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Reaction of the Adrenal Cortex
to Emotional Stress

EUGENE L. BLISS, M.D.,* CLAUI)E J. MIGEON, M.D.,

C. tl. t lARDIN BRANCII, M.D., and LEO T. SAMUELS, Ph.D.

ALTI 1OLIGll it has been generally as- Subjects were university students, hospital

sumcd that psychological forces influence and laboratory personnel, patients on the psy-
adrenocortical activity, the number of pub- chiatric ward, or psychiatric outpatients.
lished studies on this subject is limited. Many.
of these studies have been made on small ani- Methods
mals where the extrapolation of results to
man is at best controversial. 7. ') t,-'_,ST.4'_,In- The concentration of the x7-hydroxycorti-

vestigations in man have been generally inde- costeroids (I7, zl-dihydroxy, zo-ket°ster°ids)
cisive because of the inadequacy of methods in the peripheral plasma was determined by
used to assess adrenocortical function. 6's'x3, the method of Nelson and Samuels, and
la. l:).',_.'_,s,a0. al.aa, as. 4o New methods of their excretion in the urine by the method of
analysis for steroids of adrenocortical origin Glenn and Nelson. These techniques permit
in blood and urine have made possible a more a more accurate cvaluation of adrenocortical

quantitative approach to the problem. This function in man, since they approximate the
study was designed to investigate the influ- concentration in the blood and urine of free
ence of psychological stress upon adrenocorti- or loosely conjugated I7-hydroxycorticoster-
cal function, and to compare the changes in one, compound F, which is the principal hor-
the 17-hydroxycorticosteroid levels found dur- mone secreted by the adrenal cortex in man.
ing emotional upset with those produced by In the case of"blood studies 3o-cc. samples
other physical, chemical and endocrine were collected at appropriate intervals, using
stresses, heparin as an anticoagulant. These were cen-

From the Departments of Psychiatry and Bio- trifuged, and the plasma removed and placed
logical Chemistry, University of Utah College of in a refrigerator. The urinary studies were
Medicine, Salt Lake City, Utah. made on 4- to 6-hour specimens which were

A r_sum_ of this paper was presented at the collected for comparable periods during each
Annual Meeting of the American Psychosomatic test day. It was determined in preliminary
Society on March z7, 1954. studies on normal subjects that there is a

* Present address: Veterans Administration Hos- diurnal rhythm in the urinary excretion of 17-
pital, West Haven, Conn. hydroxycorticosteroids..,r, a4 It was also noted

-l'his investigation was supported by research
grant M-451 from the National Institute of Mental that tbe quantity of steroid excreted by anv
Health of the National Institutes of Heahh, Public single individual'during the same 4- to 6-hou'r
Health Service, and by the Scottish Rite Founda- period of the day tluctuatcs very little front
tion. day to day.''7 Llrine samples were stored in a

The authors are indebted to Dean Baskin, Beth deep freeze.
Dowdin_, and Canna Darley for technica,l assistance,
and to lja Korner, Ph.D., for his c(M,peration and Measurement of Emotional Upset
suggestions.

Received for publication July z3, 1954. It was possible to measure accurately, with-
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in a microgram, tile plasma concentration of turbed and 8 calm. The psychiatric status
the 17-hydroxyc(_rticosteroids. The estimate of ranged in the disturbed group from a condi-
psychological strcss was a less exact procedure, tion of maniacal excitement in one combative
since thcrc are no g_d techniques available paranoid schizophrenic (Subject W) to mild
to isolate and to mcasurc accurately different anxiety and tension in several of the other
emotions. No attempt was made'to distin- patients. The majority were ._hizophrenic
guish systematically between various types of and most were suffering from relatively acute
emotional disturbances such as fear, rage, ela- psychotic disturbances. The mean steroid
tion and depression, or conscious and uncon- value for the disturbed group was zz _ 8 _g.
scious affect. The degree of cmotional dis- In contrast, the 8 patients who were judged to
turbance exhibited by subjects, and by this be calm and whose anxiety was well con-
is meant evidence of anxiety and tension, was trolled demonstrated a mean steroid level of
estimated by one observer (E.L.B.). In addi- x3_g. Since a group of 267 normal subjects
tion the exi_erimental subjects were also in- had a mean steroid level of 13 _ 6 tLg., the
terviewed to obtain an account from them of difference between this and the values of the

their emotional state. Subjects were graded emotionally disturbed patients was highly sig-
as either relatively calm or emotionally dis-
turbed.At times {hereactionwas gradedon .....
a scale from o to 5 in which zero represented .ooiilIcomplete calm and 5 a disintegrative panic. , ::::-"] co,,_c,,o,

without knowledge of chemical results. The i_ :":_• " " J2_j2.

particular stress experiments will be defined §_, .:....: ::':::and explained in the section of the paper de- • • ::.:..:.
voted to experimental results. __ iiii_ /ii:iiii:?:_ :'
Blood Steroids-Normal Data _., _,,. :"_:_ :":J_6"I 64 19 36 26

The normal level of the 17 hydroxycorticos- _.....................................- EST (m*rQency

teroids in the plasma at 8 to 8:30 A.M., based ....
upon 167 studies of normal subiects, is 13 _g. Fig. I. Mean steroid levels.
with a standard deviation of 6 /_g. The 95
percentile range for this normal group is 3.5 nificant (p<.oot), indicating less than a
/_g. to 26 jag. and the absolute range z p.g. to i:iooo probability that this difference may
34 _g.5 The normal diurnal rhythm is charac- have occurred bv chance alone (Fig. i an_t
terized by highest values in the early morn- Table i).
ing, and a drop to a lower plateau during the Sixty-four studies were made on 16 chronic
rest of the day and the evening. 5, 27All experi- schizophrenic subjects who had been psy-
mental results were compared to these data. chotic for 5 years or more. They were disor-

ganized schizophrenics of the "hebephrenic
variety whose manifcst anxietics and psycho-

Studies of Blood-Steroid Changes logical turmoil appeared to be low. Their av-
erage steroid values werc normal-14 ± 6 t_g.

