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PREFACE.

THE obscurity of the nature of Internal Dis-
eases, of which Physicians have always com-
plained, seems to arise from several causes ;
the difficulty in those diseases of referring the
painful feeling to the seat of the injury, pro-
ceeding from the indistinetness with which we
refer to internal parts, and other parts sympa-
thising with the part affected ; the deficiency
of our knowledge of morbid anatomy, in conse-
quence of which we are not always enabled
from the train of symptoms to infer the derange-
ment of structure ; our ignorance of the func-
tion of many internal parts, and where we have a
knowledge of the function, our ignorance of the
principle on which it depends. If such be the
causes of the obscurity of the nature of Internal
Diseases, we may easily perceive the objects
which ought to be kept in view in our endea-
vours to obtain a more correct knowledge of
them, and consequently of the means of cure
adapted to them. :

By the frequent inspection of dead bodies,
we learn to connect particular trains of symp-
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totis with ‘the changes of strueture which occas-
sion ‘them for although the densations of which-
the patient 'complainsare often ill defined, and
sometimes not referred to the seat of the mor-
bid action, 'yet the same morbid action almost
always produces nearly the same train of symp-
toms. 'Nothing appears more to have retarded
the" progress “of medical knowledge, thanthe
obstacles which have'in all'ages been opposed
tothe inspection’ of ‘dead bodies. - The: great
importance 'of the information thus' obtained,:
however, has 'been slowly reconciling the public!
mind to*it 3/ ‘and wemay with confidence anti-,
cipate ‘the ‘greatest improvements from the in<
créasing freqiiency ‘of this practice ;' without
whicli'wé (canmd’more acquire a knowledge of
the'dideased states of the body, than we can 'of
itS:{hEﬁlﬂ'f)i stite without the aid Gf-il’ll&;tmﬂy.\ O

“Buti rieither anatomy nor the inspectionof;
morhid bodiesican teach us the nature of the
finctions:|© A' knowlédgelof them  can only'be.
acquired by ceomparing sthe! structure, of the!
ni'gﬁm'wiﬂi:-ﬁhe'antiﬁns"ﬂbsewed in them while:
their vital power remains. « Some of these ac-
tions are ' the objectsoof simple observation in
our-‘own ‘bodies’ ‘and ‘those of other animals.
Anatomy, for example, teaches us the structure,):
position;” and attachments of the:museles ;) ob=
sewvatioh readily points out! their function; and.
by thieslesion of this fundtion we judge of the'!
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extent and degree of their morbid affections,
and are consequently guided in the application
of our remedies. But there are other and more
important functions, which in the entire animal
are hidden from our view. To ascertain their
nature experiments must be made on the living
and newly dead animal. We shall find that
many parts retain their vital actions fora certain
time after what we call death.

To the aversion to experiments on living
animals, which every man must feel, we may,
I think, in a great measure, ascribe the little
progress which has been made in this essential
branch of medicine. Something too must be
ascribed to the obscurity of the subject. The
internal funetions of animals are of a nature so
different from any thing which we are accus-
tomed to see around us, that our previous ex-
perience gives us little assistance in attempting
to trace their laws, and our progress is neces-
sarily slow and difficult. Hence it appears to
have been that the earlier Physiologists, dis-
gusted with the task placed before them, evaded
it ; and endeavoured by ingenious fictions to de-
ceive their readers. It is now universally agreed
that if any progress can be made in Physiology,
it is not by the wanderings of fancy, but by pa-
tience and by labour. We are amused with the
reveries of Stahl, but for instruction we look to
the experiments of Haller.  And to similar ex-
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periments we must look for all the information
we can obtain on this subject. ' The hope of
adding something to our knowledge of the vital
functions, and thus improving the treatment of
their diseases, induced the a.uthﬂr to undertake
the follewing Inquiry.

From the foregoing view of the subject it
will be admitted, I think, that few writers have
stronger claims on the indulgence of the publie
than the Physiologist, provided his endeavours
arerationally directed. The knowledge, which
it is' his aim to acquire and communicate, is of
the most important kind, while his means of
information are always laborious, and often of a
painful nature. These claims are increased by
the circumstances in which he is usually placed:
No person is fitted for physiologieal inquiries
who has not obtained a competent knowledge
of the different branches of Medicine. = This
knowledge is acquired with so much difficulty,
and depends so much on actual observation;
that few who do not practice medicine as'a pro~
fession ever acquire it. The Physiologist;
therefore, generally pursues his inquiries amidst’
anxious and fatiguing engagements of a differs:
ent kind, and of such a nature that-all others
must give place to them. 1 do not mention:
these circumstances as affording any apology
for inaccuracy in points of consequenece, be=:
cause the writer owes it to the public: to with::
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hold - his. eommunieations till he thinks himself
:assured of their accuracy; but they may, I
‘hope, be admitted as an apology for less impor-
tant errors. The errors of the following In-
quiry are not those of precipitation. It is above
fifteen years since some of the experiments
which I am about to relate, and many connect-
ed with them, were made. None have been
made within the last year, during which I have
employed the time I could allot to such engage-
ments in arranging my experiments, compar-
ing them together, and endeavouring to guard
against hasty inferences, which it is difficult to
do at the time the experiments are made,

- I'have endeavoured as much as possible to
avoid experiments on living animals. Most of
those related in the following Inquiry were
made on the newly dead animal ; and it will ap-
pear, I think, from what I am about to lay be-
fore the reader, that for many experiments, for
which the living animal has been thought ne-
cessary; the newly dead animal may be used
with equal, and sometimes with greater advan-
tage.  When it was necessary to experiment on:
the living animal, I uniformly observed the fol-
lowing rules ; to destroy the sensibility previous.
to the experiment, when this could be done with-
out:influencing the result; when several ani-
mals were equally fit for the experiment, to
choose the one which would suffer least from it ;-
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when there were several ways of performing
the experiment, to choose the way which would
occasion least suffering ; if the experiment was
necessarily fatal, to destroy the animal as soon
as the purpose in yiew was answered ; and to
take such precautions as rendered as few repe-
titions as possible requisite.-

I have been much indebted in making the
experiments to the kind assistance of several
aentlemen ; particularly Mr. Hastings, late
House-Surgeon to the Worcester Infirmary,
Mr. Sheppard, Surgeon in Worcester, and Mr.
Herbert Cole, successor to Mr. Hastings. 1
shall frequently have occasion to mention those
gentlemen.



An Experimental Inquiry,
&ec.

e _a

.Tl-IE following Treatise is divided into two
Parts. In the first Part I shall make the reader
acquainted with the state of our knowledge
respecting the prineiple on which the action of
the heart and blood vessels depends, and the
relation which subsists between them and the
nervous system, at the time my experiments
were begun ; as on this, all our knowledge of
the vital functions more or less immediately
depends. In the second, I shall relate these
experiments, and point out the inferences to
which they seem to lead.

PART 1.

Of the state of our knowledge respecting the
principle on which the action of the heart and
blood wessels depends, and the relation which
subsists between them and the nervous system.

The object of this Part cannot I think be
better accomplished than by laying before the
B
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would be impossible to appreciate all the merit
of this excellent work.

It was not till after the circulation of the
blood was discovered by Harvey, early in the
seventeenth century, that Physiologists turned
their attention to the cause and mechanism of
the movements of the heart, which have, since
that time, given rise to so many different sys-
tems.

We shall not speak of those of Descartes, * of
Sylvius de le Boe,t of Borelli.f They are very
absurd, and serve only to prove how unfor-
tunate were the first attempts to explain one of
the most important functions of the animal
ceconomy. We shall begin with the distinction
which Willis first pointed out between the
nerves destined for the voluntary, and those
for the involuntary motions. He placed the
origin of the latter in the ecerebellum, of the
former in the brain, properly so called. He
taught that the motions of the heart, and other
vital organs, experience no interruption, be-
cause the cerebellum is in a state of constant

* L’homme de René Descartes, et la formation du feetus
avec les remarques de Louis Laforgue, Paris, 1677, p. 4 and
106,

+ Francisci De la Boe Sylvii Opera Medica Geneve,1681,
p. 5, 27, 28, 38, 475.

1 Jah. Alph. Borelli de motu animalium, Hage Comitum,
1743, p. 89—92,

B2
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activity ; but that the organs of voluntary mo-
tion, on the contrary, require repose, because
the brain acts only by intervals.* This dis-
tinction of Willis was very generally admitted
till the middle of the last century. It was
chiefly with a view to it that the division of the
eighth pair of nerves, from which it was main-
tained that almost all the nerves of the heart
proceed, was performed in different countries.
‘The object was to prove that it is from the
cerebellum that the heart derives all its power,
and it was alledged that the animal died in this
experiment, in consequence of the communica-
tion between these organs being interrupted.
But, besides that it dies too slowly to permit
us to ascribe its death to this cause, it has been
proved in later times by several Philosophers,
and particularly by M. le Gallois, in a memoir
which the Class ordered to be inserted in the
transactions of learned correspondents, that
death here proceeds from quite a different
cause. It has sometimes happened, mdeed,
that animals have died almost suddenly after
the division of the nerves in question, and the
partizans of Willis have not failed to lay much
stress on this circumstance, of which their ad-
versaries could give no satisfactory explanation.

* Tho. Willis opera omnia, edente Ger. Balsio Amstelodami,
1982, Tom. 1, de cerebri anatome, cap. xv. p. 50.
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But M. le Gallois has demonstrated in the me-
moir to which we have just alluded, that sudden
death in this case only happensin certain Kinds
of animals, and in these only when they are
very young, and that it is the effect of suffoca-
tion,* more or less complete from the shutting
of the glottis. There is nothing then in these
facts in favour of Willis, to which we may add,
that the eighth pair of nerves does not arise
from the cerebellum, and that most of the
nerves of the heart do not belong to this pair.
Boerhaave was of the same opinion with
Willis, but besides the nervous influence, he
admitted two other causes of the motions of
the heart ; the action of the blood of the coro-
nary arteries on its fibres, and of the venous
blood on the surface of its cavities. Accord-
ing to him the concurrence of these three
causes produces the systole, and the simultane-
ous interruption of their action in consequence
of the systole gives rise to the diastole, during
which their action is renewed.t But this ex-
planation, with the exception of what regards
the stimulus of the blood on the internal sur-
face of the heart, is contradicted by fact, which

# Asphixie. This I translate suffocation, because we use
the term Asphixia in a very different sanse, Culleni Synopsis
Nos. Method. Gen, 44.

+ Her. Boerhaave Instit. Medicee, § 400.—Vanswieten in
Aphorismos, &c. Lugduni Batav. 1745, Tom. 2, p. 18,
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has not prevented its reception in the schools,
with another error that has made no less noise.

We allude to Stahl, and his soul or Archzaus,
which, regulating all the movements of the
living body, subjecting them to the will, or
rendering them independent of it, according
as they are merely useful, or absolutely neces-
sary to life, presides above all over those of the
heart, and, through the influence of. the nerves,
insures their continuance ; a species of reverie
which is inconsistent with all the true principles
of Physiology.

After all, where would the Stahlians place
this simple and indivisible being? 1In the
brain without doubt. But then how does it
happen that an animal may live, and the mo-
tion of its heart continue after it is decapitated.
Would they place it in the heart itself? But
all animals, and especially those of cold blood,
live a longer or shorter time after the heart is
cut out.*

Other writers, such as Abraham Eus,t Stee-
helin,I &ec. have also endeavoured to explain
the motions of the heart; but their systems,

* For an exposition and refutation of this system see
Haller’s Element. Physiolog. Tom. 1, p. 480—8, and Tom.
4, p 517—34.

+ Dissertatio Physiol. de causa vices cordis alternas pro-
ducente. Lugd. Batav. 1745.

t Dissertatio de pulsibus. Basile, 1749.
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almost as soon forgotten as conceived, do not
deserve to detain us.

Those of Boerhaave and Stahl reigned almost
alone, when in 1752 Haller published his ex-
periments on irritability. These experiments
and those of his followers tend to prove, that
the contractile power belongs essentially to the
muscular fibre. That property which Haller
sometimes speaks of under the name of wvis
insita, sometimes after Glisson, under that of
irritability, is the source of all the motions
which take place in the animal; but it cannot
produce them except some cause, some stimulus
determines it to act. Thus all muscular motion
implies two things, the irritability which pro-
duces the contraction of the muscle, and the
stimulus which determines the irritability to
act. 'The irritability is every where the same.
It only varies in intensity in the different mus-
cles; but it does not obey the same stzmuli in
all the muscles. The nervous power is the
natural stimulus to all those which are under
the influence of the will ; and it is by exciting or
suspending the action of that power on the
irritability of such or such muscles, that the will
causes any particular part to act or to be at
rest. It is not thus with the muscles of invo-
luntary motion ; these are affected by stimuli
of different kinds, which are appropriated to
their different functions, and altogether different
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from the nervous power. It is the blood which
1s the natural stimulus of the irritability of the
heart: alimentary substances, of that of the
intestinal canal, &e.

We easily deduce from these principles the
explanation of the leading circumstances which
we observe in the motions of the heart. Thus
its motions are involuntary, because they are
independent of the nervous system ; they take
place without interruption during life, because
the irritability which produces them belongs
essentially to the fibres of the heart, and the
blood which excites them is constantly supplied
to this organ by the veins as it is carried oft
by the arteries. The systole and diastole sue-
ceed each other alternately and regularly,
because the stimulus of the blood always oc-
casions the former both in the auricles and
ventricles, and the systole itself, by expelling
the stimulus, occasions the diastole, which re-
news the systole by allowing access to new
blood.

Such is a summary view of the celebrated
Hallerian theory of irritability. 'That theory
was not contrived in the closet like the others
of which we have spoken: it was founded, as
we have said, on experiments made by Haller
himself, and by the most distinguished of his
scholars, who then occupied, or have since
occupied, the first rank among the Angtomists
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and Physicians of the last age. These expe-
riments, repeated thronghout Europe, found
almost every where supporters ; but they found
also some opponents of the greatest reputation.
The principal cause of this difference of opinion,
and that respecting which authors have not yet
been able to come to any agreement, is the
question, whether the motions of the heart are
really independent of the nervous system.

We may reduce to three heads the facts by
which the school of Haller has supported the
afirmative. 1st. If we interrupt all communi-
cation between the heart and the brain, the
only source of mervous power, by dividing the
nerves which go to the heart, the spinal mar-
row in the neck, or even by decapitation, the
motions of the heart continue as before. 2d.
If we cut out the heart of a living animal, and
place it on a table, it continues to beat, and
sometimes for a long time. M. de Humbolt
has shewn that it beats more strongly, and
for a longer time, when it is suspended. 3d.
We always produce convulsions, even for some
time after death, in the muscles of voluntary
motion, by irritating their nerves, either me-
chanically or in any other way. On the con-
trary, the irritation of the cardiac mnerves
occasions no change in the motions of the
heart, nor re-calls them when they have ceased.
The same observation is true of the Medulla
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oblongata and spinal marrow, the irritation of
which occasions strong general convulsions,
but produces no effect upon the heart.

These facts are correct, except perhaps those
of the third head, respecting which there is some
difference of opinion. For in admitting them,
the adversaries of irritability have asked, why,
if the nervous power has no action on the
heart, is this organ supplied with nerves, and
why is it so evidently subjected to the influence
of the passions? Haller never gave any satis-
factory explanation of these objections, but
every thing proves that he felt all their force.
When we read with attention all that he has
said of the motions of the heart, in his dis-
sertations on irritability,* and above all in his
great work on Physiology,t we are struck with
the contradictions which we meet with in them,
and which makes the perusal of them fatiguing.
Through all of them his great object is to
prove, that the motions of the heart are in-
dependent of the nervous system. All the
facts, all the experiments, all the observations
which he brings forward, tend to this end;
and yet he seems to admit in several places
that the nerves possess an influence over the

* Memoires sur la nature sensible et irritable des parties
ete. Lausanne, 1756.,—Opera minora, Tom. 1.
+ Element. Physiol. lib iv. sect. 5, et lib xi, sect. 3.
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heart. It is true that it is with an air of doubt
that he admits it, and confines himself to say-
ing, that it is possible, that it is not unlikely,
that the heart derives a power of motion from
the nerves.* These contradictions with which
several justly celebrated writers have reproach-
ed him, amongst others MM. Prochaska,f
Behrends,t Ernest Platner,§ &e. proceed evi-
dently from his not being able to reconcile the
results of experiments with the influence of
the nervous power over the motions of the
heart ; and, in rejecting this influence, finding
it impossible to explain the use of the cardiac
nerves and the effect of the passions on the
heart. Here is the great difficulty in the con-
troversy of which we speak. Those who, like
Fontana, formally reject all intervention of the
nervous influence, have been forced to admit
that the nerves, destined to convey to every
other part, life, feeling and motion, have no
known use in the heart. ||

* Ibid. Tib. iv, sect. 5, p. 493, et alibi passim.

+ Opera minora Vienna, 1800, Tom. II. p. 90.

I Vol. 3, p. 4, of the Collection of Ludwig, entitled
Scriptores neurolog. minores selecti Lipsie, 1791—5. Four
volumes, in 4to. ;

§ Vol. 2, p. 266, of the same Collection.

|| Memoires sur les parties sensibl. et irritab. Tom. 3, p.
234. See also Caldani ib. p. 471, and Le Traité sur le venin
de la vipere, Tom. 1I. p. 169—171.
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by the passions, his opinion appears undecided.
He has recourse to the ganglions, and hesitates
what function to aseribe to them. Sometimes
he considers them as knots, as ligatures, so
ticht as to intercept all communication be-
tween the heart and Sensorium Commune,
in the calm and peaceful state of the system,
but not sufficient to prevent the Sensorium
re-acting more or less powerfully on the heart
in the agitation of the passions.* Sometimes
he seems to believe that the interception is
complete and constant, and that it is by the
nerves of the eighth pair that the passions
affect the heart;+ and he seems to adopt the
opinion of Winslow,] renewed by Winterl,§
Johnstone,| Unzer,¥ Lecat,** Peflinger,+t &c.
that the ganglions are so many small brains.
He admits at the same time that the nerves of
teeling are distinet from those of motion, so
that the heart cannot contract except when the

* Opera minora, Tom. 2, p. 165.

4+ Ibid, p 167.

1 Exposit. Apatom. Traité des Nerfs, § 364.

§ Nov. Inflam. Theoria, Vienn, 1767, cap. 5, p. 154.

|| Essay on the Use of the Ganglions, 1771.

¥ Unzer quoted by Prochaska oper. minor.Tom. 2, p- 1G9,

*#* Traite de Pexistence de la nature et des proprietes du
fluide nerveux, Berlin, 1765, p. 225.

++ De structura nervorum, Argentorati, 1782, Sect. 1,
§ 34, inserted in the Collection of Ludwig, vol. I,
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1 impression of the stimulus on its cavities is
transmitted to the ganglions by the nerves of
feeling, and reflected on its fibres by the nerves
of motion.* But besides that this opinion,
even by the author's confession, is only a con-
jecture, it supposes on the one hand, that the
circulation would continue after the destruction
of the spinal marrow; and on the other, that
the heart would cease to beat at the moment
when its communication with the ganglions and
the Plexus is interrupted. Now both these
suppositions are contradicted by facts.

These fruitless attempts to modify the theory
of irritability by the intervention of the nerv-
ous power, have only increased the zeal of some
authors to maintain that theory in its original
purity, and as the use of the nerves of the
heart was among the most embarrassing ob-
jections to it, M. Scemmerring, one of the
most profound Anatomists of Germany, and
Behrends, one of his most distinguished scho-
lars, maintained, in 1792, that the heart has
no nerves, and that all those which appear to
enter it are expended on the coats of the coron-
ary arteries, without the fibres of the heart
receiving a single thread ;+ an opinion which

* Opera Minor. Tom. IL. p. 169.

+ Behrends Dissertatio qua demonstratur cor nervis carere,
Mogunti®, 1792, inserted in the third vol. of the Collection
of Ludwig,
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far from removing all the difficulties, only
renders the influence of the passions on
the motions of the heart more inexplicable.
These two authors maintain that the cardiac
nerves support and increase the irritability of
the coronary arteries; but the existence of
irritability in the arteries is still doubtful, and
were it demonstrated, it would be very strange
if irritability depended on the nervous influence
in the arteries; and in the heart, the most
irritable of all the organs, it were wholly in-
dependent of this influence.

Science, however, has cause to rejoice at
the groundless doubts proposed by M. Behrends
respecting the cardiac nerves, since they have
induced the learned Scarpa to take part in the
dispute, and have procured for us his excellent
work on the nerves of the heart.* M. Scarpa
proves in that work that the nerves of the
heart are as numerous, and are distributed in
the same way, as in other muscles. He adnits
with M. Prochaska, that sensibility and irrita-
bility are essentially united, and that the
nervous influence is generated throughout the
whole extent of the nerves; but he does not
admit that the ganglions are so many little

* Tab. neurolog. ad illust. hist. anat. cardiacorum nervo-
rum, &e¢. Ticimi, 1704,
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demonstrative proof that the motions of the
heart do not depend on the nerves, proves only
that the nerves of the heart are not of the
same kind with those of the muscles of volun-
tary motion, and that the nervous power does
not in them obey the same laws* This re-
flection is without doubt very judicious, and
it is by an error of experimental logic that
we are surprised not to obtain the same effects
from the irritation of two orders of nerves
wholly different.

The work of M. Scarpa did not induce Dr:
Scemmerringf to change his opinion, nor pre-
vent Bichat from denying that the nervous
power has any share in the motions of the
heart.] This last writer maintains the exist-
ence of an animal and organic life, distinet from
each other, and of a nervous system for each
of these lives. The system of the ganglions,
which he regards in the same point of view
with the authors above quoted, as small brains,
belong to the organic life, and the cerebral
systein to the animal life.§ To be consistent

" * lbid, § 20,

+ Th. Seemmerring de corporis humani fabrica. Trajecti
ad Menum, 1796, Tom, IIL. p. 30, 43, 46, 50, et ibid,
1800, Tom. V. p. 43.

i Bichat. Recherch. Phys. sur la vie et la mort. Paris,
1800, Part II. Art. 11, §1.

§ Ibid, Parcl. Art. 6, § 4. Ibid, Art. 1, § 2.
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the motions of the heart ; and it is always and
ounly in the brain that they place the seat of
it. The cardiac nerves, therefore, had a de-
termined use in all these systems, and one
could easily understand why the heart i1s sub-
ject to the empire of the passions; but it was
impossible to explain why the circulation con-
tinues in acephalous animals, and why in ex-
periments on animals, the interruption of all
communication between the brain and the
heart does not stop the motions of the latter,
Since Haller, irritability has been the basis of
all these systems. In regarding that property
as essential to the fibre and independent of the
nervous influence, the circulation in acephal-
ous animals, and the different phenomena ob-
served in the experiments alluded to, present
nothing that is not easily understood ; but the
use of the nerves of the heart and the influence
of the passions on that organ become inex-
plicable.  The necessity of removing these
difficulties has produced two parties among the
supporters of irritability. 'The one, zealous
favourers of the doctrine of pure irritability,
called to their aid the most improbable hy-
potheses, and all their efforts have only served
to prove how difficult it is to support the cause
they espouse. The other confounded the nerv-
ous power with irritability, which they consider
as one of the functions of that power; but
c2
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they have been obliged to admit, either with
respect to the seat, or the manner of existence,
of the nervous power, conditions, which, by
their own confession, are far from being de-
monstrated, respecting which they are not
agreed, and which, in the application they
make of them to the motions of the heart, either
do not wholly remove the old difficulties or
create new ones,

One may easily see why so little progress
has been made in this great and long dis-
puted question. If we examine all that has
been said on the subject since the days of
Haller, we shall find, that both sides have con-
stantly brought forward nearly the same facts,
the same experiments, and the same reason-
ings. 'The only new experiments are the ap-
plications of galvanism to stimulate the cardiac
nerves ; and they are only new in appearance,
for from the time of Haller electricity has been
employed with the same view.* It is evident
that science had nothing to expect from our
pursuing a path trodden for nearly sixty years
by so many celebrated men. It was necessary
to open new roads; it was necessary to find
or invent new modes of mterrogating nature,
It was, above all, necessary to introduce into

* See, amongst others, Mem, sur les parties sensib. et
irritab, Tom, I1I. p. 214.
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physiological “experiments, that precision and
severe logic to which other branches of phy-
sical science have, in our days, owed so great
progress. It is this which the author of the
memoir before us has done.

It was not the original object of M. le Gallois
to explore the cause of the motions of the
heart. He had adopted the theory of Haller
on this subject, when experiments undertaken
with other views led him to the singular con-
clusion, that it was impossible for him to
understand his own experiments, without de-
termining whether the nervous power influences
the motions of the heart; and if so, in what
way it has this effect. To make his work better
understood, we shall relate on what oceasion,
and by what chain of facts and reasonings he
was led to engage in this inquiry.

A peculiar case of labour some years ago
excited in him a wish to know how long a full-
grown feetus can live without breathing, after
all communication between it and the mother
has ceased. That question, curious in itself,
and of the first importance in the practice of
midwifery and medical jurisprudence, had hard-
ly been touched upon by authors. M. le
Gallois undertook to resolve it by direct expe-
riments on animals; and that the solution
might be generally applicable, and extend to
as many cases as possible, he placed the feetus
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of animals in various situations similar to those
i1 which the human feetus is occasionally placed,
when it ceases to communicate with the mo-
ther. Among these there is one which occurs
too often, namely, the feetus suffering decol-
lation from artificial delivery by the feet. The
author wished to know what happens to the
feetus in this case, whether it perishes at the
mstant of decollation, and how death takes
place. He found that the trunk retains its
life, and that if hemorrhage be prevented, by
throwing a ligature round the vessels of the
neck, it dies in the same time and with the
same symptons as if, without taking off the
head, respiration had been interrupted’; and
what completely demonstrated to him that a
decapitated animal is in fact suflocated, 1s,
that we may at pleasure prolong its existence
by inflating the lungs to supply the place of
natural respiration.

M. le Gallois concluded from these facts, that
decoHation proves fatal by destroying the mo-
tions of inspiration, and that consequently the
power on which these motions depend is in
the brain ; but that that on which the hife of
the trunk depends is in the trunk itself. En-
deavouring to ascertain the precise seat of each
of these powers, he found that that on which
the motions of inspiration depend resides in
that part of the medulla oblongata from which
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the eighth pair of nerves take their rise; and
that on which the life of the trunk depends, in
the spinal marrow. It is not by all the spinal
marrow that every part of the body is animated,
but only by that portion from which it receives
its nerves ; so that in destroying any particular
part of the spinal marrow, we only destroy life
in those parts of the body which correspond to
that part. Besides, if we interrupt the cir-
culation in any particular part of the spinal
marrow, life is weakened, and soon extinguished
in all the parts which receive nerves from it.
There are, therefore, two ways of destroying
life in any part of an animal ; the one destroy-
ing that part of the spinal marrow from which
it receives its nerves, the other interrupting the
circulation in this part of the spinal marrow.

It hence results, that two conditions are
necessary to preserve the life of any part of the
body, viz. the integrity of the corresponding
part of the spinal marrow, and the circulation
of the blood, and consequently that we may
preserve life in any part of an animal as long
as we can preserve in it these two conditions.
We may, for example, preserve the life of the
anterior parts after that of the posterior parts
is destroyed, by destroying the corresponding
portion of the spinal marrow, or vice versa.

M. le Gallois, whose constant practice was
to seek in direct experiments a confirmation



%4

of the consequences which he deduced from
preceding ones, wished to know if in fact it is
possible to make any particular part live after
the others are dead. In a rabbit twenty days
old he destroyed all the lumbar portion of the
spinal marrow. 'This operation occasioning
no immediate injury to the rest of the spinal
marrow, and, according to the theory of Haller,
the circulation not being affected by it, he had
every reason to expect, reasoning from the
preceding experiments, that the animal would
have lived for a considerable length of time,
and that it would only have died in conse-
quence of the symptoms produced by so severe
an injury; but the respiration ceased in a
minute or two, and in less than four minutes
it shewed no sign of life. This experiment
was repeated several times with the same re-
sult, nor was it possible to prevent it. Thus
it was proved, that a rabbit of twenty days old
cannot survive the loss of the lumbar portion
of the spinal marrow; which appeared the
more surprising, because rabbits of this age
continue to live very well after decapitation,
that is, after the total loss of the brain. This
fact, which the author could not reconcile with
his preceding experiments, led him to discover,
that the power on which the action of the heart
depends (le principe des forces du ceur) resides
in the spinal marrow.



2D

M. le Gallois then ascertained that the de-
struction of either the dorsal or cervical portion
of the spinal marrow was fatal to rabbits of
twenty days old, even in a shorter time than
that of the lumbar portion, in about two mi-
nutes. He found that the same experiments
repeated on rabbits of different ages did not
give the same results. In general the destruc-
tion of the lumbar portion was not suddenly
fatal to rabbits under ten days old, and some
at the age of fifteen days survived it. Beyond
twenty days old the effect is the same as at
this age. Very young rabbits continued to live
after the destruction either of the dorsal or
cervical portion, but for a shorter time; and
in a smaller number of cases, after the destruc-
tion of the latter than after that of the dorsal
portion. None after the age of fifteen days
survived the destruction of either.

In all those partial destructions of the spinal
marrow, even where the death is sudden, it is
instantaneous only in the parts which receive
their nerves from the destroyed part, and
only extends to the rest of the body at the
end of a certain time ; but this time is fixed,
and no means can prolong it. It is the same in
animals of the same kind and of the same age ;
and the longer, the nearer the animal is to the
time of its birth. For example, when the
cervical part of the spinal marrow is destroyed
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in rabbits, life is instantly lost in the whole
of the neck ; but it continues in the head,
as appears from the gaspings it excites; it
continues also in the parts below the shoulder,
as the continuance of their feeling and volun-
tary motion shews. In the first day after birth,
the gaspings continue about twenty minutes,
the sensibility and motion of the rest of the
body fifteen minutes. At the age of fifteen
days, the duration of the gaspings does not
exceed three minutes ; that of sensibility and
motion two and a half. In fine, at the age
of thirty days the gaspings cease in a minute
and a half, and the sensibility in a minute.
After the destruction of the dorsal portion of
the spinal marrow, it is the chest and not the
neck which is instantly struck with death. In
other respects the phenomena and their dura-
tion are the same. If the three portions of
the spinal marrow are destroyed at once, the
gaspings, the only signs of life which then
remain, have still, at the different ages, the
durations just pointed out.

The author, who had so often decapitated
rabbits of different ages, had always remarked
that the head, separated from the body, con-
tinned to gasp during a time determined by
the age. This time was evidently the same
as after the destruction of the spinal marrow.
Now it is evident that after decapitation there
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can be no longer any circulation in the head,
and that the gaspings which take place in
that case can only continue for the time dur-
ing which life may exist in the brain, after
the total ceasing of the circulation. This was
the first indication which M. le Gallois had,
that when the partial destruction of the spinal
marrow occasions death throughout all the
rest of the body, it is because it suddenly ar-
rests the circulation. To assure himself of
this, he cut out the heart at the base of the
great vessels, in rabbits of every fifth day old
from birth to the age of a month: and hav-
ing noted with care the duration of the different
sions of life from the moment at which the
circulation was thus stopped, he found, that
their duration was precisely the same as after
the destruction of the spinal marrow. He
might have considered this coincidence as suf-
ficient to decide the question; but he wished
to ascertain in a more direct manner if the cir-
culation actually ceases at the moment the
spinal marrow is destroyed. The absence of
hemorrhagy and the emptiness of the arteries
were the most evident signs that he could
have of the ecirculation having ceased; and
he found, in fact, that soon after the above
operation, the carotids were found empty,
and the amputation of the limbs occasion-
ed no hemorrhagy, though performed near
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to the trunk, and before life was extinct in
the parts of which the spinal marrow had not
been destroyed. Ina word, all the signs which
shew the state of the circulation demonstrated
to him, that when the destruction of any part
of the spinal marrow suddenly occasions death
in the rest of the body, it is by stopping this
function, and this effect takes place not be-
cause the motion of the heart immediately
ceases, but because it is no longer capable of
throwing the blood even into the carotids.
Hence it follows, that it is in the spinal
marrow that the power on which the motion
of the heart depends resides, and in the whole
of it, since the destruction of any one of its
three portions is capable of stopping the cir-
culation. It also follows, that each portion of
the spinal marrow influences life in two dif-
ferent ways ; by the one it is essential to the
existence of life in the parts which receive
nerves from it; by the other, it preserves it
throughout the body in general, by contribut-
ing to furnish to the organs which receive
nerves from the great sympathetic, and par-
ticularly to the heart, the life and power, (e
principe de force et de vie,) necessary to the
performance of their functions. 1
Thus we see, that to make the anterior or
posterior parts of an animal live after Killing
the rest of the body, by destroying the cor-
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responding parts of the spinal marrow, we
must prevent the destruction of these parts
from stopping the circulation. Now this is
easily done by diminishing the sum of the
forces, which the heart must impart for the sup-
port of the circulation, in proportion as we
diminish the power which it receives from the
spinal marrow. It is sufficient for this pur-
pose to diminish by ligatures, thrown round
the arteries, the extent of the parts to which
the heart sends the blood. We have seen, for
example, that the destruction of the lumbar
part of the spinal marrow is quickly fatal to
rabbits at or beyondthe age of twenty days ;
but this is not the case if we previously throw
a ligature round the ventral aorta between
the ceeliac and anterior mesenteric arteries.
The application of this principle to other
parts of the body leads to the singular con-
clusion, that in order to maintain life in rabbits
of a certain age, after the destruction of the
cervical part of the spinal marrow, we must
previously cut off the head. They certainly die
if this part of the spinal marrow is destroyed
without previous decapitation. This fact ceases
to surprise, when we reflect that by decapita-
tion, we lessen by the head the extent of the
circulation, and that by that means the heart
having need of less force to support the circu-
lation, we may enfeeble it by the destruction
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of the cervical part of the spinal marrow, with-
out destroying the circulation. |
One may easily conceive that any other ope-
ration capable of suspending or considerably
enfeebling the circulation in any part of an
animal may produce a similar effect; and
enable us in like manner, to destroy such a
portion of the spinal marrow, as would have
been fatal without this previous operation.
This is what happens in the partial destruction
of the spinal marrow itself. It has two effects
on the circulation ; by the one it enfeebles it,
generally by depriving the heart of that share
of its power which it receives from the part
of the spinal marrow that has been destroyed ;
by the other, without wholly destroying the
circulation in the parts which are thus deprived
of life, it in a great degree lessens it in a way
in some measure similar to the effect of liga-
tures thrown round the arteries of these parts.
But this effect is not remarked till a few minutes
after the destruction of the spinal marrow.
Thus it is the destruction of the first part of
the spinal marrow which enables us to destroy
a second. This a third and so on. For ex-
ample, when, by decapitating a rabbit, we are
enabled to destroy the cervical part of the
spinal marrow, the destruction of that part in
a certain number of minutes enables us to de-
stroy the fourth part of the dorsal portion of
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the spinal marrow, and thus by continuing to
destroy parts of similar extent, by intervals,
we may at length destroy the whole of this
portion of the spinal marrow without stopping
the circulation, which is then supported by the
lumbar portion only.

We may collect from what has just been
said, that in rabbits, each portion of the spinal
marrow bestows on the heart power sufficient
to support the ecirculation in all those parts
which correspond to that portion, and conse-
quently, that in cutting a rabbit transversely, it
would be possible to make each portion live for
an indefinite time, if the lungs and the heart,
necessary for the formation and circulation of
arterial blood, could make part of it. But
they can only make part of the chest, and one
may very well maintain the life of the chest
alone and insolated, after having cut off’ both
the anterior and posterior parts, and prevented
hemorrhagy by proper ligatures, and that even
in rabbits thirty days old or more.

Such are the principal results of M. le Gal-
lois’ researches, results which arise one from the
other, and mutually supporting each other, are
founded on direct experiments, made with a
precision hitherto unknown in Physiology.
We are now going to relate such of those
experiments as the author repeated in our
presence. We devoted to these repetitions
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three meetings, each of several hours dura-
tion ; and, in order to avoid all precipitation,
and to give us time to weigh the facts at leisure,
we allowed a week to intervene between the
meetings.

Experiments repeated before the Commilttee of
the Institute.

We shall divide them into two parts; the
first will comprehend those which tend to prove
that the origin of all the motions of inspiration
reside in that part of the medulla oblongata
which gives rise to the eighth pair of nerves.
In the second we shall relate those whose ob-
ject is to prove that the heart derives its power
from the spinal marrow.

Ist. Experiments relating to the power on which
the motions of wnspiration depend.

The author, in a rabbit of five days old,
detached the larynx from the os hyoides, and
exposed the glottis that we might observe its
movements ; after which he opened the head,
and first extracted the cerebrum and then the
cerebellum.  After these operations the inspi-
rations continued ; they were each characterised
by four simultaneous movements, namely, a
gasping, the opening of the glottis, the ele-
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vation of the ribs, and the contraction of the
diaphragin ; these four movements having been
observed, and found to continue for a certain
time, according to the age of the animal, the
author extracted the medulla oblongata, and
in a moment these movements ceased altoge-
ther. The portion of the medulla oblongata
which was extracted extended to the occipital
hole, and included the origin of the eighth pair
-of nerves.

The same experiment was repeated on ano-
ther rabbit of the same age, with this difference,
that after the extraction of the cerebrum and
-cerebellum, instead of removing so large a
portion of the medulla oblongata all at once,
it was extracted successively, by portions of
about the thickness of three millimetres. The
four motions of inspiration continued after the
extraction of the three first slices, but ceased
immediately after that of the fourth ; we found
that the third slice terminated at the posterior
part, and very near to the pons varolii, and
that the fourth embraced the origin of the
nerves of the eighth pair.

This experiment repeated on other rabbits
-constantly gave the same result.

The same experiment was made on a cat five
weeks old, except that before the medulla ob-
longata was removed by slices the two recurrent
nerves were divided. = The glottis immediately

D
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closed and remained immoveable, but the
three other motions, namely, the gaspings,
the elevation of the ribs, and the contractions
of the diaphragm continued, and only ceased
at the moment when that portion of the me-
dulla oblongata, in which the eighth pair of
nerves originate, was removed.

It is evident that if in place of destroying
that part from which all the motions of inspi-
ration are derived, one only cuts off' the com-
munication between it and the organs which
perform these motions, he will produce the
same effect ; that is to say, will stop those mo-
tions whose organs have no longer any com-
munication with the part in question. This
is what we have just seen happened in the
cat, in which the division of the recurrent
nerves stopped the motions of the glottis with-
out stopping the other three motions. In order
to suspend these it is sufficient to observe how
their organs communicate with the medulla
oblongata. Now it is clear that it is by the
intercostal nerves, and consequently by the
spinal marrow, that the medulla oblongata
acts upon the muscles which raise the ribs, and
that it is by the phrenic nerves, and conse-
quently by the spinal marrow also, that it
acts on the diaphragm. In dividing the spinal
marrow about the last cervical vertebra, and
below the origin of the phrenic nerves, one
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ought therefore to stop the motions of the ribs,
but not those of the diaphragm : and in divid-
g the spinal marrow between the occiput and
the origin of the phrenic nerves, we ought to
destroy at once the motions of the ribs and
those of the diaphragm, and this is in fact what
happens. The author, after the motions of the
thorax had been well observed in a rabbit
about ten days old, divided the spinal marrow
about the seventh cervical vertebra. Such of
these motions as depend on the elevation of
the ribs, immediately ceased, but the con-
traction of the diaphragm continued. He then
divided the spinal marrow about the first cer-
vical vertebra, and immediately the diaphragm
ceased to contract. Lastly, he divided the
eighth pair of nerves about the middle of the
neck, and the motions of the glottis ceased.
Thus of the four motions of inspiration there
remained only the gaspings, which shewed that
the medulla oblongata still preserved the power
to produce all the motion, and that it only
failed to produce the other three because it no
longer had any communication with their or-
gans. We ought to observe here, that several
authors, amongst others Arnemann, before M,
le Gallois, had observed that the division of
the spinal marrow only stopped the motions
of the diaphragm when it was made between
the occiput and the origin of the phrenie
D 2
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and lowered, he cut off the anterior half of the
brain, the two motions continued ; he then
destroyed about the half of that which re-
mained ; the motions still continued. In fine,
he carried the destruction of the brain as far
as the occiputal hole, and the two motions
instantly ceased. In another frog he divided
the spinal marrow about the third vertebra,
the motions of inspiration continued. In a
third frog it was divided between the occiput
and the first vertebra, the motion of the throat,
which represents that of the diaphragm, im-
mediately ceased. After these two last experi-
ments the frogs were and remained alive,
both in the head and the rest of the body ;
but they could not govern their motions, and
in this respect were in the same state as the
first frog, whose brain had been destroyed

2d. Experiments velative to the principle on

which the power of the heart depends.

The author has already proved that life al-
ways continues for a certain time, even in
warm blooded animals, after the total ceasing
of the circulation, and that the length of this
time 1s influenced by the age of the animal.
He opened the chest and cut out the heart of
a rabbit of five or six days old; he did the
same 1n another of ten days old. In the first
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the gaspings ceased in seven minutes, and the
sensibility in four after the exeision of the
heart. In the second the gaspings lasted only
four minutes and the sensibility only three.
The cervical and a small portion of the dorsal
part of the spinal marrow were then destroyed
in another rabbit of the same litter with the
last, and immediately afterwards the lungs were
inflated ; notwithstanding this assistance the
gaspings ceased at the end of three minutes
and a half, and the sensibility in a little more
than two and a half; periods which coincide,
we see, to nearly half a minute with those ob-
served after the excision of the heart.

In order to prove that in this experiment it
is really by stopping the circulation that the
destruction of a part of the spinal marrow de-
stroys the life of the rest of the body, the
author divided the spinal marrow of a rabbit
of the same age with the two last, near the
occiput. After this division the carotid arteries
were black, but round and full, and on the
amputation of a limb, black blood flowed ;
having inflated the lungs, the carotids quickly
regained a fine red colour, and blood also
flowed from the limb of the same colour. These
appearances left no doubt that the circulation
continued after the division of the spinal mar-
row near the occiput. The author then de-
stroyed in this rabbit the same portion of the
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spinal marrow as in the preceding. The
carotids instantly became flaccid, and soon
appeared empty and flat. The two thighs am-
putated in less than two minutes after the
destruction of the spinal marrow did not sup-
ply a drop of blood.

The destruction of the cervical part of the
spinal marrow in several other rabbits, from
twenty to thirty days old, gave precisely the
same results, that is to say, the carotids soon
appeared empty, and no blood flowed on the
amputation of the limbs; and notwithstand-
ing the most careful inflation of the lungs, the
signs of life remained no longer than after the
excision of the heart, according to the tables
which M. le Gallois has given of the different
ages in his paper.

The results were the same with respect to
the emptiness of the carotid arteries, the ab-
sence of hemorrhagy, and the duration of life
after the destruction of the dorsal part of the
spinal marrow.

The destruction of the lumbar part of the
spinal marrow in rabbits of four and five weeks
old gave similar results, with this only differ-
ence, that the circulation did not stop imme-
diately, as after the destruction of the cervical
and dorsal parts of the spinal marrow ; but at
the end of about two minutes, and in one
case at the end of four minutes, which preves
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that the action of the lumbar part of the spinal
marrow upon the heart, though evident and
very great, is not so immediate as that of each
of the other portions.

After having proved by these experiments
that the circulation depends on all parts of
the spinal marrow, the author shewed us that
there is none of these portions which may not
be destroyed with impunity, if we confine to a
certain space the parts to which the heart sends
the blood. After opening the belly of a rab-
bit six weeks old, he threw a ligature round
the aorta, between the cmliac and anterior
mesenteric arteries, after which he destroyed
the whole of the lumbar part of the spinal
marrow. This rabbit continued quite alive,
supporting itself upon its fore legs, and hold-
ing up its head more than half an hour after-
wards, when the Committee finished their
sitting, while another rabbit, of nearly the
same age, used for the sake of comparison, in
which the lumbar portion of the spinal marrow
had been destroyed without securing the aorta,
died in less than two minutes.

M. le Gallois then made the experiment of
destroying the cervical portion of the spinal
marrow, the action of which upon the heart
s more immediate, and still more considerable
than the lumbar, in rabbits of five or six weeks
old, without stopping the circulation. After
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kaving decapitated the animal with the ordinary
precaution, he performed artificial inspiration
during five minutes, at the end of which he
destroyed the whole of the cervical part of the
spinal marrow ; he renewed the aljtiﬁcial mn-
spiration immediately after, and the animal
remained alive as long a time as it was judged
proper to continue the artificial respiration.
The same experiment was repeated with the
same result'on two other rabbits of the same
age ; in one of these, five minutes after hav-
ing destroyed the cervical part of the spinal
marrow, the author destroyed about one-third
of the dorsal part of the spinal marrow, then
five minutes after a second third, and the re-
maining part again in five minutes, The
circulation and the life of the animal continued
after the destruction of the two first third parts,
and only ceased after that of the last. Dur-
ing the whole of the experiment artificial
respiration had only been interrupted for the
time necessary for the destruction of the spinal
MAarrow.

These experiments led M. le Gallois to that
much more difficult one, the object of which is
to prove, that in limiting by ligatures the circu-
lation to those parts which correspond to any
particular portion of the spinal marrow; that
portion gives to the heart power to support the
circulation in those parts. He separated the
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upper and lower from the central parts in a
rabbit of thirty days old, dividing it below
about the first lumbar vertebra, and above about
the second cervical vertebra, then by artificial
respiration he supported life in the chest thus
insolated. We do not describe the particulars
of the operation, because the author has de-
tailed them in his memoir. We shall confine
ourselves to say, that the experiment suc-
ceeded perfectly, although an artery, which
could not be secured, occasioned a consider-
able hemorrhagy, and risked the success of
the experiment.

