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2 Dr J. Reid’s Eaperimental Investigation into the

intend, in the present communication, to confine myself chiefly to
their examination. Before proceeding, however, wli':h what may
be considered as forming the principal object of this communi-
cation, I am anxious to make a few additions to and cnrl:ectu_:-na of
some of the statements contained in my former paper, which, in the
order of arrangement, precede the remarks which I have there made
upon the pulmonary branches of the vagus.

Glosso-Pharyngeal Nerve. _

At p. 128—4 of my former communication, T state, while mak-
ing some remarks upon the reflex movements of the muscles of the
throat and lower part of the face, observed on irritating the trunk
of the glosso-pharyngeal, that T had * endeavoured in several of
the experiments, by gently pricking, pulling, and Plﬂﬂh“}E the
nerve, to produce the usual muscular movements of deglutition,”
or * of those excited by disagreeable sensations in the fauces and
pharynx, but without effect.” TIn an experiment which I perform-
ed last summer, a distinct effort of deglutition was made each
time the trunk of the glosso-pharyngeal was irritated ; and that
under circumstances which, notwithstanding my numerous pre-
vious failures, induce me to believe that this was not an accidental
coincidence, but actually stood in the relation of cause and effect.
I shall briefly relate the facts of the experiments as they were wit-
nessed by myself, so that every one may be able to judge how far
I am justified in making this mnference.

Ewxp. I.—The glosso-pharyngeal was exposed in a middle-
sized terrier. The trunk of the nerve was pinched three times
with the forceps, at intervals of two minutes, and each time a dis-
tinct movement of deglutition immediately followed. No such
movement was observed when the nerve was not irritated. The
animal was now deprived of volition by a dose of prussic acid, and
though the respiration went on for a short time, no effect fol-
lowed the pricking of the glosso-pharyngeal, and the irritation
even of the trunk of the par vagum appeared to have little effect
in exciting the respiratory movements.

This last fact ought not, we conceive, to be considered as at va-
riance with the first, for the prussic acid may, by its action upon
the medulla oblongata, have rendered it considerably more obtuse
to impressions conveyed by the glosso-pharyngeal, and the triflin
effect which followed excitation of the par vagum may favour this
view. Besides, it must be remembered, in juﬂging of the func-
tions of the glosso-pharyngeal as an exciter of deglutition, that im-
pressions applied to the extremities of nerves generally act more
powerfully than when applied to their trunks. *

—_—

* Volkmann has, from experiments upon the glosso-pharyngeal in the frog, ar-



Functions of the Lighth Pair of Nerves. 3

. Pneumogastric Nerves.

I have again had ample opportunities of confirming the state-
ment made in my former communication,—drawn from experi-
ments upon dogs, rabbits, cats, and calves,—that the pinching, cut-
ting, and even the stretching of the vagi nerves, when exposed in
the neck, are, in by far the greater majority of cases, attended by
ndications of severe suffering. In opposition to the opinion ex-
pressed by Dr M. Hall and Mr Broughton, that the nervus va-
gus is not a nerve of sensation, I adduced the authority of Hal-
ler, Brunn, Dumas, and Dupuy. If additional evidence be
thought necessary, 1 may also add to those the names of Molis
nelli, Mayo, Magendie, and Brachet. 1In the lst and 5th expe-
riments, upon the wvagus, related by Molinelli,* it is expressly
mentioned that the animals (dogs) gave indications of suffering, in
tying these nerves with a ligature. Mr Mayo says, that ** asses,
cats, and dogs, almost invariably express great pain when this
nerve, yet entire, is pinched with the forceps, and after its division
equal suffering appears to result from pinching the part connected
with the brain.”™t Magendie, in pointing out to his pupils an expe-
riment where the nerve was stretched and cut without exeiting pain,
remarked, ‘ In certain cases, on the contrary, the nervus vagus ap-
pears to possess the most exquisite sensibility; for it is scarcely
touched without exciting immediatelycriesand convulsive motions.™}
Brachet in one experiment irritated the upper end of the cut va-
gus, with the view of subjecting the animal to suffering, and with
success.§ I attempted to give an explanation of the source of fal-
lacy which had misled Dr M. Hall and Mr Broughton, in their
very limited number of experiments ; but I am now convinced that
there is another circumstance which is more likely to lead to such
errors than the one I mentioned, and that is the very different de-
grees of sensibility possessed by different animals even of the same
species. I have experimented on dogs which have endured the in-
cisions necessary to expose the sheath of the carotid artery with-
out any apparent uneasiness, and they remained quiescent though
the vagus was violently stretched, pinched, and cut. Magendie,
in explaining an experiment upon the vagi made before his pupils,
adds, ** The degree of sensibility in the pneumogastric nerve is va-
riable ; the division of this nerve is sometimes followed by acute
pain ; and sometimes, on the contrary, the animal seems scarce-

Tived at the conclusion which we have from experiments upon the dog,—that this is
not a motor nerve.-—Vide British and Foreign Medical Review, Vol. vii. p. 237,
January 1839.

* De ligatis sectisque nervis octavi paris. In Comment. Bonon. Tom. iii. p. 280,
1755.

t Anatomical and Physiological Commentaries, No. ii. p. 15.

1 Legons sur Les Phénomenes Physique de la Vie, Tom. 1. p. 208, 1836.

§ Recherches Experimentales sur les Functions du Systéme Nerveux Ganglio-
naire, Chap. i. Exper. 25.
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ly conscious of the operation.”*  Such facts ought to make us he-
sitate before arriving at negative conclusions upon 'l-llEiE'.’::IlEllhllht}F
of nerves, and forcibly point out a serious error to which limited
rvations are liable.

Ubsﬁ] confirmation of an observation made by Dr M. Hall and
Mr Broughton, I formerly stated (p. 181,) that I had frequently
repeated the experiment of compressing the vagi nerves in the
neck, and that in some cases powerful respiratory movements were
produced. As some additional confirmation of this observation,
1 may mention, that I remarked distinet respiratory movements
apparently excited in three animals by compressing the vagus
with the forceps, after they had been deprived of volition by a
dose of prussic acid. This experiment, however, fails much more
frequently than it succeeds. . :

In a note at page 134, I stated, that it is perhaps not quite
correct to say, that the pharyngeal branches of the par vagum fur-
nish all the motor nervous filaments of the pharynx and soft pa-
late, and the more especially, as Palletta and Mayo had de-
scribed, in the human species, a twig passing from the third branch
of the fifth to the circumflevus palati muscle. With the view
of enabling us to decide whether or not the branches of the fifth
pair assist in moving the muscles of the soft palate, the following
experiment was performed.

Eap. 11.—Three dogs were deprived of sensation and volition
by small doses of prussic acid, and the skull-caps were sawn off
as expeditiously as possible, the root of the fifth pair exposed on
the cerebral side of the Casserian ganglion, and irritated by a
powerful galvanic battery. Before, however, the galvanic wires
were applied to the nerve, the cheeks and the greater part of the
temporal and masseter muscles were rapidly divided, and the soft
palate and isthmus of the fauces fully exposed. On irritating the
nerve no movement of the muscles of the soft palate and isthmus
of the fauces could be detected, though the elevator muscular
fibres which remained attached to the lower jaw, acted so power-
fully, that it required a strong effort to prevent its closure. A fter
this had been repeated for a short time, the pharyngeal branch of
the nervus vagus was exposed and irritated in two of these ani-
mals, both by the forceps and by galvanism, and distinct move-
ments of the soft palate followed. In these experiments, we more
than once supposed that the parts about the isthmus of the
Jfauces moved on irritating the fifth ; but were afterwards satis-
fied that this was mechanical, and dependent upon the convulsive
movements of the muscles of the lower jaw; for when this bone

* Oper. cit. Tom. ii, p. 234, 1837.
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was kept nearly fixed during the irritation of the nerve, the move~
ments did not recur.

We believe, then, that in the function of deglutition the im-
pressions are conveyed to the medulla oblongata along the
branches of the glosso-pharyngeal ; along the branches of the fifth
pair distributed upon the fawces; and probably along those
branches of the superior-laryngeal distributed upon the p%mr]rnx.
The motive influence transmitted outwards from the medwlia
oblongata passes, we believe, along the pharyngeal branches of
the wvagus ; along the branches of the hypoglossal, distributed
to the muscles of the tongue, the thym-]i)yoid, sterno-hyoid,
and sterno-thyroid muscles ; along the motor filaments of the re-
currents ramifying upon the larynx ; along some of the branches
of the fifth supplying the elevator muscles of the lower jaw ; along
the branches of the portio dwra ramifying upon the digastric and
stylo-hyoid museles and museles of the lower part of the face ; and
probably along some of the branches of the cervical plexus, which
unite themselves to the descendens noni.* An examination of the
various muscular actions engaged in deglutition will convince us that
the muscles moved by the motor nerves we have enumerated, are
employed in the performance of this function.

Laryngeal Branches of Vagus.—All the recent observations
which we have had occasion to make on these nerves while perform-
ing other experiments, have only served to strengthen the conclu-
sions drawn from our previous observations. At page 149, we
stated, in making a few remarks upon the pathology of laryngis-
mues stridulus, that * from the experiments we have detailed it
is, however, apparent, that severe dyspneea amounting to suffoca~
tion, may arise both from irritation and compression of the inferior
laryngeal nerves, or of the trunks of the pneumogastries.” With-
out pretending to decide whether the disease we have referred to,
can in many cases, or only in a few, be explained on Dr Ley’s
theory, I would merely remark, that in some experiments to which
I shall again have occasion to refer, I have witnessed, after the
division of the vagi in the middle of the neck and the consequent
arrestment of the movements of the muscles of the arytenoid car-
tilages, sudden and violent attacks of dyspnea, which generally”
went off in the ecourse of a very few minutes, when they did not
terminate in suffocation,—phenomena which have been considered
by some as affording an insurmountable objection to the theory
of Dr Ley, as it supposes the exciting cause of the disease to be
permanent and not occasional. In these animals the respirations

* We do not wish dogmatically to maintain, that the pharyngeal branches of the
vagus may not include some sensitive filunents ; but we believe, on the grounds
stated in the former communication, that they are almost, if not entirely, motor.
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were performed with ease after section of both vagi, as long
as they remained at rest, or made moderate exertion; whﬂ_e., as
soon as they began to struggle,—in other words, when the inspi-
ratory movements were performed with greater force,—symptoms
of suffocation presented themselves, and these in some cases
shortly subsided, occasionally rather rapidly, on the animals
refraining from the violent exertion. We have also, in some of
those animals, designedly brought on a paroxysm of dyspnea, by
causing them to struggle. :

I have lately had frequent occasion to ex]!lrneriment upon the -
ferior laryngeal nerves, and have observed that very few dogs give
any indications of suffering when these nerves are irritated or cut.
We are not, however, to conclude that they are entirely motor,
for it must be remembered that many dogs remain perfectly qui-
escent, 1f previously well secured, during the incisions necessary
to expose the nerve. Besides, the anatomical distribution of some
of the filaments of the nerve, and the fact, that animals do ocea-
sionally give indications of suffering on irritating it, are sufficient
to prove that it does contain some sensitive filaments.

(Esophageal Branches of Vagus—Subsequent experiments
on rabbits have furnished me with results exactly similar to those
1 formerly detailed under this head. I have satisfied myself,
however, that substances seem to pass pretty freely along the
wsophagus in most dogs after section of the vagi. Upon what
this difference depends I have not yet been able to form any pro-
bable opinion.

Cardiac Branches of Par Vagum.—Brachet relates an ex-
periment, in which he states, that he tortured an animal (dog) in
various ways, after having previously divided the vagi ; and al-
though it manifested by its struggles and cries the pain which it
suffered, yet the heart’s action was not quickened, * le cceur est
resté¢ impassible, ses mouvemens n’ont pas varié.” * This state-
ment is so much at variance with all we know of the physiology
of the heart, that we might at once declare that some oversight
must have been committed. The movements of the heart are
distinctly referrible to the same laws which regulate museular con-
tractility in other parts of the body, only somewhat modified to
adapt it to the performance of its appropriate functions. Like
all the other muscles of the body, it is endowed with the pro-
perty of irritability, which enables it to contract upon the ap-
plication of a stimulant ; and whether we embrace the opinion,
that muscular irritability is dependent upon nervous influence, or
adopt the much more probable doctrine, that it is a property of
the muscular fibre itself, it is sufficiently proved,—and this is ad-

* Opus. cit. Chapitre premier, Exper. 25.
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:!nitted by M. Brachet himself,—that the irritability of the heart
1s not derived from the vagus. The ordinary and habitual ex-
citant to the irritability of the heart is the blood which is con-
stantly flowing into its cavities. When the blood is forced on
more rapidly towards the heart, as in exercise, its contractions be-
come proportionally more frequent ; and when the current moves
on more slowly, as in a state of rest, its frequency becomes pro-
portionally diminished. If the contractions of the heart were not
dependent upon the blood, and their number not regulated by the
quantity flowing into its cavities, very serious and inevitably fatal
disturbances of the heart’s action would soon take place. As
statements such as those of M. Brachet are, however, more ef-
fectually met by facts than by arguments, I proceeded to put
them to the test of experiment. These experiments were seven
i number, and six of them were made in the following man-
ner. The vagi and sympathetics,—and in some cases the re-
currents also—were cut in the middle of the neck, and a portion
removed. At a longer or shorter period after the operation
the pulsations of the heart were reckoned when the animal was
lying or standing on the ground, and after it had been caressed
for some time to calm its fears. It was then lifted up on the
table on which it had been previously tied and operated upon,
and, after having been spoken to harshly, the pulsations were
again reckoned. After being again caressed for some time the
pulsations were counted a third time ; and when replaced upon
the ground they were reckoned a fourth time. The following re-
sults were obtained :—In the first dog, the pulsations of the heart
were about 140 before the commencement of the experiment.
The animal at this time was apparently somewhat alarmed. Four
hours and-a-half after division of the nerves, the pulsations of
the heart were about 170 when the animal was standing on the
ground, and rose to 200 at least when placed upon the table.
After it was replaced on the ground they had again fallen to about
170. After nineteen hours the pulsations were 160 on the ground ;
they rose again to about 200 when placed on the table,—again
fell to about 160 when still on.the table, and were not increased
by being replaced on the ground. In the second dog the pulsa-
tions were 156 on the floor, and about 190 on the table ; and in
the third dog they rose 20 beats in the minute when placed on
the table. El both of these two last experiments the pulsations
of the heart soon subsided to their former frequency, and were
not increased by replacing the animals on the ground. In the
fourth dog the pulsations, twenty-four hours after division of the
nerves, were 140 on the floor, and instantly rose to 180 on the
table. After waiting until they had again fallen to their former
frequency, they were not increased by replacing it on the ground.



8 Dr J. Reid’s Experimental Investigation into the

In the sixth dog the pulsations were 140, the third day after the
section of the nerves, when the animal was on the floor, and were
raised to 160 by placing it on the table. In these experiments
it was particularly observed, that the animals made no struggles
in carrying them to and from the table, and. consequently, the
increased excitation of the heart must have arisen from the mental
emotion of terror. In the seventh dog this was conjoined with
violent struggles. The pulsations eight hours and-a-half after
the operation were 180 ; when placed on the table, and made to
struggle, the pulsations, as far as could be made out, were about
220 ; when he had been subjected to pain, and had struggled
more violently, they became so frequent that they could not be
accurately reckoned, but were at least 260 in the minute. A
large tube had been previously introduced into the frachea in
this last animal. These experiments are, we conceive, sufficient
to prove that, after section of the vagi, the pulsations of the heart
maynot only be quickened by muscular exertion, but also by mental
emotions, Though in all probability the vagi are the usual chan-
nels through which mental emotions affect the heart, vet it ap-
pears from these experiments that this may also take place through
the medium of the ganglionie system of nerves.

Pulmonary Branches of the Vagus.—At p. 158 1 gave the
results of several experiments, from which, in opposition to the ob-
servations of Magendie, Wilson Philip, and Swan, I concluded
“ that lesion of one of the pneumogastrics does not necessarily or
even generally induce disease of the lung of that side.” Since
that time 1 have carefully examined the lungs of two dogs and a
cat, killed some time after a portion of one vagus had been re-
moved. One dog lived two months, the other nine days, and
the cat three weeks, No morbid change could be detected in the
lungs. I have now removed a portion of one vagus in seventeen
animals, which have been allowed to live a longer or shorter pe-
riod,~—from twenty-four hours to six months,—and in noné of these
could I detect any morbid change in the lungs which T could at-
tribute to the section of the nerve, In an experiment made by
Magendie before his pupils, the results were completely at variance
with his former expressed opinions. The right lung of a dog, from
which a portion of the vagus of that side had been removed six
months before, was on examination found to be erfectly healthy.*®
The circumstance of the lung remaining heall,Ey after section of
the vagus of the same side might, I formerly supposed, be account-
ed for by the anastomoses between the pulmonary plexuses of the
two sides. I now believe, however, that there is another cause in
operation which I shall have to discuss at some length when we

* Legons sur les Phénomenes hysiques de la Vie, Tome i p 203-4,
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come to examine the morbid changes in the lungs induced by le-
sion of both vagi.