Psychiatric Patients per ioo cc. plasma. We have made extensive
Early in the study a group of z 7 patients studies which indicate that schizophrcnics

admitted to the psychiatric service was inves- have normally responsive adren(x.'ortical svs-
tigated. All blood samples were taken at ap- terns3 It was our interpretation that these
proximately 8:oo A.M. on the morning after chronic .schizophrenics had normal steroid
admission. Concomitantly, an estimate of levels because their anxieties and tensions
emoti,na) disturbance was recorded. Nine- were low or, in other words, their anxieties
wen of these patients were judged to be dis- were bound by their delusions, hallucinations.
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58 ADRENAL CORTEX REACTION IN STRESS

bizarre behavior and their withdrawal from clear, it was not possible to predict in any
reality (see Fig. x). single case what the steroid value might be.

Although emotionally disturbed patients It seemed probable that the level of I7-hydroxy-
tended to have elevated steroid levels while corticosteroids in the blood, although in-
those of normal subjects and chronic schizo- fluenced by emotional factors, must be con-
phrenics were lower, there were many indi- trolled also by other mechanisms.

TABLE I. PsycmA_alc PATIENTS

17-OH-CS
Level o{ (t_g./lO0 cc.

Subject Sex Diagnosis anxiety plasma)

C. M Schizo-affectivedisorder,manicphase 4 35
E. F Schizophrenic reaction, chronic; para-

noidtype 3 33
J. F Schizophrenic reaction, acute; catatonic

excitement 4 26
Ch, F Schizophrenicreaction 3 22
C. F Psychotic depression, moderate

agitation 3 21
O. M Alcoholism with delirium tremens 2 29
R. F Anxiety hysteria with agitated

depression 3 22
S. F Organicpsychosis;bromideintoxica- 3 22

tion, confusion, and agitation 22
30

R. F Reactivedepression 3 25
M. F Schizophrenic reaction, acute 4 23
G. M Arteriosclerotic brain disease with con-

fusion and disorientation 2 16
S. F Reactive depression, moderate 2 14
D. F Anxletyreaction,moderatelysevere 3 19
C. M Character neurosiswith anxiety and

depression 3 18
W. F Anxiety. hysteria with tearfulness,

anxietyand tremulousness 3 12
N. F Schizophrenic reaction with anxiety,

fearfulness 3 19
W. M Schizophrenic reaction, paranoid type

severely disturbed, combative 4 6
R. F Schizophrenicreaction,calmand fiat 0 15
C. F Schizophrenic reaction, chronic 0 12
S. F Organic psychosis; bromide intoxication 0 12
Se. M Schizophrenic reaction 0 14
W. F Conversion hysteria 1 11

16
B. F Neuroticreactionwithpolvsurgery 1 18
BU. F Schizophrenic reaction, chronic 0 2

vidual exceptions. One disturbed patient Values PriortoEleetroshoek

whose anxiety and tension were judged to be Another group of subjects was studied at
near maximum (level of 4) had a blood level

approximately 8:00 A.M. just prior to receiv-
of only 6 Izg./1oo cc. plasma. In contrast sev- ing electroconvulsive therapy. These individ-
eral chronic schizophrenics and apparently uals were disturbed people, primarilv acute
undisturbed normal subjects had values of schizophrenics and depressives. Mar_v were

3o t,g,/Ioo cc. plasma or more. It appeared also apprehensive at the prospect ot5 shock
therefore that although group tendencies were therapy. The average level of the 17-hydro.w" -
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c_,rticosteroids i, the peripheral blood of these were in the h_wer range despitc con.,,idcr,lble
suhjccts was 19 _+ 4 t'g. with a highly signifi- emotional disturbance.
cant 1' value of <.001 (SCC Fig. 1).

In analyzing the data it may bc argued that Medical Examinations
some of these subjects had received a number Subjccts wcre .,:tudicd in another emotion-

of clectroshocks and that thc rcpcatcd admin- all)' disturbing situation. Sophomore medical
istration of elcctroconvt/lsivc therat_y may sttldcnts were bled between 8:00 and 8:30
m_lifv adrenocortical physiology. It seems a.M. prior to tbcir comprehensive examination
unlikely, lrowever, that repeated clcctrocon- on the work of their first two years. Consider-
vulsions produce any more than transient dis- able emphasis h_d been placed upon the ex-
turbanccs in adrenocortical activity sincc the amination by the faculty and this was well
increases in the lcvcl of blood steroids arc known by the students.
slight and last for no more than z hours after A comparable group of 23 junior medical
shock therapy. Steroid concentrations then students were investigated on the morning of
rcturn rapidly to normal levels. :_Furthermorc, their final examination in clinical medicine.
electroconvulsive treatments were given in- Although this examination is usually not too

frequently-usually 3 times a week and at difficult, it had acquired a reput_tion for
times less often. "tricky" questions and strict grading, and con-

sequently was the most feared final examina-
"Emergency Room" tion in that year.

To determine further whether a consistent In addition, to the normal group of 267
elevation in blood steroids occurs under con- values, thrcc other normal groups were estab-
ditions of emotional strcss, another group of lishcd as controls. These were composed of
disturbed subjects was selected and studicd. A 14, 52, and 96 studies on students and resi-

physician was stationed in the emergency dents. As can be seen in Fig. z, plasma steroid
room of the County Hospital. It was his task levels were significantly elevated on the morn-

to take blood specimens from individuals who ing of both examinaiions. One group just
came in to the emergency room in a near prior to examination averaged 18 ± 6 vg. and
panic. No subject was included unless he the other 2o _+ 7 #g.

was medically well. In the main, the individ- Fourteen students werc studied during Ir
uals sclectcci were those whose children, control period as well as on the day of the
wives, friends, or parents had recently been examinations. Their blood steroid response9
injured or suddcnlv stricken with an acute and levcls of anxiety are chartcd (Fig. 3)-
illncss. With three exceptions,all steroid levels were

In all, -,6 subjects were examined. A brief higher on the test day. In the _, cases where
dcscription of the circumstances, the hour, age patterns ,,','ere reversed, one subject reported
of the individual, and stcroid lcvcls in the an anxicty level of i and the othcrs of z. In
plasma has been tabulated (Table 2). Since a single subject, a level of 43 _g. occurred on
all blood samples were drawn at hours other the day of the examination. This value has

them 8:00 in the morning, it was necessary to been includcd on the chart, although it was
cc)rrcct these values in order to compare them such a deviant value that it may represent
to the normal values at 8:00 A.M. The uncor- a laboratory error.
rccted mean value for the group was I4 /,g.
Vl'hcn recalculated, bv the statistical tech- Individual Studies

nitlue of standard scores, in respect to the Two "normal" subjects (M.M. and R.R.)
normal diurnal curve,:','-'r the equivalent was were studied ovcr a l_eri_d of scvcral months
23 ::: 7 /'g. at 8:oo a.xt. This reprcscntcd a (Fig. 4). Bloods were drawn at intervals of
highly signiticant increilse over normal levels, I- 3 times a week. On each occ:_sion the emo-
with a _, value <.ooi (see Fig. I). Aqain, tional tension of the individual was estimated
there wcrc several individuals whose values by both investigator and suhjcct.
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60 ADRENAL CORTEX REACTION IN STRESS

TABLE 2. EMERGENcY-ROOM SUBJECTS

17-OH-

Level C8 ag./
Time of of 100 ee.