In fine, M. le Gallois produced partial death
in the hinder parts of the body, in a rabbit
of about twelve days old, by tying the aorta
between the caliac and anterior mesenteric
arteries. At the end of twelve minutes the
death of the parts appearing complete, he un-
tied the artery, and life by degrees appeared
in the whole of these parts, so that the animal
was able to walk with case. This partial re-
surrection proved that we might succeed in
the same way with the whole body, if it were
possible to re-establish the circulation after
the extinction of life in the whole of the spinal
marrow ; but the experiments of the author
demonstrate much better than had been done
before him, why the renewal of life in the
whole body is impossible.
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The author has also made, in our presence,
some experiments on Guinea pigs, from which
it appears, that in these animals the power
of the heart equally depends on the spinal
marrow, only it was necessary to destroy greater
portions of it, in order to stop the circulation,
than in rabbits of the same age.

We shall finish the account of the experi-
ments which M. le Gallois repeated in our
presence, by those on cold blooded animals,
the results of which are altogether in contra-
diction to those which the most zealous parti-
zans of Haller, and among the rest Fontana,*
have obtained, and which have been so much
valued. The author opened, on the one hand,
the eranium, and on the other, the chest of a
frog, and brought the heart into view ; he then
fixed the animal firmly,+ and while one of us
observed the motions of the heart, measuring
seconds with a watch, he destroyed the brain
and the whole of the spinal marrow by a stilet,
introduced by the opening in the cranium:
in an instant the motions of the heart stopped,
and were not renewed for several seconds, and
the rate of their repetition never again be-

* Fontana. Mem. sur les parties sensib. et irritab, Tom.
III. p. 231. Traité sur le venin de la vipere, &c. Florence,
1781, Tom. II. p. 169, 171.

+ Ihid. p. 233 of the first of the above works, and 171 of
the second.
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came the same: they were more frequent than
before the destruction of the spinal marrow.
The same experiment repeated on five frogs
constantly gave the same results ; the motions
of the heart were not suspended the same num-
ber of seconds in all, but the suspension was
always very remarkable, as well as the change
in the rate of beating. We may add, that
the amputation of the thighs of frogs, after
the destruction of the spinal marrow, occasi-
oned no hemorrhagy ; and salamanders, decapi-
tated after a similar operation, in like manner
lost no blood, while both in the one case and
the other there had been hemorrhagy when
the spinal marrow was allowed to remain en-
tire. These experiments appear to us com-
pletely to confirm all the inferences which the
author has deduced from them, and with which
he finishes his memoir. To confine ourselves
here to the principal points we shall say, that
we regard as demonstrated,
- 1st. That the cause of all the motions of
inspiration has its seat near that part of the
medulla oblongata which gives rise to the
nerves of the eighth pair.

2d. That the cause which animates each
part of the body resides in the part of the
spinal marrow from which the nerves of that

part are derived.
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3d. That in like manner it is from the spinal
marrow that the heart derives its life and its
powers ; but, from the whole spinal marrow,
and not merely from any particular part of
it.

4th. That the great sympathetic nerve takes
its rise from the spinal marrow, and that the
particular character of that nerve is to bring
every part to which it is distributed under
the immediate influence of the whole nervous
PDWEI’. :

These results readily explain all the diffi-
culties which have arisen since the days of
Haller respecting the causes of the motions of
the heart. The reader will recollect that the
principal of these are, 1st. Why does the heart
receive nerves? 2d. Why isit influenced by the
passions? 3d. Why is it not subjected to the
will? 4th. Why does the circulation continue
in acephalous and decapitated animals? He
will recollect also, that till now no explanation
has been able to reconcile these points, or at
least has not been able to do so without the
aid of hypotheses which we have seen give rise
to other difficulties. But now we easily con-
ceive why the heart receives nerves, and why it
is so eminently subject to the influence of the
passions, because it is animated by the whole
of the spinal marrow. It does not obey the
will, because none of the organs which are
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under the influence of the whole nervous power
are subject to it. In fine, the circulation con-
tinues in acephalous and decapitated animals,
because the motions of the heart do not de-
pend on the brain, or only depend upon it in
a secondary way. We ought to remark, that
this last point, on which M. le Gallois has
thrown so much light, presents only confusion
and errors in authors of the old school of
Haller, as well as in those of the new school.
None of them have distinguished the motions
of the heart which take place after decapitation,
from those which we observe after the excision
of this organ, or after the destruction of the
spinal marrow ; and they have thought that
both were equally capable of maintaining the
circulation. But these motions differ essen-
tially. 'The latter have no power to support
the circulation ; they are quite similar to the
feeble movements which we may excite in the
other muscles for some time after death. M.
le Gallois calls them motions of irritability,
without attaching for the present any other
meaning to the term, but that of expressing
certain phenomena after death.

We have still one task to perform, to
point out what particularly belongs to M.
le Gallois in the work which is the object of
this report, and what others are entitied to
claim.
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We can affirm, without fear of contradiction,
that every thing in this work belongs to him.
To be convinced of this, it is only necessary to
read his memoir with attention. Chance sug-
gested to him the idea of his first experiment,
and that experiment led him to all the others,
each of them being suggested to him, and as
one may say, forced upon him by that which
preceded it. In following him step by step,
one observes that his own method has been his
only guide, and that it is that alone which has
inspired him. Thus, it isa thing without ex-
ample in Physiology, to seea work of such
length, in which all the parts are so connected,
so dependent on each other, that to have the
complete explanation of any one fact, it is ne-
cessary to recur to all those by which the author
arrived at it, and in which it is impossible to
‘deny one inference without denying all those
which precede, and disturbing all those which
follow it.

One might have expected that in researches
so numerous, and which, by the importance of
the questions they embrace, have commanded
the attention of a great number of philosophers,
the author would often have been led, even
in confining himself to his own method, to re-
peat experiments which had been made by
others ; yet among all the experiments found
in his memoir we have remarked only two
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which had been made before him ; one by
Fontana, the other by Stenon. The first *
consists in inflating the lungs and thus preserv-
ing the life of an animal after decapitation.
Fontana only made that experiment to supply
oxygen to the venous blood; and one may
casily perceive that he was a stranger to the
object before us. As the experiment was un-
connected with any other subject, and did not
serve as a proof of any point of doctrine, little
attention was paid to it ; and it was confounded
with many other facts, shewing that even warm
blooded animals may live after decapitation
without its being suspected that it was the de-
‘capitation which enabled them to live in that
state. Hence it is that this experiment remain-
ed almost unknown except in some of the
Schools of England and Germany ; and M. le
Gallois was wholly ignorant of it when he com-
municated to the Society of Medicine at Paris
his first inquiries into the functions of the spinal
marrow. Besides, this experiment in the hands
of M. le Gallois was only one of the means by
which he demonstrated two of his principal dis-
.coveries, namely, that the cause of the motions
of inspiration has its seat in the medulla ob-
longata, and that the cause of life in the trunk
resides in the spinal marrow.

* Fontana. Traité sur le venin de la vipere, &c. Tom. L
p- 317. ;
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The experiment of Stenon is that in which
the ventral aorta is tied and then untied, to
shew that the interruption of the circulation in
any part occasions paralysis of that part, and
that the return of the blood restores life to it.
This experiment is well known, and has often
been repeated. Some of the authors who have
made it, had in view to prove that the con-
tractions of the muscles depend on the action
of the blood on their fibres; others that the
sensibility of every part depends on the cireu-
lation ; and in both views it served equally to
prove or disprove the point, according to the
manner in which it was made. Thus, when
they secured. the ventral aorta, the feeling and
motion of the lower parts of the body quickly
ceased.™ But when the ligature was made
lower, and only on one of the crural arteries,
although in this case the circulation was wholly
interrupted in the corvesponding member, feel-
irig and motion continued in it for a long time. 4
In these opposite results each author did not
tail to adopt those which favoured his own opi-
nion, and he thought himself authorised to do
so, as the real cause of the diflerence was un-
Kinown.

* Lorry, Journal de Med, An. 1757, p. 15. Haller,
Mem. sur le Mouvement du Sang, p. 203, Exp. 52,

T Schwenke, Hamatol. p: 8. The 57th and 58th Expe-
riments of Haller, p. 205, are of the same kind.

E
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In the hands of M. le Gallois the same expe-
riment shews itself under a very different aspect,
and assumes a determined meaning. It is evi-
dent that feeling and motion ceasing in the
hinder parts from a ligature being thrown round
the aorta, arises from its being only in this case
that the circulation is interrupted in that por-
tion of the spinal marrow which gives rise to
the nerves of these parts. Such are the only
experiments of M. le Gallois, as far as we
know, which can be claimed by others; but
besides that the manner in which they make a
part of his work renders them his own, it ap-
pears to us that the new points of view, under
which he presents them, and the precision of
the details and clearness of the results which
he has substituted for the uncertainty and ob-
scurity in which they were formerly involved,
have made them experiments wholly new.

We shall finish by a few words on an opinion
of M. Prochaska, which may be believed to be
similar to that, which M. le Gallois has demon-
strated respecting the functions of the spinal
marrow. That author places the sensorium com-
mune in the brain and spinal marrow conjoint-
ly.* But it is necessary to be aware that he
thinks that the nervous power is generated

* Opera Minor. Tom.II. p,51. Before him Marherr,
Hartley, &c. had been of the same opinion.
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throughout the whole extent of the nervous sys-
tem, so that every part derives from its own
nerves, taken alone, the cause of its life and of
its movements.* He only regards the sensorium
as a central point, where the nerves of feeling as
well as those of motion meet and communicate,
and which establishes the connection between
the different parts of the body.+ On the con-
trary, M. le Gallois has demonstrated that the
spinal marrow is not merely a means of commu-
nication between different parts, but that from
it the cause of the life and power of the whole
body proceeds. And what proves that M. Pro-
ckaska, in announcing his opinion, which be-
sides he only mentions as a thing probable, |
was far from suspecting the true functions of
the spinal marrow, is, that he regards it as
only a great bundle of nerves, crassus funis
nerveus. §

In a word, it appears to us that we may say
of the authors who have had some views on the
subjects of which M. le Gallois treats, what
M. Laplace has said with so much justice on a.
similar occasion. One may there meet with
some truths, but they are almost always mixed
with so many errors that their discovery belongs

* Opera Minor. Tom, II, p. 82,
+1b: p. 151.

1 Ib. p. 153,

§ 1b. p. 48.
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only to him, who, separating them from this
mixture, succeeds by calculation or observa-
tion in effectually establishing them *

The opinion of your Committee is, that the
work of M. le Gallois is one of the most excel-
lent and certainly the most important which
has appeared in Physiology since the learned
experiments of Haller; that this work will make
an epoch in that science over which it must
spread a new light ; that its author, so modest,
so laborious, so meritorious, deserves that the
class bestow on him its especial commendation,
and all the encouragement which it can give.
They cannot help adding, that the memoir of
which they have given an account is worthy to
occupy a distinguished place in the Transae-
tions of learned correspondents, if the publi-
city of the important discoveries contained in it
may be deferred to the time, perhaps distant, of
the publication of those Transactions.

(Signed) DE HUMBOLDT.
HALLE.
PERCY.

The Class approve their Report and adopt
its conclusions.

It moreover decrees, that the Report shall be
printed in the History of the Class, and that the

* Mem. sur ’Adhesion des Corps 4 la Surface des Fluides
dans la Biblioth, Britan, Tom, XXXIV. p. 33.
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Committee of the Class shall make arrange-
ments with M. le Gallois for defraying the ex-
pences which have been occasioned by his
experiments, and enabling him to continue
them.
Certified to be conformable to the original.
G. CUVIER,
Perpetual Secretary.

CHAP. II.
Observations on the foregoing Report.

It will be necessary before 1 enter on the
account of my experiments to make some ob-
servations on the foregoing report. As an
account of the state of our knowledge of the
subject at the time M. le Gallois began his
experiments, it appears to be accurate, well
arranged, and sufficiently comprehensive. As
an account of the experiments and opinious
of this author, nothing, as far as I can judge,
can be more clear and correct ; as an estimate
of the merits of his work it does not seem to
me to deserve the same praise. It overlooks
defects, both in his experiments and reason-
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ings, of such moment, as wholly to invalidate
all his most important conclusions; and to
leave him the discoverer of certain uncon-
nected though most valuable facts, instead of
the author of a new system, founded, as the
report alledges, on a basis never to be shaken.

M. le Gallois has demonstrated, that the
sudden destruction of any considerable portion
of the spinal marrow so enfeebles the power
of the heart, that it is no longer capable of
supporting the circulation. He has also shewn
that the same portion of the spinal marrow,
whose sudden destruction destroys the circula-
tion, may be destroyed by small parts without
materially affecting it. The question then
arises, if, as M. le Gallois supposes, the power
of the heart is derived from the spinal marrow,
and necessarily ceases when any considerable
part of the spinal marrow can no longer per-
form its functions, why does the particular
mode of destroying it make so great a differ-
ence in the result? This difficulty occasioned
so much trouble to M. le Gallois, that it had
nearly induced him to abandon the inquiry.
““ Aprés bien des efforts inutiles pour porter la
 lJumiére dans cette ténébreuse question, je pris
“le parti de I’ abandonner, non sans regret d'y
“ avoir sacrifié un grand nombre d’animaux,
““ et perdu beaucoup de temps.” Just before,
he observes, “ En un mot, j'eus presque au-
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“ tant de résultats différens que d’expériences.”
And indeed the apparent contradictions in the
results of M. le Gallois’ experiments are such,
as at first view to have persuaded me that
some of his experiments were inaccurate ; on
repeating many of them, however, I was con-
vinced of their accuracy. He attempts, we
have seen, to explain the difficulty in the fol-
lowing manner. He has shewn that if ligatures
be thrown round the large vessels, at no great
distance from the heart, so as greatly to lessen
the extent of the circulation, this organ can
still support it, notwithstanding the destruction
of such a portion of the spinal marrow as
would, under ordinary circumstances, have
destroyed it. On the same principle accouch-
eurs apply tourniquets to the limbs in cases
of profuse uterine hemorrhagy. Now M.
le Gallois supposes, that the power of the
blood-vessels, as well as that of the heart, de-
pending on the spinal marrow, we greatly
impair the vigour of the circulation in any
part by destroying that portion of the spinal
marrow by which its nervous influence is sup-
plied ; and, therefore, that when any portion
of the spinal marrow is destroyed by small
parts, the vigour of the circulation in the cor-
responding parts of the body being greatly
impaired, nearly the same effect is produced
as if ligatures had been thrown round their
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vessels. Tt might here be objected, that when
a «considerable portion of the spinal mar-
row is at once destroyed, the power of the
vessels corresponding to this portion being
lost, the effect produced by the ligatures
should still be observed. To this I suppose
M. le Gallois would have replied, that as it
requires some time for the destruction of any
part of the spinal marrow to produce its effect
on the vessels, when a large portion is de-
stroyed at once, the vessels not accommodat-
ing themselves to the rapid destruction of the
siccessive parts o the spinal marrow, the cir-
culation is lost. '

The foregoing explanation resting wholly on
the position, that the vessels of any part are
debilitated when deprived of the influence of
the corresponding part of the spinal marrow,
it was incumbent on the Committee to inquire
by what experiments M. le Gallois had esta-
blished it. This question, however, is wholly
overlooked by them; and, on reviewing the
experiments of M. le Gallois, we find none
from which any such inference can be drawn.
He attempts to support it only by experiments
not properly bearing on the point; although,
if the position be correct, the simplest expe-
riments are suflicient to establish it. It is im-
possible from his experiments to say, whether
the diminished circulation in the parts in ques-
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tion arose directly from the destruction of part
of the spinal marrow, or from the lessened pow-
er of the heart.

Another error of even greater consequence
than the foregoing in the reasonings of M. le
Gallois, which is also overlooked by the Com-
mittee, is his inference that the spinal marrow
possesses an influence over the heart not pos-
sessed by the brain; because he found that
removing the brain produces little or no effect
on the action of the heart, while crushing the
whole, or a considerable part of the spinal
marrow, greatly enfeebles it. But to obtain
this inference, it is evident that the brain and
spinal marrow must be subjected to the same
power. They ought both to have been re-
moved or both erushed.

The inferences which M. le Gallois makes
from the effects of crushing the spinal marrow
are in another respect incorrect. There are
two ways in which we may account for the
power of the heart, or of the blood-vessels,
being destroyed by crushing the spinal mar-
row. Either the heart and blood-vessels derive
their power from the spinal marrow, and con-
sequently lose it on the destruction of the
whole or a considerable part of that organ ;
or, deriving their power from some other
source, they are influenced by agents acting
on the spinal marrow. It was incumbent on
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M. le Gallois, therefore, to ascertain by expe-
riment in which of these ways crushing the
spinal marrow produces the effects he observed.
But he does not even seem aware, that it may
act in any other way than that which he sup-
poses.

The inference which he draws from the re-
storation to life of the lower parts of an animal
when a ligature, which has been thrown round
the abdominal aorta, is removed, isinadmissi-
ble, namely, that when the circulation in every
part is destroyed by crushing the spinal marrow,
and we find that we cannot by any means re-
store it, this 1s to be aseribed to the absence
of the influence of the spinal marrow. The
same result may arise, it is evident, from the
heart and blood-vessels, supposing them to de-
rive their power from some other source, being
so deranged by a powerful agent acting through
the spinal marrow, that they are no longer
capable of performing their functions. M. le
Gallois relates no experiment to prove that his
explanation ought to be admitted in preference
to this ; and the Committee speak as if no in-
ference, but that of M. le Gallois, could be
drawn from the experiment.

Nor is M. le Gallois’ inference respecting
the origin of the great sympathetic nerve war-
ranted by his experiments; namely, that it
arises wholly from the spinal marrow. 1t is true
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that he has found, that through this nerve a pow-
erful agent, applied to any considerable portion
of the spinal marrow, is capable of enfeebling
the power of the heart; but nothing said by
M. le Gallois proves that this is not also true
of the brain.

A position on which much of the reasonings
of M. le Gallois rests, which is admitted by the
Committee, but of which we find no proof in
the experiments of this author, is, that the
contractions of the heart, after it 1s removed
from the body, are of a nature different from
those which support the circulation. Observ-
ing that after the spinal marrow is crushed,
the contractions of the heart are too feeble to
support the circulation ; without farther in-
quiry he concludes, that these contractions do
not merely differ in degree from those which
support the circulation, but, existing inde-
pendently of the spinal marrow, are wholly of
a different nature. The contractions of the
heart, after it is removed from the body, are
regarded by M. le Gallois as analogous to those
which remain after the spinal marrow is erushed,
and he regards in the same light the contrac-
tions which may be excited for a short time
after death in the muscles of voluntary motion.
Had M. le Galiois’ mind been unbiassed by his
peculiar views -of the subject, he would have
easily observed a striking difference between
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merely that of enfeebling, not changing the
nature of the action of the heart.

Another position of M. le Gallois admitted
by the Committee which does not seem to be
warranted by his experiments is, that the power,
on which all the motions of inspiration depend,
has its seat near that part of the medulla ob-
longata, which gives rise to the eighth pair of
nerves. On this subject I shall hereafter have
occasion to make many observations ; and shall
only observe here that inspiration is a complicat-
ed function ; and that ifany of the powers essen-
tial to it is withdrawn, its motions are as quickly
destroyed as if all these powers had ceased. Now
M. le Gallois made no experiments to ascertain
whether it is by the destruction of one or all of
these powers, that inspiration is destroyed by -
destroying this part of the medulla oblongata.

The argument employed by the Committee
in favour of M. le Gallois’ opinions from the ex-
1stence of acephalous feetuses, is wholly inva-
lidated by the fact, that feetuses have been born
alive without either brain or spinal marrow ; for -
instances of which M. le Gallois himself refers
in the two hundred and fifty-first page of his
Treatise to the Hist. de I'Acad. des Sciences
An. 1711, Obs. Anat. 3, and An. 1712, Obs.
Anat. 6, but without attempting to shew how
it is possible to reconcile his opinions with the
existence of such cases.
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An inconsistency of great importanee in M.
Ie Gallois’ work, which he makes no attempt to
explain, is overlooked by the Committee, He
observes, in the commencement of his work,
“Ce que J'y ai dit du eceur pouvant s’appliquer
““aux autres organes des fonetions involun-
“ taires, la question peut etre considérée plus
“ generalement, comme la determination du
“ siege du principe qui préside a cet ordre de
“ fonctions.”* Yet he shews that decapitation
does not influence the function of the heart,
while the division of the eighth pair of nerves
injures that both of the lungs+ and stomach.

It appears from what has been said, as far as
I am capable of judging, that the experiments
of M. le Gallois do not warrant any of the fol-
lowing positions stated by the Commitiee as
the result of his experiments.

““1° Que le principe de tous les mouvemens
““ inspiratoires a sonsiége vers cet endroit de la
“ moélle allongée qui donne naissance aux nerfs
“ de la huitiéme paire ;

“ 29 Quele principe qui anime chaque partie
“ du corps réside dans ce lien de la moélle épi-
¢ niére duquel naissent les nerfs de cette partie ;

“ 3o Que c’est pareillement dans la moélle
““ épiniére que le ceur puise le principe de sa vie

* Avant-propos. page 1.
+ I sspeak here of the functions of the lungs themselves,
not of the muscles of inspiration,
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« ot de ses forces ; mais dans cette moélle toute
« entiére, et non pas seulement dans une por-
“ tion circonscrite ;

“ 4o Que le grand sympathique prend nais-
“ sance dans la moélle épinieére, et que le carac-
« tere particulier de ce nerf est de mettre cha-
““ cune des parties, auxquelles il se distribue
« sous linfluence immédiate de toute la pu-
¢« jssance nerveuse;”’ that is of the whole of
the spinal marrow, which M. le Gallois re-
gards as the seat of the nervous influence.

If these results are not legitimate inferences
from the experiments of M. le Gallois, the ex-
planations of the long contested points respect-
ing the action of the heart, founded on them,
are inadmissible ; namely, That the heart is sup-
plied with nerves because it derives its power
from the spinal marrow ; That it is influenced
by the passions, because the brain acts upon it
through the spinal marrow ; That it does not
obey the will, because no organ influenced by
every part of the nervous power, thatis of the
spinal marrow, does obey the will; (it may
here be remarked, that were this position ad-
mitted, it would by no means explain why the
motions of the heart are independent of the will,
though influenced by the passions,) and, That
the circulation continues in acephalous and de-
capitated animals, because its direct dependence
is not on the brain, but on the spinal marrow.
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«If the foregoing observations are correct, we
must dissent from the following opinion of
the Committee.  Ces resultats resolvent sans
“ peine toutes les difficultés qui se sont élevées
““ depuis Haller sur les causes des mouvemens
“du ceeur.”  The experiments of M. le: Gal-
lois indeed, by ascertaining some faets of great
importance, while others immediately con-
nected with them escaped his observation,
have left the subject in greater confusion
than he found it. Instead of removing the
difficulties which formerly existed, the valu-
able additions which he has made to our
knowledge have shewn us otheus.

~ The heart’s being subject to the passions,
yet independent of the influence of the brain,
on which so much has been written, does not
seem to imply a more direct contradiction, than
that the destruction of the same part of the
spinal marrow should, according to the way in
which it is effected, either destroy the function
of the heart, or little, if at all, influence it.
I have had occasion to observe that M. ie Gal-
lois” explanation of this apparent contradiction
is not a legitimate inference from his experi-
ments ; and I shall soon relate some, so sim-
ple that it is impossible to be deceived in their
result, which scem directly to refute that ex-
planation. (s balali
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Why, if the power of the heart depends on
the spinal marrow, as it appears to do from the
experiments of M. le Gallois, the accuracy of
which 1 have ascertained by repeated trials,
have feetuses been born alive where no spinal
marrow had ever existed ?

Why, if the power of the heart depends
on the spinal marrow, does it continue to per-
form its usual motions after it is removed
from the body?

Why, if (as M. le Gallois maintains, and
it is generally admitted,) the various organs
of involuntary motion bear the same relation
to the nervous system, is the function of the
heart uninfluenced by decapitation, and that
of the stomach immediately impaired by divid-
ing or throwing a ligature round the eighth
pair of mnerves!?

Why does respiration cease on the destruc-
tion of a certain part of the medulla oblongata,
since the nerves of the diaphragm and inter-
costal muscles arise from the spinal marrow,
which M. le Gallois has proved to be capable
of performing all its functions independently
of the brain? He considers this subject at
length in the thirty-fifth and following pages
of his treatise, and admits that he can give
no explanation of it, calling it “one of the
great mysteries of the nervous power, the dis-
covery of which will throw the strongest light

¥
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PART  II.

Experiments made with a view to ascertain the
laws of the vital functions.

Tae sanguiferous system, it is evident, may
be divided into three parts, whose functions
differ ; the heart, the vessels of circulation,
and the vessels of secretion. In the following
Inquiry I shall, in the first place, endeavour
to ascertain the principle on which the action
of the heart and the vessels of circulation de-
pends, and the relation which subsists between
them and the nervous system. 1 shall then
consider the prineiple on which the action of
the muscles of voluntary motion depends, and
the relation which they bear to this system.
The comparative effects of stimuli, applied to
the brain and spinal marrow, on the heart and
muscles of voluntary motion, will next be
considered. An account of the experiments on

F 2
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these branches of the subject, though not in
the order in which they are here related,* was
presented to the Royal Society in two papers,
composed while T was still engaged in the In-
quiry, and published in the Philosophical
Transactions of 1815,

The next object of inquiry will be the
principle on which the action of the secret-
g vessels depends, and the relation which
they bear to the nervous system. 1 shall then
endeavour to ascertain the principle on which
the action of the alimentary canal depends,
and the relation which it bears to this system.
These subjects will lead to some experiments
and observations on the use of the ganglions,
the nature of the nervous influence, and the
cause of animal temperature. 1 shall then con-
sider the relation which the different functions
of the animal body bear to each other, and the
order in which they cease in dying; and the
Inquiry will conclude with a review of the
inferences obtained from the various experi-
ments and observations which will be laid
before the reader, and some remarks on their
application to explain the nature and improve
the treatment of diseases.

* The experiments which I have since made have lead
to conclusions which render a dillereut arrangement ne-
cessary,



69

CHAP. L

On the principle on which the action of the heart
and vessels of circulation depends.

As it is now generally admitted by Physiolo-
gists, as appears from the report just laid
before the reader, that the heart is capable of
performing its functions after the brain is re-
moved, the first question which presents itself
is, how far does the power of this organ depend
on the influence of the spinal marrow, from
which, we have seen, M, le Gallois maintains,
that it is wholly derived.

Exp. 1. A rabbit was deprived of sensation
and voluntary power by a blow on the occiput.
When the rabbit is killed in this way, the
respiration immediately ceases; but the action
of the heart and the eirculation continue, and
may be supported for a considerable length of
time by artificial respiration, as practised by
Fontana, and since by Chirac, Mr. Brodie,
M. le Gallois, and others.* 'This mode of

* It appears from the first volume of the Philosophical
Transactions, that Mr. Hook, in the year 1667, shewed in
the presence of the Members of the Royal Society, not
only that the life, of a dog could be preserved for an hour
after the thorax had been opeuned, and a great part of the
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destroying the sensibility does not influence
the result of the experiment, and has the
double advantage of preventing the animal’s
sufferings, and his motions. Its greatest in-
convenience is, that if the blow is very severe,
considerable vessels are sometimes ruptured,
and there is almost always some rupture of
vessels, which of course tends to impair the
vigour of the circulation.

In the present experiment, the circulation
was supported by artificial respiration. The
spinal marrow was laid bare from the occiput
to the beginning of the dorsal vertebre. The
chest was then opened, and the heart found
beating regularly, and with considerable force.
The spinal marrow, as far as it had been laid
bare, was now wholly removed, but without
in the least affecting the action of the heart.
After this, the artificial respiration being fre-
quently discontinued, we repeatedly saw the
action of the heart become languid, and in-
crease on renewing it. The skull was then
opened, and the whole of the brain removed,
so that no part of the nervous system remained

diaphragm removed, by alternately inflating the lungs and
allowing them to collapse so as to imitate respiration; but
that the effect is nearly the same if the lungs are preserved
in a state of permanent distention, by air constantly thrown
into them, and allowed to escape by small perforations made

in their surface.
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above the dorsal vertebra, but without any
abatement of the action of the heart, which
still continued to be more or less powerful,
according as we discontinued or renewed ar-
tificial respiration. This being for a consider-
able time discontinued, the ventricles ceased
to beat about half an hour after the removal
of the brain. On renewing the respiration,
however, the action of the ventricles was re-
stored. The respiration was again discontinued
and renewed, with the same effects.

Exp. 2. A rabbit was made insensible by
removing part of the skull, and applying
opium to the brain. The spine was then
opened between the cervical and dorsal ver-
tebrzz. We then laid open the thorax, and
supported the action of the heart by artificial
respiration. The force with which it beat was
carefully observed, and the spinal marrow de-
stroyed by running a small hot wire up and
down the spine, through the opening made in
it, by which the action of the heart was not
at all aflected.

Exp. 3. In the foregoing experiments, it
may be said, there was no direct proof of the
continuance of the eirculation after the spinal
marrow was destroyed or removed. On this
account several of the following experiments
were made. A rabbit was deprived of sensa-
tion by a blow on the occiput, and the cir-
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culation supported by artificial breathing. The
carotids being exposed were seen beating, The
cervical part of the spinal marrow was then
destroyed by a hot wire, after which the
carotids were still found perfectly round and
beating.

Exp. 4. In a rabbit rendered insensible by
a blow on the occiput, the whole spinal mar-
row was destroyed by a hot wire, and the
breathing artificially supported. One of the
carotid arteries was then laid bare. Its beat-
ing was evident, and on dividing it, florid
blood flowed from it freely.

Exp. 5. The only difference between this
and the last experiment was, that artificial
breathing was not performed. 1In both, the
spinal marrow was destroyed, by introducing
a wire hot enough to make a hissing noise
through an opening between the cervical and
dorsal vertebra, first through the upper por-
tion into the brain, then through the under
portion to the end of the spine. On laying
open one side of the neck, the carotid artery
was found beating. On dividing it, blood of
a much darker colour than in the former ex-
periment was thrown out copiously per saltum.

Exp. 6. A rabbit was rendered insensible by
a blow on the occiput, and artificial respira-
tion maintained. The spinal marrow from the
base of the skull to the beginning of the
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dorsal vertebrae was removed, and the remain-
ing part of it destroyed by a hot wire. The
carotid artery was then found beating, and,
on dividing it, florid blood rushed out with
great force per saltum.

Exp.7. This experiment resembled the last,
except that the spinal marrow, instead of be-
ing partly removed, was wholly destroyed by
a hot wire, and artificial breathing was not
performed previous to opening the carotid,
from which dark coloured blood flowed per
saltum. We then inflated the lungs, and
florid blood soon began to flow copiously from
the vessel, and appeared like a red stream
mixing with the dark coloured blood which
had previously come from it. This experi-
ment was repeated in the same manner, and
with the same result.

Exp. 8. In this experiment the rabbit was ren-
dercd insensible, but not motionless, by the blow
on the oceciput, so that the breathing still con-
tinued. The spine was opened, and the spinal
marrow destroyed, as in the preceding experi-
ment. The wire was used very hot. On
introducing it through the spine into the brain,
the breathing immediately ceased. The femo-
ral artery was laid bare about two or three
minutes after respiration had ceased. The
beating of the artery was evident. On open-
ing it, a dark coloured blood flowed from it
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freely. 'We now had recourse to artificial res-
piration.  When it had been employed for
about half a minute, the blood, which con-
tinued to flow copiously from the artery, be-
came of a highly florid colour. The other
femoral artery was then opened, from which
florid blood also flowed freely. When about
an ounce of blood had flowed from the two
vessels, the inflation of the lungs was discon-
tinued, and the blood again flowed of a dark
colour. ~ On renewing the inflation of the
lungs, the blood, in less than half a minute,
again became of a florid colour. It continued
to flow from the femoral arteries altogether for
seven minutes. Three minutes after the blood
had ceased to flow from them, the artificial res-
piration being continued, one of the carotid
arteries was opened, from which a florid blood
flowed in a free stream, to the amount of a
dram and a half. The flow from the carotid
artery ceased in eleven minutes after the femo-
ral artery had been opened. Most of the blood
was now of course evacuated. A good deal
had been lost in opening the spine, which
always happens. The left auricle and ven-
tricle were found nearly empty. The blood
which remained in them was florid. The right
auricle and ventricle were full of dark blood.
Exp. 9. From various trials, we found that
in such experiments the circulation ceases quite

i o el e
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as soon without, as with the destruction of the
spinal marrow. Loss of blood seems to be the
chief cause which destroys it. If the animal
were operated upon without being rendered in-
sensible, pain :would also contribute to this
effect. We frequently, after laying open the
skull and spine, found the circulation lost be-
fore either the brain or spinal marrow had been
disturbed. The circulation is particularly apt
to fail, if artificial respiration is not carefully
performed after the animal ceases to breathe.
In making such experiments, after opening the
bone, it is always necessary to ascertain whe-
ther the circulation continues, before we destroy
or remove the brain or spinal marrow. As
little blood is lost in this part of the opera-
tion, when the carotid arteries are beating
before, - we always find them beating after
it. The result of this experiment is still more
striking in cold blooded animals, in which death
takes place so slowly, that the circulation con-
tinues long after the total destruction of the
brain and spinal marrow.

Exp. 10. The brain of a frog and the spinal
marrow as low as the dorsal vertebra were laid
bare. The thorax was then opened, and the
heart found acting vigorously ; and from the
transparency of its sides, the passage of the
blood through it distinctly seen. The part of
the spinal marrow which had been laid bare
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was then removed, but without at all affecting
either the motion of the heart, or the passage
of the blood throngh it. The brain was then
removed, with the same result.

Exp. 11. The brain and spinal marrow of a
frog were removed at the same time. On
opening the thorax, the heart was found per-
forming the circulation freely.

It appears from these experiments that the
action of the heart is as independent of every
part of the spinal marrow as of the brain; and,
consequently, that the opinion of M. le Gallois
that it derives its power from that organ, and
particularly from the cervical part of it, must
be regarded as erroneous. I shall soon have
occasion to consider the facts which led M. le
Gallois to this opinion ; we shall find, I think,
that they admit of a very different explanation.
We are now to inquire whether the action of
the vessels of circulation is also independent
of the brain and spinal marrow.

The following experiments, and some others
which I shall have occasion to relate, were
made on the capillaries of the frog, which,
from the extent and transparency of the web
of its hind feet, and from its great tenacity of
life, appeared the best subject for such expe-
riments. It has been questioned, how far
inferences drawn from experiments made on
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cold blooded animals, can be supposed to
apply to those of warm blood. Both Fontana
and Dr. Monro observe, that in their experi-
ments they found the system of both obeying
the same laws. The experiments 1 have had
occasion to make on both sets of animals tend
to confirm this observation. There are certain
circumstances in which they evidently differ,
in all others they seem to agree. As there is
no part of the warm blooded animal on which
such experiments on the vessels of circulation,
as I shall have occasion to relate here and in
the next chapter, can be made except the me-
sentery, many of them would be attended with
much greater suffering in this, than in the
cold blooded animal. Some of them, from
the warm blooded animal being less tenaci-
ous of life, could not be so satisfactorily per-
formed on it.

Exp. 12. A strong ligature was thrown round
the neck of a frog, and the head cut off with-
out any loss of blood ;¥ much loss of blood
immediately destroys the circulation in the
extremities. The spinal marrow was then de-
stroyed by a wire. On bringing the web of
one of the hind legs before the microscope, I
found the circulation in it vigorous for many
minutes, and in all respects resembling that
in the web of a healthy frog. This experi-
ment was repeated with the same result.
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Exp. 13. The spinal marrow of a frog was
destroyed by moving, in various directions, a
wire introduced into the spine by a hole made
in the lowest part of it, and passed up into the
brain. The animal was immediately deprived
of sensibility and voluntary motion, and ap-
peared to be quite dead. After it had lain
in this state for several minutes, part of the
web of one of the hind legs being brought
before the microscope, the blood was seen
circulating in it as rapidly as in the web

of a healthy frog. In making such experi-

ments it is necessary to be aware, that hand-
ling and stretching the web tends to impair
the vigour of the circulation in it. If this ex-
periment is objected to on account of its being
made on an animal of cold blood, I may, as
far as the larger vessels are concerned, refer
to several experiments just related, in which
the carotid and femoral arteries of rabbits were
found beating and performing the circulation
after the sensibility had been destroyed by a
blow on the head, and the spinal marrow had
been removed or destroyed.

It appears from these experiments that the
vessels of circulation, like the heart, retain
their power after the brain and spinal marrow
are destroyed or removed, for it will hardly
be maintained, that in these instances the
power of the heart supports the motion of the

-
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blood in the vessels. Should this opinion be
maintained, the reader will find it refuted, re-
specting animals of cold blood, by experiments
related in the next chapter, and respecting
animals of warm blood, by those related in
chapter tenth.

From the whole of the foregoing experiments
we must infer, that the position by which M. le
Gallois explains why the destruction of the
same portion of the spinal marrow destroys the
circulation if suddenly effected, but fails to do
so if effected slowly, is erroneous.*

Does it not seem a necessary inference, from
the experiments related in this chapter, that
the action of the heart and vessels of circula-
tion depends on a power inherent in them-
selves, and having no direct dependence on the
nervous system ? yet many facts, laid before the
reader in the first part of this Inquiry, prove
that a certain relation subsists between the
nervous and sanguiferous systems. What this
relation is we are now to inquire.

* See page 54. et seq.
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observed. Spirit of wine was then applied to
the spinal marrow, and a greatly increased
action of the heart was the consequence. It
was afterwards applied to the brain with the
same effect. The increase of motion was im-
mediate and decided in both cases. We could
not perceive that it was greater in the one case
than the other.

Exp. 15. The foregoing experiment was re-
peated, with the difference, that the whole of
the spinal marrow was laid bare. 'The motion
‘of the heart was nearly, if not quite, as much
influenced by the application of the stimulus
to the dorsal, as to the cervical portion of the
spinal marrow ; but it was very little influenced.
by its application to the lumbar portion.

Exp.16. In this experiment, only that part
of the brain which occupies the anterior part
of the head was laid bare. The rabbit in other
respects was prepared in the same way as in
the preceding experiments. The spirit of wine
applied to this part of the brain, produced as
decided an effect on the motion of the heart
as in those experiments. The spirit of wine
was washed off, and a watery solution, first,
of opium, then of tobacco, applied, with the.
effect of an inecrease, but a much less in-
crease of the heart’s action than arose from
the spirit of wine. The increased action was,
greater from the opium than from the tobacco..

G
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The first effect of both was soon succeeded
by a more languid action of the heart than
that which preceded their application to the
brain. This effect was greatest, and came on
soonest when the tobacco was used, and we
always, for we frequently repeated the experi-
ment, saw an evident increase in the action
of the heart when we washed off the tobacco.
We could also perceive this, though in a less
degree, when the opium was washed off. Little:
or none of this debilitating effect was observed
when the spirit of wine was used. After its
stimulating effect had subsided, the action of
the heart only returned to about the same de-
gree as before the application of the stimulus.

Exp. 17. The foregoing experiment was re-
peated on an animal of cold blood. Mr. Hast-
ings had found, that immersing the hind legs
of a frog in tincture of opium, in less than a
minute deprives it of sensibility. This does
not arise from any action of the opium; a
watery solution of opium, we found, however
strong, does not produce the effect. It is im-
mediately produced by simple spirit of wine,
and arises from the action of the spirit on
the nerves-of the part to which it is applied,
for it takes place quite as readily as in the
healthy frog, after a ligature has been thrown
round all the vessels attached to the heart. ‘It
is remarkable, that if simple spirit of wine is
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used, the animal expresses severe pain, if
tincture of opium, very little. I have already
mentioned the reason why it is necessary, n
order' to judge of the result of this experi-
ment, that the animal should be rendered in-
sensible. (Exp. 11.) st

Having thus dupriﬁ'ed/ a frog of sensibility,
we laid bare the brain and spinal marrow, and
opened the chest. The heart was found con-
tracting with vigour. Spirit of wine was then
applied to the spinal marrow, with an imme-
diate and evident increase of the action of
the heart. It was then applied to the brain
with the same effect. Watery solutions of
opium and tobacco were also applied to both,
with precisely the same effect as in the rabbit.
The increase of action from the opium and
tobacco was much less than from the spirit of
wine, and was soon followed by a great
diminution of action. The increase of action
was least, and the diminution greatest from
tobacco. On washing off the opium and to-
bacco with a wet sponge, the heart immediately
beat more strongly. 'The different parts of
this experiment were frequently repeated with
the same result. It is remarkable that we
could affect the motion of the heart by stinuli
applied to the brain and spinal marrow, after
they had all ceased to produce any effect on

G2
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the muscles of voluntary motion through the
medium of the nervous system.

Exp. 18. This experiment only differed from
the last in the cervical part of the spinal mar-
row and lower part of the brain being removed,
and the stimuli applied only to that part of
the brain which lies between the eyes of the
frog. Spirit of wine, opium and tobacco, thus
applied, affected the motion of the heart quite
as much, and precisely in the same way, as
when they were applied to the entire brain or
spinal marrow. When opium and tobaceo were
applied to the lower part of the spinal marrow,
the motion of the heart appeared to be hardly
at all affected by them. It was evidently in-
creased when spirit of wine was applied to the
same part.

We found in the foregoing experiments, that
considerable pressure either of the brain or
spinal marrow produced little or no effect on
the action of the heart. Its action could be
influenced by agents applied to the brain and
spinal marrow long after the circulation had
cease.,

Thus we see that the heart, although its
power is independent of the brain and spinal
marrow, is capable of being influenced through
these organs.

i

All that has been said of the power of
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the heart is strikingly illustrated by the fol-
lowing experiments.

Exp. 19. If the head and spinal marrow of
a frog be removed, we have seen, the heart
continues to perform its function perfectly for
many hours, nor does it seem at all immedi-
ately affected by their removal. But we find
the effect very different when the most sudden
and powerful agent is applied to them. If
they are even destroyed by being cut to pieces,
the heart after their destruction beats just as
before it. But if either the brain or spinal
marrow be instantly crushed, the heart imme-
diately feels it. The thorax of a large frog
was laid open, and the motion of the heart
observed, which performed the circulation per-
fectly, and with great force. The brain was
then crushed by the blow of a hammer. The
heart immediately performed a few quick and
weak contractions. It then lay quite still for
about half a minute. After this its beating
returned, but it supported the circulation very
imperfectly. In ten minutes its vigour was so
far restored that it again performed the eircu-
lation with freedom, but with less force than
before the destruction of the brain. An in-
strument was then introduced under the heart,
and after ascertaining that this had produced
no change on its action, the spinal marrow
was crushed by one blow, as the brain had
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been. The heart again beat quickly and
feebly for a few seconds, and then seemed
wholly to have lost its power. In about half
a minute it again began to beat, and in a few
minutes acquired considerable power, and again
supported the circulation. It beat more feebly,
however, than before the spinal marrow was
destroyed. It ceased to beat in about an hour
and a half afier the brain had been destroyed.
In another frog, after the brain and spinal
marrow had been wholly removed, the heart
beat nine hours, gradually becoming more
languid.

~In this experiment we see that the heart not
only retains its power long after the brain
and spinal marrow are removed, but that if
they are destroyed in such a way as to impair
and almost destroy the action of the heart, it
can recover the power of performing its func-
tion, after they no longer exist; precisely as
a muscle of voluntary motion will by rest
recover its excitability, although all its nerves
are divided.

Exp. 20. The foregoing experiment cannot
be performed in the same way on warm blooded
animals, but it may be performed in a way
equally satisfactory. In two rabbits the brain
was crushed by a blow. In both the heart
immediately beat with an extremely feeble and
fluttering motion. The anterior part of the
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brain only was crushed in another rabbit, with
the same result. A strong ligature was thrown
round the neck of a fourth rabbit, and at the
moment it was tightened, the head was cut
off. 'The bleeding was restrained by the liga-
ture, except from the vessels defended by the
bone. General spasms made the body hard for
the space of between one and two minutes, so
that the beating of the heart could not be
felt. . At the end of this time, the heart was
felt through the side, both by Mr. Hastings
and myself, beating regularly, and not more
quickly than in health. All the rabbits used
in this experiment were of the same age.
Exp.21. The following experiment is still
more conclusive. The anterior part of the
brain of a rabbit was crushed by a blow.
The side was rendered hard by spasm for
about half a minute. Neither during this, nor
after it, could I perceive any motion of the
heart by applying the hand to the side. The
head was then cut off, about three quarters of
a minute after the brain had been crushed. No
blood spouted out, and very little ran from the
vessels. A strong ligature was passed round
the neck of another rabbit of the same age.
It was suddenly tightened, and the head cut
off. In this instance little spasm took place,
and the heart was found beating regularly un-
der the finger for about three quarters of a
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minute. At the end of this time the ligature
was slackened, and the blood spouted out to
the distance of three feet, and econtinued to
spout out with great force, till nearly the whole
blood was evacuated.

Exp. 22. From the strength of the spine of
a rabbit, and the situation of the neighbour-
ing parts, it is impossible to crush it, without
directly influencing the state of the heart by
the blow. We opened it between the cervical
and dorsal vertebra, and suddenly forced a steel
rod, of considerable thickness, through the
cervical part. As in the experiments of M. le
Gallois, the action of the heart was immedi-
ately debilitated. In the preceding experiments,
the reader has seen, we repeatedly, slowly
destroyed, or removed entirely, both the cer-
vical and other portions of the spinal marrow,
without at all influencing the action of the
heart.

These experiments point out an easy solution
of the difliculties mentioned by M. le Gallois
in the 119th and following pages of his treatise.
When the greater part of the spinal marrow
was destroyed by small portions at a time, com-
paratively little effect was produced on the
heart ; but when a considerable part of it was
crushed at once, the power of the heart was
so impaired, that the circulation ceased. Thus
in other cases, where the injury was inflicted
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slowly, and where it was inflicted suddenly, the
result was found to be different. He observes,
that if the spinal marrow be divided near the
occiput, and a certain part of it immediately
destroyed, the circulation ceases. 1f some time
intervene between the division and the destruc-
tion of precisely the same part, the circulation
1s not interrupted.