Effects of Lesion of the par Vagum upon the Respiratory
Muscular Movements.—1t has now been fully ascertained by nu-
merous experimenters, more especially bythose who have investigat-
ed the functions of the vagus since the time of Legallois, that an
animal will continue to breathe for a longer or shorter time, after this
nerve has been cut on both sides of the neck, if care be taken to
secure the free ingress and egress of air into the lungs. In my
former communication I examined, under the section Laryngeal
Nerves, the effects of lesion of the vagiin the middle of the neck
upon the respiratory muscular movements of the larynax, and it
will be here unnecessary to resume the discussion of that point,
I there adduced various facts to show that when the vagi are
injured above the origin of the inferior laryngeal or recurrents, the
movements of all the muscles which enlarge or diminish the cavit
of the laryna are arrested, and the superior aperture of the laryna
can no longer be dilated during inspiration. If the laryna be
large, and the animal refrain from any violent effort, an adequate
quantity of air may still find its way through the diminished aper-
ture of the laryna, and the respirations are at first performed with
ease. If,on the other hand, the leryna be small, the quantity of
air admitted through the interior of the laryne may be insufficient
to carry on the respiratory process, and the animal may labour
under dyspnea from the moment the nerves are divided until its
death. in young animals, in which the laryna is naturally small,
and even mot unfrequently in those full-grown, especially if the
respiratory movements become forcible as in struggling,—or, in
other words, when the capacity of the chest is suddenly and great-
ly enlarged,—the air rushes through the diminished aperture of the
laryna in a narrower stream and with increased force, carrying the
arytenoid cartiloges mechanically inwards, producing the complete
occlusion of the superior aperture of the laryna, and thus suffo-
cating the animal.

As it becomes a matter of importance, in enabling us to ar-
rive at some accurate conclusions upon the cause of the morbid
changes induced in the lungs by lesion of the vagi, to ascertain
the immediate effects of this operation upon the respiratory
movements, I have oflate attended particularly to this point : and
have notes of thirty experiments in which the immediate effects of
division of the vagi were watched upon dogs. In a considerable
number of these, the recurrents were also divided. Seventeen of
the experiments were performed chiefly for the purpose of investi-
gating the morbid changes in the lungs. In the others I had dif-
ferent objects in view, and some of the animals were therefore al-
lowed to live only a short time after the operation, but sufficient-
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ly long to ascertain its immediate effects upon the respiration. T
need only state once for all, that in every one of these experiments
the nerves were not simply divided, but a considerable portion
was also removed. Many of the animals operated on were full-
grown, so that no opening was made into the frachea. In others
whicl were not full-grown a Jarge tube was introduced into the Zra-
chea previous to the division of the nerves ; and in a few in which
(although they were full-grown) violent paroxysms of dyspnea
occurred after the nerves had been divided, an opening was
immediately made into the frachea and a tube introduced.
Such experiments are liable to several sources of fallacy, which
must be carefully avoided, if we wish to arrive at accurate results.
When an opening is made into the #rachea under such circum-
stances, and no tube introduced, the incision in the skin and
muscles must be very free, to secure a direct communication be-
tween the opening in the #rackea and the external air, as the ani-
mal generally droops his head and the ¢rachea is moveable. If a
tube be introduced into the opening, care must be taken that it be
sufficiently large, and not clogged up by blood or muecus, and that
its shape be such as to prevent the orifice being obstructed in the
bent position of the neck. Reflecting upon these inconveniences
and sources of error, it occurred to us that by selecting aged ani-
mals, and after first ascertaining what effect the section of the re-
currents had upon the supply of atmospherie air in the particular
animal operated on, we might be enabled to judge more accurate-
ly of the extent of the influence of the vagi upon the other respi-
ratory muscular movements. We believed that by selecting those
animals in which the division of the recurrents produces no impe-
diment to the respiration, the subsequent division of the vagi
would produce no additional diminution of the supply of air
through the laryna, and would consequently determine in a satis-
factory manner the immediate effects of the lesion of the vagi
upon the respiratory movements under circumstances where the
egress and ingress of air to the lungs were quite free. Another
difficulty, however, again presented itself, to which I have al-
ready alluded. In some of those animals the violent respiratory
movements produced by the pain of dividing the vagi, or some
powerful effort to liberate themselves before they were unbound,
produced violent dyspneea, which in some cases soon went off when
the animal became more quiescent ; but in others necessitated the
open in&r of the #rackea and the introduction of a tube. The idea
of dividing the right vagus below the origin of the inferior laryn-
geals now occurred to us, but this being a severe and difficult
operation was after one trial abandoned. It appeared then that
the best plan to follow was to select full-grown animals ; to avoid
as much as pessible any thing likely to produce the struggles of
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the animal, after, or during the division of the vagi; and if
dyspneea, threatening suffocation, should oeccur, quickly to intro-
duce a pretty long and large bent tube into the frachea, and effi-
ciently secure it. These details may appear uninteresting, and to
many may seem unprofitable ; but it is obvious that those who may
wish to test the accuracy of the facts which I am about to men-
tion, must repeat the experiments in a similar manner, unless it
should appear that I have overlooked the agency of some extrane-
ous circumstance which might interfere with the results. 1t is not
so much the frequency of false observations that we have to com-
plain of in medieal science, as the errors which arise from mak-
mg these observations under dissimilar circumstances, and from
drawing general conclusions from insufficient data.

Of the thirty animals operated on, I find from my notes that
fourteen, or rather less than one-half, had the ¢rachea opened. Of
these fourteen, the #rachea was opened, and a tube introduced in
nine, previous to the cutting of the vagi, as the age of the animal
or the dread of the supervention of suffocation in some other sub-
sequent experiment to which the section of the vagi was prepa-
ratory, made it prudent to proceed in this manner. In the re-
maining five, the #rachea was opened subsequently to the com-
mencement of the severe dyspnea,—in four of these after sec-
tion of the vagi, and in one after section of the recurrents, and
before the vagi had been exposed. Of these thirty animals, 1
find that the respiration was easy immediately or soon after the
division of the vagi, and this continued for a longer or shorter
time in twenty-seven; while in the remaining three it is stated
to have been difficult and approaching to dyspnea. The trackea
had been opened in these three animals, and in one of them, as
no sufficient tracheotomy tube was at hand, none was introduced.
In the other two, tubes were introduced ; but I have every reason
to believe that they answered the purpose very imperfectly. %ESidEH,
it ought also to be mentioned, that these three experiments were
performed before I had matured my plans for providing for the
passage of a sufficient supply of air through the #rachea. 1 may
also state here, that I could adduce several experiments, performed
last year, which would seem to show that dyspneea may oceur
immediately after section of the vagi, even where precautions have
been used against it ; and which at the time almost induced me
to adopt the opinion, that the synchronous movements of the
muscular fibres of the bronchial tubes were essentially necessary
for healthy respiration. In reflecting upon the somewhat imper-
fect manner in which these experiments were performed, and find-
ing that they are not confirmed by the twenty-seven experiments
where all apparent sources of fallacy were avoided, I have arrived
at the conclusion, that when a sufficient quantity of air traverses
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the frachea after section of both vagi and recurrents, the respira-
tions are at first pexformed with ease. Very important effects, how-
ever, upon the respiratory movements manifest themselves instant-
ly after section of the vagi. The frequency of the respiratory
movements suffers a great diminution, and are at the same time
performed more slowly, and generally even from the first in a
somewhat heaving manner. I have notes, more or less complete,
of the frequency of the respirations taken at different periods af-
ter section of the vagi in twenty dogs. We found it frequently
difficult, and in some cases impossible to reckon the number of
respirations accurately in some of these animals previous to the
commencement of the experiment, owing to their restlessness, and
the gentle manner in which their respiratory muscular movements
were performed ; and this will explain some deficiencies in the
following tables, We were also sometimes not a little perplexed
by the varying frequency in the number of the respiratory move-
ments in some of those animals, even within the space of a few
minutes, and when no very apparent change had occurred in
the circumstances in which they were placed. After the wagi
had been cut, we experienced much less difficulty in reckoning
the number of the respirations, as they were performed in a more
slow and heaving manner. In the following table, I shall not ar-
range the experiments in the order in which they were performed,
but classify them in the way which appears best adapted to show
the results. The first table is for the purpose of pointing out the
difference between the number of respirations before and at vari-
ous periods after section of the vagi, and in the cases which I shall
afterwards mention of the recurrents also. I may state that the
observations were made in this manner. The respirations were reck-
onedseveral times immediately before the operation wasperformed,
—with the exception of Experiment XI. where the animal was re-
peatedly examined for two days previous,—and then again imme-
diately after the division of the vagi, and before the incisions were
stitched up. The T in the tables indicates that a tube was in-
troduced into the #rachea. I have marked at the end of some
of the experiments the time the animal lived after division of tlhe
nerves, as we shall afterwards have occasion to refer to these.

Tasve 1.
Before  Immediately
Expert. operation. after.

3 T 15 67
4, 14=16 =0

2 min. 5 min. 15 min.
B, 18-20 7-8 8 =3 =0

B, 16-17 6-7
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ing number of the respirations sufficiently indicate the fact, that
the respiration was very easily excited in the animal the subject
of Experiment XV. And as this was not remarked until the
nerves had been divided, no safe conclusions can be drawn from
such an experiment, especially as the respirations were not reckon-
ed sufficiently often before the commencement of the experiment
to ascertain their average frequency.  The result of Experiment
XVIL is so completely at variance with the others, that the eir-
cumstances connected with its performance require some explana-
tion, This animal was one of those in which it was necessary to
open the #rachea, and introduce a tube after section of the vagi.
It had suffered much from dyspneea before the tube could be in-
troduced, and the respirations were reckoned soon after the inser-
tion of the tube, and before it had recovered from the effects of
the dyspneea. I may also state, that this was the first experi-
ment which I made to ascertain the effects of the division of the
vagi upon the frequency of the respiratory movements, otherwise
I would have paid more attention to this circumstance, and would
have again reckoned the respiration immediately after the animal
had become calm. This experiment ought, perhaps, to have been
rejected from the list, but 1 was anxious to give all the observa-
tions made on this point exactly as they are entered in my notes,
so that every one may be able to judge of the soundness of the
conclusions which we intend to deduce from them in a subsequent
part of this paper. In judging of the effects of the division of
the vagi upon the frequency of the respiratory movements, it is
absolutely necessary to reckon them, for as these movements be-
come more apparent, prolonged, and heaving, we may be readily
deceived. Fpmm neglecting this, I fell, in my earlier experiments
upon the vagus, into the error of supposing that the respiratory
movements were increased in frequency, especially in rabbits. It
is in this manner that we can account for the statement of Dr M.
Hall, that after division of the vagi * the acts of respiration be-
come much more frequent.”™ At a shorter or longer period after
section of the vagi, the respirations become more heaving and
prolonged, while the expirations continue to be comparatively
short and rapid, and frequently attended by a sound caused by the
sudden expulsion of the air.

In some cases the number of respirations was afterwards still
farther reduced ; while in others it varied at different periods ;
and in a few it became more frequent shortly before death. At
a longer interval after section of the nerves, the inspirations gene-
rally become still more heaving and prolonged ; the blood is less
perfectly arterialized in the lungs, and the arteries circulate blood

. —— e

* Memoirs on the Nervous System, p. 85, 1837.
' a3
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gradually approaching to the venous character ; the animal becomes
more dull and stupid, the evolution of animal heat is diminished,
and it dies asphyxiated.

We believe that it is sufficiently evident from these experiments,
that the vagi are important nerves in transmitting those impres-
sions to the medulla oblongata which excite the respiratory mus-
cular movements ; and they may appear to favour the opinion of Dr
M. Hall, that the continuance of the respiration, after division of
the vagi, is a voluntary and not an excited act.* In my former
communication, (p.161,) I stated that I had observed respiratory
movements continue in animals after they had been deprived of all
volition by a small dose of prussic acid. I have since made simi-
lar experiments upon animals deprived of volition by alechol, and
by blowing air along the carotids towards the brain. I am also
satisfied that, in such experiments, the inferior laryngeal nerves
may be also divided without affecting the results. As, however,
it has been stated by Dr M. Hall, on the authority of Cruveilhier,
(Lancet, February 17, 1838, p. 733,) that after the function of the
cerebrum is destroyed, or, in other words, after the animal has
been deprived of volition, the respiration ceases instantly on di-
viding the pneumogastrics near their origin, I thought it neces-
sary to repeat this experiment.

Eap. XXI1II.—The vagi were first exposed in the upper part
of the neck in a puppy six days old. A considerable portion of
the eranium was removed on both sides of the superior longitu-
dinal sinus, and the hemispheres of the brain were completely de-
stroyed down to the corpora quadrigemina. The vagi were
then cut, and the #rachea opened, without arresting the respira-
tory movements. The animal was evidently much exhausted from
loss of blood, and the respirations were performed at long intervals
even before the vagi were divided. After the section of the vagi
the respiration went on for several minutes, during which the cere-
bellum was also broken up by the forceps.

Exp. XX1V.—The vagi were exposed and the hemispheres
of the brain removed, as in the preceding experiment. The respi-
rations continued after the division of the vagi. A few minutes
after division of the nerves, the respirations were reckoned and
found to be 4 in the minute. The recurrents were then divided,
and the ecerebellum broken up as cautiously as possible by the
forceps. Seven minutes after the respirations had been first reck-
oned, they were between 3 and 4 in the minute ; at the thirteenth
minute they were still between 3 and 4. The spinal column was
completely severed between the second and third cervical vertebrae
fifteen minutes after the respiration had been first reckoned, and

* Oper. cit. p. 87.
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the respiratory movements still continued at the rate of 1 in the
minute. At the twentieth minute the head was entirely removed
from the body, and some cold water was dashed over the face after
it had lain quiescent for nearly two minutes, and the muscles of
the face moved as in inspiration. In about two minutes more, a
similar movement_followed without the artificial application of any
external excitant. Between the seventh and thirteenth minute
after the respiration had been first reckoned, the animal repeatedly
sucked the finger introduced into the mouth, and at the fifteenth
minute it still did this though feebly.

These two experiments being positive ones are sufficient, inde-
pendent of others which we could adduce, to prove that the respi-
ratory movements are not immediately arrested after removal of
the eerebrum and cerebellum and division of the vagi. We
have seen that division of the vagi in an animal in which the en-
cephalon was uninjured was immediately followed by a diminish-
ed frequency of respiration ; and it becomes an interesting ques-
tion to ascertain what is the effect of the lesion of those nerves in
an animal deprived of volition by the previous removal of the
brain, as such experiments will determine the influence of the
vagi as exciters of respiration in a more precise manner than those
performed upon animals in which the respiratory movements may
be readily modified by volition.

Eap. XXV .—The pneumogastries were exposed and surround-
ed by a loose ligature in a kitten one day old. The hemispheres
of the brain were removed, and attempts were made to break down
the cerebellum without removing the osseous femforium. Be-
fore the commencement of the operation the respirations were
nearly 100 in the minute ; after removing the hemispheres of the
brain they were about 40. On cutting the vagi they instantly
fell to between 3 and 4 in the minute, and the animal eontinued
to breathe in this manner for an hour, when it was left. During
this time it sucked the finger introduced into the mouth.

Another experiment of the same kind was performed on a kit-
ten of the same age, whose respirations were also about 100 in the
minute. This animal appeared to be more exhausted from hemor-
rhage, and only breathed twelve times in a minute after the remoy-
al of the hemispheres. After the section of the vagi the respirations
were only between 2 and 8 in the minute ; and it continued to
breathe in this manner for a quarter of an lour, when it was left.
On examining these two animals after death, it was ascertained
that the whole of the cerebrum down to the corpora quadrige-
mina had been removed, and that the cerebellum was only par-
tially injured. I find it stated in my notes of these two experi-
ments, that, if l.he‘ammals had been left immediately after section
of the vagi, we might have g;nne away with the impression that
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they had ceased to breathe, as the respiration appeared quite ar-
rested for about a minute.

Eap. XXVI.—The vagi and recurrents were exposed, the
hemispheres of the brain removed, and the cerebellum injured, in
a kitten five days old, as in the previous experiments.  The respi-
rations before the commencement of the experiment were 120 ;
after removal of the hemispheres of the brain 40 ; after section of
the vagi and recurrents they instantly fell to 4 in the minute ;
two minutes after this they were between 8 and 4 : five minutes
after they were 4; and seven minutes after they were still 4. It
was now pithed at the lower part of the neck, between the sixth
and seventh cervical vertebra, and the respirations fell to one in
the minute. It continued to breathe in this manner for seventeen
minutes, when it was left.

