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THE ACTION OF ADRENALINE ON
THE KNEE JERK

By A. SCHWEITZER AND SAMSON WRIGHT

(From the Department of Physiology, Middlesex Hospital Medical School)

(Received 10 September 1936)

IN a previous paper [Schweitzer & Wright, 1937] we described the
effects of central vagus stimulation on the knee jerk in cats under
chloralose aDmesthesia. The usual result obtained was an inhibition of
the reflex, and it was suggested that the aortic fibres in the vagus nerve
were responsible for the changes observed. Several investigators [K o c h,
1931, 1932; Schweitzer, 1934, 1935] have demonstrated that the
afferent impulses set up by raising the blood pressure in the carotid
sinuses are also capable of inhibiting reflex activities of skeletal muscle.
It was, therefore, thought of interest to study the effects of pressor doses
of adrenaline on the knee jerk, as it is well known that the rise of blood
pressure produced by this substance stimulates the vaso-sensory ter-
minals and reflexly inhibits a number of functions such as the heart
rate, respiration and the tonic discharge of the vaso-motor centre.

The only reference that we have been able to find to the action of
adrenaline on muscular reflexes is a short note by Spychala [1932],
who while investigating the Orbeli phenomenon compared the effects
on the knee jerk of the injection of adrenaline with those of peripheral
-sympathetic nerve stimulation. He found that adrenaline usually pro-
duced some increase in the reflex response but occasionally noted an
inhibition which occurred at the height of the rise of blood pressure. He
seems to relate his results to the peripheral action of the sympathetic
on skeletal muscle.

A preliminary report of our studies on the action of adrenaline
on the knee jerk has already been made [Schweitzer & Wright,
19361.
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METHODS

The methods employed for eliciting and recording the knee jerk and
for peripheral stimulation of the motor nerve to the quadriceps muscle
were the same as those described in an earlier paper [Sc hwe it z er &
Wright, 1937]. As previously, the response of the quadriceps was
studied both when free-weighted and after-loaded.

RESULTS

Intravenous injection into cats under chloralose ansesthesia (0.065-
0-08 g. per kg. body weight) of adrenaline in doses of 0*2-0-4 mg. (0.05-
0-15 mg. per kg.) produces various effects on the knee jerk.

(1) The usual result obtained is a depression or abolition of the jerk
often accompanied by some decrease in muscle tone (Fig. 1). The inhi-
bition sets in after a latent period which is usually not shorter than
30 sec., but is often considerably longer and may extend to 3 or 4 min.
The inhibition then progressively becomes more marked and reaches its
maximum after 4-14 min. In some experiments the reflex may then
remain in abeyance for as long as 10 min. Finally, recovery sets in
gradually and is usually complete after 10-90 min.; not infrequently,
however, complete recovery does not occur. The return of muscle tone
usually precedes the full recovery of the knee jerk to its normal level.

Using the technique described a decrease in tone can, of course, be
observed only when the limb is allowed to hang freely; it then shows
itself by increased flexion at the knee joint. The degree of passive stretch
of the quadriceps remains, however, unchanged, so that patellar stimu-
lation presumably stretches the muscle to the same degree as previously.
When the experiment is carried out with the leg supported, a decrease
in tone leads to slackening of the quadriceps and to a corresponding
diminution in the effectiveness of the stretching force exercised by the
hammer blow on the tendon. A decrease in the extent of the knee jerk
under such conditions must be due in part to the associated diminution
in tone. Both experimental procedures do, however, give a measure of
the extent to which adrenaline modifies proprioceptive reflexes.

(2) Very commonly there is, preceding the inhibition, an initial in-
crease in the size of the response, the peak being gradually attained after
about 3 min. The initial increase in tension may be considerable and
amount to 40-100 p.c. of the initial value. The inhibition then gradually
sets in as already described. In occasional experiments the initial stimu-
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lation is the outstanding feature of the response and the secondary
inhibition is slight or absent.

(3) Rarely a "triple reaction" may be obtained which consists es-
sentially of reaction (2) preceded by a short initial depression. Fig. 2
illustrates one of these results and shows an initial rapidly developing
short-lived depression, followed by a secondary stimulation and then by
a final inhibition which in its turn is followed by the usual slow recovery.

Fig. 1. Fig. 2.

