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V1. Experiments on the Nerves, particularly on their Repro-
duction ; and on the Spinal Marrow of living Animals. By
William Cruikshank, Esq. Communicated by the late John
Hunter, Esq. F. R. S.

Read June 1g, 1776.

TE nerves on which these experiments were made are, the
par vagum, and intercostal. The par vagum arise from the
basis of the brain, pass through the basis of the skull, along
with the internal jugular veins. They are distributed to the
tongue, cesophagus, larynx, heart, and lungs; and, running on
each side of the oesophagus, may be said to terminate in the
stomach, liver, and semilunar ganglion of the intercostals, be-
low the diaphragm ; from whence they are again distributed to
the viscera of the abdomen, The intercostals also arise from
the basis of the brain, pass through the basis of the skull, along
with the carotid arteries. TFhey at first run by the fore part
of the vertebra of the neck, still adherihg to the coats of these
arteries ; but having reached the chest, they leave these arte-
ries, and. run before the heads of the ribs, where, sending off
branches which pass between the ribs, they have thence been
named intercostals. Several of these branches uniting, form a
trunk on each side, which, running forwards towards the
middle of the spine, perforates the diaphragm,and then termi-
nates in the semilunar ganglion of the intercostals. - These
trunks are distinguished by the name of the'anterior intercos-
MDCCXCV. Aa

[
J&,
The Royal Society is collaborating with JSTOR to digitize, preserve, and extend access to éf‘%.%
Philosophical Transactions of the Royal Society of London. STOR

L ®
www.jstor.org



178  Mr. CRUIKSHANK'S Experiments on the Nerves

<

tals. The original trunks continue their course by the sides of
the lumbar vertebra ; after which, they run before the os
sacrum, and, approaching nearer each other as théy descend,
terminate before the os coccygis, in the ganglion coccygeum
impar of WaLTHER. Their branches all go to the heart, ab-
dominal viscera, testicles in men, and ovaria and uterus in
women. The trunks of these nerves are largest in the neck.
In the human species, the two nerves of each side are distinct;
but in those quadrupeds which I have examined, they are so
- closely connected through the whole length of the neck, as to
make apparently but one nerve. The intercostal is_the smallest
nerve, and adheres so closely to the other, as to be with diffi-
culty separated from it. They seem to me, likewise, larger in
the dog, comparéd with his bulk, than in the human subject.
The neck was the place in which I chose to divide these nerves;
it was there they could be got at with least danger, a circum-
stance which, by making an experiment more simple, makes
it consequently more to be relied on; and, in order to put the
animal to as little pain as possible, and make the operations
short, I chose to divide both nerves at once, rather than take
up time in separating them, and dividing them singly; so that,
instead of four operations on each animal, I confined myself to
two. Instead of fnentioning the names of the gentlemen pre-
sent at each experiment, I shall observe once for all, that two
or more of the following gentlemen were present at each expe-
riment, except experiment VII, which I performed, assisted by
Mr. HuNTERs servant only :—Messrs. BARFOrRTH, BAYLEY,
Davipson, HARTLEY, HAwKINs, HoMmE, Kunn, NosLE, PAR-
RY, MARTIN, SHELDON, WHEATLY ; besides others, who came
in occasionally, during the time of the experiments, or who
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afterwards saw the animals, while the described symptoms
were taking place.

EXPERIMENT I.

January 24th, 1776, 1 divided, in a dog, one nerve of the par
vagum, with the intercostal, on the right side. The symptoms,
consequent to the operation, were heaviness, and slight inflam-
mation of the right eye ; breathing with a kind of struggle, as
if something stuck in his thréat, which he wanted to get up;
sullenness, and a disposition to keep quiet: the pulse did not
seem much affected, nor had he lost his voice in the least. The
unfavourable symptoms did not continue above a day or two;
and on the eighth day he was in very high spirits, and seemed

.perfectly to have recovered.

EXPERIMENT II.

