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Ethyl alcohol, when imbibed by normal subjects,
stimulates a diuresis of water and blocks the anti-
diuretic effects of such stimuli as the passive erect
posture, infusions of hypertonic saline, venous
congestion of the lower limbs, and acetylcholine.
It has been shown to inhibit transiently the re-
lease of the antidiuretic hormone (ADH) from
the posterior pituitary gland, regardless of the
nature of the provoking antidiuretic stimulus
(1-6). Recently, Dicker (7) has demonstrated
an almost complete absence of antidiuretic activity
in the blood of rats given lethal amounts of ethyl
alcohol. These data afford convincing argument
localizing the site of action of this compound to the
supraoptico-hypophyseal system.

An excessive activity of ADH has been in-
voked by many investigators in an attempt to ex-
plain the impaired excretion of water which is a
feature of certain disease states. In view of its
known action in inhibiting the release of this
hormone, it was of interest to observe the effect
of alcohol when administered to patients with
diseases characterized by faulty metabolism of
water.

MATERIALS AND METHODS

Observations were made upon 16 hospitalized patients
with the following diagnoses: cirrhosis (six), arterio-
sclerotic, hypertensive, or valvular heart disease with
congestive failure (four), cor pulmonale (one), su-
perior vena-caval syndrome (one), nephrotic syndrome
(one), Addison's disease (two), and hypoadrenocorti-
cism secondary to panhypopituitarism (one). All but
the last three had clinically evident fluid retention
(edema, ascites, or both). One Addisonian (R. M.)
was receiving cortisone at the time of the study, while
the other, and the patient with panhypopituitarism, were

1 Supported in part by the United States Public Health
Service, Grant H-834.

2Work done during tenure as U.S.P.H.S. Postdoc-
toral fellow. Present address: Veterans Administration
Hospital, Boston, Massachusetts.

not. Impaired water tolerance is defined as failure to
excrete, within three to four hours, at least fifty per cent
of 1000 to 1500 milliliters of water, administered either
orally or intravenously as iso- or hypotonic fructose or
glucose, prior to the day of testing.

Ten patients each received a single dose of alcohol
(35 to 60 grams) as either 95 per cent laboratory alco-
hol or 100 proof Bourbon whiskey, made up to a total
volume of approximately 150 to 180 cc. with fruit juice
and ice. The remaining six patients each received two
to four doses of 25 to 45 grams each (total 70 to 140
grams) at intervals of one or two hours.

In an additional study, a single 45-gram dose of alco-
hol was ingested by two adequately hydrated patients
with diabetes insipidus, who were not receiving posterior
pituitary therapy at the time.

From 7:00 to 7:30 a.m. on the day of the test, the pa-
tient ate a light breakfast including 400 to 600 cc. of
fluid. About one hour later, the patient emptied his
bladder, and assumed the recumbent or semi-recumbent
position, standing only to void. Alcohol was generally
given two to three hours afterwards. Water loads of
1000 to 1500 cc. (either by mouth in 15 to 20 minutes, or
as 2.5 per cent or 5 per cent glucose or fructose in one
hour intravenously) were administered to five patients
one and a half to three and a half hours before, and to
two patients concurrently with, the ethanol. The other
patients drank smaller amounts of water, as indicated in
the tables. Each study lasted approximately five to
seven hours.

Blood was drawn at approximately hourly intervals
for the determination of sodium, creatinine and osmolarity
(freezing-point depression) in the serum, and half-hourly
for the determination of the concentration of alcohol.
Urine, for the determination of sodium, creatinine and
osmolarity, was collected in one-half- to two-hourly pe-
riods, by spontaneous voiding or indwelling catheter.

The chemical methods and calculations employed have
been described in a previous publication (1).

C0.m = osmolar clearance = Up V
Po=

CH20 = V - Corm
where

Uoam = concentration of solute in the urine in mOsm./L.
V = urine flow in cc./min.

Poem = concentration of solute in plasma in mOsm./L.
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RESULTS

For purposes of this study, a diuretic response

is defined as the excretion of fifty per cent or

more of an administered load of water within
four hours after the ingestion of alcohol. For
those patients who were not subjected to a pro-

vocative water load, a positive response consisted
of an increase in urine flow to values significantly
greater than those of the control period, a fall
in urinary osmolarity and a rise in free water
clearance (CH2o).

I. Patients with diabetes insipidus, Addison's dis-
ease, and panhypopituitarism (Tables I and
Ila)

Alcohol did not further augment the relatively
high rates of urinary flow in two patients with
diabetes insipidus (Table I).