A similar experiment was performed on another kitten of the
same age. 'The respirations were few and irregular after the re-
moval of the cerebral hemispheres. The vagi were then cut, and
it continued to breathe about onece in the minute for half an hour,
when it was left. On dissecting these two animals after death, it
was found that a considerable part of the cerebellum had escaped
injury in the former ; while in the latter, nothing except the me-
dulla oblongata had been left within the cranium.

While these experiments illustrate the great importance of the
pneumogastrics as exciters of respiration, they also prove that the
impressions made on the filaments of the pneumogastrics distri-
buted in the air-cells of the lungs are not the sole excitants of
respiration ; and that there are other nerves which can transmit
impressions to the medulla oblongata capable of exciting the in-
voluntary respiratory movements,

I formerly suggested (p. 162) that the continuance of the re-
spiration after section of the vagi might depend upon the trans-
mission of impressions along the sympathetic branches distributed
in the lungs, backwards to the spinal chord. Several facts related
in the above experiments upon the effects of the division of the
vagi after removal of the brain seem to prove that all the im-
pressions conveyed to the medulla oblongata capable of excit-
ing the involuntary muscular movements under such circumstances,
are not transmitted through the sympathetic system. T need
only refer to the gasping of the animal after decapitation—a fact
formerly observed by Legallois,—and to the continuance of the
respiration after the pithing of an animal in the cervical regiom,
from which the brain and eerebellum have previously been remov=
ed, and the vagi divided high in the neck. I may alsostate, that I
have seen the respiratory muscles twice called into simultaneous
movement after all the thoracie viscera had been rapidly remov-
ed in an animal deprived of semsation and volition by a dose

j
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of prussic acid. The facility with which the respiratory move-
ments are excited by impressions made upon the sensiferous fila-
ments of the fifth pair,—well illustrated by the effects of dashing
cold water on the face,—wi!l at once suggest this nerve as a likely
channel through which these impressions may be conveyed. The
effects of certain impressions upon the surface of the skin general-
ly, and the details of two very interesting and important cases of
the resuscitation of new-born children by the contact of the cool
atmosphere with the surface of the body, given by Dr M. Hall,
on the authority of Dr Henning * and by Dr Wagner, 1 point
out the filaments of the spinal nerves distributed on the skin as
also probably engaged in transmitting those impressions which
excite respiratory movements. It would be difficult to devise ex-
periments likely to afford such decisive results as would enable us
to ascertain the relative share which these different nerves have in
carrying on the respiration after section of the vagi. The results
of experiments X XTIII. and XXV, where the respiratory move-
ments suffered another very apparent diminution on pithing the
animal in the cervical region, would seem to show that the nerves
distributed about the face and upper part of the neck do not cer-
tainly furnish the only channels through which the impressions
which excite respiration are conveyed to the medulla oblongata
after division of the vagi. We must, however, be cantious in
drawing conclusions from negative experiments so few in number.
With the view of throwing further light upon this question, the
following experiment, which is similar to one detailed by Mr
Cruickshank, § was performed.

Exp. XXVII.—The vagi and sympathetics were divided low
in_the neck in a powerful bull-bitch at 8 o’clock a. . A large
tube was introduced into the trachea before the division of the
vagi. The respirations before the operation were from 16 to 18
in a minute. After the operation it breathed freely through the
tube and walked about. At 4 p. M. the respirations were 6 in
the minute, when it waslying at rest. Next morning at 7 o’clock
the respirations were reckoned repeatedly, and were found to be
from 6 to 7 when lying, and from 8 to 10 when standing. It
was now pithed at the lower part of the neck, and it continued to
breathe by the diaphragm alone, and appeared uneasy during the
short time it was allowed to live. The Tespimtions were reckoned
between two or three minutes after the spinal chord had been cut
across, and were 6 in the minute. For twenty minutes after this
they were reckoned at short intervals, and were still 6 in the
minute. Both femoral arteries were now opened, and the blood,

" Memoirs on the Nervous System, p. 88,
+ British and Foreign Medical Review, Vol. v. p. 582,
T Medical Facts and Observations, Vol. vii. Exper. vii. p. 147.
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though of arterial hue, was darker than usual, and flowed out with
diminished impetus. No satisfactory conclusions can be drawn
from this experiment, as the frequency of the respiration was pro-
bably influenced by volition and other causes. As far as a single
experiment of this kind can go, however, it appears to show that
the frequency of the respiratory movements was somewhat dimi-
nished by the pithing of the animal, for I am convinced that the
respirations would have been more frequent had the animal been
as much excited before it was pithed as it appeared to be after-
wards. In Mr Cruickshank’s experiment the animal died sixteen
hours after the operation. The number of respirations varied
from 5 to 15 in a minute. Their frequency before the operation
Is not stated.

The diminution of the frequency of the respiratory movements
consequent upon division of the vagi has been observed by other
experimenters. A, G. F. Emmert concluded, but apparently
more upon theoretical grounds, than from any direct observations
made in the two experiments which he had at that time perform-
ed on rabbits, that after lesion of the vagi the respirations be-
came less frequent and prolonged. *  Mayer reckoned the number
of respirations, both before and at various periods after section of
the nerves, in five experiments, and gives the results in the fol-
lowing table.

Before operation. After operation.
Ass, g T . 8
Dog, : 48 : 8
1st rabbit, : 80 : 40
2d doe. : 100 : 48
3d do. ! 80 . 28+

The late Mr Broughton mentions, that in a horse in which the
vagi were divided, ** the respirations became slow, 12 in a mi-
nute.”f Inanother horse, * the respirations fell to five in the mi-
nute.“é At what period after the operation this diminution in the
frequencyof the respirations was observed,and whatwas the number
of the respirations previous to the experiment, we are not inform-
ed. Sir Astley Cooper has given the results of two experiments
upon rabbits, which well illustrate the effects of section of the
vagi upon the frequency of the respiratory movements. In one
rabbit the respirations were 132 in the minute before the com-
mencement of the experiment. One hour after division of the
nerves they were 48 ; and after eleven hours and a-half they were
only 30. In the second experiment the respirations were 135

* Archiv. fiir Physiologie, von Reil und Autenrieth. Neunter Band, 1509. 8,
417.

—i Tiedemann's Zeitschrift fiir Physiologie. Zweiter Band, IB‘!ﬁ:, 8. 77

+ Quarterly Journal of Literature, Science, &c. Vol. x. p 05,

§ Oper. cit. p. 307.
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before the division of the nerves. One hour after, they were 48 ;
six hours after, they were 36 ; and after sixteen hours they were
28.* The experiments we have related prove that this diminish-
ed frequency of the respiration instantly follows the division of the
nerves, and cannot depend upen any blunting of the sensation
from the circulation of dark blood in the arteries of the brain ;
though this no doubt may, after a while, probably assist in dimi-
nishing them still farther. 'We shall have occasion to examine
the probable influence of the diminished frecgum:cjr of the respira-
tions in producing the morbid changes which are observed in the
lungs, when we come to discuss that part of our inquhﬁ

Are the Pulmonary Branches of the Vagus both Motor and
Sensitive Nerves? We have made various attempts to obtain
some satisfactory evidence that the muscular fibres of the bron-
chial tubes are moved through the influence of the vagi, but we
must confess that these as yet have all failed. I have frequently
performed the following experiment upon animals immediately af-
ter death. An opening was made into the #rachea, into which
the broad end of a bent tube of the form of a blowpipe was in-
serted and there secured, while the narrow end was introduced
below the surface of water in a shallow vessel. The nerves were
then immediately exposed, and irritated both by the scalpel and
by galvanism ; and we anticipated, that, if the muscular fibres of
the bromchi were thrown into contraction, a part of the air
would be forced along the tube, and rise through the water in the
form of bubbles. No such appearance, however, presented itself,
though the muscular fibres of the csophagus moved at each ap-
plication of the excitant. We do not, however, consider this a
very delicate method of testing this point, from some circumstan-
ces which we observed in performing these experiments. In one
or two cases in which I believed I heard the natural respiratory
murmur after section of the vagi, I could detect no change in
the respiratory sound when the lower end of the cut nerve was
pinched by the forceps during inspiration. The restlessness and
tremblings of the animal, generally, however, interfere with the
accuracy of such observations. We certainly do not consider
these negative experiments as by any means sufficient to entitle
us to conclude that some of the pulmonary branches of the vagus
are not motor nerves—the more especially as the well-known symp-
toms of what is called spasmodic asthma, and certain phenomena
observed by Laennec on applying the stethoscope over the chest,+
render it exceedingly probable that museular movements oecur in
the bronchial tubes; and if such movements be influenced by

e

" Guy's Hospital Reports, No. 3, September 1836, p. 400.
1 Treatise on the Diseases of the Chest, &c. p. 418, 1829, Forbes’ Translation.
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nerves, it is much more likely that these should belong to the va-
gus, than to the sympathetic system. M. Brachet has related
some experiments, which, if correct, prove in a most satisfactory
manner that part of the pulmonary branches of the vagus are mo-
tor.* We have not repeated those experiments; but, from an
examination of the details given by M. Brachet, we cannot help
suspecting that some error must have been committed in their
performance, which had been overlooked.

From the distribution of the vagus upon the bronchial tubes
we might conclude @ priori, that it must be concerned in con-
veying those impressions to the central organs of the nervous sys-
tem which excite sensations. It does not, however, necessarily
follow, that division of the vagi should annihilate all the sensations
referred to the lungs. I formerly stated, that I was convinced,
from frequently repeated experiments, that section of the vagus
on both sides neither arrests the transmission of those impressions
to the medulla oblongata which excite the involuntary respiratory
movements ; nor does it annihilate the sense of anxiety arising
from the deficiency of fresh air in the lungs. I have since that
time had frequent opportunities of verifying this statement, and I
am confident that animals will evince great uneasiness—to judge
from the struggles of the animal—after section of these nerves,
when the access of air to the lungs is prevented. It is possible,
however, that this besoin de respirer may be dimimshed by
section of the vagi, though it certainly is not annihilated. In or-
der to perform such experiments properly, it is necessary that the
access of air to the lungs be fully and suddenly prevented. Such
experiments as those performed by Brachett and Mr Grainger,
where the animal was placed under a bell-glass in a limited quan-
tity of air, are liable to an obvious source of fallacy. When car-
bonic acid is accumulated slowly in the air inspired even in a
healthy individual, a torpor gradually creeps over the nervous sys-
tem, and the sense of anxiety at the chest is never very urgent,
and frequently not sufficient to rouse a person from his sleep.
The melancholy fate of many an unfortunate individual could be
easily adduced in confirmation of this. I have seen rabbits con-
ﬁneg under a bell-glass until their breathing became quick and
heaving, without their evincing any marked uneasiness, and with.-
out making efforts to escape. The other method of experi-
menting followed by Brachet, viz. of cutting the vagi in a puppy
three days old, and then placing the nose under water.§ is equal-
ly liable to error. From the various experiments we have made,
we are led to believe that section of the vagi in an animal so

* Opus cit. p. 299, Experiment 125-6. + 1Ibid. Experiment 37, p. 134,
4 On the Spinal Chord. § Opus cit, Experiment 34.
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young is followed by the instant occlusion of the superior aper-
ture of the laryna, so that the struggles and uneasiness arising
from the occlusion of the laryna may have ceased before the nose
of the animal was placed under water. At all events, we found
on repeating this experiment on kittens, that plunging the nose in
water was a very useless proceeding, for violent struggles and evi-
dent uneasiness instantly followed the division of the vagi. :
In our last communication, (p. 162,) we alluded to the experi-
ments made by Brachet, from which he concludes that all the sensa-
tions occasioned by foreign bodies, &c. in the air-passages are de-
pendent upon the integrity of the pneumogastrics. 'We stated that
we had never yet been able to induce the severe paroxysms of
coughing described by Brachet, by any mode of irritating the in-
ner surface of the ¢érachea which we haveadopted. 'T'o show that
others have also sometimes observed great insensibility of the
mucous membrane of the #rachea, even when the vagi were en-
tire and uninjured, I have only to refer to the works of Haller.*
He there relates several experiments upon different speeies of quad-
rupeds,—two cats, a she-goat, a rabbit, a lamb, a he-goat, and a
sheep—in which the #rachea was opened, and various irritating
substances, such as oil of vitriol, butter of antimony, and fumes
of sulphur, were introduced into the air-passages, without exciting
cough. Some of the animals gave indications of suffering, and
breathed forcibly. The sheep was supposed to be phthisical.
Every practical surgeon is aware of the little uneasiness produced
by the introduction of a canula into an opening in the frachea.
The violent paroxysms of coughing consequent upon the introdue-
tion of foreign bodies into the #rachea from the mouth seem prin-
cipally dependent upon their passage through the laryna. 1 have
suggested that Brachet in some of his experiments may have over-
looked a source of fallacy which would very seriously interfere with
the results,—and that is, the facility with which some of the irri-
tants used might reach the interior of the laryna ; although it is
to be remembered that, in the experiments which he details to il-
lustrate the annihilation of the sensibility of the inmer surface of
the Zrachea andbronchial tubes afterdivision of the vagi, the nerves
were cut in the middle of the neck. It is nevertheless quite possible,
that this may affect the results in some experiments more than in
others, and it is evident that, if the head be depressed when a
quantity of fluid is thrown into the #rachea, or if the fumes from
a muriatic acid bottle be used asan irritant (as by Brachet in some
of his experiments,) the chances are, that a part of these will reach
the interior of the larynz and excite violent efforts to cough.4+ In

* Opera Minora, Tom. i. p. 402, Laus. 1762 ; or Sur la Nature Sensible et Ir.
ritable, Tome i. p. 394, Laus. 1736, 3 sible et Ir

+ Maller refers to the experiments of Krimer, as corroboratory of those by Bra-
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the last communication we illustrated at some length (p. 144,) the
great difference in the acuteness of sensibility between the mu-
cous surface of the larynz, and that portion of the air-passage
placed below it ; and the same thing was remarked by Mr Key in
an operation on an individual of the human species for the extrac-
tion of a foreign body from the trachea.* 1 have performed se-
veral experiments with the view of satisfying myself regarding the
effects of the division of the vagi upon the sensibility of the mu-
cous membrane ; and though 1 have seen good reason to believe
that it is much blunted, I am by no means satisfied that it is en-
tirely annihilated. 1 must also state that it is very difficult to
Emcure a decisive experiment on this point. The animal frequently

ecomes restless and uneasy after section of the nerves, if care be
not taken to secure a sufficient supply of air to the lungs ; and it
may make forcible expirations not unlike a cough when the mode
of irritating the inner surface of the ¢rachea is such as to inter-
fere materially with the passage of the air along it. This, how-
ever, in all probability, may arise from the sense of anxiety occa-
sioned by the impediment to the respiration. Another source of
error arises from the great facility with which the air-passages to-
lerate stimulants, which at first excite great uneasiness, as was well
illustrated in the practice followed by Dessault.+ I shall now de-
tail a few of the experiments which I made, toillustratethese sources
of fallacy I have mentioned, and also show that the sensibility
of the mucous membrane of the frachea and bronchi is at least
blunted after division of the vagi.

Eap. XXVIIL.—The pneumogastrics were exposed without
disturbing them in a large terrier dog. A small opening was then
made into the ¢rachea, and a quantity of water was thrown down to-
wards the lungs (the head being kept erect) without exciting cough.
A small quantity of alcohol was then injected downwards, and this
was followed by efforts to cough. After these had ceased, it was
thought advisable to witness their repetition. A fresh clluantit}r of
alcohol was therefore injected downwards, but the animal remained

erfectly quiescent. This was again repeated with the same results.
]lJt was now apparent that it was useless to Eruceed farther, so that,
instead of dividing the vagi, we injected half an ounce of air (by
measure) along the carotid artery towards the brain. This was
followed by strong convulsions of the limbs and trunk, succeeded
by coma, which continued for at least four hours,—the time it was

—

chet on this sabject. (Baly’s Translation, Vol.i. p. 353.) As [ have not yet been
able to procure the treatise by Krimer in which these experiments are detailed, [
am ignorant of the manner in which they were conducted.

* Lancet, 1828-1.

+ Oeuvres Chirurgicales par Bichat, Tome ii. p. 266, 1801,
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last-seen alive. It occasionally howled and moved its limbs ra-
idly.*

; E}Tmp. XXIX.—The vagi were exposed in the middle of
the neck, but not disturbed, in an ordinary sized terrier. A small
opening was then made into the #rachea, and some cold water
injected downwards, the head being kept erect. This was
followed by slight efforts at coughing. The nerves were then di-
vided, and the animal became restless and uneasy. Both water
and alcohol were injected downwards after division of the vagi,
without exciting cough as long as the head was kept erect, while
it occurred when the head was placed in a depending position.