In M. le Gallois’ experiments, the spinal
marrow was always crushed by a stilet, of
precisely the same dimensions with the cavity
of the spine. In the experiments above re-
lated, the spinal marrow was either removed,
or destroyed by a comparatively small wire,
moved about in it till its functions ceased.
The reader will easily understand, from what
has been said, why this apparently slight eir-
cumstance occasions so essential a difference in
the result of the experiments. We have just
seen the difference of the result when any
portion of the spinal marrow is successively
destroyed by parts, or erushed ai once, and
when the brain is crushed at once or wholly
removed.

M. le Gallois maintains, we have seen, that
affections of the brain influence the heart only
through the medium of the spinal marrow.
But in experiment 18th, we have seen, that
after the lower part of the brain and the spinal
marrow of a frog had been removed, agents
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applied only to that part of the brain which
lies between the eyes, affected the action of
the heart as much as when applied to the brain,
while both this organ and the spinal marrow
were entire. To remove any objection which
may arise from the subject of this experiment
having been an animal of cold blood, the fol-
lowing was made.

Exp. 23. 1 divided the spine of a rabbit
near the head, (which by stopping the respi-
ration deprived the animal of sensibility
and voluntary power,) and then at the lower
end, and by means of a wire, introduced at
these parts, destroyed the spinal marrow.
Spirit'of wine was then applied to the brain,
which influenced the action of the heart as
readily, and to as great a degree, as it does
when the spinal marrow is entire. |

We are now to inquire how far the vessels
of circulation are capable of being influenced
through the brain and spinal marrow.

In order to ascertain whether the vessels can
be stimulated through these organs indepen-
dently of their action on the heart, it is neces-
sary in the first place to determine how far the
vessels can support the motion of the blood
independently of the heart.

M. Bichat ( Recherches Phys. sur la vic et la
anort.) has shewn that in a frog the motion of
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the blood continues in the capillaries after
the heart no longer propels it. This obser-
vation, indeed, we shall afterwards find ap-
plies to the warm, as well as the cold blooded
animal.

Exp. 24. A ligature was thrown round all
the vessels attached to the heart of a frog,
and the heart was then cut out. On bringing
the web of one of the hind legs before the mi-
croscope, the circulation in it was found to be
vigorous, and continued so for many minutes;
at length gradually becoming more languid.

In endeavouring to proceed farther, T found
much difficulty. It was not only necessary, in
order to ascertain the effect of stimuli applied
to the brain or spinal marrow on the vessels
of the web, to remove the heart, and to lay
open the cranium, but also to prevent the
voluntary motions of the animal, which con-
tinually occur, and never fail to accelerate the
motion of the blood in the web.

Exp.25. A frog was deprived of sensibility
and voluntary motion, by the upper parts of
the body being immersed in laudanum ; part
of the cranium was then removed, after a liga-
ture had been thrown round the neck to prevent
loss of blood. The thorax was now opened,
and all the vessels attached to the heart in-
cluded in a ligature. But, notwithstanding
this experiment was repeatedly performed with
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Exp. 26. Part of the cranium of a frog was
removed, the web of one of the hind legs
brought before the microscope, and the
circulation in it observed. The animal was
now rendered insensible by the immersion
of the other hind leg in laudanum. The in-
sensibility did not in the least affect the cir-
culation in the web before the microscope.
Spirit of wine was then applied to the brain
with an evident increase of the velocity of the
blood in the web. The same effect was pro-
duced in a less degree by watery solutions of
opium and tobacco. After the tobacco had
been applied for about half a minute, the mo-
tion of the blood was much less rapid than
before its application. On washing off the to-
bacco the velocity of the blood inereased, and
was again lessened on applying it. This was
repeated several times with the same effects.
The following way of performing the experi-
ment is equally conclusive.

Exp. 27. A frog was rendered nearly insen-.
sible by having its back immersed in laudanum..
A ligature was then thrown round the neck to
prevent loss of blood, part of the cranium re-
moved, the web of one of the hind legs brought
before the microscope, and the circulation in
it, which was rapid, observed. A strong in-
fusion of tobacco was then applied to the
brain, with the effect of at first rendering the
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circulation more rapid. In about half a minute
it became more languid, and soon stopped al-
together. On the infusion of tobacco being
washed off, the circulation returned and re-
gained considerable vigour. The tobacco was
several times applied to the brain and washed
off, with the same effects. I may observe, that
when the circulation in the web had almost
ceased after the tobacco had been washed off,
its velocity was immediately increased on ap-
plying spirit of wine to the brain.

Exp. 28. Analogous to what I had occasion
to observe respecting the heart, I could never,
either by chemical or mechanical agents, ex-
cite any irregular action in the blood vessels.
Their action was only rendered more or less
powerful.

The irregular appearances in the circulation
in the web of a frog's foot, mentioned by Dr.
Thompson, Professor of Military Surgery in the
University of Edinburgh, in his Lectures on
Inflammation lately published, and which he
ascribes to inflammation, may be observed in
any case, if the vessels be at all compressed
in applying the foot to the microscope ; and
although they are not compressed, these ap- .
pearances very generally occur when the circu-
lation begins to fail. 'The blood will then stop
and go on at intervals, and move backwards
and forwards in the same vessel. 1 have often
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watched the capillaries from the commence-
ment of inflammation to its greatest height,
when the part is about wholly to lose its vital
power, in the mesentery of a rabbit, the web
of a frog’s foot, and the fins of fishes, without
perceiving the least tendency to this irregular
motion when the part viewed was so applied
to the microscope as not to compress any of its
vessels.* When the circulation fails without
any morbid distention of the vessels, the mo-
tion of the blood in the small vessels is irregular
before it stops altogether; when it fails from
morbid distention of the vessels, which gives
rise to the phenomena of inflammation, this
irregularity is mnot perceived, the motion of
the blood gradually becomes slower till it ceases
altogether.

The power of the blood vessels, like that of
the heart, is capable of being directly destroyed
through the medium of the nervous system.

Exp. 29. The web of one of the hind legs
of a frog was brought before the micro-
scope, and while Mr. Hastings observed the
circulation, which was vigorous, 1 crushed
the brain by the blow of a hammer. The
. vessels of the web instantly lost their power,

. * An account of these experiments is published in the
introduction to the second part of my Treatise on Febrile

Diseases, and a plate given representing the state of the ves-
sels in the different stages of inflammation.
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the circulation ceasing. In a short time the
blood again began to move, but with less
force. 'This experiment was repeated with the
same result. If the brain is not completely
crushed, the blow increases the rapidity of the
circulation in the web.

Exp. 30. The spine of a frog was laid open
at' the lower end, and a wire of nearly the
same dimensions with its cavity, forced through
it, as in M. le Gallois’ experiments. The web
of one of the hind legs was then brought
before the microscope, and the circula-
tion in it was found to have wholly ceased.
In another frog, as we have seen,* the spinal
marrow was destroyed by introducing in the
same way, and moving in various directions,
a wire much smaller than the cavity of the
spine. The frog soon appeared to be quite
dead, but the circulation in the web was found

to be vigorous.

What are the simple results of the experi-
ments related in this and the preceding chap-
ter? The first set prove, that the power of the
heart and vessels of circulation is independent
of the brain and spinal marrow, for we find
that the functions of the former organs con-
tinue after the latter are destroyed or removed,

* See Experiment 13.
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and that their removal is not attended with
any immediate effect on the motions of the
heart and vessels. The second set prove, that
the action of the heart and vessels of circu-
lation may be influenced by agents applied
either to the brain or spinal marrow. It 1s as
readily influenced by agents applied to the
anterior part of the brain, as by those applied
to the cervical part of the spinal marrow.
This is what we should expect when we trace
the origins of their nerves.

If it be said that the results of these experi-
ments imply a contradiction, that we cannot
suppose the power of the heart and vessels to
be wholly. independent of the brain and spinal
marrow, and yet influenced by stimuli applied
to them, the reply is, that such are the facts,
of the truth of which any one may easily
satisty himself.

On a closer examination of the phenomena
of the nervous system, we shall find other
similar difficulties. The experiments of M. le
Gallois prove, in the most satisfactory manner,
that a principal function of the spinal marrow
i1s to excite the muscles of voluntary motion,
and that it can perform this office independ-
ently of the brain. It performs it after the
brain'is wholly removed, and its powers seem
not at all immediately impaired by the removal
of the brain; yet we constantly see injuries

H
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of the brain impairing the functions of the
spinal marrow. We may remove the brain,
and the animal performs the various motions of
its limbs as well as before its removal. Yet
an injury of the brain often produces complete
hemiplegia. Of this apparent inconsistency,
M. le Gallois justly remarks, that two facts well
ascertained, however inconsistent they may
seem, do not overturn each other, but only
prove the imperfection of our knowledge.

- Whichever of the disputed opinions re-
specting the functions of the nervous system
we adopt, the foregoing phenomena seem to
imply a contradiction. The experiments re-
lated in the following chapter point out still
another instance of this apparent contradiction,
and seem to suggest the principle on which
it as well as the others depend.

CHAP. III.

On the principle on which the action of the
muscles of voluntary motion depends, and
the relation which they bear to the mervous
system.

We are now to consider how far the prin-
ciple on which the action of the muscles of
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voluntary motion, and the relation which they
bear to the nervous system, resemble those of
the heart and vessels of circulation.

Exp. 31. By applying strong stimuli to the
spinal marrow of a frog, strong and repeated
contractions were excited in the muscles of the
hind limbs, as long as the stimuli would pro-
duce the effect. On examining the state of the
muscles of these limbs, 1 found them wholly
deprived of their excitability. Now it is well
known, that although all the nerves supplying
the limbs of a frog be divided, and cut out
close to the place where they enter the muscles,
the latter still retain their excitability, which
appears to be mnot at all less than when the
nerves are entire. Lest it may be supposed
that the nervous influence, which was ex-
hausted in this experiment by stimulating the
spinal marrow, still remains in the muscles
after the nerves are divided, and thus preserves
their excitability, the following experiment was
nade.

Exp. 32. All the nerves supplying one of
the hind limbs of a frog were divided, so that”
it became completely paralytlc. The skin was
removed from the muscles of the leg, and salt
sprinkled upon them, which, being renewed
from time to time, excited contractions in them
for twelve minutes; at the end of this time
they were found no farther capable of being

H 2
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excited. The corresponding muscles of the
other limb, in which the nerves were entire,
and of which consequently the animal had a
perfect command, were then laid bare, and the
salt applied to them in the same way. In ten
minutes they ceased to contract, and the animal
had lost the command of them. The nerves of
this limb were now divided, as those of the
other had been, but the excitability of the
muscles to which the salt had been applied
was gone. Its application excited no con-
traction in them. It sometimes happens, while
the nerves of the limb are entire, that the vo-
luntary efforts of the animal prevent the con-
tractions usually excited by the application of
salt. This experiment was repeated in the
same manner, and with a similar result. After
the experiment, the muscles of the thighs in
both limbs were found to contract forcibly on
the application of salt. It excited equally
strong contractions on both sides.

It is remarkable, that in this experiment,
the excitability of the muscles whose nerves
were entire, was soonest exhausted. 1In the
repetition of the experiment, this was the case
to a still greater degree; the muscles, whose
nerves were entire, losing their excitability in
about one half of the time required for ex-
bausting the other.
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From this experiment it is evident, that the
nervous influence, so far from bestowing ex-
citability on the muscles, exhausts it like other
stimuli. The excitability therefore is a pro-
perty of the muscle itself. Yet we have just
seen, that it may be wholly destroyed by
changes induced on the nervous system. On
the same principle we explain the seeming con-
tradiction respecting the action of the heart
and vessels. We have seen that their power
exists as independently of the brain and spinal
marrow, as the action of the first muscles to
which the salt was applied, whose nerves had
been divided ; but, while the brain and spinal
marrow retain their functions, and the con-
nection of nerves is entire, the heart and
vessels, as well as the muscles of voluntary
motion, may be influenced by agents acting
through the nervous system. It is not difficult
to account for the latter muscles being more
copiously supplied with nerves than the heart,
because all the stimuli which affect them, act
through their nerves, while the heart is only
now and then influenced through its nerves,
its usual stimulus being as immediately ap-
plied to it, as the salt was to the muscles of
the limb in the above experiment, and act-
ing as independently of the nervous system.
We do not surely, in the experiments which
have been laid before the reader, see any
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of voluntary motion, capable of being stimu-
lated through this system.

In the report of the National Institute of
France, which has been laid before the reader,
it is observed, “ the adversaries of irritability
have asked, why, if the nervous power has no
action on the heart, is this organ supplied with
nerves, and why is it so powerfully subjected to
the influence of the passions? Haller never
oave any satisfactory explanation of these ob-
jections, but every thing proves that he felt
all their force.” These objections, we have
seen, prevented Haller’s doctrine of irritability
from being generally admitted by Physiologists,
and at length led M. le Gallois to suppose
that he had wholly refuted it.

We may, I think, trace the subject farther.
It has been shewn by direct experiment by
M. le Gallois, that the spinal marrow is capa-
ble of performing its functions independently of
the brain, yet, as has been observed, the spinal
marrow may be influenced throngh the brain.
Thus the excitability of the spinal marrow
bears the same relation to the brain, which
that of the muscles bears to the spinal marrow
and its nerves, and I would add all nerves
distributed to museles, some of which arise
from the brain, but seem to bear precisely the
same relation to the sensorium and to the
muscles, with those which arise from the spinal
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CHAP. 1V.

On the comparative effects of stimuli applied to
the brain and spinal marrow on the heart
and muscles of voluntary motion.

In making the experiments related in the
preceding chapters it was evident, that al-
though the muscles of involuntary are equally
with those of voluntary motion subject to the
effects of stimuli applied to the brain and spinal
marrow, the laws which regulate these effects
on the two sets of muscles are very different.
The following experiments point out more
_ precisely in what this difference consists.

Exp. 33. Part of the ecranium of a rabbit
was removed, and a wire passed in various di-
rections through the brain. 1 could not in
this way in the least affect the muscles of vo-
luntary motion, except when I made the wire
approach those parts of the brain from which
the spinal marrow and nerves originate. The
muscles of voluntary motion were then thrown
into violent spasms, 1 sliced off the whole of the
upper and anterior part of the brain without
affecting the muscles of voluntary motion. The
knife only excited their action when it approach-
ed the source of the nerves and spinal marrow.
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Exp. 34. Having deprived another rabbit of
sensibility and voluntary motion by a blow on
the occiput, that I might be enabled to judge
of the effects which a stimulus applied to the
brain would produce on the heart, I removed
part of the cranium and laid open the thorax.
The heart was found beating regularly. By
passing a wire through the brain in any direc-
tion, the beats of the heart were accelerated
and rendered stronger. 1 could not perceive
that this effect was produced more powerfully
when the wire was directed towards the source
of the nerves, than when any other direction
was given to it, provided it passed through an
equal portion of the brain. When an instru-
inent was merely pressed on the surface of the
brain, the effect was similar. When a pair of
scissars, or any other thing of larger bulk than
the wire was passed into the brain, the effect
on the heart was greater than from the wire.
It was still greater when the brain was wound-
ed rapidly in many directions.

Exp. 35. Part of the cranium of a rabbit
was removed, and after passing a knife through
the brain in various directions towards the
origin of the nerves, which excited the strong-
est spasms in the muscles of voluntary motion,
the blood being absorbed by a sponge, I ap-
plied strong spirit of wine to the surface of
the brain, and dropt it into the cuts, without
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at all affecting the muscles of voluntary mo-
tion. The upper part of the brain was then
wholly removed, and the space filled with
strong spirit of wine, but no spasms were ex-
cited in the muscles of voluntary motion.

- Exp. 36. Another rabbit was deprived of
sensibility and voluntary motion by a blow on
the occiput. Part of the cranium was then
removed, the thorax laid open, and the heart
found beating regularly. Spirit of wine was
now applied to the surface of the brain, by
which the frequency and force of the heart’s
beats were immediately increased. Several
cuts were then made in the brain, and the
spirit of wine dropt into them, by which the
action of the heart was increased in a much
greater degree. Spirit of wine increased the
action of the heart more than any mechanical
imjury, which never produced the strong action
in this organ, that it does in the muscles of
voluntary motion.

This experiment was repeated with a watery
infusion of opium instead of spirit of wine;
the result was in all respects the same, except
that the action of the heart was less increased
than by the spirit of wine.

Under the term brain, I mean to include the
cerebellum as well as cerebrum.  From many
trials on rabbits made to ascertain the point, I
could not perceive that the heart is more or less
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affected either by chemical or mechanical sti-
muli applied to the cerebellum than to the ce-
rebrum ; nor are the muscles of voluntary mo-
tion affected by wounding the cerebellum, ex-
cept we approach the source of the spinal mar-
row and nerves. In some of my experiments,
I thought that stimuli applied to the cerebellum
affected the action of the heart rather more
powerfully than when applied to the cerebrum ;
but this was contradicted by other experi-
ments.

Exp. 37. T repeatedly cut off the head of a
rabbit close to the occiput. For some time the
trunk and limbs were affected with violent
spasms. The cut end of the spinal marrow was
so sensible that the slightest touch of a wire, af-
ter the spasms had subsided, immediately exei-
ted the action of the muscles of voluntary mo-
tion. The strongest spirit of wine and watery
infusion of opium were applied to it, without
producing the least effect on those muscles.
The application, however, of stronger chemical
stimuli, the nitric and muriatic acids, threw the
musecles of the fore-legs into powerful contrac-
tions.

Having deprived a rabbit of sensation and
voluntary motion, in an experiment already re-
lated, I found that both spirit of wine and a
watery infusion of opium applied to the spinal
marrow, increase the action of the heart.

P SR ——
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Exp. 38. 1 found both in rabbits and frogs
that, after all stimuli applied either to the brain
or spinal marrow had ceased to produce any ex-
citement in the muscles of voluntary motion,
both chemical and mechanical stimuli so ap-
plied still increased the action of the heart:
the former more than the latter.

Exp. 39. 1 tried, in every possible way, both
by mechanical and chemical stimuli, and both
before and after the sensibility was destroyed,
to excite, through the brain or spinal marrow of
rabbits and frogs, any irregular action in the
heart which is so readily excited in the muscles
of voluntary motion, but could not. Nor could I
by sedatives, applied to the nervous system, oc-
casion any irregular action in the heart. Its ac-
tion was rendered quicker or slower, more or
less frequent, stronger or weaker, but never irre-
gular. The only instance in which irregular ac-
tion was excited in the heart, was when its
power was nearly destroyed by crushing the
brain or spinal marrow.

Exp.40. 1 found from many trials both on
rabbits and frogs, that the excitement of the
muscles of voluntary motion took place chiefly at
the time the stimulus was applied to the brain or
spial marrow. It was generally necessary to
move the instrument ; thus applying it to a new
surface in order to support the effect. Re-
peated contractions of the muscles of voluntary



110

motion will sometimes continue, assuming the
form of a fit, as long as the instrument remains
in the brain, although it be kept as still as the
motions of the animal will admit of. The in-
creased action of the heart on the contrary,could
generally be observed as long as the stimulus,
whether chemical or mechanical, was applied,
unless it was of a nature to produce the sedative,
after the stimulant effect. The sedative effect is
so far from being the consequence of the previ-
ous excitement, as many physiologists have sup-
posed, that spirit of wine and mechanical stimuli,
which produced no sedative effect, but con-
tinued to stimulate the heart as long as they
were applied, produced a much greater degree
of excitement than tobacco, whose slight stimu-
lant effect was quickly succeeded by a power-
fully sedative one.

It appears from these experiments, that che-
mical stimuli, applied to the brain and spinal
marrow, exert a greater power over the heart
than mechanical stimuli, while the latter exert
a greater power over the muscles of voluntary
motion than chemical stimuli; that both chemi-
cal and mechanical stimuli, applied to the brain
and spinal marrow, excite the heart, after they
cease to produce any effect on the muscles of
voluntary motion; that stimulating every part of
the brain and spinal marrow equally affects the
action of theheart, while the muscles of voluntary
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motion are only excited by stimuli applied to the
parts of those organs from which their nerves
originate ; that stimuli applied to the brain and
spinal marrow never excite irregular actionof the
heart, while nothing can be more irregular than
the action they excite in the muscles of volun-
tary motion ; that their effect on these muscles
is felt chiefly on their first application, but con-
tinues on the heart as long as the stimulus is
applied. These differences in the effects of
stimuli applied to the brain and spinal marrow
on the muscles of voluntary and those of invo-
luntary motion, must be explained before we
can be said to understand the relation which
subsists between the nervous system and the
heart.

It appeared to me probable, from many ex-
periments, that the cause of chemical stimuli,
applied to the nervous system, producing a
greater effect on the heart than mechanical sti-
muli do, is, that the former from their nature
act on a larger portion of the brain and spinal
marrow, Ifthis opinion be correct, the mechani-
cal stimulus will be rendered the most powerful
by confining the chemical to a smaller space
than the mechanical stimulus occupies,

Exp. 41. Both in frogs and rabbits I applied
to various parts of the brain and spinal marrow,
and particularly to those parts from which the
nerves originate, minute portions of strong spirit
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of wine, without at all influencing the action of
the heart.  When these small portions were ap-
plied to a great many parts, the heart began to
beat more frequently. This of course was much
the same thing as at once applying the spirit of
wine to a larger part. We have seen in the
foregoing experiments, that mechanical stimuli
applied to any considerable portion of the ner-
vous system, increase the action of the heart. It
appears from the following experiments that we
cannot affect the heart by mechanical stimuli
confined to any small part either of the brain or
spinal marrow.

Exp. 42. In a rabbit deprived of sensibility
by a blow on the occiput, I wounded different
small parts of the brain with a wire, particu-
larly all those parts near which the nerves of
the heart appear chiefly to originate; but
could not affect the motion of this organ,
while at the same time passing the wire through
any considerable portion of the brain immedi-
ately accelerated it.

Exp. 43. 1 laid open the cervical part of
the spine of a rabbit, rendered insensible by
a blow on the occiput, and repeatedly passed
the wire transversely through the spinal mar-
row, without being able at all to affect the
motion of the heart; but on a wire being passed
longitudinally, so as to bring it into contact
with a larger portion of the spinal marrow,

T
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the motion of the heart was immediately
accelerated. On the same principle, when the
wire was made to wound many minute por-
tions of the brain and spinal marrow in quick
succession, the action of the heart was in-
creased. In another rabbit, I divided the spinal
marrow at the occiput without at all aflecting
the heart.

Mr. Clift, in an account of <xperiments on
the carp, published in the Philosophical Trans-
actions for 1815, observes, that on dividing
the spinal marrow at the occiput, the action
of the heart was greatly accelerated for a few
beats ; but he.di#f.@rl_e{_l-f‘ﬁhe spinal marrow ‘while
the animal retained the power of the mus-
cles of voluntary motion, which never fail
to be called into action by wounding it,
and ‘whose action, by increasing the flow of
blood, always accelerates the motion of the
heart.*

Thus we see that neither chemical nor me-
chanical stimuli applied to the brain and

* It is particularly satisfactory to me that Mr. Clift, on
repeating my experiment, in which the spinal marrow was
destroyed by a hot wire, found the same result in the carp,
which I had done in rabbits and frogs. IHe did not ascer-
tain whether the circulation continued after the destruction
of the spinal marrow, but from this occasioning little or no
diminution in the action of the heart, we can have little
doubt of the continuance of the circulation.

I
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spinal marrow, affect the action of the heart,
unless they make their impression on a large
portion of these organs. In the various experi-
ments I have related, every part of them was
stimulated individually, without the action of
the heart being influenced ; and the stimulus
being the same, the force with which it acted
on this organ was always proportioned to the
extent of surface to which it was applied. 1
could not find that it was of any umportance
what part of the brain was stimulated. Even
stimulating the surface alone, either mecha-
nically or chemically, we have seen, immedi-
ately increased the action of the heart. The
muscles of voluntary motion, on the contrary,
it appears from the above experiments, are
wholly insensible to stimuli applied to the brain,
except mnear the origin of the merves and
spinal marrow. It is remarkable that while
a rabbit perfectly retains its sensibility, and
expresses great pain on any of the muscles
being wounded, it exhibits no expression of
pain from the brain being sliced, until the
knife approaches the origin of the nerves or
spinal marrow.

Another circumstance, which appears to be
of great importance in tracing the cause of the
different effects of stimuli applied to the brain
and spinal marrow on the muscles of voluntary
and involuntary motion, is, that the heart
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obeys a much less powerful stimulus than the
muscles of voluntary motion do. We have
seen that only the most powerful chemical
stimulus affects them, while all that were tried
readily influenced the action of the heart,
Mechanical stimuli which, by bruising and
dividing the parts, occasion the greatest possi-
ble irritation, are best fitted to excite the
muscles of voluntary motion. Chemical stimuli,
indeed, from their effects on the heart, we
should consider the most powerful. But their
greater effect on this organ is readily explained
by the influence of stimuli applied to the brain
and spinal marrow on the heart, being pro-
portioned to the extent of surface to which
they are applied. It is evident that the stimulus
can be applied to a greater extent of surface
in the fluid than in the solid form. When
the effect of the mechanical agent is rendered
extreme, we find its influence on the heart far
greater than that of any chemical agent I
tried. From experiments related in the second
chapter of this part, it appears, that suddenly
crushing any considerable portion of the brain
or spinal marrow instantly destroys the power
of the heart.

The conclusions then at which we arrive are,
that the heart is excited by all stimuli applied
to any considerable part of the brain or spinal
marrow, while the muscles of voluntary mo-

12
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tion are only excited by intense stimuli applied
to certain small parts of them.

These facts being ascertained, the other dif-
ferences observed in the effects of stimuli
applied to the brain and spinal marrow, on
the heart and muscles of voluntary motion,
are easily explained.

Irregular action of a muscle arises from
stimuli acting partially, or at intervals, on its
nerves, or on the particular part of the brain
or spinal marrow, from which its nerves arise.
But very partial action of a stimulus on the
brain and spinal marrow, we have just seen, is
incapable of exciting the heart, and while the
stimulus is applied to any part of these organs,
as all parts of them seem equally to influence
the heart, it cannot act upon it interruptedly,
as an instrument does on the muscles of volun-
tary motion when it is moved from place to
place in the brain.

When the instrument is kept still after it is
introduced into the brain, the action of the
muscles of voluntary motion often ceases; its
merely being in contact with the parts of the
brain which excite these muscles, not being
sufficient to call them into action. As the
muscles of voluntary motion feel the impres-
sions made on a very small part of the brain
only, in proportion as this part is small, the
impression must be great to affect them; but
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the heart, which is influenced through all parts
of it, though not very powerfully through any
one, feels all the impressions made on this
organ, provided they are made on a sufficiently
extensive portion of it; thus, within certain li-
mits, as long as the instrument remains in the
brain, its stimulant effect on the heart continues.
It is true, that although the heart is only
influenced by agents applied to a large por-
tion of the brain, we may conceive them so
applied as to produce irregular action in it,
and we find that certain irritations of the
nervous system have this effect. But it is evi-
dent, that the heart not being subject to stimuli
whose action is confined to a small portion of
this organ, and being equally affected through
all parts of it, must render it much less subject
to irregular action; which may be one of the
final causes of the heart, whose regular action
is of such importance in the animal economy,
being made subject to the whole, and not to
any one part of the brain ;* and readily ac-
counts for our not being able to produce irre-
gular action in it, in the above experiments,
What has been said also explains why those,

* In the course of this inquiry another and apparently
more important reason will appear why it is recessary that
the heait should be subject to the influence of every part
of the brain and spinal marrow,
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who have endeavoured to influence the heart
by stimulating the parts of the brain from
which its nerves seem chiefly to originate, have
failed. 'When indeed the source of the nerves
of the heart is considered, it will be found to
derive its nervous influence from every part
of the nervous system, and not very remarka-
bly from any one part, a circumstance which
particularly corresponds with the result of the
foregoing experiments.

From the same facts we explain, why the heart
is stimulated through the brain and spinal mar-
row after their power is so far weakened as no
longer to convey the effect of the stimulus to the
muscles of voluntary motion. As these obey
stimuli applied to only one part of those or-
gans, if the change in this part is not sufficiently
strong to produce the effect, it cannot be
assisted by any other. Thus I have found
by experiment, that a blow which affects the
brain generally, without materially mnjuring it,
produces comparatively little effect on the mus-
cles of voluntary motion, because no one part
suffers greatly, but it produces a great effect
on the heart, because it feels the sum of all
the impressions. The nervous system, there-
fore, may be so far exhausted as not to admit
of the vivid impressions necessary to excite
the muscles of voluntary motion, and yet ca-
pable of those which influence the heart.
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CHAP. V.

On the principle on which the action of the
vessels of secretion depends, and the relation
which they bear to the mervous system.

It not only appears from the experiments
which have been laid before the reader, that
the power of the heart and vessels of circu-
lation is independent of the nervous system,
but that that of the muscles of voluntary
motion is so likewise, and that these like
the former are only subjected to this system
in the same way in which they are subjected
to every other agent that is capable of ex-
citing them. Thus we find, that all the mov-
ing powers of the animal body, as far as
we have hitherto traced them, are indepen-
dent of the nervous system, but that this
system is equally capable of acting as a
stimulus to them, although in different ways,
whether they are subject to the influence of
the will or not. Is the power of secretion
also independent of, though influenced by, the
nervous system ?
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SECT. I

On the effect of withdrawing the nervous in-
Jluence from secreting surfaces.

I was soon convinced that although the
powers of circulation are independent of the
nervous system, those of secretion are very far
from being so. M. le Gallois, in the treatise
so frequently alluded to, enumerates many
physiologists who divided the eighth pair of
nerves ; and he gives a minute account of the
consequences of their division, particularly of
those which he himself observed in rabbits
and guinea pigs. The chief are, oppressed
breathing and loss of power in the stomach.
Mr. Brodie also gives an account of experi-
ments, in which he divided the eighth pair of
nerves in dogs, in a paper published in the
Philosophical Transactions for 1814. But the .
animals always died of oppressed breathing
before he could judge of the effect on the
stomach. He proved, however, by another set
of experiments, that arsenic introduced into
the system after the division of the eighth pair
of nerves, does not produce the copious secre-
tion from the stomach and intestines which it
is found to do under ordinary circumstances.
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He found a similar result when he divided the
stomachic nerves immediately above the car-
diac orifice of the stomach.

The lungs are affected differently according
to the part at which the nerve is divided.
If, in the rabbit, it be divided before the in-
ferior laryngal nerve is sent off, or this nerve
itself is divided, great difficulty of breathing,
with a croaking noise, immediately follows,
arising, as M. le Gallois has shewn,* from the
opening of the glottis, becoming much nar-
rowed as soon as the nerve is divided. If the
eighth pair of nerves are divided below the
place at which they send oft' this nerve, there
1s little or no dyspneea for some time. Mr.
Hastings, who watched the progress of the
following experiments with great care, ob-
served, that when the eighth pair of nerves
were divided below the inferior laryngal nerve,
the dyspneea, although it often came on sooner,
was greatly increased by the attempts to vomit,
which generally happened almost immediately
after eating; but which, if the animal was

* M. le Gallois says, that the difﬁculty of breathing
comes on from dividing the recurrent nerves, but Mr.
Hastings, who frequently performed the experiment, always
found that there was little or no dyspneea induced in the
rabbit by dividing the recurrent nerves. It was when he
divided the laryngal nerves that the sudden dyspnaca,
mentioned by M. le Gallois, took place,
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not allowed to eat, frexpuently did not occur
for an hour and half or two hours after the
division of the nerves. The dyspneea increases,
and the animal seems at last to die of it. The
lungs are found after death distended with a
frothy fluid, which fills the bronchia and air
cells, and prevents the lungs collapsing ; and
they are covered with patches of a dark red
colour, often of great extent, which give the
appearance of the vessels being greatly dis-
tended with blood, or of blood having escaped
into the cellular substance. They appear of
a more compact texture than healthy lungs,
and sink in water. In short, the fluids of the
lungs no longer undergo the proper change,
but accumulate in the bronchia, air-cells and
blood vessels. As M. le Gallois’ account of
the effects of the division of these nerves on
the stomach does not altogether agree with
that of the authors, he quotes, and is also in
other respects contradictory. Mr. Hastings fre-
quently repeated the experiment on rabbits, and
sometimes with such dexterity, that the animal
lived about twenty-six hours after the opera-
tion. I had thus an opportunity of ascertain-
ing, that even during this length of time, al-
though the stomach was full of food, (parsley)
no change on it had been effected. It con-
tinued in the same state as when it left the
mouth, simply divided by mastication, pre-
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serving perfectly both its appearance and its
smell. It was impossible to distinguish it from
parsley chopped small with a knife.

It occwrred to me, that the pain and irrita-
tion occasioned by the operation might in
these experiments have induced such a degree
of disease as to destroy the powers of digestion,
independently of any specific effect on the
stomach. 1 therefore requested Mr. Hastings
to perform the experiment .in the following
manner.

Exp. 44. Two rabbits of about the same age
were fed in the same way. In both the eighth
pair of nerves were laid bare. 1In the one
rabbit they were divided ; in the other, after
being raised on a probe, they were replaced
without injuring them. Both rabbits were
allowed to eat as much parsley as they chose
after the operation. When that in which the
nerves were divided died, which did not hap-
pen for more than twenty hours after the
operation, the other was killed. In the former
the food was found wholly undigested ; in the
latter the digestive process had gone on as
usual, and the food was found in the same
state as in a healthy rabbit.

The stomach is generally distended to a
greater size than usunal when the eighth pair
of nerves have been divided. This happened
in the present case. It is remarkable, that
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the @sophagus also is found full of food, and
very much distended. Irom this circumstance,
and from an experiment of M. le Gallois, in
which one only of the eighth pair of nerves be-
ing divided in a guinea pig, the animal survived
several days, and the stomach became enor-
mously distended with undigested food ; I say,
from these circumstances it occurred to me, that
the sensation by which an animal judges when
he has received enough of food, being destroy-
ed by the division of the nerves, the animals
had perhaps occasioned over-distention of the
stomach, and thus destroyed the power of di-
gestion, for they often ate a great deal after
the operation. I therefore requested Mr. Hast-
ings to repeat the experiment, allowing the
animal to eat as much as he chose before the
operation, but none after it.

Exp. 45. This he did, but the result was the
same. 'The food with which the rabbit had
filled its stomach just before the division of
the nerves remained wholly unchanged, and it
was remarkable, that the @sophagus was just
as much distended with the food as when the
animal had eaten after the operation. This
arises from the fruitless efforts to vomit, which
always come on in an hour or two after the
division of the nerves.* It deserves notice,

* 1 have already mentioned that Mr. Hastings observed
the dyspncea greatly increased by the fruitless atiempts to

I"-.
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that although the eighth pair of nerves have
been divided, the food is found covered with
apparently the same semi-fluid which we find
covering the food in a healthy stomach.

These experiments seem to leave no room
to doubt, that the office of the stomach is sus-
pended by dividing the eighth pair of nerves.
A similar observation applies to the lungs. In
the animal in which the eighth pair of nerves
were merely raised on the probe, the lungs
continued perfectly to perform their office,
and were found of a healthy appearance after
death. 1In all the instances in which these
nerves were divided, great dyspneea, we have
seen, soon came on, and the air cells and tubes
were found clogged with frothy mucus.

SECT. 1L
On the nature of the nervous influence.

The discoverer of galvanism, from whom it
takes its name, maintained, that it is the gal-
vanic influence which is conveyed by the
nerves, and to which we must ascribe the

vomit, As the sophagus in the rabbit lies contiguous to
the yielding part of the trachea, the distention of the
former cannot fail to lessen the capacity of the latter.
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action of the muscles; and with many since
his time it has been a favourite opinion, that
the nervous influence is allied to galvanism, if
they are not the same thing.

No body however, as far as I know, has
attempted by experiments on the living ani-
mal, to ascertain how far galvanism is capable
of performing the functions of this influence. To
ascertain whether it possesses such powers, it is
necessary to apply it to the fluids, as nearly as
possible in the same way in which the nervous in-
fluence is applied; to try, for example, whether
when the latter is withdrawn from a secreting
surface, and the secreting power thus wholly
destroyed, we can by galvanism restore this
power, and enable the part to prepare the
same fluid which the nervous influence had
enabled it to prepare.

We have seen, that by dividing the eighth
pair of nerves the power of digestion, and con-
sequently the formation of gastric juice, is
wholly lost, and the secreting power of the
lungs deranged. This appeared to me to offer
an excellent opportunity of making the expe-
riments in question. It is not difficult, by
coating the lower part of the divided nerves
with tin foil, and applying a small plate of
metal to the skin over the stomach and lungs,
to expose these organs, by means of a galvanic
trough, to any degree of galvanic power which



127

we may judge proper. I explained my views
to Mr. Hastings, and requested him to make
the following experiment.*

Exp. 46. The hair was shaved off the skin
over the stomach of a young rabbit, and a
shilling bound on it. The eighth pair of nerves
were then divided, and about a quarter of an
inch of the lower part of each coated with
tin foil. The tin foil and shilling were con-
nected with the opposite ends of a galvanic
trough, containing fifty-two four-inch plates of
zine and copper, the intervals being filled
with muriatic acid and water, in the proportion
of one of acid to seven of water. The gal-
vanic influence produced strong contraction
of the muscles, particularly of the fore limbs.

For five hours the animal continued quite
free from the symptoms which follow the
division of the eighth pair of nerves in rab-
bits. It had neither vomited nor been dis-
tressed with dyspneea. It had not eaten any
thing after the nerves were divided. At this
time the power of the trough became much
weaker, so that it produced no visible effect
on the muscles. The respiration now began

* From my dislike to make experiments on living animals,
when I had occasion to make such experiments, I frequently
requested my friends to perform the operative part; but I

have related none the result of which was not observed by
myself,
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to be disordered. In a quarter of an hour it
became so difficult, that the animal appeared
to be dying. It was gasping. Acid was put
into the trough till the galvanic power became
as great as at first. Soon after this the animal
ceased to gasp, and breathed with much greater
freedom. The galvanic process was several
times discontinued and renewed, so that we
repeatedly saw the gasping and extreme dysp-
neea return on discontinuing, and disappear on
renewing it. The animal died in six hours
after the division of the nerves,

On opening it we found the @sophagus per-
fectly natural, and no food in it. The stomach
was not larger than usual. The food had
undergone a considerable change. The ap-
pearance and smell of the parsley were gone.
The smell was that of the rabbit’s stomach
while digestion is going on, which is peculiar.
Both Mr. Hastings and myself, who have been
much accustomed to examine the stomach of
rabbits under various circumstances, thought
that digestion was nearly as perfect as it
would have been in the same time in a
healthy rabbit. This rabbit had not eaten any
thing for twelve hours till within three hours of
the experiment ; it was then very hungry, and
was allowed to eat as much parsley as it chose.

The membrane of the trachea was of its na-
tural colour, and there was no fluid in it.  The
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ramifications. of the bronchia in the left lung
were quite free from frothy mucus. There was
some fluid in the right lung, though it did not
appear much gorged, there was one dark spot
on it. 'The lungs collapsed imperfectly on
opening the chest. 1 requested Mr. Hastings to
make the experiment in the following manner.
Exp. 471. Two full grown rabbits were kept
without food for twelve hours: within half an
hour of the experiment, they ate as much par-
sley as rabbits usually do at one time. After
the hair was shaved off’ the region of the sto-
mach in one of them, and a shilling bound up-
on it, the eighth pair of nerves were divided
about eight o’clock in the morning, and each
nerve coated with tin foil, to the extent of half
an inch. Difficulty of breathing was evident
immediately after the operation. It was nine
o'clock before the animal was brought proper-
ly under the galvanic influence ; till then the
respiration was very much oppressed ; it soon
improved on keeping up a regular and gentle
twitching of the muscles of the chest and fore-
legs. It appeared to us, that in the preceding
experiment the animal had been exhausted by
the galvanic influence. 1In this instance, we
regulated its degree by the effect it produced,
using the third, half, or whole of the trough, ac-
cording to circumstances, regarding a gentle

twitching of the fore-legs, as the measure of a
K
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due degree of the galvanic power. About ten
o'clock the breathing became very laborious,
owing to the trough’s not acting well; on in-
creasing the galvanic power the breathing be-
came pretty free, although the animal still made
a croaking noise in respiration, which continu-
ed more or less till its death. The cause of this
I shall presently explain. The breathing al-
ways began to get worse when the galvanic
power became too weak to produce any twitch-
ing in the fore-legs.

At eight o’clock in the evening the animal
seemed very composed, and breathed with con-
siderable freedom, the trough having acted re-
gularly for some hours. Notwithstanding it
was Kept in the lying position on its side, it now
ate greedily some bits of parsley offered to it.
The same quantity was at the same time given
to the other rabbit. There did not appear any
mcrease of the difficulty of breathing, nor any
disposition to vomit after taking the food. It
was now about twelve hours since the nerves
were divided, during which there had not been
the least disposition to vomit.

- At about a quarter past ten, that is four teen
hours and a quarter after the nérves had been
divided, the galvanic influence had become too
feeble, and the animal made one attempt to vo-
mit. The power of the trough was increased,
and no further attempt to vomit took place.
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After this, however, the breathing became more
laborious, and although it gradually improved
very much, it could not be brought to its for-
mer state, the animal continuing to gasp slight-
ly. About twelve o’clock it had a violent re-
turn of dyspneea, which from this time to a quar-
ter before one increased rapidly. At one the
animal died, having survived the division of the
nerves seventeen hours. The other rabbit was

killed at the same time.
The stomachs of both were laid open ; we
~ found that of the rabbit, in which the nerves had
been divided, no more distended than the sto-
mach of the other. The food in it had the ap-
pearance which it has in a healthy stomach while
digestion is going on. 'The only differences be-
tween the contents of the two stomachs were the
following. The food which the healthy rabbit
had taken during the experiment, was found in
the cardiac portion of the stomach, and diges-
tion was going on rapidly in it, while that,
which the other had taken at the samne time,
was still in the @sophagus, and consequently un-
‘changed. The position this animal had been
in was unfavourable to the food’s reaching the
stomach. There was about a quarter of an
‘inch of the cesophagus, between the food and
| the stomach, quite empty. The contents of the
'middle portion of the two stomachs could
inot be distinguished from each other, that

X 2
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in the pyloric end only differed in being of a
firmer consistence in the healthy rabbit. 1In
both the contents of the pyloric end of the sto-
mach were most digested, and in both the food
had equally lost the appearance and smell of
parsley, and acquired the smell peculiar to the
stomach of the rabbit while digestion is going
on. The food in the duodenum was equally
digested in both. We have seen, that after
the eighth pair of nerves are divided parsley
will remain in the stomach of a rabbit wholly
unchanged for six and twenty hours. Neither
Mr. Hastings nor myself could, from any
thing we saw in the stomach of the rabbit
which was galvanised in this experiment, have
doubted its being the stomach of a healthy
rabbit. 'We here see the influence of the brain
removed, that of a galvanic trough substituted
in its place, and the result the same as if the
influence of the brain had still continued.

In this rabbit we found the membrane of the
trachea of a very deep red colour, but there
was not much fluid in it. The lungs did not
collapse on opening the thorax, the air cells be-
ing full of a frothy and bloody serum. The
lungs were externally of an uniform dark red
colour. The heart was a little increased in
size, and highly vascular. The cause of the
great dyspneea in this experiment, and of the
croaking noise, was, that the laryngal nerves
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were injured by being stretched, in order to di-
vide the eighth pair as near to them as possible,
to admit of so large a portion of the former be-
ing coated. The reader will see from what 1s
said above, that dyspneea and a croaking noise
are the effects of injuring the laryngal nerves.
We learn from the state of the lungs after the
division of the eighth pair of nerves, why an
animal cannot be long preserved by artificial re-
spiration after the brain is removed. M. le
Gallois, indeed, observes, that artificial respira-
tion produces the same loaded state of the lungs.
Throughout the whole of the body there was a
general increase of vascularity. This, as ap-
peared from what was observed in other cases,
was the effect of the galvanic influence.
- In these experiments this influence had been
directed chiefly to the region of the stomach. In
order to see the effect of directing it more parti-
lacurly to the lungs, I requested Mr. Hastings to
perform the experiment in the following manner.
Exp. 48. A full grown rabbit was kept with-
out food for twelve hours. Within two hours
of the experiment it was allowed to eat as much
parsley as it chose. The hair being then
shaved off the skin of the thorax, it was covered
with tin foil, but not so low as the pit of the
stomach. The eighth pair of nerves were now
divided lower down than in the last experiment,
and the lower portion of both nerves coated with
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tin foil for about a quarter of an inch. The
laryngal nerves were not disturbed, and no
croaking ensued. It was an hour after the
operation before the galvanic influence was so
applied as to keep up a gentle twitching of the
muscles of the chest and fore legs. This effect
of the galvanism was kept up uniformly for five
hours, during which time there was hardly any
dyspneea.

In about an hour after this, an uniform effect
from the trough could not be kept up on account
of the tin foil having been torn. In the course
of an hour the breathing became much worse,
and we could not again get the tin foil generally
applied to the chest. 1t was kept imperfectly
applied till the death of the animal, which hap-
pened in about two hours and a half after this ;
that is, about nine hours and a half after the di-
vision of the nerves. It seemed to be produced
by dyspneea. The animal had shewn no ten-
dency to vomit.

The lungs collapsed on opening the thorax,
though not so perfectly as when they are heal-
thy : they swam in water. The inner mem-
brane of the trachea was redder and more vas-
cular than usual. There was no frothy mucus
in it. The bronchial cells, near the great divi-
sion of the trachea, were full of mucus; but on
tracing them further, there was very little, and
none at all towards the surface of the lungs,



135

which was of a deeper red than natural, but not
shewing patches of red, as where the eighth pair
of nerves are divided without the application of
galvanism. The heart was much more vascular
than natural. The same observation applies to
every part of the thorax. The thoracie viscera, in |
short, were rather in a state of high inflamma-
tion, an effect always produced by a considera-
ble galvanic power in the part to which it was
directed, of which the animal evidently died,
than in that in which they are found after the
division of the eighth pair of nerves.