Fig. 1. Cat. Chloralose ansesthesia. Records from above downwards: knee jerk (free-
weighted), blood pressure, time in 30 sec. A. Inject 0 4 mg. adrenaline. B. Carotid
sinuses denervated and vagi cut. Inject 0 4 mg. adrenaline.

Fig. 2. Cat. Chloralose anaesthesia. Records from above downwards: knee jerk (after-
loaded), quadriceps of other side stimulated through its motor nerve, blood pressure,
time in 30 sec. Inject 0 4 mg. adrenaline.

(4) It can readily be shown that adrenaline also depresses other
muscular activities. If the anaesthetic is light and the animal shows
spontaneous movements these may be found to disappear after the
injection of adrenaline at the same time as the,knee jerk declines, and
to return as the knee jerk recovers.
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Fig. 3. Cat. Decerebrate. Records of action currents in quadriceps muscle (Adrian and
Bronk concentric needle electrode and cathode ray oscillograph). A. Prior to in-
jection. B. 22 sec. after injection of 0-2 mg. adrenaline. C. After 63 sec. D. After
90 sec. E. After 24 min. F. After 38 min. (From an experiment by W. Floyd
and C. A. Keele.)
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(5) Changes in muscle tone produced by adrenaline have been more
fully studied by Floyd & Keele [1936] in the decerebrate animal by
means of an Adrian and Bronk concentric needle electrode which is
introduced into the quadriceps muscle and connected with an amplifier and
cathode-ray oscillograph unit. In general they found that the intravenous
injection of adrenaline produced: (i) a brief cessation of activity lasting for
a few seconds which occurs about 15 sec. after the injection; (ii) a return
of the original electrical activity which in some cases is enhanced; (iii) a
decline in electrical activity which finally ceases completely at from 45 to
90 sec. after the injection; (iv) a slight gradual recovery to the original
level at 3 to 40 min. after the injection; sometimes activity returns and
ceases alternately before attaining the pre-injection level. In other cases
the electrical activity was subsequently enhanced.

Fig. 3 is a typical record to show the results obtained by them. In this
experiment considerable electrical activity was present in the quadriceps
(Fig. 3 A), and was found to be steadily maintained for a period of 1 hour
prior to the injection. 22 sec. after the injection of 0-2 mg. of adrenaline
(Fig. 3 B) electrical activity was definitely depressed, and after 63 sec.
(Fig. 3 C) only two motor units are observed to be discharging slowly.
Electrical activity ceased completely at 90 sec. (Fig. 3 D) and remained
in abeyance for about 20 min. Activity began to return at 24 min.
(Fig. 3 E) and at 38 min. was more violent than prior to the injection
(Fig. 3 F).

In the decerebrate preparation the decrease in tone produced by
adrenaline is general in its distribution and can be readily demonstrated
by palpation.

MECHANISM OF ADRENALINE ACTION

The following possible modes of action of adrenaline on the knee jerk
were considered and experimentally investigated.

(1) Presence of the usual chloretone preservative in the adrenaline
solution.

(2) Peripheral action on the quadriceps.
(3) Coincident changes in respiration.
(4) Reflex action owing to the rise of blood pressure stimulating the

vaso-sensory nerves in the sino-aortic areas or elsewhere.
(5) Liberation of a chemical transmitter, especially acetylcholine.
(6) Constriction of the blood vessels diminishing the blood flow

through the central nervous system and directly or indirectly modifying
the responses of the lumbar spinal centres.
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(7) Rise ofblood pressure acting directly on the central nervous system.
(8) Adrenaline acting directly on the neurones of the central nervous

system.
(1) Action of preservative

The adrenaline solution employed contains 05 p.c. chloretone. The
repeated injection of 1 c.c. of 05 p.c. chloretone has no effect whatever
on the knee jerk. This is a larger amount than is present in the doses of
adrenaline employed. The preservative, therefore, plays no part in pro-
ducing the adrenaline reaction.

(2) Peripheral action of adrenaline
Previous workers have shown [Gruber, 1922, 1924] that in the

mammal adrenaline may increase the response of skeletal muscle to
peripheral motor nerve stimulation. It is, therefore, exceedingly im-
probable that the adrenaline inhibition of the knee jerk which has just
been described can be attributed to a peripheral action of the drug on
the muscle. It is possible, however, that the initial increase in the knee
jerk often observed might be produced in this way. We carried out a
number of experiments in which we compared simultaneously the effects
of adrenaline on the knee jerk on the right side and on the peripherally
stimulated quadriceps muscle on the left side (cf. Fig. 2). In none
of our experiments was there any modification of the response of the
peripherally stimulated muscle (apart from that attributable to fatigue)
no matter what the type of alteration in the knee jerk happened to be.
It is clear, therefore, that the peripheral action of adrenaline can be
excluded as a significant factor in our results.

