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Sedative-like Effect 

of Epinephrine 
A Review 

PETER ROGER BREGGIN, MD, SYRACUSE, NY 

W HEN FELDBERG and Sherwood dem
onstrated that intraventricular injections of epi
nephrine (Adrenaline) in dogs caused 
"sedative-like" behavioral depression, they sug
gested that epinephrine secretion during anxiety 
in humans might cause analogous symptoms of 
fatigue and somnolence. IS L ittle or no attention 
was subsequently given this hypothesis; Feld
berg himself did not mention it in his recent 
(1963) book about the pharmacology of the 
brain.17 The hypothesis has received little atten
tion for two reasons: first, there has been little 
evidence that syste1l1,ic epinephrine could reach 
the brain, and second, there has been little Or no 
evidence that s'),stem,ically administered epi
nephrine could produce sedative-like or fatigue
like effects. 

Both these objections have been modified by 
recent experimental findings. First, radioac
tively tagged epinephrine has been shown to 
cross the blood-brain barrier in the region of the 
hypothalamus during sustained systemic in
fusions,l,4G and second, epinephrine has been 
shown to cause sedative-like effects during 
sustained systemic injections.6 •39 These and 
ulher recent findings have created a need for a 
review of the literature concerning epinephrine
induced behavioral depression, and for an evalu
ation of possible mechanisms and clinical 
implications. 

I. Sedative-Like Effects With Epinephrine 

Sharpless produced what he called "stupifica
tion" in cats with sustained intravenous in
f usions of relatively small amounts of 
epinephrine·· He found that 2I'g/kg/minute 
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for 30 minutes produced a decrement in ap
proach behavior,· while larger doses produced 
sleep. The behavior was associated with a 
"drowsy" electroencephalograph pattern. The 
effect was also similar to that produced by direct 
instillation of epinephrine into the brain.3D 

My interest in the behavioral depressant prop
erties of epinephrine began independently with 
the discovery that intramuscular injections of 
epinephrine in oil produced sedative-like effects 
in rats.6 In a pilot study it was found that rela
tively large doses (lOOl'g) completely abolished 
hunger-motivated approach behavior. In th is 
same range (SOl'g-lOOl'g) dose-dependent be
havioral changes were produced in 15-30 
minutes and lasted for several hours. The ob
vious changes included somnolence, sluggish
ness loss of muscular tonus, and relative 
unr~sponsiveness to various stimuli, including 
loud noises, jolts, and toe pinching. Smaller 
doses did not produce obvious behavioral 
changes. However, smaller doses (1OI'g-40l'g) 
produced a statistically significant, dose-de
pendent reduction in exploratory behavior in a 
6-foot runway. The effect seemed independent 
of the peripheral autonomic response as meas
ured by heart rate: doses in this range (1Sl'g-
2S.ug) had little Or no effect on heart rate as 
recorded under nonstressful conditions by 
chronically implanted electrocardiograph elec
trodes. The behavioral effects were probably 
caused by relatively low systemic blood levels of 
the drug, since the absorption of epinephrine in 
oil from the muscles is delayed over a period of 
several hours or more. For example, with large 
doses (100l'g) a pronounced acceleration of 
heart rate was still obvious more than two hours 
after injection in all four animals injected . 

In addit ion to the above two studies in which 
relatively small, prolonged systemic doses were 
useu other studies have demonstrated decre
men;al effects upon behavior with larger single 
doses of epinephrine in dogs 30 and birds.12•ID 
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Key studied the effects of single systemic in
jections of epinephrine upon young chickens be
fore :1JIc1 after the lll<lturatioll of their 
blood-brain barrier.'· In 1-28-day-old chicks 
(before the maturation of the blood brain bar
rier) he produced behavioral depression or sleep 
and slow wave EEG activity with both epi
nephrine and levarterenol (Norepinephrine); he 
found the changes "identical to those produced 
by the central depressant, pentobarbital sodium." 
In more mature 4--week-old chicks he produced 
a mixed arousal and depressant response, and ill 
still older chicks (after the maturation of the 
blood brain barrier) he produced only arousal. 
He hypothesized that epinephrine given before 
the development of the blood-brain barrier had 
the same effect as epinephrine given directly 
into the brain of mature animals. Such a clear
cut distinction between depression and arollsal 
may have been achieved because he used single 
injections of epinephrine; other experiments, 
as already noted, subsequently demonstrated 
sedative-like effects in mature rats and ca.ts with 
prolonged systemic doses. G,39 

There has been much mOre thorough and well
known documentation for sedative-like effects 
following the direct instillation. of epinephrine 
into the central nervous system.3,I8,2G,31.M.38 
Feldberg and Sherwood, for example, described 
in detail a response "indistinguishable from that 
of a light sodium pentobarbitone anaesthesia," 18 
which closely resembles the response to sys
temic injection.(I,29,3!l 