The alcohol injected was at first in small quantites at a time,
and after short intervals. The whole quantity injected was two
drachms, and this produeed some symptoms of narcotism.

Exp. XXX.—The vagi were exposed in the middle of the
neck, but not disturbed, in a very lean and large mongrel dog, lately
recovered from the distemper. A very small opening was made
into the frachea, and a quantity of cold water thrown downwards
without inducing cough. A small quantity of alcohol was then
injected, and three or four distinct coughs followed. The vagi
were then divided, and this was followed by no impediment to
the respiration. Alcohol to the extent of half an ounce in all was
thrown in divided quantities down the frachea, without excitin
any efforts to cough. The animal was at last evidently affected
by the aleohol, for when let loose it staggered in walking.

Eap. XX XI.—The vagi were exposed without being disturb-
ed in a young middle-sized mongrel. Water injected into a small
opening in the #rachea excited pretty urgent cough, and it ap-
peared uneasy and coughed frequently when aleohol was injected.
Section of the vagi was followed by struggles and symptoms of
suffocation. It recovered from this apparently to a considerable
extent; and some alcohol wastheninjected into the #rachea without,
exciting uneasiness or cough. A drop of muriatic acid was also
placed in the frachea without exciting uneasiness. Some alcohol
was now injected towards the laryna, and this was followed by un-
easiness and cough. The animal was now killed by a dose of
prussic acid. In none of these three last experiments was an
cough excited by irritation of the inner surface of the ¢rachea and
bronchi after division of the vagi, but I could adduce two expe-

* 1 have repeated this experiment of blowing air along one of the carotids or ver-
tebrals towards the brain, in animals which had not been previously subjected to the
influence of any narcotic, and always found that it produced convulsions and coma,
lasting for some time before death. The quantity of air injected was from half an
ounce to an ounce, and even more. The mode of death in such cases is very differ-
ent from what 1 have observed when air is injected rapidly and in considerable quan-
tity into a vein leading directly to the heart, for it then kills by mechanically arrest.
ing the movements of the right side of the heart.
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riments where a large tube was first introduced into the #rachea
before the division of the vagi, in which uneasiness and forcible
e:pimtiaqs, which I could not distinguish from an effort to cough,
were excited, when irritating substances were injected into the
trachea. The details of Experiment XX VIII. are very instruc-
tive. If we had proceeded to divide the vagi after the first injec-
tion of the alcohol without repeating it, we might have attributed
the different results which followed, entirely to the section of the
nerves. We cannot assert that the same thing may not have oc-
curred in one or more of the three other experiments. It is
worthy of remark, that in four dogs which lived beyond the fourth
day after section of the vagi—in three of which the recurrents
were also divided—frequent cough, or at least forcible expirations,
which I could not distinguish from a cough, were observed. The
animal the subject of Experiment XIV. coughed so incessantly
during the three last days of its life, that I could not reckon the
respirations until after many trials, and even then imperfectly.
Whether this was dependent upon any irritation of the upper
E.rt of the cut nerves, or upon any irritation of the mucous sur-

ce of the lungs, or upon any other cause, I cannot pretend to de-
termine. I may, however, mention, that the examination of the
cut ends of the nerves after the death of these animals did not
disclose any marks of high inflammation. In an experiment by
Valsalva, where the vagi were cut in a young dog which lived to
the eighteenth day, the animal is described as coughing on the
third and some of the subsequent days.*

Morbid Changes in the Lungs.—I have removed a portion
of both wagi in seventeen dogs, for the purpose of examining the
morbid changes in the lungs consequent upon section of these
nerves. In ten of these the recurrents were also divided. The
time which twelve of them lived after division of the nerves is

iven in the tables illustrating the diminution of the frequency of

e respirations after this operation. I may also add here, the pe-
riod of time which the other five lived. In Experiment XX XII.
the animal lived thirty-one hours ; in Experiment XXXIIL it
lived thirty hours and a-half; in Experiment XXXIV, it was
killed after ninety-six hours; in Experiment XXXV, it lived
fifty-five hours; and in Experiment XXXVIL. it lived twenty-
one hours. In all of these last experiments except the XXX Vth,
a tube was introduced into the frackea. We find on examin-

* Valsalvae Opera cum Epistolis Anatomicis J. B. Morgagni, Epistol. Anatom.
xiii. 36.—Supposing it to be proved that excitants applied to the mucous membrane
of the lungs can excite sensation after section of the vagi, it would not necessarily fol-
low that tE: impressions which give rise to these sensations are conveyed through the
grey filaments proper to the ganglionic system, since it appears (Miiller’s Physiology,
p. 664-672,) that a certain number of the white filaments of the cerebro-spinal sys-
tem accompany all the branches of the ganglionic system.
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ing the period of time which these seventeen animals lived,
that four died before the completion of twenty-four hours, and
in three of these a tube had been introduced into the frachea ;
three died between the twenty-fourth and forty-eighth hour—all
of which had tubes introduced into the #rachea; four died be-
tween the forty-eighth and seventy.second hour, none of which
had tubes introduced into the #rachea ; ome died between the
seventy-second and eighty-sixth hour ; in this animal no openin

was made into the {rachea ; one was killed after four days an

eight hours, and, though an aged dog, had an opening made
into the trachea ; two died after the completion of the eighth
day; one died on the twelfth day; and one was killed after the
completion of the twelfth day. In the last four experiments
the animals breathed freely without opening the #rachea. To
these seventcen experiments I could also add several others,
where the animals were killed at longer or shorter periods after
division of the nerves, and to some of which I shall have to refer.
The young dogs subjected to these experiments generally died
earlier than the more aged, as may be inferred from the circum-
stance, that the greater number of those which lived longest did
not require the introduction of a tube into the #rachea. The
lungs were in a state unfit for the healthy performance of their
functions in fifteen out of the seventeen animals experimented
upon. One of the two animals in which the Jungs were found
healthy (Experiment X.) died after the completion of the eighth
day, apparently from inanition; the other (Experiment X111.)
was killed after the twelfth day, when it was apparently in per-
fect health. More extensive experience has enabled me to make
some material alterations upon the few observations I made on
these points in my last communication, (p. 163.) The most com-
mon morbid changes found in the lungs of those animals was a
congested state of the blood-vessels of the lungs, and the effusion of
frothy serum into the air-cells and bronchial tubes. 1In eight out
of the scventeen these appearances were strongly marked. In
some portions of the lungs the quantity of blood was so great as to
render them dense. The degree of congestion varied 1 different
parts of the same lung, but it was generally greatest at the most
depending portions.  This condensation was not unfrequently
greater than what could be accounted for by mere congestion of
blood in the vessels, and probably arose from the escape of the
solid parts of the blood into the tissue of the lung. The frothy
serum had frequently a more or less deep tinge of red. Some of
those animals were opened immediately after death, which in three
cases was hastened by a dose of prussic acid, given when the ani-
mal had become cold and stupid. In Experiments XVI. XX.
XXIL and XXXII. though different parts of the lungs were
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much loaded with blood, the quantity of frothy serum found in
the bronchial tubes was but trifling, and certainly not sufficient to
impede the respirations to any great extent. In Experiment X VI
the animal lived fifty-two hours ; and it is stated in my notes of the
dissection, that there was a minute quantity of frothy serum in the
larger bronchial tubes, and a small quantity of serum could be

ressed from the minute bronchial tubes. A great portion of

oth lungs was so dense as not to crepitate when cut, was of
a dark colour, and sank in water, though the cut surfaces were
smooth, and did not present the granulated appearance of the
second stage of ordinary pneumonia. In Experiment XX. the
animal died between the seventy-sixth and eighty-third hour.
Without giving the details of the dissection as they are written
out in my notes, I may merely mention that part of the left lung
was in a state of gangrene, and that some portions of the right
lung were dark-coloured and dense, but floated in water. In
Experiment XXII. the animal was killed after sixty-nine hours,
and after it had become feeble. The lungs were dense, and there
was only a small quantity of frothy serum in the bronchial tubes.
In Experiment X XXII. the animal lived thirty-one hours. The
chest was opened immediately after death, in fact; as soon as it had
ceased to breathe. The lungs were dense and loaded with blood,
but there was very little frothy serum in the larger and smaller
bronchial tubes. In Experiment X1. the animal received a dose of
prussic acid on the eighth day, after it was evident, from the state of
its breathing, that it could not survive, and the chest was immedi-
ately opened. A great part of the left lung was in a state of pneu-
monia, in some places approaching the third stage, and many of
the smaller bronehial tubes were full of a puriform matter. The
right lung was dark-coloured and rather dense in some parts, but
these when cut out floated in water. There was no appreciable
quantity of frothy serum in the bronchial tubes of right lung. In
Experiment X'V. the animal died on the twelfth day. The left
lung was voluminous, of a deep dark-colour, and dense. When
cut into, little blood could be squeezed out, and the cut surfaces
were not granular. The right lung was somewhat congested with
blood at a few parts. The frachea contained some, and the left
bronchial tubes much red mucus; while the bronchial tubes of
the right lung were empty. In Experiment XX XIV. the animal
was killed after four days and eight hours. The right lung was
nearly healthy ; while the left lung was almost entirely in the
second and third stages of pneumonia, and there was very little
serum in the bronchial tubes.  Of the eight experiments in which
the frothy serum was effused in great quantity into the bron-
chial tubes, the left lung was partly gangrenous in one, (Ix-
periment XXI.) In other two experiments, XXXY. and
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XXXVIL part of the lungs was in the second and third
stages of pneumonia, with effusion of puriform matter and much
frothy serum into the bronchial tubes. In the seventeen ex-
periments, therefore, five presented distinct traces of pneumonia,
and in two it had run on to gangrene. In one of these the
gangrenous portion was surrounded by circumscribed abscesses.
In these experiments, I need scarcely again remark, great care
was taken to secure a free passage to the air along the frachea,
and this was apparently accomplished, except in Experiments
XXXIII. and XX XYV]I. where the tracheotomy tubes employed
were too small. One of the most important points to ascertain,
in an investigation of this kind, is the first departure from the
healthy state ; to decide whether the effusion of the frothy red-
dish serum, by interfering with the usual changes of blood in the
lungs, causes the congested state of the pulmonary blood-vessels
and the laboured respiration ; or whether this effusion is the effect
of a previously congested state of the blood-vessels. If it be
made out that the effusion of serum is consequent upon the con-
gested state of the blood-vessels, we have next to inquire, what is
the probable cause of this congested state of the pulmonary blood-
vessels 7 In examining, with a reference to this question, the results
of the experiments which we have made, one of the most impor-
tant circumstances which presents itself is the fact, that the effu-
sion of frothy serum into the bronchial tubes, in quantities suffi-
cient to impede materially the respiration, is not a necessary
consequence of division of the wagi, even when the lungs were
found loaded with blood and when the respiration before death
was very laboured. And this naturally leads us to doubt whe-
ther the frothy serum is the cause of the laboured respiration and
the congested. state of the pulmonary blood-vessels in those cases
where it is present, though there can be no doubt that, when once
it is effused, it must powerfully tend to increase the difficulty of the
respiration and the impeded circulation through the lungs. An-
other important circumstance in enabling us to decide this inte-
resting point is derived from the fact, of which I have satisfied
myself after much careful examination, that this frothy fluid is
not mucus, though it is occasionally mixed with it, but is the
frothy serum so frequently found in cases where the circulation
throngh the lungs has been impeded for some time before death.
To investigate this point still farther, we killed several dogs at
longer and shorter periods after section of the vagi, and we were
more and more confirmed in the opinion, that the congestion of
the blood-vessels is the first departure from the healthy state of
the lungs, and that the effusion of frothy serum is a subsequent
effect.  Perhaps one of the most illustrative Experiments(%

1 1 ¢
sclect is the following. an

4
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Erp. XXXVII.—The recurrents and vagi were cut across
and a portion removed in a middle-sized bull-dog at 2 o'clock
P. M. At 7 ». . his breathing was easy, and the respirations were
8 in the minute. Next day at 2 p.n. the respirations varied
from 10 to 12. On the following day the respirations were 6 to
7, easy but heaving. On the third day at 11 .. the respira-
tions were still between 6 and 7 in the minute, very heaving and
prolonged, and the animal was evidently becoming very feeble.
The femoral artery was exposed and a small branch opened, when
the blood escaped in a feeble stream, and was almost as dark-co-
loured as venous blood. A fatal dose of prussic acid was now
given, and the chest immediately laid open, care being taken to
avoid the large vessels at the root of the neck. The large pul-
monary vessels were now opened, and the blood both in the arteries
and veins was dark and fluid. The lungs were not emphysema-
tous, and contained much blood in their vessels. The left lung
was of a deep dark-colour at the summit of the anterior lobe, and
this when cut into was found quite dense, without granules, and
scarcely any blood could be pressed from it. The bronchial tubes
of this part contained some puriform mucus. A similar but smal-
ler dense portion was situated about the middle of the same
lung. Slices from these two portions sank in water. The right
lung contained much blood ; some parts of it were denser than
others, but none of it sank in water. The mucous membrane of
the bronchial tubes was moist and lined by a thin layer of mucus.
A small quantity of frothy serum was found in some of the bron-
chial tubes. If the congested state of the blood-vessels precede,
as we believe, the effusion of the frothy serum, we have next to in-
quire, what is the cause of the retardation of the blood, and con-

stion of the blood-vessels in the lungs # This, we were former-
ly inclined to believe, might depend upon paralysis of the museu-
lar fibres of the bronchial tubes ; but, being unable to obtain any
satisfactory evidence of this, we again watched the phenomena
more narrowly, and now believe that all the morbid changes ob-
served in the lungs can be traced to the diminished frequency of
the respiratory muscular movements. We have already dwelt at
some length upon the influence of the vagi as exciters of respira-
tion ; and we have shown that when these nerves are tied or di-
vided, the number of the respiratory muscular movements is in-
stantly considerably lowered—generally more than one-half. Now,
it is an established fact, that the flow of blood through the lungs
is dependent upon the continuance of the respiratory process, and
the great diminution in the activity of the respiratory muscular
movements must be followed by a retardation and congestion of the
blood in the lungs. This congestion of blood, as is well known,
is generally followed by effusion of serum, and also predisposes
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the organs so circumstanced to various morbid changes, chiefly
of an mflammatory kind. In the lungs this congestion is not
only followed by the escape of the serum from the vessels, but
also of the more solid materials, rendering the tissue dense.
The effused serum is mixed up with the air moving along the
bronchial tubes during inspiration and expiration, and it thus be-
comes frothy. A little blood also exudes from the congested mu-
cous membrane, giving the serum a reddish tinge. Such, we be-
lieve, is the explanation of the morbid changes observed in the lungs
after lesion of thewagi. If artificial respiration, which is a very im-
perfect substitute for the natural process, be carried on for some
timein healthy lungs, a similar effusion takes place. Legallois, who
must have beenperfectly familiar with theappearance of this effused
fluid, after stating that its formation was accelerated by artificial re-
spiration in animals after section of the vagi, and after decapitation,
is obliged to admit that a similar fluid is very frequently formed
in animals not subjected to either operation when artificial respi-
ration is carried on. * Car trés-souvent il s’en forme un semblable
dans les animaux entiers qu'on insufle.” * We would not wish
peremptorily to deny that the effects of the diminished frequency
of the respiration may not be aided by paralysis of the muscular
fibres of the bronchial tubes; we only state that after the most
anxious endeavour to obtain some distinet evidence of this, we
have been unsuccessful. Some may be inclined to believe that
the par vagum may exert some favourable influence upon the ca-
pillary circulation of the lungs. The thing is possible, but we know
of no well ascertained facts which could be adduced even as an
analogical argument in favour of such an opinion.

I have not unfrequently observed in the human species, where
the respiration has been impeded for some time before death, a
condition of the lungs similar to that observed in the lower ani-
mals after division of the vagi. In several of the fever patients
whom I have had lately occasion to inspect at the Royal In rmary,
the lungs in the posterior and middle parts were dark-coloured and
gorged with blood and sernm. When eut into, the substance
of the lungs in some cases appeared at different parts denser than
what could be accounted for by mere congestion of the blood-
vessels, and a comparatively small quantity of blood could be
squeezed from the cut surfaces, though the blood in other parts
of the body was fluid ; but sections of the lung generally, though
not always, floated in water, and presented none of the granu-
lar appearance. In some cases the bronchial tubes contained
a considerable quantity of frothy serum; in others very little.
In all probability these morbid appearances are occasionally
dependent upon the disturbed respiration consequent upon de-

—,

* Fxperiences sur le Principe de la Vie, p. 242, 1812,
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rangement of the central organs of the nervous system. I lately
saw a gentleman labouring under fever, whose respirations for a
short time were only 8 in the minute, though the lungs at the time
were unaffected, but they fortunately soon rose to 16 in the mi-
nute, and he ultimately recovered. Dr Alison has suggested to
me that these morbid changes in the lungs are sometimes owing
to another cause. He believes that, in cases of fever, where the
heart’s action is feeble, the bronchise often somewhat obstructed,
and the blood altered, the right side of the heart is unable to propel
the blood through the lungs ; it consequently goes on accumulating
in their dependingparts,and the sameresults follow as when the re-
spiratory movements are diminished in frequency. In confirmation
of this view he stated that he has seen these morbid changes occur
in the lungs without any preceding diminution of the respiration.
When we remember that the pulmonic ecirculation is dependent
upon two distinet causes varying in efficacy—the contractions of
the right side of the heart, and the chemical changes going on at
the lungs—Dboth of which are necessary for the proper propulsion
of the blood through the lungs to the left side of the heart, we
can easily understand how a diminution in the activity of the re-
spiratory muscular movements, and the impaired contractility of
the right side of the heart, should produce the same effect, viz.
congestion of blood in the lungs and effusion of frothy serum.*
I lately examined the bodies of two patients who died in the
Royal Infirmary, which afforded a very important confirmation of
the views which we have adopted regarding the cause of the mor-
bid changes in the lungs after lesion of the vagi.

