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The hepatic oxidation of alcohol may cause
hypoglycemia by increasing the NADH./
NAD ratio and, as a result, impair
the transformation of the major gluconeogen-
ic precursors, glycerol, lactate and amino ac-
ids, into glucose (1). Since serum insulin
levels do not increase during alcohol hypogly-
cemia, it has been presumed that the ob-
served decline in circulating glucose concen-
trations reflects the inhibitory effect of alco-
hol on hepatic glucose production. The disso-
ciation previously shown between circulating
glucose levels and rates of glucose utilization
during alcohol hypoglycemia in dogs (2) has
suggested that factors unrelated to gluconeo-
genesis may influence the rate of decline of
glucose.

In order to determine whether compensato-
ry changes in insulin levels also might influ-
ence the rate of glucose utilization and to
further assess the metabolic and hormonal
responses to alcohol hypoglycemia in man,
immunoreactive insulin (IRI), growth hor-
mone (GH), and plasma free fatty acid
(FFA), glycerol and acetoacetate levels were
measured during 6 hour ethanol infusions.

Methods. Six healthy nonobese (less than
110% of ideal body weight according to Met-
ropolitan Life Insurance tables) nondiabetic
adult male subjects (ages 35-50 yr) with
previously determined carbohydrate tolerance
were admitted to a metabolic ward and
placed on a 3-day fast. None had significant
antecedent medical disease; all had stable
weights and normal dietary intake for at least
1 yr prior to study. On the morning of the
fourth hospital day all subjects received 6-hr
ethanol infusions (236 mg/min) according to

1 This work was supported in part by National
Institutes of Health Project Grant No. AM 12829,
Career Development Grant (D, P.) No. AM 08865.

the method of Freinkel ez al. (3). Three
blood samples were obtained from an indwel-
ling needle in an antecubital vein prior to
start of the alcohol infusion and at 30-min
intervals thereafter. Serum immunoreactive
insulin (IRI), glucose, free fatty acids
(FFA) and glycerol concentrations were mea-
sured as previously described (4). Growth
hormone (GH) levels also were determined
by radioimmunoassay (5), and acetoacetate
concentrations by an enzymatic method (6).
Basal levels in each patient were expressed as
the mean value of three separate preinfusion
samples obtained 10 minutes apart. The
paired ¢ test was employed to compare the
preinfusion basal level of each substance in
each patient with measurements obtained at
each subsequent sampling interval.

Results. During the first hour of alcohol
infusion, IRI and glucose levels fell in paral-
lel and subsequently stabilized at reduced
levels (Fig. 1). FFA fell slightly despite the
early decline in IRI, but rose after 1 hr and
remained elevated throughout the duration of
the infusion. Glycerol levels tended to paral-
lel changes in FFA. Acetoacetate concentra-
tions increased after the second hour and
remained elevated subsequently. No signifi-
cant change in growth hormone was noted
although a slight increase was observed at 30
min when glucose and IRI levels were declin-
ing.

Discussion. The relative infrequency of
clinical hypoglycemia in poorly nourished al-
coholics has suggested that compensatory
mechanisms must provide significant protec-
tion against the devastating effects of glucose
deprivation on the central nervous system.
Results of this study indicate that the prima-
ry inhibition of gluconeogenesis and decrease
in hepatic glucose production calls forth
several counter-regulatory processes which
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F16. 1. Mean changes in immunoreactive insulin (IRI), growth hormone (GH), glucose and
other substrates in six male subjects during alcohol hypoglycemia.

serve both to limit glucose utilization by in-
sulin-sensitive peripheral tissues, and increase
the availability of other metabolic sub-
strates.

Probably of central importance is the fact
that while glucose production is reduced sig-
nificantly in most alcoholics owing to the
altered redox state created by alcohol oxida-
tion, inhibition of gluconeogenesis is not com-
plete. The stabilization of both glucose and
IRI levels at reduced levels in the present
study suggests that a new steady state is
reached at a decreased rate of hepatic glucose
production.

Past observations that both plasma (7)
and urinary catecholamines (8) increase dur-
ing hypoglycemia and studies showing that
insulin secretion is under aufonomic control
(9) suggest that the sympathetic nervous
system may mediate the counter-regulatory
responses following alcohol as in other clini-
cal forms of hypoglycemia. It is therefore
possible that the changes observed in IRI
and GH as circulating glucose levels began to
decline may result from inhibition of basal
IRI secretion and stimulation of GH release,

processes which have been shown to be ad-
renergically mediated (10, 11).

While the early elevation of FFA and gly-
cerol and the subsequent increase in ace-
toacetate concentrations could solely reflect
accelerated lipolysis resulting from the de-
cline in IRI and early increase in GH, it is
possible that these changes may also result
from sustained adrenergic activation.

Summary. Basal serum immunoreactive in-
sulin (IRI) levels fell promptly and in paral-
lel with the decline observed in circulating
glucose levels when alcohol was administered
intravenously to fasting man. Hypoglycemia
and the decrease in basal insulin secretion
were associated with an initial transient in-
crement in growth hormone levels and sus-
tained lipolysis manifested by increa..J free
fatty acid, glycerol and acetoacetate concen-
trations. These findings may result from ac-
tivation of the sympathetic nervous .system
which is known to be operative in other hy-
poglycemic states.

1. Lieber, C. S., Annu. Rev. Med. 19, 35 (1968).

2. Lochner, A, Wulff, J., and Madison, L. L,
Metabolism 16, 1 (1967).




542 ALCOHOL HYPOGLYCEMIA

3. Freinkel, N., Singer, D. L., Arky, R. A,
Bleicher, S. J., Anderson, J. B, and Silbert, C. K., J.
Clin. Invest. 42, 1112 (1963).

4. Bagdade, J. D., Porte, D., Jr.,, and Bierman, E.
L., Diabetes 18, 759 (1969).

5. Shalch, D. S, and Parke, M. L., Nature (Lon-
don) 203, 1141 (1964).

6. Basso, L. V., and Havel, R. J., J. Clin. Invest.
49, 537 (1970).

7. Goldfien, A., Moore, R., Zileli, S., Havens, L.,

Boling, L., and Thorn, G. W., J. Clin. Endocrinol.

21, 296 (1961).

8. Von Euler, U. S, and Luft, R.,, Metabolism 1,
528 (1952).

9. Porte, D., Jr, Arch. Intern. Med. 123, 252
(1969).

10. Porte, D., Jr.,, and Bagdade, J. D., Annu. Rev.
Med. 21, 219 (1970).

11. Toivola, P. T. K,
Endocrinology 90, 895 (1972).

and Gale, C. C,

Received May 19, 1972. PSE.BM,, 1972, Vol. 141.