Subject Sex Age sample anxiety plasma Stressful circumstance

M.G. M 43 10:OO p.r,_. 3 20 Son fell off bike, received lacerations of

scalp with considerable bleeding. Father
(M. G.) nervous and excited.

T.F. F 35 9:00 P.M. 3 12 Son detonated shotgun shell and ca
lodged in his arm. Began to scream an_
rushed to hospital by mother (T. F.), who

was quite disturbed.
B.B. M 21 10:00 P.M. 3 11 Brought friend with acute abdominal pain

to hospital.
H.B. M 23 8:30 P.M. 4 17 Baby son developed fever 104 ° F., vomited

and coughed. Father (H. B.) distraught.
E.L. F 53 2:00 P.M. 4 12 Husband brought to hospital in morning

for examination. She (E. L.) feared he

might have an abdominal malignancy, and
was tearful, upset, and felt faint.

R.W. M 43 1:00 P.M. 4 13 Father injured in auto accident and son

called to emergency room by l_oliee. He
(R. W.) was obviously extremely upset.

G.G. M 22 10:00 P.M. 4 10 Wife attempted suicide with mercury at
3:30 r.M. He (G. G.) was still very
anxious and _pset.

W.G. F 30 11 : 30 p.M. 4 15 Argument with husband while driving car.
Jumped out of auto when it had almost
stopped and landed on buttocks. There
was no injury but she was upset--crying
and angry.

R.G. M 27 11:30 e.M. 3 18 Husband of W. G. He was upset and
guilty.

R.H. F 52 1:30 P.Sl. 5 23 Elderly asthmatic; mild attack, wheezing
but frightened and disturbed.

H.D. M 38 11:30 P.M. 5 15 12-year-old daughter sick 3 days with
pyelonephritis. He (H. D.) crazy with
worry, hasn't slept, chain-smoked.

G.P. F 24 8:00 P.M. 4 13 Cardiac neurotic. Husband to have opera-
tion. She (G. P.) frightened that she was
about to have heart attack.

M.L. F 32 2:00 l,._. 4 11
Brought daughter to hosl_ital , fearful she
might have appendicitis. Mother (M. L.)
was fearful, tense, apprehensively watched
every movement of doctor.

L.M. F 28 10:30 I'.M. 3 11 Noticed "boi]s" in her throat. "Boils"

proved to be taste buds. She was excited
and apprehensive.

J.B. F 19 12:00 P.M. 3 13 Divorced for 9 months but now 13 weeks

_,regnant. Came to be examined for
'swollen vagina" which proved to be an

uninflamed, nontender Bartholin c_st. She
was guilty, upset, "very unstrung.

C.G. M 36 1:30 P.M. 4 23 Wife had 2 grand mai seizures. Both

brought to hospital by police ambulance.
He ((2. G.) was distrau/_ht and nervous;
"always the nervous type.

D. 12. F 35 10:30 P.M. 5 11 Father brought to hospital with severe
compound fractures of leg after auto acci-
dent. Daughter (D. C.) crying and nearly
"hysterical."
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TABLE 2 (Continued)

17-OH-

Level CS #g./
Time o[ o[ 100 cc.

Subject Sex Age sample anxiety plasma Stressful circumstance

G.H. M 24 2:00 P.M. 4 18 Wife admitted with acute appendicitis.
He (G. H.) was nervous and excited
about her condition, almost fainted when
his blood was drawn.

M.M. F 27 6:30 P.M. 4 7 2-year-old child fell on glass and severely
lacerated himself. Mother (M. M.) was
crying, feeling guilty, and chain-smoking.

R.M. M 27 6:30 P.M. 3 7 Husband of M. M. He also was quite
upset.

J.G. F 26 9:30 P.M. 4 15 Being treated in O.P.D. for neurosis. She
had argument with husband in the early
evening, and now feels ang and "shaky."

I.H. F 38 6:00 p.r_. 3 12 Son lacerated finger whichr_led profusely.
Mother couldn't locate family p-Eysician.
She (I. H.) was afraid "something might
have happened to his finger."

J.A. M 33 10:30 A.M. 4 19 1-year-old daughter spilled a cup of hot
coffee over t/er chest. Father brought
screaming baby to emergency room. He
(J. A.) was pacing floor, very upset.

R.M. M 28 12:30 A.M. 4 13 While he (father) was watching a movie
at a drive-in theatre, his 14-year-old child
had 3 convulsions. Father (R. M.) was
shaken and nervous.

C.F. F 25 1:00 A.M. 5 14 Her mother had an attack of dyspnea,
began to pull her hair and tear at her
dress. The subject (C. F.) rushed her
mother to the hospital. She was very upset,
crying that her mother was suffocating.

K.F. M 22 1:00 A.M. 4 22 Brother of C. F. and son of patient. He
drove car and, although not as upset as
his sister, he was quite apprehensive.

Unstable Personality and feel need to talk about troubles." He was

Patient R.R. stated "I feel depressed, started classified as disturbed and his steroid titer was

after writing report, fighting neurosis, tense,
k_CONTROL _ERIOD

• • EXAM PERIOD

;_o- _OI _ zs o 4 _?I

iiiiiiiiil i
m oqSamVm $2 96 14 21;7 2 l $

/ _ _ LEVEL OF 2 3 2 3 I 3 2 2 2 I 2 3 .3 __ANXIETY IIEFORE
CONTROLS EXAMiNATiONS EXAM

Fig. 2. Comparison of blood-steroid ]evels in con- Fig. 3. Comparison of resl_onses of ]4 students
trois and students apprehensive of examinations, before and on day ot examination.

