
ON THE PART PLAYED BY THE SUPRARENALS IN
THE NORMAL VASCULAR REACTIONS OF THE
BODY. BY G. VON ANREP.

(From the Institute of Physiology, University College, London.)

THE existence of secretory nerves to the suprarenal glands may be
regarded as definitely established by the work of Biedl(i), Asher2,
Cannon(3) and Elliott(4). The action of these fibres has thrown a new
light on the same well-known phenomena, and amongst them on the
form of the curve of blood-pressure obtained when the peripheral end
of the splanchnic nerve is stimulated. Johansson() observed in the
dog that the curve in this case is not one of simple rise and fall but
presents two summits. Subsequent observers have confirmed this and
shown that a similar form of curve occurs in other animals. Lehndorff(6)
investigated the cause of the double rise in the dog, and came to the
conclusion that the first was due to vaso-constriction of the splanchnic
area, the delay or " step" to a transitory dilatation of the heart, and
that the second rise was due partly to an increased heart beat accom-
panied by acceleration, and partly to a constriction of the peripheral
vessels, e.g. of the limbs. Elliott investigated the question in the cat,
in which animal the " step " becomes a distinct fall. He found that the
fall and the second rise were caused by the secretion of adrenalin, since
both were absent on stimulation of the splanchnic nerve after extirpa-
tion of the suprarenals. The question then arises whether the effects
described by Lehndorffon the heart and on the blood vessels of the limbs
can also be referred to adrenalin secretion. In this paper I give an
account of some observations with regard to this, made at the sugges-
tion of Prof. Starling.

Methods. The splanchnics were exposed extra-peritoneally from
the back, and a string was passed round each suprarenal in order to
exclude either or both as quickly as possible from the circulation by
tying the string. The animals used were anaesthetised with morphia
(30-100 mgms. subcutaneously) and A.C.E. mixture. To exclude any
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possibility of reflex on the heart I generally cut all the heart nerves.
Both vagi were divided in the neck, and the stellate ganglia were
extirpated from the back by Anderson's(s method. For this purpose I
divided all the muscles passing from the posterior border of the scapula
to the thorax and spinal column, exposed and removed the head of the
second rib. The stellate ganglion lies just behind the head of the
second rib. As a rule the extirpation was effected without the pro-
duction of a pneumo-thorax.

Experimentat Results. Under such conditions stimulation of
either splanchnic nerve gave a typical curve with a well-marked
secondary rise, accompanied by marked acceleration of the heart,
which begins simultaneously with the secondary rise. The slower the
heart beat before the stimulation the more marked was the accelera-
tion produced by the stimulation. The extent of the acceleration
therefore depends on the pulse rate obtaining before the excitation of

Fig. 1. Stimulation of the left splanchnic. The first interruption=5 minutes; the
second= 7 minutes. Figures on time line show pulse rate per 10 seconds. Time
marking in this and subsequent tracings=10 seconds.

the splanchnics. If the pulse were already fast the acceleration was
much less marked. Thus in some cases while the stellate ganglia were
intact, stimulation of the splanchnic nerve caused only a slight
acceleration, which was much more marked after the stellate ganglia
had been extirpated. In these cases the stellate ganglia had been
exercising a tonic effect on the heart, so that their extirpation was
followed by distinct slowing of the pulse. In two experiments in which
urethane had beeni injected, the pulse was fast even after extirpation
of the stellate ganglia, and here splanchnic stimulation caused little or
no acceleration. On a(dministering chloroform the pulse rate became
slower and now splanchnic stimulation caused marked acceleration.
After excluding one suprarenal by means of a ligature, care being taken
not to injure the splanchnic nerve, stimulation of the splanchnic nerve
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on the same side never gave the typical curve. The only effect was a
rise of pressure beginning directly the splanchnics were stimulated and
lasting as long as the stimulation itself.

