the other of these two classes of vital elements.

Foremost in the list of the Aluids which are both the results and
supporters of vitality, is the blood. Into the cavities and vessels
destined for its transmission and distribution are poured the pro-
ducts of absorption, whether nutritive or others, in order to be sub-
sequently mixed up with it. From the blood are supplied the materials
for growth and reparation of all the organs; and from it, also, are
given out those other matters, the retention of which would be inju-
rious, or positively destructive, to the animal economy. Although the
blood is protected, in the functions of chymosis and chylosis, against
the introduction, through the lacteals, of substances which have
not undergone the requisite chemical and vital elaboration, it is not
by any means equally guarded in the direction of the venous capil-
laries, which take up, often without selection, from the stomach
and bowels, water holding various saline and, on occasions, even
poisonous matters in solution. The lymphatics, also, whose proper
function is to absorb the fluids in their physiologreal state from the
serous and cellular systems, and the molecules of the solids from all
parts of the body, display every now and then a vicious appetency, by
their imbibing pus and other ‘matters, the result of morbid action,
and transmitting them into the general sanguineous current.

Even in the functions destined for the distribution and purification
of the blood, there may be such irregularities as to seriously affect
this fluid, either in the proportion of its gaseous bases and saline
elements, or of its proximate principles. The lungs may fail to dis-
charge the requisite proportion of carbonic acid, and to absorb that
of oxygen,—or they may imbibe, from their extended surface, delete-

* First published in the London Lancet, between the 29th of September, 1838,
and the 16th of March, 1839.





















10 MAGENDIE ON THE BLOOD.

so difficult to eradicate as absurd notions generaily adopted, and
there are many such that corrupt the existing theory and practice
of our art. But, Gentlemen, the more difficult the more honourable
the attempt ; and even if we do no more than put our successors i
the right way one day to complete the work, we will feel satisfied
that we have ourselves been no unworthy labourers in the field.

You have often heard me raise my voice against the defective
character of the existing system of medical study. Like me, too,
you have no doubt been struck with the trifling good that study
confers on society. But could it be otherwise when there is
scarcely a sound idea on physiology abroad? when anatomy 1s
learnt in a hurry and forgot with still greater speed: when those
sciences, which though called accessory are no less of first-rate
importance in a plan of medical education intended to prove prac-
tically useful, namely, physics, chemistry, natural history, mathe-
matics, &c., are generally neglected! To illustrate the importance
of physies, I need only remind you that to its laws are to be referred
a crowd of phenomena, incorrectly styled vital. You will recollect,
among other things, how, by the help of some of the principles of
hydraulics and mechanics, we succeeded in simplyfying the study
of the circulation, which formerly required for its explanation such
a complex train of chimerical hypotheses. Compare the results
of the experiments we have made in common with what you find
in books, and you will see how widely the imagination may lead
the understanding astray. Beware, Gentlemen, of the fanciful
creations of writers, no matter with what ingenuity they are dressed
up. Devote yourselves, on the contrary, to experimental study,—
see, touch for yourselves,—take no one’s word for anything,—
mistrust yourselves, mistrust me, and you will manage to steer
clear of the whimsical conceptions brought forward to explain, some
way or other, the frequently inexplicable phenomena of organisa-
tion.

I am anxious to recall your attention to the experiments we made
last session on the blood. You learned through them the influence
that fluid exercises on our organs. You saw me produce at will,
in animals, the majority of the striking phenomena determined by
the most terrible diseases, for the relief of which art is powerless.

You saw me give rise, at my pleasure, to pneumonia, scurvy,
yellow fever, typhoid fever, &c., not to mention a number of other
affections which, so to speak, I called into being before you. And
here, Gentlemen, we will especially employ the aid of organic
chemistry. Feeble though its light may be, we will strive, by its
help, to discover the intimate composition of the blood in the
normal state ; the changes it undergoes, the impressions it receives,
and the disorders it conveys into the economy when various]
modified. The paramount importance of such inquiries must be
admitted by all ; for I would ask, wherein lies the difference between
the medical practitioner and the nurse at the sick bedside? Sup-
pose them engaged with, for example, a case of variola. In the
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course of his studies the former has attended clinical practice, and
has learned the symptoms and terminations of that disease; he
knows, admirably well, that it is ushered in by certain general
phenomena, which are followed by a peculiar eruption of a certain
duration ; that the pustules formed dry, and that desquamation
closes the scene. Very true; but do you imagine that the nurse,
provided she be habituated to her calling, does not know all
that quite as well as he? Will he be able to tell me a whit more
correctly than she, why the case of variola before him will prove
confluent or benign? or why the skin, suddenly assuming a purple
colour, the sufferer is carried off in a few hours? No; the most
skillul and experienced practitioner knows nothing of all this : then
he stands the ignorant and too often powerless spectator of such
modifications as those of the primary disease. All he can do is to
order certain remedies which, if necessary, the nurse could pre-
scribe equally well. Is this the sort of superiority to which it is
the province of the physician to aspire? That in the present con-
dition of the science it is the sole one, cannot be denied. Let it be
our business, Gentlemen, to cast away the humiliating part our
predecessors have left us to play. But how is this to be done, you
will ask ? I answer, by creating experimental medicine, which, aided
by our present extended knowledge of various sciences, will doubt-
less reveal the mechanism of morbid changes, and thereby render
it possible for us to attack vigorously, to modify, nay, to prevent
the causes of those changes. Such is the manner in which I view
the aim and plan of our studies; nor do I believe that a more
rational system of inquiry, or one so likely to prove fertile in results
has at any period been laid down. :

Our former experiments on the nature of the blood are daily con-
firmed by cadaveric examination. A woman labouring under the
prodrome of acute disease, was recently brought to my wards at
the Hotel-Dieu: I diagnosticated variola. The same day, though
the orthodox treatment was duly employed, she suddenly grew
worse ; the surface assumed a purple hue, and death supervened in
thirty hours. SR

I have already spoken to you of this terrible complication of
small-pox. But in this particular case the symptoms were so rapid
in their course, and death so unexpectedly sudden, that several
of the people about the hospital were terrified, and declared the
patient had perished of the plague. I was naturally curious to
compare the phenomena disclosed in the dissection of this woman
with those produced in the artificial diseases 1 am in the habit of
creating in your presence. The result was, that I found the resem-
blance between them so perfect, that one might have fancied the
patient’s death caused by the very means I employ in my experi-
ments on animals. In pneumonia, again, you have a new proof of
the evident part the blood plays in the pr?ductmn of murl{ld disor-
ders. Whriters, even from the earliest times, have described that
affection. Youare well acquainted with its prodromata, its periods,
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day after day cutting ofl' individuals of every age, of every sex,
and of every rank, yet none has been more carefu%l}r studied on the
old plan, none has proved a more fruitful source of dogma and
disquisition. Eminent observers have described all its phenomena,
even to the minutest details. But what is all this deseription but
so much natural history ; will it throw any light on the treatment
of the aflfection? Not a particle: but we hope for enlightenment
in this respect ; we must learn the cause of this disease ; nor need
we despair of discovering it. Perhaps tuberculous matter may be
detected in the blood, and, asa further step, the means of destroyin
it, or preventing its formation, ascertained. Hear a fact weﬁ
suited to give confidence to our hopes. We know, in the first place,
that tuberculous may be accurately distinguished from purulent
matter under the microscope. Now, within the last few days, in
examining the body of a woman who died of phthisis, I found among
the pillars of the right ventricle of the heart certain bodies resem-
bling a sort of fibrinous sac, and containing a fluid like the pus of
a phlegmonous abscess. I carried the part home and satisfied
myself, by microscopical examination, that the supposed pus was,
in reality, tuberculous matter ; it is clear, therefore, that it existed
in the blood, but whether its presence there was the cause or the
effect of the phthisis, is a question for future investigation, of which
we shall not lose sight; and this important fact does not stand
alone. The practice of the Hitel Dieu daily furnishes similar ones,
which give new strength to my persuasion that we shall find in the
blood the cause of a host of diseases, and in every instance a fresh
source of instruction.

The poverty of the science as regards all these fundamental
questions perhaps surprises you; but it will cease to do so if you
reflect for a moment on the scientific character of the profession.
Medical men may be divided into two classes ; those forming the
first give up all study the moment they leave off attending lectures;
they quite  conscientiously believe, and frequently succeed in per-
suading others, that they understand every disease, and can cure
every variety of suffering; these gentry occasionally realise a
handsome fortune, but 1 must say they do so at the expense of
science and of the interests of their fellow-men. Their numbers
explain to my mind marvellously well the discredit into which
medicine seems to have fallen at the present day. and the high
favour lavished by the public on quacks of every grade. The
second class of practitioners continue, it is true, to follow clinical
pursuits with zeal, but some among them, misled by scholastic
errors, retard rather than accelerate the progress of the science.
Against one of those errors I have waged war ever since | _tnpk
upon me the duties of a teacher,—a fallacy which is the more inju-
rious because it seems supperted by some specious argument, which,
nevertheless, 1 shall not now discuss; 1 allude to the assertion t}}at
there is nothing in common between the phenomena of living bodies
and those of inert matter ; not tl;t I wish to ascribe to the latter
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that during the whole time of her seclusion which lasted, I believe,
eleven days, she resisted the calls of Lunger; she did not touch a
morsel of the solid food set before her. But she was unable to
support the anguish induced by privation of water. She drank
daily ; and with a refinement of craft, made up the deficit in the
bottles supplied her with her urine. :

The necessity of drink for the reproduction of blood is thus
established ; let us inquire into the effects of abstinence from solid
aliment. If we deprive an animal, either by degrees or suddenly,
of its food, and examine its blood some time after, we find certain
modifications produced in that fluid by the alteration of regimen.
The proportion of its serum is increased; its coagulability lessened;
at the same time the animal’s strength rapidly decreases, purulent
ophthalmia supervenes, and is followed by other affections dependant
on the morbid condition of the blood. Hunger, then, it appears, is
nothing more than the instinct that commands the animal under
penalty of disease and death, to supply materials for the renewal
of its blood. :

Again, in respiration we have another important reparative
process of the blood. The importance of any apparatus of organs
may be estimated by the disorders following an interruption of its
functions, and you are aware of the distressing character of the
sensation of suffocation. I need not for the present bring to your recol-
lection the numerous causes of disorder in asphyxia ; but as regards
the effect, here is what takes place; the blood, meeting with some
obstacle or other which materially interferes with its freedom of
contact with the atmospheric gases, does not combine with them
in sufficient quantity, and in proportion to the modification produced
thereby, ceases to convey to the brain the normal degree of excite-
ment. If this state continue, asphyxia, a state of apparent death,
follows. I would ask, then, what is the sensation of suffocation
unless the instinct that commands us not to remain an instant without
bringing atmospheric air into contact with our blood, so as to
furnish it with certain elements indispensable for the maintenance
of its vitality ?

You perceive by what [ have just said on food, drink, and
atmospheric air, that in the blood reside certain conditions absolutely
requisite for the support of existence. Now these conditions are
always more or less modified in the various affections of the eco-
nomy, and it is hence of major importance that the practitioner
thoroughly study them. None will, I imagine, contest these truths:
but far from fearing their refutation I court any attempt of the kind.
No opposition would ever succeed in preventing me from strivin
to fathom the indubitable fact, that every notable departure Srom the
healthy state of the blood manifests itself almost ahvays by physical
modifications of ‘the organs. And this fundamental position is so
true that the simple inspection of the solids indicates in many cases
the nature of the modifications undergone by the blood.

But, Gentlemen, I must step a little out of my way in these
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generalities, to mention a point of the very greatest consequence in
practice. You are already acquainted with a great number of
causes that modify the blood and induce disease; but you are
scarcely, perhaps, prepared for the announcement, that by means
of a therapeutical agent, holding the first rank amongst the fashion-
able remedies of the day, I produce the very same alterations in
the blood, and, as their result, the very same disorders in the eco-
nomy. This may, perhaps, strike you as a random assertion, but
my words are not lightly spoken. I have within my reach the
guarantee of their veracity; experiment shall confirm them. I
assert, then, loudly, and fear not to affirm it, that BLoop-LETTING
induces, both in the blood itself, and in our tissues, certain modifi-
cations and pathological phenomena, which resemble to a certain
extent those we have seen developed in animals deprived of atmo-
spheric oxygen, of drink and of solid food. You shall have the
material proof of the fact. Here are three glasses containing blood
drawn from a dog on three different occasions, at intervals of two
days. The animal was in good health, and I took care to supply
him abundantly with nourishment. In the first glass you see that
the serum and clot are in just proportion to each other. The
latter, which is perfectly coagulated, forms about four-fifths of the
entire mass. This specimen of blood consequently appears to
possess the desirable qualities. Now turn your attention to the
second glass. The animal was still well fed when its contents were
drawn, and yet you perceive an evident increase in the quantity of
serum ; the clot forms at the most only two-thirds of the whole.
But here, in the produce of the third venesection, although the
animal’s diet remained unchanged, we find a still greater difference.
Not only is the proportion of serum more considerable, but its colour
is changed. It has acquired a reddish-yellow tinge, owing to the
commencing solution of the globular substance.

Do not suppose, however, that I would recommend the practice
of blood-letting to be completely discarded. Far from this, I am
Eersuaded that in a certain number of cases it may be useful ; but

etween using and abusing there is a vast difference, too frequently,
[ am sorry to say, lostsightof. [ will continue to bleed this animal
from time to time; but I can tell you beforehand, from the result
of similar experiments, that the alteration in the properties of its
blood will entail that of its organs, and finally death. The lung,
for example, will become aflected with engorgement, cedema, pneu-
monia, and the entire train of what people are pleased to call in-
flammatory phenomena; and mark the extraordinary fact, that this
inflammation will have been produced by the very agent which is
daily used to combat it.

But to pursue this subject, let us consider variola, for no matter
what specialty there be in its phenomena, luithe present sul}_]ec:',t
it really belongs. For my part, I do not believe that disease is
ever developed without some modification or other existing in the
blood, and I will give you a proof of this. I have at present a
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woman under my care in mild small-pox; I had two or three
ounces of blood taken from her, and here they are. You perceive
that this blood does not in the least resemble that of the patient I
spoke of to you in my last lecture, who died so suddenly of the
form of the disease called variola nigra. In the present instance,
there is a tolerably consistent clot, whence I infer that the patient’s
life is not in danger; I will take care, however, to let you know
the event. Still, Gentlemen, I must beg you to observe that when
I plunge a piece of reddened litmus paper into the serum, it is
immediately turned blue. This shows the serum to be very strongly
alkaline, more so I think than in the normal state. Now we have
often had occasion to observe, that an excess of alkalinity in the
blood interferes not only with the freedom of its passage through
the capillary vessels. When thus modified it penetrates their walls
by imbibition, as extravasated into the surrounding tissues, and,
among other effects, produces in the mucous membranes the dis-
orders long known under the name of inflammation.

Here is some blood taken from another patient. You remark
its saffron tint; the yellow colouring matter of the serum, which,
by the way, has been well analysed and described by M. Chevreul,
is in excess. In the peculiar modification of this specimen you
may recognize the condition that produces jaundice.

You have another example of the influence of modified blood on
the organs in eedema of the lungs. You are aware that I can, by
injecting a certain quantity of carbonate of soda into the veins of
an animal, produce that aflection, with its pathognomenic signs at
the outset, and its cadaveric lesions, when it causes death. When
the blood becomes surcharged with an alkaline principle its serous
matter increases in quantity, escapes from its vessels among the
lobular ramifications of the lung, distends, bursts them, and earrying
with it the coagulable part in a semi-liquid state, collects into irre-
gular masses. Pathologists, who are always ready to show their
sagacity in comparisons, compare the blood in this state to currant
Jelly (gelée de groseille). The semi-liquid clots I have described, to
which this fantastic term is applied, are almost invariably formed
of fibrinate of soda or potassa. Now, on comparing these disorders
caused by spontaneous excess of alkalinity in the blood, with those
we ourselves produce by injecting carbonate of soda into the veins,
or by a frequent repetition of blood-letting, we find the same symp-
toms, and in every respect similar results. Nevertheless, according
to the theorists of the day, bleeding is an almost infallible remedy,
a sort of panacea, in such affections. You will allow, Gentlemen,
on the contrary, that in such cases venesection is had recourse to
without our knowing very well why ; for unless we set up for out-
and-out homcepathists, it is scarcely reasonable to employ as a
remedy an agent which would itself cause the disease.

It is well for you to know, Gentlemen, that I do not, as is the
ordinary habit of clinical professors, pick out the subjects who form
the subject of my observations. [ am in this respect guided by
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chance alone. In cases when the nature of the complaint under
which any of my patients labour is doubtful, I prescribe a small
trial bleeding. l.’l‘he blood drawn is received into small glass ves-
sels ; these are brought here at the hour of lecture, and in the
majority of cases my first examination of their contents will take
place in your presence. Here, then, is some blood taken from a
woman with an enormous enlargement of the spleen. She has
for several years been subject to violent attacks of intermittent
fever, which it has been found impossible to check. It appears to
me to be in a morbid state; the serum, which usually forms one-
fifth, here constitutes more than one-half of the whole. That this
woman’s fever is in some way or other connected with the great
proportional quantity of serum in her blood, does not admit of a
moment’s doubt.

Facts of this kind are perhaps at present difficult for you to
comprehend ; but when we shall have advanced further in our
study of the fluid under consideration, and become acquainted with
the vast number of its constituent parts, each of which has its
special properties, or, if I may so speak, functions, you will readily
understand how it may be modified in numerous ways that at
present escape you. .

These considerations are not applicable to the human species
alone. The nutritive liquid has invariably struck me as having
undergone a morbid change in animals attacked by epizooties. I
am a member of a committee of inquiry appointed by government
to investigate a disease that yearly robs the state of several thousand
horses,—I allude to acute glanders, an affection characterised by
an abundant sanious discharge from the nostrils. It is currently
believed to be contagious, and in consequence the moment an
animal is declared glandered it is consigned to the slaughter-house.
M}f npinign 15 not yet made up on [hlS. important question. We
are told that the blood of glandered animals does not cﬂagu]ﬂ}e;
and yet, as you may see here, the blood of the horse is very rich
in fibrin. Eight days ago I injected some of this blood into a
healthy animal. So far no anormal phenomenon has followed the
operation. I shall not omit to let you know the result of the ex-
periment, as it seems to me calculated to throw some light on the
question of contagion. .

Besides the external causes that act on the blood we must admit
the nervous influence. Several diseases of the pulmonary organs,
such as angina pectoris, and certain forms of asthma, appear to
me connected with disordered innervation; for it a pears from
experiment that the section of the nervus vagus, though it does not
interrupt the act of respiration, seriously aflects the capillary cir-
culation, or that indispensable association of the air and blood of
which we have spoken. I divided this nerve in an animal; pul-
monary adema followed, and it died. Compare this specimen of
its blood with that of a woman who also died of cedema of the

lungs ; the analogy is so strong that you can detect no appreciable
3
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difference between them. In the first instance we know its cause,
in the second we do not; but the material lesion is the same In
both.

If, Gentlemen, the facts we collect and the experiments we per-
form, go to confirm my conjecture, that every modification of the
blood is represented by one or more organic changes, it will be-
come necessary without delay to revise the existing medical doc-
trines, and establish a new therapeutical code. Time will show.

LECTURE IIL

True method of studying medicine ; disputes about nothing.—Pathology of typhus
fever; effects mistaken for causes,—Constituents and properties of the Blood ; its
power of passing through minute tubes; Ruysch’s mode of injecting.—Lecanu’s
analysis of the blood.—Necessity of the presence of fibrin.—Pathology of rheuma-
tism.—Use of acetate of ammonia.

GeNTLEMEN :(—The considerations into which we entered at our
two former meetings, and the remarkable facts then brought forward,
must, if I mistake not, justify in your minds the selection I have
made of a subject for the year’s course. [am not deceived as to the
difficulty of our undertaking; I know that, on the one hand, our
steps must be slow, simply from the novelty of our plan, and that
we must, on the other, be prepared to contend against the ill will
of those with whose favourite ideas our researches may interfere;
but neither of these obstacles will deter us from prosecuting our
inquiries. The facts we observe will be submitted to the examina-
tion of all, and we will steadily adhere to our old plan of attacking
things, and making no allusion to persons.

I will never attempt to decide beforehand what shall be the
results of a new experiment, unless it be to show the futility of
such anticipations. I will affirm that alone, of which I ecan pro-
duce the incontestable proofs; for I had rather remain stationary
for ever, with truth on my side, than advance a single step beyond
the limits of reality. My aversion to every species of system is
well known; consequently, you will not infer, from my drawing
your attention, in a special manner, to the blood, that my object is to
revive the system of humorism, and to enter the lists with the par-
tisans of solidism. No, Gentlemen; yet I am far from despising
the pages of medical history, wherein figure those obsolete dogmas.
_ They will serve as salutary guides, by pointing out, when we
incline to go astray, the limits that cannot be passed without fall-
ng into error. At a period when accurate ideas’on physics were
unk;ll_ti);.li:n, when chemistry did not exist, when the science of the
equiibrium and movement of bodies had but just been thought of,
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and the study of human anatomy seems to have been, as it were,
proscribed, Galen was certainly excusable, for adopting the doctrine
of humorism, in his eagerness to explain every thing. Much may
well be pardoned in a man who, by his unaided efforts, caught a
glimpse of one of the most brilliant discoveries of the seventeenth
century, the circulation of the blood. At other periods, too, when
a new species of inquiry disclosed the vast multiplicity of changes
induced by disease in our organs, and in the texture of our tissues,
the invention of solidism might be forgiven ; but in the present age,
with its greatly increased scientific attainments, it would be worse
than absurd to espouse either doctrine, although very respectable
writers have supported, and still support, one or other of them.

Yet there are questions quite as absurd as those of humorism
and solidism, agitated by the present race of medical men. Is it
not truly distressing to witness the acrimony with which men dis-
pute on the essenliality of fevers, on the mecessity of an organic
change, existing or not, in all diseases, for exam ple? For my own
part, I would not waste my time in taking part of such controversies.
Is it not as clear as the day, Gentlemen, that to entitle us to decide
on the essentiality, or non-essentiality, of fever, we ought first to be
acquainted with every phenomenon that takes place, from its out-
set to its close? But as such acquaintance is, in the present state
of the science, utterly beyond our reach, it is impossible for us to
discuss rationally and thoroughly the question alluded to. For an
example of the error into which people fell in this way, let us take
the fever called typhoid. In this disease the mesenteric glands are
found considerably enlarged, the intestinal mucous membrane, and
especially the fuﬁicles, ulcerated, besides many other disorders.
Well, they ascribe the malady to these lesions, but they are wrong.
These are the consequences of the disease, the anatomical proofs that
it has existed, but they are not its starting point; and it is manifest
that with our present knowledge, and with the present mode of
studying pathology, that starting point will never be discovered.

What is to be done, then, in this our state of ignorance? Must
we stand calm spectators of the ravages of that fatal disease, and
of the scenes of mourning and desolation it causes? No, Gentle-
men, man has been granted plenary power over the lower animals.
Among them there are some resembling him strongly in organisa-
tion and functions; and though I deplore the necessity to which
we are reduced, the hope of benefiting our fellow-creatures justi-
fies us in experimenting on those animals for the purpose of ascer-
taining, if Fnssihlc, the origin and causes of our own disorders.
We have already succeeded in producing in them symptoms and
lesions precisely similar to those oceurring in several human mala-
dies ; it is surely reasonable to hope that by perseverance we may
be enabled to make out their intimate cause, and learn how to sub-
vert its action.

This is the point of view in which disease shouyld henceforth be
studizd at the bedside. Would that I could see both students and
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ractitioners convinced of one great truth, namely that the plan
Either!u pursued in the study of medicine has been too narrow and
confined ever to lead to those happy results that dignify an age, h_*,lr
improving the condition of humanity. Yes, I affirm, that a medlﬁa
man, unused to guide his practice by the light derivable from che-
mistry and physics, and who has never made a study of thg lilllfﬁ-
cult art of performing experimentson the living animal,—and there
are many such,—frequently sees in a series of patients nothing but
so many individuals enduring more or less pain—the dying and
the convalescent. The utmost limit to which his knowledge goes
scarcely enables him to point out among them those who will die
and those who will recover. A crowd of phenomena, to which
the sciences supply the key, escape him; for, as he does not dream
of their existence, of course he does not endeavour to detect thern.

So long as I live, Gentlemen, 1 will labour to expose the absurdity
of a set of ideas, circulated, as it would seem, mainly to damp the
spirit of inquiry natural to young and ardent minds. The baneful
influence of the ideas to which I allude, on the advancement of our
art, is notorious. People say, why should I trouble myself to seek
the cause of this or that fact, when I can so conveniently explain it by
a word? That word, I need hardly say, is wvitality. I'rue, they
cannot define what they mean by this vitality, nor even prove 1ts
existence in many cases; but no matter, for all that, it affords
materials for chapters without end, and it is infinitely more dlw_s.-l'_t-
ing to invent idle tales about physiology, than to devote one’s time
to difficult and laborious research. Young men who commence
their medical career under the influence of such doctrines as these,
learn, as the sum-total of their acquirements, to phrase a few pre-
scriptions neatly, and enter into practice without a notion of the
difficulty attending the serious study of medicine.

For my part, 1 declare loudly that I look on these ideas about
vitality, and the rest of it, as nothing more than a cloak for ignorance
and laziness ; and the outery raised against experimental inquiry, as
the mere result of that hypocritical zeal, which invariably entrenches
itself behind pretended censiderations of morality and social order.
You will, undoubtedly, agree with me, that he who desires to study
to good purpose the science of Nature, ought not to be deterred
by such arguments as those referred to, from pursuing the path of
experiment.

Having thus legitimised our plan of study, we will continue our
Investigations on the subject with which we were engaged at our
las_t meeting. We then established, as you will recollect, that an
animal was a compound of solid and liquid parts variously com-
bined. From the class of insects to that of crustacea, the fluids
move in a particular manner, which is, as yet, far from being per-
fectly understood. When examined with the microscope these
fluids are observed to hold in suspension certain solid corpuscula,

which have been improperly termed globules ; for that term suggests
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the idea of a round, globular body, whereas as we shall see, they
do not in general affect that form. Passing through the different
stages of organisation, we arrive at the class mammalia ; here we
find the blood, properly so called, a liquid in which a considerable
number of globules are seen to swim. 1f these globules are modi-
fied in their form or size, they lose the power of passing through
the capillary vessels; the circulation, consequently, ceases in the
various organs, and from its cessation spring the greatest disorders.

Here, then, is one of the properties of the blood ; it is composed

of a liquid holding globules of determinate form and dimensions in
suspension. I only rapidly enumerate these facts now, for, as you
are aware, I devoted several lectures to them in former courses.
_ There is a great difference between studying the blood during
I_lfﬂf and while yetin its vessels, and when removed from those vessels;
in the latter case we may ascertain, it is true, its different material
properties, such as its specific weight, its degree of consistence, its
smell, its colour, and the changes it undergoes from contact with
the air, &c.; but the majority of its important qualities, those
necessary for life, disappear the moment it ceases to circulate in
its natural tubes.

When blood is drawn from a vein, or artery, of a living animal,
and left to itself, a series of chemical, physical, and vital actions
immediately commences; it forms into a mass, coagulates, and
separates into two distinct parts,—one liquid, called the serum, the
other red and solid, known as the clot. This phenomenon of coagu-
Iatm_n is not usually observed during life ; however, I met with a
specimen of blood yesterday in a woman that had, probably, co-
agulated before death. Here is the uterus of the subject in question;
you perceive, when I make an inecision into it, that the cavities of
its vessels are plugged with cylindrical masses of fibrin, while
those of the neighbouring parts present no such phenomenon.
It is rendered very probable, by a variety of circumstances, that
this solidification took place during life ; the evidence of this case,
however, is far from sufficient to convince me of the possibility of
coagulation occurring during life.

Before the discovery of the mieroscope, and the successive im-
provements effected in that valuable instrument, the notions enter-
tained on the composition of the blood, and on its movement through
the infinitely small vessels it is destined to traverse, were exceedingly
rude ; and even now, if we attempt to analyse mentally that mar-
vellous circulation, it seems incomprehensible how it can take place
through tubes of only the 1-80th or 1-100th of a millemétre in
diameter. These vessels are called capillary, but the term is
altogether deficient in exactness. Compared with such minute
tubes a hair is a huge cylinder ; the diameter of a hair bears about
the same proportion to that of a capillary vessel, as the trunk of a
tree does to the fibrils of its roots; but our wonder is increased
when we set about trying to imitate this circulation. It is with the
greatest difliculty we can succeedain making water, or any analogous
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fluid, pass through glass tubes of 1-10th of a millemétre in diameter;
if we use tubes of a smaller calibre than this it becomes almost
impossible to drive a liquid through them, no malser_m:'hal': force be
employed ; and we meet with similar resistance In injecting waler
into the mesenteric artery of a frog, with a view to force its passage
into the continuous vein. The fluid employed is, in great part, €x-
travasated into the surrounding tissues, and but a small quantity
reaches the desired point. .

These facts prove, that in its capability of passing through tubes
of such minute size, under the influence of a slight force, the blood
possesses a very remarkable property. 1 am aware that the phe-
nomenon does not give physiologists the most trifling embarrass-
ment,—they explain it with all imaginable facility by the all-eflicient
vitality. Gentlemen, we know the value of these deceptions ; but,
be that as it will, this is a point of view under which, so far as I
am aware, the blood has not yet been studied, and which is every
way worthy vour attention. My inquiries, up to the present time,
go to prove, that the passage of the blood, from the arterial to the
venous capillaries, is effected by means of the nice adaptation of
its physical properties to the physico-vital endowments of the vessels.
The difficulty of succeeding well in our anatomical injections, con-
firms this view of the matter. Why is it that they so frequently
fail? Simply, because the fluid used bears no relation, in its physical
properties, to the tenuity of the tubes through which we wish to
drive it. In all probability, the astonishing perfection of Ruyseh’s
injections was owing to his having discovered a combination of
substances, which had some analogy, in properties, with the blood,
and could, consequently, freely traverse the capillary vessels of the
various organs.

I cannot allow the opportunity to pass, without expressing my
disapprobation of the narrow-minded selfishness evinced by the
anatomist just named, in carrying his secret with him to the grave,
after he had turned it to the best pecuniary account during his life.
The loss is one much to be regretted. Who knows but that, had
we been acquainted with the composition of the fluid he employed,
we might have, under various eircumstances, been enabled to modif
the blood beneficially for our patients, to restore it some of the pro-
p&ties it might have lost, or given it new ones? 1 am persuaded,
that, with our present improved knowledge, considerable advamaces
might have been obtained, had we been acquainted with the nature
of its component ingredients.

But to return ; 1 should.now have to prove, in justification of the
theory by which I proposed to account for the free circulation of
the blood, through the most delicate tubes of the living animal, that
if a single one of the properties of that fluid be modified, its move-
ment through the capillary system becomes impossible, But. as
this has been already done fully, as I have shown youthe mechal:ism
of the various local lesions, produced by changes in the properties
of the blood, such as extravasations, cxdema, engorgement, inflam.
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mation, I shall not stop longer on this point at present But here
1s an experiment confirmative of what I was saying a moment ago,
that is worthy your attention. In this vessel you see some fluid
blood, which contains the normal quantity of serum, of globules,
and of various salts. In an excellent Thesis by M. Lecanu, the
number of distinet substances in the blood is estimated at twenty-
five ; they are as follow :— '

Free oxygen. : Carbonate of soda.
Nitrogen. lime.
Carbonic acid. magnesia.
Extractive. Lactate of soda.
Phosphuretted fat, Fatty acid salt.
Cholesterine. Yellow colouring matter.
Seroline, Albumen.
Free oxalic acid. Water.
Margaric acid. Fibrin,
Hydrochlorate of potass. Hematosin, E ‘The clot.
- soda. Albumen,

ammonia. Globules.

Sulphate of potass.

Now, it is very possible that the number may be really still
greater; but, counting according to this analysis, there are only
twenty-four in the specimen I show you. The absence of one of
Its normal constituents is not perceptible by any untoward sign ;
the sample before you appears perfectly identical with the blood that
circulates in the living animal.  Yet, notwithstanding this apparent
similarity, its properties are different ; for, if I reintroduce it by a
vein, it will at first pass through the large vessels, but, on reaching
the capillary system, its progress will be arrested, the series of
phenomena I have so often described will succeed, and the animal
soon perish of the disorders induced by the stoppage of the capillary
circulation. Now, nothing has been added to this blood ; 1 have
simply removed from it one of its elements,—an element, too, that
at the utmost forms no more than from 1-1000 to 2-1000ths of its
volume. That element is fibrin, which, while in the vessels, is
liquid, but when removed from them becomes solid; and hence it
is to its fibrin the blood owes the extraordinary property it possesses
of passing through the capillary system.

