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OF PATIENTS WITH CLINICAL ALCOHOL HYPOGLYCEMIA
AND THE EXPERIMENTAL REPRODUCTION OF THE
SYNDROME WITH PURE ETHANOL *

By NORBERT FREINKEL,} DAVID L. SINGER, RONALD A. ARKY, SHELDON ]J.
BLEICHER,f JOHN B. ANDERSON, anp CYNTHIA K. SILBERT

(From the Thorndike Memorial Laboratory and Second and Fourth |Harvard] Medical
Services, Boston City Hospital, and the Department of Medicine, Harvard
Medical School, Boston, Mass.)

(Submitted for publication January 16, 1963; accepted March 21, 1963)

In 1941, Brown and Harvey described hypo-
glycemia after alcoholic debauch in six chronic
alcoholics from the Baltimore area (1). In 1942,
Tucker and Porter noted four cases among chronic
alcoholics from Richmond, Virginia (2). Since
then, fewer than 100 instances of alcoholism as-
sociated with hypoglycemia have been reported,
and most of these accounts have appeared in the
foreign literature (3-12).

Certain summary statements about ‘‘alcohol
hypoglycemia” are justified. First, although the
condition was originally ascribed to “smoke,” or
more specifically, denatured alcohol solvents
(“Solox”) * (1, 2), later reports have excluded
methanol, ethyl acetate, gasoline, or methyl iso-
butyl ketone (3, 4, 7, 9-12). Second, well-docu-
mented pediatric cases indicate that the addiction
of the chronic alcoholic is not mandatory (4, 7, 9-

* This work was supported in part by research grant
A-1571 and training grant 2 A-5060 from the National
Institute of Arthritis and Metabolic Diseases, U. S.
Public Health Service. Presented in part at the fifty-
fourth annual meeting of the American Society for Clini-
cal Investigation, Atlantic City, N. J., April 30, 1962,

T Investigator, Howard Hughes Medical Institute.

I Postdoctoral Research Fellow, U. S. Public Health
Service.

1The term “smoke” is derived from the cloudy ap-
pearance resulting from the addition of denatured al-
cohols to water. Analysis of four different samples of
denatured alcohol solvent reported by Brown and Harvey
disclosed the following average composition by volume:
86.5% ethyl alcohol; 4.4% methyl alcohol; 0.75% gaso-
line; and 3.5 g per 100 ml ethyl acetate (1). “Solox”
is the trade name for a shellac solvent prepared accord-
ing to the formula: pure ethyl alcohol, 100 gal.; denatured
grade wood alcohol, 5 gal.; gasoline, 1 gal.; ethyl acetate,
undenatured, 1 gal.; methyl isobutyl ketone, 1 gal. (6).
The absolute content of ethanol in all of these prepara-
tions is appreciable.

12). Third, although chronic malnutrition favors
its occurrence, alcohol hypoglycemia has been re-
ported in children on an adequate diet (10, 11).
Fourth, blood ethanol concentrations, in the few
instances measured (3, 4, 7-11), have not ex-
ceeded the level of mild intoxication, about 200 mg
per 100 ml, so that transition from alcoholic stupor
to hypoglycemic coma may be imperceptible.
Finally, although normoglycemia may supervene
without treatment, fatal terminations have been
sufficiently frequent (3, 4, 11, 12) to highlight the
necessity for recognition of the entity.

None of the clinical reports have resolved the
following questions: Is there a unifying pattern of
carbohydrate metabolism in patients with alco-
hol hypoglycemia? Is the hypoglycemia caused
by ethanol per se, or is it due to congeners or to
other impurities? With the consumption of etha-
nol so widespread, why is the entity so rare?

From September 1960 to June 1962, nine pa-
tients with hypoglycemia following alcoholic de-
bauch were admitted to Boston City Hospital.?
Metabolic characterization of these patients and
the response of some to pure alcohol under con-
trolled conditions is the basis of this communica-
tion. Part of the material has already been pre-
sented in abstract form (13).

SUBJECTS AND METHODS

The patients were two female and six male chronic
alcoholics, 32 to 81 years of age, and one 16-year-old
schoolboy. Histories, endocrine evaluations, and initial
tests of liver function are summarized in the Appendix.

2 The terms “alcohol” and “ethanol” are used inter-
changeably in subsequent portions of the text. In these
nine patients, recent imbibition of any beverages other
than standard commercial preparations of ethanol could
not be proved.
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All patients were brought to the accident floor of Bos-
ton City Hospital in deep coma with varied neurologi-
cal findings. Eight of the nine were admitted to the
general medical wards of the hospital, whereas the ninth,
H. W., was admitted directly to the metabolism ward
of Thorndike Memorial Laboratory. Of the eight pa-
tients on the medical service, all except H. G. were sub-
sequently transferred to the Thorndike metabolism ward.

On the Thorndike ward, all patients were maintained
on constant diets of 2,300 to 2,600 calories containing 300
to 310 g of carbohydrate and 100 to 120 g of protein.
Daily fluid intake consisted of 100 ml per 100 calories in
the diet. The patients were weighed daily and were
permitted unrestricted activity on the ward throughout
the period of observation.

