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Sin ce the 1950s there has been a renewed 
interest in t he psychophysiology of acute 
ancl recurrent anxiety (2, 5, 15, 30, 351 

36, 40, 47, 60, 66), especially in the psy
chophysiologic function of ad renaline (3) 
4, 6, 7, 16, 18, 20-28, 31, 33, 34, 48, 53, 55, 
57-61, 64, 65) . A review of the recent 
li terature is required to maintain perspec
tive and to facilitate further studies. Simi
lnrly, a retrospective review of the older 
literature is necessary to reintegrate the 
theories of William James (38) and Walter 
B. Cannon (11- 13) with the pioneer re
search of Tompkins et al. in 1919 (63) and 
with subsequen t experimental and theoreti
cal papers (1, 8-10, 14, 17, 19, 29, 32, 37, 
39,41- 46, 49-51,54,56,62). 

T he recent and remote htCl'atuTc on the 
psychophysiology of anxiety is reviewed 
and re-evaluated here on t he basis of re
cent advances in clinica1 and ex perimental 
psychintry, physiology and learning the
ol'Y. Specia l attention is given to the func
tion of the epinephrine fraction of adren
aline: first, in producing sympathomimetic 
symptoms which reinforce t he acute anx
iety in a self-generating fashion, and 
second, in producing sedative-like and para
sympathomimetic effects which may COUJ1-

terbnlance t he initial stages of the anxiety. 
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EPli\"lEPBRTh'"E SECRETION IN 

RESPONSE TO ANXI1::TY 

Cannon postulated that the adrenal 
medulla secreted adrenaline in response to 
emotional excitation during fight and flight 
rcactions to stress (11- 13). Subsequent to 
Cannon's work, adrenaline was separated 
into epinephrine and norepinephrine, and 
attempts were made to relate these com
ponents to scparate emotional states (2, 
21). Ax found norepinephrine-like physio
logical responses associated with "a.nger," 
and a combination of epinephrine and 
norepinephrine-like responses associated 
with "fear " (2). In a much la rge study of 
normal volunteers, Funkenstein found epi
nephrine-like cardiovascular responses dur
ing acute fear and anxiety reactions to 
stress, and norepinephrine-like responses 
during acute anger reactions (26-28). 

Independent evidence supporting Ax's 
and Funkenstein's conccpts has come from 
a Dumber of sources. lVlartin summari zed 
much of this evidence in 1961 (47). Urinary 
epinephdne and norepinephrine levels WCl'e 
found to be raised during acute anxiety anel 
anger reactions respectively (20). In addi
tion, studies of humans undergoing gra.vi
tational stress in a space laboratory ha.ve 
upheld the association of high blood cpi
nephrine levels with anxi ety and hi gh blood 
norepinephrine lcvels with anger (60). Also, 
preliminary studies from the same source 
have indicated t.ha t one can predict these 
physiological responses usmg fear and 
anger profiles derived from projective tests 
(60). Further support has come from a re
cent experimental study by Mason et al. 
(48) . High norepinephrine blood levels in 
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monkeys were associated wilh most or all 
coping situations (reward and punishment), 
,,-hile high epinephrine blood levels were 
associated with only transient !luncertninty" 
situations involving ambiguous 01' a.mbiva
lent cues. 

Evidence has also suggcsted that the 
organism has the biologic capacity to re
spond different ially to stress by secreting 
different proportions of epinephrine and 
norepinephrine. H ess has shown that fear 
behavior and anger behavior can be pro
duced separately by stimulating separate 
areas within the hypothalamus (35, 36), 
whil e Folkow and von Euler have shown an 
association between fear behavior produced 
in this manner and a simultaneous output of 
adrenal medullary hormone high in epi
nephrine (22). In addition, epinephrine and 
norepinephrine have been located within 
separate cells of the aell'enal medulla (33) _ 

