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A. SUPRARENAL MEDULLA.

Eabf o 1s

RELATION OF NERVE TO GLAND.

1. Centre for Adrenalin Secretion.

The amount of adrenalin poured out by the supra-
renal glands in an animal is considerable. In the
cat this has been found to be 001 m.g. per kilo.
per minute. This constant secretion is.controlled
by the nervous system through a reflex path and by
means of an "adrenalin centre". The centre was
first investigated by Elli1ot(1) in 1912: this
writer ascertained the quantity of adrenalin in the
suprarenal capsules of the cat under various condi-
tions.

In the course of his work he found that the
suprarenals of pithed cats had a smaller adrenalin
content than normal cats of the same hody weight.
Since the pithing was carried out by section of the
crus cerebri Elliot concluded that the centre con-
trolling the loss of adrenalin was close to the bul-

bar vaso-motor centre. In 1917 Stewart and



Rogoff(2) reinvestigated the question. They ascer-
tained the output of adrenalin by determining the
quantity present in the suprarenal vein, using a
strip of plain muscle as an indicator, and control-
ling their results by eye reactions: their experi-
ments were on cats. They found that destruction of
the cord between the 3rd and 7th cervical does not
interfere with adrenalin output, whereas injury to
the cord hetween the 4th and 6th thoracic prevents
liberation taking place. In a further communica-
tion(a) continuing the investigation by the same
methods they find that the centre controlling adren-
alin secretion lies between Th.I. - Th.VI. and pro-
bably is situated in Th.III. and Th.IV. It may be
noted that there is a fallacy in their method of as-
certaining the quantity of adrenalin liberated.
Stewart and Rogoff have shown that the adrenalin in
blood is contained entirely in the serum; they ac-
cordingly tested the effect of the serum on a muscu-
lar strip. In so doing they did not take into ac-
count the action which normal serum has on plain
muscle. Their results cannot therefore be accepted
as having such accuracy as they attribute to them.
Gannon(4), four years later, repeated the work

of these writers but came to a diPferent conclusion.



He found that removal of the brain down to the level
of the corpus quadrigeminus leaves the centre intact,
while section below this level interferes with the
output. He locates the centre near the upper edge
of the fourth ventricle, thus agreeing with Elliot.
The recent researches of Van Loeven(5) confirm the
results of Cannon, although Van Loeven does not re-
fer to the point. He worked with decapitate cats
and found that the decapitation produced definite
lessening of the blood pressure response to adrenalin
secretion; this result was obtalned bhoth in the cat
and in the rabbit. On the whole, therefore, obser-
vations point to the centre being located in the mid-

brain.

2. Splanchnic Nerves and Adrenalin Secretion.

Accepting Dogiel's account of the anatomical
connection of the splanchnic nerves with the medul-
lary cells and also the observation first made by
Cybulski in 1896, that adrenalin appears in the
blood of the suprarenal veins, several workers have
sought to give a clear proof that the splanchnics

control the secretion of adrenalin. Biedl(ﬁ)



failed to find increased secretion of adrenalin

after stimulation of the splanchnics. Tschebok-
saroff(7) found that after stimulating the splanchnic
on one side, a more potent extract was obtained from
the gland of that side. Asher(s) obtained similar
results. Elliot(l), estimating the amounts of ad-
renalin in the glands of the cat by means of observ-
ing the rise of blood-pressure produced by injection
into other pithed cats, concluded that faradisation
of the splanchnics discharges adrenalin into the
blood. This result was confirmed by Stewart, Rogoff
and Gibson(g); they found, in cats, that if the
splanchnic nerves are stimulated, the suprarenals
secrete, since the sensitized pupil dilates., That
this result is due to liberation of adrenalin is
shown by the fact that no change occurs in the pupil
if the vena cava be occluded or if the heart be stop-
ped. Section of the splanchnic nerves in the thorax
leads to the disappearance of adrenalin from the
blood of the suprarenal vein, but this result does
not invariably follow if the splanchnics are cut in
the abdomen. This effect is not merely an immedi-
ate one, for no adrenalin is poured out by the glands
even weeks later. These writers also showed, in the

same series of experiments, that the latent period



for adrenalin is very short, being about thirty
seconds, but varying considerably. Gley and Quin-
quaud(lo) draw attention to the fact that these re-
sults are very difficult to obtain in the dog, stim-
ulation of the splanchnics having no effect on the
output of adrenalin. The difference is an anatomi-
cal one; in the dog, it is impossible, except by
special technique, to expose the suprarenal and its
vein without disturbing the splanchnics, but by em-
ploying this special method they obtain results simi-
lar to those obtained in cat and rabbit. In 1922,

(11)

Tournade and Chabrol showed that double adrena-
lectomy caused a progressive fall of blood pressure
and that the pressure can be restored by transfusion
of blood from the suprarenal vein of another dog.

If the splanchnics are cut in the second dog, a fall
of blood pressure is noted, and a rise on stimulat-
ing their peripheral end. Hence he concludes that
the normal tonus of the splanchnics is adequate to
keep up a constant secretion of adrenalin. All
these experiments show clearly that stimulation of
the splahchnics results in increased output of ad-
renalin. One explanation for this is put forward
by Popletaskt1®) ops states that the splanchniocs

have a vaso dilator effect on the vessels of the



suprarenal medulla; thus their stimulation causes
an increased blood-flow to the gland, thus flushing
adrenalin into the venous blood.

It has been found by Elliot(l), that electri-
cal stimulation of the splanchnics, even if prolong-
ed, does not exhaust the store of adrenalin in the
gland as much as stimuli proceeding from higher
centres. Accordingly it has been suggested that
the splanchnics contain fibres which produce ana-
bolism in the gland. Upposed to this last view is
the following consideration:- days after section of
the splanchnics on one side, no difference can be
found in the adrenalin content, anabholism seems there-
fore to proceed without central control. This ques-

tion of anabolic influence is still undecided.

3. Higher Centres and Adrenalin Secretion.

The output of adrenalin has been shown to be
increased by certain emotions, particularly by fear.
The experiments on this subject fall into two main
classes; in the first, the effect on the gland is
estimated directly (Elliot, Stewart and Rogoff),

while in the second, glycesuria is taken as a



measure of the adrenalin output (Cannon).

Elliot( ), in 1912, conducted experiments on
cats, inducing fright by means of morphia, the ad-
ministration of which produces particular terror in
these animals. Estimating the quantity of adrena-
1lin in the glands after the emotion, he found that
the adrenalin content was exceedingly small, much
smaller than could bhe produced by continued stimula-
tion of the splanchnics. He concluded that fright
caused an increased output of adrenalin. This is
usually considered in accordance with the fact that
emotions such as fear or anger are accompanied by
symptoms suggesting a widespread autonomic excita-
tion. The results of Elliot are directly contra-

1
dicted by Stewart and Rogoff( 3)

who estimated not
the content of the suprarenals but the adrenalin out-
put. Fright was produced in cats by a better method
than the injection of morphia, namely, by confront-
ing the cat with a barking dog. They found that
fright was not accompanied by an increased outﬁut of
adrenalin. This result is corroborated by Kieley(14{
using the faét that an individual who has received a
dose of apocodeine is greatly disturbed at the threat

of a second dose. This worker investigated two such

cases in man. He obtained no indication of an



increased adrenalin output. It is to be noted that
the experiments were few, that he had no adequate
means of estimating the condition of the suprarenal
function, and that the drug used, apocodeine, since
it paralyses the sympathetic, invalidates the con-
clusions drawn.