In one patient with Addison's disease and one

patient with hypopituitarism (patients 1 and 2,
Table Ha), neither of whom was receiving corti-
sone, alcohol did not provoke a water diuresis.
Patient 3, R. M., an Addisonian treated with cor-

tisone, who had regained the normal diuretic re-

sponse to water, showed a similar normal diuretic
response following alcohol.

II. Patients with clinically evident retention of
fluid (Table MIb)

In only four of thirteen patients in this category
(patients 4 to 7) was ethanol successful in pro-

voking diuresis. One of these, P. M., also re-

sponded normally to ingestion of water, during
the control period, as evidenced by urine flows
of 4.0 and 3.5 cc. per min in periods 2 and 3, re-

spectively, following a water load given one hour
before the beginning of period 2. Imbibing alco-
hol when the rate of urine flow was falling re-

sulted in a second diuresis. Patient J. L., in
whom impaired tolerance to water loading is sug-

gested by flows of 0.4 cc. per min. during periods
1 and 2 (i.e., during the second hour following in-
gestion of 500 cc. of water), was, however, able
to diurese normally upon water loading two weeks
later, following paracentesis and salt restriction.
The response of patient 6, D. McC., is anomalous.
From the temporal relationship between the inges-
tion of water, ingestion of alcohol, and onset of
diuresis, the diuresis seems to be more in response

to water than to alcohol. However, on two previ-

TABLE I

Response to ethyl akohol of two patients with
diabetes insipidus

Elapsed Urinary
Period time flow

No. mix. cc./min.

Patient I-J. V.
1 70 8.0
2 110 11.2
3 158 10.8
4* 213 11.0
5 332 5.6

Patient II-S. C.
1 30 6.2
2 60 7.7
3 110 6.7
4 135 10.0
5* 198 4.21
6 240 8.8
7 270 8.3

*Alcohol was administered at the beginning of this
period.

ous occasions, unequivocal impairment in excre-
tion of a water load had been demonstrated. The
least dramatic effect of ethanol is seen in patient
A. D., who excreted only 53 per cent of the ad-
ministered load of water. However, following
each of two doses of alcohol, an increased rate of
urine flow ensued, unassociated with any change
in the clearance of endogenous creatinine.

The remaining nine patients did not have a diu-
retic response to alcohol, regardless of whether
one dose (patients 8 to 13) or several doses (pa-
tients 14 to 16) were administered.

In comparing those who responded with a diu-
resis to alcohol with those who did not, no striking
differences were apparent with respect to concen-
tration in the serum and urine of sodium or total
solutes, their rates of excretion, or the clearance
of endogenous creatinine. Comparable levels of
alcohol in the blood were attained in the two
groups, and are consistent with values observed
in normal subjects receiving equivalent amounts
of ethanol (1, 2). Of those responding who re-
ceived more than one dose of alcohol (patients
5 to 7), some diuretic effect was obtained from the
first dose, whereas up to four doses in unrespon-
sive patients failed to provoke an increase in the
flow of urine. Patients with impaired water tol-
erance secondary to cirrhosis and to congestive
heart failure were represented in both groups;
thus the nature of the underlying disease did not,
per se, appear to determine the response of any
given patient to the diuretic stimulus of alcohol.
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DISCUSSION

That ethanol caused no further increase in the
urine flow of patients with diabetes insipidus is
not surprising. If the action of alcohol is indeed
inhibition of the release of ADH, then when the
release of this hormone is already minimal or ab-
sent, owing to damage to the neurohypophysis,
further suppression could not reasonably occur.

This observation merely helps affirm earlier argu-

ment localizing the site and mechanism of alcohol
diuresis.

Because of the known action of the antidiuretic
hormone in inhibiting the excretion of water, at-
tempts have been made to relate the impaired wa-

ter metabolism of various clinical conditions, with
and without edema, to over-production of ADH
(8), diminished destruction of ADH, or increased
sensitivity to this hormone (9). In support of
these hypotheses are the reported findings of an

elevated amount of antidiuretic substances in the
urine or blood of patients with such conditions.
Elevated values have been reported in cirrhosis
(10-12), congestive heart failure (13, 14), hy-
pertension (15), and Addison's disease (11).
However, these substances are not the same in all
instances, nor have they been shown conclusively
to be identical with ADH (13), Perry and Fyles
(16) found no correlation between levels of an