Cask 1. James Hallam, a sailor, aged 88, was admitted into
the Royal Infirmary, on the B30th November last, with a slight
attack of bronchitis, from which he rapidly recovered under the
usual remedies. On the 6th December it was reported that he
had no complaint. On the 11th it was remarked that he had
been drowsy and almost constantly asleep since the day preceding,
but he was easily roused, answered questions, and made no com-
plaint. The pupils were contracted and little sensible to light.
The respirations were only 5 in the minute and heaving. Some
appearance of anasarca. Urine S(Fﬁm grav. 1009, coagulable by
heat and nitric acid ; pulse of moderate strength. On the 12th
the respirations were still only about 5 in the minute, heaving
and prolonged, and exactly similar to what are observed in dogs
after section of the vagi. On the 13th the respirations varied
from 5 to 10, and were still heaving and prolonged. On the

* The fluid state of the blood in fever will naturally aid in producing this con
state of the pulmonary vessels. Vide Magendie's Legons sur les Phénoménes Physi-
ques de la Vie, Tom. iv. 1838. As far as my observation gors the coagulability of
the blood is mot materially affected after section of the vagi.
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morning of the 14th the respiration remained of the same charac-
ter. He had passed no urine since yesterday, and three ounces
were drawn off by the catheter. He died at noon in slight econ-
vulsions.

Sectio cadaveris, 16th.—The arachnoid membrane appeared
somewhat dry, and the convolutions were perhaps rather flattened.
The vessels on the surface of the brain were well filled with blood,
and a considerable number of red points presented themselves on
slicing the brain. The substance of the brain was not firmer
than natural, and there was little fluid in the ventricles. The
heart was healthy, and the right side was filled with coagulated
blood. There was a little reddish serum in the right side of chest.
Lungs emphysematous along their anterior margins. The bron-
chial tubes were full of frothy serum, and the whole of the poste-
rior and middle portions of both lungs were of a dark-red colour, and
were full of blood and serum. Some parts of the lungs were so dense
as not to crepitate when cut, but they presented none of the gra-
nulated appearance. The liver was natural, with the exception of
the presence of an old cicatrix. The kidneys were of a yellowish
colour externally, and their capsule was firmly adherent. The
cortical structure of the kidney was nowhere apparent, and its
place was occupied by a yellowish substance, which also enecroach-
ed in some places upon the tubular structure. The kidneys were
of their usual size, and firmer than natural. The trunks of the
vagi were examined at their origin, at the middle and lower part
of the neck, and within the thorax, and no morbid appearances
observed.

Casg II. Peter Ballantyne, aged 40, a tailor, was admitted
into the Royal Infirmary on the 14th December, with cough
and expectoration tinged with blood. He also complained of pal-
pitation, which was much increased by exertion. He stated that
he had been subjectto headache and vomiting, and his friends men-
tioned that he had been lately languid and indulged in long sleeps,
When admitted the respirations were 14 in the minute. Utrine
scanty, specific gravity 1011, coagulable by heat and nitrie acid.
The pupils were contracted, and he appeared to have a tendency
to drowsiness. After his admission the cough and expectoration
diminished, but the strong action of the heart continued, and the
urine retained its former characters. On the 18th the cough was
slight ; his respirations had fallen to five in the minute: pulse
96, small; countenance exsanguine ; was very drowsy, but an-
swered questions. On the 19th, he gradually verged into a state
of coma. The respirations varied from 5'to 8 in' the minute.
The pupils were immovable and contracted. Pulse 84, rather
feeble, but extremities warm. He had passed no urine for several
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hours. There was no dema. No paralysis was observed dur-
ing life. He died at 6 o’clock p. M.

Secio Cadaveris, 2lst.— The surface of the brain was
unusually pale ; few red points presented themselves on slic-
ing the brain, and the vessels appeared to be principally fill-
ed with serum. There were about two drachms of serum in
the lateral ventricles, and half an ounce at the base of the
brain. T'wo small clots of blood were found in the right cor-
pus striatum, without surrounding softening. 1In the central
portion of the anterior part of the fuber amnulare there was
a small cyst lined with a yellow membrane ; and immediately
posterior to this there was a small clot of blood about the size of
a large pin’s head. The large blood-vessels of the brain were di-
lated and thickened in their coats, but without caleareous deposit.
The trachea and bronchial tubes contained a considerable quan-
tity of frothy serum. The posterior and middle parts of the lungs
were gorged with blood and frothy serum, and a considerable por-
tion was so dense as not to erepitate when cut ; but it did not pre-
sent the granulated appearance, and floated in water. There
was a mass of old tubercles in the apices of both lungs. The left
ventricle of the heart was considerably thickened in its walls with-
out diminution of its cavity. 'The valves were quite sufficient to
fulfil their functions, and the thoracic aorta retained its elasticity.
The kidneys were rather smaller than usual, and had numerous
yellowish spots scattered through the cortical portion. The vagi
were examined at their origin, at the lower part of the neck, and
within the thorax, and no morbid appearance could be detected.

We were prevented by the friends in this, as in the former case,
from examining the vagi through their whole extent; but this is
Ferhaps a matter of little importance, as it was sufficiently evident

rom the symptoms that the drowsiness and slow respiration in
both arose from cerebral derangement. In the first case, this in
all probability arose from the accumulation of urea in the blood,
exerting a deleterious influence upon the brain—a not unfrequent
concomitant of kidney disease.® It may be a matter of doubt
whether the cerebral derangement in the second case arose from
the same cause, or from the effusion of blood. The symptoms
certainly presented themselves in a more gradual manner than
what we should expect in cases of apoplexy, and more resembled
the coma which oceurs in kidney disease. I may state that Dr
Christison has seen cases of coma in kidney disease where no
cedema was present.

We have embraced every opportunity of examining the effects
of lesion of the vagi upon the secretion of mucus from the inner

* Vide Christizon on Granular Degeneration of the Kidneys, Edinhurgh,' 1838,
p- 92.
c
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surface of the bronchial tubes. We have already stated that we
believe the frothy fluid so frequently found in the bronchial tubes
is not mucus and the result of a morbid secretion, as Wilson
Philip* and others have imagined, but that it is chiefly, and in
some cases almost entirely, composed of serum, and is consequent
upon the congested state of the blood-vessels—an effect so fre-
quently observed in other parts of the body. In killing animals
at very various periods after section of the vagi, we have never
found the inner membrane of the bronchi unusually dry, but al-
ways covered with the usual quantity of protecting mucus, except
in those cases where inflammation was present. And we can ex-
plain how the application of galvanism in the experiments of Dr
W. Philip was so efficacious in preventing this effusion, without
being obliged toadmit that the secretion of the mucous membrane
is deranged ; for, since the galvanism was applied so as to keepup a
constant spasmodic action of the limbs, the frequent contractions
of the respiratory muscles produced by this excitation would pre-
vent the diminished frequeney of the respiratory movements. The
explanation given by Brachet¥ of the source of this frothy flnid—
viz. that it is the usual mucous secretion of the lining membrane
of the air-passages which has accumnlated there, because this mem-
brane has lost its sensibility, and the muscular fibres of the bron-
chi have lost their contractility,—is so palpably objectionable as to
require no remarks.

An excellent illustration of the numerous difficulties with which
the physiologist has to contend, from the impossibility of in-
sulating any individual organ from its mutual actions and re-
actions with others, when he wishes to examine the order and
dependence of its phenomena, is furnished by the experimental
history of the par vagum. The two first experimenters, Rufus
of Ephesus, } and Galen, § attended only to the loss of voice.
A mnew direction was then given to this investigation by the
suggestion of Piccolhomini|| that it affected the heart’s action,
and numerous experiments were afterwards adduced in support of
this opinion. Some described its effecis as instantly fatal. F.
Schreeder stated, that, when both nerves are tied, the animal dies
instantly * animal vitam protinus amictit.”@] Bohnius, in men-
tioning an experiment of this kind, indulges in a highly figurative
expression, which appears to be still a favourite with some physio-
logists, and deseribes the animal dying as if struck with a thunder-
bolt, *“ fulmine quasi tactum.”™** Varingnon relates, that when he

* Inquiry into the Vital Functions, Chapter XI1I.
t Oper. cit. p. 160.
+ Vide Morgagni de Sedibus ct Causis Morborum, Fpist. XIX. Art. 23,
§ De Locis Affectis, Lib. 1. Cap. 6.
| Anatomica Prelectiones Arch. Piccolhowini, Rome, 1586, p- 272,
ﬂ-ﬁ_d;l:t. ad Vesling. Synt. ¢. 10, n. 7, as quoted by Morgagni
Circul. Anatom. Progym. vi. p. 104, Lips. 1G86.
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De Blainville in France, and of Emmert in Germany, that arte-
rial blood may continue to circulate in the arteries after section of
the vagi. Dumas proved that the arterial colour could be restor-
ed by artificial inflation of the lungs after the blood in the arteries
had become venous. * Emmert satisfied himself that, after the
trachea had been compressed in rabbits and cats in which the
vagi had been divided, the arterial hue of the blood could be re-
stored by removing the pressure, and allowing the air again to
enter the lungs.+ It was likewise proved by Sir B. Brodie in this
country, that the usual chemical changes take place at the lungs
in a decapitated animal when artificial respiration is kept up.}
Provencal in France also showed that an animal in which the vagt
have been divided continues to deteriorate the air by the forma-
tion of carbonic acid gas, though not to the same extent as before
the operation. § The experiments of Le Gallois || at last came,
and satisfactorily explained all the anomalies connected with the
occasionally rapid death of the animal, and the sudden arrestment
of the chemical changes at the lungs, which had so long puzzled
physiologists. He pointed out by decisive experiments, that when
the wagi are divided, more especially in young animals, the supe-
rior aperture of the larynx frequently becomes closed, and the ani-
mal is suffocated. He also fully described the congested state of
the blood-vessels of the lungs and the effusion of frothy fluid.
Legallois, however, seems to have imagined that the effused frothy
fluid was the cause of all the dyspneea, and that this effusion in
its turn was dependent upon a kind of paralysis in the lungs. The
same morbid appearances in the Jungs pointed out by Legallois
have been frequently observed and described by more recent ex-

erimenters, among whom we may mention Dr Wilson Philip,q]

r Holland,** and M. Brachet.++ In examining the morbid ap-
pearances in the lungs, we have observed no facts in confirmation
of the statement of Mr Swan, that section of the vagi produces
emphysema of the lungs. i We have undoubtedly seen portions
of the lungs emphysematous in a few cases, but we had no reason
to believe that this was the necessary result of the section of the
nerves. 'That the lungs should collapse imperfectly when gorged
with blood and frothy seram, is certainly no proof that they are em-
physematous. Neither have we seen any thing confirmatory of the

':I_Jnuma] General de Médecine, Tome xxxiii. p. $53.
Archiv. fur Physiologie von den Professoren Reil und ieth.
Band. S. 380, 1809, und Eilfter Band 5. 117, 1812, P
+ Philosophical Transactions, 1811,
§ Bulletin des Sciences Medec. Tome v. p. 361.
i Sur le Principe de la Vie, 1812
z Oper. cit. ** An Experimental Inquiry, &c. Edinburgh, 1829,
tt Oper. cit. 3% Essay on the connection of the Heart and Arteries, &c. 1820.
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opinion of Mayer, * that if the animal live more than forty-eight
hours, the arteries and veins of the lungs, even to their mi-
nute ramifications, as well as the cavities of the heart, are filled
with white, firm, and compact coagula, consisting of the fibrine and
albumen of the blood ; while if the animal die sooner, the coagula
are soft and dark-coloured. It is these coagula, according to
Mayer, which cause the arrestment of the movements of the heart
and produce death. He believes that when the influx of the
nervous influengg is arrested by division of the vagi, the fluidity
of the blood ceases, and it separates itself into its constituent parts,
as when drawn from the body. Miiller has been equally unsuc-
cessful in finding these fibrinous clots in the pulmonary vessels. +

The explanation of the fact, that lesion of one vagus does not
necessarily nor even generally induce disease of the lung of that
side, may, I believe, be satisfactorily obtained, when we consider
that this is not likely to diminish the number of respirations so
much as the lesion of both vagi. 'We have in several dogs cut the
vagus of one side, and after having observed the changes produced,
we then divided the vagus of the opposite side. Some of the re-
sults will be found in the following table.

Respirations before One vagus Both vagi
operation. divided. divided.
Exp. 1st, 14 to 16 - 11 to 12 - 5t06
— U, 15 - 13 - 6to7
— 3d, 16 to 17 - 9tol0 - 6to7
— 4th, 16t0 18 - 12 - 8

In other two experiments the frequency of the respirations was
not sensibly affected by section of one vagus, though the animals
were kept for eight days. In one of these the other vagus was cut,
and the frequency of the respirations suffered a very marked
change, falling from 20 to 8 in the minute.

In examining the effects of lesion of the wagi upon the lungs,
it is particularly worthy of remark, that these morbid changes in
the lungs do not necessarily follow the division of both vagi and
recurrents. In a dog, Experiment XIII. which was killed i pre-
sence of Dr Alison, twelve days after the section of the vagi and
recurrents, the lungs were found perfectly healthy, though the res-

irations before death were still slow and heaving. This animal
ad recovered from the effects of the operation on the digestive
system, and was rapidly gaining flesh and strength. In dissecting
the nerves after death, the cut ends of the left vagus were one inch
and oneline apart ;and thedistance between the cut endsof the right
was one inch and two lines. In another dog, Experiment X., which

E—

* Tiedemann’s Zeitschrift fiir Physiologie. Zweiter Band, S. 74-5, 1826,
+ Elements of Physiology, Vol. i. p. 358. Baly’s translation, 1838,
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died apparently from inanition eight days after division of the vagi
and recurrents, the lungs were also found healthy. The nerves in
both of these animals were carefully examined after death, and no
anormal arrangement of them could be observed. Previous to the
performance of Experiment XTIL. I fully believed in the correct-
ness of the opinion expressed by Magendie* and by Miiller, +
that the simultaneous division of both vagi is always fatal within
a few days. I have, however, no doubt in my own mind, and this
was the opinion of all who saw this animal afteg the tenth day,
that he had fairly recovered from the operation. About the sixth
and seventh days after the operation, he was so weak as to stagger
occasionally in walking, while at the time of his death he was so
lively and active as to leap over places between three and four feet
bhigh, for his amusement. T afterwards regretted that I did not per-
mit him to live longer, but I then had hopes that two others
would survive the operation. In this I was, however, disappoint-
ed. I find that M. Sédillot, in detailing an experiment, (to which
I shall have occasion again to refer,) where the animal lived two
months and a-half after section of both vagi with loss of substance,
states, that there was no induration of the lungs, and that they con-
tained little blood. In examining the details of the very nume-
rous experiments which have been made upon the effects of the di-
vision of both vagi, we shall find that by far the greater majority of
animals die before the completion of the third day. In the seven-
teen experiments we have so frequently referred to, eleven died
before the completion of the third day, and seven of the eleven be-
fore the completion of the second day. Valsalva remarks that
animals in which the vagi are simply divided, live longer than
those in which the nerves are tied.} In one of Petit’s experiments
the animal lived seven days.§ One dog experimented on by Ba-
glivi died on the twelfth day ; and another on the seventh day.||
Morgagni details, in his additions to the works of Valsalva, the re-
sults of two experiments on dogs—one of which lived to the tenth,
and the other to the cighteenth day.®] The eighteenth day is ap-
parently thelongest period to which he had seen an animal live after
section of the vagt, as he refers to it with this view when speaking
of the duration of life after this operation. None of the animals
experimented on by Baglivi and Morgagni ever recovered from
the operation, but gradually became weaker. Besides, we are led
to believe, that the nerves were simply cut across without loss of
substance. M. Dupuy, in his experiments, found that horses lived

* Milligan’s translation, p. 308, 1831, Baly's translati bt

3 Oper. cit. Epist. Anatom. xiii. 25 and EI. : RN e &1 PR
§ Memoires de PAcad. Roy. A. 1727, Exper. 2, p. G

f| Opera omnia, p. 676=7, Exper. 7 and 8.