VOL. XWlI, No. _, ]956



62 ADRENAL CORTEX REACTION IN STRESS

3z _g. On another occasion the same subject with wide mood swings. Bhx)d steroid values
announced hc was "feeling pretty good today, in his case were classified into two groups.

optimistic, buoyant, outgoing, aggressive, One represented those days when hc was
somewhat happy, calmer than I've been in the relatively calm and the other those times when

he was upset, disturbed, and anxious. Al-
though tbere was some overlapl_ing in values

'51[_[.] 1'[] i ii ]i. ioTnOr_au between the twogroups, the average for the

periods of emotional disturbance was 5 ttg.
,o ........ higher than for those days when hc wascalm.

5 Stable Personality

Another subject, M.M., was a stable, well-
c..... o _,_c,o..... e_,-o-_ ,r integrated, generally happy and untroubled

"_ _" _II person. Not only ,,'as he an excellent emo-

_eo - -/iHll-tlll---d tional contrast to the first subject but as it

liiI[ll
e developed later considerably different "steroid-g

,_ wise" as well. Mood fluctuations were rare,

=" [[////]1111 and during the entire course of the stud,,, his

g,o level of anxiety was never higher than I.
During this period his blood steroid levels

_ fluctuated between 6 and I8/xg. The average
_o was IO /xg. The variations in steroid levels in

g _e_A_,_e_*c,,u,, e,,o,,o,,,_ _se, his case did not correlate with an), obvious

_____ changes in his affective state. At both ex-

co,- Ill tremes of steroid levels, he judged himself and

,_:Itttil]l []ttil- lll]il _1] free°fanx'etynEu ° 'c iillll was evaluated by the examiner to be unusuallyTwo explanations seemed plausible. Either

' these fluctuations were related to emotional

- changes too subtle and well concealed to be

detected by these crude procedures, or the

i' steroid variations were related to other un-
.... er_ 2 3 , _ identified physiological activities. It was in-

Fig. 4. Fluctuations in blood-steroid level in 3 teresting that at least in this single untroubled
individual studies. Note: The last six values during individual, the average blood steroid level over
both the "calm" and "upset" periods of Subject a period of several months was in the lower
R. R. (normal) were determined on blood drawn at range of normal.
12 noon. All studies on Subject B (psychoneurotic)

were made at 5:00 or 6:00 p.M. In each case values Severe Psychoneurosis
were recalculated by the technique of standard
scores as explained earlier in the text, and all have Patient B.B. was followed in psychotherapy

been represented on the figure by the equivalent for over a year and a half. He was suffering
values at 8:00 n._. All other blood samples were from a severe neurosis, characterized by pho-
drawn at approximately 8:00 a.M. The broken lines bias, obsessional ruminations, and periods of
represent the average levels for the groups of values, depersonalization. He was classified as a severe

psychoneurotic but could have been called
last two weeks, mentally alert," and he was with equal validity a "borderline" schizo-

adjudged to be relatively calm. His steroid phrcnic, l lis moods fluctuated constantly be-
level was I7/_g. tween states of moderate tension and severe

Patient R.R. was selected for study because panic. On these latter occasions he would be

he was an intense, anxiety-laden individual overwhelmed bv a feeling of inner dissolution,
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so terrifying that heavy sedation and hospi- troshocks. Ten blood studies were made on
talization were necessary. Before every thera- him during his 4 months' stay in the hospital.
peutic session, which took place at 4:oo or There was a concordance between the degree
5:oo P.M., he would estimate his level of of psychomotor disturbance and the level of
anxiety and tension. Since he was a con- the 17-hydroxycorticosteroids in his peripheral
scientious and meticulous person, this was blood. Although not exact, the periods of dis-
all done with exactitude. The therapist dur- turbed behavior usually coincided with steroid
ing the course of the hour also made his own levels between zo and 35 gg. whereas 2 ste-
estimate. The patient was studied on three roid values obtained at the termination of

35

RIC.OJjf

• )a

_26

gz4

._2z
20 OVIER&CTtVE, RlEFUSlED tRRITAT ED

GARRULOUS lEST, REFUSED'

o0",. I °''-° i I
_ oo,IET., ] OOtET. .°,,.rED,

'".--,C ._,ECO0_, *ELL D,SrU.ED.o ..TLESS. OE.._D ...RE.IE.S,_IE
e,, 8ORIED RESTLESS

tO AGITATED
EXCITED T

8 EUPHORIC OUtlET
CHEERFUL"t

' J _'L,T
2 RETAROIEO

I I

't "t" t •DEC. N. FEB. MARCH

3EST 3lEST t EST 2EST lEST

Fig. 5. Blood-steroidlevels in schizophrenicpatient undergoingelectroshocktherapy.

different occasions when his anxieties had treatment, when he was affectively flat and re-
reached the intensity of a panic and the aver- tarded, were less than io _g. (Fig. 5)-
age of his steroid levels was Io _g. higher than Another, Patient E.E., was examined on
during the other periods (see Fig. 4). admission when he was hyperactive and

"supercharged." On that day the steroid level
Manic Conditions was 28 _,g. The next day his psychomotor

Two hyperactive hypomanic patients were disturbance was less intense and the steroid
also investigated. Patient R.C. entered the value was 19 _,g. The following day he was
hospital in an overtalkative, overenergized quite calm and his steroid titer was I4 _,g.
state. This maniacal picture was contaminated
by a thought disorder and the diagnosis of a Experimental Emotional Stresses
schizo_ective reaction was made. In the The preceding observations were made
course of therapy he received a series of elec- upon subjects who developed anxiety under
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64 ADRENAL CORTEX REACTION IN STRESS

naturalh' occurring, uncontrolled circum- then be studied to elucidate the nature of the
stances.'In such situations it was not possible adrenocortical reaction to an acute cataclys-
to determine to what degree associated muscu- mic psychotic episode. In actuality, the emo-
lar activity, variations in sleep pattern, etc., tional reactions observed in this study were
contributed to the alterations in the concentra- unpredictable and not schizophrenic in char-
tions of the I7-hydroxycorticosteroids in the acter. Disturbances were in the nature of
plasma. Therefore, a group of rigorously con- "toxic" psychoses. Many of the subjects de-
trolled procedures were devised to test the in- scribed the reactions as one of intoxication
fluencc of an artificially induced emotional "just like being drunk." Out of the group of
disturbance'upon the level of the 17-hydroxy- 15 subjects who received the drug, 9 reacted
corticosteroids in plasma, with significant emotional disturbances.