Cannon(ls) in 1912 used the second of the two
methods mentioned above: he relied upon the produc-
tion of glycosuria. He found that fright in animals
 was accompanied by the appearance of sugar in the
urine. This is in confirmation of Elliot's work,
and further it is now genecrally accepted as a well
known fact that in man emotional response to an
emergency produces an increase in blood sugar and
an accompanying glycosuria. In acute mania and
other forms of insanity characterised by periods of
intense excitement, temporary glycosuria is common.

That these results indicate that fright has an
effect on the secretion of the suprarenals is very
probable. According to Meyer and Frouin, diabetic
puncture and stimulation of the cerebral cortex do
not produce glycosuria after extirpation of the
suprarenals, and according to Zuelzer the real stim-
ulus to the genesis of glycosuria is adrenal secre-

tion. Kahn(ls) found that emotion produced no



glycosuria after removal of the suprarenals. On
the other hand it must be observed that many authori-
ties (Eppinger, Falta, and Rudinger) consider that

the glycosuria is due to an action of the autonomic
nervous system directly affecting the pancreas,

vagus fibres being supposed to have an inhibitory
effect on the islands of Langerhaus. A possible ex-
planation is furnished by the experiments of Brown(17)
(to be referred to later); by perfusion experiments
on the cerecbral vessels he concluded that adrenalin
stimulates the vagus centre, so that this direct ef-
fect of parasympathetic fibres to the pancreas may
be considered to indicate an increased suprarenal
activity.

However, a certain amount of doubt must attach
itself to results obtained by any other than direct
methods. The least fallacious of the experiments
on the relation bhetween emotional states and supra-
renal activity - those of Stewart and Rogoff - give

negative results.



4, Relation of Sensory Nerves to Adrenalin Secre-

tion.

The effect of stimulation of sensory nerves on
the activity of the suprarenals was investigated by
Elliot, who definitely concluded that such stimula-
tion resulted in an increased output of adrenalin.
Stewart and Rogoff(ls) obtained a different result.
They claim that stimulation of a sensory nerve has
no such effect. The most conclusive work on the

subject is that of Cannon(lg’zo)

, making use of de-
nervated heart preparations (cats). He found that
the increased heart rate in such preparations when
a sensory nerve was stimulated was due to the output
of adrenalin: such increase did not occur on clamp-
ing the suprarenal veins and repeating the stimula-
tion. He criticises Stewart and Rogoff's results,
pointing out that in their experiments the splanch-

nic nerves were being continuously stimulated by

exposure.



Part 1I.

RELATION OF INTERNAL SECRETION TO NERVE.

I. To Autonomic Nerves.

(1) The effect of Adrenalin on the Nerves supplying

Blood-vessels.

In 1894 Oliver and Schafer(zl) discovered that
the extract of the medulla - though not of the cor-
tex - of the suprarenal bodies injected intravenous-
ly produced a rise in blood-pressure due to a peri-
pheral action causing increased tone of the muscula-
ture of the vessels and the heart: their experiments
were performed upon dogs, cats, rabbits, guinea-pigs,
and a monkey, and also upon frogs. These results
were confirmed by Cybulski, who, however, considered
that the vasoconstrictor effect was due to an action
on.the medulla: this is incorrect, for the frogs
used by Schafer and Oliver in their original experi-
ments were pithed, while similar results in mammals
are now a matter of accepted fact: no investigator
has confirmed Cybulski's conclusion.

As pointed out by Oliver and Schafer, the ex-

tract does not act equally on all arteries, and it



acts chiefly on those of the splanchnic area. It
has a strong action on all the arteries of the skin
and all medium sized arteries in the body, such as
those of the salivary glands and the bucco-facial
region; the brain vessels and the coronaries are
not constricted; indeed, in most species, the
coronaries are actively dilated. It has been shown
by Gollip(zz) that the constrictor effect is not
necessarily equal even in the two limbs of the same
animal. Schafer and Oliver(23) opserved this in
some cases.

The fact that adrenalin contracts the smooth
muscle of certain blood vessels and relaxes others
of apparently identical structure and which respond
similarly to electrical stimulation, suggests that
it does not act on the contractile muscle substance
proper. The marked correspondence with the re-
sponse to sympathetic nerve stimulation implies that
it acts on the nervous mechanism, and that the ner-
vous mechanism is the sympathetic system, since it
is only effective on tissues in relation to which
sympathetic nerve fibres have developed. But as
the response persists after nerve degeneration, and

is even augmented, it is necessary to assume the



existence of some intermediate wmechanism, related
to sympathetic innervation, but not trophically
dependent on it. Langley postulates a receptive
substance developed at the myoneural junction.
Schafer observes that this increases either in
amount or sensitivity after degeneration of the
sympathetic nerves supplying the tissue, as tissues
so treated are sensitized to adrenalin.
Hartman(25), in investigating the cause of
the fall in blood pressure when adrenalin is inject-
ed intravenously, found that there was a transfer-
ence of the blood from the splanchnic area to the
peripheral region. Hoskins, Gunning and Berry(24)
by plethysmographic methods further showed that the
vessels of the skin contract, while those of the
muscles dilate. Hartman has found in relation to
this differential action that adrenalin constricts
vessels of the skin, mucous membrane and splanch-
nics and therefore drives blood into the muscles
which are actively dilated for its reception through
the effect on the ganglion mechanism. As the
amount of liberated adrenalin rises, the peripheral
effect overcomes the ganglion effect in skeletal

muscle and in the 1intestinal vessels so that the



blood is reversed in its path. Although small
doses cause a fall and large doses a rise, he con-
siders that the above differential effect is the
more important. It has been further shown that in
laboratory animals commonly used this differential
mechanism is absent in the rat and rabbit, present
in the cat and dog, and that (25) in development
the constrictor response appears first, the differ-
ential mechanism as far as concerns the active di-
latation in skeletal muscles next appears, and later
still, intestinal vaso-dilatation is possible as a
result of adrenalin injections.

Further, under certain conditions the ordinary
constrictor effect of adrenalin 1s replaced by a
dilator effect. This is especially noticed when-
ever the sensitivity of the sympathetic innervation
is lowered, as by prolonged exposure of the nerve(za)
by long continued perfusion with adrenalin itself
(27,28), by so-called autonomic drugs(gg) and
ions(30-32) that depress sympathetic or increase
parasympathetic activity, and by degenerative nerve
section(33’34).

Dale(35) has shown, for example, that ergo-

toxin abolishes the action of adrenalin on the con-



traction of the plain muscle of the vessels, and
indeed it prevents the production of all those
symptoms of sympathetic excitation which intraven-
ous injection of adrenalin normally elicits: it
does not prevent the inhibitory effects, and thus
a reversal of the previous response to adrenal,

for example, vaso-dilatation instead of vasocon-
striction, may be obtained after injection of ergo-
toxin. Ergotoxin acts on the receptive substance,
and thus it appears that the active vasodilatation
obtained after its use is an action of adrenalin
on dilator fibres the mechanism for which is not
the myoneural substance; evidence is given later
that it is a ganglion mechanism.

Very small doses of adrenalin cause a dilator
action; for example, 1 c.c. of 1 in 100,000 adrena-
lin injected intravenously into a cat produces not
a vaso-constriction but a dilatation. This was
first established by Moore and Purington in 1900(36)
and has since been investigated by Cannon and Ly-
man(37) ,

Various attempts have been made to explain the
cause of this dilator action, and of these we may

consider four:



(a) That the effect is due to impurities in

the adrenalin solution.

(b) That the fall of pressure is due to a

stimulation of a centre in the medulla.

(c¢) That the fall is occasioned by stimula-

tion of peripheral vaso-dilators.

(d) That the adrenalin has a histamine-like

action on the capillaries.