The stomach was larger than natural, and
the food but little altered, retaining the colour,
smell, and stringiness of the parsley. There
was no food in the csophagus. It is evident
that the stomach, in this experiment, was but
little exposed to the galvanic influence. It was
sufliciently so, however, to prevent the vomit-
ing, and to occasion more change in the food
than happens when the nerves are divided with-
out applying galvanism.

The reader may remark, that as the stomach
is here found in a state intermediate between
that of this organ, when the eighth pair of nerves
are divided without the application of galvanism,
and when the galvanism is chiefly directed to it ;
so the state of the lungs in Exp. 46 and 47
is intermediate between what it was in this
experiment and what it is when the eighth
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pair of nerves are divided, without the appli-
cation of this power.

As the foregoing expgrimcnts were made on
a graniverous, a carniverous animal was chosen
for the subject of the following experiment,
which I requested Mr. Sheppard to perform. 1
may observe that the three preceding experi-
ments were made in the presence of three, and
the following experiment in that of four medical
men besides myself.

Exp. 49. Two small dogs of the same size
and age were kept without food for about thir-
teen hours; they were then permitted to eat as
much lean raw mutton as they chose. In both,
the eighth pair of nerves were divided immedi-
ately after they had taken the mutton. In one
of them the nerves were coated with tin foil, as
they had been in the rabbits, a three shilling
piece having been previously bound on the
pit of the stomach and lower part of the thorax,
after the hair had been shaved off; and galva-
nism applied as in the foregoing experiments.

" The dog which was not galvanised was al-
most immediately affected with dyspneea, and
within ten minutes with violent and repeat-
ed efforts to vomit. The other to which the
galvanism was applied of sufficient strength to
occasion a very gentle motion in the fore legs,
but not any expression of pain, breathed as free
as before the division of the nerves, and never
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made any effort to vomit. The application of
the galvanism was twice discontinued for a few
seconds, during which the animal breathed very
laboriously, but on renewing the galvanism the
breathing immediately became free. This dog
lived two hours and a quarter. On opening the
stomach after death we found the mutton half di-
gested. 1t was reduced to a soft pulpy substance,
in which there was little or no appearance of
muscular fibre. That partof the mutton which lay
in the pyloric end of the stomach was most di-
gested, which is always found to be the case in
the healthy stomach, and affords the best proof
that digestion was going on in the usual way.
The vessels in some parts of the stomach, and
throughout the whole of the small intestines
were highly injected, giving those parts a very
florid appearance. The lungs were rather red-
der than natural, but otherwise quite healthy,
collapsing perfectly on the thorax being opened.
The other dog was still alive at the end of
four hours after the nerves had been divided,
but so weak that it could not stand nor move
itself from the place where it lay on its side.
It was Kkilled at this time by a blow on the oc-
ciput. The mutton, although it had been in its
stomach so much longer than in the other dog,
was as firm as when it was swallowed, and per-
fectly retained both its red colour and fibrous
appearance, except that on the outside the
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bits seemed as if they had been dipped in hot
water: immediately below the surface they were
quite red. The lungs exhibited the same ap-
pearances as those of rabbits under the same
circumstances. They were so conjested that they
collapsed very imperfectly, and their surface was
covered with patches of a dark red colour.

There was nnthing in the stomach of either
dog but the mutton, which was taken at the
commencement of the experiment, and no part
of it had been thrown into the cesophagus of
either. All present at this and the three pre-
ceding experiments examined the state of the
stomach and lungs, and expressed their entire
satisfaction in the results,

Is it possible to explain the results of these
experiments without admitting the identity of
the nervous influence and galvanism? We
must either admit this, or that there is another
power, capable of performing the most charac-
teristic and complicated functions of the ner-
vous system.

It is not to be supposed, that we can, by the
artificial application of galvanism, direct it in
the proper quantity to the proper parts, in such
a way as not to supply more to some, and less
to others, than nature supplies. Hence, in the
foregoing experiments, inflammatory affections
and violent action of the muscles were fre-
quently excited by it. This difficulty, which
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might easily have been foreseen, and the cause
of which is so obvious, cannot weaken the
inference from the perfect performance of the
complicated functions of the nervous system
by galvanism.

The power of galvanism over the muscles,
the phenomena of electric animals, the results
of experiments which have been'laid before
the reader, proving that the nervous influ-
ence bestows no power on the muscular fibre,
but acts only as a stimulus to it, the muscles
being thrown into contraction by the formation
of a circle of the nerves and muscles of dif-
ferent limbs, a pile formed of alternate layers
of muscle and brain exhibiting galvanic phe-
nomena, and the vast changes which have been
effected by galvanism in the hands of able
chemists, seem all in some degree to counte-
nance the opinion of the identity of tlre nervous
influence and galvanism. To which I may add,
that Sir Everard Home, in a paper published
in the Philosophical Transactions for 1809,
relates some experiments, from which it ap-
pears, that by the power of galvanism albumen
may be separated from the serum of the blood,
both in the solid and liquid form. This sub-
ject I shall more than once have occasion to
resume. Many circumstances tending to in-
fluence our judgment respecting it, remain to
be mentioned.
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SECTION III.
Inferences from the preceding Sections.

We have seen it ascertained in the first of
the preceding sections, that the extreme parts
of the sanguiferous and nervous systems are
connected in a way very different from that in
which these systems are connected in other
parts. The heart and vessels of circulation,
we have seen, can perform their functions after
the nervous influence is withdrawn. The power
of secretion immediately ceases on the inter-
ruption of this influence. We must suppose,
therefore, either that the nervous influence be-
stows on the extreme vessels the power of sepa-
rating and recombining the elementary parts of
the blood, or that the vessels only convey the
fluids to be operated upon by this influence.

- It appears from experiments related in the
second chapter of the present part of this In-
quiry, that the most minute vessels which can
be seen by a powerful microscope in the web
of a frog’s foot, are independent of the nervous
systew[. The motion of the blood is as rapid,
and the circulation in the foot presents precisely
the same appearance after, as before the des-
truetion of this system. Is it consistent with

i

[

1
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these experiments to suppose that any part of
the sanguiferous, derives its power from the
nervous, system? If the power of the vessels
of secretion had been lost by the destruction of
the nervous system, would it not have occa-
sioned some change in the distribution and
motion of the blood in the web? The conclu-
sion from these experiments is strengthened by
other facts. In those experiments in which
the power of ‘secretion was destroyed by with-:
drawing the nervous influence, there appeared
to be no defective supply of fluids. Both in
the stomach and in the lungs they were suffi-
ciently copious. The fault seemed to be, that
a due change on them had not been effected.
We have no reason to believe, as far as I am.
capable of judging, that the vessels possess any.
other than a muscular power, if we except the
mere power of elasticity.* Now we have seen
it proved by direct experiment, that the mus--

* I do not mean here to enter on the arguments which
seem to prove that the power of the vessels is, strictly speak-
ing, a muscular power. For this subject I refer the reader
to the observations of Mr. Hunter. (See his work, intituled
a Treatise on the Blood, Inflammation, and Gun-shot.
Wounds.) In some animals the muscular structure of the
vessels is apparent on the slightest view. In man and
animals resembling him it is very obscure, the reason
of which Mr., Hunter has pointed out. In them the
proportion of the muscular to the elastic coat of the
vessels is inversely as the size of the vessels, so that in the .
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cular power throughout the whole animal,
namely, in the muscles of voluntary motion,
the heart and the vessels of circulation, is inde-
pendent of the nervous system. Can we sup-
pose that the vessels of secretion, which are
only a continuation of those of circulation, all
at once assume a different nature? Or, is it
at all consistent with our knowledge of the
phenomena of chemistry, to conceive that, by
any influence, the muscular power can be ena-
bled to separate and recombine the elementary:.
parts of the blood? The first of the above
positions therefore may, I think, be regarded
as set aside. This admitted, does it not seem
a necessary inference from the preceding expe-
riments and observations, that in the function
of secretion the vessels only convey the fluids
to be operated upon by the nervous influence ?
If the identity of the nervous influence and gal-
vanism be admitted, we shall find in the known
powers of this agent a strong argument in fa-
vour of the same opinion. We see galvanism

larger vessels there is comparatively little muscular fibre,
and in the vessels possessing a larger proportion of it, the
parts are too minute to enable us to detect it, The argu-
ments of Mr. Hunter are surely much strengthened by the
foregoing experiments, which shew that the laws which re-
gulate the power of the vessels of circulation are the same
with those which regulate that of the heart, whose mus-
cularity cannot be questioned.
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in a thousand instances effecting changes of
the same kind. 1In the experiments related by
Sir Everard Home, we see it causing a separa-
tion of albumen, both in the solid and liquid
form, from the serum, where no vessels existed.
- Thus we have every reason to believe, that
the vessels of secretion, like those of circula-
tion, are independent of the nervous system ;
secretion failing when the influence of this
system is withdrawn, not because the vessels
of secretion fail to perform their office, but be-
cause the necessary changes on the fluids which
they supply, no longer take place.

We know that the nervous power occasion-
ally influences the vessels of secretion, as we
have seen it does those of circulation, because
affections of the mind frequently occasion an
increased flow of fluids to secreting surfaces.
The vessels of secretion, therefore, obey the
same laws as those of circulation. They are
independent of, but influenced by, the nervous
power. This subject I shall have occasion to
resume, in speaking of the manner in which
the nervous power is supplied to the sangui-
ferous system. ;

It is not to be overlooked, that the vessels
convey the fluids to be operated upon by the
extreme parts of the nervous system, in a pecu-
liar way. By the lessening capacities of the
eapillary vessels, the blood is divided as by a
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fine strainer, some of its parts being too gross
to enter the smaller vessels. How far the blood
may thus be subdivided, we cannot tell. As
this structure of the vessels is uniform, we have
reason to believe that its effect on the blood is
necessary to prepare this fluid for the due ac-
tion of the nervous influence,

CHAP. VI

On the principle on which the action of the
alimentary canal depends ; with some observa-
tions on an opinion of Mr. Hunter.

In order to ascertain how far the peristaltic
motion of the intestines is independent of the
brain and spinal marrow, the following experi-
ments were made.

Exp. 50. A rabbit was deprwed of sensi-
bility by a blow on the occiput. = The whole of
the spinal marrow was then destroyed by a hot
wire. On opening the abdomen we found the
peristaltic. motion of the stomach and small
and great intestines quite as strong as when the
nervous system is entire, as we ascertained by
exposing the abdominal viscera of other newly-
dead rabbits. This motion is as:strong in the
newly dead, as in the living animal.
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Exp. 51. The spinal marrow was wholly re-
moved in another rabbit, also deprived of sensi-
bility by a blow on the occiput, without at all af-
fecting the motion of the stomach and intestines.
The removal of the brain we found produces as
little effect upon it, as that of the spinal mar-
row. When both were removed at the saine
time it remained unaffected. It continues till
the parts become cold, so that when the intes-
‘tines exposed to the air have lost their power,
that of those beneath still remains.

It appears from these experiments, that the
power of the stomach and intestines, like that
of the heart and blood vessels, resides in them-
selves, and is wholly independent of any influ-

“ence derived from the nervous system.

Thus we see that the muscular fibre, in every
part in which we have examined it, appears to
be independent of this system.

Myr. Hunter, in a work just referred to, has
proved the vitality of the blood, in so clear and
convincing a manner, that although the preju-
dices of his opponents may still lead them to
object to his arguments, it is impossible to reply
to them. This doctrine has been slowly receiv-
ed, because those, who have not been in the ha-
bit of correcting by reflection, the ideas received
from first impressions, constantly associate their

-1deas of life with those of sensation and volun-
tary power. To such, Mr. Hunter’s illustration
L
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of his opinion by the process of incubation, will
be the best reply. We see nothing in the egg
on a superficial view but glairy fluids contained
in membranes : the blood itself is not more un-
like what is usually called life: yet who will
doubt the life of an egg, when he sees that if
it be merely kept in the proper temperature for
three or four weeks, an animal of the most per-
fectkind, complete in all its parts, comes out ofit.

Mr. Hunter has shewn, by decisive experi-
ments, the analogy which subsists between
the contraction of a muscle and the coa-
gulation of the blood. The two acts in many
respects obey the same laws. Now the muscu-
lar fibre is formed chiefly from that part of the
blood which coagulates. The coagulation of the
blood every one will allow to be independent of
the nervous system. It takes place at least as
readily out of the body as in it, and no nervous
filaments pass into the blood. In the formation
of this part of the blood into muscular fibre
therefore, it must wholly change its laws if its
power now depends on the nervous system ;
and we can hardly suppose that the analogies
pointed out by Mr. Hunter, could in this case
have existed.

One of these analogies is intimately con-
nected with the result of some of the preceding
experiments. It was shewn in the second chap-
ter, that the power of the muscular fibre may be
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destroyed by the most powerful agents acting on
the nervous system. Mr. Hunter observes, that
as the muscles, in instantaneous death from pas-
sion, blows on the stomach, or electricity, do -
not eontract after death, so the blood under the
same circumstances is found not to coagulate.
When the latter fact is compared with the ex-
periments just alluded to, it appears a necessary
conclusion, that the nervous influence is capable
of acting on the blood, a conclusion which must
be regarded, I think, as greatly in favour of the
identity of this influence and galvanism, for if
that conclusion be correct, the nervous influence
must be something capable of pervading the fluid
as well as the solid parts of the body. That
electricity and the most powerful affections of the
nervous system produce the same effect, tends
also to support this conclusion. The inabi-
lity of the muscle to contract, and of the blood to
coagulate under the foregoing circumstances,
Mr. Hunter ascribes to the want of strong ac-
tion in the muscles and blood where death is so
sudden. Butit appears from experiments which
have been laid before the reader, that strong
action, previous to death, tends to destroy the
excitability of the muscles, which is always
found to remain, as I have ascertained by many
experiments, if they have for some time previous
to death been at rest, unless it is destroyed by
the instantaneous destruction of the nervous
power, as in the cases just mentioned. I have

L
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found that even the presence of opium in the
system, only exhausts the -excitability i of the
muscles in proportion to the frequency and force
of the contractions it exeites in them.* Com-
pare Exp. 19, 20, 21, and 22, with Exp. 31.

* The convulsions excited by opium always assume the
form of the opisthotonos. The animal becomes rigid and is
bent backwards. During the intermission of these convulsions
the slightest touch renews them. If the animal is allowed
to remain undisturbed they but rarely occur. * By frequently
‘touching it, a constant succession of them may be kept up.
In the former case the excitability of the muscles is little
impaired, in the latter case it is nearly exhausted.

As I have frequent cccasion in this Inquiry to mention
the effects of opium and tobacco, I shall take the present op-
portunity of laying before the reader the result of many
“experiments which I made with a view to ascertain the
modus operandi of these drugs on the living ‘animal.

It appears from these experiments that their effects may
be divided into three classes.

1st. Their effects on any part of the body to which they
are immediately applied. In very small quantity they tend
‘to excite muscular action. In larger quantity' they imme-
diately destroyed the muscular power. They produce these
effects in the hollow muscles, the heart, intestines, &c. chieﬂ]r
when applied to their internal surfaces. When injected in
considerable quantity under the skin, they destroy the
“circulation in the part by destroying the power of its vessels.
By their operation on the nerves of the part, when applied
" in small quantity, they produce a degree of excitement in the
whole nervous system, and through it in the sanguiferbus
system. In large quantity, especially when applied to a very
sensible and extensive surface, they produce to a greater or
less degree an immediate torpor of the nervous, and t'hrm.igh
it of the sanguiferous systen. In all these instances the



149
Of the physiologists, either of our own or for-
mer times, none ranks higher than Mr. Hunter.

stimulant effect of the opium is more considerable than that
of the tobacco, and the sedative effect of the latter is more
considerable than that of the former.

 The second class of the effects of opium and tobacco are
those they produce on the sanguiferous system in conse-
quence of their absorption. These effects begin in about
a quarter of an hour or twenty minutes after they are re-
ceived into the stomach and intestines, and appear to be
precisely the same as the effects of opium and tobacco when
immediately applied in small quantity to the heart and blood
vessels; but here they are complicated with the third class,
into which I would divide the effects of these drugs on the
living animal, namely their efiects on the brain.

These are some degree of excitement, most remarkable
when opium is used, followed, except the quantity be very
small, by languor and an inclinaticn to sleep, the former
most considerable from tobaceo, the latter from opium ; and
if the quantity be great, by general convulsions of the kind
just- described when opium has been used, and when to-
bacco has been used, by tremblings and paralysis. 1 have
made many experiments to ascertain whether the last effects
«can arise from the action of opium and tobacco on any other
part than the brain, and have found that they never arise
from the action of those drugs on any other part. It has
been maintained by Dr. Monro and others, that convulsions
arise from the action of opium on the nerves of the heart,
because they found that on injecting an infusion of opium
into the heart, convulsions very quickly ensue. But this
only happens in consequence of the infusion passing along
the aorta to the brain, for if the aorta be secured by ligature
no convulsions take place. The same observations I have
found by experiments frequently repeated, apply to the
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In originality he has perhaps had no equal:
yet I have hitherto had little occasion to men-
tion his name, and in the Report of the National
Iustitute of France, which has been laid before
the reader, his name is not mentioned at all.
This which seems at first view to throw some
reflection on the importance of Mr. Hunter's
labours, is in fact his highest praise. It
arises from his having, in his principal phy-
siological investigations, struck into a wholly
new field of inquiry, so that in examining the
opinions of others, we are hardly led to any
mention of his. The same circumstance has
occasioned his opinions to be but little known

tremblings and paralysis produced by tobacco. Now as these
effects of tobacco and the convulsions produced by opium
always sooner or later ensue to whatever parts of the body
they are applied, the experiments above alluded to prove
that they are received into the system by means of the ab-
sorbents. It would enlarge this note to the size of a treatise
to give a detail of all the experiments from which the above
inferences were drawn, for the present therefore I must beg
the reader to believe that they were performed with all re-
quisite care. No inference was drawn from any experiment
till it had been frequently repeated with the same result.
Many of these experiments were detailed in an appendix to
the third volume of the second edition of my Treatise on
Febrile Diseases. This and another appendix, being a set of
experiments made with a view to ascertain the circumstances
in diet which influence the spontaneous depositions from the
urine, were omitted in the last edition, in order that the
work might be comprised in two volumes,
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abroad. While the attention of physiologists
was chiefly directed to ascertain the nature of
that power on which muscular action depends,
and the relation of the muscular and nervous
systems, and while in these subjects there were
still ample fields of dispute, they were not likely
to be diverted from them to inquiries, apparent-
ly unconnected with their favourite objects.
Previous to Mr. Hunter the physiologists of
this country joined their endeavours to those
of the continent in the above researches. From
his childhood he was averse to the restraints of
education, and he at no time bestowed much
pains on acquiring a knowledge of the opinions
of others. In the volume of nature he found
the work best suited to his taste. It lay open
before him, and uninfluenced by the habits
of his predecessors, it was not surprising that
he should turn to a page different from that
on which they had dwelt so long. Thus he
gave a new turn to the pursuits of British phy-
siologists, which has ever since distinguished
them from those of the continent. While
the latter were occupied in endeavouring
to establish or refute the opinions of Haller,
and to add to the valuable facts ascer-
tained respecting the subjects of these dis-
putes; the former have in the same way
been engaged in endeavouring to support or
refute the opinions of Mr, Hunter, and to ex-
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tend our knowledge of the subjects to which
he had directed his attention.

- The advancement of knowledge will neces-
sarily draw together these different sects of
physiologists, and the ohjects of their pursuit
will at length become the same. As they ac-
quire a more perfect knowledge of the animal
ccconomy, each sect will perceive that the dis-
coveries of the other are necessary for the
advancement of their own, and the endeavours
of all will thus be directed to one end. Mr.
Hunter's name, we may venture to predict,
will then stand as high in other countries as
it «does in his own. I do not mean to say
with the blind admirers of Mr. Hunter, that
we know nothing but what he has taught'I.IE,
and that foreign physmlng ists might have learnt
from Mr. Hunter what they have lE&LHEd from
their own labours. He has not laboured in
the same field with them, he has broken new
ground, in the cultivation of which they will
join, he has opened new views, for which
they will make their acknowledgements, -as
soon as the determination of the questions, by
which they have been so long occupied, gives
them leisure to view what he has done m
another and not less important part of ' the
same subject.® | 2 i
,- * I say nothing here of ‘the great-pathdlogical labours® of
this acute observer.  There are two peculiarities of Mr.
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We are now to inquire whether the alimen-
tary canal, like the heart and blood vessels, is.
capable of being stimulated through the nerv-
ous system. |

CHAP. VIIL

On the relation which the alimentary canal bears
to the nervous system. A

The alimentary canal is of such importance
in the animal ceconomy, that it is of the first
consequence in tracing the laws of the vital
functions to ascertain the principle on which
its action depends, and the relation which sub-.
sists between it and the nervous system ; the

Hunter’s writings, which will tend to prevent their becoming
popular with foreigners ; an occasional nhscuritj of ﬂj’!&, a_ﬁd
a degree of refinement which often loses sight of all correct
rules of reasoning; an example of the latter we have in his
dectrine of the stimulus of necessity.

The reader will not be surprised to find in the works of
Mr. Hunter, repetitions and other marks of their often having
been composed in haste, and under the pressure of many
engagements, These, while they lessen the accuracy of the
works, tend perhaps rather to raise our opinion of their author,
for he is never betrayed intoa negleet of the great lines of
his subject, or inaccuracies of consequence,
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former of these points I have endeavoured to
ascertain by the experiments related in the
preceding chapter, the latter we are now to
consider. |

Exp. 52. T endeavoured to ascertain how far
the motion of this canal is influenced by stimuli
applied to the brain and spinal marrow ; but
from its nature it is in every way so irregular
that no certain result could be obtained. It
often appeared that spirit of wine applied to,
the brain and spinal marrow increased it.

The admission of air into the cavity of the
abdomen throws the bowels into strong spas-
modic action, which alone would obscure any
effect that can be supposed to arise from stimu-
lating the brain. The abdomen was therefore
opened under tepid water, but this was found
to excite even stronger spasms than the air had.
done. The effects of the passions on the ali-
mentary canal however leave no room to doubt
that it is capable of being stimulated through
the nervous system. It remains to be ascer-
tained whether it is subject only to certain
parts of the brain, or, like the heart, to every
part of that organ and of the spinal marrow.

It is evident, from the circumstances just
mentioned, that it is impossible to answer this
question respecting the alimentary canal, as
respecting the heart, by agents applied to dif-
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ferent parts of the brain and spinal marrow,
Before 1 relate the experiments which I had re-
course to for this purpose, I shall make some
observations on the process of digestion in the
animal on which these experiments were made;
which will place in a clearer point of view
both their results, and those of some other ex-

periments which have been laid before the
reader.

SECT. 1.
On the process of digestion.

On the functions of the stomach all other
functions of the animal body may be said to
depend, as their various organs derive from it
that supply, without which they can exist only
for a very short time. In another point of
view we find the stomach equally important.
There is no other organ whose diseases are at
once so frequent and so varied, or which per-
takes more, perhaps so much, of the diseases
of other parts, or of the whole system.

It is not however my intention to enter fully
into that part of the process of digestion which
is performed in the stomach. The experiments
of Spalanzani and others sufficiently prove that
the change which the food undergoes in this



156

organ is effected by a flmd secreted by it. 1
shall confine myself to such circumstances at-
tﬁndihg'this change as serve to elucidate the
results of the experiments which have been or
are about to be laid before the reader.

I have inspected after death, under various
circumstances, and at different periods after
taking food, the stomachs of about a hundred
and thirty rabbits, which has enabled me not
only to ascertain some points that will place
the result of many of my experiments in a
clearer light, but to observe more particularly
than has been done by others, the process of
digestion in this animal ; which, from the ease
with which it can be procured, and its tenacity
of life, has'been so much employed in physio-
logical investigations, How far the following
observations will apply to other animals I can-
not say. In carniverous animals the process of
digestion may be different, ‘and in animals
furnished with a gizzard in some respects it
certainly is so. A knowledge of this process
in any one animal, however, must be useful in
our attempts to trace it in others.

The experiments on this part of the subJect
were so frequently repeated, that it would be
tedious and unprofitable to give an account of
~each experiment. I shall here therefore, under
the head experiment, give the result of all the
experiments on each particular part of the sub-
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ject. Mr. Sheppard was so good as to assist
me in these experiments.

Exp. 53. The first thing which strikes the
eye on inspecting the stomachs of rabbits which J
have lately eaten, is, that the new is never
‘mixed with the old food. The former is
always  found in the centre, surrounded on
all sides by the old food, except that on the
upper part, between the new food and the
smaller curvature of the stomach, there is some-
times little or no old food. If, as we ascer-
tained by more than twenty trials, the old and
‘the new food are of different kinds, and the
animal is killed after taking the latter, unless
‘a great length of time has ela,psed after taking
it, the line of separation is perfectly evident,
so that all the old may be removed WI.tlmut
disturbing the new food. For this purpuse we
fed rabbits on oats, and, after making them
fast for sixteen or seventeen hours, al_]gﬁved
them to eat as much cabbage as ﬂlﬂ}f.-_- chose,
‘and killed them at different periods, from one
‘to eight hours after they had eaten it.

On opening the stomachs of rabbits three or
- four weeks old, who both sucked and eat green
food, we always found the curdled milk un-
“mixed with the green food. Before the stomach
was opened we could, from its transparency,
see where the green food and where the milk
lay. The rabbits used in this.and all the ex-
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periments which I am about to relate in this
section, were killed by a blow on the occiput.

Exp. 54. If the old and the new food be of
the same kind, and the animal is allowed to live
foraconsiderable time aftertaking the latter, the
gastric juice, passing from the old to the new
food, and changing as it pervades it, renders
the line of separation indistinct ; but towards
the small eurvature of the stomach, and still
more towards the centre of the new food, we find
it, unless it has been very long in the stomach,
comparatively fresh and undisturbed. All
around, the nearer the food lies to the surface
of the stomach, the more it is digested. 'This
is true even with regard to the small curvature
compared with the food near the centre, and
the food which touches the surface of the sto-
mach is always more digested than any other
found in the same part of the stomach. Bui
unless the animal has not eaten for a great
length of time, it is in very different stages of
digestion in different parts of the stomach. It
is least digested in the small curvature, more
in the large end, and still more in the middle
of the great curvature.

These observations apply to the cardiac por-
tion of the stomach. Sir Everard Home in his
work on Comparative Anatomy, has shewn that
the stomach is divided into two portions, the
cardiac and pyloric, in such a way, that the
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length of the former is to that of the latter
nearly as two to one. The line of division may
generally be seen in some animals after death.
He says it is more evident while digestion 13
going on. I have sometimes observed it very
distinctly after death in the stomach of the rab-
bit, and have then found the food in the two ca-
vities divided by an evident line of separation as
described by this author. These two portions
of the stomach form an angle with each other,
which is well expressed by the plates in Sir
Everard Home's work.

Exp. 55. The food in the pylorie portion of
the stomach of the rabbit, is always found m a
state very different from that just described. It
is more equally digested, the central parts dif-
fering less in this respect from those which lie
next the surface of the stomach ; it is evident,
however, that all the change effected in the sto-
mach is not completed when the food enters
this portion of it, because we find it the more
digested the nearer it approaches to the pylorus,
where being ready to pass into the intestine, it
has undergone all that part of digestion which
is performed in the stomach.

One of the most remarkable differences be-
tween the state of the food in the cardiac and
Ppyloric portions of the stomach, is, that in the
latter it is comparatively compact and dry, in
the former mixt with a large proportion of fluid,



160

‘particularly when digestion is pretty far advan-
"ced, and time consequently has been given for a
considerable secretion from the stomach. In
‘the rabbit indeed, which is fed only with solid
food, in the early stage of digestion it is nearly
-as free from liquid in the cardiac as in the py-
loric portion of the stomach. When digestion
is very far advanced, the whole contents of the
former are often reduced to the state of a semi-
fluid. But even then the food in the pyloric
portion, particularly those parts of it which are
near the pyloraus, are comparatively compact
and dry. Inrabbits so young as to live wholly
on milk, the curdled milk is considerably softer
and moister in the cardiac than in the pyloric
end of the stomach. An interesting question
herearises, what becomes of the liquid partof the
contents of the cardiac portion of the stomach
when the solid part is moved on towards the
pylorus?

This question has particularly engaged the
~attention of Sir Everard Home. What first sug-
gests itself is, that, as the stomach is constantly
secreting a fresh supply of fluids, for the pur-
pose of digestion, those which have performed
their office, and are no longer useful in this ca-
vity, are removed by absorption, analogous to
‘what appears to be constantly going on in other
parts of the body. But Sir Everard Home re-
lates several experiments, from which he infers
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that liquids are removed from the cardiac por-
tion of the stemach: by some other means than
the absorbent system: What these means are he
found it impossible with certainty to determine.

Exp. 56. Although the food is in'the most di-
gested state in the pyloric end, it appears from:
several circumstances that the change is chiefly
effected in the great end of the stomach. 'The
food found in the pyloric end we have just seen
is comparatively dry, while that found in the
great end, if digestion is much advanced, is
mixed copiously with the juices of the stomach,
and there is a more evident difference in the
state of the food before it comes into this part,
and when it is about to leave it, than in any
other part of the stomach. I shall presently
have oceasion to mention a fact ascertained by
Mr. Hunter, which seems to confirm this opin-
ion. Mr. Hastings on examining the stomach
of a woman who had died under his care, found
it every where in a state of ulceration, except in
the great end, where it was healthy. The sto-
mach had performed its functions to the last,
and the feces proved that the food had been
properly digested. i

1t appears that in proportion as the food is di-
gested, it is moved along the great curvature,
where the change in it is rendered more perfect,
to the pyloric portion. - Thus, the layer of food
lying next the surface of the stomach is first di-

M
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gested. In proportion as this undergoes the
proper change, it is moved on by the muscular
action of the stomach, and that next in turn
succeeds to undergo the same change. As the
gastric juice pervades the contents of the sto-
mach, though apparently in no other way than
by simple juxtaposition, for the arrangement of
the food above described, we never found dis-
turbed, the change in each part, which in its
turn comes in contact with the stomach, is far
advanced before it is in actual contact with it ;
and consequently is soon after this in a proper
state to be moved on towards the pyloric end.
Thus a continual motion is going on, that part
of the food which lies next the surface of the
stomach passing towards the pylorus, and the
more central parts approaching the surface.
Whether food is ever so digested in the small
curvature, as to be sent to the pyloric portion,
without having traversed the large curvature, I
have not been able to ascertain. When rab-
bits have fasted sixteen or eighteen hours, the
whole food found in the cardiac portion, which
is in small quantity compared to what is found
in it immediately after a full meal, seems fre-
quently to be all nearly in the same state with
that next its surface, the gastric juice having
pervaded and acted upon the whole, and is
consequently apparently fitted to be sent to the
pyloric end. Sir Everard Home found that the
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stomach of a rabbit never empties itself, con-
taining, even when the animal dies after long
fasting, a considerable quantity of food. The
first impression on the food is made in the small
curvature, because the upper part of the new
food, which lies contiguous with this part of the
stomach, or nearly so, is always found more
changed than the more central parts of it.

We frequently found in the large end of the
stomach the small round masses or balls, about
the size of the largest kind of shot, mentioned
by Sir Everard Home. These balls are very
constantly found in the great end of the stomach
of rabbits, especially when fed on green food,
never in any other part of it. They are often
very numerous, sometimes forming the whole
contents of that part of the stomach. They
cannot be fewer in many cases than from two to
four hundred. At other times they are much
less numerous, and mixed with food of the same
consistence with that of which they are formed.
It is difficult at first view to account for their ap-
pearance. The ingenious idea of Sir Everard
Home that they are produced by the rabbit oc-
casionally ruminating, is opposed by several
circumstances ; the frequency of their appear-
ance, their sometimes forming one half or more
of the contents of the stomach, their being al-
ways found at a considerable distance from the

opening of the ®sophagus into the stomach un-
M 2
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less their number is so great as to fill the greater
part of the stomach, food much less digested
than that composing them generally laying be-
tween them and this orifice, and no appearance
of this kind being found in ruminating animals.
It was long before I could form even a pro-
bable conjecture respecting the formation of
these balls. I have now, from inspecting many
stomachs containing them, very little doubt of
the cause to which they are to be ascribed.
When the stomach of the rabbit is laid open,
the great end is found corrugated forming
rugae, which give it a honey-comb appearance.
These ruge disappear when it is stretched, and
as soon as the stretching power is withdrawn,
again appear, the rest of the stomach being com-
paratively smooth. The balls seem to be form-
‘ed in the hollows of these rug®, which are
about the same size with the balls. It would
appear that the food by the action of this part of
the stomach, is rolled up into these masses after
it has undergone that part of the digestive pro-
cess which takes place in the great end of the
stomach,and consequently after it has been ex-
posed for a considerable time to the action of
the gastric juice ; in which form it is sent to-
wards the pyloric end, where the balls are
broken down, and the whole again formed
into one mass of a firmer consistence than
the balls, 1 have observed that when all
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the food in the great end of the stomach is
composed of these balls, it contains no fluid but
that which is mixed up with the food in them,
Sometimes no balls are formed. This is com-
paratively rare. We never found the curdled
milk formed into balls, consequently there are
no balls in the stomachs of very young rabbits.
With this exception they are frequently, I may
say very generally, found under all circum-
stances of diet, situation, &c. Sometimes
when rabbits had lived precisely in the same
way, they were not found in all. They are
sometimes found, when the more central parts
of the contents of the stomach have undergone
little or no change. _

Exp. 57. Itisin the great end of the stomach
where digestion appears to go on so rapidly,
that Mr. Hunter found the stomach itself dis-
solved ; and by the most satisfactory arguments
shewed that this is the effect of the gastrie juice
after death. His observations on this subject
confirm the foregoing view of digestion, for he
found part of the stomach digested when the
food it contained remained undigested, in the
caseof amankilled immediately after afull meal.
This I have often observed in rabbits, when the
animal has been killed immediately after eating,
and allowed to lie undisturbed for some time.
On opening the abdomen we have found the
great end of the stomach soft, eaten through,
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sometimes wholly consumed, the food being
only covered by the peritoneum, or lying quite
bare for the space of an inch and a half in dia-
meter, and part of the contiguous intestines, in
the last case, also consumed ; while the cabbage,
which the animal had taken, lay in the centre
of the stomach unchanged, if we except the al-
teration which had taken place in the external
parts of the mass it had formed, in consequence
of imbibing gastric juice from the half digested
food in contact with it. We sometimes found
the great end of the stomach digested within an
hour and a half after death ; it was more fre-
quently found so when the animal had lain dead
for many hours. 'T'he great end of the stomach
is not always dissolved however long the ani-
mal has lain dead. This scems only to take
place when there happens to be a greater sup-
ply than usual of gastric juice. Thus we always
observed it most apt to happen when the animal
had eaten voraciously. Why it should happen
without the food being digested is evident, from
what has been said. Soon after death the mo-
tion of the stomach, which is constantly carry-
ing on towards the pylorus the most digested
food, ceases. Thus, the food, -which lies next
the surface of the stomach, becoming fully sa-
turated with gastric juice, neutrallises no more ;
and no new food being presented to it, it neces-
sarily acts on the stomach itself, now deprived
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of life, and ‘on this account, as Mr. Hunter just-
ly observes, equally subject to its action with
other dead animal matter. It is remarkable
that the gastric juice of the rabbit, which in its
natural state refuses animal food, should so
completely digest its own stomach, as not to
leave a trace of the parts acted on. 1 never
saw the stomach eaten through except in the
large end. In other parts its internal mem-
brane is sometimes injured.

Keeping in view the foregoing account of the
process of digestion in the rabbit, it will be in-
teresting to trace the effect produced on it by
depriving the stomach of a great part of its ner-
vous influence, which is done by dividing the
eighth pair of nerves.

The division of the eighth pair of nerves,
which I have had such frequent occasion to
mention, is one of the oldest physiological ex-
periments of which we have any account. It
was performed by several of the ancients, and
has been repeated by a great many physiolo-
gists in modern times. Valsalva is among the
first who gave any distinet account of its effects
on the stomach. e observes that it impedes
digestion, and even prevents the food passing
from the ssophagus into the stomach. The
cause of part of the food being found in the
@®sophagus I have had occasion to point out
above. Haller frequently repeated this experi-
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ment, and observes that the powers of digestion
were always suspended by it.  Since his time it
has often been made by others with the same
result.®

I was greatly puzzled at first by observing,
that it the animal be allowed to live for a consi-
derable time after the division of these nerves,
the food remaining in the stomach is always
found undigested, and nearly in the same state
in all parts of the stomach. This effect was
uniform, I never saw it otherwise. Yet we
must conceive that at the time the animal last
eats, there is some food more or less digested in
its stomach, and some gastric juice to act on
part of that just received into it. The forego-=
ing statements explain the difficulty. The di-
“vision of the eighth pair of nerves destroys the
secretion of the gastric juice, but the animal still

* Tt is said that M. Mageudie has divided the eighth pair
of nerves immediately above the diaphragm, and found that
the stomach isstill capable of performing its functions. Ofthe
effects of the division of the eighth pair of nerves at this place
1 cannot speak, as I have never seen the experiment made. Its
effects on the stomach, it is evident, may be different from that
of the division of these nerves in the neck, because they form
various connections with the great sympathetic nerve in the
thorax. By dividing the eighth pair of nerves in the neck,
the stomach is deprived of the whole, or nearly the whole,
power of these nerves. It seems surprising that a warm-
blooded animal should live long enough to afford proof of the
functions of the stomach being perfectly performed after so se-
vere and tedious an operation in the cavity of the thorax,
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living, and the motions of the alimentary canal
being independent of the nervous influence, *
the usual motions of the stomach continue, and
send onwards into the intestines all the food
which is digested, and consequently can apply
to the stomach that stimulus which excites its
natural motions. Thus it is evident from the
foregoing observations, that the undigested
food must at length come into contact with it.
As soon as this happens, the usual secretions not
being supplied to produce the proper change in
it, an unnatural motion is excited ; hence the ef-
forts to vomit, which always ensue in about an
hour, an hour and a half, or two hours after the
division of the nerves, marking the time when
the stomach, having sent towards the pylorus its
digested contents, begins to feel the effects of
undigested food coming into contact with it.
If the animal be allowed to eat after the opera-
tion, the vomiting almost immediately ensues,
the food, as appears from the above statement,
and indeed as is evident from the way in which
it enters the stomach, almost immediately com-
ing in contact with some part of the small cur-
vature, and there not meeting with the secre-
tions, which, as explained above, make the first
impression on it. Thus we see the cause of the
efforts to vomit, which ensue on the division of

* See Chap. VI.
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the eighth pair of nerves ; and why, if the ani-
mal be allowed to live for a certain time after the
operation, nothing but undigested food is found
in the stomach.

SECT. 11

On the effects on the stomach and lungs of de-
stroying certain portions of the spinal mar-
row, compared with those of dividing one or
both of the eighth pair of nerves.

From the extreme irregularity of the motions
of the alimentary canal, I have already had
occasion to observe, we cannot ascertain whe-
ther it is subject to the influence of the dif-
ferent parts of the brain and spinal marrow in
the way in which this has been done respecting
the heart. I therefore endeavoured to ascer-
tain this point by withdrawing from the most
important part of this canal, the stomach, the
influence of different parts of these organs,
and observing the effects produced on it.

As we have seen the office of the stomach
destroyed by the division of the eighth pair
of nerves, we should at first view infer, that it
is from the brain alone that the stomach de-
rives it’s nervous influence. But although the



171

process of digestion is suspended by the division
of these nerves, it does not follow that the
stomach may not derive nervous influence from
other sources, because the loss of any consi-
derable part of its nervous energy may destroy
its function. Besides its remaining sensibi-
lity, indicated by the efforts to vomit, proves
that its nervous influence is not wholly with-
drawn by dividing the eighth pair of nerves.

If then the nervous influence be not sup-
plied to the stomach by the eighth pair of
nerves alone, but also, as we have reason to
believe from the evidence of anatomy, by nerves
arising from different parts of the spinal mar-
row, it is evident, that cutting off its supply
from any considerable part of this organ, while
we leave the eighth pair entire, must affect its
power, though probably not so much, because
the brain, we have reason to believe, con-
stitutes the largest and most important part
of the nervous system. To ascertain this point
the following experiments were made.

Exp. 58. A hole was made about the middle
of the spine, and the lower part of the spinal
marrow destroyed by a small wire. The only
apparent effect of the operation was the total
paralysis of the lower part of the animal. It
seemed to be otherwise in health. It was al-
lowed to eat nothing for twelve or fourteen
hours. At the end of this time it ate parsley
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very readily, and in large quantity, without
any tendency to vomit. It lived twenty-four
hours after the operation, and ate parsley from
time to time.

On opening the abdomen after death, the
stomach was found distended to a great de-
gree, apparently containing the whole of the
parsley which had been eaten after the opera-
tion, In an undigested state. It had passed
no urine after the operation, and the bladder
was so much distended, that it rose above the
umbilicus. Some feces had passed. The lungs
collapsed on opening the thorax, but were
slightly congested.

Exp. 59. In a full-grown rabbit a small wire
was introduced into the spine at the fourth
lumbar vertebra, by which we endeavoured to
destroy the spinal marrow as far as the first
dorsal vertebra. The hind legs were rendered
insensible and motionless. Respiration was a
little disordered. 1In a short time after the
operation the animal appeared lively and ate
some parsley. The respiration continued to
be slightly affected. Some hours after the
operation Mr. Hastings, who watched the ani-
mal, observed it to be very cold, and it shivered,
although it was Kept in the same temperature
with other rabbits, who shewed no signs of
being cold. The rabbit used in the last ex-
periment also seemed cold, but not in the same
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degree. The respiration now seemed much dis-
ordered, and the animal refused parsley. It
was then brought near a fire and wrapped up
in flannel. By these means it was soon re-
lieved, the shivering ceased, its eyes looked
more lively, and the breathing became more
free. It was kept near the fire as long as it
lived, and frequently ate parsley. It died m
twenty-seven hours after the operation.

The abdomen was found full of urine, the
bladder having been ruptured. The peritonaum
was inflamed, and the rectum much distended
with feeces. The stomach was not much dis-
tended. 'The parsley near the cardiac orifice
was not at all changed, and that near the
pyloric orifice very slightly. The membrane
of the trachea and bronchia was more vascular
than natural. The bronchial cells were slightly
loaded with frothy and bloody mucus, and there
were the same red patches in the lungs as
after dividing the eighth pair of nerves.

On examining the spinal marrow as far as
the wire had passed we found blood extrava-
sated in different parts, and its membranes were
much inflamed. Immediately above the open-
ing the spinal marrow was quite destroyed for
about an inch in length. 1In other places it did
not appear much injured.

Exp. 60. I wished to ascertain the effect of
destroying a smaller portion of the spinal mar-
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row than that destroyed in either of the last
experiments, and requested Mr. Hastings to
perform the following experiment, noting the
temperature of the animal at the different
periods of it. In a rabbit about two months
old, fed on parsley, a small wire was introduced
into the spinal canal, at the first lumbar ver-
tebra, and that part of the spinal marrow which
lies below this vertebra destroyed. After men-
tioning the other circumstances of the experi-
ment, I shall throw together the observations
made on the temperature. The animal lost
the power of the lower extremities, but seemed
in no other way immediately affected by the
destruction of this part of the spinal marrow.
It lived thirty-five hours.

On examining it after death, the stomach
was found no larger than natural, the parsley
retained its colour, smell and fibrous texture,
although such a change had taken place in it,
as demonstrated a very slight degree of the
digestive process. The duodenum for about
an inch below the pylorus was filled with pars-
ley in the same state. The bladder and rectum
were distended, but not so much asin the two
last experiments. The lungs were slightly con-
gested.

It is difficult to destroy a large portion of
the spinal marrow without immediately killing
the animal. It must be done very slowly, and
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always succeed. On examining the lumbar
portion of the spinal marrow, after death, it
was found completely destroyed.

The following are the observations on the
temperature.

The bulb of Farenheit's thermometer intro-
duced into the mouth, and kept there for two
minutes previous to the experiment, stood at
98°,

The animal was kept in a warmer tempera-
ture after than before the destruction of the
lumbar portion of the spinal marrow. The
temperature was always measured by putting
the bulb of the thermometer into the mouth,
and keeping it there for two minutes.
Immediately after the operation, therm. 98°

In twelve minutes after it - - - - . 99
In half an hour after it TR ST . |
In two hours and a half after it - - - 98°
In five hours and three quarters after it - 98°
In seven hours and a quarter afterit - - 98°
In nine hours after it PR P TP + 7L
In ten hoursafter it . = - =~ = -+ - =~ 9f°

The animal during all this time appeared
lively and ate parsley.
In eleven hours after it, therm. ~ - = 9¢°
In twelve hours after it £ o b tnn JOFF
Night coming on the temperature was not
measured again for thirteen hours. In the
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morning the rabbit appeared lively and ate
readily.
In twenty-five hours after the operation,

therm. - = == Ve a2 -l 880
In twenty-seven hours after it, therm. - 84°
In twenty-nine hours afterit - - - - 88°
In thirty hours afterit - - - - - - 84
In thirty-one hours after it T .

In thirty-three hours afterit - - - - 80

The animal still continued to eat. In thirty-
four hours after the operation the temperature
was 7b°.  In an hour after this, the animal died.
This animal did not appear nearly so cold as
that in the preceding experiment, in which a
larger and more important part of the spinal
marrow was destroyed.

Thus we find the function of the stomach im-
peded by depriving it of the influence of any
considerable part of the spinal marrow, and it
seems only more affected by the division of the
eighth pair of nerves, in proportion to the
greater extent and importance of the brain.