Dull Monotonous Tasks _ 20

Four students were seated at individual
desks in a one-way-vision room. They were ¢t
separated by a high partition so that each _. at\
was isolated. All were instructed by the ex- "_ I_ \perimenter, who was located in the adjoining 6

room concealed behind the one-way-vision o _o\ \xN_

mirror, to draw "pumpkin faces" as rapidly as :_ _\
possible on paper supplied for that purpose. _ IO '\. "Nx_,_,,,,_ j8
They were admonished not to communicate "\. "ex-_,_,,,, _ _,j/e

with one another. Every 3 minutes they were _ '\._ -o-.,.,._<_

interrupted and asked to write briefly how ua _ _o _ "
,- \. :.../.:,,they were feeling. This procedure was con- _ 5

tinued with monotonousregularityas each o

subject drew hundreds of small "pumpkin if: / __faces" for iV'zhours. Steroid studies were made o°

at hourlyintervals. "1" /O 1 J
It had been anticipated that this dull repeti- d- 8AN 9 IO II 12

tive process would prove to be disturbing, but
this was not the reaction. Only one subject Fig. 6. Blood-steroidlevels of subjects drawingpumpkin faces. These curves and the response of
became moderately tense. The general pattern r'emotionally calm" subjects in Fig. 7 are typical of

for the group was one of psychological with- the normaldiurnal responseof the 17-hydroxycorti-
drawal, fatigue, and disinterest, as they drew costeroidsin the blood.
pumpkin faces ad nauseam (Fig. 6).

The drug was administered orally at 8:oo
Drug Stress (Lysergic Acid*) A.ra. in amounts of 5o to Ioo _g. The effects

The psychosis-producing properties of lyser- became manifest in one-half to one hour and
gic acid (d-lysergic acid diethylamide) have were maximum from io:oo to ii:oo A.M. in
been emphasized in recent scientific re- most subjects.
ports._r, z6.s2.a0 Similarities between the emo- Five individuals appeared to experience iit-
tional and ideational responses evoked by this tie or no emotional upset. Their mean steroid
drug and those seen in schizophrenia have responses followed a downward curve. Five
been described. The drug appeared to be an other subjects became quite disturbed. One
ideal vehicle to induce an acute psychotic ran through the history of her turbulent life
disturbance in the laboratory which could experiences; another was overwhelmed by the

* We wish to thank Harry Ahhouse of Sandoz terror of losing his intellectual control and a
Pharmaceuticals, San Francisco, Calif., for the sense of depersonalization; and a third de-
generoussupplies of lysergic acid. veloped a short-lived but intense agitated
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depression. For this group the average of the great concern to the patient were probed
steroid values was elevated during the period (Fig. 8).
of maximum emotional disturbance. The third

group of subjects developed a euphoric re- "Self-Analysis"
sponse. One subject described it in retrospect Four normal subjects were asked to report
as "a laughing jag. Whenever I saw anybody to the laboratory for routine study. Bhxx]
smile I would break out in practically un- samples were drawn and then each in turn
controllable laughter. I remember feeling it was conducted to the one-way-vision room. At
was quite silly to behave in such a way and the door each was given a slil_of paper, told to

enter the room, to read the directions, and

LYSERGICACID(50-100 _g) follow them. The paper read: "This is a one-
way-vision room. The large mirror on the wall

'[-I IEMOT,O,_=LCALMt_s_j,_,,_ is a one-way-vision mirror. The people on the
[ _-_ _ ,b ,, ,'2 other side of the mirror can see and hear you

ilf x__ but you can neither see nor hear them. Youwill face the mirror and at the signal begin totale about yourself. You will continue for ap-
proximately ten minutes until a signal is given

°° Zr- /k. to stop. A number of judges will be watching
I / \_OOERArEro SEVEREA_x,Er_ yOU and evaluating your performance. You

'[- / _ ,,so,,,c,,, will be judged on clarity, fluency, and or-

o _kkS / _, ganization." After the subject spoke for a-' few minutes, he was interrupted routinely by
an impersonal voice over the public speaking

\/ system. He was admonished in measured
_,L.. 'g tones "you are not talking about yourself."

°° Each subject floundered, stuttered, or filibus-

, EoP,OR_at*Suflj,_r,_ tered for about minutes the might[- r as case

naortiiencromaroom to another where he remained alone

for the next one-half to one hour (Fig. 9)-

Stressful "Examination"

- _It%VaRlaTION FROM CONTROL LEVELS A variation on the preceding technique was
used with the next group of subjects. All were

Fig. 7. Blood-steroid responses after administra- students in the undergraduate school who
tion of lysergicacid. were completing a course in elementary psy-

chology. The night before their final examina-
tried hard to control my laughter." All ex- tion they were informed over the telephone
perienced paroxysms of gaiety. Several felt by their instructor that their records in the
drunk and all acted like happy drunks. Steroid course had been excellent and they would be
values did not follow the normal pattern. Be- excused from the final test. They were asked
tween the hours of io:oo A.M. and I2 noon to report instead to the Department of Psy-
plasma 17-hydroxycorticosteroids rose in con- chiatry the next morning. This situation was
junction with the euphoria (Fig. 7). intentionally described in the vaguest possible

terms. All 5 students appeared at the Depart-
Stressful Interviews ment of Psychiatry the next morning, curious,

In conjunction with steroid studies 4 psy- anticipating some suitable reward for their
chiatric patients were interviewed for approxi- scholastic excellence. Instead, blood samples
mately t hour each. In each case areas of were drawn immediately. Each in turn was
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led to the one-way-vision room and handed a Besults
slip of paper with the following instructions: In all, 6 different experimental stresses were
"This is a special examination which has been employed. Although some subjects responded
devised by the Department of Psychology in to these with evidence of an intense emo-

cooperation with the Department of Psychia- tional reaction, other subjects were relatively
try. It is meant to test your ability to think unaffected. Steroid changes after these
clearly and to organize your material. This is "stresses" were at the most modest, even in

a one-way-vision room; the large mirror on the those subjects who experienced severe emo-
wall is a one-way-vision mirror. The people on tional disturbance.