(a) <Considering first the statement that the
fall of pressure is due, not to adrenalin but to im-
purities, Pari finds that with freshly prepared ex-
tracts there is never a fall of blood pressure;
dilute solutions which when fresh produced a con-
strictor effect were found to cause vaso-dilatation
after being kept for some time. He considers the
depressor substance to be choline. Hunt(SS) is
of the same opinion. Neither of these observers
satisfactorily demonstrated that choline was present
in their solutions, for there are no known means of

conclusively demonstrating the presence of this



substance in such dilutions.

The view that pure adrenalin cannot cause a
depressor effect has been abandoned since the sub-
stance has been isolated chemically and synthetized.
A tracing is attached showing a marked fall of blood
pressure (cat) produced by 1 c.c. of 1 in 1000.000

pure synthetic adrenalin chloride solution.

(b) Certain authorities consider that the de-
pressor effect is produced by the stimulation of a

(39) considers

centre in the medulla. Izquierdo
that small doses of adrenalin stimulate the depressor
nerve, thus causing a fall of blood pressure. When
larger doses are given, this fall is marked by the

vaso-constrictor effect. Collip(zz)

notes that in
cats lightly anaesthetised a fall of blood pressure
is readily obtained with a small dose of adrenalin.
This fall may be converted into a rise by deepening
the narcosis: the depressor effect is particularly
liable to occur when urethane is used as an anaes-
thetiec. The theory that the depressor effect is
due to an action on the medulla is untenable for two
reasons: first, small doses of adrenalin may give

a fall of blood pressure in decapitate animals;

secondly, a fall may be met with after the depressors

are cut, and the vagi. It need not therefore be
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discussed further.

(¢c) The most commonly held view is that the
fall of blood pressure is due to stimulation of vaso-
dilator nerve fibres to the vessels. Hartman and
Fraser(40) studied this question firstly in relation
to vasodilatation in the intestine; secondly, in
relation to limb vasodilatation. As regards the
mechanism for vasodilatation in the intestines,
Gruber(41) had previously shown that section of
nerves to the gut prevents adrenalin vasodilatation.

Hartman and Kilborn(42)

showed that complete removal
of the brain and cord did not affect it, and proved,
by perfusing isolated loops of intestine, that sec-
tion of the nerves between the ganglia and the peri-
phery, or painting the ganglia with nicotine, or
destruction of the ganglia, destroyed the depressor
response. It thus appeared that the mechanism con-
trolling intestinal vasedilatation, when adrenalin
is injected into the general circulation, is located
in the cecllateral sympathetic ganglia, probably in
the superior mesenteric. As the result of similar
work they found that the mechanisr for.the limbs is
located both in the dorsal root ganglia and in the
sympathetic ganglia. Thus the dilator effect of

adrenalin appears to take place through the ganglia,



not, as in the case of vasoconstriction, through the

myoneural substance.

(g) It has been put forward as a possible ex-
planation of the depressor effect of adrenalin that
the drug has an action of the capillaries similar to
that of histamine, and that this effect is apparent
in greater dilution than is the vasoconstrictor ef-
fect. The action of histamine on the capillaries
is well known. The experiments in which dilatation
has been shown to occur after ergotoxin would support
this view as well as it supports the theory discuss-
ed immediately previously. It is, further, known
that the administration of histamine reverses the
vasoconstrictor effect of adrenalin. It is not,
however, unique in this respect; for example, acid
sodium phosphate produces a like reversal. Sodium
carbonate, on the other hand, tends to convert the
depressor effect into a pressor one (Collip 22).

As yet there is not sufficient conclusive evid-
ence to justify a definite standpoint on this ques-
tion.

The effect of adrenalin on the vasoconstrictor
and vasodilator nerves in the systemic circulation
having been considered, it may be further noted that

adrenalin affects the vasoconstrictors of the



pulmonary vessels. This subject has received at-
tention from several writers who give varying re-
sults. Brodie and Dixon(45) failed to find any
constrictor effect from perfusion experiments:

they obtained on the other hand a slight dilatation.

Plumier(44)

always obtained constriction and never
dilatation, as also did W1ggers(45). Argyle Camp-
be11(46) obtained similar results. Brodie and
Dixon's dilator effects are ascribed by Trihe(47)
to the chloretone which their solutions contained;
this is doubtful. Schafer and Lim(48) repeated
perfusion experiments and also performed experiments
in the living animal. The pulmonary and systemic
pressures being recorded simultaneously, they found
that adrenalin definitely affected pulmonary vaso-

constrictors. The animals used were cats, dogs,

and rabbits.

(2) The effect of Adrenalin on Nerves supplying the

Intestine.

All observers agree that adrenalin inhibits
the movements of plain muscle. This it may do in

a dilution as great as 1 in 10,000,000. Magnus



considered that nerves were necessary for this ac-
tion; on the other hand the effect persists even
after all nerves have degenerated: such degenera-
tion of course does not necessarily affect the re-
ceptor substance of the myoneural junction upon
which adrenalin acts in its dinhibition of intestine,
the effect produced being simlilar to stimulation of
the sympathetic supply to the gut and thus being
merely an example of the general action of adrenalin
on the sympathetic.

Occasionally adrenalin has an excitatory action
upon the plain muscle of the intestine; the same
sample of adrenalin yet producing vasoconstriction
if injected into an animal. The reason for this is
unknown; theorising, however, it may be that when
adrenalin causes an increased contraction of intes-
tinal muscle, it stimulates via the ganglia of the
para sympathetic which are found in the intestinal
wall, just as a dilator effect may be produced in
blood vessels by stimulation of the ganglia of the
vasodilators. In this case an excitatory effect
would not be observed after the sample of plain

muscle had been treated by nicotine.



(3) EFFECT OF ADRENALIN ON THE PUPIL.

One of the most interesting mechanisms on which
the sympathetic system acts is the pupillary re-
sponse.

In the course of a series of experiments on
cervical sympathetic section in which one or both
cervical sympathetic nerves were cut or double re-
section of the superior cervical ganglia performed,
opportunity was taken to study the effect of intra-
venous and subcutaneous injectibn of adrenalin on
the eye. The animals used inelunded cats, rabbits,
one dog, guinea pigs and rats: the dog is not so
suitable as the cat because of the close anatomical
connection between vagus and sympathetic, while in
the other animals the eye and ear effects of section
were Tound to be variable and more transient.

Later investigations on the effect of adrenalin were
therefore confined to cats.

As is well known, stimulation of the cervical
sympathetic in the normal animal causes dilatation
of the pupil, retraction of the membrana nictitans,
widening of the palpebral aperture, and protrusion

of the bulb. The last is only occasionally well-



marked; and is hest seen in rats and rabbits.

Lewandowsky(4g)

discovered that intravenous in-
jection of adrenalin causes a transient dilatation
of the pupil, while a subcutaneous injection is
without effect. This was confirmed by Borutta&sggd
Langley.(ﬁl)

Subcutaneous injection, and instillation into
the eye, produce a positive dilatation, however,
when the superior cervical ganglion has been com-
pletely removed, at least forty-eight hours previous-
ly: further, the dilatation is maximal and prolong-
ed over several hours. This was first shown by

Meltzer and Auer'®?)

who considered that normally
the superior cervical ganglion sends impulses to in-
hibit the dilator fibres of the eye and to stimulate
the constrictor fibres - the reverse effect of stim-
ulating the sympathetic trunk or injecting adrenalin.
In this way they explain the increased response to
adrenalin when the ganglion is removed.

An anomaly directly related to the question of
adrenalin influence on nerve was noticed, and has
several times been confirmed: adrenalin in great
dilution was found to cause contraction of the pupil

instead of dilatation: +this only occurred if the

eye had been sensitised by removal of the ganglion, -



not as the result of section only, nor in the normal

eye. Protocols showing this are attached:-

I. Cat, male, white, 2800 grammes:

First operation on April 22, 1921, under chloro-
form. Right cervical sympathetic ganglion complete-
ly removed. On recovery from anaesthetic -

Right pupil strongly contracted, aperture les-
sened, and membrana nictitans one third across eye.