It is remarkable, that the result of the first
of these experiments is the same with that which
M. le Gallois obtained when he had divided one
of the eighth pair of nerves in a Guinea pig.
The animal did not vomit, and the stomach
was found distended to a great size, apparent-
ly containing all the food it had taken after the
operation in an undigested state.  This coinci-
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dence demonstrates how much the same the ef-
fect on the stomach is, whether we deprive it of
part of the nervous influence, which it receives
from the brain, or part of that which it receives
from the spinal marrow. Mr. Hastings, at my
request, made this experiment on a rabbit.

Exp. 61. One of the eighth pair of nerves
was divided in a rabbit. No difficulty of
breathing immediately ensued. The rabbit
continued to eat from time to time, with occa-
sional attempts to vomit, and once it brought up
a little of the parsley. It laboured under
a slight degree of dyspneea. A short time
before its death, which happened in twenty-
four hours and a half after the division of the
nerves, the dyspneea suddenly increased with
restlessness.

On examining the stomach after death, we
did not find it much distended. The food was
very little changed. The a@sophagus did not
contain much food in the upper, in the lower
part it was much distended with it. The bron-
chia were much less loaded than when both
nerves had been divided. The larynx was
found quite full of the parsley, in consequence
of the epiglottis’s having, by some strange ac-
cident, been caught in the membrane of the
pharynx, so as to prevent its falling down on the
glottis. In consequence of this accident,

N
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which was evidently the cause of death, the ex-
periment was repeated

Exp. 62. One of the eighth pair of nerves
was divided in a rabbit. It ate soon after the
operation, but did not vomit till two hours and
a half after it, and then dyspncea came on, The
breathing at times was almost free, and the vo-
miting ounly occurred at intervals, Both sub-
side’ when it was prevented eating. It died
forty-five hours after the operation.

The stomach was found after death larger
than natural, being distended with flatus, and
containing more food than usual. For the most
part the parsley was in the same state as when
taken into the stomach, both in appearance and
smell. Insome places it was slightly changed.
There was undigested parsley in the duodenum,
to the distance of about an inch from the sto-
mach. The lower end of the ®sophagus con-
tained a little parsley. There was none in any
other part of it.

- When we compare this experiment with the
experiments in which galvanism was used, the
difference of result is very striking. Here, al-
though only one nerve was divided, parsley
had remained in the stomach and duodenum
unchanged for nearly two days. There, al-
though both nerves were divided, the whole
food contained in the stomach, although it had
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lain in it a comparatively short time, was found
nearly as much changed as in the stomach of a
healthy rabbit.

The membrane of the trachea was of a
darker colour than natural, its vessels being dis-
tended with blood, and there was some frothy
mucus in it. The lungs were slightly cnnges':ted.
The membrane of the bronchia was too vascu-
lar, and the air-cells contained some frothy
mucus. All these appearances existed in a
much less degree than when both nerves were
divided. The lungs collapsed imperfectly on
opening the chest. There were some dark co-
loured spots on them.

If the reader will take the trouble to compare
these appearances with those observed when
part of the spinal marrow was destroyed, parti-
cularly in Experiment 59, he will see that the
division of one of the eighth pair of nerves pro-
duces nearly the same effect on the lungs and
stomach, as the destruction of part of the spinal
MAITOW.

I wished to see the effect on the stomach
and lungs of destroying nearly the whole spinal
marrow. But with all the precautions that
could be taken the animal died almost immedi-
ately. It is difficult indeed to prevent imme-
diate death, when as much of it is destroyed as
in Experiments 58 and 59.

There is still another point in this part of the

N 2
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subject, which remains to be ascertained. Do
the effects observed on the stomach and lungs,
when part of the spinal marrow is destroyed,
arise from the destruction of that part ; that is,
from the ceasing of its office, or from the in-
fluence of the brain on the spinal marrow being
thus limited ? It is evident, that if the former
opinion be correct, the division of the spinal
marrow in the middle, will not produce the same
effects as the destruction of the lower half. If
the other opinion be correct, these must pro-
duce precisely the same effects. |

Exp. 63. The spine was divided in an old
rabbit, about the same place at which it was
opened in order to destroy the lower half of the
spinal marrow in Experiment 58, after which there
was no motion in the lower extremities. The
rabbit seemed lively after the operation, and
continued to eat frequently till within six hours
of its death. It died in twenty-seven hours and
a half after the division of the spinal marrow.
It had not vomited, and had had little or no
dyspncea. .

On examining the stomach after death, it was
not found more distended than natural. The
food it contained, was nearly as well digested
as in the stomach of a healthy rabbit. The
contents of the duodenum had completely un-
dergone the proper change. The bladder and
rectum were distended, but not so much as
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after the destruction of the lower part of the
spinal marrow.

The lungs collapsed on opening the thorax,
but contained a little frothy mucus.

On examining the spine, it was found to have
been completely divided.

On comparing this experiment with Experi-
ment 58, we see that here the lower part of the
spinal marrow still performed its office, and sup-
plied its portion of nervous influence to the
ganglia, although the communication between
it and the brain, was cut off. The reader must
have perceived through the whole of these ex-
periments, that any considerable diminution of
the nervous influence, almost wholly deprives
the stomach of its power ; and even the slightest
diminution of it seems to be felt. 1 have no
doubt, that we may ascribe the very slight de-
rangements observed in the stomach and lungs
in the last experiment, to the destruction of
function, that must have taken place in the part
of the spinal marrow at which it was divided.
The bruise occasioned by the wound must of
course have destroyed the function of a small
part on each side.

Thus we find that although we cannot by
agents applied to different parts of the brain
and spinal marrow, ascertain how far the sto-
mach and lungs are under their influence, we
may, by withdrawing the influence of different
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parts of the former organs, prove that the sto-
mach and lungs, like the heart, are capable of
being influenced through every part of them.

CHAP. VIIL
On the cause of Animal Temperature.

We are now to attend to the temperature of
the animals in those experiments, in which por-
tions of the spinal marrow were destroyed. Tt
appears from them that while the destruction of
part of the spinal marrow impedes the office of
secreting surfaces, it also lessens the evolution
of caloric. Mr. Brodie, in the Croonian Lec-
ture for 1810, gave an account of experiments
which led to the inference, that the production
of animal temperature is under the influence of
the nervous system: and in the Philosophical
Transactions of 1812, he relates additional ex-
periments, tending to strengthen this inference.
In the second Section of the last Chapter, I
- have had occasion to relate experiments made
for other purposes, which tend in a striking
manner to confirm the opinion of Mr. Brodie.
He found that poisons impairing the vigour of
the nervous system impair the temperature. In
the foregoing experiments lessening the ex-
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tent of this system by destroying part of the
spinal marrow had the same efiect.

Towards the conclusion of the latter of the
above papers, Mr. Brodie observes, “ The
““ facts here, as well as those formerly adduced,
“ go far towards proving, that the temperature
““ of warm-blooded animals is considerably un-
“ der the influence of the nervous system ; but
““ what is the nature of the connection between
““them? Whether is the brain directly or in-
““ directly necessary to the production of heat?
“ These are questions to which no answers can
““ be given, except such as are purely hypothe-
“ tical. At present we must be content with
“ the knowledge of the insulated fact: future
““ observations may perhaps enable us to refer it
““ to some more general principle.”

The experiments related in the last chapter
compared with those on secreting surfaces,
seem to me to prove, that the caloric, which
supports animal temperature, is evolved by
the same means, namely, the action of the
nervous influence on the blood, by which
the formation of the secreted fluids is effected,
and consequently that it is to be regarded as a
secretion. If this view of the subject be cor-
rect, and galvanism be capable of performing
the functions of the nervous influence ; it ought
to occasion an evolution of caloric, as it effects
the fm‘m:;pinn of secreted fluids, from arterial
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blood, after the nervous influence is withdrawn.
To ascertain this point, the foliuwiug experi-
ments were made.

Exp.64. A cup was placed in water of the
temperature of 98° of Farenheit’s thermometer,
which was ascertained to be the temperature of
the rabbit, on whose blood the experiment was
made, by placing the bulb of the thermometer
in the rabbit’s mouth, and allowing it to re-
main there for two minutes. The temperature
of all the rabbits used in the following experi-
ments was ascertained in the same way. Blood
was received into the cup from one of the caro-
tid arteries. The bulb of a small thermome-
ter, raised to 98°, and the wires from the difler-
ent ends of the galvanic trough, above mention-
ed, the whole trough being charged, were im-
mersed into it. The blood had been in the cup
about two minutes before the whole apparatus
was arranged. The same quantity of blood,
taken from the same vessel of another rabbit of
the same age and temperature, was received
into a cup, also placed in water of the tempera-
ture of 98°. So far, however, from perceiving
any evolution of caloric from the effects of the
galvanism, the blood in the galvanised cup
seemed to cool rather faster than that in the
other. The appearance of the blood in the two
cups, however, was very different; that, in
which the wires were immersed, assumed a dark
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venous colour, and most of the coagulum,
which had appeared to form more rapidly in
this than the other blood, was soon dissolved,
the blood again becoming liquid. The blood
in the other cup retained the florid colour, and
coagulated as usual.

It occurred to me, that the galvanism in this
experiment had perhaps been applied too late
to produce all its effect on the blood. For we
must suppose the changes of this fluid to com-
mence as soon as it leaves the vessels ; with the
assistance of Mr. Hastings, and another gentle-
man, therefore, I repeated the experiment in the
following manner.

Exp. 65. The rabbits were chosen of the
same size and temperature, the thermometer in
the mouth of each standing at 98°. The cups
were disposed as in the last experiment ; the
water, in which they stood, being at the temper-
ature of 98°. Into the one cup nothing was
put but the thermometer; into the other,
the thermometer and the two wires from
the different ends of the galvanic trough,
one on each side of the bulb ; the thermo-
meter, raised to 98°, being put into the cups at
the moment the blood began to flow. Assist-
ants held the rabbits while Mr. Hastings di-
vided the carotid arteries previously exposed.
I observed the thermometer; and a person
having a watch marking seconds, noted down
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the changes of the thermometer as I mentioned
them, and the times at which they took place.
The experiment was made first on the blood of
the one rabbit, and then on that of the other ;
but to save repetition, I relate it as if it had been
made on both at the same time. The tempe-
rature of the mouth is always the temperature
of the blood on its first flowing from the vessel.
In the cup, where there was only the thermome-
ter, one minute after the blood began to flow
into it, the thermometer stood at 97°, in a quar-
ter of a minute more it stood at 96°, and so on
gradually falling; for it is to be observed,
that although the cups stood in water of 98°,
the air in them was more than ten degrees
lower,

In the cup, where the wires were, one minute
after the blood had begun to flow into it, the
thermometer stood at 100°, in half a minute
more at 102°, in half a minute more at 100°, in
a minute more at 99°, in half a minute more at
98°, that is in three minutes and a half after
the blood had begun to flow into the cup.
After this, the thermometer gradually fell.

While theabove changesof temperature went
on, the blood in the galvanised cup began to
assume a dark colour about the positive wire.
But it appears from the preceding experiment,
that the evolution ot caloric was not connected
with this change of colour, which took place as
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quickly where no caloric was disengaged. Be-
sides the caloric ceased to be evolved soon ufter
the dark colour appeared about this wire, and
by keeping up the supply of galvanism, the
dark colour continued to extend after the evo-
lution of caloric had ceased, till the whole blood
in the cup assumed this colour. Air bubbles
arose around both wires. Around the nega-
tive wire they continued to rise in such quan-
tity as to form a considerable accumulation of
froth. All these appearances took place equal-
ly, whether the wires were immersed in the
blood at the moment it flowed from the vessel,
or after the time had elapsed, at which they oc-
casioned an evolution of caloric.

Exp. 66. That I might be assured that we
were not deceived in the first experiment, we
allowed blood to flow from the carotid artery of
a rabbit into a cup placed as above, and after it
had remained in the cup only about a minute
and a half, during which no change of appear-
ance took place in it, the wires and thermome-
ter were immersed into it. The change of co-
lour, and other phenomena mentioned above,
took place exactly as before ; but there was no
evolution of caloric, the blood continued gradu-
ally to cool.

Exp. 67. In a rabbit, whose temperature was
only 96°, both carotids were exposed. It was
then held over a cup placed in water of the same
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temperature, and containing the galvanic wires.
Both arteries were divided, and the blood al-
lowed to flow into the cup; a thermometer,
raised to 96°, being at the same moment placed
in the cup between the wires. In a quarter of a
minute after the blood began to flow the ther-
mometer rose to 98°, in half a minute afterwards
to 99°. In a quarter of a minute more it had
fallen to 98°, in a quarter of a minute it was still
98°, in half a minute more 97°, in a quarter of a
minute more, that is, two minutes after the
blood began to flow, it returned to 96°, after
this it continued gradually to fall. The low
temperature of this animal, and the evolution of
calorie, being less than in Experiment 65, pro-
bably arose from the same cause.

I wished to ascertain, whether galvanism oc-
casions a similar evolution of caloric from ve-
nous blood.

Exp. 68. Blood was taken from the arm of a
person, whose temperature, as appeared by put-
ting the bulb of a thermometer into the mouth,
was 98°. The blood was received into a cup
placed in water of the same temperature, into
which were put the wires from the galvanic
trough. The thermometer, raised to 98°, was
put into the cup as soon as the blood began to
flow into it. It continued gradually to sink, at
no moment giving the least indication of the
evolution of caloric. This experiment was re-
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peated in the same way, and with the same re-
sult.

I wished to try the effect of galvanism on
blood returning from the viscera.

Exp.69. For this purpose the vena cava of a
young rabbit, whose temperature was rather
above 100°, was opened, and the blood from it
allowed to flow into a cup, placed in water of
rather a higher temperature than 100°; the
thermometer, raised to the same temperature,
and the galvanic wires being placed in the cup,
while the blood was flowing. No evolution of
caloric whatever took place. As the greater
part of the bulb of the thermometer in this ex-
periment remained uncovered, the quantity of
blood obtained from this rabbit being small, the
experiment was repeated on a cat.

Exp. 70 The temperature of the cat was 97°.
This experiment was conducted in exactly the
same way as the last, except that the tempera-
ture of the water was 97°, and the thermometer,
at the time of its introduction into the cup,
raised to the same degree. The blood flowed
freely into the cup. The thermometer indica-
ted no evolution of caloric. The galvanism
produced the same visible effects on the venous
as it had done on the arterial blood, except that
the colour of the former remained unchanged.

Experiments 65 and 67 prove, that by the
power of galvanisin, caloric is evolved from ar-
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terial blood. When this circumstance is com-
pared with the experiments proving the power
of galvanism in effecting the formation of the
secreted fluids, and with the fact, that the
temperature of animals is lessened by impair-
ing the vigour, or destroying part of the nervous
system, it will be admitted to afford a strong ar-
gument in favour of the identity of the nervous
influence and galvanism. I need hardly ob-
serve, that no caloric being evolved by the
power of galvanism from venous blood, that is
blood which has already undergone the secret-
ing power, is an additional argument in favour
of this opinion.

In the seventh volume of the Medico-Chirur-
gical Transactions, Mr. Henry Earle notices
many cases of palsy, in which the temperature
of the paralytic limb, although the pulse was
good, was lower than that of the rest of the body.
In the first case which he mentions, he found
that passing the electric fluid through the limb,
raised 1ts temperature. I am sorry that I
have not had an opportunity of repeating this
experiment, either with electricity or galvanism,
having not met with any case of palsy, since I
read Mr. Earle’s paper, in which the tempera-
ture was lessened.

Exp. 71. By the foregoing experiments the
idea is suggested that some gaseous fluid pro-
bably escapes from arterial blood, soon after it
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leaves the vessel. To ascertain whether this is
the case, a glass of such a shape that the
smallest globule of air could be seen in it, was
filled with and inverted over mercury. A consi-
derable part of the femoral artery of a large
rabbit, whose sensibility had been nearly de-
stroyed by opium, was then exposed and divid-
ed under the glass. The blood immediately
rose into the glass, and was allowed to remain
undisturbed for a quarter of an hour, but no
gaseous fluid was disengaged from it. In per-
forming this experiment, if great care be not
taken, the hair of the animal and hands of the
assistants may convey a little air under the
glass, by which we were repeatedly foiled in
making the experiment. The artery must not
be held deep in the mercury, else the weight of
the metal by compressing it, will prevent the
escape of the blood.

The glass into which the blood was received,
rose only about an inch and a half above the
surface of the mercury. Had it risen high
enough to take off any considerable part of the
pressure of the atmosphere, the experiment, it is
evident, would not have been a fair one. What
elastic fluids may be disengaged from arterial
blood, when that pressure is removed from it, is
a different question. It appears from this ex-
periment, that the difference of the effect of gal-
vanism on this blood at the moment it leaves
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the vessel, and two minutes after it has left it,
does not arise from the escape of any gaseous
fluid.

When speaking of the order in which the
functions of the animal body cease in dying, I
shall have occasion to relate some additional
experiments on animal temperature.

CHAP. IX.

On the use of the Ganglions.

It appears from experiments related in the
first and second chapters of the present part of
this treatise, that the motion of the heart, though
independent of, may be influenced through,
every part of the brain and spinal marrow. It
seems also ascertained by experiments related
in the same chapters, that the blood vessels
bear the same relation to the nervous system
with the heart. Their power is equally inde-
pendent of this system, and they are influenced
in the same way by agents acting through it.
We cannot, we have seen, affect the muscles of
voluntary motion in the extremities by agents
applied to the upper parts of the brain, yet the
vessels of their most extreme parts obey agents
applied even to the upper surface of this organ.
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It appears from experiments related in Chap-
ter VI. that the muscular power of the alimen-
tary canal is also independent of the nervous
system. It is impossible, for reasons which
have been laid before the reader, to ascertain
by experiments similar to those relating to
the heart and blood vessels, whether the ali-
mentary canal also is subject to the influence of
every part of the brain and spinal marrow.
With respect to it, therefore, I attempted, in
the second Section of Chapter VII. to deter-
mine this point in a different way. Although
the muscular power of the alimentary canal is
independent of the brain and spinal marrow, its
secreting power we have found is wholly de-
pendent on them ; I endeavoured, therefore, to
ascertain whether it is subject to every part of
these organs, by withdrawing the influence of
different parts of them from the most important
part of it, the stomach ; and we have seen that
when this organ is deprived of the influence of
any considerable part either of the brain or
spinal marrow, its secreting function is de-
ranged, the derangement being proportioned to
the importance and extent of the part whose in-
fluence has been withdrawn. The stomach,
therefore, like the heart, is capable of being in-
fluenced by every part of the brain and spinal
mMAarrow. _

Here the question arises, by what means is

0
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the one set of organs subjected to the influence
of every part of the other. We cannot suppose
that the former receive nerves from every part of
the brain and spinal marrow. We know, indeed,
that no organ does so. The following seems
to be the state of the question. We see some
parts influenced by every part of the brain and
spinal marrow, others only by small parts of
them. 1In the latter instances, we see direct-
ly proceeding from those small parts, the
nerves of the parts influenced. In the former
instances, namely, where it is found that the
part is influenced by all parts of the brain and
spinal marrow, we do not in any case see nerves
going directly from all parts of these organs to
the part influenced, but we always see this part
receiving nerves from a chain of ganglions, to
which nerves from all parts of the brain and
spinal marrow are sent. It is, therefore, evi-
dent from direct experiments, that the nerves is-
suing from ganglions convey to the parts, to
which they send nerves, the influence of all the
nerves which terminate in these bodies.

Such then is the relation which the most im-
portant organs of involuntary motion bear to
the brain and spinal marrow. Their powers
are independent of both, yet they are subjected
to the influence of every part of both, communi-
cated through the medium of the ganglions;
and when we see the other organs of involuntary
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motion equally independent of the brain and
spinal marrow, and supplied with nerves from
ganglions in the same way with them, it is al-
lowable to infer that they bear the same rela-
tion to the brain and spinal marrow. Thus it
would appear, that the ganglions may be re-
garded as a secondary centre of nervous influ-
ence, receiving supplies from all parts of the
brain and spinal marrow, and conveying to
certain organs the influence of all those parts.
If the nervous influence of the thoracic and
abdominal viscera be thus supplied from a
common source, why, in affections of the spinal
marrow, it may be said, is the breathing most
affected when the disease is in the dorsal por-
tion of this organ, and the action of the bladder
and rectum most affected when its chief seat is
in the lumbar portion? This arises from the
muscles of respiration deriving their nerves
from the dorsal portion, and the abdominal
muscles deriving their nerves from the lumbar
portion of the spinal marrow. The latter mus-
cles generally excite, or at least increase, the
action of the bladder and rectum, by pressing
them against their contents, and also by this
pressure contribute mechanically to expel their
contents. Thus, in the above cases, in addition
to the failure of nervous influence in the viscera,
there is a failure of excitement in the muscles

o 2
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of voluntary motion, which conspire with these
viscera in certain parts of their functions.

We can trace the communications of nerves
issuing from the great chain of ganglions,
placed, it would seem, to facilitate these com-
munications in the centre of the animal system,
with all the nerves of the body.  And many cir-
cumstances, regarded by anatomists as anoma-
lous, namely nerves becoming larger after they
appear to send off branches, apparently taking a
retrograde course, &c. are readily explained, if
we admit that nerves, arising from ganglions,
join and again separate from those proceeding
in an opposite direction from the brain and
spinal marrow. It is worthy of remark that
none of these anomalous appearances are ob-
served in the lower parts of the body and in-
ferior extremities, where the ganglian must
take the same course with the other nerves.
Bichat, although his opinions respecting the
use of the ganglions are very different from
those which 1 have been led to form, and in-
deed wholly inconsistent with the results of the
foregoing experiments, was induced from his
observation of the situation and distribution
of the ganglions and their nerves, to regard
them as the centres of minute nervous systems.

Comparing all that has been said, we have
reason to believe, that the system of ganglian
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nerves is quite as extensive as that of the nerves
proceeding directly from the brain and spinal
marrow. We every where find blood vessels,
which we have seen receive the nervous inﬂvrl—
ence through the ganglions ; and, indeed, In
the larger vessels, we can often trace the gang-
lian nerves attached to and supplying the:lfl.
The following case, related by Dr. Parry, In
the 139th page of his Treatise on the Arterial
Pulse, might alone be regarded as proving
the existence of two sets of nerves in the
extremities ; the one supplying the muscles of
voluntary motion, the other the powers support-
ing the circulation ; and strikingly illustrates
what has been said on this subject. 1 have
“ seen,” he observes,  a total loss of pulse in
““ one arm with coldness, but complete power of
““ motion in that part ; while the other arm was
“ warm, and possessed a perfectly good pulse,
“ but had lost all power of voluntary motion.”
From the foregoing observations the ques-
tion arises, for what purpose has nature thus
combined the influence of every part of the
brain and spinal marrow to bestow it on parti-
cular parts ? This question appears to be an-
swered by the experiments which shew, that
when the influence of any considerable part,
cither of the brain or spinal marrow, is with-
drawn from secreting surfaces, the secreting
power is deranged. This we have seen ascer-
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tained by repeated experiments, both with re-
spect to the surface of the stomach and lungs.
Among the secretions I ranked the evolution of
caloric, although not taking place on any parti-
cular surface, because it appeared to be per-
formed by the same power acting on the same
fluid ; and because, like secreted fluids, it fails
when any considerable part of the influence of
the brain or spinal marrow is withdrawn.

Admitting, it may be said, that the due per-
formance of secretion requires the united power
of all parts of the brain and spinal marrow, and
that we may, therefore, explain why their uni-
ted influence is bestowed on seereting surfaces;
the question still remains, why should their uni-
ted influence be bestowed also on the muscles
of involuntary motion ?

It is evident that there could be no occasional
increase of the secretions, were not the sangui-
ferous system capable of being stimulated by
the same influence which operates in the for-
mation of the secreted fluids. The increase
of secreting power in any part would be in
vain, were there not at.the same time a cor-
responding increase in the supply of the fluids
on which it operates. A similar observation
applies to the excretory muscles as far as
they are muscles of involuntary motion.
The same increase of nervous influence
which occasions an increased flow of secreted
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fluids, excites these muscles to carry off the in-
creased quantity. Nature does not seem to
trust this to the increase of stimulus occasioned
by the increased flow of the secreted fluid,
which we have reason to believe from the mo-
dus operandi of certain causes of inflammation,
would often occasion morbid distention.* Is it
not more than probable that the same laws ob-
tain in the absorbent system ? Now, the vascu-
lar system and the muscles of excretion, if in
them we include the alimentary canal, compre-
hend all the muscles which are supplied with
nerves from the ganglions, unless we regard the
iris as a muscle. The state of this organ is
quite anomalous in the animal ceconomy, being
one of involuntary motion, always stimulated
through the medium of the nervous system.
Thus, we see the necessity of every part of
the function which the ganglions appear to
perform. A combination of the whole nervous
influence is necessary for the due formation of
the secreted fluids, and that there may be, un-
der all circumstances, both a due supply of the
fluids to be acted upon, and a due removal of
those prepared, whether for the functions of life
or for the purpose of being thrown out of the
system, it is necessary, as appears from what has
just been said, that the muscles which answer

* See Chap, XII. art. Inflammation.
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these purposes should be subjected to the influ-
ence by which the secreted fluids are prepared.*
The function of secretion, it is evident, requires
a more regular supply of fluids than could have
been obtained, had the usual action of the ves-
sels depended on the nervous system, which is
subject to continual variation ; but had not this
system been capable of stimulating the vessels,
no change in it could have occasioned an in-
creased flow of secreted fluids. Thus, it 1s ne-
cessary that the power of the sanguiferous should
be independent of the nervous system, yet capa-
ble of being influenced by it ; as it is ascertain-
ed to be by the experiments related in the first
and second chapters of the present part of this
Treatise.

‘"That the reader may see how far the obser-
vations of the anatomist correspond with the
result of the preceding experiments, 1 shall
beg leave to recall to his mind the nervous con-
nections of the ganglions; by which he will
find that they may receive the influence of every
part of the brain and spinal marrow, and com-
municate that influence to every part of the

* The constant presence of fluids in secreting surfaces ap-
pears to solicita continual supply of nervous influence to them,
so thatthey go on during our sleeping as well as waking hours.
The more copious the supply of fluids to secreiing surfaces,
we find the secreting power the greater, and vice wersa.
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body. The great sympathetic nerve receives
nerves from every part of the spinal mar-
row, being largest near the middle of the spine,
and becoming smaller as it ascends and de-
cends, forming ganglia, which give out nerves
on all sides. When these circumstances are
compared with the fact of its conveying the in-
fluence of every part of the spinal marrow, we
cannot, I think, hesitate to regard it as arising
from this organ ; especially as its slender com-
munications with the nerves of the head present
the appearance of its gradual termination in
that direction. This inference is farther
strengthened by other means being provided
for conveying the influence of the brain to the
thoracic and abdominal viscera. The par va-
gum of the eighth pair of nerves we have seen
from the effects of dividing it, performs this of-
fice ; for which it is admirably fitted, by its nu-
merous and extensive communications with the
ganglions and plexuses of the great sympathe-
tic. After various connections with those in
the neck and chest, it sends a large branch to
the stomach, whose filaments are intermixed
on this organ with those of nerves sent by seve-
ral of the abdominal plexuses; and at length
terminates in forming with the splanchnie
branches of the sympathetic the great semilunar
ganglion, called the ceeliac ganglia from its si-
tuation, and its being composed of many small
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irregularly shaped ganglions of different sizes.
From these ganglions, so formed, many
nerves issue, forming plexuses on the different
large arteries, from which they derive their
names. Nerves, from these plexuses alone, or
intermixed with other branches from the sym-
pathetic nerves, supply the whole abdominal
viscera.

Before the sympathetic nerves finish their
course by uniting on the os coceygis, they form
ganglions in the loins, which send branches to
the lumbar nerves ; and others in the pelvis,
which send branches to the sacral nerves ; thus
forming communications between the ganglian
system and the nerves of the lower extremities.

The nerves of the upper extremities commu-
nicate with this system, both by means of the
middle cervical ganglion, and through the sym-
pathetic nerves, by branches from the second
and third intercostal nerves which go to these
extremities.

The ganglian system communicates by
branches of the sympathetic nerves with the
internal nerves of the head. One branch is
sent to the second branch of the fifth pair be-
fore it leaves the cranium, and one, two, or
sometimes three small filaments to the sixth
pair, and a branch to the portio dura of the
seventh pair, at the under part of the ear.
These connecting branches are generally re-
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carded as proceeding from the nerves of the
head, but for reasons already assigned, we
must, as far as I am capable of judging, agree
with those writers who regard them as pro-
ceeding from the sympathetic nerves. The
extensive connections of these nerves with the
eighth pair have already been mentioned.

The external nerves of the head and neck,
namely, the higher spinal nerves, communicate
with the cervical ganglions; and lastly, the
ganglian system communicates with the exter-
nal parts of the trunk by means of the con-
nections of the sympathetic with the spinal
nerves which supply those parts.*®

Thus the sympathetic nerves, conveying the
influence of the spinal marrow, and the par
vagum, that of the brain, unite in forming the
ganglions, which with their plexuses, constitute
a secondary centre of nervous influence, a
channel through which the influence of every
part of the brain and spinal marrow flows, to
be bestowed on the thoracic and abdominal
viscera, on the vessels and all secreting sur-
faces; the most important of which parts, we

* Here we have reason to believe a double commu-
naiction takes place, the spinal nerves conveying to the
sympathetic the influence of the spinal marrow, and the
sympathetic sending with them to the parts to which they
are distributed, filaments conveying the influence of the
ganglian system.
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have by direct experiment found subjected to
every part of the brain and spinal marrow.

In one of the treatises referred to in the
Report of the National Institute of France,
that by Dr. Johnstone, the reader will find
many facts respecting the ganglions and the
distribution of their nerves, which he collected
with much assiduity for the purpose of sup-
porting his opinions respecting the uses of these
organs. He adopted the opinion of Winslow
and other physiologists, that the  ganglions
“ seem analogous to the brain in their office ;
“ subordinate springs and reservoirs of nervous
“ power,” he continues,  they seem capable
““ of dispensing it, long after all communica-
““ tion with the brain is cut off.  And, although
“ they ultimately depend on the brain for its
“ emanations, it appears from facts, that de-
““ pendence is far from being immediate and
“ instantaneous.”*  The reader will readily
perceive that this opinion is incompatible with
many of the facts which have been laid before
him. Dr. Johnstone was led to infer that the
ganglions can, for a certain time, perform the
office of the brain, by ascribing to the power
of nervous influence many phenomena which

* Med. Essays and Obs. by J. Johostone, M. D. Phy-
sician in Worcester, 1705, p. 85.
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seem wholly to depend on the power of the
muscular fibre itself.*

To the above opinion, adopted from his
predecessors, Dr. Johnstone added the follow-
ing opinion of his own, which he endeavours
to support by direct experiment, as well as by
an accurate and extensive review of the phe-
nomena of the nervous system. “ May we not
“ reasonably conclude,” he observes,  that
“ ganglions are the instruments by which the
““ motions of the heart and intestines are from
““ the earliest to the latest periods of animal
““ life rendered uniformly involuntary ?+

Dr. Johnstone's experiments, an account of
which is given in the 25th and following pages
of the work just quoted, and other experiments
of a similar nature to which he refers, of
Haller, Whytt, &c. were made with a view to
prove that it is impossible to affect the action
of the heart by stimuli applied to the brain
and spinal marrow. These physiologists ap-
pear to have been deceived in. the result of
their experiments on this subject by two cir-
cumstances. They did not employ the pre-
caution of preventing the action of the muscles
of voluntary motion, which renders it impossible

* Chap. VI.
+ The above-mentioned Treatise, p. 16,
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to judge of the effect of the stimulus on the
heart : and they were not aware that the heart
will not obey a stimulus applied to the brain
and spinal marrow, however powerful, unless
it be applied to a portion of considerable ex-
tent. Any person who attends to these pre-
cautions will find, that the heart is not only as
easily stimulated through the brain and spinal
marrow as the muscles of voluntary motion ;
but that it may be stimulated through them for
a considerable time after these musecles can no
longer be influenced in . this way; proving
that the ganglions oppose no obstacle to the
influence of the brain and spinal marrow being
extended to the muscles of involuntary mo-
tion,

We can surely be at no loss to account for
the action of these muscles being involuntary,
when we know that they are all exposed to the
constant or constantly renewed action of stimuli,
over which the will has no power. Besides,
the action of these muscles produces no sensible
effect. We will to move a limb, not to excite a
muscle. We wish to handle, for example, and
on trial find that we can move our fingers; but
what act of volition can we perform through the
medium of the heart or blood vessels ? If we had
no wish to handle, the muscles of the fingers of
course would never become subject to the will.
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It deserves to be remarked, that the will influ-
ences the rectum and bladder, the only internal
organs which can assist in accomplishing an
end desired.

It seems to be superfluous after the experi-
ments which have been related, to say any
thing in refutation of the opinion of Bichat,
that the ganglions are centres of nervous influ-
ence, independent of the brain and spinal mar-
row. “° Les nerfs des ganglions ne peuvent
“ transmettre I’action cerebrale ; car nous avons
“vu que le systétme nerveux partant de ces
“ corps, doit etre considéré comme parfaitement
“ independant du systéme nerveux ceérébral ;
“ que le grand sympathique ne tire point son
¢ origine du cerveau, de la moelle épiniére ou
“ des nerfs de la vie animale ; que cette origine
 est exclusivement dans les ganglions ; que ce
“ nerf n’existe meme point, & proprement par-
“ler, quil n’est qu'un ensemble d’autant de
“ petits systemes nerveux qu’il y a de ganglions,
““ lesquels sont des centres particuliers de la vie
““ organique, analogues au grand et unique cen-
“ tre nerveux de la vie animale, qui est le cer-
“vean.” Recherches Physiologigques sur la vie
et la mort par Xav. Bichat, page 365 & seq.
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CHAP. X.

On the relation which the different functions of the
anivmal body bear to each other, and the order

in which they cease in dying.

It is evident that before we can attempt to
trace the relation which the functions bear to
each other, and the order in which they cease
in dying, we must be able clearly todefine them.
It appears from the experiments which I have
had occasion to relate or refer to, that in the
more perfect animals there are three vital powers
not directly depending on each other, the sen-
sorial, the nervous and the muscular powers.

With regard to the last of these, it is readily
distinguished by its effects from the nervous
and sensorial powers, and depends, we have
seen, on the mechanism of the muscular fibre
itself.* When the mechanism of that fibre is
deranged, its power is destroyed ; and nothing
else can destroy it.

The nervous power, it appears from many of
the experiments which have been related, acts
only as a stimulus to the muscular fibre. It
performs the more complicated functions of pre-.
paring the various secreted fluids, and causing

* Chap. l:lII. and VL
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an evolution of caloric from the blood ; and is
the means by which impressions are conveyed
to the sensorium.

The sensorial power, as far as it is con-
cerned in the functions of mere animal life,
appears to consist wholly in receiving impres-
sions from, and communicating them to the
Nervous power.

The seat of the sensorial and nervous powers
is not so well defined as that of the muscular
power. M. le Gallois appears to regard the
brain as the seat of the one, and the spinal
marrow as that of the other; but many obser-
vations seem to oppose this opinion. Nerves
proceeding wholly from the brain exhibit all the
phenomena of nervous power properly so called,
and that the spinal marrow possesses sensorial
power appears from very simple experiments.

Exp. 72. If after the spinal marrow of a
rabbit is divided about the middle, one of the
hind legs be wounded, not only the wounded
leg is moved, but the other hind leg also, de-
monstrating that there is a power residing in
the spinal marrow which receives the impres-
sion made on the nerves of the one leg and
communicates it to those of the other. M. le
Gallois makes many similar observations. In
the cold blooded animal the same thing is
observed in a greater degree. For some hours
after decapitation the frog will often sit in its

P



210

usual position, and appear sensible to an in-
jury inflicted on any part of it. It is evident
from many observations, however, that the
sensorial power chiefly resides in the brain,
and the nervous in the spinal marrow.,

If these powers, it may be said, are thus
blended in their organs, what proof have we
of their being distinct powers? This proof
I think we shall find by carefully observing
the process of dying; of which what we call
death appears to be only the first stage. We
shall also, I think, by the same means, clearly
perceive the way in which all the foregoing
powers are so connected in the more perfect
animals, that none can long exist without the
others.

At the instant of death, it is evident, the
sensorial power ceases. No impression made
on any part of the body is perceived or fol-
lowed by any act of volition. It is equally
evident to the physiologist that the muscular
power still remains. If the heart or muscles
of voluntary motion be stimulated, they still
possess the power of contraction, which is only
lost by slow degrees a considerable time after
the sensorial power has ceased to exist. It is
also evident to the physiologist that some part
of the nervous power still exists, for if the
nerves themselves, or those parts of the brain
or spinal marrow from which they originate.
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be irritated, the corresponding muscles are
thrown into action. A proof that the extinc-
tion of the sensorial powers does not depend
on the nerves having become incapable of
conveying impressions. Is the nervous power
still capable of performing its other functions?
Whether it is capable of conveying impressions
to the sensorium we have of course no means
of judging, where no sensorium exists; but if
we find it capable of all its other functions,
we may infer that it possesses this function also,
and that the cause of its non-appearance is the
known failure of the power which must con-
spire to make this part of its functions sensible.
The question then which we have to consider
here is, can the nervous power effect the forma-
tion of the secreted fluids, and occasion an
evolution of calorie from the blood, as we
find it can execite the muscles, after the de-
struction of the sensorial power?

I have already had occasion to refer to Mr.
Hunter’s observations respecting the digestion
of the stomach after death. It is perhaps su-
perfluous to observe that this is not to be re-
garded as any vital action. It isa mere chemical
process. But Mr. Hunter, as appears from the
following observations, suspected that a truly
vital action continues in the stomach for some
time after what is called death. ¢ This is ex-
“ actly the case with the experiments of Spal-

P 2
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“lanzani, which although they prove that
“meat was digested in the stomach after the
“ animal was killed, which no one doubted,”
that is, no one doubted that the gastric juice
already in the stomach would continue to per-
form its office there, “yet are not at all caleu-
“lated to shew that the stomach itself may be
“ digested. In fact the manner in which they
“ were managed rather tended to prevent that
“effect from taking place, the gastric juice
“ having substances introduced on which it
“could act, was less likely to affect the coats
““of the stomach. That the digestion was not
““ carried on merely by the effects of the gastric
“juice secreted before death is evident from
““his own account, some of the food which
“had been introduced and digested being
“ found in the duodenum ; a thing which could
“mnot have happened if a cessation of the
“ actions of life in the involuntary parts had
““taken place when visible life terminated.
“There had been an action and most probably
“‘a secretion in the stomach.”*

It appeared to me that this conjecture of
Mr. Hunter might be reduced to the test of
experiment, by dividing immediately after
death the eighth pair of nerves, which seems
at once to destroy the secretion of gastric juice.

* Observations on the Animal (Economry, page 181.
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I shall use the words death and killed in the
usual acceptation, not implying the ceasing of
all the functions. After this explanation no
ambiguity can arise from the use of these
terms. We are not, it is evident, to expect
that any great secretion of gastric juice can
take place after death, or consequently that
any great difference can be observed between
the food in the stomach of an animal in which
the eighth pair of nerves has been divided
immediately after death, and one in which
they are left entire, and many circumstances
which we cannot estimate, particularly there
being more gastric juice in the stomach of the
one animal than the other, at the time they are
killed, or one having eaten more than the
other, must influence the result. It will not
answer the purpose, it is evident, to confine the
animals to the same quantity of food, because
the stomach of that which is most hungry will
digest it most quickly. The quantity of old
food in the stomach also influences the result.
The question, therefore, can only be deter-
mined by making the experiment on a large
scale, to which, as it is made on the dead ani-
mal, there can be no objection.

Exp. 73. This experiment was made on
twenty-six rabbits; eight full grown, eight
half grown, six two months old, and four one
month old. They were made to fast for six-
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feen hours, at the end of this time allowed to
eat as much cabbage as they chose, and then
killed by a blow on the occiput. Immediately
after death the eighth pair of nerves was divided
in one half of those of each deseription, and
they were all allowed to lie undisturbed for about
twenty-two hours. I need hardly observe that
the experiment was not made on all at the
same time, but care was taken that the circum-
stances of it should be the same in all. The
stomachs were then laid open, and those of the
rabbits of the same age, who had eaten most
nearly the same quantity, were compared toge-
ther. 'The result was, that in twelve pairs the
food was most digested in those animals whose
nerves were left entire. In one pair it was
most digested in the animal whose nerves had
been divided. In several of those whose nerves
had been divided, the cabbage appeared quite
fresh and green. This did not happen in any
whose nerves were left entire. In these the
colour was always changed more or less to a
brown. The difference in the state of the
cabbage was sometimes more sensible to the
touch than to the eye, that least digested feel-
ing hardest. This experiment, at the same
time that it proves the accuracy of Mr. Hunter’s
conjecture, shews more than any experiment
made on the living animal could do, how
quickly the secretion of gastric juice is de-
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stroyed by the division of the eighth pair of
nerves in the neck.

It is remarkable that the division of these
nerves after death almost always produced the
same appearance of dark coloured patches up-
on the surface of the lungs, but generally ina less
degree, observed from it when the operation had
been performed during the life of the animal ;
an effect, equally with the state of the stomach,
demonstrating that some of the involuntary
functions continue for a certain time after visi-
ble death. These patches now and then appear
in the lungs of an animal whose nerves are
entire, after it has lain dead for some time ;
but much less frequently, and to a much less
degree, than when the nerves have been
divided immediately after death.

The appearance of dark red patches on the
surface of the lungs, we have seen, is always
observed to a great degree when the eighth
pair of nerves have been divided during the
life of the animal, and it has survived the
operation many hours. It may be regarded,
and is mentioned by various physiologists, as
the characteristic effect of the operation on
this organ. The congestion of the lungs,
which is also an uniform consequence of it,
appears under many other circumstances, but
[ know of no other in which there is an ap-
pearance like this patching, except, as I have
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Just mentioned, that a certain degree of it, or
rather something like it, now and then appears
in the lungs of the entire animal after it has
lain dead for many hours. 1In the living animal
it was always proportioned to the degree in
which the secreting power of the lungs was
deranged, appearing to the greatest degree
when the congestion of the lungs was greatest ;
and not appearing at all, although the eighth
pair of nerves had been divided, when the
breathing was rendered free, and the conges-
tion prevented by galvanism. |
Exp. 4. 1t was suggested, that by the power
of galvanism the degree of digestion which
takes place after death might perhaps be in-
creased. But we could not by any means cause
the galvanism to produce any sensible effect
on the rabbit after death, except for a very
short time ; sometimes no effect could be pro-
duced longer than five minutes, and in no
instance was the effect sensible beyond about
a quarter of an hour, even with the assistance
of artificial respiration and a very powerful
galvanic apparatus ; and during these short
times its effects were constantly becoming
weaker. We could never even succeed in pro-
ducing the slightest appearance of inflamma-
tion either in the stomach or bowels, an effect
which uniformly attends digestion supported by
galvanism. From these circumstances, and
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from what I have said above, respecting the
difficulty of ascertaining whether or not a slight
additional degree of digestion has taken place,
I need hardly say, that it was impossible to
ascertain whether or not any change on the
food was effected in this experiment.

Ithink there is reason to believe, thatalthough
the galvanic influence could be supported for a
longer time after death, it would occasion no in-
crease of secretion. No inflammation occurring
seems to arise from there being no increase of
ws a tergo, that is, no increased action in the
larger vessels. Thus, whatever increase of nery-
ous influence there may be, there can be no in-
creased supply of fluids for it to act upon, with-
out which it is evident there can be no increased
secretion. What then, it may be asked, occa-
sions any supply of fluids to secreting surfaces,
and thus enables the remaining nervous influ-
ence to produce any secreted fluid after death ?
The result of the following experiment ap-
pears to afford a ready answer to this question.

Eaxp. 75. A rabbit, about two months old,
was killed by a blow on the occiput. The
chest was then laid open and a ligature thrown
round the aorta. Part of the mesentery was
now brought before a microscope, and the
blood in its vessels seen both by Mr. Sheppard
and myself, moving with great velocity. By
examining different parts of it, and chusing
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those which had not been previously disturbed,
and consequently still retained some warmth,
we found the circulation, in the smaller vessels,
going on with rapidity for a quarter of an hour
after the aorta had been secured, and an irregu-
lar motion of the blood in these vessels was evi-
dent for twenty minutes longer, the blood stop-
ping and going on, and sometimes moving
backwards and forwards in the same vessel.
This could be distinctly seen long after the part
had become quite cold. This experiment was
performed in the sun-shine, in the open air,
where there happened to be a good deal of
wind, and the exposed part of the mesentery
quickly became parched ; which, as we found
from other trials, destroyed the motion of the
blood in the capillaries long before it naturally
ceases.

Full-grown rabbits are bad subjects for this
experiment, on account of an accumulation of
fat which takes place in the mesentery and ob-
scures the vessels. Rabbits about six weeks
old, when they have been fed for some time
on green meat, are generally thin, and conse-
quently the best subjects for it.

Exp. 76. A dead rabbit, about a month old,
whose intestines we had been examining, after
having thrown a ligature round all the vessels
attached to the heart and removed this organ,
was thrown aside, with the intestines hanging
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out through the wound in the parietes of the
abdomen. An hour and a quarter after the
heart had been removed, I brought part of the
mesentery, which had long been quite cold,
before the microscope, and still found the blood
in some of the capillary vessels moving freely.
I have no doubt that the blood continues to
move in the capillaries of a full-grown rabbit,
whose temperature will sink much more slowly,
for several hours after death. This at the same
time accounts for the supply of fluids to secret-
ing surfaces, and for a certain power of the
nervous system remaining after death, and when
the vis a tergo has wholly ceased, except as far as
it depends on mere elasticity and the action of
very small vessels. 1t seems to be owing to this
cause also that the larger arteries of dead ani-
mals are found empty.* How readily the con-
tinued action of the capillaries must empty
them, will be evident when we recollect how
much the sum of the areas of the branches of
the arteries exceeds the areas of their trunks. I
need not observe how inconsistent the result of
the foregoing experiment is with the opinion of
Doctor Parry, and some other physiologists,
who maintain that the cireulation is supported
by the power of the heart alone.