T!-IE SYL\I1)t\.THOi\Ill\U;:TlC EFFECTS OF 

EPINEPHRINE 

Evidence has been presented above sup
porting Ax's and Funkcnstein's hypothesis 
that a higher proportion of epinephrine tha.n 
norepinephrine is secreted during the a.cute 
anxiety reaction. It is now known that the 
epinephrine fraction of adrenaline is a lso 
more potent than norepinephrine in pro
ducing the sympathomimetic symptoms 
charncteristic of anxiety (34, 55, 61)_' 

The role of t hese epinephrine-induced 
sym pathomimetic symptoms has long been 
a point of controversy. James originally 
postulated that these symptoms actually 
caused 01' elicited the anxiety (38), While 
Cannon believed these symptoms were pri
ma rily a response to the anxiety (11-13), 
he also noted that the injection of <:1ciI'en
alinc, activating sympathomimetic symp
toms, could elici t furth er anxiety in ex-

:.' In sLudics ca rried out. before the av:tilabilily of 
crystaUinc epinephrine, 3dren~1 l ine Wtl5 used. This 
mix tmc was largely ep incphrine (85% Or marc ), 
and 50 for most purposes the adrena linc s tudies 
are analogous Lo more recent epinephrinc studies. 

cccdi ngly 3lL'\ious sul1jccb:i l 12. -Hi) . l u the 
language of learning theorYI Cannon's ob
servation can be restated a nd reinterpreted 
as follows : because of the learned associa
tion between sy mpathomirnetic SY IllI)tOIllS 

and a nxicty in tile recurrently anxious pcr
SO Il , aclrcnaline-inclucecl sym pathomimetic 
symptoms can reinforce fur thcr anxiety. 
That is, t he individual becomes condi tioned 
so t hHt the symptoms of anxiety elicit or 
reinforce further anxiety. 

In 1919 Tompkins, Sturgis and Wearn 
first demonstrated that adrenaline could 
elicit anxiety in previously conditioned or 
" neurotic" subj ects (63) . These investi
gators tested the effect of intramuscular 
adrenaline (5.0 rng, largely epinephrine) 
upon army recruits suffering from the 
Hirritable heart l l syndromc, a n acute anxi
ety reaction characterized by cardiovascu
lar instability, dizziness and fati gue during 
stress. They found t.hat Tccurrently anxiolls 
or " neurotic" recruits responded to adren
aline inj ection with t he symptoms charac
teristic of their acute anxiety reactions, in
cluding both t he subjective psychologi c 
symptoms and the more obj ective physio
logic signs. The normal contro1s reported 
no psychologic symptoms and demonstrated 
mi lder physiologic changes in response to 
adrenalinc injection. 

lVluch of the subsequent li terature con
cerning the cffect of inj ected adrena line 
can be clarified rctrospectively on the basis 
of this variable: the strength of the pre
viously learned association between acute 
anxiety and symptoms of sympathomimetic 
activation. This learned association deter 
mines the degree to which the adrenaline
induced symptoms or cues will reinforce the 
indi vidual 's anxiety. Its strength can be 
estimated from the patient's account of his 
past anxiety reactions and associated symp
tornatoiogy. For example, Lindemann and 
Fincsingel' found t hat individua ls with a 
past history of recurrent, intense anxiety 
accompanied by parasympathomimetic 
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symptoms responded with acute anxiety to 
pcn"asympathomimctic drugs, but not to 
sympathomimetic drugs (44). I n contrast, 
indi viduals witb a past history of intense 
anxiety associated with sympathomimetic 
symptol11s responded with acute anxiety to 
sympathomirnctic drugs, but not to para
sympathomimetic drugs. Thorley reported 
that a combination of the two drugs elicited 
a nxiety in an individual whose past anxiety 
symptoms had both sympatho- a nd para
sympathomimetic components (62) . There 
is even some equivocal evidence that past 
conditioning is so important a variable 
that an emot ion other than a nxiety can be 
elicitcd by adrenaline inj ection if that emo
tion has been associated with adrenaline 
inj ection or sympathomimetic symptoms in 
t he past (46,54, 62). 