Second operation, May 3, 1921. Ether anaes-

thesia. Injections of adrenalin into R. jugular.
Results:-

Adrenalin R. Pupil L. Pupil
1. ces 0f 1 in 400,000 ?;;:;?;ign’ Tragifent
1 ¢+ of 1 in 1,000,000 do. do.
1 cec. ef 1 in 2,000,000 B0 do.

slower

1 cc. of 1 in 5,000,000 Negative Negative
1 cec. of 1 in 6,000,000 Contraction Negative

II. {Cat, grey, male, 3500 grammes.

First operation, March 17, 1921. R. ganglion
removed under chloroform. On recovery -
R. pupil contracted, membrana nictitans half

across eye, aperture less, and eye somewhat receded.



Second operation, March 26, 1921, under ether.

Adrenalin injections into L. jugular. Results: -

Adrenalin R. Pupil L. Pupil
Huge Transient

o ey boAR. 1ede0 Dilatation do.
1 cc. of 1 in 200,000 do. Negative
1 ce. of 1 in 1,000,000 Dilatation Negative
1 ce. of 1 in 2,000,000 do. Negative

1 ¢e. of 1 in 5,000,000 Contractlon Negative



2. The effect of Adrenalin on Skeletal Nerves.

There is evidence that adrenalin affects the
myoneural junction in a nerve-muscle preparation.
Oliver and Schafer(gs) discovered that extracts of
the suprarenal gland prolonged the curve of contrac-
tion obtained from skeletal muscle, the latent period
being unaltered. In the frog they injected it into
the dorsal lymph sac, in the mammal, intravenously:
they considered the effect to be on the nerve. This
Borrutau(ﬁi) showed to he correct, since the pheno-
menon does not occur with curarised muscle. Joky-
ko(55) was unable to observe a paralytic action on
nmuscle, but he observed an increase of irritability
of the nerve. Takayasu(se) confirmed these obser-
vations; adrenalin solutions of greater concentra-
tion than 1 in 1,000,000 having the effect of de-
creasing the contractions of frog muscle. Guglie-

(57) states that adrenalin has no effect on

lometti
unfatigued muscle, but that the effect on fatigued
muscle is such as Schafer and Oliver describe.

Since the effect is removed by section and subse-
quent degeneration of nerves, or by curare, the
seat of action appears to be the myoneural junction.

Gruber and Fellows(se), on the other hand,

state that adrenalin increases the height of



muscular contractions and decreases the threshold
stimulus: it may be noted that they used cat muscle,
whereas most of the other observations have been on
frogs.

The most recent work on the subject is that of
Yoshimoto, who investigated the action of adrenalin
among other autacoids on motor nerve and on muscle.
His conclusion is that the conductivity of nerve is
not changed by this substance, and that the contrac-
tions of voluntary muscle are slightly lessened.
Yoshimoto observes, however, that the concentration
which causes this effect is far greater than any
which occurs in the body; it may be taken that
adrenalin has no effect on the motor nerves or on

voluntary muscle in man.



3. THEE RELATION OF ADRENALIN TO THE

PIGNENTARY SYSTEM.

Lieben in 1906 found that adrenalin produced
melanophore contraction in frogs; this has been
confirmed by numerous ohservers. The debatable
point is whether this action takes place through
the nervous system or not.

Hogben and winton(5?) found that they were un-
akle to affect the response of the dermal melano-
phores by stimulation of the sciatic nerves. They
were also unable to alter the response of the melano-
phores to adrenalin by the administration of doses
of nicotine sufficiently large to paralyse the sym-
pathetic ganglia. They are inclined to believe
that the evidence for a nervous control is inceonclu-
sive. Two fallacies wmay be noted in their argument.
In stimulating the sciatic nerves and obtaining no
melanophore response they merely prove that the
mechanism is not contained in the sciatic; the pos-
sibility of perivascular sympathetic innervation is
not eliminated. The experiment with nicotine is

by their own showing fallacious, for nicotine itself



produces melanophore expansion. Apart from these
considerations, the results obtained by these writers
would lead one to consider that a nervous control is
very probable, for they find that the only reagents
which induce melanophore contraction are those which
excite sympathetic nerve endings, while those which
bring about melanophore expansion are drugs such as
apocodeine and nicotine which paralyse the sym-
pathetic. It is interesting to note that the
authors group ergotoxine with the sympathetic stimu-
lants, considering the action different from that of
apocodeine, whereas both these drugs are sympathetic
depressants.

1t is unsatisfactory to consider only results
obtained in frogs. The clearest evidence is avail-
able that pigmentary response is related to the ﬁer—
vous system: one may especially cite the work of
Sumner and Pouchet on fish, and of Brucke on the
chameleon. [hese writers are agreed that the pig-
mentary response is part of a retinal reflex taking
place through the nervous system.

We are here, therefore, dealing with a pheno-
menon in which nervous system and internal secretion
are related. To what extent the one mediates the

other in the normal physiological response of melano-



phores is not yet proven.



DESCRIPTION OF IRACINGS.

The attached tracings were obtained by a modi-
fication of the Cannon method for the denervated
heart. They illustrate points referred to in the
section on adrenalin, and were obtained by a method
devised to study the blood pressure as well as the
heart beat, in connection with the depressor nerve
and its action on the heart after removal of the
stellate ganglion (Walker). The essentials of the
method were as follows:-

Under ether anaesthesia, the animal was inject-
ed with urethane an hour previous to the operation:
the resulting anaesthesia was found adequate. The
carotid artery was connected with a mercury mano-
meter, while an intravenous tube was placed in the
opposite jugular vein. Artificial respiration was
maintained through a two way tracheal tube by an un-
interrupted blast of warm air at the rate of 30 per
minute. The mammary arteries were secured by a
ligature including them passed behind the sternum
from side to side in the 2nd intercostal space.

The thorax was opened by cutting the 2nd, 3rd and
4th ribs on each side, and cutting across the ster-
num at the level of the fourth rib, the flap so form-
ed being retracted anteriorly. The stellate ganglia
were easily defined, and removed on each side. The
thoracic wound was roughly repaired by stitches.

The right



auricle and the right ventricle were attached to two
threads working on the pulleys of the Schafer cardio-
myograph, through windows formed by the two bared
intercostal spaces. In this way the trauma of
lungs due to exposure in long continued experiments
was minimised, and, more important, the heart rate
was not so liable to be affected by changes in tem-

perature.

Tracing IL. shows

(1) Typical depressor response to a moderate-
ly strong stimulus, 500 XK.U., showing
that separate depressors were defined
in this cat. (Photographs of trans-
verse sections of these nerves are at-

tached.)

(2) Effect on blood-pressure (fall from 68
mm. Hg. to 57 mm. Hg.) on removal of

the stellate ganglia.

(38) Effect of removal of the ganglia on the

depressor response.

(4) Result of stimulating the left sciatic
nerve, before, during, and after

clamping the suprarenal veins. The



suprarenals were exposed by a median
abdominal incision, with the least
possible expoéure and handling of
the viscera, and the veins clamped

with small bull-dog clips.

Tracing III.:

(1) Left depressor and right depressor
stimulated before and after an in-
jection of 1 cec. of 1 in 50,000
adrenalin chloride diluted with

mammalian Ringer's fluid.

(2) Effect of removal of the stellate gan-

glia on blood pressure.

(3) Depressor response before and after

removal.

(4) A second equal dose of adrenalin.
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B. SUPRARENAL CORTEX.

It is generally recognised that the cortex of
the suprarenal is essential to life.