II. Possible Mechanisms of Action 

These studies strongly suggest that the seda
tive-like effect of systemic epinephrine is central 
iu origin. First, there is a great simi larity be
tween the animal's delayed response to sustained 
systemic infusion and the animal's more im
mediate response to direct eNS injection. The 
relative impermeability of the blood-brain bar
rier to epinephrine may account for the delay 
during systemic infusion. Second, single 
systemic injections can cause depression in 
chicks before but not after the maturation of 
the blood-brain barrier. In addition, a number 
of effects of systemic epinephrine can be repro
duced by direct instillation into the brain, eg, 
increased respiratory rate 37 and general 
analgesia.8,28 Finally, there is some supportive 

evidence that the behavioral depression is in 
dependent of peripheral autonomic changes as 
I1lca~t1red bv 11eart rate and blood J>rc~~lIrc ful 
lowing both· the systemic administration G,19 and 
the central nervous system administration of 
epinephrine.30,:u 

For systemic epinephrine to have a direct 
effect upon the brain, it must cross the blood
brain barrier. Large intravenolls doses of epi
nephrine increased the level of epinephrine in 
the cerebral spinal fluid, and consistent with the 
sedative-like effect, the increase did not become 
apparent for 30-60 minutes.IG 

Several investigators have demonstrated a 
perceptible amount of levarterenol and epi
nephrine in the cerebrospinal fluid under rela
tively normal conditions,32,41,H while Draskoci 
found, in one coincidental observation, that the 
cerebral spinal fluid epinephrine level increased 
during a simultaneous rise in the circulating 
systemic epinephrine.Is Studies using radio
actively tagged epinephrine have also dem
onstrated that systemically admi.nistered 
epinephrine can cross the blood-brain barrier.l .4~ 

None was detected after two minutes, but an 
appreciable amount was detected in the hypothal
amus after 30 minutes. This, too, is consistent 
with the delayed sedative-like effect following 
systemic administration. S ince the radioactively 
tagged epinephrine was found only in the hypo
thalamus, and since the hypothalamus is known 
to influence sedation,8.27 the plausibility is in
creased for a direct action of system ic epi
nephrine upon the central nervous system. 

An alternative mechanism is possible for any 
sedative-like effect. of endogenous epinephrine 
secretion. Vogt has demonstrated that epi
nephrine secretion from the adrenal medulla is 
accompanied by a depletion of epinephrine 
within the hypothalamus" This depletion might 
represent a release of epinephrine stores in the 
hypothalamus leading to an increase of epi
nephrine in tbe cerebrospinal fluid or to a 
redistribution of epinephrine within the hypo
thalamus itself. This would mimic those ex
periments dealing with the direct instillation of 
epinephrine into the brain. Consistent with this, 
Domer and Feldberg have shown that dye in
jected into the ventricles can cross into t11e 
hypothalamus.Is 
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III. Application to Human 
Psychophysiology 

The data concerning epinephrine-induced 
sedative-like effects in humans is sparse. Few 
studies have set out to measure any possible 
sedative-like effect foHowing small, prolonged 
doses of epinephrine in humans. The extrapola
tion from behavioral depression in animals to 
symptoms of fatigue and sedation in humans 
must be made with caution. 

There are some incidental notations in the 
literature that individuals given prolonged intra
venOllS injections report symptoms of sedation 
or fatigue .!!,I),lO,:H Basowitz, for example, pro
duced such symptoms, apparently in a mild 
form, with as little as Sp.gjkg/hour. 2 Iiowever, 
in similar studies these symptoms have not been 
mentioned 2G or have been found absent.20 The 
experimental results concerning systemically ad
ministered epinephrine in humans are thus 
c(juivocaI, but suggestive. 

In one e..'Xperiment the direct instillation of 
cpineph"ine into the central nervOuS system of a 
human (a single subject was given 2 mg of epi
nephrine intracisternally) produced a deep sleep 
documented on the electroencephalograph.:l1 

There is no controlled data concerning seda
tion or fatigue in humans in response to 
endogenous secretions of epinephrine. I-Iowever, 
it has been noted clinically that individuals who 
are persistently or intensely anxious, and who 
p'resumabl)l have high blood levels of epi
nephrine, often complain of sedative-like or 
fatigue-like symptoms.13,33,40 It is also fre
quently reported by athletes and other "normal" 
subjects that they feel very tired while anxiously 
;m'aiting some stressful event. 

Breggin has described a model for the psycho
physiology of anxiety which includes the seda
ti"e-like effect of epinephrine.a The model draws 
upon Hess' hypothesis that the hypothalamus 
has two competing or antagonistic functions, the 
cr~otropic which controls arousal and syl11path
otonia , and the trophotropic which controls 
:-:cdatioll and parasympathotonia.27 This present 
paper has reviewed evidence that epinephrine, 
sCtTcted during arousal can cause sedative-like 
erfccts. There is also evidence that epinephrine 
GlJ1 cause delayed, compensatory parasympa
thetic activation in humans.5 Thus epinephrine 
secreted during ergotropic activation of the hy
pothaianllls Illay act as a hormonal feedback to 

the hypothalamus to produce compensatory 
trophotropic activation.a Th is physiological 
model would parallel the cliJlical observations of 
Misch who noted that anxiety OCCllrs in two 
stages: an initial acute response characterized 
by arousal and sympathomimetic symptom s 
(Hess' ergotropic activation) and a delayed re
sponse characterized by fatigue-like and para
sympathomimetic symptome (Hess' trophotropic 
activation) .:m An epinephrine feedback mecha
nism might account for many of the unstable and 
fluctuating symptoms of persistent, inten se 
anxiety. 

