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CHAPTER 4

ADRENAL ACTIVITY IN ANXIETY*

L/CDR ROBERT T. RUBINt
M.C., U.S.N.R.

SYNOPSIS

A considerable number of studies done in the past 20 years indicates that many psycho-
logical stresses result in increased secretion of cortisol by the adrenal cortex. Anticipation
of a stress also causes increased adrenal cortical activity. In mentally ill persons, activation
of the adrenal cortex is greater at times when ego defenses are low and when environmental
pressures are high.

Adrenal cortical hormones have widespread physiologic effects, including increasing
the activities of several glucocorticoid-sensitive hormones. The endogenous production of
abnormally methylated compounds has been suggested as a possible biochemical substrate
of psychosis, and one enzyme involved in methylation pathways has been shown to be
inducible by glucocoticoids. It may be hypothesized; therefore, that psychotogenic metabolites
may be produced during psychological stress via increased adrenal cortical activity and
hormone induction of transmethylating enzymes.

In this symposium Drs. Lidberg and Levi have 20 utg %, while control subjects in the same labora-
presented research on the adrenal medullary hor- tories had mean blood levels of 12 to 13 ug % at
mones, epinephrine and norepinephrine, in anxiety. the same time of day. Several studies of urinary
Since my main research interest has been adrenal 17-OHCS excretion revealed that anxious subjects
cortical activity in various stress states. I would like had a mean excretion level about 50% greater than
to confine my report to the adrenal cortex, or more control subjects. Conversely, subjects who had been
specifically, to changes in the release of cortisol and placed in a deep hypnotic trance'were found to have
their potential role in anxiety states, lower than normal plasma cortisol levels (Persky et

Hans Selye (1956) implicated activation of the al., 1959; Sachar et al., 1965; Sachar et al., 1966).
adrenal cortex in response to stress in his general In several longitudinal studies of mentally ill
adaptation syndrome, and since then there has been patients, adrenal cortical activity was found to be
a plethora of studies on adrenal cortical activity increased at times when the patients' ego defenses
in many different types of anxiety, both naturally were minimal (Rubin and Mandell, 1966). Sachar
occurring and experimentally contrived. From these et al. (1963) demonstrated greater urine 17-OHCS
studies, it is now axiomatic that in anxiety-provoking excretion in four acutely schizophrenic soldiers during
situations, adrenal cortical activity is increased the "acute psychotic turmoil" and "anaclitic depres-
(Mason, 1959; Hamburg, 1962; Michael and Gib- sion" phases compared to the "psychotic equilibrium"
bons, 1963; Levitt et al., 1964; Rubin and Mandell, and "recovery" phases of their psychoses. Bunny et
1966; Miller, 1968; Mason, 1968). Direct measures al. (1965), in a study of a manic-depressive patient
of this increase used in the past 20 years have with 48-hour cycles, demonstrated a greater urine
included plasma cortisol levels, urinary excretion of 17-OHCS excretion on the alternate depressive days
cortisol and its metabolites, and cortisol secretion compared to the manic days.
rate as determined by the isotope dilution technique As a result of these kinds of studies, psychological
(Cope, 1965). features common to various emotional states and

These studies have employed both cross-sectional types of illness which correlate well with the bio-
and longitudinal methodologies. Hamburg (1962) chemical data have been recognized. The emphasis
reviewed 12 studies of groups of persons under natur- has shifted from the concept of disease-specific altera-
ally occurring conditions of fairly intense distress. tions in adrenal cortical activity to one of heightened
Mean early morning plasma cortisol levels were about activity of the CNS-pituitary-adrenal axis as a con-comitant of such psychological variables as "felt"
*Report No. 69-19 supported by the Bureau of Medicine and
Surgery, Navy Department, under Research Unit MROII.01- anxiety, absence of denial, insight into the severity of
6001. Opinions expressed are those of the author and are the illness, and depressive affect.
not to be construed as necessarily reflecting the official view
or endorsement of the Department of the Navy. These variables have been grouped under the head-
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DAILY CLINICAL RATINGS OF MOOD AND 24 HOUR URINE 17-OHCS
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Figure 1. Urinary 17-OHCS excretion in a rapidly cycling manic-depresive patient.