Tizzoni observed severe lesions in the central
and peripheral nervous system after extirpation of
the glands. He described extensive destruction of
nerve fibres and ganglion cells in all parts of the
nervous system. His work is not reliable, since
removal of the gland included removal of the medulla,
and secondly, since he recorded death after removal
of one suprarenal, this being opposed to the experi-
ence of every subsequent investigator. Donetti(so)
states that removal of the glands produces changes
in the nerve cells of the central nervous system,
the nuclei becorming vesicular and granulated. These
changes occur especially in the medulla.

It has been suggested that there is a relation
between the adrenal cortex and the highly developed

(61) have each put

brain in man. Alexander and Kohn
forward the view that the adrenal cortex produces
lecithin, this being utilised in the development of

the brain. This is pure speculation.



(62)

Meyers suggests that the secretion of the
cortex may neutralise toxins which act upon nerve.
He supports this by a series of experiments in which
he mixed cobra toxin and extracts of suprarenal cor-
tex, and found that the toxin was rendered inert.
This merely proves what no one would deny, that the
cortex centains lipoids; it throws no light on the
relation of the cortex to nerve.

Elliot observed that section of the splanchnic
nerves produces no histological change in the cells
of the suprarenal cortex.

It may be cencluded from the foregoing that

there is no evidence for any physiological relation

between nerve and the suprarenal cortex.



C.  PITULTARY.

RELATION OF NERVE TO PITUITARY AUTACOIDS.

There is comparatively little known regarding
the relation between the nervous system and the
pituitary body. The experiments of Jacobson, Cush-
ing and weed(ss) demonstrate that one of the pituit-
ary hormones is secreted in greater quantity when
nerves passing to the gland are stimulated. These
investigators stimulated the superior cervical gan-
glion, and observed that sugar appeared in the
urine, whether the stimulation was faradic or mech-
anical; the animals used were dogs, cats and rab-
bits. They found that this result persisted after
all possible paths for downward passage of impulses
had been blocked, and that, if the pituitary body
was removed before the stimulation, no such result
was obtained. They accordingly concluded that the
stimulation of the cervical sympathetic caused 1lib-
eration of a pituitary hormone, and produced thereby
glycosuria. Shanneff confirmed these experiments.
Pighini(64) found that after vagus section, there

was hyperfunction of the pituitary, a result in



accordance with the findings of Cushing and his co-
workers.

Little is known of the action of the pituitary
hormones on nerve. The best known, pituitrin, has
no effect on the nerves of the autonomic system;
drugs acting on sympathetic and parasympathetic
nerves do not produce any alteration in its action.

Certain experiments of Toshio Uno are of in-
terest in showing the effect of nervous excitement
on the pituitary. Male albino rats, by repeated
electrical stimuli, were kept constantly excited
for three to six hours. The pituitary, thyroid,
and suprarenal glands were then removed and examin-
ed. The only significant changes were found 1in
the pituitary. In the rat, normally, pars glandu-
laris causes a contraction of intestinal muscle,
pars nervosa a relaxation; combined extracts have
an intermediate effect(65). In these experiments
the pituitary weights were greater than the controls,
and the extract from them had a marked effect on
plain muscle, whereas the extract from the controls
had no effect. These results have not bheen con-
firmed.

It is well known that pituitary tumours and

derangements are in general accompanied by mental



depression and dullness; this, however, cannot be
considered as a direct action on the higher centres,
but is more probably the result of a wide-spread

disturbance involving other ductless glands.



D. GENERATIVE ORGANS.

RELATION OF NERVE TO THE AUTACOIDS

OF THE GENERATIVE ORGANS.

L

There is a considerable mass of evidence that
the autacoids of the testis and ovary influence the
nervous system. The observations on this peoint
may be regarded under two heads :- the effect of
administering extracts of the glands; and the ef-
fects following removal, or disease, of the genera-
tive organs.

The well known experiments of Brown-Sequard,
who found that the taking of extracts of testes was
followed by a feeling of increased vitality and a
diminution in the symptoms of age, have had much
doubt cast upon them, since most recent observers
have not met with similar results. Stanley(66),
however, repeating his experiments, states that
good results were obtained by the injection of tes-
ticular extract into convicts: these subjects be-
canme brighter mentally and improved physically.
Stanley also reports great mental improvement ob-

tained in this way in cases of paranoia.



The changes in disposition of animals which
result from removal of the generative organs have
not been definitely demonstrated to be a direct
effect on the nervous system: that the action is
indirect is improbable, since no symptoms which
suggest disturbance of other ductless glands are
seen. The experiments of Nussbaum suggest that
the action 1s, in some respects at least, dependent
upon nerves. Male frogs develop, at the breeding
season, a swelling of the thumb, and hypertrophy of
the muscles of the forearm: these changes are pre-
vented by castration, but appear again on the in-
grafting of a portion of testis, and are therefore
clearly dependent on autacoids fromr the testis.
Nussbaum found that section of the nerves of one
linb prevented the developmrent of the hypertrophy
of the thumb and the muscles. He thus proved that
the autacoid concerned in this case acts on the
local tissues not directly but through the nervous
system. Most of the occurrences related to the
functions of the ovary and testis are adrmittedly
not dependent on the nervous system, to whatever
extent they may be affected by it. The researches
of Goltz, who showed that pregnancy and parturition

can occur in an animal without a lumbar cord, place



this beyond doubt.

Wheeler and Shipley(sv) have shown that a re-
lation exists between the autacoids of the testis
and the sympathetic nervous system. Using as an
indicator for the activity of the sympathetic system
the vasomotor response to nicotine, they found that
in castrated dogs the sympathetic system is de-
pressed in activity: the normal activity is re-
stored by a testicular graft. In females, on the
other hand, removal of the ovaries is followed by
an increased irritability.

That there is a sympathetic supply te the ovary
and testis has been shown by Ranson. It is obvi-
ously not necessary for the production of the inter-
nal secretion of these glands, since functional
grafts of ovary and testis maintain the secondary
sexual characters as well as do the glands in situ.
It is indeed stated that section of the sympathetic
nerves to the testis causes a hypertrophy of the
cells of Leydig, which are recognised to be respons-
ible for the autacoid production in the male gonad.
The experiments of Ribbert(sg), Rubintein(sg), Hal-

ban(70)

and others, on ovarian grafts, confirm the
original observations of Knauer(71),_who showed that

grafts of testis in ovarectomised animals caused



atrophy of the uterus, whereas grafts of ovary pre-
vented the atrophy, thus proving the efficacy of
grafts, apart from nervous control.

The wide-spread chromatolysis met with in the
central nervous system in dementia praecox, where
the interstitial cells of the gonads are degenerat-
ed, are of importance in connection with this sub-
ject. I'he fact that this condition appears at
puberty, and that it is accompanied, or preceded,
by a degeneration in the testis and ovary, strongly
suggests that there is a direct relation between
these glands and the central nervous system. On
the other hand, as Mott observes, both changes may
be the result of a generalised disturbance, wherein

(72)

there is a failure of oxidature processes



E. PARATHYROIDS.

RELATION BETWEEN THE PARATHYROIDS AND NERVE.

The fact that removal of the parathyroids is
followed by a train of symptoms suggestive of ner-
vous disturbance was first established by Vassale
and Generali, who removed the parathyroids from ten
cats and nine dogs. Fibrillary twitchings, muscu-
lar spasms, inability to walk and depression, were
among the symptoms observed. All the animals, ex-
cept one, died within ten days. These sequelae
were, as Vassale and Generali pointed out, those
which, since thyroid-extirpation had been intreduc-
ed by Schiff, had been noted as following thyroid
removal. Later, the same workers showed that if
one of the four parathyroids was left in situ, no
symptoms appeared. Their results have been amply
confirmed by several investigators, especially by
Swale Vincent and Jolly.

