
804 29 June 1968

Adrenocortical Response to Ethanol in Man
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There is evidence derived from studies on animals that ethanol
has a stimulatory effect on pituitary-adrenal function. Smith
(1951) reported that the administration of ethanol to rats by
intragastric tube was followed by a decrease in adrenal ascorbic
acid and cholesterol. Santisteban and Swinyard (1956) found
that in mice ethanol produced a decrease in the weight of the
thymus, attributable to increased adrenal steroid secretion.
More definitively, Ellis (1966) showed that the intraperitoneal
injection of ethanol in rats was followed by a rise in the plasma
levels of corticosterone. In these animal experiments hypo-
physectomy prevented the action of ethanol on adrenocortical
secretion, so that the effect appeared to be mediated through
the anterior pituitary. There is, however, relatively little in-
formation on the adrenocortical response to ethanol in man,

and the purpose of the present investigation was to determine
the effect of the acute administration of ethanol on human
adrenocortical function.

Procedure and Methods

The study was carried out on eight female and seven male
volunteers who were either laboratory personnel or hospital
patients without evidence of endocrine disease. An additional
four patients were investigated who had lesions of the hypo-
thalamus or anterior pituitary, and the pituitary-adrenal func-
tion of these patients was also assessed by vasopressin and
pyrogen tests (Jenkins, 1968). Ethanol was given intravenously
in order to avoid variation in the rate of absorption which
occurs with the oral route. After an overnight fast an intra-
venous infusion of normal saline was started, being continued
for 30 minutes to allow the subject to recover from the intra-
venous procedure. The saline was then replaced by ethanol in a

dosage of 1 ml./kg. body weight, diluted in 500 ml. of normal
saline. This was administered over the next 30 minutes. Blood
samples were taken into tubes containing heparin immediately
before and at the end of the ethanol infusion; thereafter
samples were taken at intervals of 30 minutes for two and a

half hours. Plasma was separated without delay and the con-
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centration of cortisol (1 1-hydroxycorticosteroids) was estimated
fluorimetrically by the method of Spencer-Peet et al. (1965).
Plasma ethanol was determined by the alcohol dehydrogenase
enzyme method of Bonnichsen (1963). Blood glucose was
estimated by the glucose oxidase method of Middleton and
Griffiths (1957).

Normal Response to Ethanol

In spite of the intravenous route of administration there was
a wide variation in the plasma levels of ethanol at the end
of the infusion (Table I). The range in six females was

118-196 mg./100 ml. (mean 161 S.D.±23), whereas in seven
males given an equivalent dosage of ethanol the values were

often considerably lower and ranged from 82 to 145 mg. (mean
104 S.D.+ 17).
The higher concentrations observed in the females appeared

to result from a relative delay in the distribution of ethanol
between blood and tissues and were not due to a slower rate of
metabolism, since after 60 minutes the slopes of the disappear-
ance rates were similar in the two sexes (see Chart). The
greater proportion of body fat generally present in the female
may be an important factor in determining the initially higher
blood ethanol levels, since the content of ethanol in adipose
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TABLE I.-Normal Adrenal Response to Ethanol

Age Dose of Maximu Plasma Cortisol (14g./100 ml)
Subject and Ethanol PlasmamailSubject |and Ethano Ethanol 0 30 60 90 120 150 Change

es'(.) (mg./100 ml.) mins. after start of ethanol infusion

1 46 F 70 196 13-3 11-6 21-2 26-3 25-3 21-0 13-0
2 63 F 65 180 21-0 23-3 29-3 38-6 24-6 25-0 17-6
3 56 F 80 162 12-4 15-1 38-7 40-6 27-2 28-2
4 25 F 65 155 15-0 16-4 26-3 28-2 15-7 14-8 13-2
5 25 F 68 154 13-8 12-7 13-0 34-6 23-8 84 20-86 31 F 60 118 11-4 10-0 22 5 31-8 24-8 20-4

Mean 161 ;I18-7
S.D, ±23

7 50 M 78 145 9-7 16-8 20-1 13-2 11-2 10-4
8 57 M 72 118 10-9 6-6 25-1 31-2 23-5 13-3 20-3
9 20 M 70 106 10-2 20-4 25-2 22-3 20-4 17-2 15-0
10 26 M 70 96 15-2 17-0 13-3 13-8 11-8 7 4 1-8
11 20 M 80 90 13-1 13-2 15-1 10-6 9-0 4-8 2-0
12 20 M 75 88 12-6 11-7 11-7 10-2 9-6 6-8 -0-9
13 19 M 72 82 12-5 12-5 73 11-3 10-3 0

Mean 104
S.D. ±17
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tissue is known to be only 10-20% of the blood concentration
(Westerfeld and Shulman, 1959).
Table I shows that in all the female subjects plasma cortisol

rose after the administration of ethanol. The maximum in-
crease occurred 90 minutes after the start of the 30-minute
ethanol infusion and ranged from 13.0 to 28.2 jxg./100 ml.
(mean 18.7 S.D.+5.5). The cortisol levels then fell in associa-
tion with the decline in ethanol concentration.

In contrast, only three of the seven male subjects showed
an unequivocal rise in plasma cortisol, and this response was
associated with ethanol concentrations of 106, 118, and 145
mg./100 ml. In these subjects the maximal cortisol increase
was 15.0, 20.3, and 10.4 /ug./100 ml. respectively. In the
remaining four males, whose ethanol levels were all less than
100 mg./100 ml., plasma cortisol either rose only slightly, or
actually fell in accordance with the normal diurnal variation.