§ Oper. cit. Epist. Anat. xiii. 36-7, Ton. i.
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to the fifth, sixth, and seventh day, when care was taken to admit
a sufficient quantity of air into the frachea.® De Blainville, in
giving the results of his experiments upon pigeons, informs us, that
these animals died on the sixth or seventh day.{ Sédillot states
that, in one experiment, a dog lived twenty-one days; and that
another dog lived two months and a-half after the operation,
though more than an inch of the nerve was removed on both
sides} Arnemann has detailed an experiment at considerable
length, where the animal appears to have completely recovered from
the effects of the division of both vagi with loss of substance.§ A
porlion measuring rather more than four lines was removed from
the right, and one of eight lines from the left vagus. The animal at
tirst; suffered very severely from the operation, and it is described as
gasping for breath, After a week it began to improve gradually,
though the breathing was still difficult. After a month and a-half
it had wonderfully improved, ate voraciously, but did not become
fat. From the description given by Arnemann of the condition
of the nerves in this animal when dissected after death, and from
an engraving of the right vagus, (Tab. III1. Fig. XVIII.) from
which a smaller portion was removed than from the left, it ap-
pears that there was no regeneration of the removed portions of
the nerves. The preparation of the right vagus was in the pos-
session of Blumenbach. Notwithstanding the minuteness of the
details of this case, and the apparent care with which the experi-
ment was performed, and the nerves examined after death, we find
that some authors express great suspicion of its accuracy.|| It
would appear that Arnemann had seen several dogsrecover complete-
ly after division of both vagi, and that the animals were afterwards
employed in other experiments upon the regeneration of some of
the large nerves of the limbs ; but I must confess that the state-
ment is somewhat startling. 4] M. Brachet states in a note, that
M. Fouacade had in 1820 presented to the Académie de Méde-
cine, a dog in which four lines had been removed from the left

* Journal de Medecine, Chirurgie, &c. Tome xxxvii. p. 356. December 1816.

t+ Nouv. Bullet. de la Soc. Philom. Tome i. An. 2, p. 226.

t Thése du Nerf, Pneumogastric, &c. Exper. | and 6, Paris, 1629, M. Sedil-
lot also states, (p. 23,) that M. Begin kept a dog alive for a moath after division of
both wagi. [ find that M. Chaumet states (Essai sur la P’hysiologie de 1'Estomac, p.
17, Paris, 1828,) that this animal operated on by Begin lived thirty-three days, and
that no very obvious change was observed in the digestive process. M. Chaumet far-
ther adds, that, in his own experiments, a dog lived fourteen days, and digested.

Versuche iiber die Regeneration der Nerven. hundert und zehnter versuch. S.

99, Gottin. 1787. ,
|| Emmert. Oper. cit. Eilfter Band 8. 420. Lund, Physiologische Resultate der

vivisectionen neuerer Zeit. 8. 241.

& Ich habe mehrerca starken hunden beide Vagos und einen Intercostal-nerven zu
gleicher Zeit durchschnitten. Nach einen Monate durchsnitt ich r:bmﬂ:mn Thieren
mehrere grosse nerven beider Vorderbeine und in der Folge nach beide Ischiadische
Nerven von allen dicsen Thiercn habe ich kein einziges verloren, Oper, cit, S. 193,
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vagus, and the same operation had been repeated on the right a
few days after.* On this case M. Brachet remarks that, supposing
the nerves to have been accurately divided, the free anastomoses
between the laryngeal nerves at the laryna may have sufficed
to transmit the nervous influence. In our experiment the recur-
rents were also divided.

Gastric Branches of the Vagus. _

Are the gastric branches of the vagus partly nerves of motion ?
In my former communication (p. 150) it was stated that I had re-
peatedly seen muscular contractions of the cesophagus induced by
irritating the trunk of the nervus vagus in the neck, extend also
over the cardiac extremity of the stomach. In the stomach they
were evidently slower, more prolonged, and vermicular than in the
@sophagus, and they extended somewhat slowly from the cardiac
orifice over a greater or less extent of the left portion of the sto-
mach. Trritation of the vagus frequently fails to produce these
movements in the stomach, even where the muscular fibres of the
cesophagus are thrown into vigorous contractions. These muscu-
lar movements of the stomach from irritation of the vagus, have
been frequently observed by Tiedemann and Gmelin.+ They
have also been inferred by Breschet and Milne- Edwards from the
effects upon the digestive process of galvanizing the lower ends
of the cut vagi in the neck of a living animal. § Mr Mayo,
however, could not perceive any muscular movements of the sto-
mach upon irritating this nerve ; § and the same thing is very
strongly stated by Miiller.3 I have again carefully and re-
peatedly performed this experiment, and I am confident that though
it frequently fails, yet it often suceeeds. These musenlar move-
ments are, as [ have already stated, different in their character
from those of the wsophagus, and resemble more those of the in-
testines. I have been unable to satisfy myself whether the mus-
cular movements seen on irritating the vagus are dependent upon
any direct excitation of the muscular fibres of the stomach through
the filaments of the vagus distributed upon it ; or whether the
are dependent upon the movements of the muscular fibres of the
lower part of the cesophagus being propagated onwards in the same
manner as we find that contractions exeited in the museular fibres
of the intestinal tube are Empagated along it to a greater or less
extent, and apparently without the aid of nerves, The supposition,

;aﬂpﬂ- cit. p. 167. This experiment is also referred to by M. Sadillot, Oper. cit.
P. .
t Recherches Experimentales Physiol. et Chem. sur la Digestion, &e. traduites

par Jourdan, p. 374. et T Archiv. Gen. de Med. Tome vii.
§ Anatomical and Physiological Commentaries, No. ii. p. 14.

I Elements of Physiology, translated by Baly, 549.
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that the movements of the stomach resulting from irritation of
the vagus are merely propagated onwards from the cesophagus, is
favoured by the circumstances, that the stomach quuﬂnlry remains
quiescent when theesophagus is thrown into vigorous contractions ;
and that when these movements of the stomach do occur, they
commence at the cardiac orifice, and extend themselves in a ver-
micular manner over the left extremity of that organ. 1 have
likewise seen similar movements of the stomach produced by
throwing the lower part of the csophagus into contraction by
pinching it with the forceps ; but it is, however, quite possible that
some of the gastric branches of the vagus were also included be-
tween the blades of the forceps. With the view of elucidating
this point, I performed the following experiments upon a dog and
three rabbits. Inthese animals the vagi were exposed in theneck, but
without injuring them, from two to five hours after a full meal. and
the stomach was then exposed by cutting through the parietes of the
abdomen. I intended to have cut thevagi after watching the move-
ments of the stomach, and to haveobserved the effects of thesection
upon those movements. The muscular movements of the stomach
were, however, in all of these animals so indistinctly marked, that
I could obtain no satisfactory results; and, as the experiment was a
cruel one, 1 did not persevere init. That muscularmovementsmay
occur inthe stomach after section of the vagt, sufficient to propel the
chymeonwards into theduodenwum is, we conceive, sufficiently prov-
ed by the experiments which we shall immediately Lave to examine
in detail, where the lacteals were found full of chyle after section of
both pneumogastrics in the neck. It is the opinion of Breschet and
Milne-Edwards, * and of Brachet,+ that lesion of the vagi in-
terfercs with the proper performance of the digestive functions, by
arresting the movements of the muscular fibres of the stomach ;
in consequence of which the aliments always preserve the same
relation, and cannot be transformed into chyme except at the sur-
face, or that part in contact with the walls of the stomach. Tie-
demann and Gmelin also believe that the movements of the
stomach principally depend upon the influence of the vagi. §
* That the gastric branches of the vagus are not partly motor we
will not deny, but of this we have not been able to obtain any
decided evidence. It, however, cannot be to the extent main-
tained by the authors we have mentioned, from facts already stated.

Effects of Lesion of the Vagi upon the Functions of Di-
gestion.—T'hat lesion of the vagi is generally followed by vomit-
ing (in those animals susceptible of it,) loathing of food, and
arrestment of the digestive process, has been incontrovertibly

* Oper. cit. Tome vii. p. 197. + Oper. cit p. 204-5.
+ QOper. cit. pe 374
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proved by numerous experimenters. That perfect digestion may
occasionally take place after division of the vagi in the neck,
even when the cut ends of the nerves are kept apart from each
other, we are also fully convinced. In four of the seventeen
animals experimented on for the purpose of examining the morbid
changes in the lungs, we obtained sufficient evidence of the resto-
ration of the digestive process. The most satisfactory of these
was the subject of Experiment XIII. to which we have already
more than once referred. The animal operated on was a pretty
large, full-grown, and lean bull terrier. Both recurrents and vagi
were divided, and a portion of each removed. Immediately after
the operation the respirations were much diminished in frequeney,
and continued so until its death, but were quite easy, unless when
the animal was made to struggle. The nerves were cut at half-

t eight o’clock, A. a. on the 15th June, and at three ». a. of
the same day he ate some bread and milk, which he soon after
vomited. e appeared to suffer no uneasiness, but was dull and
languid. On the afternoon of the 16th, he was prowling about,
apparently for food, and ate voraciously when he obtained it ; but
it was soon after vomited unchanged, except that it was mixed
with flnid. He also drank freely. He appeared pretty lively.
On the 17th, he still ate and vomited the food unchanged. On
the 18th, vomited some animal food unchanged, which had been
retained for at least seven hours. On the 19th, vomited the food
taken in the morning, and again swallowed it. 20th, No vomit-
ing to-day and food retained. 21st, Ate voraciously and apparent-
ly with relish, but food is vomited, and again partly swallowed. In
the evening appeared duller than he had been for the two pre-
vious days. On the 22d was less lively, and appeared weak,—
having a considerable difficulty, when lying, in getting upon his
legs, and occasionally staggering when walking. Almost constant
cough. No vomiting to-day, except of some bread and milk
about a minute after it was taken, which he again immediately ate
up and retained. 23d, Less fecble than yesterday ; still some
vomiting, and the animal food vomited was partly in a pulpy state
but without feetor. 24th, Less appetite to-day, and some vomit-
ing of animal food in a state of pulp. Is, however, regaining
strength, and can walk, and even run without staggering.  25th,
ate voraciously to-day. Still oceasional vomiting of halt-digested
food. Is rapidly gaining strength, and has less cough. 26th,
Has eaten largely of animal food : no vomiting. 27th, This
morning was very lively and active, and prowled about for food
and water when liberated from the room in which he was confin-
ed ; and leaped over a place between three and four feet high, ap-
parently for his amusement. Barks, but very feebly. At half-
past 11 a. . he was fed with three-quarters of a pound of sweet
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butter, a small part of which he immediately vomited, and again
swallowed. After this he made no efforts to vomit. About half-
past 3 r. . he was killed by a dose of prussicacid, in the presence
of Drs Alison and Duncan and Mr Spence, and the abdomen was
immediately laid open. After the effects of the prussic acid began
to manifest themselves, he vomited some of the butter in a fluid
state. Sectio. The mesentery presented a beautiful display of innu-
merable lacteals filled with a white milky fluid ; the I.]lmmc:iu duct
was also full of chyle. Part of the butter, altered in its appearance,
was found in the stomach and small intestines. ‘I'he mucous
membrane of the stomach presented a blush of red in the splenic
extremity, and was of its natural thickness and consistence. The
nerves were then carefully exposed in the neck, and it was ascer-
tained by measurement, that between the cut ends of the left
vagus, when the neck was not stretched, the distance was one inch
and one line ; and between the cut ends of the right vagus it was one
inch and two lines. The distance between the eut ends of'one re-
current was one inch, and between those of the nerve of the op-
posite side it was somewhat less. The cut ends of the vagei form-
ed little bulgings, and there was no regeneration (as was to be
expected) of the nerves. The lungs crepitated everywhere, and
contained very little blood. Some adhesive mucus was found in
several of the larger and smaller bronchial tubes. In one portion
of the lung, which was about an inch in length and half an inch in
breadth, the bronchial tubes appeared full of this adhesive mucus.
The sympathetic was dissected in the chest, and, compared with a
similar dissection in two dogs, was nearly of the same size. The
nerve of the left side aI;peared somewhat larger than that of the
opposite side, and also larger than the corresponding nerves in the
other two dogs, but this was not to any great extent. A portion
of the mesentery, in which the chyle has been retained in the lac-
teals, and also the neck of the animal, showing the distance be-
tween the cut ends of the nerves, have been preserved.

We shall give some short details of the other three experi-
ments. One of these was performed upon a full-grown middle-
sized terrier bitch, and has been already referred to under Ex-
periment X. Both vagi and recurrents were divided, and a por-
tion removed. The frequency of the respirations was diminished
to one-half immediately after the division of the vagi, but they
were performed with ease. The nerves were divided on the 22d of
June, at 8 o’clock a.». At 10 a. m. she appeared very dull and
languid ; and at 4 p.m., when solicited to take food, refused
to eat. On the 23d, took some bread and milk, which were soon
after vomited. 24th, Took some bread and milk at half-past 10
A. M., which had not been vomited at 4 ». M. Part of it was
vomited in the evening, but was scarcely changed. 25th, Took
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some animal food at 11 a. M. Part of it was vomited unchanged
between 3 and 7 o'clock r. a. ; the rest was retained. 27th, Vo-
mited part of the animal food taken yesterday, which was soften-
ed on the surface without feetor. 28th, Is more lively, looks about
her when she expects food, and eats with apparent relish. Part
of the animal food (liver) taken yesterday had been vomited, and
was partially digested,—some of it being reduced to a brownish
fluid ; other portions were reduced to a pulp on the surface. All
of it was without feetor ; and the altered portion permanently red-
dened litmus paper placed for a short time in contact with it.
On the 29th and 30th, and the 1st of July, had very frequent
vomiting of food, which she again swallowed only to vomit the
greater part of it again. It was evident, however, that more food
was swallowed than what was rejected by vomiting.” Was ob-
viously becoming weaker, and was very lean. On the 2d July
was found dead at 8 a. m. The central parts of the body were
still warm, and the abdomen was immediately laid open. Sectio.
—A few lacteals were observed on the mesentery, some of which
were punctured, and a thick white fluid flowed out. The tho-
racic duct was then exposed, and found full of chyle, and a liga-
ture was placed around it at the upper part of the chest. Another
ligature was also placed around it at the lower part of the chest,
and the duct punctured below it, when a thick white fluid flowed
out. The nerves were then exposed in the neck: and it was
ascertained that the distance between the cut ends of the vagus on
one side was one inch two lines, and on the other side seven-eighths
of an inch. The distance between the cut ends of the recurrents
was al least one inch. The parts were left in this condition until
they had been examined by Drs Alison, Knox, Craigie, Handy-
side, Duncan, and Mr Fergusson. The mucous membrane of
the lungs was pale, and covered by a thin layer of mucus. There
was no effusion into the air-cells, and the lungs were everywhere
spongy, and contained very little blood. The stomach contained
a considerable mass of hair, but no food ; and its mucous surface
was quite healthy. No softness or redness of eut ends of nerves.
The preparation of the neck and the thorax, showing the distance
between the cut ends of the nerves, and the thoracie duct full of
chyle, is preserved in the University Museum. The subject of
another experiment was an old and large pointer, already referred
to under Experiment X1I. The vagi were eut on the 27th Jun

at half-past 8 a. M. On the 28th he was dull and languid ; had
no apparent uneasiness ; refused to eat, and had a little vomiting.
On the 29th, took a little food, which was soon after \rnmiteg_
On the 30th, was very dull, and vomited the small quantity of
food taken. 2dJuly. Took a quantity of milk, which some time
after was vomited in a coagulated state. 3d, Appetite deficient,

3
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and the food taken was in great part again vomited.  On the 4th
the appetite had considerably improved ; but a great part of the
food taken was vomited after a longer or shorter time. On the
5th, still vomited a great part of the food taken, and was evi-
dently becoming more feeble. At 8 p. a. the state of his breath-
g showed that he was evidently beyond recovery; and he was
poisoned by a dose of prussic acid. After the acid had begun to
produce its effects, he vomited some half-digested bread and milk.
Sectio —The abdomen was immediately laid open in the presence
of Dr Patterson of Leith, and we were shortly after joined by Dr
Knox. Several lacteals were seen upon the mesentery full of
chyle. Some of these were punctured, and a white thick fluid
flowed out. The thoracic duct was now exposed, and found full
of chyle. The pneumogastrics were then dissected in the presence
of these gentlemen ; and it was ascertained by measurement, that
the distance between the cut ends of the nerves was seven-eighths
of an inch on one side, and one inch and one-eighth on the other,
when the neck was in a semi-bent position. The stomach was
quite healthy, and slightly red on the inner surface, as is usual
when digestion is proceeding. The lungs, particularly the left,
were considerably diseased, as we have already described under
the head of morbid changes in the lungs. The fourth and last
experiment was performed upon a full-grown and large mongrel,
(betwen a pointer and terrier,) the subject of Experiment XV,
The vagi and recurrents were divided on the 19th June, at $ ». M.
The respiration was easy after the section of the nerves. On the
21st, vomited some liver taken the day before, which presented
no decided change. Is more lively. At 7 p. M., ate some rab-
bit’s flesh with apparent relish, but vomited it soon after. On the
22d, at 4 ». »., vomited unchanged some rabbit’s flesh taken at
8 a. M. Is still languid and dull.  On the 22d, coughed pretty
frequently, and vomited all, or nearly all, the food taken. 24th,
At 10 A. m,, walked across the room to reach some bread and
milk, of which he ate a considerable portion. Is generally dull
and listless. At 4 p. . he had vomited part of the bread and
milk. 25th, Is more lively; still coughs. Ate some liver at 10
A. M., which was not vomited at 3 p. M. On returning at 6 r. .
I found part of it had been vomited, and this was decidedly con-
verted into a pulp on the surface. 26th, Took a considerable

uantity of animal food (sheep intestine) with apparent relish,
gnme of it was vomited after eight hours, and was partly soft and
easily lacerated, and partly reduced to a pulp, withuu!‘. emitting
any disagreeable odour. 27th, Still vomits part qf’ ]11_5 food in
various stages of digestion. 29th, Vomited some liver in a pulpy
state, not putrid, and reddening permanently litmus paper. Very
frequent cough, and discharge of mucus from the nostrils,  80th,
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Eats little, and vomits that little. In the evening refused food,
and was found dead next morning. Sectio.—The distance be-
tween the cut ends of one vagus was one inch and two-cighths, and
between those of the opposite side one inch. The distance be-
tween the cut ends of the recurrents was one inch and-a-half. The
left lung was very considerably diseased, as we have already de-
seribed.