On the other hand stimulation of the splanchnic of the other
side, i.e. the side on which the suprarenal was still intact, gave the
normal 'stepped' curve of pressure. In two experiments, instead of
tying off the suprarenal en bloc, I simply clipped the suprarenal vein.
During the whole time that the clip was applied, stimulation of the
splanchnic nerve caused no secondary rise of pressuire and no acceleration
of the heart beat. On removing the clip, these effects once more
returned and stimulation of the splanchnic gave the usual 'stepped'
curve. In the same way on exclusion of the suprarenals splanchnic
stimulation gives no longer any acceleration of the heart beat.

In a few cases towards the end of the experiment or after a large
dose of chloroform, there may be a very slight acceleration (cp. Fig. 2),

Fig. 2. Stimulation of left splanchnic with left suprarenal ligatured off. Same experi-
ment as in Fig. 1. Pulse rate in intervals succeeding the tracing was: 23, 22, 22, 21, 21.

not amounting to more than two beats in the ten seconds. Where the
pulse has been slowed by excess of chloroform, the pulse rate duriing
splanchnic stimulation returns only to the rate which was normal
before the chloroform was given. This slight acceleration always
occurs after the stimulation has finished and.when the blood-pressure
is already falling. It is probably due to the slightly higher tempera-
ture and (after chloroform administration) the better quality of the
blood which is pressed during splanchnic stimulation from the abdomen
towards the heart, so improving the action of the latter organ. That
this explanation is probably correct, is shown by the fact that if the
splanchnic nerve were exposed not from the back as usual but from the
front through the abdomen, so that the intestines became cool, this
slight secondary acceleration after splanchnic stimulation entirely
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disappeared. A similar disappearance can be brought about if the
abdomen be filled with cold water so as to exclude temperature effects.

As mentioned above, Lehndorff considers that two factors are
concerned in producing the secondary rise of blood-pressure following
splanchnic stimulation, namely, constriction of all the peripheral vessels,
and increased force and rate of the heart beat. I have shown that the
acceleration is due to the increased production of adrenalin, and my
next object was to investigate the constriction of the blood vessels.

According to Bayliss(7) the vessels of the peripheral parts of the
body do not follow passively the changes in blood-pressure produced by
splanchnic stimulation, but contract actively against the blood-pressure.
Bayliss ascribed this contraction to a local reaction of the vessel wall

s ~I_

Fig. 3. Stimulation of the left splanchnic with suprarenal intact. L.V.=hind limb
volume with sciatic and anterior crural nerves cut. B.-P. = blood-pressure. Inter-
ruptions in tracings= 5 minutes.

to the rise of intravascular pressure, and suggested that every rise of
pressure however produced would tend to cause such a local reaction.
This explanation was accepted by Lehndorff.

I can fully confirm the facts described by Bayliss and Lehndorff.
The vessels of a denervated organ respond to splanchnic stimulation
with a strong constriction, as is shown in Fig. 3. In this case the hind
limb, after the anterior crural nerves and the sciatic nerves had been
cut, was enclosed in a simple plethysmograph connected with a piston
recorder. The first effect of stimulation of the splanchnic nerve is a
passive dilatation of the vessels of the limb as a result of the rapid rise
of blood-pressure. This distension is followed by a rapid and marked
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constriction. After the end of the stimulation the blood-pressure
returns to the normal level, but the limb remains a long time con-
stricted and only returns to its former volume very slowly. In most of
my experiments on this point curare was given in addition to the
ansesthetic in order to prevent simultaneous contractions of the
skeletal muscles, but the constriction was obtained also in cases where
curare had not been given.