February gd, I cut out a portion of the two nerves of the
opposite side, in the same dog ; the piece might be about an
inch long. His eyes became instantly red and heavy ; his
breathing was more difficult than in the former experiment;
he was sick, and vomited frequently ; the saliva was increased
in quantity, and flowed ropy from his mouth; his pulse in the
gfoin was about 160 in a minute; he ate and drank, however,
even voraciously at times, and had stools; he never attempted
to bark or howl, probably because he did not feel great pain ;
and yet his attention was not so much disengaged from inter=
nal uneasiness, as to be ‘excite\d with ordinary causes from
without; in breathing, the inspirations were slow and deep;
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the expirations were attended with repeated jerks of the ab-
dominal muscles, as if he wanted more effectually to expel what
air was contained in the lungs. The seventh day after this
'second operation, he was found dead, at a considerabie distance
from his bed. In the dead body, every thing seemed in a
sound state, except the lungs: these contained little or no air;
in consequence of which, they sunk to the bottom in water;
they were of a red brown colour, resembling more the sub-
stance of a sound liver, than that of inflamed lungs. The
inner surface of the trachea and its branches was exceedingly
inflained, and coveredk with a white fluid, in some places re-
sembling pus, in others ropy, and more of the nature of mucus,
The divided nerves of the right side were united by a substance
of the same colour as nerve, but not fibrous; and the extre-
mities formed by the division were still distinguished by swell-
ings, rounded in form of gax1g1ion§. The same appearance had
taken place, with respect to the nerves of the left side; though
‘the divided extremities seemed to have been full two inches
apart ; the uniting substance was more bloody than that of the
other side. This experiment was made, to prove that the origi-
nal power of action in the thoracic and abdominal viscera was
independent of the nerves. As I found the nerves regene-
rated, a circumstance never hitherto observed, it occurred to
‘me, that it might be objected to the reasoning, that the two
first nerves wére'doing their office, before the two last were
divided ; to obviate this objection, I made the follbwing ex-

periment.
EXPERIMENT III.

February 1gth, I divided, at one operation, the four nerves
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composing’ the first class, in a dog. IHis eyes became in-
stantly dull and heavy ; he tottered as he walked ; foamed at
the mouth ; vomited two or three times ; breathed with ex-
cessive difficulty ; his inspirations were long and deep, his ex-
pirations short and sudden, but not attended with the repeated
jérks of the abdominal muscles as in the last animal; he barked
loud eVery time he threw out the inspired air from the lungs;
the pulse was quicker than before the operation. Next morn-
ing about half after eight, I found him apparently dead ; but
on examining more attentively, found he breathed still, though
‘exceedingly slow ; his pulse was gone, and he felt cold ; his
limbs were stretched out. On placing him near the fire, he
began in‘a few minutes to breathe distinctly, and the heart
now and then gave a pulsation ; in about four hours, he seemed
to have got to the same state the operation first left him in,
and barked at every expiration, his pulse beating then fifty in
a minute. About four in the afternoon he died, having sur-
vived the operation tw enty-eight hours. The lungs in the
dead body were found loaded with blood, but not so much as
to earry them to the bottom in water. The trachea was not
inflamed. The nerves of the right side, from which a portion
had been cut out, seemed to have undergone little alteration ;
they were only a little more vascular than usual, and had the
rounded swell where they had been divided. The nerves of
the left side, which had retracted but little, and had been only
divided, had their extremities covered with a plug of coagu-
lable lymph. I suspected that the reason of the first dog’s
dying so soon, was, that none of the nerves had yet acquired
the power of performing their former offices ; and that, were
the operations performed at a greater distance of time, the



182 Myr. CrUIkSHANK’S Experiments on the Nerves

animal would recover. With this idea, I was led to repeat my
experiments, allowing a greater interval to take place between
the first and second.