We believe that no one who examines the details of the first
of the four experiments we have here related, can for a moment
doubt that the digestive process was fully re-established be-
fore the death of the animal. Though the contents of the lac-
teals were not chemically examined, every one conversant with the
recent history of physiology knows that late experiments have fully
proved that the lacteals absorb none of the ingesta in any great
quantity, except they have been previously converted into chyme
in the stomach, Besides, as the animal was enclosed in a room
where nothing vomited could escape detection, I am confident
that considerable quantities of food which he had taken into his
stomach, during the last few days of his life, had disappeared from
the digestive tube. Above all, the animal was undoubtedly gain-
ing rapidly in flesh and in strength ; and what is digestion but the
name given to those actions by which the ingesta are converted
into materials fit for ministering to the nutrition of the body?
In the second experiment, besides the evidence afforded by the
vomiting of animal food partially digested, and capable of perma-
nently reddening litmus paper, we discovered the presence of
chyle in the lacteals after death. I am also equally confident
that a considerable quantity of food had been retained in the sto-
mach, notwithstanding the frequency of the vomiting ; and this had
disappeared from the digestive tube. In the third experiment the
milk was vomited in a coagulated state, and chyle was also found
in the lacteals and thoracie duct. 1In the fourth experiment we
had also what I cannot regard but as unequivoeal evidence of di-
gestion, viz. the vomiting of half-digested food permanently red-
dening litmus paper, and the disappearance of a considerable quan-
tity of food from the digestive tube. In the experiment of Arne-
mann, to which we formerly referred, digestion must have been
re-established, since the animal lived 165 days. In the experiment
mentioned by Sédillot, digestion must at least have been partially
established, otherwise the animal could not have lived two months
and a half. It is of importance to remark, that we only obtained
distinet evidence of digestion in the four animals which lived be-
yond the fifth day, and that even in these the digestive process
was at first completely arrested and only gradually improved. 1In
the other thirteen experiments the animals either refused to take
food ; or the food when taken was either vomited or remained in the

4
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stomach unchanged. We believe, then, that we are justified in con-
cluding, that a deleterious influence is propagated downwards to
the stomach by lesion of the vagi, yet that, if the animal live for a
certain time, the digestive process may be re-established. Leuret
and Lassaigne have detailed an experiment where digestion pro-
ceeded immediately after section of both wagi with loss of sub-
stance. They removed from three to four inches of each pneumo-
gastric in a horse in perfect health, after fasting for four davs.
T'racheotomy was performed. After the operation the animal eat
with appetite, and a ligature was then tied around the @sophagus.
The animal was killed eight hours after eating. The stomach
contained about the half of what it had eaten ; the rest had pas-
sed into the small intestines. That which remained in the sto-
mach was chymified, as analysis proved. The lacteals on the me-
sentery were distended with chyle, which was found by analysis to
consist of the usual ingredients. The thoracie ducts (in the horse
there are two) were filled with chyle. M. Dupuy was present, and
renounced his previously published opinions, *J’en conviens a-t-
il dit je m’etais trompé.” *  They also state that the same experi-
ment was repeated with the same results.+ Paetsch, in an in-
augural dissertation, } transeribes part of a letter from Augustus
Schultze, then Professor of Physiology at Fryburgh, in which it
is stated that he fed two dogs with milk, and in one of these he
cut the ragi on the awsophagus.§ Both were killed an hour and
a half after. In the dog operated upon, the milk was digested,
and the small intestines contained chyme, and the lacteals were full
of chyle. The digestion had not advanced so far in the dog not
operated upon. e states that he satisfied himself by subse-
quent dissection that all the filaments of the nerves had been cut.
I'rom this single comparative experiment he rashly concludes that
section of the vagi does not retard, but, on the other hand, accele-
rates the digestion by the irritation of the intestines. He further
states, that he repeated this experiment with the same results, only
the digestion had not proceeded so far. \ _
Magendie states, that in experiments in which the vagi were
cut upon the esophagus, so as to avoid the disturbance of the re-
spiration consequent upon section of the vagi in the neck, he
found that the digestion was not arrested. Brachet objects to
these experiments, that no one can be certain that all the filaments
of the wsophageal pleaus are divided, unless the asophagus be

—

* Recherches Physiologiques et Chimiques pour servir a 1'Histoire de la Diges-
tion, p. 133-4. Paris, 1825.
Oper. Cit., p. 135, et ; .
+ Dissertatio Inauguralis Physiologica sistens Experimenta quadam de Nervi
Vagiin Digestionem Vi atque Potentia, p. 30. Gottingae, 1522, )
& It is not expressly mentioned whether the esophagus was at the same time di-
vided or not, but we are led to infer that it was.
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at the same time eut across ; and besides, Magendie does not state
that he satisfied himself of the division of all the filaments by dis-
section after death. Brachet affirms, that, on repeating this ex-
periment, and taking the precaution of cuiting the @sophagus
across, he found that perfect digestion was prevented. * Paetsch
in some experiments, cut the eesophagus across where it perforates
the diaphragm, and found that the digestion of milk previously
introduced into the stomach, was arrested. + That digestion
should be arrested for a time after the serious injuries inflicted in
performing such experiments, is nothing more than what we should
expect 3 and the more especially when we remember the instruc-
tive experiments of Brachet, where he found that the mere inci-
sions necessary for laying bare the vagi in the neck, though the
nerves themselves were left uninjured, were sufficient, in some cases,
to arrest the digestion of food previously taken into the stomach.
Many experimenters, among whom we may enumerate Haller,
Brunn, § De Blainville, | Dumas,¥] Dupuy, ** Legallois,
Macdonald, 1 Wilson Philip, §§ and Dr Hastings, ||| have
never observed evidence of digestion after lesion of the vagi;
but such negative experiments cannot be considered at variance
with the positive experiments we have stated ; they only show,
what every physiologist who has experimented much on this sub-
ject must, I think, be obliged to confess, that the digestive pro-
cess is generally arrested after section of the wagi for the short
time the animal usually lives ; but they can never overthrow the
results derived from positive experiments, provided these have
been accurately performed, and are free from all sources of fal-
lacy. On looking over my notes, 1 find, that seven of the seven-
teen experiments were performed before we obtained any evidence
of digestion, and that the four experiments in which this was ob-
served followed each other almost in succession ; and this may

* Oper. cit., p. 213-14-15.
t Oper. cit. Sir B. Brodie cut the vagi on the asophagus in one experiment,
and the digestion was arrested.

% Opera Minora, Tom. i. p. 359-60. Experimenta 132-5-6. Haller states
that he found the foed in the stomach after section of the vagi putrid and converted
into faces.

§ De Ligaturis Nervorum, Ludwig, Tom. ii. Secrip. Nerv. Min. Sel., p. 286-7.
Experiments 2, 3, and 6.

§ Propositions extraites d'an Essai sur la respiration, Paris, 1808.

§ Oper. cit., p. 354.

*® Oper. cit. Dupuy believed that animals appeared to die after section of the
vagi from suspension of digestion. Miiller ( Physiology, p. 358) represents Dupuy’s

inion on this question us very different from this ; but we have only to refer to p-

365 of the Journal containing the memoir of Dupuy, in proof of the correctness of
what we have stated above. pESy TP 5 0

++ Oper. cit. p. 214,

lﬂliﬂt Dissertatio Experimenta quzdam de Ciborum Concoctione Complectens, Edin.

§§ Oper. cit.
]l Quarterly Journal of Science, &c. p. 40. Vol.xi.
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so far explain how some experimenters may be more successful
than others, when the number of their experiments is limited. It
would appear that digestion is less impeded when the vagi are
simply divided and their cut ends left in contact, than when the
are separated from each other, or when a portion is removed.
This interesting fact was elicited by the controversy between Dr
Wilson Philip and Mr Broughton, * and appears to be so far
confirmed by the experiments of Breschet, Milne Edwards, and
Vavasscnr.'F In our experiments upon dogs, frequent vomiting
invariably followed, for a certain time at least, the section of the
nerves when food was taken into the stomach. This varied in de-
gree in individual cases. In Experiment XIII,, (the first of the
four experiments we have detailed above) the vomiting had al-
most entirely disappeared. In Experiment X. (the second experi-
ment detailed above) the vomiting was very frequent ; and we have
seen this animal vomit, and again eat up the food vomited, several
times within a few minutes. The death of this animal was, we
believe, to be attributed to the frequency of the vomiting, for we
had evidence that digestion was proceeding at the time of death,
and the lungs were quite sound. The vomiting after section of
the vagi is, we believe, generally occasioned by the presence of
food in the stomach exciting the sensation of nausea, and not from
any irritation of the upper ends of the cut nerves. For I have
repeatedly observed dogs which made no efforts to vomit when
the stomach was empty, seized with vomiting immediately or soon
after food was taken into the stomach. o readily is vomiting ex-
cited in dogs by substances taken into the stomach after section
of the vagi, that, in injecting various substances, such as prussic
acid, laudanum, alcohol, &c., for purposes to which we shall after-
wards have occasion to refer, I found it necessary to tie the azsopha-
gus with a ligature, to prevent their rejection from the stomach.
1t has nevertheless been stated that large doses of emetics do not
uce their usual effects when injected into the stomach after
section of the vagi. |
Effects of Lesion of the Vagi upon the Sensations of Hun-
ger and Satiety.—Though these sensations are referred to the
stomach as their seat, yet it is evident from well-established facts,
that the stomach is merely the situation of the impressions made
on the expanded extremities of the nerves by which these sensa-
tions are excited, and that the sensations themselves are actual-
ly connected with the encephalic portion of the nervous system.
Are those impressions which excite the sensations of hunger and
satiety made upon the expanded gastric filaments of the vagi, or

® Quarterly Journal of Science, &c. Vol. xi. p. 320, and Vol. xii. p. I7.
+ Arch. Gen. de Med. Tome ii. p. 483,
+ Brachet, Oper. Cit. p. 187.

1
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upon the filaments of the ganglionic system, or upon both? If
they depend entirely upon impressions transmitted to the medul-
la oblongata through the vagi, it is obvious, that, afl‘.er section of
the vagi and recurrents in the neck, these sensations could no
longer be felt ; for it is one of the conditions absolutely necessary
for the excitation of any particular sensation, that there be inte-
grity of the nerve upon which it is dependent, throughout its
whole course between the organ upon which the impression
was made, and the central organs of the nervous system. If
the sensations of hunger and satiety depend upon impres-
sions made upon the gastric branches of the vagi, it is ob-
vious that, when these nerves are divided in the neck, the sto-
mach may be in the most proper condition for receiving impres-
sions, and the medu!la oblongata, from which the nerve arises,
may be in a fit state for the excitation of the sensation ; yet it
would be all to no purpose as long as the communication through
the nerves between these two organs is interrupted. Brachet
relates two experiments * to prove that the sensations of hunger
and satiety are arrested by section of the vagi. From these he
believes it is apparent that an animal, after section of the vagi,
only eats to gratify the sense of taste, and that it continues to eat
until the esophagus and stomach are so much distended that it can
swallow no more. The numerous experiments we have made do
not by any means confirm these conclusions of Brachet. Though
rabbits generally refuse to eat after section of the vagi, unless the
food be placed under their nose, as in the experiments upon a
dog and two Guinea pigs related by Brachet, yet I have seen one
of these animals, immediately after the operation, make instantly
for food, when this was thrown down in a corner of the room se-
veral feet distant from where it was at the time. Few of the dogs
we operated on took food for the first twenty-four hours ; and after
all the coaxing we could practise, this was always in sparing
quantities. Of the four dogs which lived beyond the fifth day,
three cocked their ears, and looked out for food when we en-
tered the room after they had fasted for several hours ; and the
quantity of food they took was variable at different times. In
fact, we could not observe anything which would lead us to believe
that they had lost the sensations of hunger and satiety. Of course
it is guite possible that both these sensations might have been im-
paired by this operation ; and it must be excveegiugly difficult to
ascertain how much an animal, in partaking of food, may be in=
fluenced by gratification of the sense of taste, and how much by the
sensation of hunger. The mere retention of food in the esopha-
gus (the only proof adduced by Brachet) is no sufficient evidence

— e

* Oper. cit. Experiment 52-3.
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that the food accumulates there from the over distension of the
stomach caused by the loss of the sense of satiety ; for in the mab-
bit, horse, sheep, and also occasionally in the dog, * this may
arise from paralysis of the @sophagus.