At the time of Bayliss' experiments the existence of secretory
nerves to the suprarenals was not suspected. It is evident that the
constriction of the limb observed in these experiments might be due to
the same cause as the acceleration of the heart, namely, an increased
output of adrenalin into the blood stream. As a matter of fact, after

Fig. 4. Stimulation of the left splanchnic with left suprarenal ligatured off.- Same
experiment as in Fig. 3.

tying off the suprarenals stimulation of the splainchnic nerve produces
not the slightest constriction of a denervated limb. The vessels now

play an entirely passive part, as is shown in Fig. 4.
As the blood-pressure rises the limb dilates and remains dilated so

long as the stimulus continues. With cessation of the stimulation it
gradually retur-ns with the blood-pressure to the normal level. In the
experiment from which Fig. 4 was taken only the left suprarenal was
cut out of the circulation. On stimulating the right splanchnic nerve,
the usual effect was obtained, i.e., dilatation of the limb followed by
constriction, as ina Fig. 3. I performed the same experiment on a
denervated kidney. All the kidney nerves were carefully divided. The
renal vessels and ureter were pinched to crush the nerves anad were
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finally painted with a strong solution of cocaine. The kidney was then
enclosed in a Roy's oncometer and the splanchnic nerve of the opposite
side placed on electrodes. The results obtained were exactly analogous
to those given by the limb. Stimulation of the splanchnic nerve caused
a marked constriction of the denervated kidney if the suprarenal on the
side of the stimulated nerve were intact, but only a passive dilatation
if the suprarenal were extirpated. It is important to note that if one
splanchnic nerve is intact while the suprarenal on the other side is
extirpated, stimulation of the splanchnic nerve on the side of the
extirpated suprarenal may still cause constriction of the denervated
limb. Only after the other splanchnic nerve is cut does this con-
striction disappear and the limb react passively to the changes of blood-
pressure. This is due to the fact that stimulation even of the peri-
pheral end excites a certain number of afferent nerves, so that there
may be a reflex excitation of the suprarenal of the other side through
the intact splanchnic nerve.

If both suprarenals be extirpated and a splanchnic nerve stimulated,
injection of a small dose of adrenalin shortly after the commencement
of the stimiulation gives effects precisely similar to those observed on
stimulating the splanchnic nerve while the suprarenals are intact,
namely, a secondary rise of pressure accompanied by acceleration of the
heart and constriction of the limb vessels. We must therefore conclude
that the "local reaction" of the limb vessels to the rise of pressure
produced by splanchnic stimulation is entirely absent in the absence of
the suprarenal gland.

The heart volume and output during splanchnic stimtulation.
Lehndorff investigated the changes in the heart volume which

occur as a result of stimulating the peripheral end of the splanchnic
nerves. He found that the first rise of pressure is accompanied by
dilatation of the heart, i.e., both systolic and diastolic volumes are
increased while the output is diminished. This dilatation attains its
maximum at the point where the blood-pressure ceases to rise further
or falls slightly. Coincident with the second rise of blood-pressure
there is an improvement in the heart's action, the dilatation being
diminished and the output at each beat being increased, so that in
spite of the increased resistance both the heart volume and the heart
output return to their previous values. Lehndorff regarded this
behaviour of the heart as largely responsible for the peculiar characters
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of the blood-pressure curve obtained on splanchnic stimulation. He
found that if the blood-pressure be raised mechanically by compression
of the thoracic aorta, the heart reacts quite passively, dilating with the
rise of pressure and remaining dilated until the increased resistance is
removed. On repeating Lehndorff's experiments I was able to
confirm them and found that the larger the secondary rise of blood-
pressure the more marked was the increase of tQne of the heart. This
increased tone, marked by diminished systolic and diastolic volume,
occurs shortly before the second rise of blood-pressure, showing that
the heart's action is the cause and not the result of the changes in the
blood-pressure.

In order to determine the causation of this increased tone of the
heart I first investigated the reaction of the heart volume to a purely
mechanical rise of blood-pressure. For this purpose I made use of the
heart-lung preparation as described by Knowlton and Starling. In
this arrangement if we raise the arterial resistance the blood-pressure
suddenly rises and remains quite constant on the higher level. I found
that the rise of arterial resistance produces a sudden dilatation of the
heart volume. After a few seconds the heart volume diminishes
slightly but does not return absolutely to its previous value. After this
slight diminution of volume, the heart volume remains without change,
still considerably dilated, during the whole time that the high pressure
is maintained. This slight recovery of the heart is by the conditions of
the experiment without any effect on the blood-pressure. A sudden
diminution of arterial resistance has analogous effects, i.e., first
constriction, and after a few seconds a slight dilatation of the heart,
which then remains constant so long as the resistance is maintained at
the same level. To alterations in the venous pressure the heart volume
reacts purely passively, a rise of venous pressure producing increased
systolic and diastolic volumes but with larger output, and a fall of
pressure producing diminished volume of the heart without however
any trace of recovery from either condition.