T he anxiety reactions elicited by adren
aline are not simply exaggerated physio
logic responses to t he drugs. They have in
cluded subj ective symptoms as v aried and 
complex as those found clinically in the 
spectrum of acute a nxiety reactions (4, 8, 
14,4] ,44,45, 54, 56, 62, 63), including, for 
example, both psychogenic physical symp
toms completely unrelated to any drug ef
fect (41), and reactivation of a painful 
childhood memory (34) . The importance 
of the variable, past conditioning, has been 
obscured becnuse IllOst recent studies have 
not used "normal " or unconditioned sub
jects. However, even in " normal popula
t ions" occasional subj ects turn out to have 
a past history of repeated sympathomi
metic anxiety reactions a nd react strongly 
to the drug (4, 34). 

'Vhen the past conditioning of internal 
cues is taken into account, some differences 
in t he results of various experiments still 
remain unexplained. Most of these differ
ences can be accounted for by a second 
variable: t he degree to which t he experi
mental environment or the external cues re
inforce anxiety. This second variable must 
be separated out by inference, since there 
arc vcry few studies which a ttempt to con-

trol the environment. For example, the 
presencc or absence of a psychiatric inter
viewcl' is an important variable which h:1::: 
not been controlled, but which seems sig
nificant in several studies. Frankenhausel' 
and .Jarpe elicited vcry little anxiety with 
int ravenous infusions of 3-12 mcg/ kg/hour 
of epinephrine (24). They noted t hc a b
sence of a psychiatrist during the experi 
ment and wondered if t hey thereby fail ed 
to appreciate the presence of anxiety in 
thei r subj ects. I n contrast, Basowitz et al. 
elicited somewhat more anxiety in the 
presence of psychiatrists with infusions of 
5 meg/kg/hour (4). Most likely, however , 
the psychiatrists were needed not so much 
to perceive the anxiety, as to reinforce i t 
by their presence. Thus Hawkins et al. re
ported relatively li ttle anxiety in their sub
jects, a team of psychiatrists who a lter
nated as observers and subj ect£ (34). T hese 
trained observers would presumably have 
perceived any anxiety, but they might not 
have reinforced anxiety among t hemselves. 
Pollin et aZ. evoked the most severe a nxiety 
in normal subjects (53). vVith infusions 
of 9 mcg/kg/houl', they produced numerous 
symptoms, including withdrawal and dis
ruption of communication. This greater 
emotional response probably resulted from 
a complex of environmental cues which by 
itself elicited verbalized anxiety before 
the epinephrine was administered. The 
cues included a difficult in t ra -arterial can 
nulation, awe-inspiring monitoring appara
tus and t\ large number of observers, in
cluding psychiatrists. The results were in 
murked contrast to the relatively little 
anxiety elicited by Frankenhauser and 
J arpe, who used even larger doses of epi
nephrine with some subj ects, but who con
clucted the experiment in a much less anxi
ety- provoking environment (23). 

Another set of experiments with "normal 
subj ects" given int ramuscular adrenaline 
illustrates the importance of environmental 
cues (14, 19). No emotion or "cold crno
tion" was elicited by Cantril a nd Hunt 
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(J4). Their subjects were students and pro
fessional people, there were no anxiety
provoking environmental cues other than 
the injection, and the investigators appar
ently did not anticipate anything dramatic 
01' startling. In contrast, "some degree of 
anxiety, apprehension or fear" was evoked 
in each " normal control subj ect" by Dynes 
and Tod (19) . Their subj ects were two 
hospitalized patients recovering from hernia 
operations and four convalescing from tu
berculosis of t he bone. Blood samples were 
drawn and physi cal exams performed on 
each subject during the experiment, and the 
investigators seemed to expect a significant 
response from the subjects. IVlerely being a 
patient in a hospital setting subjected to 
an "cxperiment " was probably sufficient to 
reinforcc a.nxiety in these subjects, without 
the addi tional proccdures and the expecta
tions of the experimenters. 