(3) Changes in respiration
No relationship can be established between the effects on the knee

jerk and those on respiration. When the sinuses and vagi are intact it is
found that the adrenaline apncea passes off and breathing returns to
normal before the inhibition of the knee jerk begins to set in. The
breathing may be in the phase of secondary stimulation due to the direct
action of adrenaline on the respiratory centre [Wright, 1930b] when
the inhibition of the knee jerk is at its maximum.

(4) Reflex action through the vaso-sensory nerves
The changes in the knee jerk are likewise not closely related to those

in blood pressure. Characteristically they lag behind the alterations in
the blood pressure. Thus the rise of blood pressure attains its maximum
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height before the inhibition of the knee jerk begins. Again the blood
pressure commences to fall when the inhibition of the reflex is deepening.
Frequently the blood pressure has returned to its pre-injection level
before any indication of recovery of the knee jerk is noted.

The action of adrenaline was studied in animals with vagi cut and
carotid sinuses denervated ("denervated" animals). It was found in
such preparations that adrenaline still produces the usual characteristic
inhibition of the knee jerk (Fig. 1 B). Floyd and Keele, who examined
the question for us, similarly found in electrical studies on the quadriceps
muscle of the decerebrate cat that the response to adrenaline was

l~~ ~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i_ l_ S

Fig. 4. Cat. Chloralose ansesthesia. Spinal cord divided in mid-thoracic region. Records
from above downwardls knee jerk (after-loaded), blood pressure, time in 30 eec.
Inject 0'4 mg. adrenaline.

unaffected by vaso-sensory denervation. The inhibition of the knee jerk
is also obtainable after acute division of the spinal cord in the mid-
thoracic region (Fig. 4). It can be conclu'ded, therefore, that the effects of
adrenaline are not essentially dependent on afferent impulses in the sino-
aortic nerves. The experiments on the spinal animal also exclude the
possibility that the afferent impulses which may be set up by blood pres-
sure changes in the pulmonary circuit [Schwiegk, 1935; Schweitzer,
1936] are necessary for the responses obtained.

The role of other vaso-sensory nerves still remains to be considered.
Gammon & Bronk [1935] showed that afferent impulses initiated by
vascular distension may be set up in sensory nerve endings in the
splanchnic area but offered no satisfactory proof that these were of
functional significance. Heymans et al. [1936], however, pro'duced
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definite evidence that impulses set up by changes in mesenteric blood
pressure can reflexly modify general vascular tone. They obtained similar
results in the spinal animal but not following destruction of the medulla.
They concluded that the medulla is an integral part of the reflex arc
employed. Our experiments on the spinal animal demonstrate that vaso-
sensory impulses which pass through the medulla, no matter what their
origin, are not indispensable for the adrenaline effect on the knee jerk.
It is possible, however, that the afferent impulses set up by adrenaline
may pass directly from the splanchnic area to the lumbar spinal centres
and produce inhibition there. To test this hypothesis experiments were
performed in which, animals were "denervated" and the splanchnic
nerves which transmit the afferent impulses from the mesenteric vascular
region were also divided. In such preparations adrenaline still produces
its characteristic effects on the knee jerk. It may be concluded, therefore,
that vaso-sensory impulses, no matter what their seat of origin, are not
essential for the production of the adrenaline response.

Another point that may be mentioned which opposes the reflex
hypothesis of the adrenaline action is that following central vagus stimu-
lation the reflex inhibition of the knee jerk sets in almost immediately,
while with adrenaline there is always a delay of at least 30 sec. and
frequently of much longer duration.

It is useful to contrast with the foregoing results the analysis of the
inhibition of the vaso-motor centre which is produced by adrenaline.
Adrian et al. [1932] found that injection of 0 5-1 mg. of adrenaline
intravenously in the rabbit arrested the efferent discharge in sympathetic
fibres for 5 to 10 min. owing to an inhibition of the vaso-motor centre.
This inhibitory action was almost completely abolished following section
of the cardiac depressor nerves and tying the carotid arteries above and
below the carotid sinus. This procedure does not, of course, completely
denervate the vaso-sensory zones and it may be concluded, therefore,
that the inhibitory action of adienaline on the vaso-motor centre is
wholly reflex in character.