Twenty-four hour urine specimens were collected in
refrigerated containers. Blood specimens were obtained
without stasis from indwelling venous or arterial needles
and introduced into chilled tubes containing heparin.
Plasma was separated by centrifugation at 4° C and stored
at —18° C.

All measurements were obtained in duplicate or tripli-
cate. Urinary glucose was quantitated by the method of
Froesch and Renold (14). Urinary 17-ketosteroids (17-
KS) and 17-ketogenic steroids (17-KGS) were deter-
mined by Bio-Science Laboratories 3 by the methods of
Sobel and associates (15) and Horwitt (16).

Plasma glucose (17), alcohol (18), phosphorus (19),
amylase (20), and glutamic-oxalacetic transaminase,
SGO-T (21), were estimated by standard techniques.
Where marked hypoglycemia precluded satisfactory
spectrophotometry by the Somogyi-Nelson method (17),
protein-free filtrates of plasma were also analyzed for
glucose enzymatically (22). The extraction procedure
of Dole (23) was employed for the isolation of total
plasma free fatty acids (FFA); heptane extracts were
further purified by washing with aqueous 0.05% H.SO,
(24), and titration was performed with Nile Blue A
as indicator. Electrolytes were estimated by standard
flame photometry.

Immunoassay of plasma for insulin was performed by
the method of Yalow and Berson (25).4 Samples of
plasma, 50 or 100 ul, were combined with tracer quanti-
ties of I"-labeled porcine insulin, guinea pig antisera to
porcine insulin, and sufficient Veronal buffer (pH 8.6;

3 Los Angeles, Calif.

4 High specific activity preparations of I'*™-insulin were
obtained from Abbott Laboratories, Oak Ridge, Tenn.,
which generously donated initial samples. Labeled ma-
terial was purified by cellulose column (25), whenever
the “intact” I"™-insulin did not exceed 90% of the total
radioactivity. For early assays, a crystalline prepara-
tion of Novo human insulin and guinea pig antiserum to
porcine insulin were kindly furnished by Drs. S. A. Ber-
son and R. Yalow. All later immunoassays were per-
formed with antisera derived from guinea pigs that had
been immunized to porcine insulin in this laboratory, and
with human insulin and crystalline bovine and porcine
insulins generously supplied by Drs. R. Kirtley and M.
Root of Eli Lilly Co., Indianapolis, Ind. ‘
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ionic strength, 0.05) containing 0.25% human serum al-
bumin (Veronal albumin) to yield 0.5 ml. Duplicate 13-
point standard curves were prepared by adding unla-
beled insulin to antibody and the labeled tracer. For
assay of endogenous plasma insulin, the standard curves
were constructed with human insulin; for assay of exoge-
nous plasma insulin, as after iv administration of beef
insulin, standard curves were prepared with crystalline in-
sulin from the same species. Proportions of antibody
and tracer were adjusted to yield an initial bound-to-
free ratio of 1.0 to 2.5.

Mixtures containing antibody were incubated for 4
days at 4° C. Concurrently, control mixtures with anti-
body omitted (tracer plus Veronal albumin, and tracer
plus Veronal albumin plus the human plasma that was
being assayed) were also incubated. At the end of in-
cubation, samples from each were applied to 13-inch-wide
strips of Whatman 3MM filter paper and resolved at
room temperature by 25 to 35 minutes of hydrodynamic
flow chromatography (26). The mobile plasma proteins
were advanced about 10 cm beyond the site of applica-
tion. The resultant resolution between “origin” radio-
activity (unbound intact insulin) and “mobile” radioac-
tivity (degradation products of the I"-insulin as well as
antibody-bound tracer) did not differ from that obtained
by slower chromatography at 4° C. Strips were scanned
in an automatically recording, thin-window flow counter
to evaluate “trailing” and localize radioactive peaks.
Subsequently, the strips were sectioned into two portions
for radioactive assay in well-type scintillation counters.
At least 1,000 counts above background were observed
in each segment; for most analyses, the probable error
of the radioactive measurement did not exceed = 3%.
Estimates of the concentration of immunologically reac-
tive insulin in plasma were derived from the standard
curves after appropriate corrections for integrity of the
tracer and the damaging potential of the plasma. In the
absence of hemolysis, even 1:5 dilutions of plasma did
not damage more than 5% of the labeled insulin.