Eut this is not the only important fact affecting the fibrin ; indeed,
were we to take this alone into account, we should fall into a very
serious error. lLet us suppose an animal whose blood contains
fibrin, as well as all its other constituent parts, in the normal
proportions. If I injeet into the veins of such an animal any sub-
stance possessing the property of combining chemically, of forming
salts with the fibrin, such as fibrinate of soda, potassa, or ammonia,
that fibrin will lose its coagulability. The change in the characters
of the fibrin affects the blood generally ; it ceases to be coagulable,
and the usual consequence ensues. You perceive, therefore, that
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the blood may contain its just proportion of fibrin, and yet be unfit
for circulation. M

Observe, I beg of you, Gentlemen, the fundamental point in the
theory of the blood deducible from the facts just described,—it is,
that in order to support lite it must be coagulable; if it loses that
property existence is threatened, and ceases within a short while ;
and this is precisely what occurs in the greater number of destruc-
tive epidemics. They are specially connected with certain modified
conditions of the blood, that cause it to stagnate in the pulmonary
vessels. Such was the state of thingsin the epidemic—the “grippe”
—by which we were lately visited.

ow, even at the present stage of our acquaintance with the
properties of the blood, we are enabled to take a different view
from that ordinarily held concerning the nature and origin of local
and general diseases. In the former case the blood becomes ob-
structed in the pulmonary capillaries, and a local lesion of those
organs,—either apoplexy, hemorrhage, or hepatisation—follows.
In red hepatisation, however, the blood does not cease altogether
to be coagulable ; in fact, the compact, hard, resisting masses formed
in the areola of the organ, during the course of pneumonia produced
by any external cause, are nothing more than clots of blood. But
in the false preumonia of the  grippe,” it is totally deprived of the
property of solidifying, is eflused into the parenchyma of the organs,
and causes the blackish serous infiltrations met with in the victims
of that epidemic.

Bat, let us admit that the altered circulating fluid has succeeded
in getting through the pulmonary vessels ; it passes to other organs,
and in some of them, as, for example, in the intestinal mucous
membrane, encounters capillary vessels of still greater tenuity than
those of the lungs. The mechanical obstruction here produces
redness and ulceration of the follicles ; the organs of digestion lose
their power of assimilation, and the whole economy suffers from
the same shock. You will not, 1 trust, in the hope of discovering
the source of these disorders, set to counting the number of capillary
vessels obstructed, or measuring the number and dimensions of the
ulcerations formed. No, you will treat with the proper neglect
these ridiculous minutiee ; you will examine the blood, and, in its
morbid changes, discover the cause of the disease.

Again, in acute rheumatism, as [ once before explained to you,
the painful parts become the seat of engorgement due to the stop-
page and accumulation of the blood in its canals. The liquid stag-
nates, its temperature falls, and hence the sensation of cold felt by
the patient, and which may, in some cases, be felt by a bystander
on the application of the hand. The vulgar call this state a cold ;
medical men, an inflammation ; and really, were I obliged to make
a choice of one or other of these terms, I should prefer the former ;
for it expresses a fact, the latter only an hypothesis. But, what-
ever be the relative correctness of the expressions, I have for a long
time been in the habit of treating my rheumatic patients with ace.
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tate of ammonia; and here are the grounds of my practice. It has
been shown by M. Béniqué, and others, that acetate of ammonia,
when mixed with various liquids, facilitates their passage through
minute tubes. Hence, as it appears to me, its admixture with the
blood must produce a similar eflect on the passage of that fluid
through the capillary system. 1 know not whether my theory be
a Just one; perhaps I am wrong; but this I am sure—and this is
the most important point for patients—that recovery is quite as rapid
under this mode of treatment as under various others, which exhaust
the powers of the economy and prolong convalescence to an inde-
finite period. Further, of this also I can assure you, that 1 have
never, either in my hospital or private practice, lost a single patient
from acute rheumatism ; and it is very remarkable that the patient
!u_mself, with a sort of enlightened instinct, surrounds the aflfected
Joints with flannel and other substances fitted to accumulate caloric in
the parts, and even causes them to be gently rubbed to bring back the
absent heat ; the utility of these practices lies in their facilitating
the capillary circulation.

All this is accurately true; nevertheless, did I assert it in too ex-
clusive a manner, I should, in my turn, be guilty of an error.
Nothing is so easy as to deceive oneself into the belief of the uni-
versal applicability of any important fact one may be fortunate
enough to discover. Against such self-deception it is my duty to
guard you. In the present instance I am far from maintaining
that all diseases originate in altered conditions of the blood. Such
an opinion would be grossly absurd. Our organs are liable to be
influenced by a number of agents which directly modify, as it were,
their texture. Thus, for example, intense cold causes the contrac-
tion of the pulmonary vesicles, and by this purely physical action the
circulation is retarded, and may be temporarily stopped. It is not
necessary for me to enumerate the series of phenomena that ensues.

On the other hand, if the temperature be too high the capacity
of the vessels is increased, and not only is the circulation aflfected
thereby, but the composition of the blood may be modified to such
an extent as to produce aflections analogous to those just alluded
to. Here, then, are two phenomena, perfectly physical in their
ngture, to which a considerable number of local lesions are trace-
able.

Hence local diseases may originate either in an alteration of the
blood, or of the tissues of the organs themselves. The distinction
between these two sources of topical aflections should never be lost
sight of, especially in regulating the treatment.

There are other causes of local disorders wholly distinet from
those I have mentioned. Thus, the chemical injuries eflfected in
the stomach by the concentrated acids will never be confounded,
by any one in his senses, with disorders induced by a morbid con-
dition of the blood, no more than will the mischiefs caused by the
violent drasties that certain individuals have the signal effrontery
to extol as sovereign balms for every variety of complaint,
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These cursory observations will suffice to show you that there
certainly exist diseases brought on by a morbid condition of the
fluids, as well as others by a primitive alteration of the solids; they
will, besides, convince you that I am neither exclusively a humor-
ist nor a solidist. :

The causes that deprive the fibrin of the capability of clotting
reside in the air, in miasmata, in our food and drink, and, in short,
in every agent surrounding us that penetrates into the economy, no
matter by what route. While engaged in investigating the nature
of these causes, we will also study, in this point of view, the action
of various medicines of which the frequent use may, as I conceive,
entail serious evils. Among these medicines I will only, for the
present, mention carbonate of soda, which is in common use as a
reagent for the neutralization of the uric acid occasionally depositedin
the kidneys, ureters, and bladder. I amnow thoroughly persuaded
that, even in the case of urinary calculus, the use of this salt, if
carried beyond certain limits, may become decidedly hurtful. 1
found my opinion on these reasons. My experiments have demon-
strated the property possessed by this body of liquefying the blood,
by combining with’its fibrin. Now, I have not a doubt but that its
long-continued medicinal use produces similar results on the blood,
causes infiltration of the lungs, and acts, in short, so long as per-
sisted in, as an inexhaustible source of pneumonia ; atleast, I am
authorised in this belief by what occurred to a friend of mine, one
of the most celebrated men of the present day. He has been com-
pelled to give up taking the carbonate by a succession of pneamonic
attacks, that followed each other while he was in the habit of em-

ploying it.

LECTURE 1V.

Facts in physics illustrative of the cireulation of the blood.—Absurdity of medical
terms —Inflammation and irritation.—Coagulation of the blood.—Eflects produced
when the blood is rendered too fluid.—Action of wnanthie ether on the blood.—
Post-mortem appearances in poisoning with this substance.—Viscidity of the blood ;
elfects of this property.—Action and effects of blood-letting.—Changes produced by
increasing the viscidity of the blood.—Globules of the blood ; their importance in
the circulation.

GenvtrLEMEN : at our first meeting I solicited your aid in the
researches I have undertaken. Your assiduous attendance on these
lectures, and the lively interest you evidently take in the novel
questions I have brought before you, are therefore particularly
gratifying. One of you has just given me some blood taken from
a patient; this I will take care to have examined, and if they are
worthy of notice, you shall be made acquainted with the results.
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I derive much satisfaction from this proof of interest in my labours;
I beg its author will accept my thanks, and, at the same time, I
would entreat each of you to supply me, from time to time, with
specimens of the bleedings you may have occasion to perform,
accompanied with an account of the patients on whom they were
practised.

For my part, from the 1st of January next, I will cause what I
call trial bleedings to be regularly practised in my wards. Exact
notes of these shall be kept, as well as of the previous and subse-
quent condition of the patients. By these means, at the close of
the session, we shall have accumulated a large number of facts and
observations, which will materially assist us in carrying out the
plans we have laid down.

You remember, without doubt, the various facts we passed in
review at our last meeting. Those facts showed you the import-
ance of a close acquaintance with the state and composition of the
blood generally, and with such morbid changes as it is liable to
undergo. They proved, also, that those changes play an important
part in the production of a host of diseases, the causes of which
appeared an impenetrable mystery. We have but just entered on
the study of the blood; and scarcely had we done so, when we
were fortunate enough to discover a phenomenon that had pre-
viously escaped the notice of both natural philosophers and medical
men.  Yet that phenomenon is one indispensable for the persistence
of life, inasmuch as without it the circulation of the blood must
cease.

Heretofore the particular conditions, which enabled the blood to
traverse tubes of scarcely a thousandth part of a millemétre, were
unknown. In all probability physiologists considered the matter
quite natural, and therefore troubled themselves little about it. We
think differently, however, and shall, therefore, continue our
inquiry into the properties that confer on the blood that marvellous
power. :

The questions we have so far treated of belong, in great measure,
whatever may be said to the contrary, to the subjects of physics
and hydraulies. You will find that, in elucidating them, we shall
have no occasion to avail ourselves of the so-called contractility of
the vessels, which, in reality, does not exist; and we shall be quite
as independent of the species of sensibility, termed insensible, and
of the entire collection of absurd terms by the help of which no
few romances, doubtless very clever, but very empty too, have been
got up about the capillary circulation.

There is a fact, in physics, remarkable for the excellent term of
comparison which it serves to establish between the phenomena of
the movement of the blood in our organs and the circulation of
liquids in inert tubes. I allude to the enormous pressure which
is required in order to make water pass through a tube of ve
small diameter, while the blood traverses with ease the infinitely
more minute tubes that abound in our tissues, There must be
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some particular conditions to facilitate its passage. What proves
their existence is, that if certain alterations are eflected in the
composition of the blood it stops, undergoes morbid changes,
becomes extravasated and decomposed, and produces the various
disorders which pathologists have vainly attempted to explain b__',r
the words inflammation and irritation. What sense, in truth, is
there in applying the words inflammation to our organs? Do our
tissues really take fire? I confess I know of no example of such
a phenomenon. When the blood rushes to a part in abundance, a
certain rise of temperature, no doubt, occasionally follows ; but it
only reaches a few degrees above the normal standard of the
organ, and never exceeds that of the blood in the left ventricle. To
cause a real inflammation, the elevation of heat should be carried
infinitely higher; besides, in many cases, also called inflammatory,
there is a notable fall of temperature. Some of you, perhaps,
Gentlemen, accustomed to regard with deference the precepts of
the schools, will look on this dislike to their incorrect momenclature
as extravagant; but you will think otherwise if you reflect for a
moment on the exact and perfectly defined character of the terms
employed in other sciences. Thus, in physics, the instrument that
measures the weight of the air is not called an hygrometer, but a
barometer ; and the same precision exists throughout that and all
other sciences. Why should medicine, then, be alone without
positive terms and technical phrases of precise and determinate
signification ? Again: What on earth is the meaning of the word
irritation?  An obstacle of some sort or other modifies the course
of the blood in any given organ, and instead of simply stating that
there is a modification produced by a mechanical impediment to
the progress of that fluid, you tell us the part is érritated, and
actually employ the very term the worst fitted to designate the
disorder manifested in the circulation. How long, I should be
glad to know, have our organs been proved susceptible of feeling
passions—of becoming irritated—I had almost said of getting
angry ! The medical language of our schools is almost from one
end to the other an incoherent metaphor. Figures and tropes
have their merit, I allow; but their fit place is in a poem, or a
romance, and the science we cultivate will, I trust, cease to be
ranked with such performances.

I cannot be surprised that the study of the properties of the blood
has been neglected, for such neglect is in harmony with the habitual
conduct of medical men. Instead of seeking, [‘;}' careful experi-
ments, the elucidation of important problems, they waste their time
and energy in futile disputes. The verbiage and subtlety of the
bar seem to have spread to the members of our profession. Who-
ever talks loudest and longest usually triumphs, and, of course,
settles the matter his own way : he does so often in defiance of
truth ; but what matters for that? he gets himself spoken of and
makes a name. On hthe other hand, the man who does not possess
that extraordinary gift of the tongue, by which white is made black
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property the blood possesses while living. The heart and great
vessels were filled with blood, which was more viscid than that of
animals killed by the carbonate of soda, though its appearance was
the same to the eye. The internal surfacc of the vessels was
studded with brownish patches, produced by the imbibition of some
of the elements and of the colouring matter of the blood : no fibri-
nous clots were to be found. ‘The liver and spleen were evidently
enlarged ; when cut into, a quantity of black viscous bload tﬂl%nwed_,
in greater abundance than usual. The condition of the kidneys
and other parenchymatous viscera was the same. The external
surface of the stomach and intestines was streaked with reddish
lines, radiating in various directions, and forming a rete by their
interlacement; these were the capillary vessels distended with fluid
blood. There were no extensive patches of extravasation, lor
death was so rapid that the liquids had no time to penetrate the
walls of the intestines by imbibition. Now, let us suppose the body
of an individual opened at one of our hospitals, who had been sud-
denly carried off by some disease of unknown nature (and the
catalogue of such affections is a tolerably long one); and let us
suppose lesions similar to those described to be discovered, would
the observer hesitate for a moment to attribute them to inflamma-
tion? Certainly not; he would pronounce the case a beautiful
example of gastro-enteritis. The most incredulous by-stander
would be forced to yield to the conclusive evidence afforded by
the condition of the mucous membrane. Who could have the face
to utter a syllable of dissent when he saw that membrane swollen,
red, arborised, and covered with a layer of viscid sanguinolent
matter ! Be that as it will, however, I found no local lesion in
the subject of my experiment capable of &xp]ainin;r' the severity of
the symptoms and rapidity of death. The whole economy was
affected ; non-coagulable blood circulated through the system, and,
as the walls of the vessels were unable to prevent its imbibition, it
deposited its materials in every direction. 'The first cause of any
organic disorder that might have ensued was evidently to be found
in the physical modification, the liquefaction of the blood. I have
no doubt but that by following up this by similar experiments, we
should come at some facts calculated to throw light on the physio-
logical eflfects of wine. When habitual drunkards fall ill, the
phenomena their complaints present are of a special character,
and require peculiar treatment. As the sudden introduction of a
little enanthic ether into the veins of an animal destroys the
coagulability of its blood, it is by no means impossible but that the
prolonged abuse of wine may, in the end, entail similar modifications
in the physical properties of that fluid. Much has been written on
drunkenness, its effects, and the disorders it induces in the organic
functions. The pathological anatomist has examined every organ
in its turn in search of the peccant principle, but in vain; in spite
of all that has been done, conjectures are all that we have got.
Delirium tremens has been attributed to inflammation of the brain,
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of the cerebellum, of the meninges ; but not a word has been said
of the condition of the fluids. It will be my aim to investigate
these different points thoroughly ; they are of the last importance,
for it is by examining the condition of the blood that we have
learned the mechanism of the production of several of those terrible
diseases that decimate the human species. Thus we have been
enabled to explain the black vomiting of the yellow fever, that
devastates the shores of America. In the first place it is known
that the deleterious miasmata, rising from animal or vegetable
matters in putrefaction, produce that terrible disorder ; but its im-
mediate cause, the middle change between the action of the mias-
mata and the appearance of the disease, had been unknown. We
have now ascertained that that change is none other than the
liquefaction of the blood, which, in consequence of its altered state,
is effused into the abdominal viscera, disorganises them, causes their
- sphacelation, and gives rise to the pathognomonic dejections of that
frightful disease.

Continuing our scrutiny into the properties of the blood, we soon
discover another of its special characters. This is a peculiar
viscousness. Now, on first thought, this would seem an obstacle to
its passage through the ultimate tubes, but it is, in reality, an in-
dispensable condition for its free circulation; to such a degree,
indeed, is this true, that viscousness and normal state of the blood
are two inseparable ideas. This property, again, is illustrated by
experiments, made on inorganic tubes. If we endeavour to in-
troduce water into a tube of extremely small diameter, that liquid,
as I have alveady mentioned, will not enter it, no matter what
force be employed ; but if a certain quantity of any mucilaginous
substance, such as gum, gelatin, or albumen, be added to it, the
attempt at injection becomes successful immediately. This fact
has been established by some ingenious researches of M. Poiseuille,
the results of which are not yet published. It affords a fresh illus-
tration of the utility of the study of physics in their application to
physiology ; it shows, too, what little regard should be paid to those
arrogant inventors of vital laws, who not only themselves disdain
the light shed by the phenomena of physics on physiological actions,
but do all they can to prevent the rest of the world from availing
themselves of it also.

In spite of whatever vitalists may, in their pompous style, urge
to the contrary, I look upon it as incontestable, that the blood cir-
culating in our organs, may be justly assimilated to the fluid in the
experiment adverted to. 1If it lose its viscosity, its fur}her passage
becomes quite as impossible as that of the nc:-n-muci'iagmous'water;
it stops at the entry of the capillary system, is extravasated into the
surrounding tissues, and causes the dgsurders wbluch those sage per-
sonages ascribe to irritation and inflammation. The prevalent
mode of treating disease harmonises- admirably with, and is quite
as senseless as, this method of reasoning in pathology. The prac-
titioner mixes, combines, and jumbles together vegetable, mineral!
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parenchyma perpendicularly to the direction of its principal vessels,
we invariably found them stuffed with the substance injected. Let
us admit, however, that this liquid had succeeded in making its
way through the capillary sysiem of the lung. You are aware
that the diameter of the ultimate tubes varies almost in every organ,
and that in some of them it is still smaller than in the lungs. Let
us suppose, then, any substance that has passed through the pul-
monary parenchyma with great difliculty, arriving at other capil-
laries of greater tenuity. It will, beyond question, be arrested in
its course by this new obstacle; and its stagnation and subseqent
effusion will produce, according to the nature of the parts with
which it is in contact, various disorders, more or less analogous to
those already described. In both cases the cause of the mischief
will be the same in principle, namely, the obstacle the cireulation
encounters from the want of harmony between the globules of the
liquid and the tubes to be traversed. It is in a case like this that
a precise and even minute knowledge of anatomy would be wseful
in physiology ; but as the former of those sciences is very superfi-
cially studied, we are invariably found wanting when the applica-
tion of anything like profound acquaintance with it is required.

I mentioned gum as a substance that increases the viscidity of
the blood ; I may add that oil and starch, and all amylaceous
matters generally possess the same property. Besides, similar
modifications arise spontancously in certain diseases. Thus, we
sometimes meet with blood so extremely viscid, that it has very
nearly the same consistence as, to use the language of pathologists,
currant jelly. Ishowed you several cases of this kind, both natural
and artificial ; and you saw that the most perfect analogy always
existed between the phenomena produced by the unknown causes
of disease, and by my experiments. In every case in which you
find the blood clotted in this manner, you may rest satisfied that
the lungs have been the seat of some profound lesion. We have
ascertained that the alkalies liquefy the blood; and it is similarly
demonstrated that certain acids, sulphuric among others, increase
its viscidity, by combining with, and solidifying, its fibvin. Nay,
more, I have proved, as in every other case, by experiment, that
prolonged inanition produces the same result; the blood loses its
aqueous principle, and tends to solidification. We will repeat the
experiments from which these important conclusions were derived,
Experiments should, indeed, in all cases be repeated with care, for
their execution is not such an easy matter as might be supposed,
nor is all the world capable of performing them properly. Besides,
we shall, perhaps, by their repetition, discover some new facts,
which escaped us in their first performance. The density of the
blood must, also, be’taken into consideration in the theory of the
circulation. This property has, it is true, been noted by observers;
but no attempt has been made to investigate the results of the
aifferent modifications to which it is liable. We know that its
density is somewhat greater thnnﬁthat of waters; still this simple
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the globules as corpuscula suspended in the serum, it is fair to
conclude that they might, without causing inconvenience, be smaller
than they are ; bat that if their size were increased beyond a cerfain
point, it would constitute an insurmountable obstacle to 'theu'
passage through the terminal vascular tubes. Their mean ordinary
diameter varies from the eightieth to the hundred and twentieth
art of a millemetre. There are some considerably smaller, but, in
all probability, they are of a different species from those of which
we have been speaking; to ascertain this fbr_ certain, h_Dwevﬁr,
would be a very interesting as well as novel topic for inquiry.

If we turn from these purely physiological questions to the
chemical history of the blood, we shall find in it many points quite
as interesting as those we have rapidly reviewed. The difliculties
encountered in the prosecution of that branch of inquiry are not
less serious than those met with in investigating its physical pro-
perties. However, it is easy to establish one important fact, namely,
that every anormal chemical modification of the blood is followed
by morbid phenomena, of just as great gravity as those which have
already afforded us subject for discussion.

I may here announce that my old pupil, M. Denis, of Commercy,
has made some very curious researches on the chemical composi-
tion of the blood ; among other important facts, it would appear
to result from his labours, that the fibrin is nothing more than
albumen combined with diflferent salts. For the present I neither
adopt nor reject this opinion,—1I wait for the proofs of its correct-
ness. M. Denis has presented a memoir on the subject to the
Academy of Sciences. IHe proposes repeating his experiments in
public at the Ecole Pratique, and I strenuously recommend you to
attend his lectures. &

Among other practical points of importance to which these
general views have led us, we have ascertained that venescction
modifies the relative proportion of the serum and clot. Here is
the produce of the fourth and fifth bleedings, which were practised
on the animal I showed vou the other day. Inthe fourth the serum
is to the clot as 55:45; in the fifth as 65:35. Now this is surely
a very great difference; yet in this case the various abstractions of
blood took place at intervals of two days, and the animal was fed
well all the while, which prevents any very rapid alteration of the
blo?-:_l : and not only is the elot modified, but the serum also becomes
whitish, and is pretty often found covered with a layer of opaline
matter.

In fine, the nature of the blood, and of its different elements. is
an important question in a therapeutical point of view. We ecan
now maintain, with confidence, that it is not a matter of indifference
whether we bleed littie or much; whether we draw a small or
a large quantity of blood in a very short space of time, or at dis-
tant intervals; whether we push the abstraction to syncope, as has

. 3 : '
been advised by many writers, or repeat it to a smaller extent, at
several different times, with a variable interval of time between
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detected, an evident proof of its imperfect impermeability to the
air.  The colour of these brown spots resemble that of blood deprived
of all contact with atmospheric oxygen. When I cut into the paren-
chyma of the organ, you see that black blood is extravasated into
it in greater or less quantities, according to the part we examine.
There are, no doubt, here and there, a few points of more florid tint,
but that is the result of insufflation, as I shall preséntly explain to

ou. Thus, in the same manner as the altered appearance of the
ung might have led us to anticipate the condition in which we
found the blood, so the modification of that fluid perfectly accounts
for the state of the lung. IHere you see exemplified the close rela-
tion that exists between the organs and the liquid that circulates
through them. The blood, from a certain cause, ceased to come in
contact with atmospheric air, it in consequence almost immediately
lost one or more of its normal properties, and the lung, in its turn,
suffered from the modified characters of the blood. Stagnation
and infiltration took place, and it is probable that, had not the dura-
tion of the disease been so limited, the disorders induced would have
been still more serious.

Previous to the lecture, and without knowing that this case was
about to be communicated to me, I had asphyxiated an animal
with carbonic acid gas. This is a fortunate chance ; we will now
avail ourselves of it, by comparing the two cases, so as to discover
their points of difference and resemblance.
~ In this animal, the subject of my experiments, death supervened
in a fewinstants; the blood will, therefore, I doubt not, be but little
altered.

[ M. Magendie here commenced the autopsy.]

Here is the lung; the blood contained in its vesicles has exactly
the same tint in every part of the organ as that of the woman of
whom we have been speaking. When insufflation is practised you
see that its whole surface assumes almost instantaneously a florid
red colour. The reason of this phenomenon is simple; the blood
had stagnated for a short while only in the pulmonary areolw® ;
hence it has not altogether lost its essential properties ; it still retains
that of reddening perfectly under the influence of the oxygen of the
air.  On the other hand, insufflation had little effect on the organs
of the human subject, whose death was more lingering; the florid
hue produced in them was comparatively pale, and existed only in
isolated patches. This fact will throw some light on the study of
organic lesions, for the different conditions of the blood may actually
point out the age of the disease. You cbserved that it was com-
pletelgr liquefied in the woman suffocated by the vapours of burn-
ing charcoal, and, in consequence, there was considerable sangui-
neous infiltration of the pulmonary tissue ; hence, I presume, that
the sufferings of the poor victim must have lasted several hours.
In the animal, on the contrary, deathoccurred rapidly, and the lung
neither presents the same disorders, nor the blood the same degree
of fluidity. Here, if I mistake not, are clear and precise applica-
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clusively physical result. Let us take an example of the opposite
kind. An individual puts his hands and feet in snow ; the fingers
and toes immediately become white, in consequence of the reflux
of blood to the central parts of the limks. The capillaries of the
periphery of the body, when submitted to the action of sudden cold,
become unfit for carrying on the circulation. Part of the fluid they
contained passes into the veins ; and as they no longer admit that
which the arteries carry to them, they are really for a moment
empty. M. Poiseuille has given the details of several experiments
referring to this subject, in his essay on the capillary circulation.
He has clearly shown that any notable fall of temperature in those
exquisitely minute tubes arrests the course of the’ blood in them:
the globules stagnate and remain immoveable ; but when acted on
by heat in this state, their oscillation recommences; they assemble
in the centre of the vessels, glide over each other, and the circula-
tion is once again in activity. The blood in the living vessels is,
in truth, almost as directly influenced by the temperature of the
atmosphere as the mercury in the barometer. But how, we may
naturally ask, are we enabled to outlive intense frost? Why does
not our blood cease to flow, in the same manner as the water of
rivers? Because we are provided with an apparatus destined to
keep that fluid in a state of constant and equable warmth. Respi-
ration, independently of its other uses, raises the temperature of
the blood by the chemical combination of oxygen with the mole-
cules of that fluid, and by increasing the velocity of its course pre-
vents its solidification. Although these facts are generally known,
you will easily conceive that the science would gain materially by
our having positive information on the exact amount of influence tem-
perature exercises on the circulation. Whenwe say thatitrendersit
slower or more rapid, there is not enough of precision in our language.
We should be able to tell how much slower or more rapid the move-
ment of the blood becomes. With the view of attaining some such
accuracy as this, I have planned some experiments, which I propose
to perform to-day. First, however, I must give you an account of
one I performed yesterday. I was anxious to determine with M.
Poiseuille what degree of pressure the vessels support, according
as the temperature of the tissues to which they are distributed is
low or high. We employed the hamodynamometer, substituting
a solution of the subcarbonate of soda for the mereury, in order
that the variations in the level of the liquid might be well marked.
The specific weight of corbonate of soda being to that of mercury
as 1: 10, the slig?ltest oscillation of the column was apparent. As
the amount of pressure in the veins is much less than in the arteries,
it is frequently advantageous, when experimenting on the former
sort of vessel, to use this modification of the instrument. We pro-
ceeded in the following manner :—The tube was introduced into
the femoral vein, with its point towards the capillaries; the paw
and the rest of the limb had been immersed previously for a quarter
of an hour in a frigorific mixture, composed of two parts of ice and
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oue of common salt. We turned the cock of the instrument, and
In 55 seconds the carbonate of soda rose from 0 to 670 millemétres.
We then removed the apparatus, and replaced the frigorific mixture
with compresses saturated with water at 50 deg. (Réaum.) At
the end of half an hour we reintroduced the tube as before into the
vein. On opening the cock we found that the subearbonate took
only 38 seconds to rise from 0 to the 670th millemétre of the scale.

The movement of the blood was, therefore, evidently rendered
slower by the cold, quickened by the rise of temperature. We
should have had still more strongly marked results, Ead we applied
the instrument to a superficial vein, or polonged the action of ice
or cold water. We made the experiment on a deep-seated vein,
and acted with our artificial heat and cold on the peripheric cir-
culation only. We will now vary our process. Hereis an animal
whose limb has been surrounded with a mixture of ice and salt for
the last three-quarters of an hour. There must be already a very
notable diminution in the progressive force of the blood; but of
this we will assure ourselves by the h&modynamometer charged
with carbonate of soda. I now introduce the tube of the instrument
into the vena saphena interna, with its point towards the capillary
system; the column of saline solution stands at 0. I now turn the
cock. You observe that the column rises, but so slowly that any
motion in it is with difficulty discernible. The force now moving
the blood is evidently much inferior to that in action under ordinary
circumstances ; not that the energy of the contractions of the left
ventricle has diminished, but the mechanical obstacles are more
numerous, and in consequence the liquid does not pass so freely
from the capillary arteries to the vein. The experiment has now
lasted eight minutes, and the upper surface of the column is at the
360th millemeétre of the scale; yet the degree of cold is far from
intense ; a thermometer placed in the wound indicates a tempera-
ture of 1540 (Réaum.).

[The experiment was continued to the 11th minute; the cock
being then closed, the carbonate of soda was found to stand at the
620th millemétre.

We will now perform the converse experiment. I remove the
ice, and substitute for it a linseed-meal poultice, warm and thick,
just such as would, in hospital phraseology, be called emollient.

[The animal was now left to itself, in order to give the poultice
time to act.]

I now replace the tube in the saphena interna; we shall see
what time the column of fluid will take to reach the height of 620
millemétres ; you remember that in the last instance it took eleven
minutes to reach that point. I turn the cock, and you observe
that the column rises much more rapidly than in the former expe-
riment. A minute has scarcely elapsed, and the scale already
marks 150 millemetres. The pressure is, therefore, sensibly in-
creased. The carbonate of soda continues to ascend in the tube,
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through the artificial restoration of animal heat. On theother hand,
cold baths are recommended in cases where the indication is to
soothe general excitement, characterised by excessive activity of
the circulation. When the forehead burns, and the temporal arte-
ries beat violently, we apply ice, or some frigorific fluid, to the part.
When too much blood flows to the brain, we have recourse to the
cold affusion ; cold, therefore, skilfully managed, and applied oppor-
tunely, is an energetic therapeutical agent.

The treatment of fractured limbs, by constant irrigation with
cold water, furnishes another example of this mode of action.
The prolonged continuance of a low temperature diminishes the
vascular pressure, prevents the blood from rushing in the natural
quantity towards the seat of the lesion, and, in a word, prevents
the phenomena called inflammatory from taking place. When we
plunge into cold water, during very warm weather, a peculiar sort
of constriction is felt at the thorax. This, again, is a purely phy-
sical phenomenon. Less blood traverses the capillaries, conse-
quently it accumulates in greater quantities in the larger trunks;
these, distended as they are, press on the neighbouring organs;
hence the uncomfortable sensation of which the patient is conscious.
It disappears when the equilibrium of temperature is restored through-
out the sanguineous system ; and so the sudden immersion of the
whole body renders its eflects much less sensible. Again, to take
another instance, what do you suppose occurs, physiologica][r
speaking, when an ice, or a draught of very cold water, is swal-
lowed? We have not investigated with the instrument the effects
of the introduction of a cold liquid into the veins ; but I do not believe
that I shall widely err in saying, that the pressure supported by
the vessels must diminish. The drinking iced water, must depend
on its rendering the circulation slower; but as all ingested fluids
remain in the stomach some moments, before they are imbibed by
the coats of the veins, their temperature must have risen by the
time they enter the circulation. In order, therefore, to ascertain
with accuracy the effects of directly cooling the blood, we will
inject cold water into the veins of the animal. The instrument is,
as you see, applied to the right carotid of a middle-sized dog,
The jugular vein is laid bare, and a tube secured in its cavity covers
the extremity of the injecting syringe. The temperature of the
water we are about to inject is 340 (Réaum.). I almost fear the
introduction of such very cold fluid may at once determine serious
functional disorders. The syringe is capable of holding 100 cubic
centimetres of liquid. The mercury now oscillates between

70—75 ; 65—70 millemdtres.*

Let us see if the pressure will be diminished or increased in the

artery ; I presume it will be lessened, but the experiment has never

been tried.