* I cannot agree with Dr. Parry in ascribing this fact to
the elasticity of the arteries. This may reduee, but it can-
not wholly expel, their contents.
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Exp. 77. Although it is difficult to ascer-
tain whether galvanism influences the state of
the stomach after death, the case is very differ-
ent with respect to the lungs. In them it is
easy from the degree of patching with pre-
cision to ascertain the state of the secretions,
Here, however, there was no occasion for mi-
nute observation, for in nine instances, in which
a stream of galvanism was sent through the
lungs for about a quarter of an hour after the
eighth pair of nerves had been divided immedi-
ately after death, all appearance of patching was
prevented, the lungs after the animal had lain
dead about twenty hours appearing quite sound,

It appears from the foregoing experiments
that the secreting power continues for some
time after the sensorial power has ceased ; we
are now to inquire whether the nervous power
under the same circumstances is capable of oc-
casioning an evolution of caloric from the
blood. I here consider it as proved by experi-
ments already laid before the reader, that the
evolution of caloric is a function of the nervous
influence. It seems so immediately to depend on
the existence of the circulation,and so generally
proportioned to its vigour, that we cannot, I
think, adopt a better means of answering the
question before us, than by ascertaining whe-
ther supporting circulation by artificial respira-
tion after death occasions a greater evolution of
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caloric than takes place when the dead animal
is left undisturbed. On this subject there has
been great difference of opinion. The follow-
ing experiments seem to point out how this dif-
ference may have arisen, on the supposition
that all the experiments which have been made
on the subject are correct, which we have every
reason to believe them to be.

Exp. 78. Two rabbits of the same size were
killed by a blow on the occiput, the temperature
of the air being 61°, that of both rabbits 104",
The lungs of one were inflated six times, those
of the other from twenty-six to thirty times, in a
minute, The temperature of the first in half an
hour was 102.25°, in an hour 100°; the tempe-
rature of the second at the end of half an hour
was 101.5°, at the end of an hour 98°.

It is evident that all the air thrown into the
lungs, beyond what is necessary to effect the
proper change in the blood, must tend to re-
duce the temperature in proportion as that of
the air is less than that of the animal. The liv-
ing animal receives but little air into the lungs
in one inspiration. It is impossible in the dead
animal to throw in the quantity which the blood
still demands and no more.

The following experiments, in which Mr.
Sheppard was so good astoassist me, as indeed he
did in all the experiments which I made on this
part of the subject, strikingly illustrate these
observations.
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Exp.79. Two rabbits were chosen of the
same size, and each of the temperature of 102.5°.
They were killed in the usual way, in the tem-
perature of 65°; one was left undisturbed. In
the other, the lungs were inflated about thirty
times in a minute. In half an hour the tempe-
rature of the undisturbed rabbit was 98.75°,
while that of the other was only 98.5°. 1In the
last the lungs were then inflated only about
twelve times in a minute. In half an hour
its temperature was 96°, so that it had lost
2.5°, while that of the other left undisturbed
had in the same time sunk to 95.25°, so that it
had lost 3.5°. :

Exp. 80. T'wo rabbits were killed in a tempe-
rature of 61.5°. The temperature of the one
was 106°, of the other 103, the lungs of the first
were inflated twelve times in the minute, the
other was left undisturbed. In half an hour
the first had lost 3.5°, its temperature being
102.5°. The other in the same time had lost
4°. its temperature being 99°. The first being
of the highest temperature, would have cooled
fastest had both been undisturbed, although
probably not in a sensible degree. I may here
observe, that it always happened in the course
of such experiments as those which I am relat-
ing, that the temperature of the room varied,
but as the experiment was always made on both
rabbits at the same time, and placed together,
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this could not influence the result, and is there-
fore unnoticed. The lungs of the first of the
above rabbits were now inflated at the rate of
from twenty-six to thirty times in a minute. At
the end of half an hour its temperature was 98°,
that of the other at the same time being 94.5°
so that each had now cooled 4.5°, the evolution
of caloric in consequence of the inflation of the
lungs being here sufficient to counteract the
cooling effect of the rapid change of air and no
more. In one experiment of this kind, in
which the lungs were inflated only a few times
in a minute, we found that the temperature had
risen nearly 1° between two of the examinations.

While I was making experiments on this
subject in Worcester, Mr. Hastings was, with-
out my knowledge, making similar experiments
at Edinburgh. He shewed me the detail of se-
veral which prove that throwing air into the
lungs of the dead rabbit about fifteen times in a
minute, occasions it to cool more slowly than
it would otherwise do. In one of his experi-
ments the rabbit, in which artificial breathing
was performed, cooled only 4°, while that which
was left undisturbed cooled 7.5°. This was the
greatest difference he observed. He frequently
saw the thermometer rise a little in those ani-
mals in which the lungs were inflated after
death. In those in which they were not inflated
the cooling was always uniform.
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There can be no doubt, 1 think, from the
preceding experiments, that when the lungs are
not inflated so frequently as to constitute a
powerfully cooling process, their inflation by
occasioning an evolution of caloric after what
we call death, retards the cooling of the animal.

My next object was to ascertain how far the
evolution of calorie, after death, is influenced by
the destruction of the brain and spinal marrow.

Kxp. 81. T'wo rabbits of the same size, whose
temperature was 98°, were killed in the usual
way. Inone, immediately after death, the brain
and spinal marrow were destroyed by introduc-
ing, through a hole in the cranium, a wire of
nearly the same diameter with the cavity of the
spine, repeatedly pushing it on to the end of this
cavity, and then moving it about for some time
in the cavity of the cranium. The other rabbit
was left entire. A hole was made about the
centre of the abdominal muscles in each, to ad-
mit of a thermometer being introduced into the
cavity of the abdomen. They were placed near
each other in a temperature of 50°. During the
first twenty minutes each lost exactly4”, and they
both lost, during the succeeding three quarters
of an hour, just 2° during each quarter. Some-
thing, which we could not ascertain, accelerated
the rate of cooling during the next quarter, and
so exactly did it correspond in both rabbits, that
each lost during this quarter 2.5°. After this
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their temperature diminished more slowly, and
still more so of course as it approached more
nearly to that of the air, but still in both it was
found to correspond. At the end of a hundred
and ten minutes the temperature of both rabbits
was 84°. :

Exp.82. The foregoing experiment was re-
peated, with the difference that in both rabbits
the lungs were inflated ; but we could not per-
ceive that the one rabbit cooled faster than the
other.

Exp. 83. Two rabbits, of the same size and
temperature, being killed in the usual way, in
the one the brain and spinal marrow were
wholly removed, the other being left entire. 1In
both the lungs were inflated. We could not
perceive that the one cooled faster than the
other.

- I was particularly careful in repeating these
experiments, because they appear at first view
to contradict the inferences of Mr. Brodie, to
whose labours this part of physiology owes so
much. It will appear, however, from what I
am about to say, that their result is perfectly
consistent with the doctrine maintained by him.

- It appears from the foregoing experiments,

that after the destruction of the sensorial, the

nervous power is still capable of performing

all its- functions, except that it can no longer
Q
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give evidence of conveying impressions to the
sensorial power, the necessary consequence of
the destruction of this power. On comparing
these experiments, however, a considerable dif-
ficulty presents itself. We have seen it ascer-
tained by those on digestion, that the brain
and spinal marrow retain sufficient power after
visible death to form secreted fluids. Yet it
would appear from the experiments on temper-
ature, that the influence of the brain and spinal
marrow has no effect under the same circum-
stances in promoting the evolution of caloric,
although it is evident that the system still re-
tains the power of evolving it, and from former
experiments, that this power depends on the
state of the nervous system. The secreted
fluids are no longer formed if the influence of
the brain be withdrawn, the evolution of ca-
loric takes place in the same way whether the
influence of both the brain and spinal marrow
be withdrawn or not.

A well-known fact appears to remove the
difficulty.  Although we have reason to believe,
I think, from every observation on the subject,
that the brain and spinal marrow are the only
sources of nervous influence ; yet it is evident
that a certain portion of this influence remains
in the nerves when separated from these organs,
as appears from the contractions excited in the
muscles by irritating their nerves under such
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circumstances. The muscle will thus be made
to contract as long as any influence remains
in the nerve, but this being once exhausted,
the nerve has no means of renewing it. Now
the first nervous influence which is employed
in the stomach after death is of course that
already in its nerves. This being exhausted,
the brain and spinal marrow are called upon
for a further supply. It is evident that they
cannot be long so called upon, because there
cannot long be any supply of proper fluids.
If then, instead of the nerves which belong to
the stomach, the whole nerves of the ganglian
system terminated in this organ, there is rea-
son to believe, that the supply of fluids, which
takes place after death, would never be suffi-
cient to exhaust the nervous influence already
in its nerves ; and consequently, that in that case
it would never make any demand on the brain
and spinal marrow ; and the same degree of
digestion would take place after death whether
the influence of the brain remained or not.
Now this is precisely what seems to happen
with respect to the temperature after death.
As long as we can by artificial respiration oc-
casion such a change in the blood as elicits
nervous influence, the blood draws it from all
the nerves of the ganglian system ; and it does
not appear, that we can support this change
long enough to exhaust the nervous influence
Q2
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already in the nerves, and occasion any far-
ther demand for it. It appears from the above
experiments that the greatest evolution of ca-
loric, which can under ordinary circumstances be
effected after death, is but very inconsiderable.
Hence the result is the same whether the brain
and spinal marrow exist or not. The blood has
already in the nerves more nervous influence
than it can use. Hence also, as 1 have ascer-
tained by repeated trials, we cannot, under
these circumstances, occasion any additional
evolution of caloric by galvanism.*

The evolution of caloric occasioned by in-
flating the lungs after death being so small,
may arise from our being able but very im-
perfectly to imitate natural respiration. It is
true that we can imitate it sufliciently to give
the arterial colour to the blood, but we have
seen that the evolution of* caloric does not ap-
pear to be connected with the change of co-
lour. It is evidently impossible to proportion
the quantity of air thrown in, to the demand
for it, which is constantly becoming less, so
that we are either supplying too much or too
little. In the former case the superfluous quan-
tity can, as far as relates to the temperature,

* T have considered the cause of the sensation of heat a
substance not a quality, because I regard the former as the
more probable opinion. I admit that some difficulties respect-
Ing it exist.
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have no other effect but that of reducing it, as
happened in the above experiments; but al-
though we could supply air in the due propor-
tion, we should still be very far from being able
to imitate natural respiration, from which artifi-
cial respiration, among other things, differs in
the great pressure to which the lungs are sub-
jected in the latter, in ' which the ribs and dia-
phmﬂ'm are moved by the force of the injected
air ; whereas in natural respiration the ribs and
diaphragm being moved by their muscles, the
lungs are subjected to no pressure but that of
the atmosphere. The great diminution of nerv-
ous influence in artificial respiration constitutes
an essential difference between it and natural
breathing. It would be worth while, although
attended with considerable trouble, accurately
to ascertain the effects of passing a stream of
galvanism through the lungs while artificial
respiration is performed.

A very decisive experiment by Mr. Brodie,
related in an addition to the Croonian Lecture
above referred to, proves that the change of
oxygen gas into carbonic acid gas takes place
when the lungs are inflated after decapitation.

It remains for us to inquire whence it arises
that the nervous and muscular powers never
long survive the sensorial power.

On the destruction of the sensorial power re-
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spiration always ceases. M. le Gallois finds
a great difficulty in conceiving why respiration
should cease on the removal of the brain.

“ Il est done certain que la vie du trone n'a
““son principe immédiat ni dans le eerveau,
“ni dans aucun des visceres de la poitrine et
“de labdomen ; mais il ne P'est pas moins,
“que tous ces viscéres sont indispensables a
“ son entretien. Or, en considérant sous quel
“ rapport ils le sont, les faits énoncés plus haut
“ prouvent évidemment que, quant au cerveau,
“ les phénomeénes mécaniques de la respiration,
“ c’est-a-dire, les mouvemens par lesquels I'ani-
mal fait entrer lair dans ses poumons, dé-
¢ pendent immédiatement de ce viscere. Ainsi,
“ ¢’est principalement en tant que entretien
“de la vie dépend de la respiration, qu’il de-
« pend du cervean ; ce qui donne lien 4 une
“ grande difficulté.  Les nerfs diaphragma-
“tiques, et tous les autres nerfs des muscles
“ qui servent aux phénoménes mecaniques de
“la respiration, prennent naissance dans la
“ moélle épiniére, de la méme maniére que
“ ceux de tous les autres muscles du trone.
“ Comment se fait-il done quapres la decapita-
““ tion, les seuls mouvemens inspiratoires solent
“ anéantis, et que les autres subsistent?  Clest
““]a, amon sens, un des grands mystéres de la
“ puissance nerveuse ; mystére qui sera dévoilé
“ 16t ou tard, et dont la découverte jettera la

(11
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« plus vive lumiére sur le mécanisme des fone-
““ tions de cette merveilleuse puissance.”

This difficulty appears to me to arise from
his having regarded respiration as a function
wholly depending on a combination of the
nervous and muscular powers; whereas it seems
evident, I think, that the sensorial power also
shares in it. The muscles of respiration are,
in the strictest sense of the word, muscles of
voluntary motion; we can at pleasure interrupt,
renew, accelerate, or retard their action ; and,
if we cannot wholly prevent it, it is for the
same reason that we cannot prevent the action
of the muscles of the arm, when fire is applied
to the fingers. The sensation occasioned by
the interruption of a supply of air to the lungs
is greater than can be voluntarily borne. Res-
piration continues in sleep for the same reason
that we turn ourselves in sleep when our posture
becomes uneasy. It continues in apoplexy for
the same reason that the patient generally
moves his limbs if they are violently irritated.
If respiration continues in apoplexy when no
irritation of the limbs, however violent, excites
the patient to move them ; it arises from the
interruption of a supply of air to the lungs
producing a greater degree of irritation than
any other means we can employ. We know
mnstances in which the hand has been volunta-
rily held in the fire, but we know of none
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where the breathing has been voluntarily dis-
continued till the lungs were injured. As the
insensibility increases in apoplexy, the breath-
ing becomes less frequent; and when the former
becomes such that no means can longer excite
any degree of feeling, the breathing ceases.

By a certain sensation a wish is excited to ex-
pand the chest. This is an act of the sensorium.
Till this act take place, the nervous, as well as
the muscular, power, by which its expansion is
effected is inert, it is in vain that these powers
remain, if the power which calls them into
action be lost. Thus the removal of the brain
puts a stop to respiration.

Is it said that the motions of inspiration
must be involuntary, because we are in ge-
neral unconscious of them? But do we
not become more or less so of all habitual
acts of volition? We frequently hear such
observations as the following; if I did so, 1
did it unconsciously. Stop a person who. is
walking, he cannot tell which leg he last
moved ; stop a person who is playing on an in-
strument, he cannot tell which fingers he last
employed ; yet all such acts are strictly acts
of volition. If we are reminded of them, we
can always interrupt, renew, retard or accele-
rate them at pleasure. We have no difficulty
in perceiving and changing in any way we
please the motions of respiration, when we
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choose 1o attend to thew ; but as there is no
other act of volition so habitual, there is none
50 apt Lo escape our attention.

The above explanation of the manner in
which the removal of the brain puts a stop to
respivation will be readily admitted, I think,
when we consider to what part of the brain
impressions from the lungs are conveyed. It
is evidently to the part where the eighth pair
of nerves, which supplies them, joins that part
of the brain from which the spinal marrow origi-
nates. Now it appears from the experiments
in which M. le Gallois removed the brain by
slices, that respiration continued till he re-
moved the part of the medulla oblongata in
which those nerves originate, and then in-
stantly ceased. 1o these experiments, however,
the power of the muscles of inspiration and the
nervous power which exeites them still remain,
as may be easily ascertained by stumuli pro-
perly applied to the spinal marrow. It is the
influence of the sensorial power which is lost.

We cannot perbaps have a better mstance
of the distinet operation of the sensorial, nerv-
ous and muscular powers, than in the case be-
fore us, although they all here conduce to the
same end. We may destroy any one of them

and leave the others unimpaired. The de-
struction of the sensation by which we will to

nspire, we have just seen, does not destroy
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the nervous or muscular power employed in
inspiration. By means applied to the muscles
of inspiration we may destroy their mechanism
without depriving any part of the spinal mar-
row of its power, or at all impairing the above
sensation : and we may destroy the nervous in-
fluence which excites these musclesby destroying
a certain part of the spinal marrow, while they,
as may be ascertained by the application of
stimuli, perfectly retain their vigour, and thesen-
sation which excites the wish to inspire, though
as in the last case, useless, remains unimpaired :
nay, if any two of these powersbedestroyed, they
leave the remaining power unimpaired. The
destruction of the muscles of inspiration, and
of the nervous influence which excites them,
does not destroy the sensation by which we
will to inspire; nor does the destruction of this
sensation and the nervous influence at all im-
pair the power of the muscles; and we may
destroy the sensation in question, and the
power of the muscles, without impairing the
nervous influence which excites them. So far
from true is the position of M. le Gallois, that
the power on which all the motions of inspira-
tion depend, resides in the medulla oblongata.

Much has been written by Whytt and many
other physiologists respecting the cause of the
first inspiration. I cannot help thinking that
the difficulty vanishes, when we regard the
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muscles of inspiration as merely muscles of
voluntary motion. The young animal throws
them into action to remove a painful sensation
occasioned by the want of that change in the
blood, which is produced by the influence of
the air in the lungs; a process necessary to the
existence of the animal as soon as its con-
nection with the mother ceases, and which
can only be effected by cxpanding the
chest, and thus receiving air into the lungs.
It seems to be expanded for the first time pre-
cisely for the same reason that the feetus
changes its position for the first time by acting
with the muscles of the trunk and limbs. In
both cases he endeavours to remove an un-
easy sensation, and nature has given him the
power to remove it by calling into action cer-
tain muscles subjected to the will. The first
act of deglutition, if it does not occur in the
feetal state, appears to be an act of precisely
the same nature with the first inspiration.
In both cases, a certain set of museles of volun-
tary motion is thrown into action to satisfy a
craving, which had no existence in that state.

When respiration ceases, most of the pulmona-
ry vessels and left side of the heart are nolonger
supplied with their proper stimulus; and feel
more directly perhaps the debilitating influence
of black blood. Their functions, therefore, begin
to fail.  In proportion as this happens the blood
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accumulates in the lungs, and the right side of
the heart experiences an increased difficulty in
emptying itself. By the operation of these
causes, both sides of the heart, in warm blooded
animals, soon lose their power after respiration
ceases. The arteries, under such circumstances,
it is evident, cannot long supply fluids proper
for the purposes of secretion, the nervous and
muscular solids, therefore, soon deviate from
the state necessary for the functions of life,
which at length cease in every part.

~ The above appears to be the order in which
the functions always cease in death, whether it
be occasioned by injury of the sanguiferous, or
nervous systems, or both, with the exception of
those cases in which the nervous system is so
impressed, as immediately to destroy all the
functions. The degree of vital energy re-
quired for the sensorial, appears to be greater
than that required for the nervous and muscu-
lar functions, the sensorial functions always, ex-
cept in the case just mentioned, in which death
is instantaneous throughout the system, ceasing
first. Respiration consequently is the first vital
function which fails, being the only one to
which the sensorial power is necessary.

Bichat has been at great pains to ascertain
the effects of black blood on the lungs and
other organs. 'T'o his experiments on this sub-
ject T refer the reader. There are but few parts
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of the physiological works of Bichat which can
be confidently referred to. In general he has
allowed his reasonings to go far beyond the
evidence afforded by his observations and ex-
periments. I shall take this opportunity of
making a few remarks relating to the principal
points in which I have differed from him. He
was unacquainted with the fact, that the spinal
marrow performs its functions independently of
the brain,* and therefore did not see the difficul-
ty respecting respiration stated by M. le Gallois,
but seems to think that the division of the spi-
nal marrow near the head, occasions death by
preventing the nervous influence of the brain
from reaching the intercostal muscles and dia-
phragm. The want of this knowledge leads
hinr into inaccuracies, both in his observa-
tions on death and other passages; which are
increased by his not being aware, that the sen-
sorial and nervous functions have no direct de-
pendence on each other.t He is led into more

* The independence of the spinal marrow on the brain,
as far as relates to its power over the muscles of voluntary mo-
tion, appears from the experiments of M. le Gallois; and as far
as relates to secretion, from experiments laid before the reader
in the second section of the seventh chapter of this Inquiry.

+ It appears, however, from various facts, as [ have al-
ready had occasion to observe, that neither of these classes of
functions is confined either to the brain orspinal marrow ; both
organs partaking of both, although the brain is the chief seat
of thesensorial, and the spinal marrow of the nervous functions,



238

obvious errors, as far as I amn capable of judg-
ing, in various parts of his works, particularly
in those which relate to the passions and the
death of the brain, by his not knowing that the
heart and blood vessels may be directly in-
fluenced, and even their power directly destroy-
ed, by agents acting either on the brain or
spinal marrow ; and by his supposing that the
ganglions are capable of preparing nervous in-
fluence independently of the brain and spinal
marrow, a supposition which we have seen con-
tradicted by many experiments, and which
Bichat does not attempt to support by any ob-
servation or experiment directly bearing on the
point.

These circumstances have even led him into
the most striking inconsistencies in his great di-
vision of the functions into organic and animal.
If the experiments which have been laid be-
fore the reader be correct, the sensorial fune-
tions constitute the animal, and the nervous
and muscular the organic life. To this, it may
- be objected, that plants and the less perfect
animals have no nervous system. Would it
not be more correct to say, that the operation
of their nervous system is more confined ?
Wherever secretion is performed, the nervous
influence, or a power resembling it, must exist.
In order that a being possessed of the nervous
and muscular systems alone, may live in perfect
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vigour, it is only necessary, provided it be sup-
plied with food, that respiration should be per-
formed as circulation is, by powers of involun-
tary motion. A being so formed, though pos-
sessed of all the powers of life, would be wholly
unconnected with the external world, except
by deriving its food from it; all other inter-
course with that world depending on the sen-
sorial power. Such is the life of vegetables,
and we have reason to believe, that that of the
lowest class of animals differs from it in little
else than degree.* An animal of this class
approaches as nearly, as facts will allow us
to suppose, to one possessing merely organic
life, according to Bichat's definition of it; yet,
in the second section of his sixth article, he
maintains, that every thing relative to the pas-
sions belongs to the organie life ; an inconsis-
tency which alone is sufficient to prove a radi-
cal defect in his system. Can the passions
belong alone to that life in which they
never can be excited, in which they never can
operate! Even according to Bichat’s definition

* I do not mean to say that the change eflected on the
air by plants is of the same nature with that effected by ani-
mals, or that they pussess a circulation similar to that of ani-
mals; but we know that air is necessary to their existence,
that some change in it is effected by them, and that in their
vessels or canals there is a continual motion of their ftuids.
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of organic life, it is common to the animal and
vegetable world.

No writer, as far as I know, has attempted
to explain the following difficulty respecting
the feetal state. The influence of the brain
and spinal marrow, we have seen, is necessary
to the function of secretion, and consequently
to the life and growth of the body; but feetuses
have been born alive without either of these
organs.* T'o remove this part of the difficulty
it has been said, that in such feetuses the nerves
perform the functions of the brain and spinal
marrow. This is not only a gratuitous sup-
position, but opposed by almost every fact on
the subject relating to the perfect animal. 1f,
however, we admit this supposition, it will go
but a very short way towards removing the
difficulty. How shall we account for the life
and growth of the feetus, when the whole nerv-
ous system appears an inorganised substance,
and, as far as we can see, wholly incapable of
its functions ; while the sanguiferous system ap-
pears to be completely organised, and capable
of all its functions? Nay, the heart may be seen
performing its functions in the chick iz ovo when
no vestige of brain or spinal marrow can be

* Page G1.
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traced. What in all these cases supplies the
place of nervous influence? What influence
co-operates with the sanguiferous system in
effecting the secretions ? Did the evolution
of the brain and spinal marrow in the forma-
tion of the animal keep pace with that of the
sanguiferous system, a difliculty of some weight
would still remain. If the sanguiferous and
nervous systems be co-existent, the formation
of the animal must begin at more than one
point, a supposition contrary to the simplicity
observed in the operations of nature.

The experiments which have been laid be-
fore the reader do not explain these difficulties;
but they suggest an explanation of them, the
accuracy of which must be ascertained by
farther experiments. If the nervous influence
be galvanism, there may be some apparatus
in the uterine system for collecting and apply-
ing this agent, which is every where diffused, till
the brain and spinal marrow can perform their
functions, and which may continue to supply
their place where they never exist. We have
seen that galvanism is capable of performing
all the functions of the nervous system, pro-
perly so called. In combination with the
powers of circulation it can, therefore, perform
all the functions essential to the life of the
perfect animal except respiration, to which, we
have seen, the sensorial power is necessary. It

R
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is worthy of remark, that this 1s the only func-
tion, immediately essential to life in the perfect
animal, which does not exist in the feetal state.

We have seen, that in dying the sensorial
powers are the first which cease, their con-
tinuance seeming to require the most perfect
co-operation of the sanguiferous and nervous
powers. For the same reason they appear to
be the last which are formed.

If the foregoing view of the subject should
on investigation be found correct, we must re-
gard the rudiment of life as confined to the
central part of the circulation, from which, by
the power of galvanism, collected by some
mmeans external to the feetus, all other parts are
gradually evolved, till within the feetus itself a
calvanic apparatus of suflicient power for the
performance of thenervoustunctionsisproduced;
the sensorial functions appearing to be superad-
ded when all the others approach to their per-
fect state.

A difficulty similar to that we have been
considering exists respecting the lowest class
of animals in which no nervous system can
be discovered, and vegetables. Both of these
classes of beings must necessarily possess the
secreting power. It is requisite to the forma-
tion and growth of their bodies; and Mr.
Hunter found that the most imperfect animals
are capable of occasioning an evolution of
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caloric. Is it probable that, in a more advanced
state of knowledge, we shall find in these
beings means of collecting and applying gal-
vanism !

CHAP. XI.

A review of the inferences from the preceding
experiments and observations.

From the various experiments and observa-
tions which have been laid before the reader
it appeans,

1. That the vessels of circulation possess a
power capable of supporting a certain motion
of the blood independently of the heart. Exp.
24, b, 6.

2. That the power both of the heart and
vessels of circulation is independent of the
brain and spinal marrow. Exp. 1, 2, 3, 4, b,
6; 8,910 11,.12, 13

3. That the nervous influence is capable of
acting as a stimulus both to the heart and ves-
sels of circulation. Exp. 14, 15, 16, 17, 18,
23, 26, 27, 28,

4. That the nervous influence is capable of
acting as a sedative both to the heart and ves-

R 2
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sels of circulation, even to such a degree as to
destroy their power. Exp. 16, 17, 18, 19, 20,
21, 22, 26, 27, 28, 29, 30.

h. That the effect of the sedative is not the
result of the excess of stimulus, but, like ex-
citement, the direct operation of the agent.
See the observations after Exp. 40, and the
experiments there referred to.*

6. That the power of the muscles of volun-
tary motion is independent of the nervous
system, and that their relation to this system
is of the same nature with that of the heart
and vessels of circulation, the nervous power
influencing them in no other way than other
stimuli and sedatives do. Exp. 31, 32, and the
observations under Exp. 32.

7. That the cause of the muscles of volun-

tary and invﬂlﬁ?ntury motion appearing at first -

view essentially to differ in their nature, is their
being excited by stimuli essentially different,
the former being always excited by the nervous
influence, the latter though occasionally ex-
cited by this influence in all their usual func-
tions obeying other stimuli. See the observa-
tions under Exp. 32.

8. That the brain and spinal marrow act,

* A moderate application of every agent appears to act
as a stimulus, an excessive application of it, as a sedative.
The quantities which act as stimulus and sedative bear no
particular proportion to each other, but in different agents
exist in every possible proportion,
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each of them, directly on the heart as well as
on the muscles of voluntary motion. Exp. I8,
19, 23.

9. That the laws which regulate the effects
of stimuli applied to the brain and spinal mar-
row on the heart and muscles of voluntary
motion are different. Exp. 33, 34, 35, 36, 37,
38, 39, 40.

10. That mechanical stimuli applied to the
brain and spinal marrow are better fitted to
excite the muscles of voluntary motion, and
chemical stimuli the heart. Exp. 33, 34, 35,
36, 37, 38.

11. That neither mechanical nor chemical
stimuli applied to the brain and spinal mar-
row excite the muscles of voluntary motion,
unless they are applied near to the origin of
their nerves, and consequently that these mus-
cles are excited by stimuli applied to very
minute parts of the above organs. Exp. 33.
35, *3%:

12. That both mechanical and chemical
stimuli applied to any considerable part of the
brain or spinal marrow increase the action of
the heart, which cannot be increased by any
stimulus applied to a minute part of these or-
gans. Exp. 34, 36, 38, 41, 42, 43.

13. That the heart obeys a much less power-
ful stimulus applied to the brain and spinal
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marrow than the muscles of voluntary motion
do. Exp. 3b, 36, 37, &c. and observations
after Exp. 43.

14. That stimuli applied to the brain and
spinal marrow excite irregular action in the mus-
cles of voluntary motion. Exp. 33, 35, 37.

15. That no stimulus applied to the brain or
spinal marrow excites irregular action in the
heart or vessels of circulation, nor is their action
rendered irregular by sedatives, unless a blow,
which crushes a considerable part of the brain
or spinal marrow, be regarded as a sedative.
Exp. 28, 39, &c.

16. That the excitement of the muscles of
voluntary motion takes place chiefly at the
moment at which the stimulus is applied to the
brain and spinal marrow, while that of the
heart may generally be perceived as long as
the stimulus is applied. Exp. 40.

17. That after all stimuli applied to the brain
and spinal marrow fail to excite the muscles of
voluntary motion, both mechanical and che-
mical stimuli so applied still excite the heart.
Exp. 38.

18. That all the foregoing differences in the
effects of stimuli applied to the brain and spinal
marrow on the heart and muscles of voluntary
motion are referable to the following law:
That the heart is excited by all stimuli ap-
plied to any considerable part of the brain or



247
spinal marrow, while the muscles of voluntary
motion are only excited by intense stimuli ap-
plied to certain small parts of these organs.
See the observations under Exp. 43.

19. That the function of secretion is de-
stroyed by dividing the nerves of the secreting
organs. Exp. 44, 45.

20. That it may be restored after it is thus
destroyed by the galvanic influence. Exp. 46,
47, 48, 49.

21. That lessening the extent of the nervous
system by destroying the influence of any con-
siderable part either of the brain or spinal
marrow, deranges the secreting power. Exp.
58, 59, 60, 61, 62.

22. That dividing the spinal marrow does
not derange the secreting power. Exp. 63.
~ 23. That the vessels of secretion only con-
vey the fluids to be operated upon by the nerv-
ous influence. See Cap. 5. Sec. 3, and the
experiments there referred to.

24. That these vessels, like the vessels of
circulation, are independent of, but influenced
by, the nervous system. Ib. |

25. That the peristaltic motion of the sto-
mach and intestines is independent of the -
nervous system. Exp. 50. 51.
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26. That it is capable of being influenced
through it. See the beginning of Chap. 7.

927. That in the stomach of the rabbit, and
probably in that of similar animals, the food
when received into the stomach remains at rest
in the central part of this organ, and unmixed
with the food previously taken; and that it is
changed in proportion as it approaches the
surface of the stomach, in consequence of that,
previously there, being moved on towards the
pylorus. Exp. b3, b4, 56.

28. That the food is most mixed with the
fluids of the stomach, and the greatest change
is effected in it in the cardiac end of the sto-
mach. Exp. 56.

29. That the food is much dryer and of a
more uniform consistence, its digestion being
further advanced, in the pyloric than in the
cardiac end of the stomach. See Exp. b5, and
the observations under it.

30. That the efforts to vomit occasioned by
the division of the eighth pair of nerves, arise
from fresh food coming into contact with the
surface of the stomach, no longer covered with
its proper fluids. See the observations near
_the end of the first Section of Chap. 7, and the

., experiments there referred to.

31. That the muscular power of the stomach
remains after the division of the eighth pair of
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nerves, by which all that part of the food which
has undergone the action of the gastric juice
is carried into the intestine, undigested food
alone remaining in the stomach. 1b.

32. That the secreting power of the stomach
is almost as much deranged by destroying a
considerable part of the spinal marrow, as by
dividing the eighth pair of nerves. Exp. s,
59, 60.

33. That a similar observation applies to the
secreting power of the lungs. Exp. 44, 45, 49.

34. That the stomach and lungs, like the
sanguiferoussystem, areinfluenced by everypart
of the brain and spinal marrow. Exp. 44, 45,
58, b9, 60, 61, 62,

35. That the destruction of any considerable
part of the spinal marrow lessens the tempera-
ture of the animal. Exp. 58, 59, 60.

36. That the galvanic influence occasions an
evolution of caloric from arterial blood, if it
be subjected to this influence as soon as it leaves
the vessels. Exp. 64, 65, 66, 67.

37. That the galvanic influence occasions no
evolution of caloric from venous blood, al-
though subjected to it as soon as the blood
leaves the vessels. Exp. 68, 69, 70.

38. That there is no evolution of gaseous
fluid from arterial blood on its leaving the
vessels. Exp. 71,
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39. That, if caloric be admitted to be a sub-
stance, its evolution from the blood being ef-
fected by the same means by which the secreted
fluids are formed, it must be regarded as a secre-
tion. See the observations under Exp. 70, and
page 228.

40. That the division of the spinal marrow
does not destroy any of the functions of either
half of it, (22) the paralysis of the lower part
of the body, occasioned by its division, arising
from that part having its communication with
the principal source of sensorial power destroy-
ed. See Exp. 63, and the observations on the
sensorial power in Chap. 10.

41. That the ganglions are a secondary cen-
tre of nervous influence, whose nerves are as ex-
tensively distributed as those which proceed
from the brain and spinal marrow. See
Chap. 9.

42. That the ganglions are the means by
which the influence of every part of the brain
and spinal marrow is bestowed on the parts,
which we have found influenced by every part
of these organs. See Chap. 9, and the ex-
periments there referred to.

43. That the influence of every part of the
brain and spinal marrow is bestowed on all
parts directly or indirectly necessary to the due
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performance of secretion, this function requir-
ing the influence of every part of these organs
(21). Exp. 44, 4b, b8, b9, 60, 61, 62.

44. That the position of the ganglions and
the distribution of their nerves tend to confirm
the view of their use afforded by the above ex-
periments. See Chap. 9.

45. That we have reason to believe, that the
great sympathetic nerve arises from the spinal
marrow.* Ibid.

46. That the proof of the vessels possessing
a principle of motion independent of their elas-
ticity, which bears the same relation to the

* This position does rot rest as M. le Gallois maintains on
the fact, that crushing any considerable part of the spinal mar-
row destroys the power of the heart, while the removal of the
brain leaves it unimpaired, because the reader has seen that
crushing the brain in like manner destroys the power of the
heart, which remains uninfluenced by the removal of the
spinal marrow.

It appears to rest on the fulluwing circamstances. The
sympathetic nerve is largest about the middle of the spice, be-
coming less as it ascends and descends. 'We have found from
direct experiment that the thoracic and abdeminal viscera are
influenced by every part of the spinal marrow, which can only
be through the medium of this nerve, the influence of the
brain on the other hand, as appears also from direct experiment,
being conveyed to these viscera by the eighth pair of nerves,
Bichat found that the effects of dividing the eighth pair of
nerves in the neck are not increased by dividing in the same
place the great sympathetic nerve. See Chap. 9.
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nervous system with the excitability of the
heart ; not only as far as respects the kind of
influence which they derive from that system,
(43) and the way in which it is supplied to
them, (42) but also as far as respects the pur-
poses for which it seems to be bestowed on
them, (43) aflords a strong argument for be-
lieving, that this power is of the same nature
with that of the heart. See the Experiments
related in the two first Chapters of the pre-
sent part of this Inquiry, also Exp. 39, 44, 45,
a8, 59, 60, 61, 62, and Chap. b, Sec. 3, and
Chap. 9.

A47. That the various functions of the animal
body may be divided into sensorial, nervous,
and muscular, See Chap. 10, and the experi-
ments there referred to.

48. That the sensorial power is not wholly
confined to the brain, nor the nervous to the
spinal marrow, both powers in a greater or less
degree residing in both organs. See Exp. 72,
and the observations which precede and fol-
low 1.

49, That the division of the brain into cere-
brum and cerebellum seems to relate to the
sensorial functions, since the muscles both of
voluntary and involuntary motion appear to
bear the same relation to both. Exp. 33,34,
35, 36.
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50. That what we call death is the ceasing of
the sensorial power alone, the nervous and mus-
cular powers still continuing. Exp. 73, T4, 75,
76, 77,78, 79, 80, 81, 82, 83, and the observa-
tions preceding and following these experiments.

b1. That in the function of respiration the
sensorial, nervous, and muscular powers are
combined. Sce the observations after Exp.
83, and the experiments there referred to.

52. That it is owing to the ceasing of respi-
ration, thatthe destruction of the sensorial power
is followed by that of the nervous and muscular
powers. Ibid.

b3. That whatever be the cause of death the
functions cease in this order, unless the sensorial
or nervous system be so impressed as instantly
to destroy all the functions. 1bid.

Sucharethe immediate inferencesfrom the ex-
periments and observations which have been laid
before the reader. Bycomparing them together
we arrive at the following conclusions.

The power of the muscles both of voluntary
and involuntary motion is independent of the
nervous system, and arises from the mechanism
of the muscular fibre itself. Both these sets of
muscles are equally capable of being excited by
the nervous influence, but while this influence
is the sole stimulus to which the muscles of vo-
luntary motion are subjected, it acts only oceca-
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sionally on the muscles of involuntary motion,
which are excited in all their usual actions by
stimuli independent of it, and consequently
of the will. When the latter muscles are ex-
cited by the nervous influence, it is not applied
to them in the same way as to the muscles of
voluntary motion, to which it is sent directly
from the brain and spinal marrow, each musele
receiving its nervous influence from a particular
part of these organs ; while to the muscles of
involuntary motion, it is sent through the great
chain of ganglions, each muscle receiving its
nervous influence from every part of the brain
and spinal marrow,

The excitement of the muscles of involuntary
motion in all their usual functions, appears to
be rendered independent of the nervous influ-
ence, because these functions require a more
uniform excitement than could have been de-
rived from this source ; and they appear to be
subiected to the influence of the whole brain
and spinal marrow, because they are directly or
indirectly subservient to the function of secre-
tion, which requires for its due performance the
influence of every part of these organs ; for the
nervous influence is not supplied by the brain
alone, the spinal marrow supplying a necessary
part of it, and that independently of any opera-
tion of the brain on this organ.

In the function of secretion, the sanguiferous
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system appears only to supply the fluids to be
operated upon by the nervous influence ; and
the evolution of caloric, which supports animal
temperature, is also effected by the action of this
influence on the blood.

We have reason to believe that the ner-
vous influence is the galvanic fluid, collect-
ed by the brain and spinal marrow, and sent
along the nerves; galvanism being, not only
of all artificial means of exciting the muscles,
that which seems best adapted to this purpose,
but capable of both forming the secreted fluids,
and causing an evolution of caloric from the
blood, after the nervous influence is withdrawn.*

The nervous power is not more distinet from
the muscular, than it is from the sensorial power.
We find the first capable of its functions after
the last is withdrawn.

The only function essential to animal life, in
which the sensorial power is concerned is respi-
ration, and consequently it is by the interrup-
tion of this function that the removal of the

* Ifsuch be the facts, we must either admit the identity of
the nervous influence and galvanism, or that there is another
power capable of the more complicated as well as the more
simple functions of the nervous influence, an inference
which is surely at variance with all just rules of reasoning. [
have in various parts of the preceding inquiry had occasion to
mention additional arguments in fayour of the former opinion,
(See Page 130, 147, &c.) and in the next chapter the reader
will find some facts relating to the human body itself tending
to support it
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sensorial power proves fatal, except where the
sensorium is so impressed as immediately to de-
stroy all the functions.

The sensorial power appears to be the last
which is produced, and the first whose opera-
tion ceases.

The foregoing conclusions seem to reconcile
all the apparent contradictions stated in the
first part of this inquiry.

The heart continues to act for some time after
it is removed from the body, and performs its
functions in the feetal state when neither the
brain nor spinal marrow has existed ; because it
has no direct dependence on the nervous system,
and is only influenced by the removal of the
brain and spinal marrow in the perfect
animal, in consequence of the failure of re-
spiration.*

The heart is supplied with nerves, and sub-
ject to the influence of the passions, because,
although independent of the nervous system, it
is capable of being influenced through it.

* It is evident from what has been said, that could
we perfectly imitate the function of respiration after the remo-
val of the brain and spinal marrow, the heart would soon begin
to feel the effects of the general failure of the secreting power;
the failure of the secreting power. in the lungs, indeed, as I
have already had occasion to observe, probably constitutes
one of the chief differences between natural and artificial
respiration. '
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Thus, when we remove the brain and spinal
marrow, the action of the heart is unimpaired,
because itis independent of theseorgans. When
we crush them it is enfeebled or destroyed, be-
cause it is influenced through them; and the
greater the portion destroyed, and the more
sudden its destruction, the greater injury the
heart sustains. These facts reconcile the ap-
parent contradictions in the experiments of M.
Le Gallois.

The heart is independent of the will, because
it is exposed to the constantly renewed action
of a stimulus, over which the will has no con-
troul ; and because there is no act of volition
which ess be performed throngh the medium of
the heart.

The function of the stomach is destroyed by
withdrawing the influence of the brain or spinal
marrow, while that of the heart is unimpaired,
because the function of the heart depends
wholly on the muscular power, which we have
found in every part of the body independent of
the nervous influence, while the function of the
stomach chiefly depends on the secreting power,
which we have found every where dependent on
this influence. As far as the function of the sto-
mach is muscular, it also continues after the
nervous influence is withdrawn.  The digested
part of the food is still carried onwards into the
intestine,

Coes /49}
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The difficulties stated by M. Le Gallois re-
specting the function of respiration, seem ‘to
disappear when it is admitted, that although the
muscular and nervous powers, concerned in this
function, are, as M. Le Gallois states them to
be, independent of the brain, the sensorial
power is here necessary to call them into ac-
tion ; and that the lungs, being chiefly supplied
with nerves from the eighth pair, the sensorial
power must, as far as regards them, cease, when
that part of the medulla oblongata, from which
these nerves originate, and to which all impres-
sions communicated through the spinal marrow
must also be sent, is destroyed. The powers
of respiration remain after decapitation, but
the sensation which excites the animal to call
them into action is gone.

CHAP. XIL

On the application of the foregoing experiments
and observations to explain the nature and im-
prove the treatment of diseases.

A considerable length of time alone can shew
how far the principles, which seem to be esta-
blished by the experiments laid before the rea-
der in the preceding inquiry, may tend to im-
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prove the knowledge and treatment of diseases.
It is my intention, in the present chapter, to
point out in what instances they at first view
appear to promote these ends. 1 shall begin
with the diseases which arise chiefly from a fault
in the sanguiferous, afterwards making some
observations on those whose cause chiefly exists
in the nervous system. I use the qualifying
words of the preceding sentence, because there
is hardly any disease of the sanguiferous, whose
symptoms do not in some degree depend on the
state of the nervous system ; and on the other
hand, in almost all the diseases of the latter,
the sanguiferous system is more or less affected.
It is evident, however, from a review of the
symptoms of these two sets of diseases, that the
nervous more amply partakes of the affections
of the sanguiferous system, than the sanguifer-
ous of those of the nervous system. The cause
of which is sufficiently evident. We have found
that the circulation is immediately necessary
to the functions of the brain and spinal marrow,
but that those of the heart and blood vessels
may go on for a certain length of timne after the
former organs have ceased to exist, having only
on these organs an indirect dependence through
the functions of respiration and secretion.*

Of the diseases of the sanguiferous system

* See the experiments related in the first chapter of this

part, and chap. 10,
g9

|
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there are some in which the foree of the circu-
lation is diminished, so that the due supply of
blood to the brain fails, producing, according
to the degree in which this happens, various
symptoms of debility or complete syncope ; and
others, in which the vessels of this organ are
distended with more than their due proportion
of blood, either in consequence of the increas-
ed action of the heart and large vessels, or of
the vessels of the brain being so far weakened
that their power of resistance is not in due pro-
portion to the usual vis a tergo. The two last
states produce the same train of symptoms, ex-
~cept that in the former the symptoms of a mor-
bidly increased impetus of the blood through-
out the system are more considerable.* The
species of apoplexy which I have been con-
sidering is very different from that which I shall
soon have occasion to speak of, in which the

* I shall not here enter on the question how far more blood
can exist in the encephalon at one time than at another; but
only observe that, however incompressible the brain, and im-
movable the parietes of the head, may be, if the brain is com-
pressed by an increased force of circulation,there must then be
more blood, however little, in the encephalon than when the
brain is not compressed ; and when we consider how many
openings there are in the scull, filled only by soft medullary
matter, we may easily perceive why there may exist within
the scull very evident accumulations of blood, without corre-
sponding depletion in some other parts of it, the necessity
of which certain anatomists have maintained.



261

cause originates in the brain itself. These spe-
cies, we shall find, are frequently combined,
but when apoplexy, from compression, exists
alone, the brain seems to re-act but little on the
sanguiferous system. Itis observed above, that
I found by experiment, that considerable uni-
form pressure of the brain produces little or no
effect on the motions of the heart.*

Of Sanguineous Apoplexy.