reduce the awareness of illness or threat of injury In situations in which the anxiety-provoking stimu-
or loss. This occurs in various phases of both schizo- lus is prolonged, the adrenal response also may be
phrenic and depressive reactions. Anxiety states also prolonged and may be associated with an increased
may be conceptualized in this context to be a result metabolism of cortisol (Rubin and Mandell, 1966;
of "failing defenses." Curtis et al., 1966). If some mastery of the stress

In our studies of rapidly cycling manic-depressive situation is achieved, there may be a rapid psycho-
patients (Rubin, 1967; Rubin, 1968; Rubin et al., endocrine adaptation to the stress (Mason, 1964;
1968) we, too, have found greater urine 17-OHCS Mason et al.. 1968). A recent study of U.S. Navy
excretion during depression than during mania, but underwater demolition team trainees illustrates both
these differences were evident only after the patients these aspects (Rubin et al., 1969). Twenty men who
had acclimated to the hospital environment. Figures successfully completed a 16-week UDT training pro-
I and 2 illustrate these data in two patients. For each. gram underwent thrice weekly serum cortisol deter-
mean 17-OHCS excretion during the first episode of minations. Mean daily cortisol values during the first
mania was not significantly different from the mean two months of training (Fig. 3) ranged between 20
excretion during depression, but mean 17-OHCS ex- and 26 ug %. indicating a fairly high sustained level
cretion during subsequent episodes of mania was sig- of adrenal cortical activity throughout the course.
nificantly lower than that during depression. These Against this background, transient increases in mean
findings suggested that an interaction between intra- serum cortisol occurred coincident with novel experi-
psychic ego defense strength and external milieu ences about which the men had some ;inticipatory
stresses was an important determinant of the level of anxiety. These included the start of swimming prac-
adrenal cortical activity. Sachar et al. (1967) held tice on January 9. the introduction of the face mask
the same view following his demonstration of in- on January 23, "hell week" from January 30 through
creased urine 17-OHCS in depressed patients when. February 4, the introduction of swim fins and UDT
during psychotherapy, they were confronted with the weaponry on February 16, and the first ocean drops
loss that precipitated the depression. and pickups by helicopter on February 23. However,

DAILY CLINICAL RATINGS OF MOOD AND 24 HOUR URINE 17-OHCS
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Figure 2. Urinary 17-OHCS excretion in a rapidly cycling manic-depressive patient.
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Figure 3. Mean plasma cortisol levels and standard errors for 20 subjects during two

months of Navy underwater demolition team training.

as each new technique was practiced and became from touchdown the entire ship appears about the size
familiar to the trainees, cortisol levels trended lower, of a pencil eraser held at arm's length; in the F-4B
even though increasing demands for the use of the this last mile is covered in 36 seconds. Serum cortisol
new technique were being made by the instructors, determinations done immediately following day and

The possibility that varying role demands upon night landing practice (CARQUALS) and compared
human subjects in stress situations may be a major to control levels on a non-flying day revealed a highly
influence on their physiological responses hat, been significant 230% increase over control for the pilots,
examined in only a few studies. Brady ot al. (1958) but only an insignificant 40% increase for the radar
showed that if a pair of monkeys is subjected to a interceptor officers (Table 1). In the context of the
noxious stimulus in an avoidance situation. the "executive" monkey paradigm, the "executive" naval
"executive" monkey, e.g. the one permitted to press aviator, who must perform a highly complex task while

a lever to avoid the noxious stimulus to both. de- avoiding serious potential harm to himself, his part-
velops gastrointestinal lesions, whereas the other ner, and his aircraft, showed an unequivocal adreno-