* The equivalent of the millemétre in English measure is 0.039370 inch,
5%
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time of Lennec. No one had, however, traced them to their true
source ; for the generality of medical men, unacquainted, as they
are, with physics and chemistry, pay no regard to the community
of character existing between the normal or anormal phenomena
of our organisation, and those of physico-chemical science. Yet,
if it be desirable that medicine should cease to be a mere trade,
that it should take the foremost place among the departments of
human knowledge, their habitual indifference must be got rid of|
and they must learn to call to their aid every description of inquiry
capable of widening the field of their information, and of smoothing
the path to ultimate truth.

Well, let us suppose a chlorotic female admitted into a hospital.
On examination we find that the skin is soft and flabby ; that all
the tissues present a pecular kind of whiteness, and that the patient
feels constantly chilly. These phenomena prove the existence
of an alteration in the blood, as well as that the capillary circula-
tion is imperfectly performed. In order to remedy these organic
disorders, the practitioner bleeds the patient, and gives preparations
of iron, which according to the current belief, possess the property
of recomposing the blood. But farther a particular sound is dis-
covered on ausculting the heart and principal arteries. Now, this
sound has been carefully described, and called bruit de soufflet, bruit
de diable, &c., but no attempt has been made to find out how it has
been produced. 1 have lately proved, Gentlemen, that this sound
depends on the nature of the blood ; my experiments place the point
beyond all doubt. Thus, when we examine into the audible effects
of the sudden passage of water through inorganic tubes, we find
that only a very slight rubbing sound (bruit de frottement) is pro-
duced ; but if we add to the fluid either albumen, starch, or common
salt, a sound is then emitted pretty closely resembling that heard
in the arteries of chlorotic subjects ; and what strengthens my con-
viction of the correctness of this purely physical explanation is that
when the chlorotic state goes off the sounds disappear also. From
this I necessarily conclude, that they depend on the composition
of the blood, EHCF not on any particular condition of vitality and
vascularity, which has, in reality, no connection with them. I
intend to repeat my experiments relative to these phenomena, for
their importance cannot be doubted. Professor Bouillard has
already made an application of this idea by seeking in various ways
to estimate the relation existing between the state of the blood and
the sounds of which we have been speaking. Among other attempts
of the kind, he has measured the viscidity of the blood with the
areometer, and has, I believe, ascertained that when that quality
is developed beyond a certain degree, those sounds cease to be
produced.

The blood is an extremely complex liquid, as may easily be
learned, by casting an eye over the numerous treatises that have
been written respecting it. As regards the chemical part of the
question, a good deal has been done ; but if we turn to its physiology
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diminution of the pressure, when I perceived that the animal had
just had an abundant miction. The explanation of this phenome-
non of vital statics will appear simple, it you reflect on the influence
exercised by the rF'.atriehes and viscera of the abdomen on the move-
ment of the blood. The change in the state of the bladder, from
fulness to vacuity, gives you the mechanical reason of it. The dog,
enormously swollen by repeated injections, seemed now on the
point of expiring. After the ninth the column had fallen to 30—45
millemétres. Finally, it descended at the tenth to 25 millemétres,
and remained stationary at that point. The heart had ceased to
contract. On opening the chest we found that organ very consid-
erably dilated with fluid, as we had anticipated would be the case,
from the dull sound elicited by percussion of the precordial region,
I was fortunate enough, just then, to make an important remark.
Having made an opening in the femoral vein, [ pressed the walls
of the lefl ventricle with my hand, and produced a jet of blood per-
fectly analogous to that observed in the arteries during life. The
flow of blood was, at once, jerking and continuous. Such, indeed,
was the resemblance of the two phenomena, that had I been guided
simply by the character of the flow, without taking into considera-
tion the colour of the liquid, I might easily have fancied that the
animal was still living. The column which had stopped at 25
millemeétres, fell now still farther to 17, 16, 15, 11 millemeétres.
There was, consequently, a certain amount of pressure in action
even after death, due, no doubt, to the abundance of fluid contained
in the vessels. This experiment agrees in result with that performed
at our last meeting. I had predicted that the elevated temperature
of the injected fluid would increase the pressure; the pressure
decreased. I had predicted that a fall in the temperature of the
liquid would diminish the pressure; the pressure increased. If we
wish for accurate results respecting the influence of cold and heat,
in its relations to the force with which the blood presses against the
walls of the vessels, the first few injections only should be taken note
of. The augmented pressure occurring at the end of an experi-
ment, is to be ascribed not to the temperature of the injected liquid,
but to its volume. Nearly two litres of distilled water had passed
into the circulation.

It appears to me that [ cannot, now that I am engaged with the
haemodynamometer, do better than briefly recapitulate, more par-
ticularly for the advantage of those among you who have attended
my former courses, some of the more important facts it has served
tobring to light. I will commence with a description of its structure.
It has received its name from the purpose to which it is applied,
namely, the measurement of the force that moves the blood (zsua,
blood, dusauic, force, uerpor, a measure). It consists, as you perceive,
of a glass tube presenting a horizontal branch, a descending vertical
branch, and a third ascending branch; these are curved, so as to
form a quarter of a circle and a semi-circle, at two different points.
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A certain quantity of mercury is placed in the tube, and it 1s
evident that when the instrument is in a vertical position, the upper
surface of the mercury will be on the same level in both branches.
But if the blood be allowed to enter into the horizontal branch
by an orifice, which we suppose te communicate with the interior
of a vessel, it will press on the surface of the mercury ; the metal
will, therefore, be depressed to a certain point in the descending
branch, and will rise to the same extent in the ascending branch.
The degree of depression and elevation is estimated by the two
scales, graduated by millemétres, which are attached to the vertical
branches of the instrument. When the apparatus is about to be
used, the horizontal branch is filled with a saturated solution of the
subcarbonate of soda, which M. Poiseuille found, after a variety of
trials, the best imaterial for preventing the coagulation of the blood.
A small brass tube receives into a concavity the extremity of the
horizontal branch of the glass tube, and is fixed to it with Spanish
wax. At the other extremity of this little brass tube is a screw,
intended to pass into another brass tube, one extremity of which
presents a cavity of the same form as the nut of a screw ; the other
1s free, intended for introduction into the interior of the vessels,
and provided with a prominent rim. As the slightest inclination
in the instrument would cause a variation in the height of the column
of mercury, a leaden wire is adapted to it, to secure it in an accu-
rately vertical position. When we wish to bring the instrument into
communication with the blood, we lay bare an artery, seize it between
the fingers, taking care first to pass a ligature round it, and make
a longitudinal incision beyond the compressed point. The lips of
the wound in the vessel are next laid hold of with a forceps,
and separated from each other, so as to render the orifice as cir-
cular as possible. The tube is then introduced, and the artery tied
below the rim of the instrument. The moment we cease to com-
press the vessels between the fingers, the blood passes from it into
the tube, mixes with the subcarbonate of soda, and so transmits the
force of its impulsion to the column of mercury.

M. Poiseuille has conferred a material benefit on the science,
by devising this instrument for the estimation of the blood’s pres-
sure. You will readily fancy the numerous errors to which the
observer was exposed, when endeavouring to calculate it by the
tension of the walls of the vessels. Suppose we take two tubes,
made of caoutchoue, one thin, the other thick ; it is evident that if
you press them between the fingers, you will receive from each a
different scnsation. If they are filled with liquid you will find it
impossible to estimate the degree of pressure that each supports, by
the resistance of their coats alone. It will require greater force to
dilate the thick than the thin tube, and you will be exposed to the
error of ascribing to the pressure of the liquid whatin reality depends
on the difference of their strncture. The case is exactly the same
with arteries as with caoutchoue tubes. It is evident, from the
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laws of hydrostatics, that the least pressure, acting on the extremity
of the horizontal segment of the hemodynamometer, will be felt
through the entire apparatus; the column of mercury will rise in
the ascending branch to the same extent that it falls in the descend-
ing one; and so the total force with which the blood moves in an
artery will be represented by the weight of a cylinder of mercury,
the base of which is a circle of the same diameter as that of the
artery, while its height is equal to the difference between the points
at which the two surfaces of the mercury stand. Inorder to attain
still greater precision, we must deduct the pressure of the small
column of subcarbonate of soda.

The first important proposition established by this instrument is,
that the pressure acting within the arteries of any animal, is the
same at every point of the entire system. Take an artery close to
the heart, another at some point remote from that organ; the in-
strament applied to each of these vessels will be affected to exactly
the same extent in both cases. M. Poiseuille made the experiment
on the carotid, and on a muscular branch of the thigh in a horse.
Notwithstanding the enormous diflerence of the two tubes, in res-
pect of their diameter and distance from the heart, the displacement
of the mercury was exactly the same in both instances. This
equality of pressure through the entire arterial system is an ex-
tremely important faet, in a practical point of view. It shows
that, if the practitioner desire to lessen the quantity of fluid in cir-
culation, it is of little consequence what vessel he opens; for the
equilibrium_ of pressure is simultaneously re-established in all the
vascular tubes.

So much for the vascular system of the same animal ; as there
is only one agent of impulsion, there is certainly no apparent reason
why the force with which the blood moves in any artery should be
different from that by which it is influenced in the others. But if
you apply two instruments, one to a horse, the other to a dog, does
it not seein extremely probable, & priori, that the column of mer-
cury will rise to a different height, under the influence of the
arterial pressure, in the two animals? Must there not be the same
difference between the degrees of pressure of the liquid as exists
between the volume and energy of their respective hearts?
Such was the very natural supposition of M. Poiseuille, when pre-
paring to perform the experiment on large animals, such as the
horse ; and he had, in consequence, provided himself with a very
long tube, capable of indicating a pressure of several atmospheres.
But what was his astonishment when he saw the mercury rise only
to the same height as in the case of the dog! He subsequently
applied the apparatus to other animals, equally disproportionate in
point of size and strength, and invariably with 51m1]ar_ results. So
that a heart, weighing three or four ounces, transmits the same
amount of pressure to the walls of the vessels, as one weighing six
or seven pounds. These are, no doubt, most curious facts ; still
they are comprehensible, for the question of which they involve

G
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the answer, is not to caleulate the total force of the heart, but the
surface of the column of blood displaced. 1t appears that in very
small animals, such as rabbits, guinea-pigs, &c., the mercury rises
in the tube to about the same height. 'There is one circumstance
capable of exercising a slight influence on the exactitude of the
results of these experiments, which requires to be mentioned. A
certain quantity of blood becomes, of necessity, mixed with the
subearbonate of soda, and as this blood is removed from 1|]c total
mass of fluid set in motion by the heart, the pressure exercised on
the arterial coats must be thereby diminished. This trifling loss of
blood is a matter of insignificance in large animals, but in small
ones it must not be forgotten in our calculations. _

Now, that we are acquainted with the method of estimating the
pressure of the blood, let us inquire into the circumstances capable
of causing variation in it. IHere is a caoutchouc tube filled with
liquid, though not to such an extent as to distend its walls. Occa-
sicnally circumstances occur in the living economy, wherein the
arteries, though full of blood, are not dilated ; but such are excep-
tional cases. I inject some more water into the tube ; in proportion
as the liquid enters, its walls are distended ; when I draw the piston
back the distension decreases. This is a very simple phenomenon.
In the same manner it sometimes happens that the blood contained
in the vessels becomes more abundant in quantity than natural, and
consequently increases the pressure. It may be reduced by re-
moving a certain quaniity of fluid ; and this is what you do, without
reflecting on it, when you open an artery. Bleeding not only dimi-
nishes the pressure in the vessel opened with the lancet, but, at the
same lime, lessens that supported by the totality of the vascular
system. We will now examine this pressure in the living animal.
The circumstances that modify it are referrible to two principal
causes, the mass of liquid in movement, and theforce of impulsion.
By augmenting or diminishing either of these mechanical influences,
we produce a proportional increase or decrease in the pressure
acting within the vessels. We must also take most accurate note
of the movement of respiration. The animal, on which our expe-
riment is about to be made, is, you perceive, perfectly quiet ; besides,
every precaution has been taken to prevent his movement from
disturbing the apparatus. Two instruments have been applied ;
one to the left carotid the other to the femoral artery of the same
side. The mercury stands at the same height in both divisions
of the instruments, because the cocks are closed. I turnthem, and
immediately the oscillation of the columns commences. You have,
without doubt, already remarked that the height of the mercury is
less in respiration, greater in expiration, whence we must infer,
that the force with which the blood moves in the arteries is
diminished during inspiration, augmented during expiration. Ob-
serve, too, that every time the animal coughs IE'E column rapidly
ascends above its ordinary level. No one has ever thought of
placing the action of coughing among the causes capable of acce-
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lerating the movement of the blood, and yet the hemodynamometer
shows clearly its great influence on the progression of that fluid.
To this accidenta%cause. are to be attributed those sudden elevations
of 10, 13, 20, or 30 miliemétres; the heart has nothing to do with
them. That organ is the constant agent of the circulation; but the
respiratory movements exercise so powerful an influence in this
way, that during deep expiration the force that moves the arterial
blood becomes almost double as great as in the normal state. The
struggles of the animal have ceased, and the respiratory movements
succeed each other regularly ; so that the ascents and descents of
the column of mercury appear to oscillate to the same extent above
and below a fixed point of the tube; the scale marks 100—110,
80—105 millemétres. The results given by the two instruments
correspond exactly. In order to ascertain the precise amount of
pressure we have only to take the mean of the extremes furnished
by a number of experiments. From the identity of effects on the
mercury in both instruments we learn that a molecule of blood
moves with the same force in the carotid, as another in the femoral
artery. Now that the equality of pressure in the two vessels is
indisputably proved, we will apply the instrument to the elucidation
of otEer points. This subject is, indeed, so new, that I am not
aware of any person, except M. Poiseuille, having undertaken such
inquiries ; and yet the simple ascent of the mercury, by the impulse
of the blood, resolves a problem, in the attempted solution of which
Borelli and Keil vainly exhausted the science of figures and of
algebraic calculus. This, by the way, is a new prool of the supe-
riority of the experimental to all other methods of pursuing phy-
siological research. We know that the liquid contained within
the vessels cannot increase in quantity without those vessels suffering
under augmented pressure. We can, therefore, in all probability,
cause at will the elevation or descent of the column of mercury, by
adding to, or subtracting from, the circulating fluid, given quantities
of liquid. The volume of the latter will be the measure of the
variations of pressure.

Now that the animal is again at rest, the colamn marks 80—
105; that is, it oscillates over a space of 25 millemétres, which
gives for the two columns 50 millemétres. I will now vary the
experiment deseribed this morning. [ expose the jugular vein, and
apply a ligature to its upper end, to prevent loss of blood. I intro-
duce into the lower end the extremity of this syringe, filled with
tepid water; it holds about a quarter of a litre. I push the piston
sently, but the mercury remains at 80—100, 85—105 millemetres.
%ﬂssibly the quantity of fluid injected is too trifling, relatively to
the total mass of the blood ; I will, therefore, push some more into
the jugular. The column has distinetly fallen, and now marks only
35—50, 35—60, 30—15 millemétres; so that, far from causing an
elevation of the level of the mercury, it produces a sensible fall.
So true is it, Gentlemen, that soberness in conjecture is imperative
on the experimentalist, unless he wish to obtain, with few excep-
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yet I do not observe any marked difference in the level of the
mercury. The column which was at 60—95, varies now between
75—80, 70—80, 65—90 millemetres. I repeat the injection of an
equal quantity of brandy; but the result is still insignificant. The
aleoholic liquid has not, therefore, the same influence on the eircu-
lation as coffee ; it would even appear that the mercury has fallen
a few degrees. But these experiments need to be repeated before
they acquire real scientific value. No conclusion can be drawn
from a single observation, more especially whe its results are not
accurately defined, and when the subject to which they refer is
then for the first time investigated. I will now bleed the animal,
for the purpose voth of relieving the disturbance we have produced
in its functions, and of seeing what eflects the removal of blood
will entail in the arterial pressure. I open the jugular: very little
blood flows, which is easily accounted for by the presence of the
instrument in the corresponding artery. As the circulation is inter-
cepted in the latter vessel, the vein receives no more blood. Besides,
I tied the carotid on the other side a month ago. 'The same obsta-
cle exists in the femoral artery; nevertheless I will open its atten-
dant vein, for, from its large size, it will no doubt furnish more
blood, and we shall not be obliged to make the dog undergo an
additional operation. [ prick it now with the point of a bistoury ;
the blood escapes but slowly, and in small quantity. The column,
which stood at 75—90, now marks 75—85, 75—80, T0—85, 656—80
millemétres. The fall in the mercury s, therefore, very trifling ; this,
no doubt, depends on the flow of blood not being rapid enough to
cause a momentary interruption of the equilibrium of pressure in
the circulating system.

The general theorem established by M. Poiseuille is this:—
The total static force which moves the blood in an wrtery, is
exactly in the direct ratio of the area of the eircle of that ar-
tery, or in the direct ratio of the square of its diameter, no matter
what be ils position in the economy. You perceive how we should
proceed to ascertain the force of any given vessel, the aorta for
example. All we should have to do would be to take the square
of its diameter, which would give the surface of the circle; multi-
plying by the mass of the column of mercury, the base of which is
represented by the surface of the circle, we should ascertain with
mathematical precision the force of the left ventricle. It would,
of course, be also necessary to take into account the variations
caused by the movements of respiration, by the struggles of the
animal, by the volume of fluid in circulation, and by the activity
of the heart’s contractions; for all of these modify the impulsion of
the column of blood. An attentive examination of the pulse shows
that that impulsion is not always of identical force.

In spite of the great information furnished by the he2emodynamo-
meter, there are still several points in animal hydraulics which
must, in the present condition of our resources, remain in obseurity

ﬁ.l-
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The velocity with which the blood moves has not yet been accul'i}te]j'
determined ; we are obliged to content ourselves with approxima-
tions. There is an instrument used for measuring the rapidity of
the current of rivers, called hasta reometrica, by means of which the
velocity of the stream may be calculated. This instrument 1s a
sort of funnel, the wide extremity of which is turned tﬂ¥wnnls the
current, so as to let the water rush into it. A tube Illi:s:d to its
narrow end marks the degree of ascent of the liquid, and furnishes
the means of calculating the rapidity of its course. The column
rises to a different height when the instrument is kept at the surface
or at the bottom of the river; so thai the different strata of fluid do
not flow with the same velocity. It were mueh to he wished that
we had some means of estimating the degree of rapidity ¢f move-
ment through the numerous divisions of the circulating system;
more especially as we should then be enabled to allot to both the
pressure and the velocity of the liquid, the influence that respectively
belongs to them. You are aware that the pressure and velocity
are not always exactly proportionate. The interest of these ques-
tions is not merely scientific ; a number of useful precepts, bearing
on the practice of medicine and surgery may be derived from them.
When, for instance, you tie an artery, the pressure you thereby
remove from one point of the system, is distributed through its
entire extent. The vascular apparatus forms a chain, of which all
‘the links are, in this respect, reciprocally vicarious. Thus, when
you interrupt the circulation in the chief trunk of the lower extremity
for the cure of popliteal aneurism, the skin almost immediately
acquires.a burning heat, the face becomes injected, the pulse beats
with force, the patient complains of flushes of heat; in short, all
the sigus of superactivity of the circulation ensue. This train of
symptoms cannot be ascribed to the simple fact of a painful opera-
tion having been undergone: undoubtedly the wound has somethin

to do with it, but the chief source of the fever is to be found in the
modification of the hydronamic phenomena of the circulation. The
force brought into play by the contraction of the left ventricle
struggles in vain against the resistance of the ligature; but that
force is not uselessly expended, it is divided into as many partial
forms as there are sanguineous tubes, and increased the energy of
the pressure in every part of the arterial system. Hence the ful-
ness of the pulse; hence the pulsation of which the patient is con-
scious; and which surgeons, who are generally more dexterous as
operators, than able as physiologists, have been so embarrassed to
explain. There are a number of cases wherein the circle of the
circulation is contracted.  When you amputate a leg or thigh, vou
dll‘l’llt‘!lsll, by a fourth or a third, the extent of that cirele ; the p'rcs-
sure 1s, in consequence, increased as the tubes on which it acts are
diminished in number. These mechanical notions will find their
application in the precautions which it is expedient to take before
and after operations of this nature. They prove that it is wise to
disgorge the vesscls artificially of some of their contents, in order
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to obviate the effects of the sudden augmentation of internal pres-
sure.  Under such circumstances blood-letting may be of great
service; managed with intelligence and discretion it becomes a
powerful auxiliary in therapeutics.

I will now show you that by diminishing the extent of surface
over which the blood flows we increase its force of progressions.
This T affirmi boldly, for the experiment has already been made by
M. Poiseuille. When I only hazard a conjecture, my tone will not
be so firm.  You have often heard me denounce the pretensions of
those men who aim at anticipating the results of experiments.
Trust me, Gentlemen, I will endeavour to join the example to the
precept. I have now introduced the point of the instrument into
the left carotid. The cock is closed, so that both columns remain
stationary and on the same level. Now that the animal is tranquil,
we will allow the blood to communicate with the interior of the
tube. You perceive the ascending and descending movements of
the mercury; the extreme degrees answer to forcible efforts of
respiration. It is difficult to separate, even mentally, what Lelongs
to each of the powers that concur in producing the arterial pres-
sure. The volume of the liquid, the action of the heart, and that
of the lungs, are so many mechanical agencies, whereof the several
influences coalesce and are confounded together ; according as one
or other predominates, the height of the column undergoes notable
variations. In the normal state respiration appears to exercise the
chiefl influence, to such a degree that during very deep inspiration
the force that moves the blood seems to be rendered almost null:
in compensation it is nearly doubled in the corresponding expira-
tion.—The scale marks 60—80 millemétres ; if we exercised pres-
sure on the opposite artery it is possible the column would rise to
a greater height. However, this difference, if it exist, will not be
very considerable; for, as the pressure is divided among all the
arterial tubes, it can only be slightly marked in any single one. I
now lay bare the right carotid, and surround it with a ligature
which I can tighten or loosen at will. We shall, in this manner,
be enabled to judge of the influence exercised on the total static
force of the blood, by the interruption of its course in a point of
the vascular system. I now tighten the ligature : the column oscil-
lates between 75—100, 75—105 millemétres. [ loosen the ligature,
it falls to 75—95, 70—90 millemeétres. 1 again tighten it: the
mercury rises forthwith to 85—105, 80—105 millemétres. [ now
remove it, and the column descends to 75—90, 75—85 millemétres.
Hence it is evident that the degree of pressure diflers according as
the right carotid is or is not permeable to the blood. The phe-
nomenon would be still more marked, if the experiment were made
on a larger vessel, such as the aorta. I shall not open the abdomen
for the purpose of applying a ligature to that vessel ; such an oper-
ation could so seriously affect the animal that no accurate con-
clusion would be arrived at. There is a more simple way of pro-
ceeding ; one which has been successfully adopted in the uterine
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millemétres. I reintroduce the blood, and we find the mercury at
75—85 millemetres. It is plain, therefore, that the pressure
Increases or diminishes in the direct ratio of the quantity of liquid.
You remark that the elevation of the column of mercury is much
less sensible at the close than at the commencement of the experi-
ment. M. DPoiseuille very judiciously observes, on this, that a
certain quantity of water has now returned by the veins to the
heart, and consequently weakened its force of contraction. How-
ever trifling the quantity of liquid may be, it must unquestionably
diminish the cnergy of the muscular fibre. 1 now tie the artery
through which 1 drove the injection. If I had not introduced a
debilitating fluid into the circulation, I have no doubt that the mer-
cury would now have risen about its normal level in consequence
of my having tied the right carotid. 'The extent of the circulation
being lessened, an increase of pressure within the vessels would
necessarily follow. The diminished force of contractlity of the
heart can alone explain the weakened pressure of the blood, in the
present instance.

It would be a very interesting subject for inquiry to determine
with the hemodynamometer, the action of the prineipal medicines
employed in practice. Among the substances whose action on the
heart is most firmly established, certainly ranks digitalis. When
taken in certain doses it diminishes the frequency of the contrac-
tions of the ventricles to such an extent that I have known the
pulse of some patients to fall, under its influence, to 12 or 15 in a
minute. I do not believe its effects have ever been studied with
the desirable degree of precision, I will iniect a small guaatity of
tincture of digitalis into the jugular vein of this dog. In all proba-
bility the heart’s pulsations will fall below their normal rhythm ;
at least in theory such a result may be anticipated. I must first
ascertain the existing number of arterial pulsations: they are, I
find, about 120 in a minute. The mercury oscillates between
70—95 millemetres; it has almost returned to its original level.
I now incise the integuments in the direction of the jugular vein, so
as to expose that vessel. You see that it is small, collapsed, and
scarcely apparent. This is easily accounted for by the presence
of ligatures on both carotids. As the blood is no longer carried to
the head by those arteries, it cannot return to the heart by the cor-
responding veins. As the circulation is interrupted in the jugular,
I should have foreseen that it is unfit to receive the injection; I
shall, therefore, introduce it by another route. All membranes not
covered with epidermis, absorb; we could, therefore, cause the
liquid to enter the circulation by placing it in the abdominal cavity.
In the dog the tunica vaginalis communicates with the peritoneum :
this explains to you my object in dividing, as I now do, the skin of
the scrotum, and introducing the point of this Anel’s syringe. 1
inject about a drachm of the tinctore of digitalis. We must now
wait a few moments, for the liquid must be absorbed before it can
manifest its eflfects. The pulse is already less frequent, it is now
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in your presence, to increase the pressure, by adding to the mass
of the blood ; but the mercury, instead of rising in the trials I made,
underwent a considerable fall. It seems probable that the opposi-
tion between the anticipated and real results of the experiment, is
to be attributed to the nature of the liquid injected. The volume
of the blood was, no doubt, rendered more considerable than before,
but the energy of the heart’s contractility was diminished by the
presence of water. My injection had the same eflect as the diluents
used in practice, for the purpose of moderating the violence of
fever; the augmentation of the aqueous part of the blood weakened
the force of impulsion of the left ventricle, and the pressure in con-
sequence became less than previously through the entire system. I
propose resuming this experiment to-day, but in a modified form;
instead of introducing water, or any other debilitating fluid, into the
circulation, I will make use of blood drawn from an animal of the
same species as that on which our experiment is made; in fact, we
will practise transfusion; and it aflords me some satisfaction to
have an epportunity of performing that operation before you,—one
which enjoyed, in lformer times, the highest degree of reputation,
and which has now fallen into the most complete discredit. Never-
theless, circumstances may arise wherein it would be proper to
have recourse to it: I have myself many times injected medicinal
fluids direetly into the veins of the living subject. At the period
of its discovery the operation of  transfusion was received with a
degree of enthusiasm bordering on frenzy. Some imprudent essays,
however, made on our own species, were follvwed by the most
disastrous results, and then the new discovery, on which a multi-
tude of flattering illusions had been founded, was ubandoned with
as much inconsiderateness as it had been practicaliy adopted.

I am of opinion that there was too much hastiness shown, both
in the acceptance and in the subsequent total rejection of this last
resource of medicine. It would be indispensably necessary, before
introducing the transfusion of blood into the regular practice of
surgery, to submit its performance to strict rules, due attention
being also paid to the physical properties and composition of the
liquid employed. The globules have not the same volume, or form,
in different animals; the degree of coagulability of their blood is
not uniform. If the blood be introduced by one process the circu-
lation continues free; if by another, its continuance will become
physically impossible. Here, as in every other experimental essay,
it is right to study the results of the operation in animals before we
venture to apply it to man.

here are two principal methods of performing transfusion; in
the one the blond is allowed to pass immediately from the vessels
of the animal that supplies, into that of the animal intended to re-
ceive it; in the other it is first collected in a vase of some sort, and
then injected. The latter method is more generally adopted than
the former, because it is easier of execution, and allows the opera-
tor to measure the quantity of fluid transfused. In the present in-
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stance I intend employing it. I must, however, observe, that so
great is the plasticity of the blood, especially in dogs, that the mere
contact of the metal of the syringe suffices to destroy 11s Auidity,
and, in consequence, to render it inapt for circulation. Still, as it
is not our present object to investigate the modifications _pmduued
in the living hydronamic apparatus by the composition of the con-
tained liquid, but simply by its volume, the circumsiance _aclvericd
“to will not seriously interfere with the results of our experiment; so
that, instead of introducing the extremity of one vessel by a sort of
invagination into the interior of another, I will use an intermediate
instrament ; I will also modify, to a slight extent, the a{rdlpqrj' mode
of proceeding in another way. Instead of venous I will inject arte-
rial blood, taken from an animal of the same species, into the vas-
cular system of this dog. This will, I believe, be the first instance
in which the influence of the volume of the circulating liquid on the
interior pressure supported by the vessels, will have been directly
examined. The contractility of the ventricular fibres ought, i
theory, to remain unchanged; to undergo neither augmentation nor
decrease of energy, because the blood conveyed to the heart will
be neither more debilitating nor more exciting than habitually.

Here are two dogs, of about equal strength, only one is older
than the other. The right carotid of both has been laid bare, and
the instrument applied to each by M. Poiseuille himself. In order
to avoid tiresome circumlocutions, in describing the experiment, we
will call the dog from which we abstract the blood No. 1; and the
animal into which we inject it No. 2. The jugular vein of the lat-
ter has been exposed, and a canula fitted to receive the point of a
syringe introduced into its eavity. The columns of mercury stand
unmoved, because the cocks have not yet been turned. I now turn
them ; the mercury in both oscillates pretty accurately between the
same points, Thus, we have in

No. 1. 75—100; 75—100; 70—90; 65—95 millemétres.
No. 2. 70—105; 75— 105; 65—100; 60—105 millemétres.

It appears, then, there is no very marked difference in the height
to which the mercury rises in the two cases. 1f both animals
breathed isochronously, in such manner that the movements of in-
spiration and respiration should exactly correspond, it is probable
that both scales would mark the same degree. I had forgot to tell
you that the left carotid of the dog No. 1, has been laid bare, and
an opening made in it, for the purpose of receiving the mouth of the
syrinze. These preparations were made before the lecture, for they
would have taken up too much of our time, had they been adjourned
till the time of performing the experiment. There is another advan-
tage gained thus,—the animals have had time to recover, to a great
degree, from the state of agitation into which they were thrown;
besides, the operation is so simple, that it is quite enough to have
seen it performed once, in order to understand it fully.

I now aspire some of the blood centained in the carotid of No. 1,
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The degree of frequency of the pulse of the two animals is re-
markable; that of the dog No. 2 beats only 72 a minute; that of
No. 1 beats 150 in the same time. The frequent contractions of
the heart, in the latter case, are to be explained by the constant
necessity for a new supply of liquid felt by every part of the eco-
nomy, and by the maintenance of the equilibrium of the currents
of blood. The frequency and extreme smallness of the pulse, in
cases of abundant loss of blood, have been noted by all observers ;
they are even very valuable signs of a certain internal hemorrhage.
1 shall now let the blood of the animal, from which we h_aue
already drawn so much, flow freely. A large opening is practised
in the carotid. The mercury stands at

No. 1. 25—30; 25—27; 20—30; 23—25; 0—25 mill.

You perceive that in proportion as the blood flows the pressure
diminishes. T need not explain to you why the jet of the liquid

rows so feeble ; it is perfectly natural that its force of progression
should decrease in the direct ratio of the weakened energy with
which the muscular fibre contracts. 1 now tie the vessel, in order
to prevent the animal from perishing of hemorrhage. 1 must con-
fess that, in spite of the positive information acquired through M.
Poiseuille’s instrument, 1 am at a loss what opinion to hold res-
pecting the agency of the blood on the pressure of the walls of the
arteries. What a few days past appeared to me decided, seems 1o
me now far from possessing that character. The mercury, it is
true, fell to a considerable extent in the dog which we deprived of
almost all its blood ; but it did so at the jc-se of the experiment
only, at a time when the vascular system had retracted, in virtue
of its elasticity, and ceased to be dilated by the currents of blood.