(5) Possible liberation of a chemical transmitter by adrenaline
Feldb erg & Schriever [1936] found that adrenaline in the eserinized

animal causes the appearance of acetyl-choline in the cerebro-spinal fluid.
We have shown [Schweitzer & Wright, 1936] that acetylcholine
can markedly inhibit the knee jerk and it was, therefore, necessary to
consider whether the action of adrenaline on the knee jerk was in part
due to the mediation of this transmitter. A number of experiments were
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performed in which animals were fully atropinized and then given an
injection of 1 mg. eserine per kg. body weight. Under these conditions
adrenaline still produces its characteristic inhibitory effects on the knee
jerk but its action is not potentiated. There is, therefore, no reason to
suppose that acetylcholine is concerned as an intermediary in the
adrenaline reaction.

(6) and (7) Role of vaso-constriction and direct action
of rise of blood pressure

The next possibilities that have to be considered are whether the rise
of blood pressure or the vaso-constriction produced by adrenaline are
the responsible factors. The following observations bear on the elucida-
tion of this question:

(i) It has already been mentioned that there is no direct time re-
lationship between the changes in the blood pressure and in the knee jerk.

(ii) In some experiments, where the rise of blood pressure produced
by adrenaline has been small and very transient, a marked inhibition
of the knee jerk has yet been obtained (Fig. 1 B).

(iii) In animals with vagi previously divided, occlusion of both
common carotid arteries produces a marked sudden rise of blood pressure
which equals in extent and acuteness that produced by an appropriate
injection of adrenaline. In the experiment illustrated by Fig. 5, clipping
the carotid arteries caused the blood pressure to rise from 190 to 260 mm.,
but the knee jerk showed only a negligible modification. A subsequent
injection of 0 4 mg. adrenaline which raised the blood pressure equally
rapidly to 260 mm. produced, after an initial stimulation, the charac-
teristic and long-lasting abolition of the knee jerk, followed by a slow
recovery. This experiment shows particularly well how the blood pressure
may fall to below its pre-injection level long before the inhibition of the
knee jerk becomes maximal. Such experiments exclude the possibility
of the rise of blood pressure per se being responsible for the results.

In one experiment, however, carotid occlusion did produce a marked
decrease in the knee jerk. The same result was still obtained after the
suprarenal glands were removed to exclude the possibility of adrenaline
being discharged into the circulation. It has, however, been shown
previously [Schweitzer & Wright, 1937] that cerebral anmemia de-
presses the knee jerk, probably by causing the medullary centres to
discharge inhibitory impulses to the lumbar cord [Montgomery &
Luckhardt, 1930]. The exceptional result with carotid occlusion can
probably be explained on such lines.
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Fig. 5. Cat. Light chloralose anaesthesia (0065 g. per kg.). Both vagi cut. Left earotid
sinus denervated. Suprarenals excluded. Records from above downwards: knee jerk
(after-loaded), blood pressure, time in min. At first arrow: clip right carotid artery.
At second arrow: remove clip. At third arrow: inject 0 4 mg. adrenaline. The irregu-
larities in the knee jerk are mainly due to the light anaesthesia.

Fig 6. Cat. Chloralose aetsi.Records from above downwrards: knee jerk (after-
loaded), blood pressure, time in min. Inject successively 10mg. tyramine, 0-4 mg.
adrenaline.
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(iv) The effects of other pressor drugs were compared with those of
adrenaline. Fig. 6 shows that the injection of 10 mg. tyramine may raise
the blood pressure to 250 mm. without affecting the knee jerk at all, while
the subsequent injection of adrenaline which produced an equal rise of
blood pressure caused the characteristic inhibition. When very large doses
of tyramine are employed, e.g. about 100 mg., they produce as a rule a
gradual but lasting depression of the knee jerk which is sometimes com-
pletely abolished. Respiration maythen failand death ensues. These results
are doubtless due to a direct poisonous action of large doses of the drug.

Similar negative results have been obtained with large pressor doses
of pituitrin (5 units).

(v) In some experiments, when adrenaline is injected after the carotid
arteries have been clipped, it may produce no further elevation of the
blood pressure but still gives rise to the typical inhibition of the knee jerk.