the other side of the mirror can see and hear Since steroid changes were small, and as
you but you can neither see nor hear them. the number of subjects studied by a single
Special examiners are seated behind the mir- stress technique was limited, statistical evalu-
ror. They will evaluate your performance and at/on of any one procedure was not possible.
their rating will be your grade for the exami-

nation in Psychology 5. You will be judged ,=
on your clarity, insight and organizational ,,
ability. You will face the mirror and at the _.a
signal begin to talk freely about yourself, your _& o o MODER&TETOSEVEREEMOTIONAL
personal problems and how the material oE STRESS_6SUeJECTS_
which you studied in this course has increased o e-. -- - ..4 MILD EMOTIONAL STRESS

your understanding of yourself. You will con- _. _,eSOBjECTSI
tinue to talk until the signal is given to stop." g

_l_ls I,I llZNOONAll were interrupted after a few minutes and _ -i

warned they were not talking about them- _ -2- "_x

selves. The oral examination lasted 15 min- § iF-I ""---o

-3 x o

utes. Each subject was then conducted in _ ._ "x /'P
silence to another room where he sat alone for oo ",,, / /

the next one-half to one hour (Fig. io). _ _--9 "_'_'¢'Ddayed Speech-Feedback. Apparatus _ - ,__ P<.o_ P< ol

Seven psychiatric patients whose diagnoses _'---vaRlanoNFROMCONTROLLEVELS
ranged from that of schizophrenia to imma-
turity reaction were studied. All were un- Fig. 12. Summaryof mpomes to all experimentalemotionalstresses.
stable, labile individuals subject to periods of
intense anxiety. Each was asked to read a
short passage from a book. The written ma- Furthermore, the meaning of minor steroid
terial was factual and impersonal. All sub- changes was difficult to interpret in any single
jects wore earphones and read into a micro- trial. However, when all the results of the
phone. The words were then fed through an tests were consolidated there were sufficient
electronic unit and were returned to subject data for statistical analysis. Subjects who
via his headphones with a slight temporal showed little or no emotional disturbance in
delay.',8, 2_.4x these stressful situations were placed in one

The time it takes for the word to travel group. This comprised z8 individuals. The
from one's voice box to one's ear is a constant other group was composed of those who re-
interval to which we are accustomed. The sponded with a moderate to severe emotional
machine lengthens this period and in so doing reaction and they numbered I6. The results
disrupts established patterns. This often are charted in Fig. I:_. At both xo:oo A.M. and
causes a marked disturbance in reading and I i :oo ^.M. differences between the two groups
thinking which is emotionally upsetting to were statistically significant. On the average,
some individuals (Fig. zz_. emotional upset appeared to elevate the level
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of 17-hydroxycorticosteroids in the peripheral detail to the examiner. He explained that
blood 4 to 5 #g./IOO cc. of plasma, several years ago he drank heavily, although

this was contrary to the tenets of his Mormon
Individual Subject of faith. This had created a major emotional up-
Experimental Emotional Stress heaval since his religious mother vehemently

One subject, R., was studied on 3 separate objected to his behavior. After a soul-shaking
occasions with experimental "emotional stress" conflict he .had conceded to his mother and
techniques (Fig. i3]. During two of these abandoned alcohol. For the first time since his
experiments he became deeply disturbed, vow of abstinence he was intoxicated again
whereas he was calm and unaffected by the under the influence of lysergic acid. Although
third. He was one of the individuals who was aware intellectually that this was the effect of
tested in the one-way-vision room. When the drug and not due to alcohol, he neverthe-

R O_ NORMAL

,¢[

ul
¢[ STRESS IN ONE WAY STRESS ASSOCIATED.J
a. CONTROL VISION ROOM WITH LYSERGIG ACID

"_ PERIOD "TALK ABOUT YOURSELF" "CONFLICT ABOUTALCOHOLISM"

o

og 'Co t I IL. _ IN ILL I
• ,o /' .\ ,, ,o ,,

_ ACID EMOTIONAL REACTION

_ VILRIATION FROM /
CONTROL VALUE

STRI[.SS

Fig. 18. Responseof SubjectR. to "talk aboutyourselF'and lysergicacid.

asked to talk about himself he became flus- less felt as profoundly guilty as if he had
tered. He was then interrupted and told "you failed his mother and deserted his religious
are not talking about yourself." For the next principles. In association with these disturb-
x5 minutes he struggled obviously disturbed ing intrapsychic happenings, his blood ste-
and upset. When questioned an hour after roids rose 6 _g.
the ordeal he commented, "My knees shook He was also a subject a third time. During
and my voice quivered. I felt foolish not to this experimental period (designated as "Con-
have talked about myself and remarked to m,l Period" in Fig. 13) he was attached to an
myself 'you're an idiot.' For some reason I electroencephalographic machine to determine
couldn't cope with the situation. I'm still quite the effects of photic stimulation on both the
upset." His steroids rose I3 _g., a most signifi- electrical activity of the brain and the adrenal
cant disruption of the normal diurnal curve, steroids. The photic apparatus was defective

On another occasion he received 50 t_g. of and he sat for i hour quite calmly in the chair
lysergic acid and became euphoric. The next while the investigator vainly struggled with
morning he described his feelings in greater the recalcitrant gadget. The subject was un-
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disturbed and at most mildly amused and 9, 9, and 8 specimens. The pooled samples
sympathetic. His steroids followed a down- were then analyzed. The hourly concentration
ward curve well within normal limits, of the x7-hydroxycorticosteroids was virtually

These three studies on the same subject identical for the 3 control groups (Fig. I4).
were fortunate accidents. However, they did Stressspecimens were divided into 3 groups
suggest dramatically the positive, albeit rood- also. One comprised the composite samples
est, influence of emotional upset upon the from 25 sophomores while the other 2 were
level of adrenal cortical steroids in the cir- collections from the juniors, subdivided into
culating blood, z groups of 8 each. All 3 values for the stress-

ful period were higher than control levels

Studies of Urinary-Steroid Changes (see Fig. _4).
The urine of 7 students who reported con-

Urinary studies were less extensive due to siderable anxiety (level of 3) before the ex-
the later development of the urinary tech- amination were analyzed separately. In each
nique as well as its greater complexity. Con- case, values during the examination period

were higher than control levels, although the

Got- _9 maximum increase was twofold and that oc-

o_ _ curred in only I case (p <.0 5) (Fig. 15).