Now, in the physiological state, the arteries are not only full but
distended ; we cannot, therefpre, legitimately conclude that the
same condition of things exists in that state as in the experiment I
have made before you. As the physical conditions are not the
same the phenomena produced must also differ. Although my
theory has, perhaps, not been demonstrated to be wholly fallacious,
vet I cannot conceal from myself that I took an erroneous view of
the influence exercised by the increase of the mass of the blood.
First, I injected water into the veins, and the mercury fell. 1 was
surprised at this result, but, in reflecting on it, fancied I might
justly aseribe the diminished arterial pressure to the debilitating
action of the liquid injected. There might, I well knew, be some
other cause, which I was unable to discover, and this was a point,
I also knew, on which experiment alone could decide. 1 conse-
quently made the necessary experiment, and from its result it would
appear that, in truth, the volume of the blood has only a trifling
influence on the force with which the column moved by the heart
presses on the coats of the arteries. I dare not draw a premature
inference from a single fact, but we have Just seen that the
gradual injection of more than a pound of blood did not increase
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the elevation of the mercury; far from this, towards the close of
the experiment it oscillated below its normal level.

These questions, Gentlemen, are not canvassed in our most recent
works on physiology ; nay, more, they are not so much as men-
tioned in them. The authors of those books are too fully occupied
in discussing the part to be assigned to the vivifying fluids, the
materials of reparation, assimilable principles, &c., to spare time
for the consideration of hydraulic phenomena. In this matter,
therefore, we have no authority to refer to, and must, for the time
being, be contented with the evidence of our first essays. But do
not suppose that a candidate for graduation would do well in giving
proof of knowledge of this kind to his examiners; he would not be
understood. Noj; but let him take the internal maxillary artery,
for example, from its origin, follow it through all its flexuosities,
name all its branches, and enumerate the anomalies to which it is
subject, and he will be sure to receive unanimous praise. If he
were asked to describe the functions of the fifth pair, it is true that
he would be sorely embarrassed; but he can describe the course
of the corda tympani with unerring precision, and institute most
learned antitheses between the thick and short, and the long and
slender branches. This factitious knowledge is just what is cal-
culated to make a brilliant show at examinations. 1f it were even
obtained by dissecting, something might be said in its favour; but,
in the majority of cases, anatomy is studied by plates, as geography
by maps; and, provided proof be given of a certain share of
memory, the rest is of no consequence. But to return; you see,
from the uncertainty we feeltrespecting the modifications induced
in arterial pressure, by the volume of the blood, that all study on
the matter has heretofore been neglected. Nevertheless, there is
no question more intimately connected with the practice of medi-
cine. Whether you prescribe diluents, or remove blood by vene-
section, you alter the mass of the living liquid in circulation, and
hence produce, inevitably, certain mechanical results. We know
that in many cases the pulse becomes less frequent and strong after
one or more bleedings; but practitioners are contented with the
simple knowledge of the fact, without looking for its explanation.
I am of opinion that we shall never obtain really scientific notions
on these points, until a totally new view has been taken of them.
The modifications ensuing in the frame are the consequences of
changes produced in the volume and composition of the liquids;
hence the hydronamic phenomena of the body must be studied
before the vital. 7

Before quitting this subject for the present, allow me to bring to
your recollection some experiments, elucidating the influence of
agencies, of quite a different character, on the pressure of the blood.
In those experiments, which were made on the venous trunks, we
saw that the arterial pressure is not modified by the physical con-
dition of the tubes, or of the contained fluids alone. We ascertained
that in the circulating system, as in the ensemble of systems, con-
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stituting the animal economy, vitality claims a share in the regula-
tion of the organic functions. Every moral impression and strong
sensation reacts on the heart, and alters the rhthymn and energy
of its contractions. We all know that anger and fright, for ex-
ample, betray themselves to the bystander by the sudden change of
colour in the features. According as more or less blood flows
towards the capillary system the face reddens, or grows pale ; itis
justly termed the mirror of the passions, because on 1t are reflected
the modifications that occur in the vascular apparatus.

It had already been shown by M. Poiseuille, in the case of_fm S,
that any considerable pain increased the internal pressure in the
vessels; I repeated the experiment, you will recollect, on a dog,
in order that you might have ocular proof of the fact. The animal
had already served us for some experiments, and, to save it the
torture of a new operation, I made my observations on the eighth
pair, which was bared by a wound exposing the carotid. The
sensibility of the pneumogastric nerve is, you know, far from being
exquisite. When I raised it on the director this fact appeared very
distinctly, for the dog gave no evidence of feeling the contact of
the instrument. Indeed, as I have already had occasion frequently
to observe, the sensibility of that nerve is extremely variable. You -
wiil not, in all probability, find two species among animals, nay,
two animals of the same species, in which the eighth pair possesses
a perfectly identical share of sensibility. In some it is enough to
touch the nerve to excile eries and convulsive movements; in others
you may irritate, and even lacerate it, without the animal appearing
to be conscious of what you are doin. It is a still more curious
fact, that the sensibility of the two nerves diflers in the same animal.
You may cut the vagus nerve on one side, and no sign of suffering
be manifested ; whereas, if you divide its fellow, the section deter-
mines all the symptoms of acute pain. I know not on what this
difference depends; but, in fine, the nerve under consideration must
be esteemed to be endowed with only slight sensibility in the dog.
I made the experiment under the idea that the varying level of the
mercury would point out more accurately even than the movements
of the animal itself, the degree of sensibility of the nerve.

The scale, previous to the experiment, marked from 20 to 22
millemeétres ; the respiration was regular, and performed with
freedom. 1 compressed the nerve with a pair of forceps; no evi-
dence of much feeling followed ; the animal remained quiet. On
Increasing the pressure considerably, he struggled violently, and the
mercury rose to 35, 45, 38, 40, 35 millemétres; but I was at a loss
what share in the elevation I should ascribe to the contractile force
of the heart, and what to the movements of expiration. It was
certainly possible that the ascent of the column was more imme-
diately caused by the play of the respiratory organs than by the
inereased impulsion of the heart. However, you know that pain
borne in silence acts quite as powerfully on the circulation in men,
as when accompanied with the most noisy demonstrations ; fre-
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quently, indeed, stifled suffering deranges the functions of the heart
lo a greater extent than that which is clamorously expressed,
without any attempt being made to struggle against the instinct
that causes us to utter cries when suffering physically. Nothing of
this kind was, of course to be apprehended in the case of the animal
on which 1 experimented; he cried out when he felt pain, and
ceased to do so when he ceased to suffer. His arteries, indeed,
complicated the problem I was trying to solve, and prevented me
from forming an accurate estimate of the energy of the ventricular
fibre. On repeating the compression of the nerve the column rose,
though the animal did not make any considerable struggle ; now it
stood at 30, 28, 35, 40, 37, 43 millemétres. The pulsation of the
heart became frequent and tumultuous; the stethoscope, applied to
the precordial region, transmitted distinet shocks to my ear, which
were audible even by the persons surrounding the animal. The
respiratory movements became accelerated, so that it would have
been impossible to draw any rigorous conclusion from this experi-
ment, had not its results been confirmed by a crowd of previous
observations. I finished by dividing the nerve. At the instant the
section was performed the animal moved slightly, and the mercury
rose a few degrees. All then became calm, except that the res-
piration, as a matter of course, grew diflicult, because the eighth
pair presides over the function of the pulmonary apparatus. The
surface of the column stoed, with little variation, between 20 and
22 millemétres.

I followed up this experiment by inquiring into the influence of
galvanism in this way. Itis my wish, as far as possible, to perform
perfectly new experiments, for by doing so both you and myself
are equal gainers. Every one knows the sensation determined by
the contact of the electric spark; but no one had thought of study-
ing its effects on the general circulation, though it was plain these
might furnish a curious subject for investigation. [ drove two
platina needles into the animal, one into the cervical region, the
other into the middle of the thigh. The two poles of the battery
were brought into communication with these needles, so as to pro-
duce an electric current through the tissues. The plan generally
followed in practice is to apply the eonducting wires to the surface
of the integuments, and so induce a sudden commotion of the whole
frame. In pathological cases I prefer electro-puncturation by
means of needles placed in the course of the nerves; I am, in this
way, more certain of the action of the electricity, especially as I
can limit it at pleasure. In the instance I am speaking of 1 made
use of only ten pairs, lest the battery should be too strongly
charged. They were quite sufficient to produce as powerful an
effect as was desirable. The moment I touched the needle with
the wire, the animal gave a convulsive start, rapid as lightning,
and the mercury rose at the same instant to 55 millemétres. The
rapidity of the ascent was so gr;aft, that it could not possibly be
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ascribed solely to the efforts of the animal. Something must have
acted instantaneously, and directly on the walls of the vessels.

We may conjecture the phenomenon to be explicable as fol-
lows :—Muscular action favours the passage of the blood into the
veins, as is clearly shown by the acceleration of the flow of blood
from an opened vein at the bend of the elbow, by the movement of
the musecles of the forearm. Now, if the muscles exercised ener-
getic pressure at the same moment on the entire venous system,
the force of progression of the currents of blood would increase 10
an enormous extent. This is, I fancy, just what happened in my
experiment. An electric current traversed the tissues, and the
coats of the arteries and veins being pressed on all sides, pressed,
in their turn, on the liquid they contained. All authors who have
written on tetanus, have described the pulse to be tense, hard, and
vibrating. 1 have no doubt but that these peculiarities depend on
the pressure exercised by the blood on the walls of the vessels.
To prove this experimentally, we should apply the hzmodyna-
mometer to an animal poisoned with nux vomica.

An equally curious phenomenon, bearing on the present question,
was some time past observed by M. Poiseuille, in the course of his
researches. A dog had been tightly attached to a table, to serve
for some experiments on the pressure of the vessels. The instru-
ment was applied, and the mercurial colamn stood at rest in its
interior. Suddenly the mercury rose several millemétres without
the animals having made any considerable movement, or very deep
inspiration. To what, think you, was this sudden ascent owing?
To a sudden twinge of pain? No, Gentlemen, far from being
caused by a disagreeable, it was produced by an erotic sensation.
The fact is, that a bitch in heat was at that moment brought into
the room, and her presence awakened in the animal the instinct of
copulation. It was a moral impression, and not physical suflering,
that, in this instance, modified the circulation of the blood.

But to return to our more immediate study of the properties of
the blood in the human subject. There is at present, Gentlemen,
in my wards at the Hotel Dieu, a young female, aged nineteen,
whose parents forced her, two years ago, to marry against her
will. The consequence has been the development of violent hys-
terical symptoms. The paroxysms occur frequently in the course
of the day, and while they last the patient suflers under frightful
delirium, and the strangest hallucinations. She fancies she sees
her mother approach to strike her; her countenance then expresses
horror and afiright; at one moment she appears to try to defend
herself, at least some broken words seem to indicate this ; at the
next she turns suppliant, implores her tormentors to spare her, and,
bursting into tears, throws herself into the arms of the persons
about her. It would, I think, be impossible to render with more
fidelity and expression the different sensations she experiences.
The most consummate actress could not equal Ler in the varying
play of the physiognomy, on which one may read in turn dESPHiE
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dejection, and grief, so truthfully depicted, that one longs for the
skill of the painter. This poor patient fancied that loss of blood
would relieve her. Aware of the influence of the moral over the
physical being, in affections of this kind, I yielded to her desire,
rather to satisfy her, than from any conviction of the efficacious-
ness of the proposed remedy. Here is the blood extracted; the
serum is to the clot as 37 :26. The proportion of the former is
evidently very considerable; and, in addition, the consistence of
the clot is but slight. Both agree in showing the existence of a
remarkable modification in the liquid. As I have already repeat-
edly told you, I have no intention of referring all diseases to the
alteration of the blood. I am not a partisan of exclusive systems,
and, therefore, I will not draw any inference, for the present, from
the facts we now observe. I simply note them as appearing very
curious ; we shall, possibly, be glad to avail ourselves of them at a
future period.

I now turn to a point which I consider of some importance, espe-
cially as a particular view respecting it has been strenuously urged
in favour of the doctrine of inflammation. I allude to what has
been termed the buff of the blood. It has been asserted (and
among others, by Rasori, in a long work on phlogosis) that this is
the inflammatory element par excellence, and that it is never want-
ing under certain given conditions, such as during the existence of
pleurisy, pregnancy, &ec. This notion, advanced perpetually, and
defended in several thick volumes, appeared to me to deserve
serious examination. We should, above all things, seek for truth;
and, therefore, though I see nothing in the duff’ but so much fibrin,
which, as it is lighter than the colouring matter of the blood, rises
to the top and forms into a mass,—I would almost say organises
itself on the upper surface of the liquid,—still 1 set about searching
for this appearance in the assigned conditions. With this view 1
had four or five gravid women bled at diflerent periods of preg-
nancy ; three of them were affected with pleurisy, and yet in not
a single instance did this buff show itself. as the inflammatory
element afraid to face me? The fact is, that I found no such thing,
no matter how anxiously I searched for it. However, I should
add that the modification in the coagulating process, which pro-
duces the buffy coat, depends on a variety of circumsiances.
Thus, although inflammation evidently exist, if the opening made
in the vein be narrow, or if its parallelism with the wound of the
integuments be imperfeet, and the blood flows slowly; or if the
receiving vessel does not present a wide, and, according to others,
a narrow, surface to the air, the an%}' refuses to show itself, and
remains concealed within the cells of the clot. However, I propose
to continue vigorously my inquiry into this matter ; for the service
done the science by overthrowing fallacious theories, which inter-
fere with its progress, is not inferior to that of making useful disco-
veries,

Here is another specimen of blood, drawn some days ago, which
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has caused me considerable embarrassment. It comes ﬁ"::miﬂ-
young Savoyard girl, aged twenty-three, recently arrived in Paris.
She was admitted with some symptoms of the lever called entero-
mesenteric, or typhoid, such as injection of the conjunctiva, general
uneasiness, prostration, colic, and vomiting. Still  the  blood
removed by a first and second venesection seemed of a normal
character; at least, you may see that the modification, if any exist,
is not appreciable. 1 therefore felt uncertain about the diagnosis,
and, at all events, I think the disease will not prove dangerous.
The blood shall also undergo a special examination, and the issue
of the affection will show if [ have been in error as regards the
diagnosis. .

Y ou remember, I trust, the case of the female asphyxiated with
the fumes of charcoal, whose lung we examined a few days past,
and have not forgot the fluidity of her blood. I purposely return
to her case, because a singular phenomenon was ascertained
respecting it after our separation. I never before met with a simi-
lar peculiarity, not even in cholera patients. Her blood is notably
acid ; you perceive that it reddens litmus paper. I cannot be sure
that this character proceeds from the entry of carbonic acid gas
into the circulation, but venture on this explanation of its existence,
as a plausible hypothesis, worthy of further examination. The
exact analysis of the liquid might, perhaps, give us some positive
information on the point. We will try, at all events. )

In pursuing our study of the blood we must constantly keep in
view one fundamental fact, namely, that the blood in the living
animal is quite a different fluid from that extracted from the body.
Medical observers and chemists have, in general, paid too little
atlention to this difference. By studying the liquid in the labora-
tory alone, they have increased the perplexity of many points, and
in their statements almost all of them are at variance with each
other. In truth, there is a vast difference between the fibrin while
circulating with the blood, and when separated from that fluid.
Besides, the blood presents itself in two very distinct conditions,
even when removed from the body. In some casesit forms a com-
pact mass, its superior surface being of a bright-red colour, the
lower part blackish ; in other instances it separates into two per-
fectly distinct parts,—one solid, called the clot; the other liquid,
known as the serum. Although our means of investigation cannot
be made applicable to the blood, except when removed from the
body, nevertheless we will improve on those who have preceded
us, by not confounding it with the fluid that traverses our organs,
It is from this view of the subject, and on just grounds, that ver
meritorious observers, among others Professnrgl\dﬂller, of Berlin,
have distinguished the liguor sanguinis that circulates in the vessels,
from the liquid which separates from the blood when extracted from
the body. Thus, when we examine such vessels of an animal
under the microscope as are sufficiently transparent for the purpose,
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the neck. The blood that escaped from the divided vessels appeared
more liquid than usual; it did not coagulate on the blade of the
bistoury. I united the lips of the wound accurately by the twisted
suture, and the animal was left to himself. He died yesterday
evening, having survived the operation a few days only. Here is
his body, which I now proceed to examine. We may, before begin-
ning, indulge in a few conjectures, as we shall be enabled to verify
them immediately. The main question is, did union by the first
intention take place? Opinions might be divided on this point.
For my part, I believe that such union was impossible, because the
blood contained no fibrin, and had, therefore, lost its power of solid-
ification. I express my opinion thus distinctly and unreservedly
because, even if it be erroneous, it cannot leave any wrong impres-
sion on your minds, as the autopsy will at once correct it. 1 now
shave away the hairs surrounding the wound. The blood, which
had by its desiccation glued its lips together, masks their appear-
ance, and prevents us from seeing if they have really united.
However, if I may judge from what I can already perceive, there
is no real adhesion. The tissues are discoloured, dry, and hardly
at all swollen. In the situation of the points of suture, there are,
no doubt, a few cellular bands ; but these are rather isolated, false
membranes, than an exact adhesion of the two surfaces of the
solution of continuity. The cicatrisation of the wound, therefore,
could not be accomplished ; and everything seems to show that, if
the fibrin had been completely withdrawn from the blood, there
would not have been any points even of apparent union. You will
often see wounds of bad character in the hospitals, which remain
stationary for weeks or months, resisting all the eflorts made to
hasten their progress to a cure. We may dress them with stimu-
lants, cover them with powdered bark, sprinkle them with the
chlorides, but all in vain ; no improvement follows. The case alters
when, as is sometimes done, leeches are applied in the neighbour-
hood ; the effects are then soon perceptible,—but what are they!?
The rapid extension of the ulcerated surface both in length and
depth! But let the patient be placed in favourable hygienic con-
dition; let a strengthening diet replace that to which he had been
confined, and his strength returns; his face regains its colour ; the
wound assumes a vermilion hue, and advances quickly to cicatri-
sation. The consequence deducible from these facts is too evident
to require me to expatiate on it. Do you not see that the thera-
peutical means employed were useless, so long as they were cal-
culated to act on ‘the solids alone, but that they at once became
efficacious when the liquids had been modified! The explanation
of this is simple. As the solids draw from the blood the materials
proper for their cure, they continued in a diseased state, so long as
that liquid was itself altered, and could not furnish those materials,
From the moment its normal composition was restored to the blood
by a suitable regimen, there was nothing to impede cicatrisation.
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I made another somewhat similar experiment on this animal. I
tied a large vessel with the intention of examining it ﬂf'l‘ﬁl‘ a certain
time to see if coagulum was formed within it. It is not very
uncommon to observe recurrence of hemorrhage after the fall of
a ligature: and it seems possible that that serious accident might
be prevented, if we had more accurate notions on the coagulability
of the blood. I consequently applied a ligature to the right carotid ;
let us see if it is obliterated in such a manner as to be capable of
resisting the heart’s impulse. T cut away a piece of the artery, in
order to slit up its walls, and examine its interior with greater ease.
You see that there is no trace of coagulum; for I cannot give that
name to a few granules which lie on, without adhering to, the inter-
nal membrane of the vessel. The ligature had already nearly cut
through its walls; had the animal survived a few days longer secon-
dary hemorrhage must have taken place.

This rapid view of the subject will allow you to form a notion
of the importance of the study of this organisable material, which
reconstitutes, reproduces by itself alone, all the ftissues of the
economy. We will push our researches respecting it as far as
possible, and shall possibly obtain results, both of a physiologial
and therapeutical kind, more precise in their character than those
We NOw possess,

I have now to inform you of the present condition of some ani-
mals submitted to various experimental treatments. All these ex-
periments refer to questions of the deepest interest, such as, amon
the rest, the relative proportion of the serum and clot. In the bloutgl
of a healthy and robust male the serosity may be estimated as
forming a fifth or a fourth of the whole; it abounds with fibrin
and globules. In women and children the serosity constitutes one-
third of the mass. But these proportions vary according to the
age, temperament, and species of nourishment of the individual, as
well as a variety of other circumstances. My object is to deter-
mine what proportion between the two elements is incompatible
with the continuance of life. This is an experimental problem com-
pletely. In the hope of solving it, I have placed different animals
in circumstances fitted to give useful indications respecting it. We
know that successive bleedings, closely following each other, aug-
ment the proportion of serosity, and induce various disorders, and
finally death. T have submitted one animal to this species of treat-
ment. 'I_"he quantity of serum increases also, from the abundant
use of drink; at Jeast, this a notion generally admitted by medical
men. But once again, we are reminded that we must not prejudge
results; our prophecies are constantly exposed to be proved to be
false. _Here:, for example, is an experiment well caleulated to make
us cautious in this respect. I have had two ounces of blood taken
from ‘the an_m"{a] before me every day, and replaced by an equal
quantity of distilled water. I fancied I should have had to present
you a specimen of blood rich in serum, and containing a small pro-
portion of clot. The reverse is, however, the truth: it containg, to
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One of the most curious phenomena we have just observed is,
that the blood extracted from the arterial system remained un-
changed in the body of the syringe during several minutes. How
shall we account for its not having coagulated from the contact of
the metallic syringe? There was a circumstance which, by its
physical influence, probably aided the blood in retaining its fluidity.
In order to give the experiment a greater degree of precision, I
took the precaution of allowing the liquid contained in the instrument
to communicate freely with that in the artery, so that the impulsion
of the heart, the movements of respiration, &c. acted with their
full force on the contents of the syringe. The latter were, there-
fore, kept in constant agitation by all the causes of movement that
act on the circulation, and were placed in a very diflferent condi-
tion from what they would have been had they been exposed to
the open air, and kept motionless in a vase. The proof that the
influence of the contraction of the left ventricle was as distinctly
felt in the instrument as in the artery itself, is that, as you plainly
saw, the piston gradually rose of its own accord, as it were, until
the body of the syringe was completely filled. It is very possible
that constant agitation prevented the liquid from becoming solid.
But there is another point which must not be lost sight of: the
animal had, for several weeks, been submitted to a particular kind
of diet. He was fed, during that period, with gelatin; and it is,
therefore, possible that the composition of his blood was modified,
and its coagulability consequently lessened. These, however, are
mere surmises, and I by no means desire to give them the weight
of affirmations. The why of phenomena is, in physiology, often
beyond our reach; meanwhile, the really important point is to
establish facts. To these we must more especially devote ourselves
in the present instance,

As the plasticity of arterial is greater than that of venous blood,
we should infer that if the two liquids were placed in the same
physical conditions the latter would not coagulate so long as the
former remained liquid. There is certainly no fair objection to be
urged against the inference; it is conformable with the notions
ﬁanerally admitted on this subject, notions shared by myself.

evertheless, you saw that the blood extracted from the artery
was reinjected without causing any disorder of the economy,
whereas an equal quantity of venous blood reintroduced into the
circulation, immediately caused fataldisturbance. Had I attempted,
@ priori, to determine the issue of these experiments, I should have
said, as venous is less coagulable than arterial blood, it will retain
the fluid form the longer of the two. Consequently, when I saw
the animal perish, it did not enter into my head to attribute its death
to the reinjection of venous blood. I had, it is true, encountered
some resistance in pushing the piston, but it happened in my case
just as it happens in that of every one whose mind is pre-occupied;

treated certain important circumstances as though they were of
insignificance, because my attention was not directed to.them.
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I was anxious to ascertain if the constituents of the serum of the
blood in our vases were the same as those of the liguor sanguinis
that circulates in the body during life. We soon discovered that
an old and serious error existed on this point. Berzelius was the
first to entertain doubts of the identity of the serum and of the
liquor of the blood, and to prove experimentally that there was an
important distinction to be established between them. The liquor
sanguinis is, as you are aware, composed of serosily and fibrin.
The latter element appears to be that which gives the blood the
property of nourishing and renewing our organs: it is in conse-
quence of its possessing this property that certain physiologists,
ambitious of rendering the trutEs of physiology popularly intfﬁligiu
ble, called that fluid running flesh. Whatever be the correctness
of this expression, it is certain that the part of the blood which
forms into a mass out of the vessels, exists, while circulating, in
the form of a liquid ; and is held in suspension, or perhaps in solu-
tion, in the serum. After death this portion of the blood endowed
with the property of solidification separates from the serosity,
carrying the globules with it. There is, therefore, the clearest
proof that the blood extracted from its natural tubes diflers essen-
tially from that in circulation; for, in the former case, the globules
ave contained in the meshes formed by the coagulable matter. We
may now, therefore, form some conception of the mode in which
the solidification is effected. It is neither by a chemical action,
nor by a process analogous to that of crystallisation; there is some-
thing more than this in the formation of the net-work of the clot;
there is a something in it which tends to live, if it be not really life
itself.  Again, I stated that the relative quantities of the serum and
clot are subject to great variation. The colouring matter and the
fibrin, which are brought together in the clot, have not hitherto
been sufficiently studied separately ; this we shall see is, notwith-
standing, necessary to be done. Be that as it will, however,
physiologists and practitioners have long since laid it down as a
rule, that a fourth, or, in some instances, a third, of the whole con-
sists of serosity. So long as the clot forms about the fourth of the
entire mass, there is a species of equilibrium of composition, which
coincides with the state of health. Nevertheless, very considerable
modifications may, it is believed, exist in this respect in different
individuals, in the two sexes, at different ages, under difference of
regimen, &c.; these positions, however, call for new experimental
verification by the improved modes of investigation of the present
day. It would appear, more especially, that the proportion of
serosity is greater in females than in males. This excess of serum
was very remarkable in the young hysterical patient of whom I
spoke to you in my last lecture: it is no less so in the specimen

ou see in this vase, furnished by a girl, aged twenty, aflected with
eucorrheea. On the other hand, the relative quantity of coagulum
is much greater in some individuals. In illustration of this here is
some of the blood of another of my patients at the Hotel Dieu, a
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posed, that as bleeding alone increased the serosity, the increase would
be rendered still greater by replacing the blood removed with water.
I consequently made some experimentsof'this sort,and with the follow-
ing singular result. Here is an animal who has been bled three times
within the last eight days, to the extent of four ounces on each occa-
sion. The moment the operation was finished, four ounces of distilled
water, at the normal temperature of the blood; 31° Reaum., were
injected into the veins. The animal has meanwhile had an abund-
ant supply of nutritive food. The blood in this glass vessel belongs
to him. You must join with me in feeling some astonishment at
the nature of its contents. You, no doubt, expected to find a very
large proportion of serum in them, whereas a few drops only are
to be seen. Iere is one of those contradictions to our theories, for
which we should be prepared, when engaging in experimental in-

Liry.

. v&’ﬁ must not suffer such a mischance to discourage us; for my
own part, I shall not so easily be induced to abandon my design.
But let this example, of which you will meet many a repetition,
impress on your minds one important trath; I mean that there are
some experiments which appear to furnish their conclusions, & priori,
in so direct and logical a manner, that to perform them looks like
undertaking a superfluous task ; yet, when these same experiments
are tried, their results are found to be at complete variance with
our anticipations. The reason of this is simple; we are ignorant
without suspecting that we are so. Here, for example, I fancied I
should increase the proportion of the serous elements of the blood,
by adding fluid to it directly ; quite a contrary eflect has, in reality,
been produced. However, I will slit open the clot to see if there
be any serum interposed between its lamellee; none is to be found
there. It would appear, on first view, that this fact contradicts our
former experiments; but this it does not by any means do. Re-
member—over again let me warn you of this—that one well-ob-
served fact cannot overturn another of similar character: if such
appear to be the case, rest assured that our intelligence is not suffi-
ciently enlightened to comprehend their real relation. Under cir-
cumstances like these we should confine ourselves to registering
the seemingly contradictory facts, and waiting patiently until further
observation enabled us to get rid of the difficulty. 'This is what we
will now do; we will note down, that repeated venesection in-
creased the quantity of serum in a patient, while the same agency
appears to have had the contrary effect on this dog. However, it
is right to mention, that the circumstances are not precisely the
same in both cases; in the instance of the animal there is, in the
first place, a certain amount of forces in the organism, which tend
to keep the blood within certain limits of composition. ‘There is
also a direct and most efficient cause why the introduction of water
into the veins should not contribute to increase the quantity of serum
in the blood; it is that, as my assistant this moment informs me,
the animal has an abundant miction after each injection.
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You are aware, Gentlemen, with what rapidity fluids, ingested
into the stomach, are carried by the veins of that organ into the
general circulation, and thence to the kidneys, which they stimulate
to secretion. Thus, when we drink beer, geitzer water, or Cham-
pagne, we are almost immediately seized with a desire to void our
urine. There can be no doubt that, if we could retain those liquids
longer in the circulafion, a bleeding practised before this expulsion,
would discover evidence of their presence in the blood ; but as they
give an extraordinary degree of activity to the urinary secretion,
they are quickly removed from the body. To continue our parallel:
when a patient is bled he is put on very low diet; the animal on
which our experiment was made has, on the contrary, been given
abundance of nutritious food, and, therefore, provided with the
means of repairing the losses of his blood. A patient, treated on
the antiphlogistic p?nn, is placed in a diametrically opposite condi-
tion ; his blood is taken from him, and he is, at the same time, de-
prived of all nourishment; he has nothing wherewith to make up
for the lost blood but ptisans, of which, to speak a truth, he is
allowed no niggard supply. But as the restoration of the mass of
the blood is indispensable, the lost elements must be got, as best
they can, from these same ptisans; hence, without doubt, comes the
increase of serosity. Still, it would be an interesting point, to learn
the means and mechanism by which an animal is, in a case like the
present, enabled to maintain the component parts of his blood in
their normal proportions.

In spite of anything that may seem to indicate the contrary, itis
perfectly true that any signal disproportion between the serum and
clot, renders the blood unfit for the performance of its functions.
A very curious case, supporting this doctrine, has been recently
observed in my wards at the Hotel Dieu. A female was, some time

st, admitted under my care, with most violent uterine hemor-
rhage, which had existed for two days at the time of her admission.
This was the consequence of an artificial miscarriage, induced by
the use of those powerful drugs which certain women, whose moral
turpitude is even greater than that of the unfortunate beings em-
ploying them, make a trade of vending. As I have since learned,
it was not her first attempt in this way ; she had already succeeded
twice or thrice in producing abortion. Such practices would be
less frequently had recourse to, if their terrible consequences were
better known. I may here say that death is often the most desira-
ble issue in such cases, for it puts an end to most atrocious suflering.
In other instances incurable mental alienation, or abdominal neural-
gia, that no remedy can svothe, follow. Various cases of this kind
have lately come before me, and I distinctly ascertained that serious
disorders of the functions of the brain were the occasional conse-
quences of these criminal practices. ‘

In the example to which I more particularly advert, there was,
as I said, hemorrhage from the uterus. The general pallor of the
subject was very remarkable, as ';.rell as thestate of prostration and
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stupor under which she laboured. Her blood trickled away in dif-
fluent clots of a peculiar odour; it was this, indeed, that turned my
thoughts to the probability of a premature delivery having taken
place; this, however, the patie_nt employed all her remammg
strength in pertinaciously denying. I had two ounces of bloo
taken from her; not on homeeopathic principles, but to enable me
to prognosticate the probable issue of the affection. Here is the
blood; the disproportion of its elements is frightful; there is only
15 per cent. of coagulum. I affirm, that with such a quantity of
serum in the blood, the capillary circulation cannot be regularly
accomplished. 1 have bel'Ere me a new proof of the fact, in the
lung of an animal, submitted, as I announced to you, to successive
bleedings. At the eighth, the blood was so profoundly altered in
its qualities, that it was impossible to continue the experiment for
the following reason:—Blood can only be removed from the body
through an artery or a vein. In the case of the arteries a clot
forms, after the operation is finished, which mechanically blocks
up the cavity of the vessel; but if the blood have lost the property
ﬂFclouing, of course no coagulum is produced. In the case of the
- veins the edges of the wound become glued together, and unite in
such manner as to leave the cavity of the vessel free; but in the
condition of the blood referred to no adhesion takes place. You
may tie the artery, and heap ligature on ligature, but in vain; they
cut through the vascular tunics, and the hemorrhage reap{,ears in
a more threatening manner than before. As the very simple cause
of these deplorable occurrences was not formerly understood, they
were quasi-explained by a term without the least real meaning ;
they were ascribed to the hemorrhagic diathesis. Instances of
their occurrence in the human subject are not rare; and only last
year an example of the kind happened in the wards of one of our
most celebrated surgeons.