In .these -experiments the important fact to consider is not the degree
of general vaso-constriction but the extent to which it affects the blood
vessels of the central nervous system. We are not aware of any work
on the changes produced by adrenaline in the spinal blood vessels which
are those that particularly concern us, but for the moment it would
presumably be safe to suppose that they are of the same nature as those
taking place in the cerebral blood vessels. Forbes & Wolff [1928]
found in six experiments that when adrenaline was injected intravenously
in large pressor doses pure constriction of the cerebral vessels did not
occur; in four cases constriction took place following an initial dilatation,
and in two a pure dilatation occurred. Fig. 14 of their paper shows that
the maximal decrease in vessel diameter was 33 p.c. and that the diameter
of the pial vessels returned to normal at about the same rate as the blood
pressure. In our experiments it has been clear that there is a long time
lag between the restoration of the blood pressure and the recovery of the
knee jerk. Furthermore, our previously reported observations on the
effects of anaemia and anoxia showed clearly that to produce a complete
abolition of the knee jerk such as occurs so frequently with adrenaline,
it is necessary for the oxygen supply of the central nervous system to be
completely cut off for some minutes. It is obvious from the account of
Forbes & Wolff that such a state of affairs does not occur following
injections of adrenaline.

These experiments and theoretical considerations taken together de-
monstrate that neither the rise of blood pressure nor the vaso-constriction
set up by adrenaline plays any significant part in producing its effects
on the knee jerk.
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(8) Direct action of adrenaline on the central nervows system
The last possibility to be considered is that adrenaline acts directly

on the components of the central nervous system. This view is supported
by the following observation. It is well known that an increase in the
amount of adrenaline injected, once a certain dose has been reached,
does not produce a corresponding increase in the rise of blood pressure.
Fig. 7 shows an experiment in which the successive injections of 0'05,
0-2, 0 4 mg. adrenaline raised the blood pressure to approximately equal
levels, i.e. to about 200 mm. The effect on the knee jerk, however, was
proportional to the dose of adrenaline employed: it was negligible with
0 05 mg.; there was a slight depression following the initial stimulation
with 0-2 nmg.; with 0*4 mg. there was complete inhibition following the
initial stimulation, followed by a very gradual process of recovery.

Action of ergotoxin. Ergotoxin paralyses certain of the motor actions
of adrenaline through its effects on peripheral nerve endings [Dale,
1906]. It was, therefore, thought of interest to see whether it had any
influen'ce on the central actions of adrenaline which have been described
in this paper. The problem is complicated by the fact that ergotoxin
itself dieectly modifies the knee jerk in a variable and often marked
manner. It is commonly found that the dose of ergotoxin which is
necessary to delay or reverse the pressor action ef adrenaline, itself
depresses or even abolishes the knee jerk permanently. Different pre-
parations of the drug were found to differ among themselves in respect
of this action. There is evidence too from other sources [Wright, 1930 a;
Heymans et al. 1930] that ergotoxin depresses the medullary centres
such as the vaso-motor and the respiratory. In a few experiments,
however, we were successful in reversing the vascular action of adrenaline
by means of ergotoxin without adversely affecting the knee jerk to a
serious extent. In such cases the injection of 0 4-1 mg. adrenaline failed
to produce the characteristic effects on the knee jerk. We do not wish
to stress these results unduly but they suggest the possibility that under
some circumstances ergotoxin may antagonize the central as well as
certain of the peripheral actions of adrenaline.

Action of drugs which potentiate the peripheral action of adrenaline.
According to Bacq [1936] cocaine, pyrogallol and thyroxine sensitize
certain organs to sympathetic stimulation and to the injection of adren-
aline. We have carried out experiments with all these substances but
in our hands they produced no modification of the adrenaline action on
the knee jerk.
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DISCUSSION

The facts reported demonstrate that adrenaline acts directly on the
elements of the central nervous system and more especially on the lumbar
spinal somatic centres. The effects of adrenaline on the knee jerk cannot
be reproduced by other procedures which cause a similar degree of vaso-
constriction or an equal rise of blood pressure. It is certain, therefore,
that the vascular changes produced by adrenaline acting either directly
or reflexly are not the main factors responsible for producing the altera-
tions in the knee jerk. This conclusion is strengthened by the fact that
the knee jerk changes are not significantly modified when adrenaline is
injected following denervation of the sino-aortic areas and exclusion of
the mesenteric and pulmonary vascular afferents. Even when the more
refined method is employed of studying the action currents due to muscle
tone in the quadriceps in the decerebrate animal, it cannot be shown
that vaso-sensory denervation alters the adrenaline response. These re-
sults surprised us in view of the evidence already quoted that afferent
impulses from the carotid sinuses and experimental stimulation of the
central end of the vagus may produce a considerable degree of inhibition
of muscle tone and skeletal reflex activity. Our observations, however,
do not absolutely exclude the possibility that vaso-sensory impulses play
a minor part during the adrenaline reaction in the intact animal.