EXPERIMENT IV,

March 6th, I repeated experiment 1. on a large dog.
His eye on the right side seemed instantly affected, looked
dull and inflamed ; he coughed and breathed with some diffi-
culty ; the secretions from the salivary glands were much in-,
creased ; he had tremors; these, however,kl attributed partly
to fear, as on baressing him they disappeared. He ate and
drank very well, and had stools. Most of these symptoms
continued but a few days, the eye becoming more clear, and
the difficulty of breathing hardly perceptible'; he vomited, but
only after eating, a circumstance which often takes place in
dogs in perfect health, from devouring their food too greedily.
Thus he continued for three weeks ; the external wound had
héaled, almost by‘ the first intention; he ate greedily, and
had perfectly recovéred: I supposed the regenerated /nerves
might now be performing their offices.

EXPERIMENT V.

March e~th, I repeated experiment 11. on the same dog,
‘but did not remove quite so much of the nerves. He was
“stupid for a minute or two, and gaped for breath; but in a few
minutes more these symptoms went off; in a quarter of an
‘hour after he ate some boiled meat, with his usual avidity ;
all the symptoms of the preceding operation again took place,
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and in the same order. The vomiting and difficulty of breath-
ing were rather more considerable; he ate and drank notwith-
standing, and had stools. The convulsive jerks of the abdo-
minal ‘muscles, which hardly took place in the last experiment,
were observed in this, during expiration, but were not constant,
as in the first dog. On the 15th of April he was nearly as
well as before the operations, ohly he was leaner, and perhaps
weaker, from the confinement, as well as from the operations.
I wished to see the state of the nerves; an artery was opened
in the groin, and the animal expired in a few seconds. In
‘examining the dead body, the viscera were all, to appearance,
sound. The divided nerves of the right side were firmly
united ; having their extremities covered with a kind of cal-
lous substance ; fhe’regenerating nerve, like bone in the same
situation, converting the whole of the surrounding extrava-
sated blood into its own substance. The nerves of the left side
were also perfectly united ; but the quantity of extravasated,
blood having been less, the regenerated nerves were smaller
than the original ; I observed too, that they did not seem fi-
brous like original nerves, but the recollection that the callus
of bone is dissimilar to the original bone, quieted whatever
doubts could arise from this circumstance. The tonsils were.
considerably inflamed, and 'thifs circumstance alone mighf be
sufficient to account for the increased secretion of the saliva,
an attendant symptom- of most sore throats; though I have
also seen an increase of viscid saliva, in the human species,
from hypochondriac -affections of the.digestive powers, and
also from the causes of temporary debility. The regeneration
of the nerves which took place in the first dog, and which I
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think fully proved by. this experiment, was a circumstance to
me, then, unexpected and unthought of.

EXPERIMENT VI.

April 1gth, I divided the spinal marrow of a dog, between
the last vertebra of the neck and first of the back. The
muscles of the trunk of the body, but particularly those of the
hind legs, appeared instantly relaxed; the legs continued
supple, like those of an animal killed by electricity. The heart,
on performing the operation, ceased for a stroke or two, then
went on slow and full, and in about a quarter. of an hour after,
the pulse was 160 in a minute. Respiration was performed by
means of the diaphragm only, which acted very strongly for
some hours.” The operation was performed about a quarter of
an hour before twelve at noon ; about four in the afternoon the
pulse was ninety only in a minute, and the heat of the body
exceedingly abated, the diaphragm acting‘ strongly, but irre-
gularly. About seven in the evening, the pulse was not above
twenty in a minute, the diaphragm acting strongly, but in re-
peated jerks. Between ‘twelve at night and one in the morn-
ing, the dog was still alive ; respiration was very slow, but the
diaphragm still acted with considerable force.  Early in the
morning he was found dead. This operation I performed from
the suggestion of Mr. HUNTER : he had observed in the hu-
‘man subject, that when the neck was broke at the lower part,
(in which cases the spmal marrow is torn through), the patient
lived for some days, breathing by the diaphragm. This ex-
periment showed, that dividing the spinal marrow at this place
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on the neck, if below the origin of the phrenic nerves, would
not, for many hours after, destroy the animal ; it was. prepara-:
tory to the following experiment:

EXPERIMENT VII.