Suppose that a woman has hemorrhage after parturition; if her
blood be non-coagulable, you may vainly employ compression of
the abdominal aorta ; as soon as you cease to compress, the hemor-
rhage reappears, and carries off the patient. You are aware what
difficulty is encountered in the attempt to stop the flow of blood in
some individuals, after the application of leeches, or the trifling
operation of cupping: yet, in both cases, there are only small ves-
sels in question.  What difliculty may we not then anticipate, when
tubes of considerable diameter, such as the ulnar, the radial, the
brachial, or others of still larger calibre, are the subject of hemor-
rhage in persons of a similar constitution?

But to return to our animal,—bhe died of hemorrhage ; and, ac-
cording to my theory, we should find affection of the lung, engorge-
ment, cedema, or, possibly, even true poneumonia ; and, as I had sup-
posed would be the case, we discover, on cutting into the organ,
that serosity oozes from its substance. This is nothing more than
the serum of the blood, extravasated into the vascular areolr, be-
cause the latter had lost its just degree of coagulability. . What ean
have deprived it of that property, unless it be the bleedings the ani-
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article in question, and am at a still greater loss, now that I have
become acquainted with the various hypotheses, whereby an attempt
is therein made to prove that the opening of one vein is preferable
to that of another. If there be a sensation of weight or fulness in
the head, we are told to open the saphena vein, because the blood
will be directed thus from the head to the feet, and the excessive
plenitude of the cerebral vessels removed.

Such are the precepts written and professed by our most dis-
tinguished practitioners; just asif vacuity of one portion, and reple-
tion of another, could coexist in a system of tubes freely communi-
cating with each other. Again, the question is seriously discussed,
whether it is advisable to bleed from the foot in inflammation of
the digestive tube. It is decided, at length, in the negative, on the
ground that the blood, rushing in quantity towards the opened vein,
would be obliged to pass by the intestines on its route, and would
so increase the activity of the inflammatory element. Further, it
is a common inquiry, whether in cases of pneumonia of the right
lung we should bleed at the right side ; and in cases where the left
organ is affected, at the left? Opinions are still divided on this
point; a good number of practitioners, however, will answer you
in the affirmative, and regulate their practice accordingly. But
there is another method of bloodletting, which is reserved for great
and important occasions, and to which very honourable and con-
scientious men accord incontestable efficacy ; I mean cross bleed-
ing. Suppose a case in which a variety of therapeutical measures
have proved unavailing, while the disease continues to gain ground ;
a case, in short, in which ordinary art is powerless. What
is to be'done under such circumstances? A consultation of me.
dical celebrities is, of course, held, and upon what do you suppose
the deliberation sometimes turns? Upon the propriety of opening
a vein in the right arm, at the same time as another in the left foot !

I was actually, some while past, one of a consulting party, amon
whom this proposition led to a discussion worthy of taking ran%
with the ric]?)est scenes of comedy. I do not seek, Gentlemen, to
excite your hilarity ; the patient was a dying man, who had but a few
moments to live. Who would have dreamed that in an age which
judges with such severity the prejudices of our fathers, men could
be found not only to tolerate, but actually to extol such superannu.
ated practices? Is there, I would ask, such a very great differ-
ence between the employment of amulets, which have supplied
such a capital batt for our gibes, and the confidence attributed to
bleedings, the jets of which cross each other in the form of an X7
The day will come, and may it not be far removed, when the pro-
fession will refuse to believe, that in the year of grace, 1837, con-
scientious practitioners of the capital of France, where found to
countenance such monstrous absurdities. But, on the other hand,
consider the excellent practical deductions to which a correct
knowledge of the mechanism of the circulation has led some obser:.
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the vein firmly to the instrument; the other ties the inferior end so
as to prevent reflux of liquid. Now that all is arranged, 1 proceed
to turn the cock which separates the blood from the subcarbonate
of soda. The rise of the mercury will indicate the amount of
pressure to which the coats of the veins are subjected. The mer-
cury now begins to oscillate, the scale marks 15, 20, 14, 18, 15,
17, 18 millemétres; so that, instead of remainin% stationary, the
column falls and rises alternately a few degrees. By watching the
movements of the thorax, and following the pulsations of an artery
with the finger, we soon ascertain that the greatest elevation of the
mercury corresponds either to an expiration or a contraction of the
left ventricle. You remember that blood moves in the arteries
with greater force during expiration than inspiration: this single
experiment would, therefore, suffice to prove the influence of the -
pressure of the arteries on that of the veins. 1f the blood, when
once it reached the capillary system, were kept in activity by a
motor power belonging to that system alone, it is evident that
its movement would be invariably uniform. The animal begins to
struggle violently, and accordingly we find that a sudden rise of
the mercury to 35—40 mill. takes place, showing that some aceci-
dental agency has interfered with the ordinary progressive force
of the blood. The respiration again grows calm, and it falls to
15—18 mill. Hence the blood in the veins is manifestly influenced
by the mechanical agents which augment its force of impulsion in
the arteries. Observe, too, that inasmuch as the ascent of the liquid
is effected uninterruptedly, there must be some other cause of
movement in addition to expiration, and the action of the left ven-
tricle : that cause is to be found in the elastic reaction of the
arterial tunics, consequent on their dilatation by each wave of
blood propelled forwards by the heart. As for the proper action of
the capillary vessels, be assured that such action exists not in nature,
but solely in the imaginations of those physiologists who have
described it,

I will next apply the instrument to the femoral vein near the
crural arch: the extremity of the tube is directed as before towards
the capillaries. The pressure isuniform,as you are well aware, in the
arterial system generally, but it varies in each quarter, and, indeed, in
each vessel of the venous system. 1 can consequently make no
@ priori afirmation respecting the amount of pressure which the
femoral vein supports. The actual application of the hamodyna-
mometer alone ean furnish an accurate estimate of it. The cock
is now turned, and the mercury marks 50, 60, 50, 45, 50, 55, 58
mill. The pressure is, therefore, clearly, much more considerable
in the femoral than in the jugular vein. There is another important
point to be noticed here; although the animal struggles violently
from time to time, yet the level of the column remains nearly
stationary. You observe none of those sudden and rapid ascents
to which I drew your attention in the former experiment. This
proceeds from our acting on a vessel placed at a considerable dis-
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tance from the chest. You already know that the influence of deep
expiration is much more marked in the neighbourhood of, than at
a distance from the pectoral cavity. I shall have occasion to return
to the consideration of this phenomenon, which I simply notice for
the present. I long ago established the fact of the increased force
of progression of the venous blood during deep expiration. I
opened a vein with a lancet, and at the same time induced great
respiratory efforts on the part of the animal ; I then distinctly saw
that the jet of blood diminished or increased according as the air
entered or was expelled from the chest. But, although the results
of M. Poiseuille’s experiments agree with those of my own, yet I
have much pleasure in acknowledging the immense utility of the
hemodynamometer in the examination of these physical questions.
Any instrament that gives the study of a phenomenon a character
of precision is beyond a doubt an invaluable acquisition. We will
continue these experiments at our next meeting.

The point in the history of the blood about which we are at
present more immediately interested, is the effects induced in the
economy by variations in the relative quantity of the serum. If
we could succeed in determining, even in an approximative manner,
the influence of those changes on discase, and on temperament, we
might assuredly lay claim to the honour of having done some
service to pathology. But, Gentlemen, this question is not one of
those that may be solved in a single lecture, nor in two, nor in
three ; it requires to be examined in various points of view, and
calls for the evidence of numerous facts of an accuracy that none
can gainsay. When we shall have studied this branch of our sub-
ject, we will turn to the chemical composition of the serum and
clot, which, it cannot be denied, still requires minute investigation,
although it has already been laboriously studied. We have hitherto
done no more than receive specimens of blood into vases, examine
them, and the changes they undergo therein, compare, as well as
we could, the proportions of their liquid and solid constituents, and
inquire if the phenomena of life can continue to be accomplished
with such and such quantities of serum and clot. You have already
seen, by the serious modifications induced in the state of the
economy by certain diversities in their proportions, that we are
not without plausible motives for investing this question with
the importance we have done. Let me recall to your minds
the case of uterine hemorrhage of which I spoke to you in my
last lecture, following abortion produced by criminal practices.
You cannot have forgotten the consecutive symptoms, such as the
intense peritonitis which supervened at the end of two days,
accompanied with most violent pains and embarrassment of the
respiratory system, and which terminated by death in less than
four-and-twenty hours. This case is worthy of close considera-
tion ; for, settiﬁg aside the signs proper to that fatal inﬂ'ectinn, we
may ask what is peritonitis? what are its mode of origin and first
cause ! In general the answer is, that it is an inflammation of the

10
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eritoneum, that the mode of vitality of that membrane is ch{anged
irritation ; that this irritation accumulates the blood in the
capillary vessels, which were previously impermeable by it, and
that both an increase and a modification of the materials of exha-
lation are consequently produced. When these different supposi-
tions, and a variety of others, have been more or less carefully
enumerated, it is presumed that all has been said; nevertheless, the
real question has not been so much as glanced at. For my own
part, though I admire the ingenuity of those pathologists, who have
made peritonitis one of the inflammations per eminentiam, 1 cannot
quite accede to the correctness of their opinion. We found in the
blood of the woman to whose case I now especially refer, a most
remarkable proportion between the serum and clot; there were 85
parts of serosity to 15 of coagulum. This single fact was in itself
enough to suggest to our minds a very diflerent explanation of the
disorders under which she succumbed, from that aflorded by the
doctrine of inflammation; and we had no difficulty in establishing
the existence of certain relations between this occurrence and the
phenomena daily observed in our experiments. Among other
things, you saw that there was a most striking resemblance between
the lesions of the lungs in our patient, and those occurring in the
ulmonary organs of the animal submitted to a series of successive
leedings. But I must avail myself of the present opportunity to
point you out a physical phenomenon long mistaken by medical
men for a pathological change. In consequence of the greater or
less liquidity and diminished consistence of the blood in certain
cases, it becomes infiltrated from the capillary vessels into the pul-
monary cells, accumulates therein, and constitutes the eflusions
known under the name of hypostatic pneumonia, which is, in truth,
a simple effect of gravitation. Accordingly, this condition is always
met with in the most dependant parts; and inasmuch as the hori-
zontal decubitus is that usually aflected by patients, the postero-
inferior parts of the lung are its ordinary seat, while the antero-
superior portions are still healthy and crepitating. 1f we could
open our dead bodies at an earlier period after death, we should
not meet with infiltrations of this kind so frequently; a fact we
have fully ascertained in the autopsies of animals destroyed in our
experiments. Further, the patient in his last moments compresses
the lung by his efforts to hreathe, and the blood imbibed into the
parenchyma of the organ traverses its external serous covering,
and goes to form the collections of serum and of colouring matter,
such as we found in the pleural cavities of the patient under con-
sideration. We discovered in the abdomen of the same subject a
yellowish liquid containing albuminous shreds, yellow colouring
matter, and something having a certain analogy to the soft flabb
clot formed in the blood removed by venesection. I examined this
liquid under the microscope, and discovered a considerable quantity,
not of glebules, but of particles of a singular form held in suspen-
sion, and intermingled with filaments of various lengths, 1 pre-
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sume that it was nothing more than blood modified as regards the
mode of coagulation of its fibrin, which had transuded through the
serous membrane. 1 detected no globules of pus; and you are
aware that nothing is more easy than to distinguish purulent
globules under the microscope, when one is at all in the habit of
observing them,—so that most decidedly none existed. Here is a
piece of intestine which I have had conveyed hither, in order to
show you the false membranes. In this organ, as in the lung, we
have a very curious phenomenon exemplified ; I mean the separa-
tion and deposition of a liquid under precisely the same conditions.
This, too, is a cadaveric phenomenon, analogous to that of which I
have already spoken to you. We may now, I conceive, regard it
as an established fact that the curious series of phenomena observed
in this woman were developed by the superabundance of serum in
her blood. You must acknowledge that I by no means twist the
facts so as to make them subservient to my opinions, but that, on
the contrary, the latter have actually heen modified by the former.
I now proceed to lay before you a fact which will give you a just
idea of the difficulties encountered in these investigations. The
blood you see in this vase was furnished by a young girl who Lad
a slight uterine hemorrhage after a miscarriage, which she denies
having produced artificially ; the blood has almest wholly formed
into a solid mass, and presents a few drops only of serum. The
same phenomenon, to which I have already adverted, occurs in
this instance: the clot has imprisoned all, or great part, of the
liquid in its cellular structure; it will subsequently undergo a sort
of contraction, and then allow of the escape of a greater or less
quantity of serum. The manner in which the coagulum forms,
evidently exercises considerable influence on the visible proportion
of serosity ; hence, before forming any opinion on its real quantity,
we must ascertain how solidification has proceeded. These reflec-
tions on the serum remind me that when I commenced my medical
career, imbued with the prejudices of the schools, and just such a
novice as men usually are when they give up attending lectures;
when, too, like my brethren, I paid my tribute to scholastic dog-
matism ; that is, [ believed in inflammation, irritation, and the rest
of it, as in so many articles of faith; they remind me, I say, that,
even at that early period, these questions excited my attention.
You shall hear how I was led to their consideration. It was at the
time I allude to an acknowledged point of doctrine, that the abun-
dance of serosity acted on the blood by modifying ils tendency to
inflammation, in somewhat the same manner as water added to
aleohol prevents it from inflaming. Here, Gentlemen, the word is
used in its true signification. 1 had, as it happened, set about
repeating the experiments of Sir Benjamin Brodie, now one of the
first surgeons in England, on the ligature of the ductus choledochus.
The animals on whom I practised the operation died, without
exception, of peritonitis. With a view of preventing this disagreea-
ble result I practised a copious bleeding before the experiment, fan-
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cying, in conformity with the notions then prevalent, that I Eﬁhﬂuld
thereby infallibly put a stop to the development of inflammation,—
the inflammation nevertheless appeared with even still greater
intensity than before. Subsequently I injected water n the room
of the blood withdrawn, but in every instance peritonitis supervened
with greater violence than before, and proved rapidly fatal. At the
present time, when more correct notions on pathology have replaced
those of former days, it appears to me that the more the blood
abounds in serosity the more probable it becomes that the consecu-
tive exhalations of the serous membranes will be abundant; and,
hence, that, to use the orthodox language, inflammation will be
more violently developed. Now, this fact, alone, shows what fatal
consequences may be the result of a fallacious theory, founded on
an imperfect conception of the morbid phenomena occurring in the
body. Ido not hesitate to assert that the anti-inflammatory bleeding
ordinarily practised before capital operations may frequently,
according to the constitution of the individual undergoing them,
help to determine the serious accidents observed to follow those
operations. I recommend you strongly to take a note of this pro-
position, and to watch with attention the issue of cases in which
such prophylaxis has been adopted. You will, no doubt, find excep-
tional cases, but in the majority I make no question you will have
reason to admit the justness of this view. The whole forms a sub-
ject for inquiry, which, though of great interest, has not yet been
examined by any one. I myself long upheld contrary opinions to
those I now maintain, but I willingly sacrifice my vanity and
acknowledge my error; if all were as ready to do so the progress
of our science would be much more rapid. This recalls to my
mind certain experiments of this kind that I made in the hospital
on the human subject. Formerly, when an individual was seized
with the terrific affection known under the name of hydrophobia, the
mode of treatment adopted was as follows; and, indeed, these charit-
able plans were employed at no very distant perivd from our own :—
The wretched sufferer was either stifled between two mattrasses, or
bled from the four extremities, and allowed to perish of hemorrhage,
or he was put into a sack and thrown, sack and all, into the river.
These methods of treatment, originally adopted from ignorance, were
continued up to our own time, from the most culpable indifference.
You are aware, without doubt, how this horrible disorder is commu-
nicated, and are acquainted with its principal symptoms. The most
characteristic of these is a spasmodic contraction of the constrictor
muscles of the pharynx ; the patient becomes furious at the sight of
water, and even of any polished surface; a thick and abundant
foam flows incessantly from his mouth, and if he were not held
down he would rush on the bystanders to attack and bite them ; he
loses the power of recognising either friends or relations, T felt
anxious to try whether I might not, by injecting water into the veins
-of one of these patients, succeed in soothing the nervous excitement
under which he suffered ; 1 was partly successful, for, after 1 had
injected nearly two litres of water into the circulation, the patient
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became calm; he even asked for water, and actually drank,—a
most remarkable circumstance ; for, as its name indicates, the dis-
ease is characterised by an aversion, a horror of water. 1 wasnot
fortunate enough to save his life ultimately, nevertheless I had the
satisfaction—the most intense of my life while it lasted—of prolong-
ing it for six or seven days, during which he lay in a state of Eer-
fect tranquillity ; whereas either men or animals affected with rabies
ordinarily perish in thirty-six or forty hours, in the most terrible
anguish. My patient died, as I said, on the sixth or seventh day,
and presented the curious phenomenon of articular dropsy in
several joints, no doubt in consequence of the enormous quantity of
water injected into the veins. This last fact is exceedingly im-
portant in respect of the present subject of our investigations ; there
1s a very strong analogy between these hydrarthroses and the eflu-
sion that took place into the peritoneum and pleura of the patient of
whom we have been speaking. I will make some experiments on
this matter, and inform you of the results. 'While on the subject of
serous eflusion I may illustrate it still further by the case of a woman
admitted some time past under my care at the Hotel-Dien. The
most remarkable symptoms she presented were these :—Complete
loss of intelligence: partial abolition of sensibility ; the patient’s
countenance expressing slight suffering when the skin was pinched ;
movements obscure and rare; decubitus dorsal; no deviation of
the face; stertorous breathing; pulse natural. These various
symptoms had not made their appearance successively and at in-
tervals; on the contrary, the patient had suddenly passed from a
state of health to the most dangerous one I have just described.
The diagnosis in this case was f’;;r from being easy ; the suddenness
of the attack, and the nature of the symptoms, immediately drew
my attention to the encephalon; the absence of hemiplegia, and of
other symptoms limited to one side of the body, made me reject the
supposition of hemorrhage into one of the hemispheres into the
brain ; it might be that an effusion of blood had taken place into the
ventricles, or into the pons varolii, or into some other part situate
on the median line ; the combination and general characters of the
symptoms induced me to suspect the existence of another lesion.
You are aware that a layer of liquid, situate between the pia mater
-and arachnoid membranes, surrounds the nervous centres. The
ancients must have had some knowledge of this fluid, at least such
a supposition is warranted by various terms employed by them in
describing the anatomy of the brain, such as the aquaduct of
Sylvius, the pons Varolii, the valve of Vieussens, &c. Cotugno, an
Italian anatomist, noted its existence in the dead body, but modern
observers had completely overlooked the fact, and considered the
liquid either as a cadaveric phenomenon, or as a product of morbid ex-
halation. Such was long my own opinion also. It was while engaged
in making experimentson the section of the roots of the spinal nerves,
that I established, for the first time, the constant presence of a liquid
round the nervous substance. I also proved, in contradiction to
10#
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the ideas of Bichat, that the cerebral serosity was not contained in
the cavity of the arachnoid, tut in the tissue subjacent to that mem-
brane. As the notions of the old observers were of the vaguest
kind respecting this liquid, and as the physiologists of our own time
paid not the slightest attention to it before my researches were
made public, I think 1 am entitled to the credit of the discovery.
But this is not the place to argue questions of priority ; 1 have
simply to state the uncontested fact, that a stratum of liquid exists
under the arachnoid in the normal state, to which, from its situa-
tion, the name of cephalo-rachidian has been applied. If this liquid
be suddenly exhaled in excessive quantity the brain will suffer;
compression and a series of phenomena, the symptoms of sercus
apoplexy, aqueous congestion, acute hydrocephalus, &c., supervene.

his was precisely the sort of alteration the brain of my patient
presented. 1 opened the skull by a process which is, I believe,
peculiar to myself, and consists in sawing through the bones of the
cranium and the substance of the brain together ; the saw 1 emplo
is deeper and longer than those in ordinary use, the blade is very
thin, and the teeth remarkably sharp, so that the nervous substance
is not at all injured. The ventricles were enormously dilated with
the accumulated cephalo-rachidian fluid, and the consequent pres-
sure on the brain had caused the symptoms of general paralysis;
the nervous tissue itself was perfectly healthy. But to what shall
we ascribe this superactivity of the serous secretion? Here we
have to acknowledge our complete ignorance. Should we treat
such an aflection by bleeding? Experience has not yet decided
the question, but theory would lead us to doubt the propriety of
venesection. You are aware that bleeding diminishes the propor-
tion of fibrin and of colouring matter of the blood, increases that
of the serosity, and facilitates that of exhalation ; opening a vein,
therefore, seems to me a most likely plan to aggravate the violence
of the symptoms.

The animal under experiment, Gentlemen, into whose veins dis-
tilled water was injected in room of the blood extracted, presented,
vou will recollect, a very small proportion of serum ; the emission
of urine, that took place immediately afier the experiment, scemed
a very likely cause of the absence of serosity ; to this I was inclined
to ascribe it ; I was in error, however. Here is the same clot 1
showed you at my last lecture; it is now greatly changed; it has
since then undergone considerable retraction, and allowed a toler-
ably large proportion of serum, which was contained in its sub-
stance, to escape. Further, the clot is soft and diffluent. This
shows of what slight utility the mode of examining blood usuall
followed really is; such examination will give no clue to the nature
of the disease ; nay, more, it will often prove the source of serious
error, when, as in the present instance, the serosity is retained in
the coagulom. For my part, I will endeavour to find out some plan
capable of showing, with precision, the quantity of serum that a
1_:lut may contain, I will first try compression, and see what effect
it will produce; but as to continuing the bleedings, with injcction
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of water, in the case of the dog, of whom I was just speaking, that
is impossible, for the animal died while the operator was aspiring
the blood from the jugular vein by raising the piston of a syringe.
I presume that air passed into the cavities of the heart; we shall
learn by the autopsy if this be really the case. In the meanwhile,
Gentlemen, remark that it does not follow from the fact of instan-
taneous coagulation taking place that the blood possesses its normal
characters, for if the clot be soft it is alimost certain that it contains
serum interposed between its meshes. In order to fully make out
the characters of the clot we should wash it carefully, separate the
globules and colouring matter from it, and so isolate the fibrin ;
then attentively examine the latter substance to satisfy ourselves
that it does not possess the properties of what I have termed pseudo-
fibrin. 1 have already explained, at some length, the points that
distinguish the latter from true fibrin; I showed that it ordinarily
appears, on first view, to form a considerable mass, but that its
weight is much inferior to that of true fibrin; and that it is less
clastic and tenacious, breaking on the slightest traction. A coa-
gulum may, therefore, be very large, and yet contain nothing but
pseudo-fibrin, which cannot exist in blood fit for circulation. To
this most important subject I shall, however, call your attention at
a more advanced period of the course. There is, besides, another
way of increasing the proportion of the serum, namely, by injecting
that liquid itself into the veins instead of distilled water. This
experiment is a remarkable one; if the serum injected be from
human blood the operation is followed by most serious consequences.
In the animal you see on the table it has given rise to retraction of
the limbs, and considerable derangement of the cerebral functions.
Last year I performed the experiment also, and it caused puriform
effusion into the joints. 1 will take care to ascertain, on the death
of the animal, whether a similar phenomenon occurs in the present
instance. The quantity of serum injected was ten ounces. If we
introduce, instead of human serum, that of a dog, as I have done
in the case of this other animal, an affection follows, attended with
most acute pains, resembling those of rheumatism. The animal
has grown ntactile, if I may be allowed the expression,—to such a
degree is its natural sensibility increased ; the pulsations of the heart
are remarkably accelerated; they are 150 in a minute. 1 will
follow up this experiment ; meanwhile I proceed to the autopsy of
the animal with the soft pseudo-fibrinous clot.  Just as 1 had antici-
pated, the lung is engorged at its posterior part, which is accounted
for by the supine position in which the animal has laid since his
death. I cut into the pericardium, which is apparently distended ;
no doubt there is air in the ventricles. Accordingly, on raising
the wall of the right ventricle, I heard a sibilus, such as indicates
the escape of gas; besides, the reddish froth, which you now see
accumulated in its cavity, leaves no doubt as to the cause of death.
It was evidently none other than the accidental enlry of air into the
veins. As regards the eflects of bleeding the experiment must be
commenced de novo.
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into tubes of decreasing dimensions, it returns towards that organ
by tubes constantly increasing in diameter. Now, it is impossible
but that the passage of a column of liquid into either narrower or
wider spaces than those it previously moved in, must augment or
diminish, respectively, the rapidity of its flow. This assertion is
founded on a well-known theorem in hydraulics. In the arteries
the current is most rapid where it originates ; in the veins, where
it terminates. The arterial tunics are constantly distended by the
blood ; the coats of the veins are frequently collapsed. The former
are dense and resisting, and react incessantly on the fluid that
traverses them ; the latter are thin and Aabby, and possess only a
slight share of elasticity. In the veins you find numerous valves
destined to prevent the reflux of the blood ; in the arteries no such
contrivances are to be seen. The pressure is uniform throughout
the arterial system ; extremely various in the different parts of the
venous. The physical properties of the circulating fluid differ in
the two classes of vessels, as well as the character of its move-
ment ; in the one the current is rapid; in the other slow. If you
open an artery the blood escapes in a jet, and with a jerking move-
ment isochronous with the pulse; if you divide a vein, the jet,
when such exists, is feeble and vniform in its flow. But the two
departments of the vascular apparatus differ most widely in respect
of the number and capacity of their component tubes. An artery
is usually accompanied by one or two veins; these are of much
larger calibre than the arterial vessel. But, independently of these
satellite veins, there are others placed more superficially. When-
ever an artery and a vein are found together, the predominance of
the latter over the former, in point of capacity, may be easily proved.
If you take into consideration, besides, the number of the subcuta-
neous veins, to which there are no corresponding arterial trunks, you
will at once understand that the total capacity of the veins is vastly
superior to that of the arteries. This superiority is chiefly apparent
in those points of the frame wherein the circulation of the blood is
accomplished with most difficulty. Again, the main use of the
anastomoses between the superficial and deep divisions of the venous
system is to facilitate the return of the blood to the central organ.
The arteries, from their position, structure, and the direction of the
currents that traverse them, are independent of the majority of
causes that slacken the movement of the blood in the veins. I pass
rapidly over these points, which are capable of very great develop-
ment, because I presume you are familiar with them. But do not be
mistaken as to their importance ;—if we neglect the physical con-
ditions of the vessels, the resistance of their walls, and the degree
of pressure of the liquid, any hope of framing a rational theory of
the circulation may be at once given up. [Its hydraulic phenomena
will become so many mysteries; any physiological explanations
respecting it, so many absurdities. » IB% e3 03
Although the pressure exercised by the liquid in the interior of
the venous tubes is feeble, we have clearly seen that it does exist
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to a certain extent. When we applied the instrument to the jugular
the mercury rose several millimétres; when we t"ﬂﬂsrﬂf"ﬂt_ it to
the femoral vein the ascent of the mercury was still more evident.
The force of impulsion of the blood in the latter vessel appt;al_'ed
tolerably encrgetic ; however it did not reach the amount existing
in the arteries. In attempting to explain this diminution in the in-
fluence of the heart, we must not forget to take into account the
obstacle to the movement of the blood produced in the capillaries
by the adhesion of a motionless stratum to their walls. But although
this phenomenon has a decided influence on the velocity of the
venous blood, still it is far from being of such consequence as might
be supposed. The greater capacity of the venous tubes, as com-
pared with the arterial, is the chief cause of the diminished progres-
sive force of the current within them. If you represent by one the
capacity of an artery, and by ten that of the veins that succeed it,
it 1s clear that each vein will only receive a tenth of the force that
moves the blood in the artery. The impulse of the ventricle is
divided, but not lost, in the venous system. This is so true that
when we cause the entire mass of blood conveyed to a part by an
artery to return by a single vein, the pressure is found to be very
closely equal in the two vessels. We are indebted for the discovery
of this curious fact to M. Poiseuille; you shall by-and-by have
ocular demonstration of it. I propose, also, trying some experi-
ments in the present lecture on the circulation of the brain and of
the head in general. We will first apply the instrument to one of
the external jugular veins; gnce we shall have ascertained the
height to which the mercury rises under the influence of the cur- .
rent moving in it, we will compress the jugular of the opposite side,
so as to force almost all the blood of the head to return by the vein
connected with the tube. It is clear that the column must rise in
consequence. The carotids have been laid bare, and a ligature
thrown round them, in such manner that we shall be able to sus-
pend and re-establish the circulation through them at pleasure.
These experiments, like a variety of others we have performed,
will, in all prebability, have more than a mere physical interest.
They may give us some information on certain pathological phe-
nomena aflecting the brain, that have been repeatedly observed,
but never yet explained. Thus, among the consequences known
occasionally to follow the ligature of the primitive carotid in the
human subject, stands cerebral hemorrhage. A young girl in whom
I tied that vessgl on the left side, for an enormous fibro-osseous
tumour seated in the superior maxillary region, was seized with
hemiplegia of the right half of the body the sixth day after the
operation. The paralysis diminished subsequently, but the intelli-
gence of the patient remained impaired, This patient presented a
very curious peculiarity dependant on the condition of the brain:
T e b er b teistun S
i S, pmil.er of ecombining letters so as to form syllables;

nger able to read. No one ever entertained a suspicion
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that, by diminishing the volume of blood which flows to the brain
in a given time, sanguineous exiravasation into the substance of
that organ would be promoted. Nevertheless, my case is not a
solitary instance of such an occurrence; you will find seven or
eight examples of hemorrhage induced by ligature of the carotid
recorded by authors. Mr. Samuel Cooper has collected several in
his “ Surgical Dictionary.” No satisfactory explanation of these
cases can, I think, be given in the present state of our knowledge.
Compression of the carotid arteries has lately been proposed as an
excellent method of treating cerebral hemorrhage. I have never
tried it myself, nor am I aware that any other persen has done so
either, or at least had to congratulate himself on its employment.
It is evidently a mere theoretical conception ; and however rational
it may be in appearance, it is to be feared that experience would
not give any evidence in its favour, as we find that apoplexy follows
the ligature of the vessels in question. Perhaps we should, in this
instance, as in a multitude of others, be employing, without suspect-
ing it, a simply homaopathic remedy.

I told you we should apply the instrument to one of the jugular
veins, and then suspend the course of the blood in the other. The
h&modynamometer has accordingly been fixed, and the mercury
rises to 15, 17, 15, 16,17, 16 millimétres. The blood in the jugular
consequently presses with a force of 7 or 8 millimétres, as the
weight of the subcarbonate of soda holds 10 millimétres of mercury
in equilibrium. I now tighten the ligature applied to the other—
the left—jugular. Almost all the blood in the head is thereby
diverted to the opposite vein; a very trifling quantity will return
by the internal jugular veins, which, you are aware, are extremely
small in the dog. The column evidently rises; the scale marks
20, 25, 23, 26, 25 millimeétres. I loosen the ligature, and the column
falls to 15, 16, 15, 17, 16 millimétres. I will now tie the vein and
leave the ligature round it. It will be very easy, if we think fit, to cut
the ligature, and so re-establish the circulation in the vessel. The
mercury rises in consequence, oscillating between 24, 23, 22, 23,
25 and 24 millimetres. The pressure has evidently increased, but
the close vicinity of the chest prevents us from obtaining so well
marked results as we should were the experiment made on a distant
vessel, such as the femoral. It is well known that any cause which
lessens the facility of the movement of the blood in the veins,
increase the pressure in those vessels by the accumulation of a
greater quantity of liquid in their cavity. A ligature placed round
the arm will double or treble their size; the erect position, if long
persisted in, will, as well as pregnancy, cause large trunks to be-
come apparent where the smallest ramuscule was not previously
perceptible. The arteries are, in consequence of the density and
resistance of their tissue, infinitely less subject to these variations
in point of size; nevertheless, they do undergo such changes. It
is impossible to compute, with any accuracy, the respective capaci-
ties of the two systems of tubes. The mode of death enlarges or
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diminishes the diameter of the veins, according as those vessels
contain more or less blood. Injecting them would lead to a very
fallacious estimate of their relative magnitude ; for the veins are
exceedingly distensible, and their capacity may become enormous
in comparison with what it was in the living subject.