Future studies may demonstrate an even 
more dominant role for environmental cues 
than might be inferred from these uncon
trolled studies. Recently, Schacter and 
Wheeler (57) and Schader and Singer (58) 
have conducted what appear to be the only 
experiments in which environmental cues 
have been adequately controlled. They 
have shown t hat appropriate environmental 
cues can influence the subjects to interpret 
adrcnaline-induced e?,citation as emotions 
other t han anxiety. 

As might be expected, a nxiety reactions 
associated with administration of adren
aline have been most severe when both 
va riables have been strong. That is, the 
anxiety reactions have been greatest when 
the subjec ts have reported past histories of 
recurrent severe a nxiety reactions ",vith 
sympathomimetic symptoms, and when 
the environmental cues in the experimental 
setting were a lso strongly associated with 
anxiety. For example, Lindemann and 
Finesinger reported marked an.xiety re
actions when acutely anxious patients with 
known histories of sympa thomimetic symp
toms were given intramuscular adrenaline 

during one of a series of psy chiatric inter
views (44, 45) . 

The literature can now be collated on 
the basis of t hese two variables. The first 
group of articles cited includes studies in 
which the subj ects given adrenaline did not 
experience intcnse 01' II renl" nnxiety ac
cording to their own reports and according 
to observations by t he e.xperimenters. In 
this group, the subjects did not have his
tories of severe, repeated anxiety reactions, 
and the experimental conditions ,vcrc rela
tively free of anxiety-provoking cues (4,14, 
19, 23-25, 39, 41-43, 46, 54, 57, 58, 61, 63). 
The second group includes studies in which 
the subjects given adrenaline did experi
ence intense anxiety. In t hese studies the 
subjects who developed acute anxiety had a 
past history of recurrent anxiety reactions 
with sympathomimetic symptoms (4, 8-10, 
34, 41, 44-46, 54, 56-58, 62, 63), or t he 
experimental condit ions were sufficiently 
stressful to reinforce anxiety responses (19, 
46, 53). Epinephrine, which is sccreted in 
larger amounts than norepinephrine during 
anxiety responses (2, 20-22, 26-28, 47, 48, 
60), activates t he sympathomimetic symp
toms characteristic of an.xiety, and is 
thereby more potent in eliciting experimen
tal anxiety (34,55,61). 

An important clinical inference can be 
drawn from this review. Sympathornimetic 
symptoms of anxiety are both a response 
to the central nervous system state of anx
iety (as Cannon postulated) and a rein
forcement of further nnxiety (as .J ames 
postulated). The acute anxiety reaction can 
become self -generating, since t he symptoms 
of the anxiety reaction can reinforce the 
reaction, causing it to spiral. Similarly, 
each separate a nxiety reaction can furth er 
condition the individual to respond in thc 
future to his own internal cues with more 
intense anxiety reactions. E pinephrine, the 
dominant fraction of adrenaline during 
anxiety reactions, is morc potent t han nor
epinephrine in activating the sympat ho
mimetic symptoms which reinforce t he 
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anxiety. Thus epinephrine plays a major 
role in determining the self-generating 
character of acute anxiety reactions. This 
hns important theoretic and therapeutic 
implications for those well-documented 
anxiety syndromes which so closely resem
ble drug-induced anxiety reactions (15, 
49, 63, 66) . 

PARA5YMI'A'l'HOi)UMETIC AND SEDATIVE- LIKE 

El~ I"EC1'S OF EPL~EPHR1NE 

Thus far it has been asserted that adren
nline-induced sympathomimetic symptoms 
can elicit and reinforce anxiety in appro
priately conditioned individuals. In evalu
ating the possible role of adrenaline in clin
ical anxiety reactions, it is necessary to 
consider two lesser-known effects of adren
aline: 1) compensatory parasympathetic 
nervous system hyperactivation; and 2) a 
sedative-like or fatigue-like reaction. 