April ¢6th, T divided all the nerves of the first class, in a
dog. The principal symptoms of experiment 1. took place.
Soon after, I performed on the same animal the operation of.
experiment vI.; the symptoms peculiar to this operation also
took place, whilst those peculiar to. experiment iir. disap-
peared. His respirations were five in a minute, and more re-
gular than in experiment 111.; the pulse beat 8o in a minute:
Five minutes after, I found the pulse 120 in a minute, respi-
ration unaltered ; at the end of ten minutes the pulse had again
sunk to 8o in a minute, respiration as before. At the end of
fifteen minutes, the pulse was again 120, respiration not al-
tered. The operation was performed about two in the after-
noon, at Mr. HUNTER’s, in Jermyn-street. At three quarters
of an hour after five, the respirations were increased to fif-
teen in a minute ; the pulse beating 8o in the same time, and
very regularly ; the breathing seemed so free, that he had the
appearance of a dog asleep. At a quarter before eight, the
pulse beat 8o, respirations being ten in a minute. At three
quarters of an hour after ten, respiration was eight in a mi-
nute, the pulse beating 6o. The animal heat was excee.,din’gly\
abated: I applied heat to the chest, he breathed stronger, and
raised his head a little, as if awaking from sleep. At half
after twelve, Mr. HunTER saw him; the breathing was strong,
and twelve in a minute, the heart beating forty-eight in the

MDCCXCV. Bb |
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same time, slow, but not feeble. He shut his eyelids when
they were touched ; shuﬁ his mouth on its being opened ; he
raised his head a little, but as he had not the use of the muscles
which fix the chest, he did it with a jerk. Mr. HUNTER saw.
him again between four and five o’clock in the morning; his
respirations were then five in a minute, the heart beating ex-
ceeding slow and weak. We suppose he died about six in the
morning, having survived the operation sixteen hours. This
experiment 1 made from the suggestion of Mr. HUNTER, with
a view to obviate the objections raised against the reason-
ing drawn from the three first experiments. It was urged,
‘that though by these experiments I had deprived the thoracic
and abdominal viscera of their ordinary connection with the
brain, yet, as the intercostals communicated with all the spinal
nerves, some influence might be derived from the brain in this
way. This experiment removed also the spinal nerves, and
consequently this objection.

As I found, by the two last experiments, that dividing the
spinal marrow in the lower part of the neck did not imme-
diately kill, although instant death was universally known to.
be the consequence of dividing it in the upper part of the neck,
I expressed my surprise to Mr. HuNTER, that the spinal mar-
row should, according to modern theory, be so irritable in the
one- place, and so much less:so in the other.

He told me, that from the time he first observed, that men
who had the spinal marrow destroyed in the lower part. of the
neck lived some day‘s after it, he had established an opinion,,
that animals, who had the spinal marrow wounded in the up-
per part of the- neck, did not die from the mere wound ; but
that in dividing it so high, we destroyed all the nerves of the
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muscles of 'respir'ation ahd redu’ced the animal to the state of
phremc nerves, and allowed the animal to breathe by hls dia-
phragm. If this opinion be well founded, though dividing
the spinal marrow in the lower part of the neck does not kill
'mstantly,whﬂ_st the phrenic nerves are untouched; yet if I
divide the phrenic nerves first, and then divide the spinal mar-
row in the lower part of the neck, the conseqdence‘;’, I said,
will be the same, as if I had divided it in the upper part.

EXPERIMENT VIII.