You remember among the preparations I had brought here from
the museum of the faculty, that of an infant in which the inferior
vena cava filled the entire cavity of the abdomen. Yet I had given
directions that the best preparations only should be selected, in
order to give you, as far as possible, correct notions respecting the
size and other characters of the vessels. I shall, for these reasons,
make no attempt to estimate, even approximatively, the capacity of
the veins. The point we are now anxious to ascertain is, whether
the pressure does or does not angment in such parts of the system
as are left free, while the circulation is suspended in others. The
experiment we have made places the affirmative of the question
beyond all doubt. Let us now see what will happen on compress-
ing one of the carotids. By this, it is true, we shall diminish the
quantity of the blood transmitted to the brain, but the pressure will
be increased in the other arteries that participate in carrying on
the cerebral circulation. I now compress tﬁe carotid, and the
mereury gives 20, 22, 20, 21, 19 mill. I no longer interfere with
that vessel, and we have, 21, 19, 20, 22, 21 mill. There is, there-
fore, no appreciable difference. The animal is quite calm, so that
the respiratory movements cannot have any very marked influence
on the results of the experiment. I now, instead of compressing
the carotid with my fingers, tie that vessel. If you had not seen
me tighten the ligature, you would not have known, by any effect
produced on the mercurial column, that I had done so, for it stands
between 20 and 22 mill. No notable increase of pressure oceurs
except during deep expirations. The sudden rise to 40, 45 mill,
that has just taken place, is caused by some struggles on the part
of the animal to get loose ; these have now ceased, and you see
that the column again oscillates between 20 and 22 millimétres.
When the left carotid is compressed the vertebral arteries alone
supply the brain with blood, and the pressure supported by the
coats of the latter vessels will be materially augmented. Will this
increase of pressure suffice to counterbalance the effects of the
diminished volume of the liquid? The comparative diameter of the
vertebral and carotid arteries renders this hardly a likely supposi-
tion, but we will try the experiment. You remember that we have
already tied the left external jugular vein, and the right carotid
artery. I compress the left carotid, and the instrument gives 15,
17, 14, 16, 15, 16 mill. T allow the blood to pass freely through it
now, and the mercury rises to 20, 22, 19, 21, 20, 22 mill. ; the
column, therefore, evidently fell under the influence of the compres-
sion ; but, tn_oh{am additional certainty of the correctness of this
result, we will repeat the experiment. The respiration is easy and
gentle, and the animal very rarely makes any effort to disengage
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of the blood in a superficial vein of the extremities. The vena
saphena interna is laid bare; its small size renders the introduction
of the tube of the instrument a matter of some difficulty ; however,
it is now fixed. The animal is, as you perceive, both strong and
restless, circumstances which may interfere with the success of our
experiment. The mercury marks 20, 22, 19, 22, 20 m1lhm_étre?,
showing that the pressure is very feeble. I now sieze the animal’s
paw in iy hand, so as to suspend the circulation in the deep vein,
above the point where the tube is applied. The mercury rises to
25, 28, 30, 32 millimétres. 1 now no longer press the limb, and
the column falls to 19, 21, 19, 20 millimé¢tres. Nothing can be
more simple than this; my hand acts on the limb of the animal as
the bandage applied to the arm of a person about to be bled, a
greater quantity of blood consequently accumulates in the veins,
and the pressure is proportionally augmented. 1 next proceed to
place the instrument in the femoral vein; the resistance of its
coats shows that the pressure within it is greater than in the saphena.
I have already had occasion to point out this difference in the pro-
perties of the subcutaneous and deep sealed veins. The tube is
now introduced with its point towards the capillaries. 1 remove
the straps from the animal’s limb in order to render the circulation
perfectly free. The cock is now turned, and the scale marks 55,
60, 63, 58, 60 millimétres; the pressure is, therefore, very nearly
arterial in force. 'This is an important fact; it explains why a
wound of a deep is a much more serious injury than that of a super-
ficial vein. The latter class of vessels are rarely the seat of dan-
erous hemorrhage; bleeding from the former may, on the contrary,
very abundant and difficult to stop. 1 say that this result 1s
very important, and highly interesting to the surgeon and physio-
logist. I delight in associating the two names; to separate them
designedly is, indeed, an insult to common sense; for the habit of
operating on animals gives so much precision to the hand, that
when any one so habituated is summoned to act on the human sub-
ject, instead of encountering a difficult task, he feels it to be a sort
of manual recreation.

In order to estimate comparatively the force of progression of the
arterial and venous columns of blood, it becomes necessary to cause
the blood driven by the ventricle through a single artery, to return
to the heart by a single vein. This has been done by M. Poiseuille;
after having isolated the femoral vein and artery he suspended the
circulation in the thigh by means of a ligature tightly applied to the
fimb; and he then ascertained that the amount of pressure was the
same in the artery and vein. This experiment, as far as regards
the operative part of it, is precisely the same that I performed long
since for the purpose of demonstrating the mechanism of absor
tion; I even separated the thigh completely from the trunk. ﬂ;
the present case circular constriction of the limb is quite enough.
The preparatives of the experiment are all arranged; the femoral
vein and artery are laid bare, and both enclosed in a noose, which

-
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cious in many cases; we must, therefore, E“dﬂﬂ}"”“r to devise
some plan more certain in its operation. Meanwhile 1 prpcﬂﬂd to
communicate to you the circumstances of a very intercsling casc.
The blood in these two glass vessels has been taken from a man
affected with Bright's disease,—a complaint characterised by a
peculiar disorder in the functions of the kidneys. “N
The urine voided by such patients is remarkable for containing
a considerable quantity of albumen, which may be coagulated by
the addition of a few drops of nitric acid. Bat, before going fur-
ther, let me point out another illustration, in addition to those
already given, of the error into which we may fall, if we trust to
inspection alone, as a means of ascertaining the.proportional quan-
tities of the serum and clot. The blood in one of these vessels
contains 17 of fluid, 62 of solid elements; that in this other, which
is of the same nature, in as far as it comes from the same indivi-
dual, and was drawn at the same time, contains a large share of
serosity. 1t is evident that the coagulum in the former case must
contain much serum imprisoned in its substance. It seems to me
we might acquire a more accurate notion on this question by first
weighing the blood, and then gradually evaporating the serum.
This operation would, however, take up at least twenty-four hours,
and consequently would be too slow; for the future, therefore, I
will take a slice of clot, of fixed size, and weigh it; and as the
mass acted on will be small, its desiceation will, of course, be more
speedily completed. We must not forget, however, that, by pro-
ceeding in this manner, we shall have the solid elements of the
serum united with the elot. But to return to the characters of the
blood in my patient labouring under albuminous mephritis. The
ordinary globules of the liquid were easily discoverable under
the microscope; but, in addition to these, 1 detected a multitude of
little globules, or rather corpuscula, without any determinate shape,
which I might almost affirm were formed of albumen. 1 then pro-
ceeded to a slight chemical examination of the serum, being espe-
cially anxious to learn if the serum of this blood would, as in
ordinary cases, coagulate by the action of heat. It did form into
a mass under the influence of that agent, but when coagulated it
resembled pus much more strongly than healthy serum; besides
this, an albuminiform liquid oozed from the clotted mass, which I
was nnable fo succeed in coagulating. The solidified part, too, is
less firm and coherent than unsual; for, as you perceive, the glass
rod sinks into it simply from its weight. This examination, imper-
fect though it be, seems to indicate the reality of a morbid altera-
tion of the albumen of the serum in the disease under consideration:
hence we need not be surprised at finding that element in the urinary
secretion. It remains to be determined whether the albumen car-
ried oft with the urine has the same properties as that we have just
examined. T will take the first opportunity of inquiring into this.
From the first moment I set ahoul_ these researches on the blood
I perceived that the simplest questions were far from being tho-
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become insurmountable : by modifying the degree of resistance of
the walls, we also modify those phenomena we have been con-
sidering ; if you use a metallic instead of a flexible tube, the aspi-
ration of the piston will be felt at a much greater distance, for the
ascent of the liquid in the syringe will not be impeded by the col-
lapse of the walls of the tube; such, too, would be the case with
the veins, were their structure of such a kind as to enable them to
resist atmospheric pressure effectually. The trachea never col-
lapses so as to form a valvular obstruction in its interior; the car-
tilaginous rings that form its frame-work allow of the ingress and
egress of the air with perfect freedom. Why, then, does not the
venous blood move with equal facility in its vessels? Have we not
seen that the chest, during dilatation, aspires both that liquid and
atmospheric air?  The difference exists solely in the physical pro-
perties of the bloodvessels and air-tubes: this is so true, that when
the veins happen, from any cause, to have acquired such resistance
as the trachea normally possesses, the air rushes into them during
inspiration, and reaches the right ventricle. Too many examples
are, unfortunately, on record, of the occurrence of fatal results
through the aceidental entry of air in this manner. I have
published an essay on the subject, and I presume you remember
the experiments I made before you, in the course of which I ex-
plained the best means of preventing or remedying this formidable
occurrence. Here, again, physiological theory is no more than an
application of the most simple laws of physics. Whenever a sur-
geon practises an operation close to the thorax he should take care
to be provided with an instrument fitted for withdrawing any air
that might accidentally enter the veins, and, through them, the right
cavities of the heart. The chief symptoms of such entry are a pe-
culiar sibilus, tumultuous pulsations in the chest, and spontaneous
syncope. It is not the deleterious action of the air on the livin

tissues that causes death, but the stoppage of the circulatiun,whicﬁ
takes place in consequence of the ventricle having nothing to con-
tract on but a spurious mass incapable of traversing the vessels.
The sole means of saving the life of the patient consist in aspiring
the froth accumulated in the right side of the heart, before too large
a quantity has reached the lungs and left side of the heart. T say,
too large a quantity, advisedly ; for it is not true that a single bub-
ble of air mixing with the blood will induce death. I am aware
that this assertion makes somewhat light of the organic sensibility
of the capillaries, concerning which such marvels are related ; but
the fact may be easily verified by any of you. Open the jugular
of a dog, and inject air into it, taking the precaution to perform the
operation extremely slowly; the animal will continue to live after
receiving into its veins, not a single bubble, but an entire syringe
full of that fluid. Next vary the experiment, by pushing the piston
rapidly, and you will find that death follows instantaneously. The
difference in the effects depends on the manner in which you cause
the entry of the air. In the one case the air reaches the blood

12



130 MAGENDIE ON THE BLOOD.

gradually, by successive bubbles: its presence in the small vessels
constitules no obstacle to the continuance of the pulmonary and
ceneral circulation. When, on the contrary, you suddenly force
in a considerable volume of air, that fluid, dilated by the heat of
the organs, distends the walls of the ventricle to such a degree
that they cannot contract. The movement which subs:f:queml;v
takes place in the heart depends on contraction of the left ventri-
cle; the right cavities have scarcely any share in it. Hence the
importance of causing an assistant to compress, or of tying the car-
diac orifice of any good-sized vein that may chance to be opened
in the neighbourhood of the chest. And in the application of a
ligature there are certain precautions to be taken. You must be
careful not to raise the vessel by introducing one of the branches
of your forceps into the interior, and applying the other to its out-
side; in this way, actling on one side only of the cylinder, you run
the risk of permitting the air to enter when you draw the vessel
from the wound. The best plan is obviously to seize the vein by
its external surface, and then tighten the ligature.

The influence of the dilatation and retraction of the pectoral pa-
rietes is not confined to the organs contained in the chest; the ab-
dominal viscera are quite as directly influenced by the movements
of respiration; and, as this constitutes an additional means of
pressure on the venous tubes, I shall enter into a few cansideratinns
respecting it. The mechanism of the thoracic and abdominal
cavities must first be called to mind. During inspiration, the ribs,
their cartilages, and the sternum, are carried upwards and for-
wards; the diaphragm contracts and descends, carrying with it the
lungs and pericardium. The chief diameters of the chest are thus
increased in extent. But observe that its vertical dilatation is
effected wholly at the expense of the abdomen. The diaphragm
drives the abdominal viscera downwards in proportion as it ac-
quires a plane instead of a curved form ; expiration succeeds. The
mechanism of this movement is the inverse of the preceding; the
thorax is restored to its ordinary dimensions and relations by the
elasticity of the costal cartilages and ligaments, by the relaxation
of the muscles of inspiration and the contraction of those of expi-
ration. The fibres of the diaphragm relax, and that muscle, driven
upwards by the abdominal viscera, reacquires its vaulted shape.
The ascent of the muscle is also promoted by the elastic retraction
of the pulmonary tissue, which exercises a manifest traction on
every point of the thoracic walls. The increased size of the abdo-
men is thus in the direct ratio of the contraction of the chest. The
two cavities are joinled into one another in such a manner that a
series of horizontal incisions, from the ensiform cartilage to the last
intercostal space, would pass into both of themm. The vertical
diameter of the first cannot increase unless by diminishing that of
the second, and vice 1:-er:sd. Some physical consequences, bearing
on the venous circulation, are deducible from these anatomical
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facts. The vascular trunks that traverse the abdomen to reach
the right side of the heart, are influenced by respiration, but it is
through direct compression of their walls, and not by the absence
of equilibrium between the internal pressure and that of the atmo-
sphere., In other words, when the chest expands, the abdominal
viscera press forcibly on the venous trunks, diminish their diameter,
and so drive the column of liquid where it can find an issue. The
blood passes partly towards the thorax, partly towards the lower
extremities, but in the latter direction it encounters the valves
which arrest its progress; it is consequently forced to push on to
the chest, and its entry into that cavity is further promoted by the
dilatation of the right auricle. There are, therefore, at first, two
currents in opposite directions, which, however, almost immediately
coalesce into one. Expiration follows, and the abdominal viscera,
compressed by the walls of the abdomen, press in turn on the ves-
sels. The same displacement of the columns of blood. the same
play of the valves, and impulsion of the blood towards the thorax
are again produced. The blood contained in the abdominal veins
and vena cava, is evidently urged on towards the central organ of
the circulation during both movements of respiration. These phe-
nomena have been very accurately described by M. Poiseuille, who
has made numerous experiments in elucidation of the theory of
their mechanism. Proceed we now to repeat some of them. The
instrument is applied to the femoral vein of a strong dog, close to
the crural arch; its extremity is turned towards the heart, and
reaches into the abhdomen about as far as the sacro-vertebral sym-
physis. We shall have no action of the valves to apprehend, for
the point of the instrument is placed beyond them ; and we may rest
satisfied that the least reflux of the blood will influence the column
of subcarbonate of soda. 1 commence: the liquid, which stood at
zero, now oscillates. You observe that each oscillation corresponds
to a respiratory movement. We obtain -

During inspiration 445, 438, 440, +35 millimétres.
Duaring expiration 470, 465, +75, +68 millimétres.

The column, therefore, never falls below zero. This is an im-
portant fact, and if you compare the position and other conditions
of each vessel, vou will easily understand why the phenomena
should differ in the jugular and femoral veins; you have only to
call to mind the general considerations into which I just now en-
tered. Every kind of accidental pressure will cause the liquid to
rise. I compress the walls of the abdomen with my hand, and the
scale immediately marks 4290, +200, 4350 millimetres.

There is incontestable proof that the rise of the column during
expiration depends on the pressure exercised on the vessels by the
walls of the abdomen, in the fact that when those walls are cut open
no sensible elevation in the tube is any longer observed. As regards
inspiration, it would be curious to prove, directly, that the descent of
the diaphragm is the cause of the increased pressure of the venous
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through the whole mass. At a distance, the liquid appears to con-
tain fluid materials only, but, on looking closely into it, nothing can
be more plain than that it contains fibrinous filaments, forming a
sort of rude cellular structure by their interlacement. Now, 1 put
a very small quantity of blood only into this sugar and water, whence
it follows, that the structure represents a rare and light coagulum,
the meshes of which would have imprisoned the globules had they
not been precipitated. Suppose these distended cells, now floating
in the sugar and water, approximated and compressed together,
and you will have a regular clot, minus the globules. It 1s
thus the coagulum is, in all instances, organised. This experi-
ment was made with arterial blood. Here is a second mixture,
composed of thirty centilitres of sugar and water, and three cen-
tilitres of arterial blood. The results are of the same character,
but more strongly marked. You perceive that the fibrinous clot
fills the vessel almost completely. Instead of filaments, as in the
former mixture, we have lamelle, a species of membrane, inter-
lacing in various directions. Four centilitres of blood, and sixty
of sugar and water, have been mixed together in this vessel. You
observe a fibrinous clot here, above the colouring matter; this, by
the way, reminds me that we may be fortunate enough, by the plan
we are employing, to clear up the origin and history, generally, of
what is termed the buff by pathologists. Certain questions respect-
ing it, which have vigorously employed the pens of writers, such as,
whether it is really & morbid product; whether it is contained in
the blood, or formed after the blood is drawn from the body, shall
be treated of at length in their fit place, namely, at the close of the
present course. But I may now state, that I believe the buff to be
nothing more thau fibrin deprived of the colouring matter; fibrin,
which is consequently lighter than that retaining the colouring
material in its meshes: the latter, in virtue of its greater specific
gravity, would sink to the bottom ; and the former, in consequence
of the same physical law, would rise to the surface. In the next
vase, which contains 7 centilitres of blood, and 60 centilitres of
water, we discover a phenomenon perfectly analogous to that which
we remarked in the animal into whose veins we injected water, and
in whose blood, notwithstanding, no spontaneous separation of the
gerosity took place. Here, in truth, in spite of the enormous pro-
portion of fluid added to the blood, the clot fills the major part of
the vessel, whereas there are only a few drops of serosity. Now,
here is a case in which, no matter how sorely it may puzzle the
vitalists, the same phenomenon occurred in an organised vessel,
and in an inorganic vase. I do not make this remark, Gentlemen,
under the influence of any systematic or preconceived doctrine; it
is plain and straightforward inference from two facts of which you
have yourselves been eye-witnesses. It is to me, who disavow every
opinion and theory not based on almost physical certainty, a malter
of little consequence whether this or that phenomenon be of this or
that nature ; whether it belong to the domain of physics or chem-
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millimetres; there is, therefore, a slight diminution of pressure.
This shows vou that the anastomoses exterior to the skull are not
the principal routes by which the blood returns; for, when we
arrest the circulation in the vessel which feeds them, the level of
the mercury is but very slightly affected. I no longer compress
the right carotid, and the scale in consequence marks 70 4 73,
65 + 68 millimétres. The ascentof the mercury was, as you saw,
very sudden. Such is the facility of the vascular communications
between the arteries that carry on the cerebral circulation, that the
ligature of one of those vessels does not prevent the blood from
flowing to, and moving in, its interior. We have on a former occa-
sion learned that the vertebral arteries will furnish the encephalon
with blood enough for the support of the hydrodynamic phenomena.
Still the singular fact of the supervention of apoplexy after ligature
of one of the carotids remains to be explained. In order to judge
more accurately of the comparative force with which the blood is
moved by the direct impulsion of the heart, and indirectly through
the medium of anastomoses, I now apply the instrument to the
lower end of the carotid. The mercuary gives 60 + 70, 65 4 75
millimétres. This is very nearly the degree of pressure in the
upper end.

We will now leave the subject of the venous circulation for the
present, and pass to that of the capillary system ; and the change
1s a satisfactory one, for our existing knowledge of the capillary
circulation is much more complete and accurate than our acquaint-
ance with the general circulation. In the large vessels we can only
judge of the state of the internal currents ol’p blood by the appear-
ance of their walls: according as the latter dilate, contract, become
curved, straight, or elnngateg, we perceive that the former moves
with such and such velocity and energy; in fact, it is by induction
only that we are enabled to analyse its phenomena of progression.
The thickness of the vascular tunics prevents us from directly in-
specting the globules of the blood,—an obstacle which does not
interfere with their examination in the capillary vessels, as, by the
help of the microscope, we are enabled to follow perfectly well the
displacements and oscillations of the coloured corpuscule floating
in the serosity. The sole difficulty in this branch of the system
consists in devising rational explanations for the phenomena ob-
served. I constantly, as yon are aware, brought the laws of
hydrodynamics to bear, in explaining the circulation in the large
trunks ; to the same laws I shall refer in our new investigation.

The tenuity of the capillaries is, therefore, favourable instead of
being an obstacle to the examination of the course of the blood in
their interior. Injection lends very feeble assistance in the study
of the capillary ecirculation: it can, at the most, do no more than
give some anatomical notion of the material arrangements of the
vessels themselves. The blood is not the only fluid that moves in
the beautiful rate formed by their interlacement : there are certain
organs and tissues into the capillary system of which that fluid does
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not appear to enter at all in the normal state ; but, if you push an
injection into the vessels, it will penetrate into the canals wherein
fluids of another description usually circulate, quite as well as into
those in which blood is ordinarily found. Thus, when the material
injected is well fitted for the purpose, and cautiously introduced,
the serous membranes will become covered with vascular arborisa-
tions. Now, the vessels you descry on its surface, when thus in-
jected, were not, during life, traversed by blood ; white fluids only
were contained in them ; but as these hold no opaque granules in
suspension, their mode of circulation cannot be accurately followed
during life. The lymphatic capillaries have as transparent walls as
the sanguineous, and yet what we know of the phenomena occur-
ring in them is exceedingly limited. If you lay bare and examine
a serous membrane, you can discover no circulation in the inter-
stices of its tissue; nevertheless, that tissue is principally formed
of infinitely minute tubes. Yeou cannot allege that there are no
liquid currents in movement; the rapidity with which substances
deposited on its surface are absorbed, gives you the proof of the con-
trary. When this system of white canals, in consequence of some
morbid condition, comes into relation with the blood, a fluid hitherto
unconnected with them, you may perceive myriads of vessels in
the substance of the membrane. It is this change in the colour of
the circulating fluid that betrays its presence ; so long as it remains
diaphonous we are unable to study its course.

I have already adverted slightly to the researches of M. Poiseuille
respecting the capillary civculation. I have told you how that ob-
server ascertained that the blood moves in the capillary vessels in the
same manner as a liquid in an inert tube ; in both cases a motion-
less stratum adheres to the inner surface by a sort of affinity. Its
existence in vegetable tubes, also, has been established by the same
experimentalist. Examine the course of the blood in a vessel
spacious enough to allow of the passage ol several globules abreast,
and you will perceive that their velocity of movement is very great
in the centre, and less so in the neighbourhood of its walls, while in
the stratum of serum they are nearly motionless. In the axis of the
vessels the globules are only subjected to a movement of transla-
tion ; in the neighbourhood of the stratum to one of translation and
rotation. The latter is more and more marked the nearer they are
to the stratum of serum. The globules that happen to be dashed
into it become motionless; those which merely touch it undergo a
movement of rotation, as if they had jostled against an undulating
surface. This stratum protects the vessels by means of its immo-
bility, as it prevents the friction of the globules against their walls,
It is only where it is in contact with the periphery of the vessel that
it is perfectly at rest; the globules move with a progressively in-
creasing velocity, in proportion as they are close to the axis of the
vessel. This difference of velocity and movement in the globules
placed in the centre, or near the periphery of the vessel, does not
exist in its lateral direction only. Those occupying its inferior part
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they hr_we once formed part of it, their structure changes if they
be again separated from it.

I really cannot understand how Berzelius, the glory of modern
chemistry, came to adopt such an opinion as this; one which falls
to the grdund before a most simple experiment. Take some blood,
hea@ It up; you separate the fibrin thereby, and there remains a
liquid, incapable of coagulating, composed of the globules and se-
rum; next examine these globules with the microscope, and you
discover in them the same lenticular form, the same investment,
the same central point, and the same colour as before. No change
has, therefore, taken place in them; you find them, after the opera-
tion, exactly what they were before it. Now this point is really
of great interest; all my experiments go to prove that, strictly
speaking, we might understand the possibility of life in blood com-
posed of serum and fibrin only; as to the globules, nothing posi-
tive is known respecting their uses; and, for my part, I know no
other kind of utility they possess beyond that of facilitating the
micmscc:ipical investigation of the blood. Nevertheless, as they do
exist, and consequently there must be some reason for, and useful-
ness in, their presence, in the midst of the vital fluid, they shall, in
due season, receive their share of our attention. The phenomenon
of the separation of the serum from the fibrin has been a favourite
subject of inquiry with physiologists, but as they were unable to
obtain the fibrin in a solid state without the globules, they thought
that the latter enjoyed equally the property of coagulating. Bur-
dach and Miiller, however, appear to have attacked the question
in the same manner as I now do. While engaged with experi-
ments on the blood of frogs (the globules of which are, as you are
aware, of a different form, and larger than those of the mammalia),
they had remarked, that when that blood was laid on a filter a
certain quantity of a transparent, colourless fluid passed through,
leaving behind it a small reddish mass; the latter consisted of the
globules ; the separated fluid soon coagulated. The filter they em-
ployed was made of a rabbit’s bladder, and the process was simple
and ingenious, but little fibrin was obtained by it. The method of
procuring it, by mixing blood with sugar and water, is more suc-
cessful in its results. The species of membrane to which I have
already called your attention, and which you see floating in these
vessels, resembles strongly those lining the uterus during the early
period after fecundation. At that period the uterus undergoes a
particular modification: and I am inclined to conjecture that the
distension its tissue undergoes dilates the nnﬁcq of the vessels ter-
minating in it; the blood is distributed to it in greater quantity
than usual, its fibrin transudes on the feetal suface of the organ,
and forms the membrane placed between it :End_ the avum. 'Fr-::-m
what we know of the properties of the fibrin in the formation of
the cicatrices of wounds, I should incline to believe that the feetal
membranes really become organized, though I have no decided

epinion on the question.
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ments I have myself made it consequently follows that neither cold,
heat, rest, nor motion, prevent the occurrence of coagulation; how-
ever, we are acquainted with one condition in which it will not
take place, whilst the blood is kept in motion; this is when we
receive arterial blood directly from an artery into the body of a
syringe which has been heated to 30° Réaumur; so long as the
liquid in the inorganic instrument receives the impulsion commu-
nicated by the heart it does not form into a mass. You recollect
how I availed myself of this circumstance in practising the trans-
fusion of the blood of one animal into the vessels of another: itis
not necessary that the quantity of fluid be small; we may collect
nearly half a litre in a syringe, and the portion of it farthest from
the left ventricle will not coagulate sooner than that which is nearest.
But be all this as it may, you observe, Gentlemen, that these ques-
tions only possess such a share of interest as we may please to
accord them ; all the importance of the subject merges in the question
of the coagulation, properly so called, of the fibrin. You are aware
that I have been enabled to neutralize this property by the agency of
various substances; and you also know that when the blood i
deprived of its coagulable element it can no longer set into a mass;
witness the blood in this vessel, which has already lain in it twodays,
and which you %er{:ei ve, on my shaking the vessel in the least, is still
l:uerfecily fluid. But these are not the only agencies that modify coagu-
ation ; there are some substances which produce the same effect by
inoculation, such as the virus of rabies, the poison of the viper, and
many others, which it is unnecessary to enumerate, especially as I
trust, at a later stage of the course, to be enabled to devote a few
lectures to these high questions of pathology.

The fact that gives its chief importance to the study of coagula-
tion is that, as has been shown to demonstration, the loss of this
property by the blood, no matter under what circumstances it
occurs, is followed by death. You remember that I refuted, by
anticipation, an objection which might have been made to this
statement. 'The question it regards is, whether the action of a sub-
stance on the blood is the same when injected into the vascular
system, and when simply placed in contact with that fluid in a vase;
in other words, whether vitality does or does not prevent chemical
reaction. The investigation I have made leaves no doubt on the
subject : it is undeniable that the substances which you see liquefy
the blood in glass vessels, act in the same manner on that flmid in
the living tubes of our organs. Preoccupied as men have been by
the opposite opinion, they have taken no notice of the truths I kave
bmug!‘:t to light ; nay, more, you shall learn, by a single fact I am
about to relate, how deeply erroneous this prevalent opinion is, and
what serious mischief must have been caused by ignorance of the
history of the blood. '

A celebrated surgeon, M. Dieffenbach, of Be::lm, under!nok_tn
reinstate, in the favour of medical men, the operation of transfusion
of blood from one individual to another, recommending it more espe-
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and such blood contain fibrin, and in what quantity it contains it;
we must also satisfy ourselves of the nature of that fibrin. This
easy analysis of the blood will, I trust, be habitually had recourse
to; by it we are enabled to obtain, without difficulty, some certain
knowledge of the constitution of individuals; whereas the superfi-
cial examination now resorted to by medical men is calculated to
lead them into error.

We have already remarked that normal blood, placed in a glass
vessel with certain substances, coagulates, but that when mixed
with others no solidification takes place. To pursue this view of
the subject of coagulation, let me show you some new experiments
I have been making. Here is some blood which was, immediately
on its removal from the artery, mixed with putrified water; there
is not the least trace of coagulation in it. In this other vessel
ordinary water and blood have been mixed together; the whole
has set into a mass; it is evident that in the first instance it is not
the water that prevented the blood from clotting, inasmuch as
water unmixed with putrid matters, has no effect on the coagula-
tion of the same blood ; the liquefaction must, therefore, be ascribed
to the putrid particles held in suspension in the water, and, without
doubt, to the hydrosulphate of ammonia formed by the process of
putrefaction. This is really an important fact. In investigating
it further I was first desirous of ascertaining whether a considera-
ble quantity of the putrid liquid was necessary for the production
of serious disorder, and I learned that a few drops only injected
into the veins of an animal killed it almost instantaneously. The
" importance of this subject cannot be questioned, for the human be-
ing is constantly exposed, through respiration and otherwise, to the
chance of the introduction of such deleterious molecules into his
blood ; once received into the circulation they soon manifest their

resence by disorganizing the liquid with which they are mingled.

f you examine the blood of an individual who has succumbed
under the terrible symptoms developed by the absorption of mias-
mata, you will find that in point of colour, fetidness, and liquidity,
it actually resembles the blood in this vessel; here, then, again,
the action on the liquid that has ceased to circulate is the same as
that on the blood still moving through the vessels. I feel per-
suaded, Gentlemen, that we are in the right way to the discovery
of the mechanism of those scourges that desolate certain coun-
tries,—of those terrible epidemics which, though known by diflferent
names, originate in the same cause. Is any great advance, I would
ask, made towards explaining the black vomiting of yellow fever
by ascribing it to a specific gastritis? If the partizans of inflam-
mation fancy so, what will they say when we demonstrate to them
that, by introducing a few drops of putrid water into the circula-
tion, we shall produce an accurate imitation of the symptoms of
their pretended specific gastritis; if we show them that decom-

osed blood, effused through the gastro-intestinal muccus mem-

rane, constitutes the matters vomited? But will they, afier this,
be convinced that neither irritation nor inflammation have been in
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as they advance during these oscillations; there is a sort of strug-
gle going forward between the weak contractions of the heart
and the resistance made by the arteries to dilatation. At length
the movement of the globules in the arteries is scarcely discernible ;
shortly after this the only movement in those vessels is of a retrograde
kind ; all is at rest in the capillaries, and a slow though natural
movement persists in the veins. The passage of the blood from the
branches of the arteries and veins towards the trunk becomes slower
and slower, and a state of complete rest is established at the end
of twenty minutes. It is plain that the arteries and veins contain
a much less quantity of blood than at the outset of the experiment ;
as for the capillaries, their state in that respect seems to have under-
gone no alteration.

“ Remarks.—The systolic movements of the ventricles continue
after death in batrachians ; this persistance of the contractions of the
heart after death is also observable in certain mammalia, such as the
dog, the rat, the mouse, &c. These movements, which are tolerably
powerful immediately after the removal of the organ from the body
of the living animal, grow gradually less and less energetic. The
animal, on which I have made the above experiment, was becoming
weaker and weaker every moment during its continuance, from the
eficcts of the operation it had undergone, and at the same time the
heart’s contractions gradually lost their power ; hence the jerking-
continuous, intermitlent, and oscillatory movements that successively
replaced the continuous motion. After the death of the animal the
heart continued to beat; while it did so, the oscillatory motion per-
sisted also, but in proportion as the contractions of the heart lost
their force still more completely, the retrograde movement gained
the ascendant in the arteries, in consequence of the retraction of the
vessels which ensues when they cease to be dilated by blood arriving
from the heart; and through this retraction of the walls of the
vessels towards their axis, the retrograde motion is kept up in the
globules for twenty minutes after the animal had expired.”

Globules in a state of quiescence in a limb separated from the
rest of the body of an animal, have been sometimes seen to become
suddenly agitated by movements in various directions, and this
when no suspicion could arise of the object-glass having been
altered from its horizontal position, or of its having been shaken in
the least. What is the source of these misplacements—for you
well know that I do not share the belief of those who look on them
as spontaneous or voluntary ? Nothing more or less than the man-
ner in which the light falls on the microscope. In instances where
such an appearance has been observed, there can be no doubt that
the sun was at one moment overcast with clouds, which dispersed
at the next ; by the change in the state of the heavens the luminous
calorific rays were enabled to reach the mirvor, and, being reflected
from its surface, to play on the web submitted to experiment. As
liquids dilate more than solids, the blood finding itself, as it were,
pent up in its vessels, in consequence of the change of temperature,
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a special vitality ; indeed, I should, of the two, rather wish, were
it only for the prettiness of description, that all we are told respect-
ing them were correct. The mind feels a kind of satisfaction in
faplaslm imaginings of the sort, and man loves to dwell on every-
thing which can dignify him in his own eyes ; proud of his intellect,
he would delight to detect in each particle of his body an intelligent
existence. But we must accustom ourselves to the study, not of
what we should wish Nature to be, but of what she is. We shall
be the gainers by doing so, for the discovery of the true is always
ennobling : we shall be the gainers thereby, for her works are in-
finitely more perfect than aught human imagination is capable of
creating.