Compensatory parasympathotonia has 
been clinically described as a delayed re
sponse to initial sympathotonia in acute 
anxiety (49), and as a response to prolonged 
intravenous injections of adrenaline (9). 
Gellhom and Mille,· have recently at
tempted to categorize patients according 
to the degree of the parasympathomimetic 
response follo\ying the injection of norepine
phrine (31). Darrow and Gellhorn have 
described :l decreased responsiveness to 
endogenous ad l'enal medullary secretions in 
cats (17), which may be partially caused 
by compensatory parasympathetic hypcr
activation. 

The sedative-like effect has not been suf
ficiently studied to distinguish fully be
tween sedation. fatigue , psychomotor re
tardation , and even general analgesia. 
Previous s tudies have demonstrated a 
sedative-like effect following direct instilla
tion of adrenaline into the central nervous 
sy stem (55, 59). Two recent studies have 
attempted to measure this effect following 
sY8tcmic intravenous (59) and intramuscu
lar adminis t.ration (6). Brcggin reported 
that 75---100 mcg of adrenaline in oi l, when 
administered intramuscularly to rats, pl'O-

duccd sOlllllolence, Ju:-'ti of IIlu;-;t:ular lUlltI :i, 

weakness, and relative unresponsiveness to 
loud noises, jolts, and toe pinching. The 
effect, became obvious within fifteen to 
thirty minutes in animals given 50 mcg or 
more, and lasted for several hours. Ap
proach behavior after food deprivation was 
abolished by 100 mcg, but unaffected by 
25 rncg of adrenaline in oil intramuscularly. 
Smaller doses of 10-40 meg produced" sta
tistically significant dose-dependent deere
lUent in exploratory runway behavior. 

To relate the behavioral effects to 
physiologic changes, several animals were 
implanted wit.h permanent EKG electrodes, 
allowing the recording of their heart rates 
without further restraint. All four animals 
given 100 mcg maintained a tachycardia 
more than two hours after the drug injec
tion (when the experiment was arbitrarily 
terminated) , and three showed a relative 
bradycardia during that time, indicating 
a compensatory parasympathotonia. The 
one animal injected WitJ1 25 mcg showed 
a significant t.hirty-minute tachycardia; 
the two animals injected with 15 rncg 
showed no change in heart rate. T hus the 
doses of intramuscular adrenaline in oil 
which caused marked sedative-like ef
fects a lso produced prolonged physiologic 
effects, including parasympatbotonia. The 
long duration of action of the dl'ug indi
cated that relatively low blood levels were 
rcsponsible fol' the behavioral and physio
logic effects. 

Another study of the sedative-like effect 
following systemic administration was that 
of Sharpless (59) 1 who demonstrated what 
hc called "stupification" in cats after con
tinuous thirty-minute infusions of epi
nephrine at the rate of 2 mcg/ kg/ min. The 
stupification was measurable as a depJ'es
sion in an approach conditioned reflex. 
Somewhat higher doses produced somno
lence, as well as vomiting, and an EEG 
pattern typical of drowsiness. Epinephrine 
was more potent in producing these eft'ects 
than norepinephrine. 

A sedative-like effect has been noted as 
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an occasional side-effect or symptom in 
human subjects following the prolonged in
travenous infusion of epinephrine (4, 10, 
53). Transient, infrequent fatigue effects 
have been noted after single intramuscular 
injections (39, 45). Generally, this finding 
has not been cmphasized and has not been 
related to the sedative-like effcd recently 
studied in laboratory animals 01' to the 
clinical symptom of fatigue in recurrent or 
prolonged anxiety. In another experI
ment involving large intravenous infusions 
no refercnce was made to sedation or fa 
tigue (34), and in still another it was noted 
to be absent (24). No explanation is ap
parent for this discrepancy, but it may 
be important that the two negative experi
ments a lso produced only relatively mild 
anxiety responses in most of their subjects. 