We have come all the more unwillingly to these conclusions because
the research arose from the theory that injection of adrenaline would
inhibit skeletal muscle activities exclusively reflexly from the vaso-
sensory zones.

Although the regular response to adrenaline is inhibition, we must
admit that initial stimulation occurs with sufficient frequency to merit
consideration as a normal component of the reaction. We have not been
able to discover the factors which determine the type of response that
is to be obtained. In our small number of experiments on the spinal
animal initial stimulation has not occurred and the possibility exists
that adrenaline may act differently on the spinal and higher centres.

Emphasis has been laid on the remarkably prolonged nature of the
adrenaline action on the central nervous system. As we have mentioned,
in some experiments 90 min. may elapse before the pre-injection con-
dition is restored. In this connexion it is of interest to draw attention
to the experiments of Palme [1936], who found that painting the
exterior of the carotid sinus with a solution of 1/1000 adrenaline pro-
duced a reflex fall of blood pressure which lasted for 40-60 min. This
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is another piece of evidence that adrenaline may act on nervous elements
other than the post-ganglionic terminals of the sympathetic and that its
action in such cases may be very prolonged. It has been shown that the
destruction of adrenaline in the body is effected by specific enzymes, but
it does not yet seem to have been determined whether these substances
are found in nervous tissues or in what concentrations (Blaschko).
Such information might throw considerable light on the prolonged dura-
tion of the central action of adrenaline.

It is premature to speculate at the moment about the exact way in
which adrenaline modifies the behaviour of somatic centres. It would be
of interest to know whether in appropriate concentrations it can modify
the oxidative or other metabolic processes of slices of spinal cord in vitro.

We do not wish at present to suggest that our experiments have other
than a purely pharmacological significance, as the doses of adrenaline
that we have to employ to produce our results are far greater than are
ever supposed to be secreted in the body; but if one were tempted to
consider the results from the physiological standpoint, it is obvious that
they are contrary to the generally accepted idea of the emergency func-
tion of the adrenal gland, unless we suppose that "passive resistance"
is the most appropriate response to certain situations of danger. Nor do
we wish to suggest that adrenaline is concerned as a transmitter in
skeletal muscle reflexes, though it may possibly modify the formation
or removal of any transmitter that may be concerned, or to use
Sherrington's terminology, it may influence the central excitatory or
inhibitory states.

SUMMARY
1. The action of adrenaline on the knee jerk has been studied in

cats under chloralose anaesthesia. Intravenous injection of 0-2-0*4 mg.
adrenaline usually produces a diminution or abolition of the knee jerk
accompanied by a decrease in muscle tone. Recovery sets in gradually
and is complete in 10-90 min. Initial stimulation often precedes the
inhibition or there may be a "triple response" consisting successively of
depression, stimulation and depression. Floyd & Keele have demon-
strated that adrenaline abolishes the action currents due to muscle tone
in the quadriceps of the decerebrate cat.

2. The effects described are not due to the chloretone preservative
nor to the peripheral action of adrenaline on the quadriceps muscle itself.

3. The adrenaline inhibition is still obtained following denervation
of the sino-aortic pulmonary and mesenteric vascular areas or division
of the spinal cord in the mid-thoracic region.
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4. The adrenaline effects are not reproduced when a similar degree
of vaso-constriction and rise of blood pressure is brought about in other
ways, such as by occlusion of the carotid arteries (in animals with vagi
cut), or by injection of tyramine or pituitrin.

5. Increasing doses of adrenaline, though causing equal rises of blood
pressure, produce a progressively greater degree of inhibition of the
knee jerk.

6. The action of adrenaline is not potentiated by eserine, cocaine,
pyrogallol or thyroxine. It is sometimes antagonized by ergotoxin.

7. It is concluded that adrenaline acts on the knee jerk by a direct
effect on the elements of the nervous system. The exact nature of this
central action is not known.

8. The significance of these results is discussed.
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