On adding a small dose of adrenalin to the blood circulating to the
heart a very marked increase of tone accompanied by diminution of
systolic and diastolic volumes takes place, and at the same time there is
considerable acceleration. The increase of tone is so marked that the
actual output of the heart at each beat is diminished since the heart
does not relax sufficiently during diastole to receive the normal volume;
of blood. A very interesting fact comes out in this experiment. After
the administration of adrenalin the reactions of the heart to rise and
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fall of arterial pressure are very much more marked. Whereas before
adrenalin is given there is a very slight recovery of the heart after it
has been dilated in consequence of the rise of arterial resistance, after
the administration of adrenalin a rise of arterial pressure causes first
dilatation and then a very marked diminution of volume of the heart,
and in the same way a fall of pressure causes first diminution of volume
and then a marked dilatation. These effects are so striking that we
may say that the heart tends to maintain its volume constant, but that
the power of the heart to react in this way to changes in arterial
resistance is dependent on the presence of adrenalin as a constituent
of the circulating blood or of the heart muscle itself. Twenty-five
minutes after the addition of adrenalin to the circulating blood this
reaction of the heart to changes in arterial resistance was much
diminished, and after another ten minutes it was not more marked
than it was before the administration of adrenalin. A second dose
of adrenalin brings back in its full intensity this power of the heart
to adapt its volume to changes in the arterial resistance. The ex-
periment may be repeated many times with the same result. It seems
therefore that the presence of adrenalin is a necessary condition for the
normal functioning of the heart, and especially for its property of peri-
pheral adaptation to changes in its mechanical conditions. As already'
mentioned, Lehndorff found that the heart reacted quite passively to
a purely mechanical rise of pressure such as that produced by obstruction
of the thoracic aorta. I can only agree with him to a certain extent.
As a matter of fact, if the aorta be compressed the blood-pressure rises
suddenly to a very high level. It does not however remain at this
level as in the heart-lung preparation, but'it continues to rise still
higher, and this secondary rise masks or prevents the property of the
heart to adapt itself by partial recovery'of tone to the raised resistance.
In some experiments I was successful, by graduated compression of the
aorta, in raising the blood-pressure to a given height and in maintaining
it constantly at this height. In these cases the heart reaction was
always present. In these experiments I was able to try the effect of
adrenalin on the heart reaction. The effect was exactly analogous to
that found on the heart-lung preparation, the only difference being that
whereas in the latter preparation the action of adrenalin lasted for
about 30 minutes, in the whole animal the effect of adrenalin was only
apparent for 5 to 10 minutes.

We may conclude therefore that a mechanical rise of arterial
pressure, even a very small one, always produces a passive dilatation.
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If however the blood-pressure be maintained steady at its new height,
the heart always reacts in such a manner that it tends to return more
or less to its normal volume, whether the change in pressure has been
one of diminution or of increase. This reaction of the heart is
especially powerful after the administration of adrenalin.