The rnechanism of any sedative-like or 
compensatory parasympathotonic effect 
may be through a direct action on the cen
tral nervous system. RothbaUer has sum
marized a number of central nervous sys
tcm effects of adrenaline (55), and Ivy has 
dcmonstrated a general analgesia of cen
tral nervous system origin following the 
systemic administration of adrenaline in 
man (37). Thus there is considerable evi
dence that adrenaline can affect the central 
ncrvous system. Sharpless has postulated 
that the sedative-like effect is central, since 
it ha ::; been reproduced by the instillation 
of epinephrine directly into tbe hl'ain (59). 
There is also evidence that t.he parasympa
thomimetic response to norepinephrine is 
central in origin (31). 

If this sedative-like effect is central In 

origin, it is probably mediated by the 
hypothalanllls, since systemically admin
istered adrenaline accumulates only in this 
region of the hrain (3, 65). In addition, the 
highest concentration of endogenous central 
nervous system adrenaline is in the hypo
thalamus (64). 

The possibility that adrenaline may act 
upon thc hypothaJamus to produce a seda 
tive-like and parasympathotonic effect sug
gests a further speCUlation that adrenaline 

activates 11ess's (7, 35, 36) trophotropic 
function of the hypothalamus. According 
to I1ess's model, the hypothalamus bas 
separate "centers" or, morc accurately, 
separate functions : the crgotropic, which 
controls arousal and sympathotonia, and 
the trophotropic, which controls sedation 
and parasympathotonia. The possibility 
that adrenaline rnay act as n. hormonal 
feedback mediator from the ergotropic to 
the trophotropic functions of the hypo
thalamus is consistent with the data: ad
renaline is secreted from the adrenal mc
dulla during ergotropic activation; it can 
cross the blood-brain barrier in the region 
of the hypothalamus; and it can elicit seda
tive-like and parasympathotonic effects 
which are controlled by the hypot halamus. 
This proposed adrenaline feedback mech
anism would function in a similar fashion 
to other feedback mechanisms, leading to 
compensatory changes (sedation and para
sympathotonia) which counterbalance or 
antagonize the original state (arousal and 
sympathotonia) . 

The reader is referred to RothbaUer's 
review to placc this new speculation in the 
context of other possible mecha.nisms for 
the sedative-like effect (55). Without going 
deeply into t he problem, the obvious issuc 
of the paradoxical effect of adl'enaline 
should be noted, namely, that small 
arnounts of adrenaline produce "arousal" 
and largel' amounts produce sedation (55). 
It seecas plausible that the arousal effect of 
adrenaline is a conditioned 01' learned re
sponse to the sympathomimetic cues evoked 
by adrcnaline (6), much as anxiety may bc 
a conditioned response to these cues (as de
scribed above). Thus the smalier doses of 
adrenaline may activate the peripheral 
nervous system, thercby alerting the animal 
and raising its level of anxiety or arousal, 
while the larger doses affect the central 
nervous system directly to produce seda
tive-like and parasy mpathotonic effects.:1 

"The distinction between H:mxietx" anti 
"[u·ousnl" (5) is Loo complex fOI" nnal.rsis ·hen', ex
cept to point out that each may be l"rellled s imilarly 
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The greatest defect in the aell'enaline 
feedback hypothesis concerns the somewhat 
large doses required to achieve the sedative
like en'ect, e.g., 10-20 meg of adrenaline 
intramuscularly In oil III rats (6), 2 
meg/ kg/ min of epinephrine intravenously 
in cats (59), ancl less frequently and less 
dramatically 5 meg/ kg/ hour intravenously 
in humans (4). Further investigations are 
needed to determine, for example, if less 
thun 10 meg of adrenaline in oil intramus
cularly can affect other forms of rat be
havior, and to determine how closely such 
injections mimic physiologic conditions. In 
humans, one study indicates a 1'esting 
adl'enal medullary secretion rate of 0.6 
mcg/ kg/ hour (16) as compared to the ex
perimental dose rate of 5.0 mcg/kg/hour 
used by Basowitz et al. (4). It is difficult 
to draw inferences from this paucity of 
datu. Sharpless has pointed out, however, 
that small endogenous secretions of adren
aline within the central nervous system it
self might produce sedative-like effects 
without achieving a high systemic blood 
level of adrenaline (59). Vogt has shown 
t hat any drug which activates the hypo
thalamus to stimulate secretion from the 
adrenal medulla also depletes the hypo
thalamus of adrenaline (64), which would 
support the alternative hypothesis that 
crgotropic activation of the hypothalamus 
leads to a liberation of adrenaline within 
the hypothalamus itself, permitting a re
distribution of the hormone to other nearby 
sites, such as the regions which control the 
trophotropic functions. 