The muscular twitchings apparently have their
origin in the central nervous system, since section
of motor nerves stops them; section and degenera-

tion of the posterior roots has no effect, and



section of the cord does not remove the spasms in
muscles posterior to the level of section; the ef-
ferent neurones in the cord are thus the structures
affected(?s). Peripheral nerves are alse affected,
for Paton and his ce-workers have shown that the
electrical excitability of the nerve muscle prepara-
tions from parathyreidectomised animals is increased.

It appears, therefore, that the effect of re-
moval of the parathyroids is to cause an increase
in the excitability of nerve; the nerves most af-
fected are the motor nerves to muscle, although the
irritability of the sympathetic nerves is also in-
creased, as shown by Hoskins and Wheeler.

It is only necessary to consider briefly here
the way in which this increased excitabhility is pro-
duced. McCallum considers that it is due to a de-
ficiency of calcium salts; Sabbatini and others
have shown these to be capable of diminishing the
excitability of nervous tissues. Paton considers
the fault to be in a disturbance of guianidin meta-
bolism.

It is certain that the toxic agent is in the
blood, for cross-circulation experiments prove that
if the leg of a normal animal be supplied with the

blood from an animal with tetany, hyperexcitability



soon shows itself in the normal 1limb. Paton has
demonstrated that guianidin is increased in the
blood of dogs with tetany from 1 mg. per litre to
ten times that amount. He considers the injection
of calcium salts, which check tetanic spasms accord-
ing to McCallum, as acting merely as a sedative.

It has never been satisfactorily demonstrated that
there is an alteration in the calcium content of the
blood in tetany; and the fact that bleeding an ani-
mal and replacing the lost blood by calcium free
Ringer, relieves tetany as much as does the injec-
tion of Calcium, must bhe considered as an important
argurent against the theory of McCallum(74).
Working on frog nerve-muscle preparations,

Yoshimot0(75)

showed that blood from a parathyroidec-
tomised animal increases the excitability of isolat-
ed nerve, but produces no twitching, and has no ef-
fect on muscular contraction, unless large doses are
employed, when depression results. In this way it
is similar to guianidin carbonate. Paton found
serum from animals with tetany to act similarly to
guianidin, in producing muscular tremors and twitch-
ings. Experiments of this nature are, however, to
be regarded with caution, for guianidin produces no
(78')

effects in certain animals. Among the results



of parathyroidectomy is one met with in severe cases
of tetany, - epileptic fits, suggesting a stimula-
tion not only of peripheral nerve but of the cerebral
cortex. The experiments which show that the para-
thyroid secretion influences the cortex are those

of Hammett(77}.

This eobserver removed the para-
thyroids in tame and untamed rats: he found the
operation fatal in 79% of the cases where wild rats
were employed, but only in 13% of the cases where
the operation was carried out on tame ones. This
renarkable result he attributes to a greater sta-
bility of the higher centres in the tame animals.

1t is, however, slender evidence from which to argue

a direct action on the cerebral cortex.



. THYROID.

RELATION OF NERVE TO GLAND.

Parameschko(va) first described, in 1867, nerves
passing from the arteries of the thyroid gland to-
wards the intervesicular connective tissue. His
observations were amplified by several other his-
tologists. Poincare(vg) suggested that these nerves
might have a secretory function, while Berkley(BO),

(81) ,nda Rhinehart (82)

Andersson have added to the
details of their course. Rhinehart states that
nerves are derived from sympathetic ganglia, that
they form perivascular plexuses, and, from those,
perivesicular plexuses, the terminal fibrils ending
in relation to the bases of secretory epithelial
cells. According to him all nerves entering the
thyroid gland are non-myelinated.

Briau(Bs), by anatomical and embriological
methods, has traced the thyroid nerves from the cer-
vical sympathetic trunk. They leave the trunk at
different levels, in man principally from the middle

cervical ganglion. They then form plexuses round

the thyroid arteries, chiefly the inferior thyroid.



Poirier and charpy describe similar branches from
the superior cervical ganglion accompanying the
superior thyroid artery. The existence of these
nerves being admitted, demonstration of a secretory
function is desirable. Cannon and Gatte11(84)
found that by stimulating the sympathetic high in
the thorax, a current of action was evoked from the
thyroid after a latent period of about five seconds.
This current did not occur as a result of excitation
of the vagus anterior to its union with the cervical
sympathetic strand. Since the vagus contains motor
fibres to the muscles of the larynx, curarized ani-
mals were used; further, the animals were decere-
brate. These observers were quite unable to demon-
strate that vagal stimulation produced any action
current in the gland. As further evidence one may
note that the injection of pilocarpine, which ex-
cites cranial autonomic fibres, has no effect on

the current from the gland. In order to show that
these results were not due to an anaemia of the
gland following sympathetic stimulation, the carotids
were clamped for a perioed equal to that during which
stimulation was carried out: no electrical change
resulted from this procedure.

From these experiments Cannon and Cattell con-



cluded that the non-myelinated fibres passing to the
thyroid are derived from the sympathetic and not
from the cranial division of the autonomic, and that
they are true secretory nerves.

An excellent demonstration of the correctness
of this conclusion would be to show that an anasto-
mosis between the cervical sympathetic and a nerve
constantly carrying impulses, such as the phrenic,
results in signs of increased thyroid activity.

Such an experiment was performed by Cannon and
Fitz(85). They united the anterior root of the
right phrenic with the right peripheral cervical
sympathetic so that after regeneration impulses over
the phrenic might pass to the superior cervical gan-
glion. They claimed that in four out of six cases
symptoms of hyperthyroidism were obtained, tachy-
cardia, increased basal metabolism, and, in one cat,
exophthalmos, and that the condition was cured by
removing the thyroid of the same side. Troell(as),
Langley(87) and Burget(ea) repeated this experiment
without success. Wilson(89), in 1916, by experi-
mental production of a bacterial lesion in the
superior cervical ganglia in geats, found changes
in the ganglia and in the thyroids similar to those

met with in exophthalmic goitre: this would tend to



support the evidence for a nerve mechanism control-
ling thyroid secretion.

Kummer(gn),

however, showed that thyroid grafts
will function adequately to the animal's needs
whether implanted in the region of an autonomic
nerve supply or not, so that nerve control is not
essential.

It is, however, to be considered as proved by
the investigations of Cannon and his co-workers that
the thyroid secretion can be influenced by nerve
stimulation. This is admitted by all observers,
but many consider the secretory fibres to be deriv-

ed from a cranial autonomic source. Foremost among

these are Asher and his colleagues.

(91) (92)

Asher and Flack followed Cyon's sugges-
tion that the laryngeal nerves are the secretory
nerves to the thyroid: they stimulated these nerves
in the rabbit and found that simultaneous stimula-
tion of the depressor caused a greater fall of
arterial pressure than occurred when the depressor
alone was stimulated: further, they found that dur-
ing excitation of the laryngeal nerves, the effect
of adrenalin on blood pressure was greater than be-
fore. Since the same occurrences follow an intra-

venous injection of thyroid extract, they conclude



that the laryngeal nerves produce a true secretion.

Biedl and Brunt2s)

confirmed the result, but since
they note that uniform stimuli applied to the de-
pressor gives a variable fall, they do not consider
Asher's contention proven. Schafer(94) has been
unable to confirm the results of Asher's experiments.
Oswald, however, states that thyreoglobulin and
other iodine compounds increase the sensitivity of
the vagus and depressor; at the same time he notes
that it increases the sensitivity of the sympathetic.
Asher's experiments merely show that the laryngeal
nerves contain fibres which influence the secretion;
the question as to whether they are sympathetic or
parasympathetic is undecided, since the laryngeal
nerves may contain sympathetic fibres.