animal, which has no control over the stimulus, does cortical stress response. The passive partner, on the
not. This experimental method has been applied to other hand. showed only a slight adrenal response.
pairs of human subjects, one of whom was able to These results point to the importance of the active
press a button to avoid a strong auditory stimulus to versus the passive role as a determinant of stress in-
both, while the other subject was a passive control tensity in human subjects exposed to naturally ocur-
(Davis and Berry, 1963). The "executive" members ring stress situations.
of the pairs were shown to have a significantly greater The adrenal cortical response to anxiety may be
amplitude of gastric contractions than the control an important link in the understanding of possible
subjects. We considered this experimental paradigm neurochemical substrates of psychoses and affect dis-
in a study of adrenocortical responses to a naturally orders. Knox (1963) discovered that cortisol induced
occurring stress situation - paired Navy pilots and the enzymes tryptophan pyrrolase and tyrosine trans-
flight-officers attempting their first aircraft carrier aminase, and postulated this phenomenon to be a
landings in the two-man F-4B Phantom jet aircraft means by which cells may be signalled to increase
(Rubin, Miller et al., 1969). The pilot, in the front their metabolic handling of certain compounds.
cockpit, has complete flight control over the aircraft. Whereas substrate induction is a purely local, intra-
The radar intercept officer, in the rear cockpit, has cellular "milieu" response, hormonally regulated en-
excellent visibility but no flight control. The actual zyme induction is an evolutionary advance whereby
landing procedure is quite hazardous. At one mile cells may be informed of the states of distant cells of
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TABLE 1
Mean serum cortisol levels, standard deviations, t-tests of differences between correlated means for control
day compared to flying days, and one-tailed probabilities for pilots and R1O's.

Activity Serum CortisoI (sg% ) t dfl p

PILOTS (N = 9)
Control 4.03 -+- 1.64 - -
Day CARQUAL 13.24 -4 6.00 5.61 16 .. 0005
Night CARQUAL 9.21 -4- 5.98 2.74 16 K.1i

RIO'S (N = 10)
Cuntrol 6.15 - 3.39 ....
Day CARQUAL 8.58 ± 4.99 1.32 18 N.S.
Night CARQUAL 7.96 " 4.11 1.02 I1 N.S.

the organism. This induction may be a biochemical described manic-depressive patients during both
correlate of psychologically determined sites, re- phases of their cycles (Rubin. 1967). in both'patients
sponses via adrenal cortical activation, the radioactivity of urine kynurenine was increased

Cortisol induction of tryptophan pyrrolase. the severalfold during the depressive phases. when plasma
rate-limiting enzyme in the formation of kynurenine steroids were high. as compared to mania, when
from tryptophan. has been demonstrated in intact plasma steroids were low (Figs. 4 and 5). This find-
man using serial liver biopsies to measure the forma- ing suggests a peripheral metabolic effect of stress-
tion of new enzyme protein (Altman and Greengard. induced adrenal cortical activation, namely corticoid
1966), Because serial liver biopsies are not feasible induction of hepatic tryptophan pyrrolase.

in a psychiatric population, a tracer technique was Conceivably. a psychological stress of a particular
developed as an indirect reflection of steroid-induced magnitude and duration in a genetically susceptible
changes in tryptophan turnover along inducible path- person may cauise reversible shifts in intermediary
ways in the intact human ( Mandell and Rubin, metabolic pathways. via activation of the pituitary-
1966). This technique consists of intravenous admin- adrenal axis and corticoid induction of susceptible
istration of Ct4 labelled tryptophan, with measure- enzymes, resulting in endogenous production of aber-
ment of the radioactivity of kynurenine excreted in rant metabolites which may have psychotogenic or
the urine, and was used on two of our previously other central nervous system effects. Tschudy et al.

PLASMA AND 24 HOUR URINARY 17-OHC ANDRADIOACTIVE TRYPTOPHAN TURNOVER PLASMA AND 24 HOUR URINARY 17-OHC AND
RADIOACTIVE TRYPTOPHAN TURNOVER

IN MANIC-DEPRESSION (Patient E.B.) IN MANIC-DEPRESSION (Patient MN )
40 r 200

30- 150
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in I hr. F00

0 50
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4- 1*ynurenine S1 1 -0!¢r
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Figure 4. Radioactive tryptophan metabolism in a rapidly Figure 5. Radioactive tryptophan metabolism in a rapidly

cycling manic-depressive patient, cycling manic-depressive patient.
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Figure 6. Some phenylethylamine-like compounds pertinent to Figure 7. Some indole compounds pertinent to psychiatry.
psychiatry.
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