You recollect, Gentlemen, I presume the result of my experiments
respecting the influence of low and high temperatures on coagula-
tion, which I made known to you in my last lecture. Struck, as I
was, with the bold manner in which observers asserted that when
blood is submitted to the action of an extremely low temperature
it freezes without coagulating; and, further, that if, while in this
condition, its temperature be raised, it reassumes the liquid form,
and becomes organized into a normal clot, I felt anxious to repeat
their experiments. With this view, after having plunged the glass
tube I hold in my hand into a frigorific mixture marking —14° by
Réaumur’s thermometer, I let some blood fall into the vessel con-
taining it; the blood presently became solid. After a certain lapse
of time I withdrew the tube, and gradually raised the temperature
of the mixture ; but,although I watched the progress of the experi-
ment with the most serupulous attention, thourh I never on-e
turned my eyes from the vessel, I did not see the blood reacquire its
fluidity. Even at this moment it is, with the exception of a trifling
quantity of serum which has escaped from it, in the same state as
when I removed it from the frigorific mixture: I cannot even detect
any appearance of increase or decrease in its volume. The dis-
crepancy between these results and those announced by authors,
affords me no little surprise; but, as such difference does exist, I
cannot make up my mind fully on the subject for the present, and
reserve my decision until we shall have the evidence of further
experiment.

I am in the habit of causing the blood drawn from my hospital
patients to be received into two vessels, of exactly the same form
and size,—one empty, the other containing an aqueous solution of
sugar, which possesses, as I have already made known to you, the
property of precipitating the globules without dissolving them, and
so allows us to follow accurately the different processes in the
organization of the fibrin. These two glass vessels contain some
blood taken from a healthy woman in the eighth month of preg-
nancy; in the one you observe a red and consistent clot, and, to all
appearance, a normal share of serum; in the other, in which 1 had
put sugar and water, we have a distinct fibrinous frame-work,
formed of long delicate filaments suspended in the liquid, and
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and, some way or other, he continues to live on. I shall take care
to acquaint you with the further results of the experiment.

_In my last lecture I once again gave you an illustration of a fact
simple in itself and easily cognisable, while it is also, through its
consequences, of primary interest, and connected with every branch
of pathology. 1 said, and proved what I said, that determinate
causes deprived the blood of the faculty of coagulating; I showed
that that liquid, when thus modified, transuded through the walls
of the vessels, became effused into the parenchyma of the organs,
and developed in them certain local afiections, the production of
which was, till of late, exclusively attributed to the solids. Was
not this a most serious error,—this unvarying attempt to discover
in the vitality of our tissues the cause of the majority of the disor-
ders to which they are liable? T know you think so, for you have
distinctly seen that in cases where the famous “ stimulus,” accord-
ing to the prevalent doctrines, delermines an afflux of blood to a
part, there is in reality nothing more than a modification of the
properties of the liquid, and an exemplification of the mode of action
of one of the grand laws of physics, that of imbibition and exbibi-
tion, in organised membranes. But this lamentable ignorance of,
or perhaps, more correctly speaking, contempt for, the principles of
physical science has been prolific of baneful consequences.

Look to the condition of physiology from its origin; sunk into a
kind of forced subserviency to an exclusive system of vitalism, we
find it encumbered with absurd reveries and startling conjectures,
and lending an unsound support to ridiculous pathological theories;
even at that early period appeared the famous dogma on which
the homeeopathists have since laid their hands and tortured to their
purposes—similia similibus curantur. An organ is inflamed, an
invisible cause (the stimulfus) is said, by some mysterious process,
to have attracted the blood to it; to have enabled that fluid to sur-
mount the obstacles to its passage which it encounters in the con-
iractions to the capillary vessels, and to distend those vessels to
such an extent that they give way, while it forces itself through the
rent. What, then, becomes of the stimulus? No one can tell us;
none know how that subtle agent managed to slip into one of the capil-
lary vessels; nonesaw it enter; none have witnessed its departure;
and far be from me the silly pretension to tell you more about it than
the bright geniuses who invented it. But this is not all; let us turn
to the plan employed to prevent the imminent conflagration of
the animal machine consequent on the intrusion of this terrible
stimulus ; itis based on the excellent axiom I have just quoted. As
the stimulus has drawn the blood to a particular spot, and therein
acted as an immaterial invisible sucker, why we will simply (say
the irritationists) set in action against it a living material one, nay,
fifty, a hundred, two hundred, or more of them; and the arch enemy
will soon be forced, by this imposing apparatus of absorbing mouths,
to quit the scene of his exploits! I really feel a sort of shame,
Gentlemen, in alluding to these extravagant absurdities, but their
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influence on our science has been so powerful, that no opportunity
should be lost of heaping on them the ridicule they deserve.

But to turn from these disagreeable passages in the history of
physiology: 1 have already frequently spoken to you of the sub-
carbonate of soda, a salt which exists, in the normal state, in the
blood, mingled with the other elements of that liquid. This fact
would authorize us in presuming, nay, in affirming, that that salt is
an innocent substance; and so it is under the circumstances stated,
but under others its character is very different. Thus, if injected
into the veins in large doses, it immediately causes death, and in
this manner consequently possesses the properties of an energetic
poison. Experimental inquiry has removed all doubt respecting its
mode of action; it has shown that the aqueous solution of the salt
will, if placed in contact with blood, prevent the coagulation of
that Auid, and further demonstrated, by injections performed on
living animals, that its eflects are the same on blood when within,
or removed from, the circulating system. This is a fact of the
highest interest; for the subcarbonate of soda enters liberally into
the composition of many medicaments, is in consequence frequently
introduced into the economy, and may, when there, induce most
serious disorders. For my own part, I will always watch over its
employment with much solicitude, and henceforth be more cautious
about prescribing it even in moderate doses. For this practical,
and, I dare to say, valuable result, we are indebted to experimental
research alone.

You are also acquainted with the action of putrid water; you
have learned that a small quantity of it injected into the veins
liquefies the blood ; in other words, that it kills; however, an im-
portant distinction is to be established between the two substances
as regards their action; while the subcarbonate of soda acts spe-
cially on the lang, that organ is scarcely affected by the injection
of putrid water into the veins, which, instead, exercises all its dele-
terious influence on the intestinal canal. Now, water is not the
sole vehicle of miasmatic particles, the fluid we breathe frequently
holds such atoms in suspension; it is putrid exhalations that give
rise to the intermittent fevers of marshy localities, from which the
inhabitants sometimes succeed in escaping, by covering the face with
a veil during the hours of sleep. The air, whiie traversing its tissue,
is, as it were, sifted, and so reaches the organs of respiration puri-
fied of the vegetable or animal molecules with which it is loaded.
None will be %ﬂund at the present day to question the fact that the
vellow fever is produced by the absorption of miasmata, arising
from the putrefactive fermentation of marine animals and plants of
all sorts left on the shore by the ebbing tide. Hence that affection
is to be looked on as resulting from infection; and if it were desir-
able to have other facts referrible to this question, they might be
easily had. Does not every pathologist, without exception, now
recognize the fact, that the “typhus,” which is known to attack
armies, the crews of ships, and, in a word, large assemblages of
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pears incomprehensible. Be that as it may, however, the negative
phfenum_enon In question is an extremely striking one ; here was an
animal in the enjoyment of sound, nay, of exuberant health ; he dies
of hemorrhage artificially induced, and his blood, though placed in
the most favourable conditions for coagulation, does not solidify.
I know full well that it might, in strictness, be urged that the ani-
mal’s blood was not in a normal state; for animals erammed for
our tables swallow an immoderate quantity of nutriment, and what-
ever time they do not employ in eating is spent in sleep. The
hog of which I now speak in particular, had grown so stout, that
there were absolutely five or six inches deep of fat all over the
body ; the muscular substance was almost wholly transformed into
adipose tissue; so that, although it is in the nature of such animals
to be fat, it is impossible to affirm that the condition described was
a healthy one. It is even probable that the blood of this animal
was modified in composition ; that certain principles were wanting
and others present in excess; for that of other animals of the same
species, similarly fed, tends so powerfully to coagulate, that it is
necessary to shake it violently while it flows from the artery, in
order to insure its remaining in a liquid state, such as is requisite
for its subsequent preparation in various ways.

I fancied that this blood might contain more fatty matter than
- usual, but on plunging a piece of paper into it you perceive that no
indication confirmative of my supposition is obtained. I have, how-
ever, ascertained that it produces no change in the colour of tur-
meric paper, whereas you are aware the serosity of the blood is
ordinarily alkaline. Examined under the microscope it presents
irregular globules; they are in the main circular, but as their peri-
phery is thickly set with minute prominent points, the whole wears
a stellate aspect; there are some white globules also to be seen,
which may be presumed to be formed either of fatty matter or
coagulated fibrin. I will evaporate a certain quantity of the fluid,
and then test it with alecohol and ether, in order to ascertain the
real state of the case ; this process will show, without fail, whether
the blood be or be not combined with fatty matter.

You will not be surprised that I felt anxious to learn if I could
produce a similar medification of the blood by artificial means.
I, with this view, took some common olive oil, which contains a
notable proportion of stearine, one of the constituent principlesof fat,
and mixed it with arterial blood at the moment of its extraction from
the vessels of a living animal. The whole has, as you here perceive,
become solid ; but the solidification is of a peculiar kind. Judging
by the degree of consistence and tremulous appearance of the mass,
it must rather be looked on as a kind of jelly, than as a true coagu-
lum ; the simple weight of this glass rod suffices to cut through the
whole mass. This mixture examined -under the microscope, has

resented the following appearances :—No globules are to be seen,
ut, in their stead, particle, small ;;insparent masses, which, without
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they were allowed to help themselves as abundantly as they
pleased, their health suffered materially from the novel diet. They
at first eat with hearty good will, to judge by the consumption of
the eatable ; but their appetite soon fell away, they became dull,
lost their flesh, and all their functions got out of order. I must
repeat these experiments, taking the precaution to extract a small
quantity of blood from time to time for analysis. If the morbid
symptoms were produced by increased coagulability of the blood,
it would be curious to compare them with those occasioned by its
diminution. These researches may appear futile and insignificant
to such persons as deny the correctness of every medical inference,
based on the supposition of a morbid condition of the liquids being
a possible state ; neither their criticisms nor their disdain will prevent
me from patiently prosecuting my inquiries, for, in truth, I care very
little for either one or the other.

But to return from this digression,—the animal before us was
bled before the lecture, in order that we might ascertain the condi-
tion of hisblood. You see that scarcely any coagulum has formed;
in the midst of the serum floats a semi-liquid mass of pseudo-fibrin.
I had nearly forgot to point out an interesting appearance, which
we also observed in the preceding dog, [ mean an eruption re-
sembling forcibly the petechia of typhus. There are small red points
to be seen, whereon the hair is thinly scattered ; several of them,
indeed, cover a tolerably large extent of surface. Judging from
the colour of these spots, we are authorised in considering them to
be constituted by blood extravasated between the layers of the skin,
or into the subcutaneous cellular membrane : in fact, nothing more
or less than ecchymoses. Itis perfectly clear that the modifications
oceurring in the composition of the fluid are the cause of the
symptoms under which the animal suffers, because previously to
the performance of the experiment he was in the enjoyment of rude
health. But it is not so clear whether the loss of one of its elements,
or its having ceased to be coagulable, or those two altered condi-
tions combined, have caused its extravasation.

Theoretically speaking, either supposition is equally tenable;
but no difficulty can be felt in coming to a formal decision, if we
find that the same morbid phenomena are producible whilst the
blood still retains its normal composition. If such be the case,
n> doubt can possibly be entertained respecting the influence
of deficient coagulability ; and, in truth, the experiments we ha'd
previously made on the introduction of the subcarbonate of soda in
solution into the veins were, from their result, suflicient to put an
end to our uncertainty. We knew that that fluid had the

wer of effectually opposing the formation of the cna%ulun?,
mt also that it possessed no direct poisonous influence. Veteri-
nary surgeons are in the constant habit of injecting purgatives
and other energetic substances inte the vascular sﬁstem of horses,
and vet those animals suffer no other symptoms than those which
follow the ingestion of the same rlnl;:dicines into the stomach. But
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the case is widely different when a solution of subcarbonale
of soda is the injected material; if you desire to be convinced
of this look at the animal I now bring forward. Eight days
past a small quantity of that salt—ten grammes as nearly as
possible—were introduced into his veins, and he, in consequence,
fell extremely ill. The heart, lungs, stomach, all the viscera, in
short, were simultaneously affected ; exhalation of blood took
place on all the surfaces, and in the substance of the various
parenchymatous structures, as though that fluid bad lost all its
fibrin. Nevertheless no change had occurred in its constitution ;
the whole original amount of fibrin still remained in the circulation,
Why, then, these extravasations? you will ask; because the liquid
had been deprived of the most important of its propertics, coagula-
bility. The symptoms observed in this dog manifested a still more
dangerous character than those occurring in defibrinised animals,
because in it the blood did not, as in the latter, contain a sort of
imperfect substitute for the solidifiable principle (pseudo-fibrin).
The animal was beginning to recover its strength, and was, in
fact, convalescent two days ago; but I then repeated the injection
of ten grammes of subcarbonate of soda, and all the former
symptoms immediately disappeared. The eyes, which had
only been rendered very red and weeping by the first experiment,
now present very serious lesions. The cornea has lost its transpa-
rency, and is ulcerated superficially in several spots; the alimentary
canal is the seat of disorders of the kind attending every general
morbid state caused by diminished coagulability of the blood ; the
stools are watery, and of a reddish-brown colour, as if serum and
colouring matter had been thrown out on the surface of the bowels;
the functions of the stomach are at a stand-still; there is absolute
inappetence; the pulmonary tissue is also most seriously affected.
On applying my ear to the thorax I detect various rhonchi, caused

y the extravasation of blood into the bronchi and vesicles, and
between the capillary tubes.

I opened the jugular in order to learn whether the blood be sus-
ceptible of clotting: the clot, we find, is small and friable; in fact, in
a condition perfectly harmonising with the symptoms we witness.
It is too much altered in constitution to admit of a normal exercise
of the functions; it is not sufficiently so to put an end to their play.
Hence, whether the fibrin remain in the vessels or not, the effects
of non-coagulability are exactly the same. This is an important
point, for it shows that when we find the blood of patients affected
with fever, to give, on analysis, all its normal elements in their
normal proportion, we are not at once entitled.to conclude that that
blood is fit for circulation. Before we pronounce such an opinion
we must also examine the clot; if it be soft and friable, our patient
is in a most dangerous condition; if it be completely absent, death
is almost inevitable. Such is the degree of precision of which
these experimental studies are capable, that we might boldly state
this problem :—A given quantity of fibrin being removed, or of sub-
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because the material agent which establishes a relation between all
these parts has ceased to possess its healthy constitution.

There are numerous facts, which on first view appear to have
no connection with our present subject, that really belong toit. Of
this kind is the followi::ig +—About three years past a woman was
admitted into my wards affected with a sort of weakness of the
left leg; she rather dragged the limb after her than employed it
serviceably in walking, and she had frequent falls; subsequently
the left arm was seized with similar weakness, and became subject
to habitual convulsive movements; the patient, in fact, had the
symptoms of chorea. This affection made such rapid progress that
the poor sufferer could neither stand nor sleep, such was the con-
stancy of the movements of her limbs.  Antispasmodics, tonics,
purgatives, and everything, in short, to which curative virtue is
ascribed in such cases, failed utterly in procuring her any relief.
She left my wards frequently in order to consult various eminent
practitioners of Paris, but came back invariably as unrelieved as
she had left me. After one of these absences, which lasted some-
what longer than usual, she returned yesterday in the following
condition :—The lower two-thirds of the affected thigh are consi-
derably swelled, the swollen part being of the yellow, brownish,
and violet hue of ecchymusis: the phenomenon of fluctuation is
manifestly to be detected here. Besides this, the tibio-femoral
articulation has undergone complete dislocation, the ligaments are
relaxed or ruptured, and the bones are no longer in contact; the
leg is consequently suscepiible of being moved in every possible
direction, and this without causing any pain to the patient. It
would appear as if the external soft parts were the only bond of
union between the two divisions of the limb. I presumed that a
collection of serosity must have formed in the situation of the joint,
but on making a puncture there I found that nothing but blood
escaped ; this has been collected in the vessel before you. It pre-
sents not a trace of coagulation, but, on examining it under the
microscope, I discovered, besides the regular globules, a larger
quantity of white globules than I had ever before observed. I have
never met with a case of this kind which terminated so unfor-
tunately; death is inevitable, and an operation would, in all proba-
bility, hasten that event. .

Here is another casc in point, communicated to me by M. James,
The patient to whom it refers was admitted into the Hotel-Dieu,
under Professor Breschet, for a white swelling of the left knee. The
discase made such progress that amputation of the thigh was de-
cided on, and performed by that gentleman. On examining the dis-
eased articulation, it was ascertained that the corresponding sur-
faces of the tibia, femur, and patella, were aflected with caries, and
that a development of tubercles had taken place in the spongy sub-
stance of those bones. The soft parts were converted into a larda-
ceous parenchyma, and had lost every trace of their normal organi-

zation. Although all the vessels of the stump appeared to have
18*
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first, whose thorax I now open, underwent an injection of six cen-
tilitres of claret, and died forthwith. The lung, you observe, contains
extravasated blood, and the probability which this condition of the
organ gives of that fluid being in a morbid state, is confirmed on
opening the pulmonary artery; its contents are non-coagulated, and
resemble currant jelly.  As the animal died in a very sudden manner,
the lesions productive of death are cenfined to the respiratory ap-
paratus : no morbid change had time to be eflected in the abdo-
men.

This second animal was killed by the injection of from two to
three centilitres of Barrtges water, twice repeated, into the veins:
it is to be presumed that his blood also isin a fluid state. The state
of the lung and blood, which is even more decidedly morbid than
in the last instance, realises my expectations.

Here is a little guinea-pig which was kept for an hour in an
atmosphere of hydrogen gas,—a considerable length of time, as it
appears to me. However, our previous experiments lead to the
belief that no very marked alteration in the qualities of the blood is
to be looked for; accordingly you see that the lung is but slightly
affected, and that the vessels contain black but well coagulated
clots.

I forgot to mention an important fact to you a short while ago;
it is this: one of the animals who underwent the injection of Barréges
water survived the experiment, and it was his blood that was used
in the experiments with the gases. Now, this blood was altered in
constitution, viscous and blackish, and yet, under the influence of
oxygen and of nitrogen, it reacquired its scarlet colour. This leads
me to think that in cases where a morbid condition of the blood
prevails, as in malignant fevers, a useful end might be gained by
causing the patients to inhale these gases. I will put the idea in
practice in the ecase of some individualsaffected with typhoid fever;
there is no small share of plausibility in it, especially when we con-
sider the well-known fact that patiepts labouring under typhus,
vellow fever, &ec., should be kept as widely apart as possible, and
caused to hreathe a pure air, so as to allow the bluf:d to come in
contact with the principles that vivify it, and thus, in its turn, to
bear heat and life to all the organs. )

[ cannot bring the section of our subject referring to the coagula-
tion of blood more appropriately to a conclusion, than by instituting
some inquiry into the formation of what is called the bujf. This
buff is nothing more, as I have already mentioned, than the coagu-
Jable matter of the blodd, which has separated from the colouring
material and solidified apart. It is a pure and simple cuagl}lum:
as is proved by the fact of our being able to produce it at will, as

ou have seen in the case of the numerous parenchymatous and
hebulous clots shown you in these lectures. Observations have, it
is true, been made on this subject; the opinion has even been ad-
vanced that there is a certain degree of analogy traceable between
it and the pia mater,—an -essentllgljy vascular membrane : thus, in
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fevers. Eighteen candidates have entered the lists, but I must
confess that I have felt both astonishment and grief at the manner
in which they have treated the question; hardly more than two or
three mal&e_the least allusion to the state of the fluids, or venture
on a suspicion of the possibility of their being morbidly aflected.
In every one of their memoirs we have a profusion of ‘admirable
anatomical descriptions ; the colour, the consistence, and the size
of lhe.nrgnns are carefully noted ; the ulcerated follicles and patches
of the intestine, and the points of eruption on the skin, are all counted
with marvellous exactitude and patience ; but not a syllable are we
told respecting the condition of the blood. Again, the symptoms
are successively passed in review, their degrees of gravity appre-
ciated with the help of numerous facts, and a multitude of diflerent
treatments described for each.

I may here remark, that you may shrewdly suspect diseases, for
which such various modes of treatment are recommended, to be
really dangerous or diflicult to be cured; nothing so difficult to
cure as that which everything cures. Next comes, in its turn, a
long discussion on bleeding ; especially on the extent to which that
mode of treatment may be carried with propriety. Whole chapters
are devoted to the examination of the effects produced by the
removal of blood, but not a word is said regarding the physicaland
chemical properties of that liquid. I am far from contesting the
advantages to be derived from the anatomical study of disease,
(though, truth to say, we have not yet gained much additional
knowledge of their proper mode of treatment thereby,) but in order
to trace back disorders to their causes, it is not enough to examine
their material consequences.

The loss of its coagulability, Gentlemen, is not the only change
in its constitution capable of causing its stagnation in the capillary
system. Every possible degree of disproportion in size between the
liquid and the tubes it hasto traverse, inevitably induces mechanical
obstructions to its passage and extravasations. Mercury, by rea-
son of its fluidity, is one of the fittest substances for injection, yet
its particles cannot, in the living subject, force their way through
the ultimate ramifications of the blood-vessels. The force with
which the operation is performed on the dead subject in our dis-
secting rooms triumphs over the obstacles encountered, but either
the walls of the vessels are ruptured or excessively dilated; the
same effect may be produced, though in a less degree, by the irre-
gular action of the heart; butin many cases no rupture takes place,
and the column of liquid remains motionless, i)ecayse the mjectjed
metal prevents its advance. Mercury may be introduced  with
impunity into the stomach, because it cnters the veins globule by
globule; it may, in the same way, be absorbed after tnci_l%ns ex-
ternally, because it has been previously triturated along with some
fatty material, and it is obliged to pass through the epidermis before
it reaches the vascular rete of the chorion. On lhfa contrary, in
every case where it 1s directly injected into the circulation, and
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adventitious formation, without practical signification, and one
which only deserves to be noted for form sake, far from being made
the foundation of the course pursued in the treatment. But if medi-
cal men will cling to the opinion they have so long maintained, let
them at least be consistent, and apply their measures of treatment
to the vessel in which the blood is received; for it is this that mo-
difies the coagulation of the blood and produces the morbid appear-
ance so terribly dreaded; let them change its shape, and then they
will have employed a much more infallible remedy for the evil they
fear than bloodlettings repeated ever so frequently. But no; they
bleed, because the buff is an inflammatory phenomenon; they bleed
again to cause its disappearance, and, in truth, they are ordinarily
successful in this respect after having let blood a certain number of
times in succession, say three, four, five, six, or more. But that it
should thus disappear is not in the least to be wondered at; there
are two reasons why it should so happen: either the patient is worn
out and exhausted by the frequent losses of blood he has undergone,
and his impoverished fluids, deprived in a great measure of their
fibrin, (in the manner our experiments have so satisfactorily demon-
strated,) are incapable of furnishing any more of that principle for
separation; or, if the individual be robust and plethoric, and his
blood have resisted, in a measure, the means of effecting its decom-
position employed with so much hardihoed, all this proves is, that
the last venesection was performed under conditions such as those
I have just described as being favourable to the production of the
phenomenon in question. Now I would seriously ask of you, is
it upon such empty theories as these that men of sense and talent,
men guided by the desire to be useful to their fellow-sufferers, and
to raise their art to the highest rank; is it upon visionary notions,
such as those I have been speaking of, that they should found their
therapeutical doctrines? And here is a fact of no trifling import,
more especially as it comes from a gentleman who is to a certain
extent our opponent on the present question: M. Piorry has an-
nounced that in sixty-three bleedings, performed on pleuritic pa-
tients, under the most favourable conditions possible, the buff failed
to make its appearance sixteen times.

You see, Gentlemen, how difficult it is to eradicate the most ab-
surd prejudices; in spite of the evidence of our experiments men
continue to maintain.that the buff is the source and origin of in-
flammations,—in spite of their seeing us develop at will these
same inflammations by depriving the blood of this same buff. You
know that in each instance, where we removed a part of its fibrin
from an animal by bleeding, or where we injected divers sub-
stances into the circulating system, you invariably saw the precise
morbid disorders and lesions, affecting the same organs and assum-
ing the same forms, so often seen in our hospital autopsies, produced
at the exact hour foretold at the time of the experiment. And in
defiance of all the information thus acquired, you would bleed
in order to combat the ridiculous bugbear of pathologists, and,
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sistence and colour. According as this or that symptom predomi-
nates, thfe morbid state is made to fill a particular place in nosolo-

ical classifications: thus, the dry and humid gangrene of nosologists
differ solely in the quantity of fluid present in the affected part. It
is probable that the first species originates more particularly in
some obstruction to the arterial circulation, whereby the passage of
the blood through the capillaries is prevented ; while the second
would appear to be principally brought about by venous obstruction
and consequent non-return of the blood to the heart. Oar fore-
fathers attached great importance to the accurate distinction of
cases of dry and humid gangrene ; but, as they neglected the study
of causes, and directed all their attention to results, the history of
these aflections is as yet but little advanced. You may ascertain,
certainly, that in the one species the eschars are corrugated, hard,
and, as it were, mummified, and that in the other they are tumid,
soft, and friable; but you will not from this knowledge derive anl}v
positive indications as to the treatment best fitted for each case. It
is of much less importance to analyse the phenomena that follow

angrene, than those that precede it; the former belong to dead,
%he Tatter to living nature.

Some pathologists never see anything in gangrene but a termina-
tion of inflammation, and as they call every species of disordered
condition occurring in the circulating system an inflammation, their
opinion is not devoid of a certain share of plausibility. But the
composition of the liquids is a point made of no account by them ;
the grand affair is to trace out the influence of the inflammatory
element. When they find a part of a bright red colour, sensibly
hotter than natural, and at the same time the seat of acute pain,
they tell us that the violence of the inflammation has exhausted the
organic forces, which, in consequence, react ineffectually against
the process of disorganization. When, on the other hand, a limb
becomes bluish and livid, without having presented the precursory
signs of inflammation, they, notwithstanding, affirm that this inflam-
mation existed, but assume that it was of a malignant kind, or that
the vitality of the tissues was diminished before its outbreak. In
one case too much fluid reaches a part, and we have one form of
inflammation ; in another case too little is conveyed thereto, con-
stituting a second form of inflammation. The quantity of fluid is
everything in the production of the morbid phenomena : its qualities
are a matter of perfect indifference. Let us sce whether this view
of the question he the true one. , _ I

I injected a drachm of varnish, holding some sified porphy-
rised animal charcoal in suspension, into the femoral artery of
this dog. The experiment was performed in the morning of thg
day before yesterday, and the paw is ah_'ea{ijr cold, motionless, an
insensible ; the animal does not lean on 1t when he walﬁs, and gives
no sign of suffering when 1 pinch the part, or dnvei_l e pmn-’e{_{}li]n.
bistoury into it. The limb is swollen below the ligature Pd the
vessel, and the skin distended b%rﬂtjle gases exhaled in the midst of
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ance of a vesicular, spongy matter, an albuminate of ammonia. Now,
the albumen of serum, when submitted to the same processes, pre-
sents none of these characters.

You will remark here an essential difference between albumen
and another of the elements of the blood—fibrin; namely. that a
variety of substances solidify the former, whereas few possess the
property of liquefying it, and that the precise contrary is the truth
in the case of fibrin. Thus, nitrate of copper coagulates albumen, and

revents the solidification of the other proximate principle named.

itrate of silver, a salt very much employed in praclice, precipi-
tates albumen in the form of flocculi. I admit that this salt only
acts locally ; but I am persuvaded that if carried into the circulation
it would infallibly cause death; this persuasion I will, however,
shortly test, by direct experiment.

The subacetate of lead also precipitates albumen; and yet it is
daily employed to a vast extent in the adulteration of wine. Asa
medicinal agent its exhibition has been recommended in cases of
fever, and for the relief of the abundant expectoration of phthisical
patients ; but practitioners soon renounced its use, especially those
of Germany, as they remarked that the vessels, through which its
passage by absorption into the general circulation took place, always
contained coagulated albumen.

The nitrate of bismuth is less soluble than the preceding salt, and
is consequently less easily absorbed ; notwithstanding this it solidi-
fies the albumen.

The sulphate of zinc and chloride of tin also exercise a local ac-
tion; they, too, coagulate the principle in question.

The cyanuret of mercury exercises a very feeble influence
over it.

The bichloride of mercury, on the contrary, combines energeti-
cally with it. To this mode of combination albumen owes its power
as an antidote of corrosive sublimate.

The hydrochlorate of baryta, which is employed medicinally in
diseases of the bones, also coagulates the albumen of the serum,
but less energetically than the last-mentioned substance.

The ioduretted hydriodate of potass has caused only a very trifling
degree of coagulation. 1 have for some time past administered
this salt to a young man, a patient of mine, affected with a chronic
abscess, and decidedly since he has commenced its use the suppura-
tion, which was previously exhausting him, has considerably
diminished. 'Whether it is by acting on the blood, or in some other
way, that its good effects are produced I know not, but I am
inclined to think the former the most probable.

Ether faintly affects the albumen of the serum, but acts energe-
tically on that of eggs; this it has converted into a white mass, in
the same manner as heat would have done.

Ozalic, hydrochloric, sulphuric, and nitric acids, have furnished
no result.

Borie acid throws down a very slight precipitate.
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The soluble cream of tartar has formed a coagulum.

The neutral tartraie appears to be less energetic.

-Se_c'tzer water dogs not, it appears from the experiment before us,
sohdlfy_ a]bume_n; It seems to me, therefore, well fitted for an habi-
tual drink, for it at once promotes the coagulation of the fibrin, and
does not interfere with the albumen; thus possessing two most
advantageous properties.

- The hydrochlorate of soda, sulphate of magnesia, and tartaric
acid, have proved, in these experiments, without action on the sub-
stance under consideration. '

LECTURE XXIL

Anomalies in the results of experiments.—Cadaveric phenomena are not to be taken
for post-mortem appearances.—Effusions into serous cavities; causes which produce
them.—T'ransformation of one species of albumen into another.—Composition of
pseudo-membranes.—Fluids which contain albumen.—Experiments with substances
which act on the albumen.—Nutritive gualities of gelatin.—Can fibrin be trans-
formed into albumen !'—Different effects produced when albumen is injected into
veins and arteries.

GentrLEMEN; —Exactly a fortnight ago a circumstance of peculiar
nature, and one which it is important you should be made acquainted
with, occurred. It struck me that it would be useful to ascertain
whether it were possible, by injecting an acidulated liquid into the
veins of an animal whose blood had been artificially deprived of the
faculty of solidifying, to restore it the coagulable property. I had
already learned that blood, liquefied by admixture with subcarbonate
of soda in a glass vessel, recovers the power of forming into a clot
when a smzﬁl quantity of dilute sulphuric acid is poured upon
it. But whether the same phenomenon would occur in the
living vascular system, I was, of course, unable to determine ¢
priori. The animal I selected for the experiment was a dog, into
whose veins I hadalready injected twenty grammes of subcarbonate
of soda, on three different occasions; and what is no little extra-
ordinary, the animal appeared to be in better health after the third
than after the first injection. In consequence of the flourishing
state of his health, there was a certain precaution necessary to be
taken before commencing the injection,—one which should never
be omitted by those who wish to come at positive results in thera-
peutics,—I mean the ascertaining, at the moment any remedy is
administered, whether the morbid state supposed to exist, be really
present. Many a drug has owed its vogue and pretended effica-
ciousness to errors which the habit of observing can alone insure
us from committing. You try a new mode of treatment, your
patient recovers: are you quite sure that the supposed complaint
really existed. There 1s not an old woman without her formula
against rabies; and many intelligent and conscientious persons will
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lesions then most distinetly visible may be mere post-mortem phe-
nomena.