The only change which, in this species of
apoplexy, appears to take place in the action
of the heart, is, that it becomes slow and op-
pressed, as if acting against a stronger opposing
force, and consequently with greater effort than
usual. This is easily accounted for by the cir-
culation through the lungs becoming more dif-
ficult, owing to the museles of respiration being
less readily called into action in proportion as
the insensibility increases, and the vessels of
the pulmonary system being less powerfully sti-
mulated in proportion as the blood less per-
- fectly undergoes the change effected by the air,
But this is not the only change which takes
place in the lungs in apoplexy. They soon be-
gin to be clogged with phlegm, which, in pro-
tracted cases, more than the lessened action of
the muscles of respiration at length appears to

* Exp. 18.
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occasion suffocation. 'This is readily explained
by the experiments which have been laid be-
fore the reader, from which it appears, that when
a considerable portion of the nervous influence
is withdrawn from the lungs, the fluids destined
to form their secretions, being no longer pro-
perly changed, accumulate in them till the air-
cells and bronchial tubes are so clogged that
their function is at length wholly destroyed.*
Now in those cases of apoplexy, in which the
brain is so oppressed that the various organs
are deprived of a great part of their nervous in-
fluence, but not sufficiently oppressed imme-
diately to put a stop to the action of the mus-
cles of respiration, the above change necessarily
takes place in the lungs; and as they are of
more immediate importance to life than any
other organ whose function directly depends on
the nervous system, this derangement of the
lungs is here the cause of death. We see the
patient to the last endeavouring to breathe
through the phleem which clogs them and at
length produces suffocation.

If such be the immediate cause of death in
sanguineous apoplexy, we have reason to be-
lieve, from experimentst which have been laid
before the reader, that by passing a stream of
galvanism through the lungs they may be ena-
bled to perform their functions for a longer time

* Exper. 44, 45. + Exper, 46, 47, 48, 40.
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than without this aid, and thus the life of the
patient for a certain time preserved. There 1s an
evident limit to this effect of galvanism. It is
only while the sensibility continues such as to in-
duce the patient to expand his chest to a certain
extent and with a certain frequency that advan-
tage can arise from it. Whatever be the sup-
ply of nervous influence in the lungs, if the air
is not admitted with sufficient frequency the
proper changes, it is evident, cannot go on.
Galvanism, under these circumstances, must
fail to relieve the breathing, having no other
effect but that of a stimulus in promoting the
sensorial functions.*

On employing galvanism in apoplexy, I had
the satisfaction to see the foregoing observa-
tions confirmed. After the rattling breathing
had come on, and the patient seemed about to
be suffocated ; he was at least a dozen times
made to breathe with ease, the accumulation of
phlegm gradually disappearing on the applica-
tion of galvanism, by which his life was evi-
dently prolonged. The inspirations about an
hour and an half or two hours before death, be-
coming very imperfect, and less frequent, the
galvanism failed to relieve him. The relief ob-
tained, as may be supposed from what has been
said, was always of very short duration, the
breathing sometimes becoming oppressed as

* See the observations on the office of the sensorial power
in respiration in chap. 10.
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soon as the galvanism was discontinued. T di-
rected it never to be applied for more than ten
minutes at a time, and no greater power to be
employed than what I had found a person in
health could bear without inconvenience. It
appears from the experiments which have been
laid before the reader, that a long continued and
powerful application of galvanism excites in-
flammation. Its proper use in the case before
us will appear from what I shall have occasion
to say of asthma and suspended animation.

It is evident, from the above observations, that
the use of galvanisin is not suggested as a means
of cure in apoplexy; but it will always, 1 believe,
in the species of this disease which we are con-
sidering, prolong the patient’s life; and may
thus, under certain circumstances, by giving
more time for the use of those means which
tend to remove the cause of the disease, be in-
directly the means of saving it. |

Such are the observations which are suggest-
ed by the experiments which have been laid be-
fore the reader, respecting the action of the
heart and the state of the breathing in sangui-
neous apoplexy. The character of this species
of apoplexy seems evidently to arise from the
power of the heart being independent of the
brain, so that the action of the former seems to
be no otherwise affected by the state of the lat-
ter, than necessarily arises from impeded respi-
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ration.* These observations, we shall find, by
no means apply to all species of apoplexy.

With regard to the other symptoms of san-
guineous apoplexy, we have seen it proved by
direct experiment, that the loss of power in the
limbs does not here arise from any change hav-
ing taken place in their muscles, whose power
seems equally unimpairedt with the museles of
involuntary motion ; but from the nervous in-
fluence, the only stimulus of the former, being
no longer applied to them. The urine and
feeces often pass involuntarily, not that any
change is produced in the sphineters of the
bladder and rectum, but because these being
muscles wholly of voluntary motion,} although
they still retain that degree of contraction which
constitutes their state of rest, when the pressure
from within increases, as all stimulus supplied
to them by the powers of volition is withdrawn,
they yield to this pressure.

The species of apoplexy which we have been
considering, is the most favourable. By the
abstraction of blood the brain is relieved from
pressure, and its functions are restored, and
continue, unless, as frequently happens, espe-
cially where the patient has suffered from pre-

* Page 220 & seq. + Exper. 32, and p. 102,
1 Observations similar to those whieh have been made
respecting the muscles of inspiration apply to the sphincters.
Page 231 & seq.
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vious attacks of the disease, the vessels again
yield to the vis @ tergo. We thus often see the
symptoms relieved by blood letting, but soon
recur, and continue to do so till the powers of
the constitution are exhausted.

There are two species of apoplexy, pro-
ceeding from the same cause with the disease
we are considering, but very different both in
their nature and progress; 1 mean those in

which the distention of the vessels has occa-
sioned rupture, or an effusion of serum. These

cases, of a much more fatal tendency, are dis-
tinguished from those of mere distention, with
great difficulty. The only diagnostics on which
it has appeared to me we can rely are, that in
the two first cases, particularly in the first,
the symptoms generally encrease more rapidly
than in apoplexy from mere distention, and are
little, if at all, relieved by blood letting. That
form of serous apoplexy, which is the effect of
general debility, and takes place with little or

no congestion of the vessels of the brain, may,

for the most part, be distinguished by the
habit of the patient, and by the tendency to ef-
fusion in other parts. To enter further on
these cases, and the diagnosis between them
and the different forms of hydrencephalus,
would be foreign to my present purpose. I
have enumerated them that the reader may the
more clearly understand what 1 mean by ner-
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vous apoplexy, on which I shall soon have oc-
casion to make some observations.

It will be necessary here to say more of ano-
ther affection of the head which insensibly runs
into apoplexy from distention. I mean phrenitis.
In both we find the vessels of the brain pre-
ternaturally distended, and in many cases can
detect no other morbid appearance ; yet their
nature must essentially differ. In the one, the
patient often resembles a furious maniac, while
insensibility is always the characteristic of the
other. This subject leads me to consider the
most important of all the diseases of the san-
guiferous system, perhaps I may say, of all
the diseases to which we are liable.

Of Inflammation.

I endeavoured many years ago to ascertain
the state of the vessels in the various stages
of inflammation, both in the warm and cold
blooded animal, by observing them with the
assistance of the microscope. After stating
briefly the points which appear to be ascer-
tained by these experiments, a detailed account
of which, I have already had occasion to ob-
serve, is given in the Introduction to the second
part of my treatise on Febrile Disease:
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I shall endeavour to ascertain from the result
of experiments which have been laid before
the reader in the preceding Inquiry, what
share the nervous system has in producing the
symptoms of this disease.

In the first experiment on the vessels, the
inflamed web of the foot of a frog was brought*
before a microscope ; and it was observed, that
where the inflammation was greatest, the ves-
sels were most distended, and the motion of
the blood was slowest. The distension of the
vessels which in the healthy state admit only
the colourless part of the blood was apparent,
for a much greater number of vessels admitted
the red particles in the inflamed than in the
sound part, and the interstices of the inflamed
vessels appeared more opake, either from the
enlargement of innumerable small vessels, still
too small to admit the grosser parts of the
blood, or from an effusion of its more colour-
less parts.* With a view to excite the vessels
of the inflamed part, 1 wetted it with spirits,
and directed on it the concentrated rays of the
sun' from the concave reflector of the micro-

* Dr, Lubbock and Mr, Allen, without having made any
experiments on the subject, and guided merely by the pheno-
mc'na_ of the disease, maintained, about the year 1790, that
i~flammation arises from a debility of the vessels of the part.
f‘:(lﬂ'lﬂ hints of this opinion are to be found in writings of an
earlier date, but the above gentlemen, in the discussions of
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scope. In proportion as I succeeded by these
means in increasing the velocity of the blood,
the diameters of the vessels were diminished,
their interstices became more transparent, and
the appearance of inflammation was in the
same proportion lessened.

In the second experiment 1 observed the in-
flammation from its commencement. The fins
and tail of the lampern became inflamed by
exposure to air. By bringing the former be-
fore the microscope, I observed the circulation
became more languid and the vessels enlarge
as the inflammation came on. The motion of
the blood in the most inflained parts at length
ceased altogether. By gentle friction and the
application of distilled spirits, I repeatedly sue-
ceeded in accelerating the motion of the blood
in the inflamed parts. In proportion as this
happened, the vessels became paler, and the
inflammation was evidently diminished.

These experiments having been made on the
cold blooded animal, the mesentery of the
rabbit was chosen for the subject of the next
experiment. The result was still the same. As
soon as the inflammation began, the vessels

the Medical Society of Edinburgh, were the first who hmugl.'lt
it forward in a connected form. Neither, as far as | know,
has published any thing on the subject; I cannot, l.herefm'e,
say how far their sentiments, in the detail of the opinion,
correspond with mine,
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began to enlarge, and the motion of the blood
became languid ; these changes going on till
in the most inflamed parts the vessels were en-
larged to several times their original diameter,
and the motion of the blood ceased altogether.
I repeatedly occasioned debility of the capil-
laries of particular parts ot the mesentary by
irritating them, and thus saw inflammation
rapidly excited by the wis a tergo distending
the debilitated vessels.

It appears from these experiments that the
state of the smaller vessels in an inflamed part
is that of preternatural distension and debility.
That of the larger vessels may be ascertained
without the aid of the microscope. We readily
perceive on viewing an inflamed membrane,
that they do not suffer a similar distension, and
the increased pulsation of the arteries suffici-
ently evinces their increased action. In in-
flammatory affections of the jaw and the head
for example, a greatly increased action of the
maxillary and temporal arteries is readily per-
ceived by the finger. It is to be observed,
however, that, although inflammation, as was
evident from the foregoing experiments, begins
in the capillaries, if it continues, the circula-
tion in the smallest vessels becoming very lan-
ouid, those immediately preceding them in the
course of circulation begin to be distended and
consequently debilitated. Thus when the lam-
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pern was first exposed to the air, the inflam-
mation in the fins and tail assumed the appear-
ance of a slight blush, in which it was difficult
with the naked eye to discover any vessels ;
but after some time had elapsed, vessels of a
considerable size were seen passing through the
inflamed parts. It is evident that this cannot go
very far, because when the arteries preceding
the capillaries have lost their power, the cir-
culation is no longer in any degree supported
in the latter, and gangrene Soon ensues.

The difference between what is called active
and passive inflammation seems to depend on
the degree in which the arteries supplying the
vis a tergo to the debilitated vessels are excited.

In short, inflammation seems to consist in the
debility of the capillaries, followed by an in-
creased action of the larger arteries; and is ter-
minated by resolution, when the capillaries are
so far excited, and the larger arteries so far
weakened by the preternatural action of the
latter, that the power of the capillaries is again
in due proportion to the vis a tergo.

Thus far, I cannot help thinking, the nature
of inflammation appears sufficiently evident.
The motion of the blood is retarded in the ca-
pillaries in consequence of the debility induced
on them, an unusual obstacle is thus opposed
to its motion in the arteries preceding
them in the course of circulation, which are



212

thus excited to increased action, Several diffi-
culties, however, remain, on which the experi-
ments just related throw no light. Why does
a failure of power, of small extent in the capil-
laries of a vital part strongly excite not only
the larger arteries of the part affected, but those
of the whole system ; while a more extensive de-
bility of the capillaries of an external part ex-
cites less increased action in the larger arteries
of that part, and often none at all in those of
the system in general 7 Why does inflammation
often move suddenly from one part to another,
when we see no cause either increasing the ac-
tion of the capillaries of the inflamed part or
weakening those of the part now affected ? Why
does inflammation often arise in parts only
sympathetically affected, and consequently far
removed from the offending cause? Why is
inflammation often as apt to spread to neigh-
bouring parts, between which and the part first
affected there is no direct communication of
vessels, as to parts in continuation with that
part ?

« These phenomena, it is evident, are refer-
able to the agency of the nervous system, and
seem readily explained by the experiments
which prove that the effects of both stimuli
and sedatives acting through this system are
felt by the vessels, and that, independently of
the intervention of any effect produced on the
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heart.* Thus the irritation of the nerves of the
inflamed part may excite the larger arteries of
this part, or of distant parts, or of the whole san-
guiferous system. It will, of course, be most
apt to do so where the irritation excited by the
inflammation is greatest, and consequently in
the more important vital parts. It cannot ap-
pear surprising that inflammation should sud-
denly cease in one part and attack another,
when we know that the nerves are capable of
exciting to due action the capillaries of the one
part, and in the other of impairing the vigour of
those which have not yet suffered. In the same
way we account for parts only sympathetically
affected becoming inflamed, and for inflamma-
tion readily spreading to neighbouring parts,
which always sympathise, although there is no
direct communication between them, either of
vessels or nerves.

From the foregoing view of inflammation
the principles on which its treatment is founded
are obvious. All the local means are calculated
either to lessen the contents of the morbidly dis-
tended vessels, or to excite these vessels to ex-
pel them. The general means are regulated by
the effects produced by the disease on the more
distant vessels, through the medium of the ner-
vous system ; the objects of this part of the

* Exp. 27, 28,
T
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treatment being neither to allow the action of
these vessels to fall solow that it is incapable of
supporting any degree of circulation in the de-
bilitated vessels, nor to become so powerful as
farther to distend by gorging them with blood.
Thus, when the symptoms of active inflamma-
tion run high, we lessen the wis @ tergo, when
gangrene is threatened, we increase it.

When the inflammation is of great extent, or
in a part of great importance, the whole sangui-
ferous system appears, in consequence of the
impression made on it through the nervous sys-
tem, to embrace its contents with greater force
than usual, apparently for the purpose of sup-
porting the circulation in the debilitated part.
Hence appears to arise the hard pulse, from the
degree of which we may generally judge of the
degree of the inflammation.

Mr. Hunter's observations, in his work on in-
flammation, as nearly correspond with the fore-
going view of this disease, as the unassisted eye
and the pre-coneeived opinions, which he had,
in common with the rest of the medical world,
adopted, admit of. * The vessels,” he ob-
serves, “ both arteries and veins, in the inflam-
“ ed part, are enlarged, and the part becomes
“ visibly more vascular, from which we should
“ suspect that instead of an increased contrac-
““ tion, there was rather what would appear an
“ increased relaxation of their muscular powers,
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“ being, as we might suppose, left to the elas-
“ ticity entirely. This would be reducing them
“ to a state of paralysis simply, but the power
“ of muscular contraction would seem to give
way in inflammation, for they certainly dilate
more in inflammation than the extent of the
“ elastic power would allow ; and it must also
“ be supposed that the elastic power of the ar-
tery must be dilated in the same proportion.”
Thus far the reader would suppose that Mr.
Hunter was detailing his observations for the
purpose of supporting the opinion which I have
endeavoured to establish. He proceeds, how-
ever, with the ingenuity which characterises all
his opinions, to an attempt to reconcile the fore-
going appearances with the common opinion of
the nature of inflammation. “ The contents
“ of the circulation being thrown out upon such
““ occasions, would, from considering it in those
lights, rather confirm us in that opinion, and
when we consider the whole of this as a ne-
cessary operation of nature, we must suppose
it something more than simply a common re-
laxation ; we mustsuppose it an action in the
parts to produce an increase of size to answer
particular purposes, and this I should call the
action of dilatation, as we see the uterus in-
“ crease In size in the time of uterine gestation,
“ aswell as the os tinca in the time of labour,
“ the consequence of the preceding actions.
T2
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“and necessary for the completion of those
““ which are to follow.”* The reader will per-
ceive that all the facts recorded in the preced-
ing quotation are in favour of the opinion I
have defended, the explanation alone being in
opposition to it.

A little before Mr. Hunter observes, * as the
“ vessels become larger and the part becomes

“more of the colour of the blood, it is to

“ be supposed there is more blood in the part,
“and.as the true inflammatory colour is scar-
““ let, or that colour which the blood has when
“in the arteries, one would from hence con-
“ clude, either that the arteries were princi-
“ cipally dilated, or at least, if the veins are
“ equally distended, that the blood undergoes
“no change in such inflammation in its pas-
“ sage from the arteries into the veins, which
“1 think most probably the case; and this
“ may arise from the quickness of its passage
“ through those vessels.” How different would
have been Mr. Hunter’'s inferences, if instead
of trusting to the unassisted eye, he had viewed
the inflamed vessels through the microscope.
He could then have seen the blood moving,
and would have found, that instead of its pas-
sage being quickened in the inflamed vessels, it

* Mr. Honter’s Treatise on the Blood, Inflammation and
Gunshot Wounds, p. 282,
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is uniformly rendered slower in proportion to
the degree of the inflammation, and in the
most inflamed parts, stands still altogether.
I have, in the part of my treatise on fevers
above referred to, shewn from several facts as-
certained respecting the colour of the blood,
that, within certain limits, the accumulation of
this fluid in the debilitated vessels of the in-
flamed part necessarily causes the blood to re-
tain the florid colour.

It is worth while to observe the difficulty
which Mr. Hunter experiences in attempting
to explain, on his view of inflammation, the
cause of the throbbing pain of an inflamed
part, which is evidently a necessary conse-
quence of a debilitated and distended state of
the smaller, and inereased action of the larger,
vessels. “ This pain increases,” he observes,
““ every time the arteries are dilated, whence it
“ would appear that the arteries do not con-
“ tract by their muscular power in their systole,
“ for if they did we might expect a consider-
““ able pain in that action, which would be at
“the full of the pulse. Whether this pain
““arises from the distention of the artery by
““the force of the heart, or whether it arises
“ from the action of distention from the force
““ of the artery itself, is not easily determined ;
“we know that diseased muscles give much
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“ pain in their contraction, perhaps more than
““ they do when stretched.”*

Dr. Parry, in his Elements of Pathology and
Therapeutics, takes a view of the nature of
mflammation, as far as I know, peculiar to
himself. He makes the following observations
on the opinion of inflammation, which I had
endeavoured to support in the treatise just re-
ferred to. ° Neither will this conclusion be
““ invalidated were it even proved, according to
““ the opinion of Dr. Wilson, that the velocity
“ of the blood in the vessels of an inflamed
“ part is diminished, unless it be also proved
““ that the velocity is diminished in a greater
 proportion than the quantity is increased.”+
According to Dr. Parry’s view of the nature of
inflammation it consists in an increased mo-
mentum of the blood in an inflamed part. 1
should be happy to consider particularly every
step of the ingenious, though, as it appears to
me, fallacious train of reasoning, by which he
arrives at that conclusion. But as this would
lead into a discussion of considerable length,
I shall confine myself to the statement of such
facts as appear to be incompatible with it.]

As Dr. Parry admits that there is a greater

* Page 287. + Vol. 1, p. 84.
t Some of the observations which I am about to make
were published in the sixth volume of the Medical Repo-

sitory.
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quantity of blood in the vessels of an inflamed
part than in the same part when sound, he ad-
mits that the vessels in inflammation are mor-
bidly distended, the necessary inference from
which is that their power is lessened. This
inference did not escape Dr. Parry, but he
maintains, in the 198th paragraph, that the
blood is moved in the capillary vessels not by
the power of these vessels, but by the impulse
it receives from the heart.

This opinion it is not difficult to submit to
the test of direct experiment. We have seen
it ascertained by the assistance of the micro-
scope, both in warm and cold blooded animals,
that the motion of the blood in the smaller
vessels continues for a long time after what we
call death, although immediately after it, a liga-
ture be thrown round all the vessels attached
to the heart.* Dr. Parry ascribes the continu-
ance of the motion of the blood in the capil-
laries, in certain experiments of Haller, after
the aorta had been secured by ligature and re-
moved from the heart, to the contractile power
of the larger arteries; and he has, in a work
published since that above referred to, entitled
“ An Experimental Inquiry into the Nature,
Cause and Varieties of the Arterial Pulse, &c.”
made many interesting experiments for the

+ Exp. 24, 25, 75, 76.
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purpose of ascertaining the degree of this
power. That something must here be ascribed
to it, cannot, I think, be denied ; but that the
motion of the blood in the capillaries chiefly
depends on their own powers, appears from the
following facts, which I have ascertained by
repeated experiments.

When the power of the capillaries is destroy-
ed, the vis @ tergo, even in the living animal, as
the reader has seen in the experiments on the
state of inflamed vessels, is not capable of
propelling the blood through them. As the
motion of the blood in the smaller vessels begins
to fail, where there is no inflammation, either
in the living or in the dead animal, it is observ-
ed to stop and go on, to move backwards and
forwards in the same vessel, and to stop in some
vessels of the same part sooner than in others,
phenomena which, it is evident, could not arise
from the contractile power of the larger arteries.
I have laid before the reader many experiments
of a different nature, the results of which appear
‘to be wholly incompatible with the opinion of
Dr. Parry, and which seem to me to prove, in
the most unequivocal manner, that the motion
of the blood in the capillaries neither dependson
the impetus given to it by the heart, nor on the
contractility of the largervessels. I wish the more
to insist on this subject because the authority of
Dr. Parry has, with many, given a currency to
his opinion. Can all contractility of the larger

EF- ¥ B



281

arteries, the greater part of which according to
Dr. Parry’s experiments consists in the mere pro-
perty of elasticity, be destroyed by crushing the
brain or spinal marrow ? We find, from experi-
ments 29, and 30, that the immediate effects of
crushing either is that of instantly destroying the
circulation in the capillaries. In these experi-
ments, it is true, no ligature was thrown round
the vessels attached to the heart, but the result
could not arise from loss of power in that organ,
because the total removal of it, either in the
warm or cold-blooded animal, produces no such
effect. (Exp. 24, 75, 76.) It 1s an eflect altoge-
ther analogous to what takes place in the heart
itself, from the same cause. (Exp. 20, 21.) When
tobacco was applied to the brain the motion of
the blood in the capillaries was lessened and soon
ceased. (Exp. 26, 27.) Can we ascribe this to
the diminished action of the heart ? Its total re-
moval, we have just seen, produces no such ef-
fect. Nobody will maintain that it is to be as-
cribed to the tobacco, applied to the brain, de-
stroying all contractility in the larger arteries. Is
it possible, from these experiments, to make any
other inference than that the capillaries possess
a power similar to that of the heart, which is
influenced by affections of the nervous system in
the same way ! Page 251 (46).

The motion of the blood in the capillaries,
after visible death, seems so far from depending
on the elasticity of'the larger arteries, that, as
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far as T am capable of judging, the emptiness
of these arteries after death, may be shewn
to arise from the continued action of the former
set of vessels.

Dr. Parry found that the larger arteries have
their diameter lessened after death, but that it
again enlarges, though not to the same extent.
I should be inclined to explain these pheno-
mena, if, indeed, they at all obtain in a sen-
sible degree, except when the artery is exposed
to the influence of the air, in a way different
from that proposed by Dr. Parry. We must
suppose, I think, from the facts just mentioned,
that the action of the capillaries combines with
the contractile power of the larger arteries, in
lessening the contents of the latter. As long as
these contents are of sufficient bulk to stimulate
the vessel it will closely embrace them, and
thus as its contents are lessened, contract be-
yond the effect of its elasticity ; but by the
continued action of the capillaries, the bulk of
these contents at length becoming too small to
stimulate the vessel, it will be relaxed, and thus,
by its elastic power, regain a larger diameter.
I have already had occasion to make some ob-
servations on this subject,* and to remark how
readily the continued action of the capillaries,
after that of the heart has ceased, may lessen the

* Page 210.
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contents of the larger vessels, vessels in dividing
into branches, having the sum of their areas
increased. That the emptyness of the arteries
after death, for they are sometimes found quite
empty, does not arise from their contractile
power, as Dr. Parry supposes, appears even from
his own very accurate experiments. They do
not teach us that the contraction of the arteries
after death is sufficient to obliterate their ca-
vities, and no less degree of it, it is evident,
can wholly expel their contents.

With respect to some other inferences which
Dr. Parry makes from his experiments, I think
he will admit, that we may be deceived respect-
ing the usual action of the arteries, by divid-
ing and making other experiments on them,
while exposed to the air, which applies a pecu-
liarly strong stimulus to parts not usually sub-
jected to its action. If the abdomen of a warm
blooded animal be opened soon after death,
although the usual effect is an increase of the
peristaltic motion in those parts of the intestines
which are exposed to the air, sometimes they
fall into a state of permanent contraction,
and in this state remain motionless. May not
such a permanent contraction, existing in so
small a degree as to escape observation, be the
cause of Dr. Parry’s not having observed any
alternate contraction and dilatation in the ex-
posed arteries? Arteries are often very evi-
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dently lessened in diameter, and sometimes
thrown into strong partial contractions by ex-
posure to the air.* It must however be ad-
miited, I think, that the pulse is chiefly caused
in the way Dr. Parry has so well explained.
The beatings of the arteries of rabbits, ob-
served in my experiments, were probably of
the same nature with the motion of the arteries
corresponding to the contractions of the ven-
tricle observed by Dr. Parry.  This motion of
arteries may often be seen in the human body,
in the wrists, the temples, and the neck, while
the skin is entire.

When we consider attentively the results of
the various experiments to which I have re-
ferred, does it not seem a necessary inference
that the blood is moved in the capillaries by
the power of these vessels themselves; and,
consequently, that if they are debilitated, the
momentum of the whole blood in the part, as
well as its velocity must be less than in health?
The truth of this inference appears indeed
from direct experiments, for from those made
with a view to ascertain the state of the vessels
in an inflamed part, of which an account hasbeen

* See Dr. Parry’s 15th, 24th and 26Gth experiments, and
the account of an experiment of Vershuir in Dr. Fowler’s
Thesis on Inflammation. I have frequently observed a
general lessening of an artery on its exposure to the air.
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given, it clearly appears not only that the velocity
of every part of the blood was lessened, which
Dr. Parry admits may be the case, supposing
the lessened moméntum, arising from this
cause, more than compensated by the increased
quantity of blood, but that the general mo-
mentum of the blood also in the inflamed part
was lessened ; because the blood was observed
to move more and more slowly, till in the
most inflamed parts it ceased to move altoge-
ther. Now before the momentum of the blood
in those parts was wholly lost, it must have
passed through all the degrees between the
healthy momentum and none ; during which
the part exhibited the phenomena of inflam-
mation.

In the introduction above referred to I have
pointed out in detail, that the view of inflam-
mation there taken is supported by the various
phenomena of that disease.

We may easily, I think, from what has been
sald, perceive the steps by which inflammation
terminates in resolution and in gangrene. In
the one case the debilitated capillaries are ex-
cited to due action by the increased action of
the larger arteries; in the other the increased
stimulus failing to produce this effect, the ca-
pillaries wholly lose their power, and the part
becomes subject to the laws of dead matter.
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The process of suppuration is more complicated,
and between the inferences from the experi-
ments which have been related respecting the
state of the vessels in an inflamed part, and
those afforded by the experiments of Mr. now
Sir Everard Home* on the formation of pus,
related in his valuable Treatise on this fluid,
there is a chasm, which must be filled up by
future observation. It appears from what has
been said, compared with the experiments of
Sir Everard Home, that when the capillary ves-
sels of a part remain for a certain length of
time in a state of debility and distention,
it often begins to secrete a fluid which becomes
pus ; for Sir Everard has shewn that this fluid
has not the purulent appearance when first se-
creted, but acquires it while it remains on the
inflamed surface, and does not acquire it the
less readily when removed from that surface in
a colourless state, provided its proper tempera-
ture be preserved, and it is equally exposed to
the influence of the air, which promotes the
change. He has, in the above publication,
thrown great light on the Pathology of some of
the most important internal diseases, by show-
ing how readily pus is formed by secreting sur-

% A Treatise on the propertiesof Pus, by Everard Home,
Esq. 4to. London, 1788, This Treatise was republished in
1797, 1n his work on Ulcers.
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faces independently of any breach of substance.
He found it completely formed by causes of ir-
ritation applied to such surfaces in the short
space of five hours. Whether this fluid is se-
creted from the contents of the original vessels,
or as Mr. Hunter supposes of a new set of ves-
sels formed in the diseased part, we cannot tell.
We are also unacquainted with the nature of
the process by which the diseased parts are
removed in the formation of abscess. We
know not whether it be by an increased action
of the absorbents of the part, or by the action
of vessels formed for the purpose. We can-
not suppose that the diseased parts are melted
down and assimilated into its own nature by
the action of pus, an opinion at one time pre-
valent, since we find that this fluid with all
its properties may be formed by inflamed sur-
faces, without any loss of substance taking
place, and it more directly appears from the
experiments of Sir Everard Home, that it does
not possess the property of eroding the solids.
These topics open a fruitful and interesting
field of inquiry. By patient observation, and
the aid of glasses, it is not improbable, in the
present improved state of chemistry, that e

whole process of suppuration might be un-
folded.
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coma supervene on delirium in this disease, it is
almost always fatal. 'The cause of which is evi-
dent from what has been said. If, while the
capillaries are debilitated, the larger vessels to a
considerable degree also lose their power, the
circulation in the former must wholly fail.

In other parts, as well as in the brain, we
constantly observe, that the distention of the
capillaries is attended with acute symptoms,
great pain and fever, while that of the larger
vessels is generally attended with little of either,
being chiefly denoted by a failure in the func-
tion of the part affected. The cause of this dif-
ference appears from those experiments which
prove that the sanguiferous and nervous systems
sympathise in their extreme parts in a way they
are not found to do in any other ;* which we
have reason to believe arises from the capil-
laries supplying to the nervous influence the
fluids on which it operates in the function of se-
cretion,t the failure of which must necessarily
occasion a degree of derangement in the ner-
vous system, which cannot arise to the same de-
gree from causes chiefly affecting the larger
vessels ; for however debilitated these vessels
may be, unless the circulation in them fail alto-
gether, in which case the death of the part
soon ensues, the capillaries, as appears from

¥ Exper. 44, 45, + Chap. 5. Sect. 3.
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what has just been said, are still capable of af-
fording a supply of fluids to the secreting
power. It is probably, also, from the copious
supply of nervous influence sent to the capil-
laries for the purpose of secretion, that these
vessels appear to be so much more sensible
than the larger vessels.

It has long been observed by physicians that
the inflammation of the same organ sometimes
excites acute pain and a great degree of fever,
and in other cases comparatively little of these
symptoms, being chiefly remarkable by the le-
sion of function it occasions. Thus inflamma-
tion of the brain has been divided into two spe-
cies—phrenitis and phrenismus ; the latter dif-
fering in no essential respect from sanguineous
apoplexy—that of the lungs into pleurisy and
peripneumony, &e. The difference of the
symptoms in such cases has been explained by
the supposition that, in the acute cases, the
membrane is affected, and in those less acute
the paranchima. Numerous dissections have
now proved the fallacy of this explanation. The
paranchima alone having often been found af-
fected in the most acute, and the membranes
alone in the least acute cases.* 1 believe it

* If the reader will consult the 20th Epistle of Morgagni
De Sedibus et Causis Morborum, particularly the 9th, 53d,
$5th, 39th, 41st, 43d, 47th, 49th and 62d sections of it, and
some parts of his 21st Epistle, he will find that the symptoms
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will often appear that in the former the capil-
laries, in the latter the larger vessels, are the
chief seat of the disease. 1 am aware that this
will not always be found to be the case, for the
capillaries sometimes suffer distention with little
or no pain, particularly where the progress of
the disease is slow. In general, however, in
proportion as the distention is confined to the
larger vessels there is less fever and less pain,
and when they alone are affected there is little
or none of either.

All local diseases producing fever, seem to
consist in debility of the capillary vessels of the
part affected. Dr. Cullen arranges them all

regarded as peculiar to pleurisy have frequently attended the
paranchymatous inflammation of the lungs, and that when
the pleura was not at all affected. When we inspect the
bodies of those who die of inflammation of the lungs (says
Schroeder Opuse. Med.) they alone are sometimes found in-
flamed, although the symptoms of pleurisy had been well
marked. Petrus Servius opened three hundred people at
Rome, who died with the symptoms of pleurisy, in which
the lungs were greatly inflamed, the pleura little or not atall.
Tissot met with similar cases ; and Diemerbroech says, that
in two or three cases, in which there had been no acute pain,
and where consequently, according to the common opinion,
the paranchyma of the lungs alone should have been found af-
fected, the pleura equally partook of the disease. Burserius,
observes, that dissections are not wanting to prove that in-
flammation of the pleura has been present without any pain,
Sydenham seems to go so far as to believe the paranchyma of

v 2
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under three heads, Inflammation, Hemorrhagy
and Profluvium. If we examine the symptoms
of the two last we shall find, that except these
diseases are of a mere passive nature, arising
from external violence or extreme relaxation,
in which cases they do not excite fever, their
symptoms are those of inflammation relieved
by discharge ; in the one case, the effect of
rupture of the vessels, in the other, apparently
of distention of their extremities ; and it is parti-
cularly to be remarked, that it is only in propor-
tion as the symptoms of inflammation prevail,
that those of fever attend. It seems then
from direct experiment to be a law of the
animal ceconomy, that debility of the capillary
vessels, and this alone of all local affections, ap-

the lungs to be very frequently the seat of pleurisy. And
Juncker, in his Conspectus Pathologiz, observes, that pleurisy
.often passes into peripneumony, by which we may under-
stand that the paranchyma was found inflamed where the
symptoms had been those of pleurisy;. for such was the pre-
judice in favour of this division of pneumonia, that when it
was found that the appearances on dissection did not cor-
respond with it, it has been supposed that the one form of the
disease had passed into the other, an opinion which seems to
have been sanctioned even by Haller. Yet we find in some of
the oldest writers more correct observations. Hippocrates
speaks of pleurisy and peripneumony as affections of nearly,
if not altogether, the same parts; and Galen observes that the
pain in peripneumony is sometimes acute. Many observations
to the same effect might be added from authors of equal autho-

. Tity, both with respect to the disease we are speaking of, and
inflammatory affections of other organs.
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plies to the nervous system, such an irritation
as excites to preternatural action the larger ves-
sels of the part, and when of great extent or in
vital parts, the whole sanguiferous system.

Do these observations throw any light on the
nature of fever properly so called? In this dis-
ease we find a general debility of the capillaries
followed by an increased action of the heart and
larger vessels, its symptoms subsiding as soon
as the capillaries are excited to the due perform-
ance of their functions. In such a state of the
sanguiferous system, it is evident, that debili-
tating causes, acting partially, will readily in-
crease the debility of the capillaries affected by
them, and thus, as appears from what has been
sald, excite inflammation, which will either run
its usual course or be relieved by hermorrhagy
or profluvium. May we not thus account for
the frequency of these affections in fever?

In this disease inflammation is particularly
apt to arise in the brain, because the blood
‘being returned thence, by membraneous canals,
‘which cannot partake of the increased excite-
‘ment of the central parts of the sanguiferous
system,* this excitement necessarily tends to
-occasion accumulation of blood there. Inflam-

* The final cause of this structure appears to be to supply
~a greater temporary vigour on various occasions where the ra-
_pidity of the circulation is increased, particularly where great
efforts are made, and consequently great excitement required
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mation is also apt to occur in fever in those
parts where the vessels are most numerous and
delicate, and where they are exposed to any
species of injury ; that is where they are most
apt to be debilitated.

According to this view of the subject fever
must be regarded as a state of general inflam-
mation, the symptoms peculiar to inflammation
not appearing in any great degree, only because
the increased vis a tergo, being so much smaller
i proportion to the number of, and conse-
quently the resistance opposed by, the debilitat-
ed vessels, than in inflammation where the ves-
sels of only one part are debilitated, that it can-
not greatly distend them, and consequently, ex-
cite the more prominent symptoms of inflamma-
tion, unless they become particularly debilitated
in some one part ; but it often excites all these
symptoms in a less degree, increase of heat, red-
nessand fullnessof the varioussurfaces. I mayob-
serve also, that in proportion as these symptoms
appear the pulse becomes hard as in inflamma-
tion, and the buffy coat shews itself on the
blood. Are notall the other symptoms of fever
equally the consequences of this state of the
circulation, the symptoms of excitement arising
from the general effort of the sanguiferous

in the muscles of voluntary motion; all organs being, within
certain limits, more or less vigorous according to the quantity
of blood circulating in them,

i
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system to excite the capillaries, those of debility
from the state of the latter vessels, and the
consequences of the ineffectual or but partially
successful efforts to restore their due action? It
is evident from what has been said, that the
nervous is equally with the sanguiferous system
engaged in these efforts,

In what may be called the local treatment of
fever we find, that causes exciting the capillaries
of any considerable part with which others sym-
pathise, the sudden application of cold to the
surface, the effect of eathartics in the alimen-
tary canal, &c. tend to relieve this disease.

With respect to the general treatment, as the
whole of the capillaries are debilitated, and the
increased vis a tergo consequently bears a less
proportion to the resisting force than in inflam-
mation, it requires less reduction ; but as even
here it is apt to exceed the limits most favour-
able to the excitement of the capillaries, it must
generally be reduced ; andin proportion as we re-
duce it, we find, analogous to what happens in
an inflamed part, that the redness, heat, and
fulness of the various surfaces are relieved. It
is equally necessary, however, both in fever and
inflammation, to be careful that we do not so
far reduce the vis @ tergo that it can no longer
support any degree of circulation in the debili-
tated capillaries; in which case we should have
general sphacelus in fever, as we have local



296

sphacelus in inflammation, were it possible that
any of the functions of life could go on aiter all
the capillaries had lost their power. In ex-
treme cases of typhus we see a state approach-
ing to this.

If the foregoing observations be correct, the
treatment of fever is founded on the same prin-
ciples with that of inflammation, except, that as
the resisting power is greater in fever, less vi-
gorous means of reducing the vis a tergo are
proper in the early stage of this disease, and in
the latter stage, the means which support it are
more frequently called for.

The attention of Mr. Knight, whose dl‘iﬂﬂ-
veries in the vegetable world have placed him
in the first rank of philosophers, has been pe-
culiarly attracted by the galvanic experiments
which have been laid before the reader; and
the strong analogy which subsists between ani-
mal and vegetable life, has induced him to re-
flect much on their results. He has favoured
me with many ingenious suggestions relating
chiefly to vegetable life, which will be submit-
ted to the test of experiment, One relating to
the subject before us, I cannot avoid mention-
ing, although I have not yet had an opportuni-
ty of attempting to profit by it. T mean the use
of galvanism in the worst cases of typhus, in
which there is an universal failure of the secret-
ing power and the debility of the nervous sys-
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tem forms so prominent a feature. It may cer-
tainly be used with safety, and probably with
advantage in this disease. The circumstance
which appears to me to render it doubtful
how far it may prove useful in typhus is,
that here the due supply of fluids, as well
as of nervous influence, fails. In restoring the
former, galvanism can have no effect different
from that of other stimuli. The proper mode
of using it, I conceive to be, by many wires
from one end of the trough applied to various
parts of the head and spine, and many from
the other end applied to such parts of the sur-
face as shall send the influence through the
body as much as possible in the direction of
the nerves. Many of the observations which
I shall have occasion to make on the use of
galvanism in asthma, and which have been con-
firmed by repeated trials, will probably be
found applicable to this and other cases in
which it may be employed.

Having taken a cursory view of the nature
of the diseases which arise from morbid dis-
tention, and consequent failure of circulation
in the capillaries and larger vessels of the
brain, we are now to consider the effects of a
deranged state of this organ itself, and how far
the experiments which have been laid before
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“the reader throw light on the symptons arising
from this cause.

Of Nervous Apoplexy.

It is still one of the great desiderata in me- .
decine to discover a diagnosis between san-
guineous and nervous apoplexy. The objects
of the following observations are, to trace, as
far as 1 can, with the aid of the experiments
which have been laid before the reader, the
distinguishing symptoms of nervous apoplexy,
and to ascertain the circumstances which render
the diagnostic between this disease and san-
guineous apoplexy so difficult. This difficulty
1s much to be lamented, as there is no instance
in which a diagnostic is more necessary, these
diseases often proving quickly fatal, and re-
quiring very different plans of treatment,

In considering this subject I shall in the
first place point out what appears, from the
principles which seem to be established by the
experiments related in the preceding Inquiry, to
be the necessary consequences of great injury
of the brain; and then compare these conse-
quences with the symptoms which actually at-
tend diseased states of this organ in the human
body.

As it appears, as far as I am capable of judg-
ing, from what has been said, that the leading
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features of sanguineous apoplexy depend on
the fact, that the power of the heart and blood
vessels is independent of the nervous system,
in consequence of which the power of the
brain may be overwhelmed by a compressing
force without directly affecting the powers of
circulation ;* so I think it will appear from
what I am about to say, that the leading fea-
tures of nervous apoplexy depend on the fact,
that the power of the heart and blood vessels,
though independent of the nervous system,
may be influenced even to its total destruction
through this system.+

Let us consider the consequence of such an
impression made on the nervous system as
greatly lessens the power of the heart and
blood vessels. We have seen that agents act-
ing on the brain and spinal marrow increase
the action of the heart and blood vessels, un-
less they are of a sedative quality, or applied
in excess, that is, in such a degree as suddenly
to injure the mechanism of the brain and
spinal marrow, they then directly impair the
powers of circulation.} If the mechanism of
the brain be suddenly destroyed, instant death

¥ Exp. 18.
+ Compare the Experiments related in Chap. I. of this
Part with Exps. 19, 20, 21, 22, 26, 27, 29, 30.
I See the Experiments related in the second Chapter
of this Part.
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of all the functions ensues* The cause ap-
plied, however, is rarely sufficient to produce
this effect. 1t generally debilitates without de-
stroying’ the various functions ; the sensibility
is impaired ; the heart acts more frequently
and feebly, and, for the most part, irregularly ;
and the circulating system suffers a similar loss
of power in every part of the body. This
state is succeeded by some improvement in the
symptoms, the heart and blood vessels in some
degree recover from the shock they received.t
The former begins to beat with less frequency
and with more force and regularity, and the
latter to convey the blood with greater velocity
and in a more uniform stream.?  In proportion
as this change takes place the various functions,
as I have very frequently observed in rabbits,
improve, the animal recovering a greater de-
gree of sensibility. If the offending cause has
been slight, the symptoms continue to improve;
if severe, the heart soon begins again to beat
more languidly, and with it all the functions
gradually fail." If the injury done to the nerv-
‘ous system is of such a nature as particularly
to debilitate the vessels of the injured part,
during that interval, in which the vigour of
the circulation is in some degree restored, _the-
vessels of this part must yield to the vis a tergo,

* Exp. 20, 21. + Exp. 19, 20,
1 Ibid.

N e o™
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and the symptoms of inflammation are thus ad-
ded to those arising from the original injury.

Such appears from the result of the experi-
ments detailed in the preceding Inquiry, to be
the consequences of such an injury of the
brain and spinal marrow as materially deranges
their mechanism. The reader will perceive
that if the foregoing view of the subject be
correct, the nervous is a much more complicat-
ed disease than the sanguineous apoplexy. In
the latter, the powers of the nervous sys-
tem are oppressed, but those of the sanguifer-
ous system are, in the commencement of the
disease, entire,and only become affected through
the failure of the functions of respiration and
secretion.  In nervous apoplexy the powers of
circulation not only suffer directly from. the
mjury done to the nervous system, thus pro-
ducing a combination of diseased states of both
systems, but the debility of the heart and blood
vessels have a secondary eflect on the nervous
-system. The action of the brain and spinal
marrow fail from defective circulation, and a
state of these organs, analogous to that which
takes place in syncope, is superadded to that
produced by the cause of the disease. It is
not surprising, therefore, that this species of
apoplexy sometimes proves instantly fatal ;
which sanguineous apoplexy, affecting the
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powers of circulation only, through the failure
of other funetions, never does.

The principles of the treatment in the former
case also, are much more complicated. In san-
guineous apoplexy, we have but one object in
view, to relieve the brain from pressure. 1In
nervous apoplexy, while we endeavour to coun-
teract the effects of the offending cause on the
brain, it is necessaryto support the circulation ;
the failure of which to a eertain degree must im-
mediately prove fatal. 'This ought to be done,
however, in such a way as tends least to occa-
sion morbid distention of the vessels of the head,
to which the cause of the disease often renders
them liable, and which will produce either san-
guineous apoplexy or phrenitis, according as the
distention takes place in the larger or smaller
vessels. From this view of the subject we may
readily understand why abstraction of blood of-
ten proves fatal in nervous apoplexy, and yet
much stimulus cannot be borne.

The simplest cases of nervous apoplexy, and
those most nearly approaching to the state of
the animals in the above experiments, are cases
from mechanical injury of the brain. When a
blow on the head fractures the scull and occa-
sions part of the bone to press on the brain
without doing further injury to this organ, the
case resembles in its nature the sanguineous
apoplexy. When the compressing power is re-
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moved the apoplectic symptoms disappear ; but
when the blow has produced what surgeons call
concussion of the brain, the case is only a
slighter degree of the state in which the rabbits
and frogs were found after the brain had been
crushed.