Cannon attempted to elucidate the matter fur-
ther by making use of the denervated heart as his
test tissue. In this.preparation the stellate
ganglia were removed by small lateral openings in
the thorax and the vagi sectioned in the thorax
under artificial respiration. The thoracic windows
were then repaired and natural respiration re-estab-
lished by a momentary continual blast. The response
of the denervated heart under light ether anaesthesia

is remarkably constant and is only affected by



chemical and thermal changes. He found that an in-
crease of heart rate in the cat, amounting even to
25%, is caused by gentle massage of the thyroid:
this rise of rate takes from half to one hour to
develop, and results even if the suprarenals are
'excluded from the circulation. Control massage of
the submaxillary is without effect. Stimulation
of the cervical sympathetic has the same result and
only if the thyroids are present.Stimulation of sen-
sory nerves and asphyxia cause a brief acceleration
due to adrenalin only if the thyroid has been re-
moved: if not,there is primary acceleration due to
adrenal secretion, followed by the slow development
of the thyroid rise.

There are thus two distinct points of view re-
garding the secretory innervation of the thyroid.
First, that of Cannon, who considers the nerves are
sympathetic in origin. He admits that stimulation
of the laryngeal nerves may cause similar effects,
and says he has actually obtained acceleration of
the denervated heart on excitation of the superior
laryngeal. He argues that this result may be due
to sympathetic fibres running in the laryngeal
nerves. He might with reason add that the anatomi-

cal evidence of Rhinehart that nerves pass from the



sympathetic neighbouring ganglia, and are non-

myelinated in their course, carries with it a

strong probability that these nerves are sympathetic.
Asher, on the other hand, still considers the

laryngeal nerves to he the nerves controlling the

secretion, and believes the secretion to be under

parasympathetic control.

As regards the secretory innervation of the
thyroid, some light may be thrown eon the difficulty
by recenciling Asher's results with those of Cannon
by considering one or two anatomical findings in
the course of an investigation into the morphology
of the depressor nerve: and also by consideration
of the physiology of the depressor in relation to

the thyroid.

1. Anatomical findings: In a large number of

animals examined, including cats, rabbits, dogs,
guinea-pigs, rats, and one horse, a strand was found

to pass from the depressor (when present) to the



superior cervical ganglion. Cyon(g5) described
such a connection in the dog and in the horse, and
called it the third root of the depressor. Further,
in the cat, rabbit, dog, and horse, a definite
plexus of fine sympathetic fibres was occasionally
seen ramifying from the superior cervical ganglion
round the origin of the superior laryngeal from the
vagus, and along the superior laryngeal nerve beyond
the point of origin of the laryngeal root of the de-
pressor. This would tend to support the view of
Cannon that any result indicative of thyroid secre-
tion obtained by stimulation of the superior laryn-
geal nerve is due to sympathetic fibres which may be
running with it.

Secondly, it is to be noted that in cats and
rabbits a fairly constant cennection was found
between the sympathetic at the level of the inferior
cervical ganglion and the depressor, either by a
small plexus or by a branch joining the depressor
from the inferior cervical ganglion.

This similarly explains any positive effect
obtained by Asher on stimulating the inferior laryn-
geals, singce fibres from the inferior cervical gan-

glion have been found to accompany them.



2. Physiology. Gyon(gs) states that the de-

pressor carries vaso-dilated fibres for the thyroid
gland, running in the superior laryngeal. If this
is accepted, Asher stimulated vaso dilators to the
gland and therefore his results require reconsider-
ing from the point of view of his conclusions.

He stimulated the depressor in its course with a
minimal stimulus, and repeated, during simultaneous
excitation of the cut superior laryngeal nerve just
medial to where the depressor root leaves it:; this
caused a greater fall of blood pressure. e found
similar results with the inferior laryngeal in cer-
tain cases.

As we have seen above, he zconcluded that

(1) The superior laryngeal and inferior
laryngeal carry true secretory nerves

to the thyroid.

(2) A substance, poured out by the gland
under their influence, sensitizes

the depressor.

There is no definite evidence to disprove the
second conclusion, and we may accept 1t provision-
ally.

As regards the first point, his results are



sufficiently explained by assuming an out-pouring

of secretion From the gland due to vaso-dilatation.



EFFECT OF CERVICAL SYMPATHETIC SECTION

ON THE THYROID.

Experiments were made to determine the effect,
if any, produced in certain internally secreting
glands, and on the salivary glands, as a result of
section of the cervical sympathetic. The animals
used were cats, rabbits, guinea pigs, rats, and one
horse - in all, 25 cats, 20 rabbits, 20 guinea pigs
and 3 rats. In general the procedure was to resect
under ether or chloroform anaesthesia and with asep-
tic precautions about two centimetres of the cervi-
cal sympathetic on one side, or to resect the
superior cervical ganglion on one side: 1in this
group the glands of the unoperated side were con-
sidered as a control both for weight and histologi-
cal appearance. It has been generally stated that
in an animal the two thyroids are very similar as
regards weight and histological appearances, but in
a large number of normal animals the thyroids,
suprarenals and pituitary were examined post-mortem
and the weights found to vary considerably. How-
ever, this objection was met as far as is possible

with individual variation, by the second group in



which the cervical sympathetics of both sides were
cut or the ganglia resected, animals of the same
sex and body weight being used as controls. In
neither group was there any significant difference
in thyreid weight, nor in pituitary weight. Many
other factors may influence the suprarenal weights,
but it is sufficient to note that the only animal
in the whole series which showed a marked increase
in size and weight of the thyroid on the operated
side, the right, was a pregnant rabbit, which show-
ed also enormous hypertrophy of the suprarenals,
especially the right, and of the right ovary.

In the more recent experiments on cats, care
was taken to note if the depressor was present as
a separate nerve, and if so, it was not sectioned:
lable II. gives results in cats from this group.

In one cat, thf depressor, found to be present
as a separate nerve and tested by stimulation, was
purposely cut. The protocol is:

Cat, black, male, weight 2050 grammes. See photo-
graphs B«(1), B.(2).

Operation, 6th December, 1921, chloroform and

ether. Right cervical sympathetic and right de-
pressor cut, and one centimetre resected from both.
Right eye and ear symptoms well marked before re-

covery from anaesthesia.



Killed, 13th March, 1922, ninety-seven days
later. Right thyroid appears atrophied compared
with left.

R. Thyroid 0687 grm.

L. Thyroid +102 grm.
The difference here appears to be sipgnificant, but
no conc¢lusion can be drawn from one result, and this
point remains to be tested for specially.

It will be noted, however, that in Table II.,
although the differences are, not shown corrected for
body weight, the difference between the two sides
is less than in the normal group,l.and less than in
the group taken at random from those animals where
the depressor was probably cut with the sympathetic III.
(Lt is to be noted here that in cats examined for
the presence or absence of a separate depressor, it
was found separate on the left éide in thirty-seven
out of fifty cats, on the right side in eighteen,
in the others it coursed with the sympathetic and
was only definable near its origin in eighteen, and
not definable at all in five.)

The point is of importance in that as depressor
stimulation can cause vaso-dilatation of the gland
vessels, section of vaso-dilator fibres would ex-

plain the atrophy noted in the one case of depressor



section above, and the closer correlation in weights
between the cut side and the normal where the de-
pressor was known to have been spared.

Against this it must be stated that even when
the nerve was separate, there were anastomoses bet-
ween it and the cervical sympathetic which would
make it impossible to state definitely that the di-
lators bhad been spared. By cutting above the
usual level of the inferior cervical ganglion the
fairly constant anastomosis between it and the de-
pressor is avoided, but in every case of a separate
depressor examined, a well marked strand led to the
superior cervical ganglion. The existence of this
latter anastomosis was noted by Cyon in the dog and
in the horse. Further, Cyon definitely states that
vaso-dilator fibres course with the depressor to the
thyroid either by way of the superior laryngeal or
the various nerve plexuses which the depressor forms
with the sympathetic and vagus.