Here is another case calculated to throw light on the history of
effusions into the serous cavities. I yesterday injected a small
quantity of bile into the pleura of this dog, and a violent inflamma-
tion immediately declared itself. The membrane, or rather the
subjacent vascular rete, is extremely red, and its sensibility greatly
augmented. The laminz of the pﬂ;ura may always be detached,
for they remain unaflected ; the stratum of capillary vessels under-
neath is the real seat of the injection. We read in books descrip-
tions of the inflammation of the arachnoid, of its redness, and the
arborisation of its vessels; but in such accounts there is both phy-
siological and anatomical error. Neither the arachnoid nor pleura
are traversed by blood-vessels ; white fluids only penetrate into their
substance. But to return to mmy experiment ; the contact of the bile
caused the minute vessels to contract, and so oppose the course of
the blood in their interior ; the consequent stoppage of the circula-
tion caused the extravasation of serum. We can, by injecting an
irritating substance into the serous cavities, determine similar ef-
fusion ; this is even one of the best ways of procurin%_ﬁbrin dissolved
in the serum, and separated from the globules. ou are aware
thatit is difficult enough to separate the fibrin from the other elements
of the blood ; and that by the ordinary processes it is obtained in
mixture with the globules and colouring matter. On the contrary,
under the circumstances to which I now allude, it escapes alone, in
solution, in the serum ; and once out of the vessels it promptly forms
into masses, and may be easily obtained in the shape of filaments
and lamelle.

Hence it suffices to obliterate the capillary vessels in order to
produce effusion either of the blood in substance, or of_sume of its
elements. If you wish to observe the phenomenon still more dis-
tinctly, you have only to perform the experiment on large animals,
such as the horse.  Give this animal an artificial pleurisy, and quarts
of fluid will be exhaled on the surface of the pleura ; the fluid will
subsequently allow the fibrin it holds in suspension to separate from
it, not in a sort of confused crystallization, but in determinate forms,
referrible to a common type of organization. The serosity is of a
citron or fawn colour, and is subject to great variety in point of
the proportion it bears to the false me mbranes formed along with
it. 'These false membranes first present themselves as an opaque,
caseiform matter, suspended in the serosity, or spread in layers on
the pleura. If the disease advance towards cure, the effused
liquid is seen to be aradually a_bsurl:;ed ; the lung enp:fnds, a?d is
separated from the thoracic parietes by the false mcmhlm}c_sdaci:-:l-;e,
which are found united into an an*_mrplmrgs stratum, subdivided by
soft and tremulous lamine. Reddish strie soon appear in their
centre, which are nothing more than the rudiments of blood-vessels.
These are at first irregular, but soon assume a cj'imdncalﬁfnr;?,
and pass through a variety ui‘glg‘radatlonsg until they are finally
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distended with black blood; the left organ is infiltrated in a very
remarkable manner: it is impossible for an animal’s respiration to
continue for any length of time with disorders such as these exist-
ing in its lungs. There is another morbid appearance which must
not be forgotten, I mean this scirrhous mass containing a great
number of softened tubercles in its centre: this is an unusual con-
dition in animals, and may have had some share in the production
of the phenomena we have witnessed.

‘As the animal survived several days after the first injection, the
intestinal canal, in all probability, will present some pathological
condition in relation with the morbid state of the blood ; and, just
as [ had conceived would be the case, you see that the follicles
are much developed, and form eminences underneath the tunics that
invest them.

There are some physiologists of opinion that fibrin is nothin
more than modified albumen ; for my part, I think it would be difh-
cult, not to say impossible, to establish such identity between these
two substances by well-authenticated facts. M. Denis, of Com-
mercy, respecting whose interesting labours I have already spoken
to you in the present course, was among the number of those who
embraced this opinion, with the most thorough conviction of its
correctness. The principal argument he adduced in its favour
was, that when fibrin is treated with nitrate of potassa it liquefies,
and then acquires all the properties of albumen ; among others, of
becoming solid by heat. Such an experiment as this was undoubt-
edly of a nature to lead to the conclusion that the transformation
of fibrin into albumen was really possible, for it appeared exceed-
ingly improbable, considering the simplicity of the process, that any
error could have erept into the announcements respecting its issue,
nevertheless I fear that this has been the case.

The fact, when generally made known, created quite a sensation
in its way, so ready is the world to receive everything with favour
that possesses the character of novelty. M. Denis came and
described it to me; but as [ am one of those who like to see things
with my own eyes, and not with those of others, I begged he would
repeat his experiments in my presence. The trial took place in
this theatre, several of you being present at the time; unfortunately
the experimentalist did not succeed in producing any of the results
announced. [ should be grieved if what I now say discouraged
in any degree those persons who endeavour, by conscientious
researches, to throw light on questions so utterly obscure as those
with which we are now engaged; but I should be well pleased if
they had the effect of guarding them against that species of mis-
taken enthusiasm which has, in a multitude of instances, betrayed
the most eminent men into serious errors. Be all this as it may, I
by no means wish to affirm that albumen and fibrin are not one and
tl}& same substance ; but if such be the truth, it must be proved in a
different manner from what has yet been done, and I am of opinion
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;}:;';J;H;Eﬂﬂic chemistry is not yet sufficiently advanced for the
_ 1 told you, Gentlemen, that the qualities of the albumen differed
in different animals, and proved it also. You remember that that
of eggs, when treated with potass, formed into a solid, gelatinous
mass, rendered more opaque by heat; whereas the serum of human
blood, treated by the same agent, did not coagulate even with the
additional agency of caloric.

_Hex:e is a very curious fact, which substantiates the result of our
experiment on the conversion of different species of albumen into
each other. Before the lecture I put some human serum in a ves-
sel, with one-tenth of its volume of albumen of egg ; this I did with
the view of ascertaining whether the result would be the same as
in the eirculating system of an animal ; and however extraordinary
it may appear, it is no less true, that here, also, the albumen of egg
has disappeared, and that the serum treated with potass and heated,
as is now done by my assistant, does not coagulate as the albumen
of birds would do.

Continuinﬁ our investigation of the properties of the albumen
existing in the egg, I injected the whites of five eggs, diluted with
five times their volume of water, into the veins of a dog. The
solution marked four degrees by the areometer, and, consequently,
possessed a certain share of viscosity. Notwithstanding this, the
animal suflfered no inconvenience from the experiment; the func-
tions continue in a normal state, and it is probable will so continue.
This is certainly not the kind of result we should have looked for,
judging from the issue of former experiments; but this contradictory
fact only serves to teach us how utterly ignorant we are of the
physiology of the blood, even where we fancy we are most tho-
roughly well informed. Here is a specimen of the animal’s blood ;
it has coagulated perfectly well, and contains but a small propor-
tional quantity of serum. This serum gives no evidence, by any
unusual viscidity, of having had albumen added to it. Inow submit
it to the action of the two chief reagents, which disclose the pre-
sence of albumen; I pour a small quantitﬁf of potass nn+i't; this
produces no solidification, nor does the heat of the spirit-lamp
coagulate it either. What, then, had become of the albumen that
was injected? The certain fact is, that it has disappeared, but
how, or by what series of transformations, the present state of our
knowledge by no means enables us to declare. HE

Now, as the jugular was the vein whereby the injection was
introduced in the preceding experiment, the fluid must have passed
directly through the right ventricles into the lungs, and, consequently,
have traversed the minute capillary tubes of those organs without
causing any obstruction in their interior. But we know that if
we h:u? employed any other material endowed with a certain share
of viscosity, such as oil, gum, &ec., the pulmonary capillaries would
have been obstructed inevitably. Numerous experiments have
taught us that such substances, though innocent in themselves,
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blood would be unable without that principle to preserve its globules
uninjured.

If you wish to observe the globules in the possession of their nor-
mal properties, you must take care that they are recent; otherwise
you will see them when they have undergone serious changes, par-
tial destruction of their edges, while their surface is mottled with
minate spots; they now resemble a combination of small masses
constituting an amorphous and irregular whole. Here is another
fact which I have recently observed. For the first two or three
days no very evident change occurs in the globules; they then as-
sume the maculated aspect just alluded to; when in this state I
have given them the name of corpusculaires. A third period en-
sues, during the continuance of which they become the seat of
movements of totality, resembling these of infusoria ; it is this which
has probably made various authors fancy that the globules were,
in truth, so many animalcules. These movements, which are ex-
ceedingly evident, resemble what is called in physiology vibratile
motions, and are observable in various organs, especially in the mu-
cous membranes of birds, and of the human subject. In the latter
the borders only of the membrane are subject to these vibrations,
whereas the centre even of the globule manifests the phenomenon
distinetly. _

By means of the microscope it has been ascertained that the
vibratile motions of the extremity of the lamelles of oysters is due
to the presence of minute animalcules; and, by a very surprising
analogy, I have distinctly perceived small vibrions on the lobules,
moving on their surface, penetrating into their substance, and issuing
from it by the edges. Finally, the globule diminishes in size apa
gradually disappears; it appears to be devoured by these infusoria,
which has not been mentioned, I believe, by any other person.
Some globules present a multitude of these animalcules ; others a
very few. Thus, the blood furnished by a nasal polypus which T
excised lately, contained an innumerable quantity of them.

Hence it appears that, in order to commit no errors in out ob-
servations on the globules, we must know how long the blood has
been removed from its vessels. This is a fact hlth_erl.o‘unknuwn;
and I eannot believe that 1 am in error in announcing it now, for,
as it was perfectly new to me as well as to others, I repeated my
experiments frequently, and, in every Instance, with the same re-
sults. As to the variations in volume occurring in different ani-
mals, you may profitably consult the analytical table of MM. Pre-
vost and Dumas; I have recently found with M. Poiseuille that
those of a torpid bat measured the one-hundred-and-thirty-fifth part

illimétre. A _
uflai'[::rillammmine the globules of another order of animals, reptlle:s
for example, we shall find them ?nsscssed_nf a_dlﬂerem slruct]me
and conformation. One of their diameters _ls.ewdenlly‘ mi:mhrq e Z?x
gated than the other; they present a very distinct Epﬂé in ;1;1; m;
tre, and when they turn on lhei;;*ams a prominence 18 vi
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by which this disappearance of the globules in question is effected ;
but you will remark, gentlemen, that this is not the first time a fact
of this kind has presented itself to our notice. You must remember
t!‘lﬂl _tl‘.le album::n of eggs lost its distinctive properties after injec-
tion into the veins of a dog and assumed those of the albumen of
secum. However, one thing is certain, namely, that the abnormal
globules traversed the capillaries of the lungs; were it not so, we
should have seen the phenomena of obstruction, or, as they are
called, of inflammation, developed.

But, as you may urge, is it not possible that these globules were
arrested in their progress through other less important organs 7—
No; for were this the case, we should infallibly have observed
morbid phenomena of the same kind as those produced by the glo-
bules of starch and dextrine, of a tenth or twentieth of a millimétre
in diameter. As for the mixture of bird’s blood with that of a
mammiferous animal, we recognised in it some acicular crystals,
which disappeared in the course of four-and-twenty hours, whether
from the disengagement of ammonia, or otherwise, I know not.

One of the most interesting questions regarding the history of
the globules is to calculate approximatively the proportion which
they bear in point of quantity to the other elements of the blood.
In the present state of the science it is almost impossible to answer
this question. If we defibrinise some blood there remain the serum
and globules; the latter will in part fall to the bottom, and in part
remain mixed with the serum, if the whole be allowed to stand. If
we heat this, the albumen will become solid, but it will imprison
the globules in its substance; and the same effect will take place if
we evaporate the water of the serum in a sand-bath or in a vacuum.
I am of opinion that the most likely way to succeed would be to
dilute the serum with sugar and water,—a mixture which you well
know does not dissolve the globules. Nevertheless, even in this
way, there would still remain a little sugar and water, g]bumen,
and some of the salts of the serum mixed with the serosity; but we
should, undoubtedly, by this plan, come nearer the truth than in
any other way.

{t appears to be an undubitable fact, Gentlemen, that the propor-
tion of globules and serum undergoes increase or diminution under
certain circumstances; thus, after a certain number of bleedings,
the blood is rich in serosity, but poorly supplied with globules. In
the class of affections called anemic, the colouring matter of the
blood is to a certain extent lost. .

If the globular material of the blood be kept in a vessel for some
time, the globules change their colour, disengage ammonia, and
end by disappearing altogether. Here is some blood taken from a

erson affected with hypochondriasis, which I have now had by me
Por several days. Itis in a state of putrefaction, and no trace of
globules discoverable in it. In this instance, at least, their disap-
pearance is not the result of the disengagement of ammonia; for
ou see that, on placing a piece of litmus paper in the fluid, it is
immediately turned red,—an unanswerable proof that the fluid is
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I shall conclude this leciure by performing two experiments, and
by relating to you the particulars of a very interesting case which
I recently met with at the Hotel-Dieu. One of these experiments
will consist in Imecting some blood from a mammiferous animal
mtu_thf: circulating system of a bird ; the other in introducing some
reptile’s blood into the veins of one of the mammalia.

I have had the temperature of the injection for the first experi-
ment raised to 42° Centigr. The jugular vein of this goose has
heeq laid barf;; I now make a small incision in its coats, to allow of
the introduction of this little silver syringe. Although I push the
piston very gently the movements of inspiration become more and
more vidlent; indeed, animals of this class suffer extremely from
such experiments as these. I have now filled and emptied the
syringe three times into the animal’s veins; that is, [ have injected
about four centilitres, an enormous quantity, when one remembers
that birds have, comparatively speaking, much less blood than the
mammalia.

The dog now laid on the table is the one that has already had
two injections of frog’s blood into its veins; it does not appear to
suffer much inconvenience from them; after we part I shall have
a new dose introduced. The results of both these experiments
shall be made known to you in my next lecture. '

The case to which I propose now, in a few words, to direct your
attention, is that of a little girl of ten years of age, who was placed
in my wards about a month past with an organic affection of the
heart, according to the hospital register. On examining her I
found that the first sound, that produced by the shock of the point
of the organ between the fifth and sixth intercostal spaces, either
did not exist at all, or was masked by a very loud and prolonged
friction sound. In spite of all the laborious research that has been
bestowed on the diseases of the heart, the diagnosis of them is not
always easy: in the case I speak of, for example, the friction sound
might have been the eflect of contraction of the aorta; but I felt
disinclined to adopt that opinion, because the pulse was full and
strong ; the only other condition of serious import presented by the
patient was a slight bluish tint of the lips. Several days had passed,
and the patient was rather in a satisfactory state; she was even
preparing to leave the hospital, when, almost quite sudden]y,_her
whole body presented the certain marks of well-characterized
cyanosis: in four-and-twenty hours she had ceased to live. The
autopsy, carefully Eerfurme-d, brought the following state of things to
light, as you will have an opportunity of seeing for yourselves by-
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expand in the substance of their parenchymata, are compressed by
the swelling of the vessels, and by the matters effused from their
interior; it is they that transmit to the brain the impression of pain.
It is possible, too, that the vascular coats themselves, according as
they are, or are not, traversed by blood, become painful.

Inflamed parts frequently present unusual pulsations, whence it
has been inferred that the vitality itself ol the vessels is modified:
the patient is conscious of these pulsations. But, I would ask, have
the mechanical modifications undergone in this case by the local
circulation been allowed their due importance? Whenever an
artery is closed at one end, and so presents an insurmountable
resistance to the passage of the fluids into the capillary rete, its
coats support very considerable pressure, and dilate under each
contraction of the heart. Now, this is the state of things in an
inflamed part. The nerves, compressed at the instant each arterial
pulsation takes place, transmit the impression to the brain; the
phenomenon now alluded to is, therefore, physical in essence,
though vital in its results,—the first cause of all the disorders ob-
served is the obstruction of the capillary vessels.

In this way the analysis of the course of the blood in an inflamed
part explains the true sigpification of the famous words—dolor,
calor, tumour, rubor. The pain results from the compression of
the nervous filaments by the obliterated or distended vessels; the
heat shows that the blood passes in greater abundance into the
neighbouring capillaries which continue to be permeable; the
swelling is occasioned by the dilatation of the vessels, and by the
extravasation of the materials of the blood; the redness depends on
the presence of an unusual quantity of globules.

N‘:-:':-ww.ln_r in all this there is not a word about irritation, or organic
contractility, or insensible sensibility become sensible, or sponlane-
ons movements of the globules ; and, in truth, such explanations of
the phenomena are utterly deceptive. There is one experiment, 10
particular, which is cited as conclusive, and has for centuries
served as the basis of numerous medical doctrines. We are told
that when the mesentery of a living animal is pricked witha needle,
the blood flows to the injured point from all sides. Why should
the currents of blood change their direction and become retrograde
in some of the capillaries of the part? There must be some force
that attracts them, and this a stronger force than that of the heart
itself, inasmuch as the globules often move 1n the opposite direction
to that in which the action of that organ 1rends to propel them.
This newly-developed force is irpitation. You have, by your ex-

eriment, stimulated a point of the membrane, perverted its vitality,
and so drawn thereto the blood contained in the surrounding ves-
sels; all these phenomena are the result of irritation. Kre long

on see the tissues swell, redden, grow hot, and painful, and ex-
iravasation occur in the vicinity,—all this is the result of a new
process called inflammation. _GaH irritation sttmulus, and inflamma-
tion fluzus, and you restore to 1152 ;I:Cl&ﬂl importance the memorable



266 MAGENDIE ON THE BLOOD.

axiom, ubi stimulus, ibi fluzus. Yet certain persons, forgetting
these ideas, which are as old as medicine itself, talk to us of a new
medical doctrine based on physiology. :

Gentlemen, I have performed this experiment as well as others,
and you shall learn the result. When one chances to prick a capil-
lary vessel of the mesentery, the blood escapes by the opening, and
the globules of the neighbouring tubes rush to the orifice produced,
no matter what was the direction of their previous course. If, on
the contrary, the point of vour instrument simply enters the tissue
of the membrane, without injuring any of its capillaries, the circu-
lation continues as before: no abnormal movements of the globules
are produced. These results merit serious examination. What,
inflammation depends, you allege, on the exaltation of the vitality
‘of a part, and here I find that pricking an artery determines an
afflux of blood, while similarly injuring a membrane produces no
derangement in the course of the fluid! And this, although the
sensibility of the artery is positively null, in comparison with that
enjoyed by the membrane in which it ramifies. If your theory
were well founded, the violence of the inflammatory phenomena
should be in harmony with the degree of vitality of the tissues:
experience shows the precise contrary to be the truth. [Irritation
(to speak your language) is ineffectual in really irritable parts;
powerful in those deprived of irritability. But such absurd and
contradictory hypotheses as these are, I delight to perceive, begin-
ning to sink into merited contempt. In a variety of essays recently
published, among others that of Todd, of Liverpool, the question
of inflammation is quite otherwise considered than has heretofore
been the habit, and aceurate microscopical researches substituted
for rude and superficial observations.

But to the true explanation of the phenomena I have described :
—When you pierce the wall of a capillary vessel, the blood, meeting
with less resistance at the divided point than elsewhere, escapes
through it, and flows out as long as the elasticity of the vascular
tunics is not exhausted. But we know that the wounded capillary
does not ramify by itself, but communicates by a multitude of
branches with the neighbouring vessels of the same description, and
that the pressure is equally divided among all. When you act on
one of these vessels you act at the same time on all the rest. The
most distant globules tend as strongly to escape by the orifice yon
have made as those in its immediate vicinity, because an equili-
brium tends to become established. But the blood, we are told, has
been seen to go backwards: to direct itself from the veins towards
the arteries. Not a doubt of it; it would be marvellous were it
otherwise ; for, from the moment the resistance diminishes in any
point, the liquid must, by virtue of the laws of physies, flow thereto
from every possible quarter. Distend an India-rubber tube with
water, and then make a hole in its centre, and you will find that
the contained fluid reaches the opening from both ends with equal
facility. The elasticity of its walls explains the phenomenon fully ;
and the same mechanism is in play in the living vessels. The
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globules are sometimes observed to suddenly reassume their natural
course ; when this is the case, by examining the point of the vessel
injured, you will find that a clot has formed, and obliterated the
opening ; remove this clot, and the disordered movements instantly
recommence.
_ The course of the blood is not modified when the membrane only
1s punctured, simply because the properties of the blood are un-
changed thereby, and no solution of continuity effected in its
tubes,—the impelling agent remains the same as before; there
is no reason why any modification of the circulation should ensue.

If, instead of opening the vessel, you apply an acid to its outer
surface, phenomena of a different nature follow ; but these depend
wholly on chemical action, as has been proved by M. Leuret in a
series of most interesting essays. The acid combines with the
tissue, renders it tough and hard, by taking up its water, and so
diminishes the diameter of the capillary vessel that it becomes too
narrow proportionally to the volume of the globules ; these stagnate
and become motionless behind the contracted point. The blood
which should have passed through the spot in question, lows back into
the surrounding vessels, dilates them, and makes them appear larger
than they previously were. In this case, as in the former, these
artificial irrvitations and inflammations are nothing more than me-
chanical results. And yet these are the experiments which serve
as the basis of the theory of irritation and inflammation,—a theory
in which nothing is taken into consideration but the modified vitality
of the tissues. I am well aware that at the present day it has
lost something of its pristine vogue, but it still enjoys a certain share
of credit with some practitioners, and it is well to annihilate even
its last vestiges of popularity. |

I have by no means exhausted the list of superannuated hypothe-
ses, wherewith attempts have been made to -explain the natvre of
inflammatory phenomena. Take, for instance, the notions pro-
pounded by Dillinger, in Germany : this author commences a recent
essay by establishing that the globules are so many little beings,
independent of the action of the heart, moving where they will, and
having no guide but their caprice. Hear the description the Ger-
man physiologist gives of their evolutions, as detected with the
microscope:—« The globules sometimes change their shape, and
become double their natural length ; but this elongation does not
depend on the pressure exercised by the walls of the vessels on them,
from these being too narrow. I think that t_h1s Fhange nﬁ' form is
due to the inclination of the globule to unite 1tsgif to its fellow,
whether by virtue of an attractive force, or of their common move-
ment.” And elsewhere,—* the globules are always in a state of
internal antagonism: at one time they may be looked on as so many
particular animal organisms, as infusoria, possessed of something
of individuality; at another, as parts of a whole, existing only in
relation to the mass, and dependmg on the general relations of the
sanguineous system. This is the reason we see them attract and
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of the blood in the capillary vessels remains concealed. To prove
ﬂ_lB equal share taken by these two forces in the phenomena of the
circulation, we have a means offered by nature in a variety of
morbid states,—this means is z'nﬂammafiﬂn.”' _
~In the explanation of the phenomena of inflammation the same
independence of the globules is maintained to exist; nay, more,
they are not only said to be independent of that organ, but actually
to oppose to it a rival and superior power. A struggle ensues,
which Kaltenbrunner thus describes :—¢ The inclination of the blood
to veturn to the heart undergoes a change in inflammation, of which
the nature is unknown. ‘The blood, instead of flowing towards the
heart, is then inclined to accumulate at the point of inflammation,
which assumes the character of a second heart. The circulation
may be now looked on as the result of a conflict between the true
and false heart.”......... “If the intensity of the inflammation
increase, the circulation ceases completely at the point where it
attains the maximum of violence, that is, towards the centre; the
more intense it is, the greater its extent becomes, and the more the
quantity of blood that flows towards the inflamed part augments.
At length the animal dies; the force of the heart is annihilated ; the
vessels of the periphery of the body empty themselves, and the
blood ceases to circulate, except in the immediate vieinity of the
diseased part. Long after death oscillations continue to be per-
ceptible in the vessels round the inflamed part; whereas the circu-
lation and all motion of the blood have ceased for some time
previous to death in those that are healthy.” All is over, then, with
the animal and his true heart! The false heart has got the upper
hand, and, enjoying the victory, pursues its manceuvres in full secu-
rity, for it no longer need fear interruption on the part of its defunct
rival. But the chances of war are capricious; we shall now see
the false heart succumb in its turn. * When the inflammation is
less violent, the vis medicatriz of nature, and that of the heart,
gradually recover their energy; the afflux of blooed round the
inflamed part diminishes, its movement grows regular, hmostasis
is at an end; and thus the equilibrium between the force which
maintains the circulation by means of the ‘heart, and that which
depends on the capillary vesscls, is re-established.” A
Gentlemen, I am unwilling to push our truly painful examination
of this writer’s extravagant conceptions any further; if tales such
as these were not given to us as exact and well-observed facts, we
might perhaps smile at their fantastic oddness; but really, brought
forward as they are, they put one’s patience to a most severe trial.
Of course you do not expect one to set about refuting seriously
such a host of absurdities; their simple rehearsal is in itself the
severest criticism with which it is possible to lash their authors.
So far we have only considered the anatomy of the question ;
the causes, progress, termination, and treatment of inflammation,
should also be submitted to minute examination, and no longer
abandoned to the discretion of the nosologists. As for the causes of
inflammation, these are so nUMErous and varied that one cannot
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the development of that disease. It would be a senseless attempt
to endeavour to range, under a common head, so many and so
"-’ﬂ_l'liﬂu:; morbid elements; why, then, designate them by a common
epithet ?

What is trne in the case of the eye is true in that of every other
organ as well. I know not how it has come to pass that persons
maintain that every material lesion of our organs originates in
inflammation, and this in perverted vitality of the solids. Do not
forget that every tissue derives from the blood the materials of its
structure; modify the blood, and you at the same time modify
the progress of the fluid through the capillaries, and, in conse-
quence, the nutrition of the various parenchymata. You may
even, by particular kinds of diet, transform the substance of an
organ into a totally different matter; this I have done in the case
of the liver. I had remarked, in some experiments on the injection
of fatty liquids into the veins, that the tissue of the liver assumed a
singular aspect; and had even hazarded a conjecture that by vary-
ing the process one might succeed in making faity livers at will;
and, in fact, when I resumed my researches on different sorts of
alimentation, I found that animals which had been fed exclusively
on butter, or fat, all of them presented, on examination after death,
that particular state of the liver known by pathologists under the
name of falty. During life no single symptom occurred authorising
any suspicion of the change effected in the structure of the organ ;
the appetite continued tolerably good ; the health apparently satis-
factory. You see here the liver of one of these animals; it presents
all the characters of falty degeneration; pale, faded-leaf colour,
and friability of tissue; when I plunge a scalpel into its substance
the blade is withdrawn smeared with fat. If you take a slice of
this liver and rub a piece of paper well with it, the character of the
combustion of the latter will indicate the presence of fat. 1begged
of M. Frémy to analyse the fatty liver of several of these animals,
and that young chemist ascertained that this condition of the liver
is produced by the deposition of a considerable quantity of stearine
in the areol® of its parenchyma. The other constituent principle
of fat, namely, oleine, M. Frémy was unable to find. I was desi-
rous to learn whether the fatty liver of the human subject was simni-
larly impregnated, and found here, too, that the chief fatty ingre-
dient was stearine. This result appears to me really interesting,
and one possibly calculated to throw some light on the etiology of
this disease of the liver. _ :

These facts show the possibility of our being able to substitute
milder means for the barbarous practices now employed to render
the liver of certain fowl fatty; why might not this end be as well
attained by changing the nature of their food, as by putting out
their eyes, confining them in the damp, deforming their chests, and
eramming them almost to suffocation with vegetables?

Here is a dog which has for the last three weeks been fed on
unpurified beef fat. He is weak, thin, and dejected ; 1 have‘ no
doubt that the liver is in a commencing state of fatty degeneration.
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If our acquaintance with the manner in which inflammation ori-
ginates be imperfect, our notions respecting its various modes of
termination are no less so. Here, too, we find nothing but routine
classifications, based on the grossest of the phenomena presented
by the diseased tissues. According to authors, the various modes
of termination of inflammation are reducible to six categories;
those of delitescence, metastasis, resolution, suppuration, induration,
and gangrene. Aninflammation being given then, the only difficulty
consists in fixing to which of these categories it belongs. This
would, no doubt, be simple and most ingenious, if each of these
%m[’PE were founded on a reasonable theory of the phenomena re-

errible to it; but such is not the case: words we may have in abun-
dance; correct ideas few or none.

By delitescence is understood the sudden disappearance of inflam-
mation. Why this prompt cessation of the morbid symptoms? Be-
cause the circulation, which was momentarily disturbed, resumed
its natural course before considerable obstruction and extravasation
had time to form. You have an example of this in what occurs
when you apply a burning liquid to your hand; it reddens; more
blood than natural flows to it; there is now #érritation ; plunge it into
ice-cold water, the quantity of blood rushing to the part is dimi-
nished; the redness decreases; you have arrested the inflammation in
the outset. I have used the expressions irritation and inflammation
to make you feel how unfit these words are in such a case, inas-
much as they turn attention from the chief point, the influence ex-
ercised by temperature on the progression of the blood in the ves-
sels. For the just comprehension of these phenomena, I beg to refer
you to our experiments on cold and heat with the h&modynamo-
meter.

By metastasis is meant the sudden and spontaneous removal of
inflammation from the part it occupies to some more or less distant
quarter. 1 shall not trouble you with all the hypotheses which have
been imagined to deseribe the route taken by the inflammatory ele-
ment in such cases. Some make it travel with the blood; others
have supposed it to be summoned by the sympathies; others have
been reduced to making it jump from one place to another by vir-
tue of an unknown power, emanating from the vital properties.
There is a deal of vagueness connected with the meaning of this
word metastasis; the solution of the problem is reserved for expe-
rimental research. : _

Resolution is the gradual disappearance of inflammation, and
constitutes its most favourable termination. The disease in this case
goes through all its periods gradatim; the pain diminishes, the
swelling disappears, the parts return insensibly to their normal con-
dition, and the free exercise of their functions. How do the ob-
structed vessels recover their lost properties? I believe that their
recovery depends on the modifications undergone by the blood ac-
cumulated in the part. This blood at first became solid by the sepa-
ration and infiltration of its liquid portion through the pores or rup.

24
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of a variety of tests to which his powers have been submitted, and,
In every instance, he has been successful. 1 brought pus from the
hospital which had been collected in the lung, the pleura, the peri-
toneum, and the cellular tissue, and he invariably announced its
origin with perfect correctness. Irecollect even having endeavoured
to entrap him by presenting himn with some artificial pus of my own
making, as though taken from one of my patients, but he was not
to be deceived. I have, therefore, not the least doubt that the glo-
bules of the various species of pus may be recognised by certain
physical characters. This important fact is another to be added to
the list of experimental discoveries.

When the inflammatory engorgement remains stationary, when
the hardened condition of the tissues augments, while the other in-
flammatory phenomena disappears, the disease is said to terminate
by induration. 'This mode of termination is proper to glandular
organs, and generally succeeds a slow, obscure inflammatory ac-
tion. The modifications undergone by the indurated parts are not
yet precisely understood; all we know is, that the extravasated
matters do not re-enter the circulation, that they become organized,
and soon form an integral part of the tissues. By what series of
phenomena does inflammation of the testicle effect the transforma-
tion of the testicle into a scirrhous mass? How comes it that en-
cephaloid of that organ often appears to follow simple disordered
conditions of the progression of the blood? There can be litile
doubt that the nature of the materials effused gives a particular
character to the manner in which the disease terminates. Accord-
ing as these remain solid or liquefy, the consistence of the part
undergoes changes which would furnish most interesting matter for
analysis, but wﬁich writers have been contented to designate by
different epithets without seeking their cause.

On the termination by gangrene I have already spoken to you at
sufficient length,

It remains for me to discuss the treatment of inflammation; but
this is so vast a subject, Gentlemen, and the indications it embraces
are of such an import, that it would be impossible for me even to
glance at its chief points in the few minutes I have still at my dis-
posal. Let me state, however, that if the phenomena of inflamma-
tion cannot be referred to one origin, the same is even more em-
phatically true of its treatment. What is to be understood by the
strange denomination of antiphlogistic? Will broths and mucila-
ginous liquids restore the blood its coagulability, and prevent its
extravasation through the coats of its vessels? Are leeches the sole
means of removing the thorn that stimulates the inflamed part? It
is rational to attack the blood, as the movement of that fluid is dis-
ordered ; but it is its composition, much more than its volume, that
requires to be modified. What is well fitted for one inflammation,
would be injudiciously employed for another. 1In one case the ac-
tion of the organs needs stimulation,—in another, depression; in
one patient the blood ceases to eirculate, because it is too fluid ; in


