No writer, perhaps, has detailed the symp-
toms of concussion of the brain with greater cor-
rectness than Mr. Abernethy, in the third part of
his Surgical and Physiological Essays. 1tisim-
possible not to remark how accurately his ac-
count of these symptoms corresponds with the
results of the experiments which have been laid
before the reader:—“ The whole train of
“ symptoms” he observes, “ following a concus-
“ sion of the brain, may, I think, be properly
divided into three stages. The first is, that
state of insensibility and derangement of the
bodily powers which immediately succeed the
accident. While it lasts the patient scarcely
feels any injury that may be inflicted on him,
his breathing is difficult, but in general with-
out stertor, his pulse intermitting and his ex-
tremities cold. But such a state cannot last
“ long ; it goes off gradually, and is succeeded
““ by another, which 1 consider as the second
stage of concussion, In this, the pulse and
““ respiration become better, and, though not
“ regularly performed, are sufficient to main-
tain life, and to diffuse warmth over the ex-

(13

(13

Ec

17

(19

(17

L3

(11

v

13



ec
e
€
€
(43
€6
£c
£
“ce
£
£
¢
cc
£
cc
£
€
¢
e
13

(11

304

treme parts of the body. The feeling of the
patient is now so far restored that he is sen-
sible if his skin is pricked, but he lies stupid
and inattentive to slight external impressions.
As the effects of concussion diminish he be-
comes capable of replying to questions put
to him in a loud tone of voice, especially
when they refer to his chief suffering at the
time, as pain in the head, &ec. ; otherwise he
answers incoherently, and as if his attention
was occupied by something else. - As long as
the stupor remains, the inflammation of the
brain seems to be moderate, but as the former
abates ‘the latter seldom fails to increase ;
and this constitutes the third stage, which is
the most important of the series of effects
proceeding from concussion. ' These several
stages vary considerably in their degree and
duration, but more or less of each will be
found to take place in every instance where
the brain has been violently shaken.” = Page

59, 60. In the 67th page Mr. Abernethy ob--
observes—° It has hitherto been considered
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as a desirable object to point out any marks
by which we might distinguish between coni-
pression- and concussion of the brain, but I
believe no such criteria have yet been com-
municated to the public. I think, however,
that these diseases may be distinguished. = As
far as my observation goes, the insensibility
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« js much less in concussion; especially after a
“ short time has elapsed. Patients, in this case,
“ though they seem reluctant to answer questions,
“ yet complain much if their heads are moved,
“ and in those instances where it was judged
““ mecessary to inspect the bone, T have gene-
“ rally found that they made great complaint
“ during the operation. The pupils also are
““ usually more contracted than in  eompression
“ of the brain, the muscles of the limbs retain
“ their natural state of tone, and respiration is
“ performed with little or no stertor, though the
““ pulse generally intermits in'a very considera-
“ ble degree. 1In the slighter cases of coneus-
“ sion the sickness of the patient is often very
““ great. But in cases of compression of the
““ brain circumstances very much the reverse
““ of those just related take place. The sensi-
“ bility is' much diminished in proportion to the
“ degree ‘of the injury. ' From this cause also
““ the pupils are dilated and the limbs relaxed.
 The respiration is attended with stertor, and
““ the pulse, as far as my observation extends,
“ is subject to much less intermission It is
evident ‘that in acecidents we cannot always
expeet to find the symptoms of compression and
concussion so ' distinet as in' experiments made
for the purpose: of ‘exhibiting those symptoms ;
many aceidentstending at the'same time to pro-
duce a greater or less degree of both affections.
X
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The chief difference between the symptoms
of concussion and nervous apoplexy arising
from internal causes is, that in the latter there
is not so uniform a tendency to inflammation,
which in the cases referred to by Mr. Abernethy
is evidently the effect of the injury done to the
vessels by the blow, which we have reason to be-
lieve causes them to suffer morbid distention as
soon as a certain vigour of circulation is restored.
It is this renewed vigour of circulation after the
immediate effect of the blow has subsided, so
remarkable in the experiments just referred to,
that again gives some energy to the brain, and
explains Mr. Abernethy’s observation, that the
stupor abates as the tendency to inflammation
comes on, | e

In nervous apoplexy, from internal causes,
the sensibility is often as much impaired as in
the sanguineous apoplexy. When this is the
case the danger is very urgent ; but it frequent-
ly is much less so, compared with the severity of
the other symptoms and the degree of danger,
than in the latter species of the disease; be-
cause here the sanguiferous, as well as the ner-
vous system, suffers. In the former case, the
derangement of function being confined to the
nervous system, the danger is nearly propor-
tioned to the degree of insensibility; but in the
case before us, symptoms of the areatest danger
often occur, although the patient is not wholly
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insensible, and not unfrequently while he is af-
fected with a degree of irritability. - The state
of the pulse affords the best diagnostic between
these species of apoplexy. In the sanguineous,
we have seen, it is strong, regular, and general-
ly less frequent than natural; in the nervous,
it is weak, frequent, irregular, and sometimes
fluttering.

Such are the symptoms of distinctly formed
sanguineous and nervous apoplexy. Were these
diseases always so formed, no attentive practi-
tioner could be at a loss to distinguish them,
But we have to lament that this is by no means
the case, as indeed from what has been said we
might a priort have supposed. For it must
often happen in apoplexy from distention of
the vessels, that the brain will sustain some far-
ther injury than that of mere uniform compres-
sion. It is not improbable that the circum-
stance of the compressing force acting partially
may sometimes alone be sufficient to produce
this effect ; and powerful causes, injuring the
mechanism of the brain, must often be of such
a nature as at the same time to occasion debili-
ty, and consequently more or less distension of
its vessels. To these circumstances, and to the
difficulty of distinguishing apoplexy arising
from mere distention of the vessels, from that
arising from an extravasation of blood or serum,

X 2
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it appears to me that all the difficulties of the
prognosis and diagnosis of the different species
of this disease are to be ascribed.

It is the tendency to distention of the vessels
of the encephalon that renders a very stimulat-
ing plan of treatment a doubtful practice, even
in the most decided cases of nervous apoplexy.
Were it not for this, the state of the sanguiferi-
ous and nervous systems in these cases equally
calls for such a plan. But it would seem that
the more debilitated the brain is, the more
readily it feels the effects of any morbid disten-
tion of'its vessels. Thus our practice in such
cases is confined on all hands.  Irreparable in-
jury may be done by the free use either of sti-
muli or evacuants. The mode of treatment
which has appeared to me the most successful, is
a gently stimulating plan combined, for the pur-
pose of preventing congestion of the head, with
medicines moderately determining to the sur-
face, and keeping the bowels free without oc-
casioning a great discharge from them ; with
occasional abstractions of blood from the head,
when the insensibility seems inclined to increase.
Profuse sweating not relieving the symptoms,
which is a frequent occurrence in severe cases of
nervous apoplexy, seems always to indicate
great danger, and to arise from a general re-
Jaxation of the extreme vessels. In cases arising
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from injuries of the head, Mr. Abernethy thinks
the great tendency to inflammation altogether
forbids the stimulating plan. 1 have already
pointed out the circumstance which often makes
the indications of cure in this respect different
in concussion of the brain and nervous apo-
plexy arising from internal causes.

The foregoing view of the nature of the dif-
ferent species of apoplexy, not the result of pre-
conceived opinions, but of facts open to the
examination of every one who chooses to repeat
the experiments, and so strikingly confirmed by
the observations of Mr. Abernethy and other
writers on the effects of injuries of the brain,
may tend perhaps to render the practice in this
varied disease more determinate. It seems, by
affording a more correct view of the ratio
symptomatum of the sanguineous and nervous
apoplexy, than could be obtained without a
knowledge of the relation which subsists be-
tween the sanguiferous and nervous systems,
to point out with more precision than has
yet been done, the symptoms essential to
each, and consequently the modes of practice
suited to the various cases in which they oceur
separately, or are blended together. 1 haveen-
tered no farther on these modes of practice than
was necessary to point out the general princi-
ples on which they seem to be founded.
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Of Affections of the Spinal Marrow,

~ The experiments in which different portions
of the spinal marrow were destroyed* seem to
throw considerable light on the nature of the
symptoms oceasioned by diseases of this or-
gan. We have seen that the destruction of
any part of it not only renders paralytic, that
is deprives of their only stimulus, the mus-
cles of voluntary motion which eorrespond to
that part, and to all parts of the spinal mar-
row lying below it; but, by lessening the
supply of nervous influence to the great chain
of ganglions, influences the state of the tho-
racic and abdominal viscera and the tempera-
ture of the animal{+ In estimating the effect
on the thoracic and abdominal viscera of de-
stroying portions of the spinal marrow, we
must trust rather to the appearances observed
in the lungs and stomach after death than to
the symptoms produced, because as the animal

* Exp. 58, 59, 60.

+1t appears from what has been said, that although both
the muscles corresponding, to the part of the spinal marrow
destroyed, and these corresponding to all parts below it,
equally cease to move, it is from different causes; the former,
because their nervous influence is destroyed ; the latter,
because their nervous influence is no longer subject to the

AENSOriym.
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can give no account of its feelings, no symp-
tom of deranged digestion appears till it goes
so far as to produce efforts to vomit, nor of
oppressed breathing till it goes so far as to
produce evident dyspneea. Thus in the expe-
riments just referred to, it appeared on dis-
section, that the process of digestion was
sometimes wholly suspended, and the lungs
more or less congested, where no symptoms
of indigestion, and little or no change in the
breathing, had been observed. We often com-
plain of affections of the stomach and lungs long
before their symptoms can be perceived by
others. Congestion and even inflammation
of the lungs do mnot excite cough in the
rabbit.

Even in early stages of diseased spine, af-
fections of the stomach and lungs frequently
attend, and the pafient often complains of a
sense of cold, Mr. Pott remarks of this dis-

" ease, “loss of appetite, a hard dry cough, la-

““ borous respiration, &c. appear pretty early,
““ and in such a manner as to demand attention.”
And in another place he observes, that there
is ““ an unusual sense of coldness of the thighs,
“ not accountable for from the weather.” Simi-
lar observations are made by every writer on
diseased spine. From what I shall have ocea-

sion to say of asthma anld d_yspepsia the reader
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will see reason to believe that the foregoing
symptoms may probably be relieved from time
to time by the use of galvanism.

It appears from experiment 63, in which the
spinal marrow was simply divided, compared
with experiments 58, 59, 60, in which por-
tions of it were destroyed, that we may judge
of the extent of the injury done to this
organ, in diseases of the spine, by the state
of the stomach and lungs. Any thing, which
so affects the spinal marrow as to interrupt the
communication between the brain and other
parts, will of course prevent the influence
~of the will reaching them, however small a
part of the spinal marrow may be injured.
But if a considerable part of it is so, along
with loss of power in the limbs, the patient
will experience symptoins of dyspepsia and
oppressed breathing proportioned to the im-
portance and extent of the part whose
function is destroyed. T have already had oc-
casion to explain why the lungs are particalarly
affected by the destruction of the dorsal, and
~the intestines by that of the lumbar portion
of the spinal marrow.® :

The experiments related in the preceding in-
quiry seem to point out more precisely than for-
mer observations have done, what we are to

" % Page 195 et seq.
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expect from the use of galvanism in the cure of
disease ; and I think it will appear from what
I an about to say, that to the want of discrimi-
nation in its employment we must ascribe the
little advantage which medicine has hitherto
derived from the discovery of this influence.*
- It seems to be an inference from my own
experiments and observations,t as well as
those of others, particularly of M. Le Gallois,
that what is called the nervous system, compre-
hends two distinet systems, the sensorial, and
the nervous system properly so called. Now
it does not appear that galvanism can perform
any of the functions of the sensorial system,
yet, in the greater number of instances in which
it has been used in medicine, it has been ex-
pected to restore the sensorial power. It has
been expected to restore hearing, and sight,
and voluntary power. It may now and then
happen in favourable cases, from the connection
which subsists between the sensorial and ner-
vous systems, that by rousing the energy of the
latter, we may excite the former. It would be
~easy to show, that we have little reason to ex-
pect that this will often happen. We have also

* Maoy of the following observations on Galvanism are
re-published from a paper which the Royal Society did me
the honour of publishing in the Philosophical Transactions ;
* of this year,

+ See Chap. 10. and the experiments there referred to.
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reason to believe from the experiments which
have been laid before the reader, that galvanism
has no other power over the muscular system,
than that of a stimulus ;* we are, therefore, to
expect little more advantage from it in diseases
depending wholly on faults of the sanguiferous
system, than from other stimuli. Hence its failure
in tumors, &c.  But I cannot help regarding it
as almost ascertained, that in those diseases in
which the derangement is in the nervous power
alone, where the sensorial functions are entire,
and the vessels healthy, and merely the power
of secretion, which seems immediately to de-
]iend on the nervous system, is in fault, galva-
nism will often prove a valuable means of relief.

Of Asthma and Dyspepsia.

As soon as the foregoing view of the subject-
presented itself, I was led to inquire, what dis-.
eases depend on a failure of nervous influence,.
The effect on the stomach and lungs, of di-.
viding the eighth pair of nerves,} answered the .
question respecting two of the most important .
diseases of this class. We have seen, that with-
drawing a considerable part of the nervous in-.

# Compare the experiments related in the first and second -
Chapters of this part of the Inquiry with Exp. 46, 47, 48, 49, -
and the observations which foliow them. P g AR

+ Exp. 44, 45,

s 4
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fluence from the stomach and lungs deranges
the digestive powers, and produces great diffi-
culty of breathing, The following observa-
tions relate chiefly to affections of the lungs.
Of the effects of galvanism in dyspepsia, the
principal experience which I have yet had, has
been in cases where it was complicated with
asthmatic breathing.

When the effect of depriving the lungs of a
considerable part of their nervous influence is
carefully attended to, it will be found, I think,
in all respects similar to a common disease,
which may be called habitual asthma ; in which
the breathing is constantly oppressed, better
and worse at different times, but never free,
and often continues to get worse in defiance of
every means we can employ, till the patient is
permanently unfitted for all the active duties of
life. 'The animal, in the above experiment, is
not affected with the croaking noise and violent
agitation which generally characterize fits of
spasmodie asthma. This state we cannot in-
duce artificially, except by means which lessen
the aperture of the glottis.

We have seen from repeated trials, that both
the oppressed breathing and the collection of
phlegm, caused by the division of the eighth
pair of nerves, may be prevented by sending a
stream of galvanism through the lungs.* That

* EHP‘ 46; 4?; 43, 49-
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this may be done with safety in the human
body we know from numberless instances, in
which galvanism has been applied to it in every
possible way.
- Such are the circumstances which led me to
expect relief from galvanism in habitual asthma,
It 1s because that expectation has not been dis-
appointed, that I trouble the reader with the
following account of its effects. Although the
effects of galvanism in habitual asthma have
been witnessed by many other medical men, I
have mentioned nothing in the following pages
which did not come under my own observation.
I have employed galvanism in many cases of
habitual asthma, and almost uniformly with re-
lief. The time, during which the galvanism.
was applied before the patient said that his
breathing was easy, has varied from five mi-
nutes to a quarter of an hour. I speak of its
application in as great a degree as the patient
could bear without complaint. For this effect.
I generally found from eight to sixteen four--
inch plates of zinc and copper, the fluid em-
ployed being one part of muriatic acid, and.
twenty of water, sufficient. Some require more
than sixteen plates, and a few cannot bear so
many as eight ; for the sensibility of different
individuals to galvanism is very different. It is
cyrious and not easily accounted for, that a
gonsiderable power, that perhaps of twenty-five
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or thirty plates, is often necessary on first ap-
plying the galvanism, in order to excite any
sensation ; yet after the sensation 1S once ex-
cited, the patient shall not perhaps, particular-
ly at first, be able to bear more than six or
eight plates. 'The stronger the sensation ex-
cited, the more speedy in general is the relief.
I have known the breathing instantly relieved
by a very strong power. I have generally made
it a rule to begin with a very weak one, in-
creasing it gradually at the patient’s request,
by moving one of the wires from one division
of the trough to another, and moving it back
again when he complained of the sensation be-
ing too strong. It is convenient for this pur-
pose to charge with the fluid about thirty plates.

The galvanism was applied in the following
manner. Two thin plates of metal about two
or three inches in diameter, dipped in water,
were applied, one to the nape of the neck, the
other to the pit of the stomach, or rather lower.
The wires from the different ends of the trough*
were brought into contact with these plates,
and, as observed above, as great a galvanic
power maintained, as the patient could bear
without complaint. In this way the galvanic

* I found a trough of the uld construction answer better

‘than the improved pile, which is so much superior for most
purposes. '
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influence was sent through the lungs, as much as
possible, in the direction of their nerves. It is
proper, constantly to move the wires upon the
metal plates, particularly the negative wire,
otherwise the cuticle is injured in the places on
which they rest. The relief seemed much the
same, whether the positive wire was applied to
the nape of the neck, or the pit of the stomach.
Thenegative wire generally excites thestrongest
sensation, Some patients thought, that the re-
lief was most speedy, when it was applied near
the pit of the stomach.

The galvanism was discontinued as soon as
the patient said that his breathing was easy. In
the first cases in which I used it, I sometimes pro-
longed its application for a quarter of an hour,
or twenty minutes, after the patient said he was
perfectly relieved, in the hope of preventing the
early recurrence of the dyspneea ; but 1 did not
find that it had this effect. It is remarkable,
that in several who had laboured under asthma-
tic breathing for from ten to twenty years, it gave
relief quite as readily as in more recent cases;
which proves, that the habitual difficulty of
breathing, even in the most protracted cases,
is not to be ascribed to any permanent change
having taken place in the lungs.

With regard to that form of asthma which re-
turns in violent paroxysms, with intervals of per-
fectlyfree breathing, Ishould expect little advan-
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tage from galvanism in it, because, as I have just
observed, I found that the peculiar difficulty
of breathing, which occurs in this species of
asthma, cannot be induced in animals, except
by means lessening the aperture of the glottis.
It is probable, that in the human subject the
cause producing this effect is spasm, from
which indeed the disease takes its name, and
we have no reason to believe, from what we
know of the nature of galvanism, that it will
be found the means of relaxing spasm.

The spasmodic asthma is fortunately a very
rare disease, so much so, that but one case of
it has occurred to me since I have employed
galvanism in asthma, while I have had an op-
portunity of employing this remedy in about
forty cases of the habitual form of the disease.
I cannot, therefore, from experience, speak
with certainty of the effect of galvanism in
the former. In the above case it was twice
employed in the paroxysm, and I could ob-
serve no relief from it. In both instances, the
the patient said that, had it not been used, the
symptoms would have been more severe. In
this patient, the spasmodic paroxysm was often
succeeded by a state of habitual asthma for seve-
ral weeks, in which galvanism gave immediate,
but temporary relief.

Of the above cases of habitual asthma, many
occurred in work-people of the town where I
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reside, who had been obliged to abandon their
employments in consequence of it, and some
of them, from its long continuance, without
any hope of returning to regular work. Most
of them had tried the usual means in vain.
By the use of galvanism they were relieved in
different degrees, but all sufficiently to be re-
stored to their employments. I have seen seve-
ral of them lately, who, although they have
not used the galvanism for ‘some months, said
they had continued to work without any incon-
venience. Some, in whom the disease had
been wholly removed, remain quite free
from it ; some have had a return of it, and
have derived the same advantage from the gal-
vanism as at first.

I have confined the application of galvanism
to asthmatic dyspneea. 1 think there is reason
to believe, from the experiments which have
been laid before the reader, that i mflamma-
tory cases it would be injurious, and, in cases
arising from dropsy, or any other mechanical
impediment, little or nothing, it is evident, is
to be expected from it. Habitual asthma is
often attended with a languid state of the
biliary system, and some fullness and tender-
ness on pressure near the pit of the stomach.
If the last is considerable, it must be relieved
previous to the use of the galvanism. In a paper
which the Medico-Chirurgical Society did me
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the honour to publish in the seventh volume of
their Transactions, 1 have endeavoured to
shew that a species of pulmonary consumption
arises from a disease of the digestive organs.
Many of the observations there made apply
to certain cases of asthma®*; 1 believe to
cases of every species of this disease, but par-
ticularly of that we are here considering. Many
cases of habitual asthma will yield to the means
recommended in the above paper, but I have
learned, from a pretty extensive experience,
that a large majority of such cases will resist
them, yet readily admit of relief from galva-
nism. If there is little tendency to inflammation,
galvanism seems also to be a means of re-
lieving the affection of the digestive organs.
I have repeatedly seen from it the same effect on
the biliary system which arises from calomel ; a
copious bilious discharge from the bowels com-
ing on within a few hours after its employment.
This seldom happens except where there ap-
pears to have been a failure in the secreting
power of the liver, or a defective action in
the gall tubes.

I have not found that the presence even of
a severe cough, which is common in habi-
tual asthma, in which there is always more

* See the observations on the state of these organs in asth-
ma, in Dr. Bree’s work on this disease,

Y
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or less cough, counter-indicates the use of gal-
vanism. The cough under its use generally
becomes less frequent in proportion as the
accumulation of phlegm in the lungs is pre-
vented ; but 1t seems to have no direct ef-
fect in allaying it. Insome cases the cough con-
tinued troublesome after the dyspneea had dis-
appeared. Galvanism neverappeared to increase
it, except when the inflammatory diathesis
was considerable. In some labouring under
the most chronic forms of phthisis, in whom
the symptoms had lasted several years and
habitual asthma had supervened, the relief ob-
tained from galvanism was very great, notwith-
standing some admixture of a pus-like substance
in what was expectorated. 1 need hardly add,
after what has been said, that in ordinary cases
of phthisis nothing could be more improper
than the use of galvanism. The dyspnea
arising from phthisis and that from habitual
asthma are easily distinguished. The former

is less variable. It is generally increased

by the exacerbations of the fever, and always
by exercise. When the patient is still and
cool, except in the last stages of phthisis,
his breathing is generally pretty easy. The
latter is worst at particular times of the day,
and frequently becomes better and worse with-
out any evident cause. At the times when it
is better the patient can often use exercise

e Tl
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without materially increasing it. Changes
of the weather influence it much. It
is particularly apt to be increased by close
and foggy weather. Phthisical dyspneea is
seldom much influenced by changes of the
weather, except they increase the inflamma-
tory tendency.

When there is a considerable tendency to
inflammation in habitual asthma, the repeated
application of galvanism sometimes increases
it so much, that the use of this influence no
longer gives relief, till the inflammatory ten-
dency is subdued by local blood-letting. It
always gave relief most readily, and the relief
was generally most permanent in those cases
which were least complicated with other
diseases, the chief complaint being a sense of
tichtness across the region of the stomach,
impeding the breathing. The patients said,
that the sense of tightness gradually abated
while they were under the influence of the
galvanism, and that as this happened their
breathing became free. 'The abatement of the
tightness was often attended with a sense of
warmth in the stomach, which seemed to
come in its place. This sensation was most
frequently felt when the negative wire was
applied near the pit of the stomach, but
the relief did not seem less when it was not
felt.

Y 2
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With respect to the continuance of the re-
lief obtained by galvanism, it was different in
different cases; in the most severe cases it did
not last so long as in those where the symp-
toms were slighter, though of equal continuance.
This observation, however, did not universally
apply. When the patient was galvanised in
the morning, he generally felt its good effects
more or less till next morning. In almost all,
- the repetition of the galvanism gradually in-
creased the degree of permanent relief. Ifs
increase was much more rapid in some cases
than in others. The permanency of the good
effects of galvanism in the disease before us,
has appeared very remarkably in several cases
where the symptoms, after having been re-
moved by if, were renewed after intervals of
different duration by cold or other causes. In
these cases means which, previous to the use
of galvanism, had failed to give relief, were
now successful without its aid; or with
few applications of it, compared with those
which had been necessary in the first instance.
I have not yet seen any case, in which gal-
vanism had been of considerable advantage,
where its good eflects appeared to have been
wholly lost. It is now about a year and a half
since I first employed it in habitual asthma.
Taking cold and the excessive use of fermented
liquors have been the principal causes of re-
l'upse.
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The galvanism was seldom used more than
once a day. In some of the more severe cases
it was used morning and evening. About a
sixth part of those who have used it appear,
as far as we yet know, to have obtained a
radical cure. It in no case failed to give more
or less relief, provided there was little inflam-
matory tendency. It failed to give consider-
able relief only in about one-tenth ; I may add,
that were it only the means of present relief,
we have reason to believe that, as being more
imnocent, it would be found preferable to the
heating, spirituous, and soporific medicines,
which are so constantly employed in this
disease. |

As it often happened that a very small gal-
vanic power, that of not more than from four
to six four-inch double plates, relieved the
dyspneea, may we not hope, that a galvanic
apparatus may be constructed, which can be
worn by the patient, of sufficient power to pre-
yent its recurrence in some of the cases in which
the occasional use of the remedy does not
produce a radical cure ?

I wished to try, if the impression on the
mind, in the employment of galvanism, has
any share in the relief obtained from it. I had
not at this time seen its effects in apoplexy. I
found that by scratching the skin with the
sharp end of a wire, 1 could produce a sen:
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sation so similar to that excited by galvanism,
that those who had most frequently been sub-
jected to this influence were deceived by it.
By this method, and arranging the trough,
pieces of metal, &e. as usual, T deceived seve-
ral who had formerly received relief from gal-
vanism, and also several who had not yet used
it. All of them said that they experienced no
relief from what I did. Without allowing them
to rise, I substituted for this process the real
application of galvanism, merely by immersing
i the trough one end of the wire with which

I had scratched the nape of the neck, the wire

at the pit of the stomach having been all the
time applied as usual by the patients themselves.
Before the application of the galvanism had
been continued as long as the previous pro-
cess, they all said they were relieved. 1 relate
the particulars of the two following experi-
ments, because, independently of the prineipal
object in view in making them, they point out
two circumstances of importance in judging
of the modus operandi of galvanism in asth-
matic cases. '

The first was made on an unusually intelli-
gent lady, of about thirty-five years of age,
who had for many years laboured under habi-
tual asthma, than whom I have known none
more capable of giving a distinet aecount of
their feelings. Her breathing was very much

NLEER I AT LSS
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oppressed at the time that she first used galva-
nism. The immediate effect was, that she
breathed with ease. She said she had not
breathed so well for many years. Part of the
relief she obtained proved permanent, and,
when she was galvanised once a day for about
ten minutes, she suffered little dyspneea at any
time. After she had been galvanised for eight
or ten days, I deceived her in the manner just
mentioned. The deception was complete. She
told me to increase or lessen the force of the
galvanism, as she was accustomed to do, ac-
cording to the sensation it produced, I obeyed
her directions 'y increasing or lessening the
force with which 1 seratched the neck with the
wire. After I had done this for five minutes,
she said the galvanism did not relieve her as
usual, and that she felt the state of her breathing
the same as when the operation was begun.
I then allowed the galvanism to pass through
the chest, but only through the upper part of it,
the wire in front being applied about the mid-
dle of the sternum. She soon said that she felt
a little relief ; but although it was continued in
this way for ten minutes, the relief was imper-
fect. I then directed her to apply the wire in
front to the pit of the stomach, so that the gal-
vanism passed through the whole extent of the
chest, and, in a minute and a half, she said her

breathing was easy, and that she now experi-
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enced the whole of the effect of the former ap-
plications of the remedy. |

To try how far the effect of galvanism in
asthma arises merely from its stimulating the
spinal marrow, in a young woman who had
been several times galvanised in the usual
way, the wires were applied to the nape
of the neck and small of the back, and thus the
galvanic influence was sent along the spine for
nearly a quarter of an hour. She said her
breathing was easier, but not so much so as on
the former applications of the galvanism ; and
on attempting to walk up stairs she began to
pant, and found her breathing, when she had
gone about half way, as diflicult as before
the galvanism was applied. She was then
galvanised in the usual way for five minutes :
she now said her breathing was quite easy, and
she walked up the whole of the stairs without
bringing on any degree of panting, or feeling
any dyspneea. The above experiment was made
in the presence of four medical gentlemen. This
patient, after remaining free from her disease
about half a year, returned to the Infirmary, la-
bouring under a slighter degree of it, and ex-
perienced immediate relief from galvanism.
The disease seemed to have been renewed by
cold, which had at the same time produced
other complaints. This is one of the cases

:h—
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above alluded to in speaking of the permanen-
ey of the good effects of galvanism. On the
return of this patient to the Infirmary, two or
three applications of galvanism, combined with
means which had given no permanent relief to
the dyspncea previous to her first using galva-
nism, now soon removed it. When she first
used galvanism, it required its constant employ-
ment once or twice a-day for several weeks to
produce the same effect. There is reason to
believe she will remain well if she can avoid
taking severe colds.

Many medical gentlemen have frequently
witnessed the relief afforded by galvanism in
habitual asthma, and Mr. Cole, the house sur-
geon of the Worcester Infirmary, authorises me
to say, that no other means there employed
have been equally efficacious in relieving this
disease.

Observations similar to the foregoing, there is
reason to believe, will be found to apply to
dyspepsia, but as I have made but few trials of
galvanism in this disease, except where it was
complicated with asthma, the removal of which
no doubt contributed to a more healthy action
of the digestive organs, I cannot yet speak with
certainty of its effects in this disease. In some,
galvanism, at the time of its application, oceca-
sions a tendency to sighing ; and in some, in



330

whom it removed the dyspncea, it seemed to oc-
casion a sense of sinking referred to the pit of
the stomach. This occurred in several in-
stances, and was relieved by small doses of
carbonate of iron and bitters.

- That I may convey to the reader as correct
an idea as I can of the effects of galvanism in
habitual asthma, I shall econcisely relate the
particulars of a few of the most, and of the least,
successful cases, in which it was employed.

Richard Morgan, a blacksmith, at. 50, had
laboured under severe habitual asthma for seven
months, during which he had been better and
worse for a few weeks, but never free from
dyspneea.  He was much troubled with a cough,
the expectorated matter being thick, and of a
yellowish colour. The dyspnecea was particu-
larly severe at the time he was galvanised, and
had been so for about a fortnight, The first ap-
plication of the galvanism relieved him. He
was galvanised only for three days, about ten
minutes each day, before he declared himself
to be perfectly well. He returned to his work,
which he had been obliged to abandon, after
the second application of the galvanism. After
its third application he performed as hard work,
and with as mueh ease, as he had ever done.

- He remained free from dyspnea till it
was renewed, several weeks afterwards, by his

A
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getting drunk. Galvanism relieved him as
readily and effectually as at first. 1t 1s now ten
months since he first used this remedy, during
which he has had several returns of dyspneea,
but it has never been so severe as before he was
galvanised ; and when it has been such as to
induce him to have recourse to galvanism, he
has always experienced from it immediate re-
lief. He ascribes the returns of his disease

to his being exposed to severe and sudden heats
and chills,

Mary M<Konchy, @t. 28, a gloveress, had
been afilicted with habitual asthma for four
years, and under my care ahout one year, during
which she had tried all the usual means
with very imperfect vrelief, she had some
langour in the biliary system, but little
inflammatory tendency. 'The breathing was,
in a few minutes, rendered easy by gal-
vanism, and after the second application of it,
it remained so. She now experienced no incon-
venience from exercise, which had not at any
time been the case for four years.

In about three weeks after she had been gal-
vanised she experienced some return of the
dyspncea. It was wholly removed by a blister,
which had oftenbeentried, previous to her being
galvanised, with but little and very temporary
relief. She complained of a sense of sinking at-
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used the galvanism, he was affected with the
most severe dyspneea, which only allowed him
to move, and that with difficulty, at the slowest
pace ; he had been in this state for half a year.
This was the longest and most severe fit he had
ever had. He was relieved in a few minutes
by the application of galvanismm. He could
perceive its beneficial effects for twenty-four
hours after its application. It was used daily
with the same immediate relief. Its permanent
good effects gradually encreased, and after he
had been galvanised for about ten minutes each
day, for between two and three weeks, his
breathing remained quite easy. He could now
not only walk, but, as I several times witnessed,
run without any dyspneea. He complained of
the sense of sinking at the pit of the stomach
after the dyspncea had left him, which, as in the
case just mentioned, was readily removed by
the carbonate of iron and bitters. He now said
his digestion was much better than it had been
previously to the use of the galvanism. Those
whose breathing had been much relieved by
galvanism, often made this observation, al-
though they had not experienced the sense of
sinking, and consequently had used no stoma-
chic medicines.

I saw this man, several months after he had
ceased to use galvanism, working as a brick-
layer's labourer. He said he had no feeling of
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dyspneea, and had been quite free from it since
he had used the galvanism.

In general, where galvanism gave such com-
plete and permanent relief, as in Radley’s case,
its effects were more speedy, some degree
of dyspneea for the most part remaining in
protracted cases.

The following are the most unsuccessful
cases, which either Mr. Cole or I could recollect.

Martha Davies, a servant, =t. 40, had la-
boured under habitual asthma for five years.
She was relieved on the first application of gal-
vanism, and said her breathing was quite easy ;
but she was not always equally relieved by it,
sometimes it gave comparatively little relief.
The more permanent relief afforded, was also
different at different times, never complete.
She was galvanised for about three weeks, but
not daily, her business preventing her regular
attendance ; she used the remedy in all about
thirteen or fourteen times. It was impossible
to prevent her drinking a great deal too much
malt liquor. |

It is now about half a year since she was
galvanised, during which she says both her
breathing and digestion have been better than
for the preceding five years. She thinks the
digestion as much improved as the breathing.
She has had no very bad attacks of dyspncea,
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and has been much less subject to bilious
attacks. She is now occasionally so well that
she can run without inconvenience, which she
could never do during the above time, but,
in general, her breathing, though in a less
degree than formerly, is still oppressed.

Mary Clark, a servant, ®t. 24, had laboured
under habitual asthma for about a year. The
dyspnceea was always quickly relieved by the
galvanism, although she seemed to experience
little, if any, permanent relief from it. She
had more pain in the stomach than is usual in
such cases, and the galvanism seemed to in-
crease it. She was cured by an alterative
course of medicines and evacuations from the
region of the stomach, and did not use gal-
vanism for the last fortnight. She had used it
at first daily for a fortnight, and twice after-
wards for a week each time.

As far as I can judge from having observed
the course of many cases of this kind, her re-
covery would neither have been so speedy nor
complete if she had not used galvanism.

Rachel Hooper, ®t. 29, a servant, had la-
boured under severe habitual asthma for about
a year, with considerable inflammatory ten-
dency. Her breathing was relieved in a few
minutes by galvanism, but not completely. For



336

about eight or ten days, during which she was
galvanised daily for about ten minutes; she
derived from it considerable relief, both im-
mediate and permanent. It then began to fail
to give relief, and in a few days gave none.
The epigastric region was now very tender on
pressure. This symptom was relieved in the
space of a few days by local blood-letting,
blistering and small doses of calomel. The re-
lief afforded by the galvanism was now greater
than at first, which seemed to arise from the
disease not being so severe as on the first use
of the remedy, for some part of .the-gcmd
effects of the galvanism had remained. After
this she was al“ays relieved by it as long as
she continued to use it, which was for several
weeks. 'The permanent relief she experienced
from it was also_great, althongh she still -at
times laboured under a cﬂumderable degree
of dyspneea. A out half a year ago, she
left Worcester with a promise to return, if
she should get worse. 'I have heard nothing
of her since.

She said nothing else had glven her so mueh
either immediate or permanent relief, as, the
galvanism had done. She had been for seyeral
months in the Infirmary under other pIElIlS of
treatment before she used the galvanism. All
the patients whose cases I have mentioned were
gal‘?ambed at the Inﬁrmar}r
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The following is a remarkable instance of
permanent, though imperfect relief, from galva-
nism, in the disease before us. A woman who
had for many years laboured under severe ha-
bitual asthma was incautiously galvanised with
such a power as occasioned severe pain. No
entreaty could induce her to submit to a repeti-
tion of the galvanism, although it had immedi-
ately relieved her breathing. The dyspnea
soon recurred, but she told me many months
afterwards that it had never been so severe
since she was galvanised, and that she had ever
since been able to carry water in buckets from
the river, which the state of her breathing had

not for a long time previously allowed her to
do.

If the reader will compare these cases with
the general observations whieh I have had oc-
casion to make on the effects of galvanism in
habitual asthma, he will be enabled to form a
pretty correct estimate of what he may expect
from its employment in this disease.

When we compare them with the experi-
ments laid before the reader in the preceding
Inquiry, the question naturally arises, whence
proceeds the permanent relief obtained in them ?
The galvanic experiments lead us to expect
relief to the dyspnecea while the stream of gal-
vanism passes through the lungs ; but on what

Z
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principle shall we explain the permanenecy of
the relief afforded? 'The following observa-
tions appear to throw some light on this sub-
ject. There are two ways in which an organ
may be deprived of its nervous influence, either
by a failure of due action in the brain and
spinal marrow, the sources of nervous in-
fluence, or a failure of due action in the nerves
of the organ affected by which this influence
is conveyed. It is no longer conveyed by a
nerve which has been divided, or around which
a ligature has been thrown. Now we have
reason to believe that habitual asthma arises
not ‘so much from a fault in the brain and
spinal marrow, as in the nerves of the lungs;
because, did the degree of dyspncea, which we
often witness in this disease, arise from failure
in the general source of nervous influence, this
failure must be sufficient to appear in the de-
rangement of all the nervous functions ; whereas
in habitual asthma, we often find the function
of the lungs alone affected ; and when general
failure of nervous influence is observed, it is
evidently the effect of impeded respiration, ap-
pearing only after the latter has continued for
some time, and varying as it varies. The
effect produced by galvanism, when it per-
forms a cure in habitual asthma, therefore; does
not appear to be its having occasioned a per-
manent supply of nervous influence, but its

1
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having cleared, if I may use the expression, the
passage of this influence to the lungs. - It is not
difficult to conceive that such an obstruction
may exist in the nerves as cannot be overcome
by the usual supply of nervous influence, though
it may yield to a greatly increased supply of it ;
and that it may in some cases continually
recur in an equal or diminished degree, while
m others, being once removed, the tendency
to it may cease. ;

The foregoing observations seem to explain
why other means, which give a temporary
vigour to the nervous system, often, for the time,
relieve habitual asthma; and sometimes, though
rarely, cure this disease. The relief obtained
from such means being in general so much less
than that obtained from galvanism, I would
ascribe to the former occasioning but little ad-
ditional supply of nervous influence, while by
the latter we can make the additional supply
as great as we please.

Of Suspended Animation.

~ The last disease which I shall mention is
suspended animation from drowning, or other
causes obstructing the breathing. Inflating
the lungs seems here to act in two ways. It
gives to the blood of the smaller vessels of the
lungs the arterial properties by which they are
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excited to action; and acting ' throngh the
blood of these vessels, it communicates to that
of the larger vessels, and of the heart itself,
more or less of the same properties, independ-
ently of the blood already changed being
‘moved on towards this organ; for M. Le
~ Gallois has shewn, that after the circulation

has permanently ceased, the blood may be
changed, by inflating the lungs, not only in the
heart itself, but also in some part of the larger
areries. By these means the cireulation in the
lungs is restored, but it is evident from the expe-
‘riments which have been laid before the reader,
that their due action cannot he restored till

they receive their usual supply of nervous in-
fluence. Now this cannot happen till the
re-established circulation has renewed the
vigour of the brain and spinal marrow. We
have reason to believe, that eould the due de-
gree of this influence be restored to the lungs
as soon as the circulation is renewed in them
by the access of the air, they would be excited
to a more perfect performance of their fune-
“tions ; and that recovery might thus be effected
im some cases, where mﬂatmn nf the Iungs alﬂne
| ﬁnuld fail. ' '

"~ We have seen, from direct experiment, that
“ealvanism can supply the place of nervous in-
" fluence in the lungs, enabling them to perform
“their functions after the lafter is withdrawn. 1
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would therefore propose, that, to the means
employed for the recovery of suffocated per-
sons, an apparatus, properly adapted for send-
ing a stream of galvanism through the lungs
in the direction of their nerves, as above
pointed out, should be added. It would be
improper here to employ, for any considerable
length of time, a stronger power than experi-
ence has taught us can be used without bad
effects in health. The power should not ex-
ceed that of fifteen, or at most, twenty four-
inch double plates of zinc and copper, the
fluid being one part of muriatic acid and twenty
of water. '3
- I should expect little advantage from gal-
vanism applied to any other secreling organ,
because the revival of the patient depends
little, if at all, on the action of any other.
Employed as a general stimulus to the brain
~and spinal marrow, it may be of use by rous-
ing the dormant powers of the system. They
rare all, we have seen, capable of being ex-
_cited through these organs. In this way it can
ouly indirectly assist the lungs, and that chiefly
_in proportion to the degree in which general
circulation is restored. It is probable, that
as a general stimulus, a greater power of gal-
vanisin may be used without injury, than it
would be proper to send through any vital or-
gan for a considerable length of time, because
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employed with this view, it may be applied in-
terruptedly.

of -Sympathy.

Do not the experiments which have been laid
before the reader tend to throw some light on
the nature of the sympathy which exists be-
tween different parts of the body, and so ex-
tensively influences the symptoms and treatment
of diseases?® " If it appears that the nervous
influence is not only capable of exciting, and
acting as a sedative to, the moving fibre where-
ever it exists, and whether subject to the will
ornot,t and of influencing in every possible
way ‘the secreting process,{ but is itself of such
a nature, that it is capable of pervading equally
the solids and fluids of the body, and of being
instantly moved from place to place independ-
ently of any immediate connection of vessels or
nerves,§ it will mot be difficult to explain the
various phenomena of sympathy, many of
. which at first view appear so unaccountable.
"% I have, ina paper’ above referred to, published in the
seventh volume of the Medico-Chirurgical Transactions,
enumerated some of the more striking igstances in wll}ici;_l:,he
sympathy of parts influences the symptoms and treatment
of diseases. i

~ 4 Part 11, Chap. ot -3 Chap. 5, Sec.' 1 and 3.

§ Chap. 5, Sec. 2. The phenomena of sympathy seem al-
ways to take place through the intervention of the brain or

spinal marrow.

|
|



APPENDIX.

The following account of an experiment
which, T am informed, is supposed by many to
contradict the result of the galvanie experi-
ments which have been laid before the reader,*
was sent to me

“ T'wo rabbits, which had had no food for
seventeen hours, were allowed to eat parsley.
The nerves of the - .. were then divided
in the neck of each. One of them was al-
lowed to remain quiet. A slip of tinfoil was
connected to the lower divided ends of the
nerves of the other rabbit, and another piece
of tin foil, an inch square, was applied to the
abdominal museles over the stomach, and un-
der the integuments, by means of a wound in
the latter. The tinfoil over the stomach was
connected with a wire communicating with one
end of a voltaic battery of twenty plates, and
oceasional contacts were made, (about three or
four times a minute,) between a wire con-

Y Exp. 46, 47, 48, 49.
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nected with the other end of the battery and
the tin foil in the neck. The influence of the
battery was sufficiently strong to excite slight
contractions of the muscles of the fore legs. This
process was continued during five hours, at the
end of which period both rabbits were killed.
““ On examining the stomach of the animal,
which bhad been subjected to the influence of
the battery, it was found much distended with
food ; the parsley was principally in the cardiac
portion, and near the @sophagus it appeared to
have undergone no alteration ; and below this
it was mixed with the other food in the stomach,
so that no aceurate observation could be made

on it.

““ The stomach of the other rabbit was exa-
mined by the side of the first, so that they
might be compared together, and the appear-
ances were precisely the same with those which
have been just described. The contraction in
the centre of the stomach was somewhat greater
in the galvanised stomach than in the other.”

It is perhaps unnecessary to observe that this
experiment, except in the most unimportant cir-
cumstances, bears no resemblance to any of the
calvanic experiments related in the preceding
Inquiry. In the above account of it, which is
printed in the way it was sent to me, it is-not
stated what nerves were divided, and no symp-
tom is mentioned which can lead us to suppose
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that they were the nerves of the eighth pair;
while the appearances after death demonstrate
that these nerves had not been divided, the state
of the contents of the stomachs of both rabbits
being such as it is never found to be, when
they have been divided some hours previous to
death.* Had the proper nerves been divided, the
experiment would still have been inconclusive,
as far as relates to my experiments, because no
continued stream of galvanism was sent through
the stomach, but only ““ occasional contacts™ of
the galvanic wires were made. It is unneces-
sary to point out some minor circumstances, in
which the above experiment differs from the
galvanic experiments in question. In repeating
such experiments, it is evident, every circum-
stance should be carefully considered. Even
trivial differences in the mode of making them
often occasion essential differences in the result.

* Page 167 et seq.

|

The following sentence should have been
added to the note in page 142 :

The experiments of Burzelius and Dr. Young afford the
strongest argument against the muscularity of vessels by shew-
ing that fibrine is not discoverable in their coats,

Aa
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-+ The following note refers to page 235.

It may be objected to this view of the first inspiration, that
the animal often breathgs before a ligature is thrown round the
umbilical chord : but we have noreason to believe, that the se~
condary change, effected in the blood of the feetus by the
vicinity of the maternal blood of the placenta, although this
gives it the florid colour, asmay be seen by opening the ves-
sels of the chord, is sufficient for the functions of the perfect
apimal. One of these functions, which, we, have reason to
believe from many phenomena, as well as from direct expe-
riments, is intimately connected with the change effected on
the blood by the air, the evolution of caloric, it is evident, is
immediately after birth required to be in a state of much
greater activity than in the feetus, which is surrounded by a
medium of its own temperature.

The following note refers to page 284, 1. 4.

The word chiefly, as here used, seeis to require some
explanation. « All admit that the arteries are elastic tubes,
and it will not be denied that the larger arteries are exposed
to a more powerful distending force during the systole than
during the diastole of the heart. It necessarily follows there-
fore that these arteries are more distended during the former:
than during the latter, even on the supposition that the in-
creased stimulus of distension excites no vital action in them.
W hether the increased distension is in such a degree as to be
sensible is another question. The experiments of Dr. Parry
prove that it is not sensible to the eye when the artery is ex-
posed. That it is sensible to the touch appears, I think, from
the circumstance, that when the circulation is vigorous the
pulse is sensible to pressure too slight to influence the caliber
of the artery. It issensible to the slightest touch. But that
the sensation produced in the finger in feeling the pulse, is
excited chiefly in the way Dr. Parry has explained, appears
from its increasing with the pressure until the latter becomes
such as nearly to obliterate the cavity of the artery.
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The following note refers toPages 358 & 339.

What is here said is well illustrated by the effects of gal-
vanism in apoplexy. We know that in this disease the dys-
pncea arises from a failure in the source of nervous influence,
and the relief obtained from galvarism corresponds with the
views afforded by the experiments which have been laid before
the reader. While the galvanism passed through the lungs
the dyspncea was as much relieved as in habitual asthma, but
when it ceased to pass through them, the relief lasted no longer
than was necessary for the re-accumulation of the phlegm.

FINIS,
