In three subjects who showed a good response to ethanol
blood glucose levels were estimated during the whole course
of the experiment, but no change was observed.

Effect of Morphine on Response to Ethanol

It is known that morphine can block some stressful stimuli
to the hypothalamic-pituitary-adrenal system in animals, and
Jenkins (1968) showed an inhibitory effect of morphine on the
pituitary-adrenal response to vasopressin, but not to pyrogen,
in man. Table II shows the results when two female subjects
were given a subcutaneous injection of 15 mg. of morphine 30
minutes before an ethanol infusion. In spite of morphine a
brisk cortisol response to ethanol was obtained in both subjects.

TABLE II.-Adrenal Response to Ethanol After Administration of
Morphine

Max.
Age Dose of Plasma Plasma Cortisol (,ug./100 ml.) Max
and Ethanol Ethanol 30__ _ng
Sex (ml.) (mg./ 0 30 60 |90o 120 150 Change

100 ml.) nins. after start of ethanol infusion

53 F 65 183 8 8 5-8 37-6 41-6 45 6 38-0 36 8
65 F 70 127 135 1128 22-5 25-7 200 14-2 122

Adrenocortical Response in Lesions of Hypothalamus

The results of ethanol infusions given to four patients with
lesions of the hypothalamus or pituitary were compared with
the adrenocortical response to vasopressin, and the stress of
pyrogen (Table III). All patients had a normal adrenal response
to exogenous A.C.T.H. Case 1, with acromegaly, showed a
normal increase in plasma cortisol after ethanol, vasopressin,
and pyrogen. Case 2, with a hypothalamic lesion, had a
smaller response to ethanol, but this may be related to the lower
ethanol concentration. In the remaining two patients suffering
from adenoma of the pituitary there was no adrenocortical
response to ethanol in spite of plasma ethanol concentrations
of 110 and 130 mg./100 ml. In these two patients the increase

TABLE III.-Adrenal Response to Ethanol Compared with Vasopressin
and Pyrogen in Patients with Lesions of Pituitary or Hypothalamus

Max. Maximum Change in Plasma
Case Age Plasma Cortisol (Cug./100 ml.)NCa and Lesion Ethanol

Sex (mg./ Ethanol Vaso- Pyrogen100 ml.) preasmi
1 56 M Acromegaly 115 10 0 8 1 32 1
2 35 M Chronic

hydrocephalus 102 5 4 3-0 241
3 32 M Pituitary

adenoma 110 - 2 1 8 5 7 0
4 44 F Pituitary

adenoma 130 -2-9 11-5 5-6

Normal
mean 17 4 22-1

S.D. ±6-8 ±10-7
Range 83-32-0 86-45-0

in cortisol after vasopressin was normal, but the response to
pyrogen was somewhat reduced.

Discussion

This investigation shows that the acute administration of
ethanol intravenously is followed by an increase in plasma
cortisol levels, provided that the plasma ethanol concentration
is greater than 100 mg./100 ml. The failure of two patients
with pituitary lesions to respond to ethanol in spite of high
plasma ethanol concentrations and a normal adrenal response to
exogenous A.C.T.H. is in accordance with the evidence, derived
from animal experiments, that the normal ethanol effect is
mediated through the anterior pituitary (Ellis, 1966). The
mechanism of this effect is not certain. Hypoglycaemia is a
potent stimulus to the hypothalamic-pituitary-adrenal sysem,
but in agreement with other observers (Lieber et al., 1962) it
was found that ethanol had no effect on blood sugar levels when
the fast was limited to an overnight duration only.

Vasopressin when given in large doses also stimulates
pituitary-adrenal function, but in the patients with pituitary
lesions there was no correlation between the response to
ethanol and vasopressin, and it is unlikely to be a factor in
the ethanol effect. Firstly, the release of vasopressin is known
to be suppressed by ethanol (van Dyke and Ames, 1951), and,
secondly, its stimulatory action is inhibited by morphine,
whereas that of ethanol is unaffected.

Gursey and Olson (1960) have shown that in the rabbit the
administration of ethanol is followed by a rapid fall in the
levels of serotonin and noradrenaline in the brain stem. This
depletion of catecholamines is very similar to that produced by
another central nervous system depressant, reserpine, and in
several species the acute administration of reserpine causes a
rapid release of A.C.T.H. and an increase in adrenocortical
secretion. Maickel et al. (1961) showed that only those
rauwolfia alkaloids which release catecholamines from the brain
increase adrenocortical secretion, and it seems possible that the
stimulatory effects of ethanol and reserpine on pituitary-
adrenal function are mediated through similar pathways in the
central nervous system.

Summary

The effect of the acute administration of ethanol on human
adrenocortical function was investigated. An increase in
plasma cortisol was found in those subjects whose plasma
ethanol concentration was greater than 100 mg./100 ml. The
failure to obtain an increase in plasma cortisol in two patients
with pituitary lesions who had a normal response to A.C.T.H.
provided evidence that the normal ethanol effect is mediated
through the pituitary.

We are grateful to Miss M. Molony for estimation of plasma
ethanol.

This investigation was carried out with the assistance of a Medical
Research Council grant.
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