By detaching the scapule of a dog from the spine, and
partly from' the ribs, I got at the axxllary plexus of nerves, on
both sides, from behind. I separated the arteries and veins
from the nerves, and passed a ligatu're under the nerves, close
to the spine.. I thought I could discern the phreriic nerves,
and instantly divided two considerable nerves going off from
each plexus. -The action of the dlaphragm seemed to cease,
and the abdominal muscles became fixed, as if they had been
arrested in explratlon the belly appearing contracted. His
respirations were now about twenty-five in a minute, the
pulse beating a hundred and twenty. As I was not-willing to
trust the experiment to the possibility of hdving divided only
one of the phremcs (which I afterwards found was really
the case), and some dlﬁ'erent nerve instead of the other, after
carefully attending to the present symptoms, I divided all the
nerves of the axillary plexus, of each side. The ribs were
now more elevated in inspiration than before respirations

were increased to forty in a minute; the pulse still beating
Bb 2
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a hundred and twenty-in the same time. Finding that respi~
ration went on very easily without the diaphragm, in about
a quarter of an hour after dividing the axillary plexus of each
side, I divided the spinal marrow, as.in experiment vi. The
whole animal took the alarm, all the ﬂexor;mhsc‘les’df the
body seemed to contract, and instantly to relax again; he
died as suddenly, as if. the spinal marrow had been divided. in
the upper part of the neck. I then opened the chest, and
found the heart had ceased its motion ; I‘immeldiate‘ly: intro-
duced a large blonipe into the trachea, below the cricoid
cartilage, and inflating the lungs, imitated respiration. The
heart began to move again, and in about three minutes was
beating seventy ina mihu’te I recollected that there was still
a communication between the brain, and the thoramc and ab»
dommal viscera, that the par vagum and intercostals were en=-
tire, and turning to the carotids, divided the nerves. ‘I then
went on inilating the lungs as before; the heart, which had
stopped,' began to move again, beat seventy in a minute, and
continued so for near half an hour after the animal had seem-
ingly expired. These appearances. were not confined to the
neighbburﬁood of the heart; one of the gentlemen who as-
sisted me, cried out once, that he felt the pulse in the groin.
1 now ceased to inflate the lungs, and presuming that I could
easﬂy reproduce the heart’s action, allowed three minutes to
elapse. . On returning to inflate the lungs, I found the heart
had now lost all power of moving ; and that irritating the ex-
ternal surface with the point of a knife, did not produce the
smallest vibration. I then irritated the phrenic nerves with
the point of a knife; ‘the diaphragm contracted strongly as
often as the nerves were irritated. [ irritated the stomach
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and intestines, which also renewed their peristaltic motions.
I then irritated the par vagum and intercostals, about an inch
above the lower cervical ganglion of the intercostal ; the ceso-~
phagus contracted strongly.through its whole length, but the
heart continued perfectly motionless. On dissection; I .found
a small branch of a nerve, running down from the second cer-.
vical to join the phrenic of the right side, but too insignifi-
cant to have any effect on the experiment. This experiment
confirms those made by Mr. HunTER, in which he recovered
the animals by inflating the lungs, and on which his method
of recoVerig1g’ apparently drowned people principally rests. It
shews that respiration is the prime mover of the machine, and
it takes off whatever objections might have been raised, from

“the animals, upon which he made his experiments, having the
connection with the’ brain entire (as the par vagum and inter-
costals were not divided), since here the same thing took place
in these experiments where nerves could have no effect.

If, in the opinien of the judicious, these experiments have a
tendency to be useful to mankind, the author will forgive
those censures, which unphilosophic severity may throw on
him, whilst it views, only, some unavoidable circumstances at-
tending the performance of them.

EXPLANATION OF THE PLATE (Tab. XVL.)

Fig. 1. shows the trachea, par vagum, and intercostals of the subject
of experiments 1. and 11; the transverse bristles show the quantity of
nerve lost by excision, and of course the quantity gained by regeneration.

Fig. 2. shows the same parts in the subject of experiment 111:

The bristles point out the,mode of reunion of the divided nerves by
coagulated blood.

. Fig. 3. shows both the complete reunion of the nerve after division,
and its regeneration after the loss of substance, in the subject of experi~
ments 1v, and v.