The model of an adrenaline feedback is 
especially consistent with IVIisch's observa
tion (49) that acute anxiety occurs in two 
phases-the acute arousal state with sym
pathomimetic symptoms (Hess's el'gotropic 

in lhis model. Adrenaline-induced sympathomi
metic cues can produce either n,-ollsal Ot' anxiety, 
depending upon the definition of these terms, und 
depending upon cer·t:lin experiment:!:l variables, 
such !"IS whether or not, the individuul has Icamed 
to nssociatc :''Ympnthomimetic cues with painful 
or tlnxietY-»l"Ovoking past experiences. 

".-li,·ation), follo"'ed by the sedated or fa
t igued state with parasympathol11imet ic 
symptoms (Hess's trophotropic activation). 
By separating out two competing hypo
thalamic systems to account for mood in
stability and autonomic nervous system 
instability, this model suggests lllany ex
perimental approaches to the complex un
stable symptoms of acute and recurrent 
anxiety (15, 48-50, 63, 66). This approach 
is also consistent with the concepts pro
posed in the present paper concerning t he 
function of sympathomimetic symptoms in 
reinforcing anxiety. It descl'ibes physiologic 
changes which accompany and coullteT
balance the psychologic changes dUJ"ing 
acute and recurrent anxiety. 

DISCUSSION 

This review of the literature calls atten
tion to or introduces several specifi c 
hypotheses about the psychophysiology of 
anxiety, with special emphasis on the func
tion of adrenaline. Each hypothesis is oper
ationally defined and subject to experi
mental investigation. Together they make 
up an internally consistent model for the 
psychophysiology of anxiety which accounts 
for most of the data available in the lit
erature and for many observations in 
clinical experience. 

The hypotheses and their implications 
are as follows: 

1) Th e pl'opm·tion of epineplu'ine se
creted by the ad,'enal m,edulla during an:t;
iety is g1'eale1' than dming other 1'esponses, 
s1tch as anger. 

2) The sYl1zpathomintet-ic ctles or S1Jmp
toms p·rod1tced by epinepkrine during anxi
ety become lem'ned in association 'With the 
an:Liety. The symptoms can then eli cit or 
reinforce further anxiety, producing a seIf
generating, spira ling anxiety rcactioll. Sim
i larly, each recurrent anxiety reaction 
strengthens the conditioned association 
between anxiety and its sympathomimetic 
symptoms, thereby increasing the intensi ty 
of future anxiety reactions. 
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:J) Prolonoed high l,loocl levels of epi
nephTine pl'oduce fatigue 0)' sedative-like 
effects and pm-asympathomi1net'ic effects 
thl'01.lgh a feedback oj acl1-enaline honnone 
to the hypothalmnic trophotropic junctions. 
Thus the peripheral sympathomimetic ef
fects of adrenaline, which reinforce anxi
ety, are antagonized by the central nervous 
system response to adrenaline. 

From these hypotheses it is apparent that 
epinephrine may play a key role in pro
ducing the clinical difference between anx
iety and other responses, such as angel': 
epinephrine is secreted in a higher propor
tion during anxiety (Hypothesis 1), and 
epinephrine is more potent in producing 
sympathomimetic cues which further gen
erate the amiety (Hypothesis 2) and is 
morc pote~t in producing parasympatho
mimetic cues and sedative-like effects 
which eventually counterbalance the initial 
stages of the anxiety (Hypothesis 3). 