Let us see what conditions are present during the stimulation of the
splanchnic nerves. In Fig. 5 I reproduce the tracings of blood-pressure
and heart volume from a dog during stimulation of the splanchnic nerve.
It will be seen that during stimulation the first rise of blood-pressure
is accompanied by dilatation of the heart. During the delay the heart
is still dilated, and then during the second rise there is a powerful
constriction, i.e., the tone of the heart mtuscle is so increased that in
spite of the rise of blood-pressure, both systolic and diastolic volumes

Fig. 5. Changes in heart volume and in blood-pressure during splanchnic
stimulation (suprarenals intact).

are smaller than they were before the beginning of the stimulation
when the blood-pressure was low. It is quite evident that this effect
cannot be explained simply as a reaction to the mechanical rise of
pressure but that some other factor is involved. This factor is the
production of adrenalin as a result of the action of the splanchnic nerves
on the suprarenals. In Fig. 6 is shown the effect of splanchnic stimula-
tion on heart volume and blood-pressure after removal of the supra-
renals. In this case the blood-pressure rises steadily and remains
constant at a given height so long as the stimulation continues. In
some cases one may get a slight heart reaction especially if the
stimulation be prolonged so that the heart, which at first dilates, may
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recover its tone to a slight extent, though never attaining the height it
had before the beginning of the stimulation. Generally however this
reaction is absent and the heart dilates with the rise of pressure and
recovers its original volume as the pressure returns to normal. If after
the suprarenals had been ligatured off I stimulated the splanchnic first
with a weak current and then with a strong one, I was able to produce
a blood-pressure curve stepped like that in the normal animal with
strong stimulation of the splanchnic nerve. The heart however was
quite passive, the slight dilatation during the initial rise of pressure
being succeeded by a more pronounced dilatation as the blood-pressure
was raised still higher by increased strength of stimulation.

Fig. 6. Changes in heart volume and in arterial blood-pressure during splanchnic
stimulation (suprarenals cut out).

We must therefore conclude that the increased tone of the heart
which occurs simultaneously with the secondary rise of blood-pressure
during splanchnic stimulation is due to the action of adrenalin on the
heart. We are therefore justified in concluding that all the phenomena
recorded by Lehndorff, as occurring during the secondary rise of blood-
pressure produced by splanchnaic stimulationi, are determined entirely
by the action of the splancbnic nerves on the suprarenal glands and the
discharge of adrenalin into the blood stream. But the splanchnic nerve
is the great vaso-motor nerve to the body through which the centralI
nervous system regulates the general blood-pressure and determines
the adequate supply of blood to itself. Every change in muscular or
inervous activity is probably associated with correspondiing chainges in
the impulses descending the splanchnic nerves and playing on the
vascular system. In all these reactions we shall thus have a mixture
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of effects, some due to the direct influence of nerves on the heart and
blood vessels, others due to the action of adrenalin set free by the action
of the splanchnic nerves on the suprarenal glands. Moreover, the
adrenalin which is thus discharged into the circulation may act in one
or both of two ways. It may have a direct excitatory influence on the
vessel wall, causing constriction, or on the heart, causing augmentation,
increased tone, or acceleration. On the other hand, the larger the
amount of adrenalin in the blood the more marked is the power of
peripheral adaptation to changes of mechanical conditions possessed by
the heart muscle. Adrenalin has thus not only a temporary influence
but also an abiding influence on the reactive tissues of the circulatory
system. We are already fully conscious of the influence of chemical
factors on the activities of the central nervous system. I need only
instance the action of the acid products of metabolism on the respiratory
centre. But it is certainly surprising to find how closely chemical aild
nervous factors are interwoven in the reactions of the peripheral organs
of the body, the muscular tissues of the heart and blood vessels, which
are brought into play at every instant of the working life.

SUMMARY.
(1) Stimulation of the splanchnic nerves, by any means (as shown

by Johansson and others), causes a rise of blood-pressure which occurs
in two phases. The second phase (as Lehndorff found) is ac-
companied by constriction of peripheral blood vessels (even after
denervation) and by acceleration and increased tone and augmentation
of the heart (also after denervation).

(2) The secondary rise, and all the concomitant phenomena, are
due to the discharge of adrenalin into the circulation and are absent
after extirpation of both suprarenals.

(3) Every rise of blood-pressure, brought about by the agency of
the nervous system, thus involves the cooperation of the chemical
mechanism represented by the suprarenal glands.
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