There is then no significant difference in
weights which might indicate any change in secretory
activity. Cannon has stated that section of the
cervical sympathetic causes atrophy of the thyroid.
MiSSiPOli(gﬁ) noted this alse.

The histological

findings are also negative: the glands were fixed



and stained in the usual manner and show no constant
difference, either in staining properties of the
colloid, appearance of the epithelial cells, or size
of vesicles.

The thyroid on the side of section appeared
in some cases to show a larger proportion of small
vesicles with almost no lumen, a tissue looking at
first sight like parathyroid. This, however, could
generally be demonstrated in the normal side also.

The cats which had the superior cervical gan-
glia removed, and young cats which had both cervical
sympathetics cut, were.found to be very susceptible
to cold and died in a variable period after the
second operation under conditions which suggested
distemper. Results of such sections are for the
present not discussed. Photograph D., however,
illustrates the degenerative changes met with in
the thyroid glandin such a case of removal of super-
ior cervical ganglia.

Meltzer(97) noted that in ninety per cent of
cases of double resection of superior cervical gan—
glia in cats, death occurred in two days, with mark-
ed pulmonary symptoms. It remains to be proved
whether the post-mortem findings are due as he

thinks to an internal secretion of the ganglia or



to increased susceptibility after removal.

The results as regards weight and histological
findings of thyroid, suprarenals and pituitary in
the rabbit, gulnea-pig, rat, and in the horse, were
also negative.

No evidence has therefore been found in this
enquiry that section of the sympatﬁetic nerve supply
to the thyroid causes any change in the secretory

activity of the gland.



TABLE I.

Normal Cats, unoperated.

Thyroid Weight
No Body Weight ~——+ Duration
) in grams. Left. Right of Section
grms. grms.
1 2950 0.122 0.107 47
2 3200 0.079 0.105 20
3 3050 0.215 0.220 310
4 2700 0.150 0.185 €8
5 2380 0.097 0.110 20
6 3300 0.149 0.130 30
s e
TABLE II.
Right Cervical Sympathetic cut.
Depressor Nerve not cut.
Thyroid Weight
No Body Weight y Lo Duration
2 in grams. Left nght of Section
gros. grms.
1 2150 0.112 0.109 30
2 2600 0.165 0.143 45
3 | 2550 0.107 0.098 18
4 3250 0171 0.157 53
5 2050 0.103 0.11% ] 27
6 2570 0.235 0.243 l 60
TABLE III.
Right Cervical Sympathetic section.
Depressor not noted.
Thyroid Weight ‘
No Body Weight Duration
' in" grams. Left Right ‘ of Section
. grms. grms,
4 2750 0.195 | 0.160 39
2 ‘ 2500 0.210 0.159 i 47
3 3100 0.290 0.235 | 80
4 | 2900 0.125 0.104 51
3] 2600 0.180 0.155 68
6 ’ 3250 0.091 | 0.121 30
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EFFECT OF THYRGID AUTACOIDS ON NERVE.

The general symptoms which present themselves
as a result of feeding with thyroid suggest that the
autacoids of the gland affect the nervous system.
The increased basal metabolism, the rapid heart
beats, the dilated pupils, and the condition of
activity of the sweat glands which are produced
suggest a stimulation of the sympathetic system.
Dilatation of the blood vessels, accompanied by a
low blood pressure, alse occurs, and suggests not a
sympathetic stimulation, but the reverse. In addi-
tion to these symptoms, referable to the autonomic
system, twitchings of muscles, mental excitement,
and exaggerated reflexes are met with, and suggest
an action of the autacoids on the central nervous
system.

Asher states that thyroid extract causes an
increased sensitivity of the vagus, depressor, and
splanchnic nerves. His method of investigation was
to expose the depressor nerve and find the smallest
electrical stimulus necessary to cause a fall of
blood pressure. ilis results were not constant in

cats and he therefore used rabbits. It is of



importance to note that the extent of the fall is no
criterion, for this was found to vary even with the
same strength of stimulus and the same experimental
conditions. The necessary stimulus being found,
the superior laryngeal nerves were stimulated - or
an injection of gland extract administered - and
after a suitable interval, the stimulus necessary

to produce a fall of pressure again found. Work-
ing in this way, Asher found that the effect of
thyroid secretion was to cauée a greater fall of
pressure on stimulation of the depressor. Similar
experiments were carried out on vagus and splanchnic
nerves, with a similar result.

A number of points have to be noted in connec-
tion with the investigation. The resnlts obtained
in testing the excitability of the depressor vary.
Weak stimuli must be used - the best results being
obtained with 30-100 K.U. - in such cases the re-
sponse remains constant for a long period; whereas
with strong current one cannot obtain a constant
effect. The resronse is very sensitive to tempera-
ture, and even to such influences as sound and light.
Asher found that noise occurring during the experi-
ment influenced results, as also did even the pas-

sage of a shadow over the field of operation.



Cyon found that iodothyrine sensitised the de-
pressor. This Asher and Flack were unable to con-
firm: they consider that there is much doubt as to
whether this substance is an active principle in
thyroid secretion. Uswala(gs) states that thyro-
globulin and other orgaﬁic iodine compounds increase
the sensitivity of depressor, vagus, and sympathetic
in the dog, and that the activity in this direction
varies with the iodine content of the substance.

(99) was unable to confirm the results of

Levy
Asher. He found that excitation of the nerves to
the thyroid (sympathetic) caused an increased sensi-
tivity to adrenalin, as measured by rise of blood
pressure, but was unable to obtain at the same time
any evidence that the vagus was more sensitive to
electrical stimulation. Like Asher, he used the
smallest stimulus ( K.U.) necessary to produce a
fall of blood pressure, as an indication of the sen-
sitivity of the nerve. In view of Levy's experi-
ments, Asher's results cannot he accepted as con-
clusive.

Levy further(xm» investigated the question by
studying the effect of thyroid secretion on the
excitability of the cardiac vagus, since it is found

that in cats pithed to the level of the third



thoracic segment, stimulation of either vagus with
a given strength of stimulus produces a uniform de-
gree of depression. His results were negative.

The actilon of the thyroid autacoids on the cen-
tral nervous system is very striking. Removal of
the thyroid leads to a depression of all the func-
tions of the nervous system, idiocy resulting. Ad-
ministration of thyroid extract to a cretin produces
an improvement, and usually a complete recovery of
mental function. The mode of action is unknown,
but thyroxine has the same effect, and accordingly
may be looked upon as the autacoid concerned. Mott
has observed that in persons suffering from hypo-
thyroidisim there is wildespread chromatolysis in the
cells of the cerebral cortex.

Many conclusions regarding the action of thy-
roid secretion on nerve have been based on observa-
tions - mainly clinical - of the phenomena in exoph-
thalmic goitre. These observations czannot be ad-
mitted as evidence, for there is no proof that the
disease is the result of a simple oversecretion of
the thyroid: the secretion may be not merely ex-
cessive, but abnormal, and further, as we have seen
above, physiological experiments have proved an

interrelation between thyroid and suprarenal activity



and their autonomic innervation.

It is important to note that Levy(gg)

found
that the increased effectiveness of adrenalin as a
pressor agent after stimulation of the thyroid is
not dependent on a greater amount of circulating
adrenalin, but rather is due to a sensitization of
the sympathetic structures concerned. This would
indicate that in exophthalmic goitre there is no
reason to suppose, as some have done, an increased

amount of adrenalin in the circulating blood to ex-

plain the syndrome of sympathetic over-excitation.
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