Each of these hypotheses can be sub
divided into several hypotheses for the pur
pose of experimentation, and each raises 
complex issues. The fiTst hypothesis as
sumes not only a significant physiologic 
difference between anxiety and anger, but 
also a significant psychologic difference. In 
actual practice the lIpure anxiety reaction" 
is rarely seen, and anxiety is often difficult 
to distinguish from angel' and other affec
tive st.atcs. This paper focuses more on 
physiologic differentiation than on the psy
chologic. 

The second hypothesis, that sympa
thomimetic cues reinforce anxiety, has been 
infelTccI from studies involving the injection 
of adrenaline. It will be more difficult to 
study the role of sympathomimetic cues in 
clinical anxiety reactions precipitated by 
environmental cues alone rather than by 
adrcnaline injection. The hypothesis also 
involves a massive oversimplification of the 
individual's complex perceptual relation
ship to his own body, i.e., it assumes a one
to-one correlation between the physiologic 
events (end-organ activation by acll'ena-

line) and the !leJ't·(·jn·d L'\'l'nt::i Ilhe ;-;ylltP
toms). Similarly , it leaves out numerous 
clinically described phenomena, such as 
those subsumed under 'Idefense mecha
nisms." 

The t hird hypothesis, that adrenaline 
functions as a hormonal feedback to the 
hypothalamus producing sedation and 
parasympathotonia, will be difficult to test 
in human subjects under clinical cOl1cli
tions. It should be considerably easier to 
study the effect in animals, but possibly 
the effect observed in animals may not be 
analogous to the sub,iective symptoms of 
fatigue reported in humans_ Furthermore, 
it will not be easy to distinguish between 
psychomotor retardation, tranquilizatioll, 
sedation and general analgesia. Hess's 
postulate that the sedation and pal'asym
pathotonia are related functions of the 
hypothalamus is also subj ect to further in
vestigation. Despite all these reservations, 
the adrenaline feedback hypothesis does 
explain most of the meager data available, 
and it warrants further consideration for 
its heuristic value. 

SIIMl\'IAR)' 

The recent and remote li terature on the 
psychophysiology of anxiety has been re
viewed and l'e-evaluated on the basis of re
cent advances in clinical and experimental 
psychiatry, physiology and learning theory. 
Operational hypotheses have been set forth 
relating the experimental data to thc clini
cal phenomena, with special attention to 
the role of epinephrine (adrenaline). 

The first section reviewed the evidence 
that anxiety responses produce n relatively 
higher proportion of epinephrine tha.n nor
epinephrine from the adrenal medulla. 
The next section cited literature concerning 
the response of "normaP' and "neurotic" sub
jects to the injection of epinephrine. Ap
parently conflicting data are accounted for 
by two variables: first, the strength of the 
subject's previously learned association 
between acute anxiety and sympathollli-
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mctie symptoms, and second, the degree of 
current anxiety reinforcement in t.he experi
mental setting. It was suggested that the 
sympathomimetic symptoms produced by 
epinephrine dUJ'ing anxiety further rein
force the individual's an .. '\':lcty, evoking a 
self-generating, spiraling anxiety reaction. 
A third section presented some very recent 
experiments which demonstrate sedative
like ancl parasympathetic effects following 
the systclnic administration of epinephrine. 
It is postulated that epinephrine may func
t ion as a hormonal feedback mediator to the 
trophotropic function of the hypothalamus 
(Hess), producing the sedative-like and 
parasympathetic syrnptoms found in in
tense or prolonged anxiety. 

Thus t he ini tial adrenal medullul'Y secre
tion during anxiety may evoke sympatho
mimetic symptoms 01' cues which further 
reinforce the anxicty response, while more 
prolonged secretion may evoke parasym
pathetic and fatiguc or sedative-like effects 
which compensate for the initial stages of 
the anxiety. Since epinephrine is a more 
prominent secretion in anxiety than in 
other responses, such as anger, and since 
it is morc potent in producing sympatho
mimetic and subsequent sedative-like ef
fects, epinephrine may account for many 
of the clinical phenomena characteristic of 
anxiety. 
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