We believe, then, that no sufficient evidence has been advan-
ced to prove that section of the vagi annihilates the sensation of
hunger and satiety ; while, on the contrary, there are strong
grounds for believing in their occasional continuance. And in
all experiments of this kind, we must carefully separate the acci-
dental from the necessary consequences of the injury of an organ.
There are certain peculiarities in the excitation of the sensation
of hunger, which are worthy of being kept in remembrance in judg-
ing of the effects of lesion of the wagi upon this sensation. If
the sensation of hunger depend upon certain impressions being
made upon the expanded filaments of the gastric nerves, we are
naturally led to inquire into the causes of those impressions. In
the case of the eye, for example, we find that, in the healthy state
of the organ, we can always observe some excitation from the rays
of light or other causes, by which the impressions are produced
upon the optic nerve, which give rise to the sensation of sight,
In the same manner, in the healthy state of the ear or the other
external senses, we are familiar with the excitants by which the
impressions made on the nerves belonging to those organs of
sense, are usually produced. Can we then also point out any phy-
sical or chemical change acting upon the expanded filaments of
the gastric nerves, which may be supposed to produce the im-

ressions which exeite the sensation of hunger? Many physical
and chemical explanations of the origin of the sensation 0? hunger
have doubtless been propounded, but they are all most unsatistac-
tory. It has been, as Magendie observes, by turns attributed to
the providence of the vital principle, to friction of the sides of
the stomach against each other, to the dragging of the liver
upon the diaphragm, to the action of the bile upon the sto-
mach, to acrimony and acidity of the gastric juice, to fatigue of
the contracted fibres of the stomach, to compression of the nerves
of this viscus, &ec. It would be mere waste of time to enter into
any details to prove that each and all of the causes here addu-
ced as the excitant of this sensation can have no such effect,. We
shall merely state, that some of these supposed causes cannot be
present to excite this sensation ; for example, there is no bile in
the stomach in the natural state of that organ; and it is perfect-
ly ascertained, more especially by the late researches of Dr Beau-
mont, that no gastric juice is secreted, or at least contained in the
stomach, during the empty condition of the organ. This sensation,

* Vide an experiment of Baglivi, formerly referred to.
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then, is independent, as far as we know, of any physical condition
of the stomach itself, or of the presence of any substance in its inte-
rior, but arises from certain organic changes mn the constitution ge-
nerally, connected with the necessity for additionalsupplies of fresh
materials from without; but in what particular manner these condi-
tions affect the expanded extremities of the gastric nerves so as
to excite the sensation of hunger, is at present a perfect mystery.
It may be supposed that, since various substances taken into the
stomach allay the sensation of hunger, though they cannot pass
into the body to form a part of the nutritious juices,—and since
various physical methods have been also found successful in pro-
ducing 51& same effect, which cannot alter the conditions of the
cireulating fluid,—we have sufficient proof that this sensation is en-
tirely connected with some particular state of the filaments of the
gastric nerves, and not upon causes developed in the constitution,
as we have here supposed. It is, for example, well known, that
travellers find relief from the pangs of hunger by swallowing
pebbles, or by compressing the abdominal organs by a tight girdle ;
and that some of the South American tribes swallow balls made
of a kind of aluminous clay, when pressed by hunger. Even in
an ordinary meal we are perfectly convinced that the sensation of
hunger is completely allayed, and #hat, likewise, to the produc-
tion of satiety, before the food has been in the slightest degree
acted upon by the gastric juice. If this were not the case, this
feeling of satiety would come too late to admonish us that enough
has been taken into the stomach. All these, however, only sue-
ceed for a limited time in allaying this sensation; and if fresh
chyle be not added to the blood, it will return, and become

dually aggravated in spite of all other attempts to relieve
it. That these different methods should succeed for a time
does not prove that this sensation is not excited by some erganic
cause developed in the constitution ; for it is perfectly possible
that, when the sensation is not in any great intensity, the par-
ticular condition of the filaments of the gastric nerves, induced by
the organic causes developed in the constitution, whatever these
may be, should be removed for the time by the physieal effects of
the several methods employed for allaying hunger. And this is
borne out by the fact, that those succeed for a limited time only.
Besides, it is also proved that the reception of food into the sto-
mach, when not followed by the chymification and subsequent
chylification of the food, does not even suceeed in allaying the sen-
sation of hunger after a time ; as is illustrated by the fact, that, in
cases of disease of the pylorus, where assimilation does not take
place to any great extent, the patient may feel very hungry with
a full stomach.  The importance of having this sensation allayed,
when the wants of the system exciting 1t are not yet very urgent, by
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was as far advanced as when they employed the galvanic pile.”
The positive proofs which we have here adduced of the secretion
of the gastric juice cannot be invalidated by the negative results
obtained by Tiedemann and Gmelin,} in an experiment upon a
dog where the substances vomited after section of the vagi were
found to be alkaline. As we believe that we have furnished ade-
quate proof that secretion of the gastric juice may occur even
when no mechanical or chemical irritation is applied to the Jower
extremities of the nerves, we have not thought it necessary to ex-
amine the supposed efficacy of galvanism, in supplying the want of
the usual nervous influence transmitted along these nerves. We
shall merely remark, that though it appears from the experiments
of Wilson Philip, Dr Clarke Abel,f and Breschet, Vavasseur,
and Milne Edwards,§ that galvanism transmitted along the cut
vagi nerves to the stomach very much facilitates the digestive
process, yet we are led to believe, from the experiments of Bra-
chet, that it sometimes fails to do so, and Miiller asserts that, in
several experiments performed by himself and Dr Dieckhof upon
rabbits, the application of the galvanism in the mode recommended
by Dr Wilson Philip had no effect in promoting digestion. ||
Secretion of Muecus.—We have examined the stomachs of
many animals at various periods after section of the vagi, and we
have never seen any thing which would lead us to suppose that
the usual mucous secretions are there arrested ; on the other hand,
we have every reason to believe that they were poured out in the
nsual quantity, and presented their usual physical properties.
When the stomach was empty it was generally found contracted
upon itself. The inner surface never presented the inflamed ap-
pearance described by Gendrin as the consequence of division of
the vagi. §] Sir B. Brodie relates four experiments, in which
animals were poisoned with arsenic after section of the vagi, where
the usual watery and mucous secretions did not take place from
the inner surface of the stomach and intestines, though the mu-
cous membrane was inflamed.** In three of these experiments
the vagi were cut in the neck, and, in the fourth, they were di-
vided on the cardiac orifice of the stomach, to avoid the effects of
the operation upon the breathing. In three, the animals were
poisoned by introdueing ten grains of white oxide of arsenic into
a wound in the thigh; in the fourth, arsenious acid was dissolved
and injected into the stomach. Sir B. thinks that the obvious
conclusion from these experiments is, * that this secretion is pre=

* Oper. cit. Tome vii. p. 195-0. 0 it.

E {I;'Imml and Physical Journal, Vol, xliii. p. 385. i

§ Oper. cit. Tome ii. Il Physiology, &c. p. 550
9 Histoire Anatomique des Inflammations, Tome i. p. 584, g Aire
* Fhil. Transact. 1812, p. 102. : s
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of the inner surface of a great part of the small intestines. This
mucus was in great abundance at the upper part, and at some
places flowed from the intestine when held up, or even when one
of the edges was somewhat raised. The mucous membrane itself
was of a uniform red colour. The blood in the heart was coagu-
lated.

Dog in which the vagi were not divided. Stomach. This
organ also contained a greenish fluid (apparently tinged with
bile,) certainly not more abundant than in the other dog, but
there were more flakes of mucus floating in it. Mucous sur-
face corrugated and red in some parts. [Intestines. A thick
layer of yellowish mucus covered the inner surface of a great
portion of the small intestines, and the quantity did not dif-
fer decidedly from that observed in the former dog, when the two
were compared together. The mucous membrane, however, in
this animal was decidedly redder and more thickened, and there
were several patches of elevated glands of a bluish colour in the
upper part of the small intestines, similar to these found in the
ilenm in the human species, but more rounded. Some deco-
lorized clots of blood in the vene cavee,

Both animals had been fasting when the experiment was com-
menced, and were allowed neither solids nor fluids up to the time
of death. The same precaution was adopted in the other four ex-
periments.

Eap. XX XIX.—The previous experiment was repeated upon
two small dogs. Three and a-half hours after the introduction of
the poison, neither animal seemed to be much affected, but the
one in which the nerves had been cut was vomiting a good deal of
frothy white mucus, and eight hours after the commencement of
the experiment it was found dead. The animal in which the
nerves were left untouched was standing at the end of eight hours,
but evidently dull, and was vomiting frothy mucus. In four hours
more (or twelve hours from the commencement of the experiment)
it was found dead.

Sectiones. Dog in which the vagi had been cut. Stomach.
—The stomach was contracted, and contained some yellowish
fluid with flakes of mucus floating in it ; the mucous surface was
corrugated and slightly reddened, and there was very little mucus
adhering to it ; no softening of the mucous membrane. Infes-
tines. A considerable portion of the small intestines was remoy-
ed and slit open. A large quantity of thick yellow mucus lay on
the inner surface, and could be partly made to flow out on hold-
ing up the edge of the intestine, The mucous membrane itself
particularly at the upper |lmrt, was thickened, reddened, and snften:

ed, and presented several elevated patches of glands.  Much gru-
mous blood in heart and large veins,

Dog in which the vagi were not divided. Stomach —Tlis

p—
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organ was contracted, contained some greenish fluid, and its mu-
cous membrane was more red than in the other dog. Intestines.
—A very considerable quantity of reddish-brown thick mucus
lined the inner surface of the upper portion of the small intestines,
certainly presenting no decided difference in quantity from that
in the former dog. The mucous membrane was reddened and
softened, and the glands were elevated, of a blue colour,’and sur-
rounded by a red margin.

The blood was thick and gramous.

Exp. XL.—Two stout dogs. The previous experiment was
repeated. The dog whose vagi had been cut, was found, twenty-
three hours after the introduction of the arsenic, in a state of deep
coma, and the respirations few and heaving. When visited the pre-
vious evening, it had vomiting and diarrhea. It died twenty-
five hours after the commencement of the experiment. The other
animal was dull and languid thirteen hours after the inoculation
of the poison, but had not vomited. Twenty-four hours after, it
was more dull and languid, had some diarrhea, but no vomiting.
Other ten grains of arsenic were introduced into the same thigh,
and near the former incision. At the forty-eighth hour was very
languid and feeble ; diarrheea continued, but without vomiting.
Other ten grains of arsenic were introduced into the opposite thigh.
At the fifty-second hour it was still without coma, though very
feeble and languid. Its death was hastened by a blow on the head.

Sectiones.  Dog in which the vagi had been divided.—Sto-
mach. The stomach contained a small quantity of a brownish
fluid ; the muecous surface was corrugated, and of a dull-red colour
throughout ; only a small quantity of wucus in the stomach. In-
testines. 'The whole extent of the small intestines contained
much brown fluid mucus, which ran out on slitting them open. Nu-
merous small red patches presented themselves on the mucous sur-
face, particularly at the upper part ; while in the intervals between
these the membrane was of its natural appearance. Blood thick
and grumous, with small soft coagula.

Other dog. Stomach. About twice the quantity of fluid
found in the stomach of the former dog was contained in this. The
mucous surface was thrown into numerous ruge, was of a deep-
red colour, and presented many dark elevated spots evidently from
effused blood ; some of these were of a greenish colour, some-
what like sloughs. JIntestines.—The mucus found in the small
intestines was not decidedly greater in quantity than in the for-
mer, but the mucous membrane was everywhere ofa very bright red
colour, evidently thickened and inflamed, though the glands were
not apparent. T'he stomach and intestines of a dog killed twenty-
four hours after division of the vagi were compared with those
of the two animals employed in the experiments we have just
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detailed, and presented a marked difference in the quantity and
physical appearances of the mucus found in the intestines.

We need not detail the other two comparative experiments, as
they did not differ in any essential point from those we have re-
lated. In Experiment XLI. two drachms of white oxide of arsenic
were introduced into the stomach, and the @sophagus tied. The
dog in which the vagi were divided died in convulsions seven
hours and thirty minutes after the commencement of the experiment.
The dog in which the vagi were left entire was seen alive, though
feeble, at the end of eight hours, and was found dead two hours
after this. The stomach was more inflamed in the latter than in
the former, but there was evidently a greater quantity of effusion
in the interior of the small intestines in the former than in the lat-
ter, which in both consisted of a whey-coloured fluid with flakes of
mucus floating in it. In Experiment XLII. the arsenic was in-
troduced into a wound in the thigh. The dog in which the vagt
were cut was seen alive at the end of thirteen hours, and was found
dead and cold at the end of twenty-four hours. At this time the
dog in which the wagi were left entire was still alive, but was
evidently very feeble, and had diarrhea. The stomach in both of
these animals was of a red colour, and coptained some fluid. Much
thick brown mucus flowed from the whole tract of the small in-
testines in the animal in which the vagi were not divided, and a
thin greyish mucus from the other. The mucous surface of the
small intestines was inflamed, especially in the upper part, but con-
siderably more so in the animal in which the vagi were left en-
tire, than in the other. In three of these comparative experiments
the stomach and intestines were slit open in presence of Dr Alison.
The stomach and intestines of the twoanimals the subject of each
experiment, were always examined at the same time, and in this
manner were accurately compared with each other. Though the
quantity of watery and mucous effusions from the inner surface of
the digestive canal was apparently nearly the same in the two ani-
mals of the same experiment, and, in fact, presented no very mark-
ed difference in any of the ten animals killed in this manner, yet
in all the experiments except in Experiment XX XI1X. the mucous
membrane of the stomach and intestines was more inflamed in the
animals in which the Uﬂgi were not di‘l’idﬁd, l:.l]l],'[] m t]](}ge i which
they had been previously cut. This, we believe, can be sufficient-
ly accounted for by the circumstance, that the animals in which
the vagi were divided died generally several hours later than those
in which they were left entire.

We cannot pretend to account for the discrepancy between the
results obtained in the experiments detailed above and those re-
lated by Sir B. Brodie. It is possible, however, that Sir B.
had not taken the precaution of securing a free ingress of air into
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the conditions necéssary for ‘the ‘movements of the horse,—but
every one knows how much these movements may be.influenced by
the hand and heel of the rider. Though it would be.out of place
to enter here at any length upon the theory of secretion, yet we
cannot avoid remarking, that the important influence which lesion
of the vagi exerts upon the secretion of the gastric juice, must pre-

“vent us from attaching much importance to the negative experi-

ments of Naveau,* Krimer,+ Brachet,} and Miiller,§ upon the
effects of lesion of the renal plexus of nerves upon the secretion of
urine from the kidney. When we extend our investigation into
the manner in which the function of secretion is performed to the
whole range of the vegetable and animal kingdoms, || we can, I
think, have little difficulty in arriving at the conclusion, that the
nerves exercise over secretion ** not an uniform and essential, but
an occasional and controlling influence.” q]

Effects of Lesion of the Vagi upon the rapidity of Absorption
from the inner surface of the Stomach.—It has been stated
by Dupuy ** and Brachet, 41 that after the vagi are divided,
the most active poisons, introduced in much larger doses than
usual, produce their effeets more slowly, and with less energy.
On the other hand, Miiller asserts, that in thirty experiments on
Mammalia, which M. Wernscheidt performed under his direc-
tions, ¢ not the least difference ecould be perceived in the action
of narcotic poisons introduced into the stomach, whether the ner-
vus vagus had been divided on both sides or not, provided the
animals were of the same species and size.”{} I have made seve-
ral comparative experiments,—the details of which it will be un-
necessary to give,—in which T injected prussie acid, alcohol, and
laudanum into the stomach, taking care, of course, that the two
animals selected for cach comparative experiment should be as
nearly as possible of the same strength, that equal quantities of
the same poisons should be injected into the stomachs of both,
and that the cesophagus should be tied byaligature to prevent the re-
Jection of the contents of the stomach by vomiting. In these expe-
riments I could pereeive no decided difference between the rapidity
of the action of the poison in the animals in which the vagi had
been cut, and those in which they were left entire. On the other
hand, I have seen animals in which the vagi were uninjared re-
cover from doses of marcotic poisons, which proved fatal to other

* Dissertatio Inanguralis sistens Experimenta queedam circa Uri .
p. 16, 17, 18. Halae, 1818, 8 4 circa Urinz Secretionem,

t Vide Lund’s Physiologische Resultate der vivisectionen neurer Zeit. 8. 205,

t Oper. cit. Chapitre v. § Physiology translated by Baly, Vol. i. p- 471.
| Carpenter’s Principles of General and Comparative Physiology, Chap. xi. 1830
€ Alison in Vol. ix. of Quarterly Journal mP Science, &c. p. 124, . g
** Oper. cit. p. 366. t+ Oper. cit. p. 186.
+3 Physiology, p. 246,
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animals of equal or even superior *strength, in which the nerves
had been previously divided. And this is nothing more than
what we shonld expect, when we remember that the effects of the

diminished frequency of the Yespiration are conjoined to those of
the narcotic poison.

Cause of Death after Section of the Vagi.—From what we
have already said it is obvious, that though the animals in which
the vag? have been divided generally die from morbid changes in
the lungs, yet they occeasionally die from inanition produced by
the derangement of the digestive organs. Experiment X. isan ex-
ample of the latter mode of death., "We are of course here sup-
posing that means have been taken to insure the access of a suf-
ficient quantity of air into the lungs; otherwise the "animal ma
die, suffocated from the arrestment of the movements of the muscles
attached to the arytenoid cartilages.

From the numerous experimeyts we have made upon the nervi
vagi and their branches, we have arrived at the following conclu-
sions,

Pharyngeal Branchies.—The pharyngeal branches of the vagi
are entirely, or almost entirely, motor, and move the muscles of
the pharynx and soft palate.

Laryngeal Branches—'The superior laryngeal are almost
entirely nerves of sensation, supplying the mucous surface of
the larynx, and part of the pharynx, with sensitive filaments.
The few motor filaments which they contain are distributed in
and move the erico-thyroid muscles. The inferior laryngeal
nerves are ramified in and regulate the movements of all the
muscles attached to the arytenoid cartilages, viz. the crico-ary-
tenoidei postici and laterales, the thyro-arytenvidei, and ar
tenoidei. 'The inferior laryngeals also furnish the sensitive fila-
ments to the upper part of the frachea, a few to the mucous
surface of the pharynx, and still fewer to the larynx. When
any irritation is applied to the mucous membrane of the larynx
in the healthy state, this does not excite the contraction of the
muscles which approximate the arytenoid cartilages, by acting
directly upon them through the mucous membrane; but this
contraction takes place indirectly, and by a reflex action, in the
performance of which the superior laryngeals act as the sensitive
or afferent nerves, and the inferior laryngeals as the motor or ef-
ferent nerves. It is also probable that those branches of the in-
ferior laryngeal distributed in the muscular fibres of the trachea
are motor.

(Esophageal Branches.— The wsophageal filaments of the vagus
are partly afferent and partly efferent nerves. In some animals,
as in the rabbit, the section of the wagi in the neck is followed
by arrestment of the passage of the food along the cesophagus


