Comment 
In any discussion of the sedative-l ike effect of 

epinephrine it is necessary to account fOI' tJle 
paradoxical arousal and anxiety-inducing effects 
of epinephrine in humans. For same time it has 
been thought that epinephrine can produce an 
arousal effect upon human and animal electro
encephalograms, and perhaps upon behavior. 
Rothballer 36 and Dell 14 have both reviewed the 
literature pertaining to these effects. The evi
dence is not at variance with data concerning the 
sedative-like effect. First, studies demonstrating 
an arousal effect have used only single doses, and 
have produced only fleetlng changes in the EEG. 
Second, the studies of arousal in humans have 
been equivocal and contradictory,1l·H,:!1.!!4,aG 
while studies of animals have been c1ear-clIt only 
when the brains have been sectionecl..j ,14,:w In 
his review of the literall.1I·e, Dell summa"ized, 
« ... it is unlikely that an injection of adrenaline 
in a normal awake animal Or man would give 
rise to clear-cut changes in behavior." 1-1 

vVhile epinephrine injection may 0" may not 
produce some amount of arousal in the awake 
human subject, it can produce clinically apparent 
anxiety. Th1any studies have demonstrated that 
epinephrine can elicit anxiety in cet·t:ain in
dividuals under specific experimental COI1-
ditions.;) The acute anxiety response is 
immediate, presumably before any appreciable 
amOunt of epinephrine could cross the blood
brain barrier. Most likely, the acute anxiety re
sponse to epinephrine is a learned Or conditioned 
response to the sympathomimetic symptoms 
evoked by the epinephrine.5 This may account 
for the self-generating nature of anxiety, s ince 
the symptoms of anxiety can act as cues wh ich 
further reinforce the anxiety. Jlowever, this 
learned response is not incompatible with the 
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sedative-like response which is more delayed, 
and which probably results from a direct 
physiological action. 

T his discussion of the sedative-like effect of 
epinephrine has been entirely limited to 
physiological responses. I-Iowevcr, I have no in
tention of oversimplifying the very complex 
problem of symptom-formation during stress. 
' iVhile epinephrine may initiate sedative-like or 
fati gue-like symptoOls, purely psychological 
factors may enhance or diminish these symp
toms. Psychological resp~nses may initiate the 
secretion of epinephrine, and psychological re
sponses may be keyed off by the symptoms pro
duced by epinephrine. Purely physiological 
considerations reflect a very limited aspect of the 
individual's total behavior, though f01" practical 
purposes these consideration s may at times be 
made in relative isolation from the remainder of 
the individual's behavior. 

In conclusion, the concept of epillephTine-in
duced sedative-like effects gives direction to 
further e.xperimental and clinical research. F irst, 
the exact nature of the central nervous system 
depression requires clarification. 1\110st studies 
have indicated that the effect is in part soporific. 
However, other components must be ruled out, 
such as tranquilization, psychomotor retardation 
on a neuromuscular basis, and general analgesia. 
It is also possible that an affective or "emo
tional" response is involved, such as "panic" or 
psychomotor retardation on a psychological 
basis. Second, the capacity of endogcno1£s epi
nephrine to produce symptoms of fatigue or 
somnolence during persistent anxiety needs in
vest igation. Third, the extrapolation from ani
mal studies to human clinical c"'Xperiences must 
be bridged by further research. Fina lly, many 
clinically important subleties m ust be investi 
gated. For example, there may be variation in 
the permeabil ity of the blood-brain barrier 
within the same individual or among different 
individuals. S imilarly, there may be val-iation in 
epinephrine output in response to anxiety, or 
there may be variation in the sensitivity of the 
central nervous system to epinephrine. 

Summary 

Several experiments have now demonstrated 
a sedative-like or fatigue-like effect following 
the systemic injection of epinephrine in animals. 
These effects have been comparable to those 

previously described follow ing the direct instilla
t ion of epinephrine into the central nervous sys
tem. Sedal i\-e-like and fatigue-like symptll lllS 
have been noted incidentally after epinephrine 
injections in humans, but this finding bas been 
inconstant and has not been subjected to 
rigorous study. However, it is well known that 
these symptoms are reported during persistent 
anxiety, which is presumably characterized by a 
high output of epinephrine. 

The following hypothesis was offered: epi
nephrine secreted from the adrenal medulla 
during persistent anxiety can act as a hormonal 
feedback to the hypothalamus, resulting in com
pensatory sedative-like and fatigue-li~e symp
toms. Supporting evidence for this hypothesis 
was reviewed, and further areas of research 
were suggested. 

Generic and Trade Names of Drugs 

Levartercnol bitartrate-Levophcd Bitartratc. 
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