55 " "

, _ _.':::.':iiiiiiiUrine volumes in general were higher on

_I__ _/ 'iiziiii 1 :::::::::.......ii the day of the examination. However, this

°, o 38 38 .37 _ iiiili_ did not appear to be a crucial factor since
_o ....... there were steroid increases also in those cases

_ iilill where the urinary output was lower on the

.zoO- [iiii.!.1 ... stressful day. Trends were remarkably con-

:i:i:i_ sistent in the direction of an increase in the
2 IOl--- i ::::i::::::::::: secretion of t7-hydroxycorticosteroids in the

/ ............ urine during this emotionally disturbing
I._,,,_. period.

Groups CONTROL PERIODS EXAMINATION PERIODS

Fig. 14. Urinary-steroidlevee of studentsbefore Individual Study
and on dayof examination. Subject B.B., a severe neurotic whose blood-

steroid responses have been described, was
sequently, these data are incomplete and less also studied. His urine samples were all after-
conclusive, noon aliquots. Consequently, values tended to

be generally lower, conforming to the normal
Medical Examination diurnal pattern of a diminished steroid excre-

Urine samples were collected in conjuno tion of adrenal steroids in the urine during
tion with the blood samples, from the students the afternoon and evening hours. In this sin-
who took the sophomore correlative examina- gle case there was little difference in the con-
tion and the junior final examination in clini- centration of urinary steroids during periods
cal medicine. The stress samples were taken of relative calm and intense anxiety (Fig. _6).
the morning of the test. They encompassed

the hours of. 7:00 ^.M. to 9:00 ^.M. preceding Comparative Data
the examinations as well as the next 3 hours
of the examination proper-approximately 5 Plasma Steroids
hours in all. It seems clear that the level of 17-hydroxy

Control samples for the same period of .the corticosteroids in the peripheral blood rises
day were obtained from z6 students several coincident with emotional upset. What re-
weeks before the examinations. These sam- mains to be documented is the relative Po-
pies were divided at random into 3 groups of tency of affective disturbances in this regard.
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In Figs. x7 and x8 the comparative data changes observed after experimental emo-
have been graphed. In the first figure the tional upset are the least prominent, although
average changes in the 17-hydroxycorticostc- significant. The same hierarchy was evident
roids are depicted after intravenous injection when the data were analyzed to determine the
of ACTH, Piromen, and insulin; electrocon- maximum concentration to which the blood

1.30

17"_"_CONTROL

iI,OOF _i PERIOD_ff_ EXAM/NA T/ON

_'90 r _ PERIOD
;, e Ol--c_

.7 0 - .66
'" .6i

.6 O -- .56 .50o •F-- .43

"r .3 0 :_:_
o .... ;::::

.20 ...._ ;'_':_

E 0

Fig. 15. Urinary-steroid levels of 7 students who reported anxiety levels of 3 before examination.

17-HYDROXYCORTICO-
STEROIDS IN URINE

.25

LEVEL . I _ I _ I . _
OF ,,_ i-_ ,,_i-- 4-5----IP,-

ANXIETY

Fig. 16. Urinary-steroid levels of neurotic Subject B. B. (see Fig. 4).

vulsion: moderate exercise; and experimen- steroids rise after administration of vnrious

tally induced emotional stress. The next figure stressful agents. It was not rare for blood-

illustrates the maximum changes which we steroid titers to increase to absolute levels of

have ob_rved with these same modali- 5o to 7o _g. with intravenous ACTH. Piro-
ties.2.3.4 men and electroshock both caused elevations

It is evident that ACTH is the "master" to 35 or 4o/_g., whereas emotional disturbance
activator under all conditions, whereas the of the severest variety did not cause values to
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rise beyond the normal physiological limits of rise under circumstances of anxiety. Increases

34-35"_g', with one exception. On several were no greater than twofold in contrast to
occasions under the impact of emotional stress the much larger increases reported after
the 17-hydroxycorticosteroids reached a con- ACTH. a_
centration in the low 3o's, although values

usually ran lower. Diseussion
Seen in tow there is a good reason to believe

that psychological upset has a moderate effect "Natural" Stress
on the concentration of the _7-hydroxycorti- Many emotional stresses were investigated
costeroids in the blood, that this is striking to learn with what regularity and to what

A.C,T.H. LV. PIROMEN I.V. REGULAR ELECTRO-

o 0.25._(]/kilo. INSULIN I.V. CONVULSION

15 - //_ O.I unit/kilo.

=E #

= IC- A,_..j \

g 5
0
9
_ L
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0:. .U.
tu - 2 --
t-

O
0

EXERCISED EMOTIONAL NORMAL

a: 2_-_../ STRESS PATTERN

° ,....
VARIATIONS FROM CONTROL LEVELS

Fig. 17. Average _acreases in blood-steroid levels after stress.

and signi_cant, but considerably less than the degree the level of the adrenal steroids in the
effects produced by ACTH, electroshock, in- blood fluctuates under the impact of a variety
sulin, and Piromen. of emotional upsets. For this reason the aduh_s

chosen for study ranged from normal subiects
Urinary 17-Hydroxyeortieosteroids to chronic schizophrenics and demonstrated

The mode of behavior of the urinary 17- psychological disturbances ranging from anx-
hydroxycorticosteroids has been less well iety about medical examinations to guilt over
documented. The data on the students who a sexual conflict.

were struggling with important medical ex- Trends were remarkably consistent for both
aminations under circumstances of moderate individual and group studies. Emotionally dis-
emotional disturbance indicated a tendency turbed patients admitted to the psychiatric
for the urinary _7-hydroxycorticosteroids to unit; distraught subjects seen in the emer-
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gency room of the county hospital; medical produce dramatic emotional responses. In anv
students examined prior to crucial examina- single study steroid changes could not be
tions; and patients about to receive electro- clearly evaluated since variations wcre small
shock therapy-as groups, all demonstrated and inconsistent. It was only after the sub-
elevated concentrations of 17-hydroxycorticos- jects were separated into those who exhibited
teroids in the plasma with mean values in clear-cut affective disturbances and those who
the close vicinity of 2o t_g.; an average in- were relatively undisturbed that a significant
crease of 7 _g. af)ove normal levels. For every change could be demonstrated. IIcre again

et.C._H,iv PIROMEN LV. iNSULiN I.V. ELECTRO- EXERCISE EMOTIONAL

35_" _ O.25J_g/kilo O.I unit/kilo. CONVULSION STRESS

30 II
o.

25 i,sLU.