antidiuretic substance and edema or liver damage,
and no significant difference in antidiuretic ac-

tivity between the sera of normals and patients
with congestive failure or cirrhosis. Nelson and
Welt (17) concluded that the patient with cirrho-
sis and ascites showed no evidence of an increased
sensitivity to, or an inability to eliminate or inac-
tivate, endogenous or exogenous posterior pitui-
tary hormone. van Dyke, Ames, and Plough
(18), and Stein, Schwartz, and Mirsky (19) re-

port that despite increased levels of antidiuretic
substance in some patients, no correlation between
this and impaired water metabolism could be de-
tected. van Dyke (20) has justly criticized much
of the methodology which has been employed in
the assay of antidiuretic substances.

Gaunt (21), working with animals, and Lloyd
and Lobotsky (9, 11) on the basis of human stud-
ies, have postulated an antagonistic relationship
between the adrenal cortex and the posterior pitui-
tary with respect to the control of the balance of
water in the body. Thus, in the adrenalectomized

rat or the adrenal-insufficient human, an increased
amount of ADH may accumulate in the blood,
preventing excretion of a water load in normal
fashion. The administration of corticosteroids,
according to this theory, by antagonizing the ac-
tion of ADH (or of some factor which promotes
the release of ADH), permits normal water diu-
resis to ensue. However, if the action of the cor-
ticosteroids is in fact the inhibition of ADH, one
should expect similar results from alcohol. In the
present studies, a patient with Addison's disease
(T. P.) and a patient with panhypopituitarism
(T. Q.), neither of whomwas receiving corticoid
therapy, both failed to have a diuresis after in-
gesting alcohol. The administration of cortisone,
however, which is essential for the correction of
the abnormal water tolerance in these states, to
another Addisonian (R. M.) also restored the re-
sponsiveness to alcohol. One may conclude, there-
fore, that the action of cortisone is probably not
antagonistic to ADH, but is rather "permissive"
(22), allowing the organism, by mechanisms as
yet undefined, to respond in normal fashion to the
stimuli of both water and alcohol.

The inhibitory effect of alcohol on the neuro-
hypophysis is transient. It appears to be related
to the duration of the rise in the level of alcohol in
the blood, rather than to the absolute level attained
(4). Therefore, the administration of repeated
doses of ethanol, when the blood level is falling,
should theoretically prolong the inhibition estab-
lished by the initial dose, and allow for a more
leisurely dissipation of circulating ADH. A re-
sponse to a second dose, in the face of minimal or
absent response to the first, would suggest either
that the destruction of ADHis impaired, or that
an increased amount of this hormone was being
secreted by the posterior pituitary into the blood.
However, in patients who were unresponsive, up
to four doses of alcohol failed to provoke diuresis,
whereas in those who did respond to multiple
doses, some increase in urine flow followed the
ingestion of the initial dose.

Of the sixteen patients observed in the present
study, all but three (R. M., P. M., and J. L.) had
unequivocally impaired responses to water. Since
ethyl alcohol, a substance known to inhibit the re-
lease of ADHfrom the neurohypophysis, failed
to provoke diuresis in 11 of 13 patients with ab-
normal water tolerance, the present data do not
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support the hypothesis that excessive activity of
the antidiuretic hormnone of the posterior pituitary
is the most important causative factor in the im-
paired water metabolism of the diseases studied.
Although some activity of ADH cannot be ex-

cluded, other factors, the nature of which remain
unknown, may well play the dominant role in the
pathogenesis of the impaired water tolerance that
characterizes these states. Whatever these water-
retaining stimuli might be, it is probable that the
intensity of their action varies from individual to
individual, regardless of the nature of the disease.
Should this be true, the extent of water diuresis
in the absence of ADH(or in response to alcohol)
would be determined by the intensity of action of
these extra-neurohypophyseal factors.

SUMMARY

1. Ethyl alcohol, a known inhibitor of the re-

lease of ADHfrom the neurohypophysis, was ad-
ministered orally to 16 patients with various dis-
eases characterized by impaired water tolerance.

2. Eleven of thirteen patients in whom impaired
water tolerance was demonstrated failed to re-

spond to ethanol with a diuresis of water.
3. Cortisone restored the ability of one patient

with Addison's disease to respond normally with
a diuresis both to water and to alcohol.

4. These data do not support the contention
that excessive activity of ADHis chiefly respon-

sible for the disturbed water tolerance character-
izing the disease states studied.
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