2c I
o

a / I*" 15
'- |_ P

o Io

,, Io
(3
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i _ , _ J .I
8A.MIO 12 8AM. 12 8A.M. 12 8A.M. 12 12 8A.M 12

VARIATIONS FROM CONTROL LEVELS

Fig. 18. Maximumincreasesin blood-steroidlevelsafter stress.

one of these groups the elevation in the titer adrenal steroids in the plasma rose moder-
of adrenal steroids in the plasma was very ately under the influence of emotional upset.
significant. This was true also for individual
studies. Individual medical students studied Significance of Higher

prior to examinations, the z normal subjects, 17-Hydroxyeortieosteroid Level
the disturbed psychoneurotic, and the 2 pa- In all studies, with one exception which
tients with manic syndromes all confirmed the may have been the result of a technical error,
previous observation that emotional perturba- plasma steroid values under the impact of
tion is usually associated with an increase in emotional disturbance failed to rise beyond
the level of the z7-hydroxycorticosteroids in the normal limits of 34 to 35/_g. All fluctua-
the plasma. These increases, although con- tions were within the normal range, although
sistent, were not large. In general, they aver- a number of values were in the highest 5
aged 5-Io _g. over normal, percentile of the normal distribution. Since a

variety of individuals were studied under con-
Experimental Stress ditions of diverse emotional stress,"and as the

In contrast, experimental emotional stresses results were consistent, it seems probable that
were short-lived and in many cases failed to states of emotional disturbance and height-
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ened anxiety are routinely, although perhaps not compare in magnitude to those elicited
not invariably, associated with small but sig- by intravenous administration of ACTH.
nificant elevations in the level of the adreno-
cortical steroids in the plasma. Restated, this Mechanism of Steroid Increase
indicates that a concentration of adrenal ste- It is not clear how an emotional upset can
roids somewhat higher than normal is avail- be transformed physiologically into an in-
able to tissues of the body under these cir- crease in the concentration of the 17-hydroxy-
cumstances, corticosteroids in the peripheral blood. There

It must be recognized that the level of the is good evidence that this is not the result of
17-hydroxycorticosteroids in the blood repre- the discharge of adrenaline, since this sub-
sents the dynamic balance between the rate stance even in unphysiological concentrations
of secretion of the hormones from the adrenal does not influence the level of the plasma or
cortex and the rate at which the steroids are the urinary 17-hydroxycorticosteroids._' s5
lost to the circulation by metabolism and ex- It is possible that emotional upset influ-
cretion. Increases in the concentration of ences blood steroid levels via the hypothala-
these steroids in the blood may not necessarily mus, the "portal system," and the anterior pi-
mean an increase in adrenocortical activity, tuitary gland. 16,is At present, this can only be
These increments may also represent the re- an attractive hypothesis without adequate ex-
lease of steroids bound to peripheral tissues or Perimental confirmation in man.
the diminished catabolism of steroids. Any explanation of the data must account

However, it does seem probable that emo- for the moderate steroid elevations, the con-
tiona] stress causes a true increase in output sistency in steroid increases which averaged
of steroid from the adrenal cortex. This is 5-IO _g. for any group of subjects, and the
suggested by the simultaneous occurrence of limitation of values to the normal physiologi-
elevations in concentration of both blood and ca] range of 2 to 35 _g.
urinary 17-hydroxycorticosteroids in the case At present, the simplest explanations con-
of medical students harassed by examinations, sistent with the data are those of Sayers,

Ingle, and Engel. Under conditions of stress,
Chronic Emotional Tension in this case severe emotional disturbance, the

Most of the stresses studied were acute and metabolic needs of the organism rise, necessi-
data on sustained chronic emotional tension taring a higher concentration of adrenal ste-
were limited. Two series of observations indi- roids to sustain cellular processes at an opti-
care that prolonged emotional upset may be mum level. The increased needs of the
associated with persistent elevations of the organism 2re met by a rise in the concentra-
blood steroids. Many of the disturbed psychi- tion of circulating adrenal steroids. When
attic patients who were admitted to the psy- emotional perturbation subsides, the needs of
chiatric ward had been in a state of turmoil the organism fall, as does the concentration
for a number of days, even weeks, before being of the blood steroids. This is admittedly an
studied. Blood steroid levels were nonetheless oversimplified statement of a highly complex
elevated, despite the chronicity of the emo- process. Further details are available in the
tiona] upset. Furthermore, one manic patient references cited.
whose blood levels were spot-checked over a
course of 3 months maintained elevated levels Exogenous Steroids
for a period of weeks during the period of It is true that exogenous ACTH, hydro-
hyperactivity and emotional disturbance, cortisone, and cortisone may induce remis-

Although there was clear-cut evidence that sions of rheumatic fever, rheumatoid arthritis,
emotional stress is associated with elevated ulcerative colitis, and so on, or exacerbations
blood steroid titers, it should be emphasized of peptic ulcers, even perforations. These
that these were modest variations always changes occur, however, after the administra-
within normal physiological limits. They did tion of large amounts of drug. Under these
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conditions, the concentration of the 17-hy- the circulating leukocytes, j. Clin. Endocrinol.

droxvcorticosteroids in the plasma may rise to & Metab. 14:423, 1954.
unpl'lysioiogical levels of 4O-lOO /Lg. This is 5. BLISS, E. L., SANDBERG, A. A., NELSON, D. n.,and Exx-NEs, K. The normal levels of 17-
a far cry from the meager elevations caused hydroxycorticosteroids in the peripheral blood
bv emotional stress, and it is questionable of man. J. Clin. Investigation 3z:818, 1953.
x_hether the two sets of data can be related. 6. BRow'sE. J. S. L. "Interplay Between Endo-

crine Disturbances and Psychological Aberra-
tions." In CIBa FOUNDATIONS:Colloquia on

Summary Endocrinology. Churchill, London, I952, Vol.
III.
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