Since plasma specimens frequently contained as much
as 300 mg per 100 ml ethanol, experiments were insti-
tuted to assess whether alcohol enhanced the spontane-
ous degradation of the tracer I*-insulin, or altered the
interaction between immunologically reactive insulin and
antibody. The presence of 20 to 300 mg per 100 ml
ethanol did not affect the integrity of the tracer during
incubation of control mixtures. Moreover, when mix-
tures of tracer, Veronal albumin, and added human in-
sulin (in quantities simulating physiological levels) were
incubated for 4 days at 4° C with appropriate quanti-
ties of antibody, immunoassay yielded quantitative re-
covery of the added insulin:

Added Immunoassay
insulin Alcohol value
mug/ml mg /100 ml mug/ml

.20 20 .203

.20 100 .193

.20 300 221

.60 20 613

.60 100 .590

.60 300 .610
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TABLE I

Oral glucose tolerance in patients with alcohol hypolgycemia

Plasma glucose
Minutes after 1.75 g glucose per kg, orally

Hospital
Patient day Wt 0 30 60 120 180 240 300 360
kg mg/100 ml
H.W. 8 49.5 91 152 125 107 7 68 82 86
R.H. 5 55.9 86 113 111 85 69 77
0.S. 5 42.7 58 159 146 131 118
E.]J. 6 80 145 205 120 90 75
24 52.7 76 112 81 63 45 42 60 65
W.R. 5 54.5 94 158 139 136 132 128 118 111
26 58.6 76 129 156 130 123 97 88 77
94 58.2 71 112 136 109 106 60 44 77
H.G. 4 51.3 96 145 185 240 210 165 125 110
29 55.7 110 186 194 260 172 140 46 79
W.Ry. 5 49.1 90 147 236 148 49 50 70
46 53.6 78 124 183 193 172 43 57 67
J.B. 3 39.5 74 152 172 250 244 250 300
57 40.9 86 144 181 162 111 98 97 80
135 46.3 102 162 213 227 159 106 74 63
W.H. 8 98 190 224 240 125 80
51 46.6 71 115 163 174 163 118 61 63
94 47.3 82 156 197 143 106 82 67 63
212 53.0 83 133 153 145 98 91 63 63
336 59.8 86 155 136 132 121 107 66 68
520 62.9 74 159 201 147 118 56 62 71

All acute tests of carbohydrate metabolism were ini-
tiated between 8:00 and 9:30 a.m. after food, but not wa-
ter, had been withheld since 7:00 p.m. of the preceding
evening.

Seventy-two hour fasts were usually begun after break-

fast; patients were allowed water and unsweetened black
coffee throughout. Blood samples were drawn at 12- to
24-hour intervals after patients had been recumbent for a
minimum of 10 minutes.

For tests with alcohol, freshly opened bottles of ab-

TABLE II
Tolerance to iv insulin in patients with alcohol hypoglycemia

Initial

Plasma glucose, percentage of initial value
Minutes after 0.1 U insulin per kg, iv*

plasma

Patient Day Wt glucose 10 20 30 45 60 90 120
kg mg /100 ml % % % % % % %
H.W. 6 49.1 94 83.0 54.2 39.4 41.5 42.5 75.5 79.8
R.H. 3 55.0 87 80.4 56.3 32.2 69.0 79.3 102.3  100.0
0.S. 27 44.5 56 73.2 66.1 60.7 50.0 51.8 76.8 76.8
W.R. 11 56.0 91 84.6 49.4 26.4 33.0 41.7 43.9 60.4
98 57.3 90 71.1 4.4 28.8 31.1 33.3 35.5
H.G. 37 56.8 T 9 81.3 58.2 51.6 38.5 31.9 45.0 61.5
W.Ry. 13 51.7 75 44.0 29.3 40.0 62.7 85.3
34 53.0 61 83.6 57.4 45.9 55.7 54.1 67.2 77.0
65 55.5 84 83.3 44.0 29.8 39.3 40.5 55.9 61.9
J.B. 15 40.0 87 60.9 43.7 ’ 23.0 33.3 46.0
58 40.4 92 64.1 38.0 21.7 29.3 42.4 57.6
138 46.4 108 67.6 46.3 35.2 454 59.2 68.5
W.H. 30 100 91.0 59.0 44.0 32.0 32.0 59.0 71.0
102 48.4 76 77.6 53.9 43.4 43.4 55.3 76.3 89.5
202 51.8 71 73.2 45.1 36.6 39.4 63.4 -67.6
333 59.5 93 71.4 48.4 25.8 32.2 46.2 75.3 714
518 62.9 81 85.2 60.5 39.5 32.1 40.7 65.4

* Insulin was administered intravenously after being diluted with isotonic saline to prepare injection mixtures con-

taining 1.0 U insulin per ml
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TABLE I
Response to iv glucagon in patients with alcohol hypoglycemia

Plasma glucose i
Minutes ater 1.0 mg glucagon, iv¥*

Patient

Day Wt V] 15 30 60 90 120
kg mg /100 ml
0.s. 34 46.8 57 88 91 71 59 59
W.R. 19 54.4 82 112 125 114 102 99
W.Ry. 3 62 98 72 61 59
J.B. 20 423 75 87 98 90 78 73
56 409 78 106 112 91 77 65
W.H. 93 47.3 77 111 120 112 91 83

* Glucagon was administered intravenously after being solubilized
with commercial diluent to prepare injection mixtures containing 1.0
mg glucagon per ml.

solute alcohol® were appropriately diluted with isotonic
saline. Metopirone ¢ (2-methyl-1,2-di-3-pyridyl-1-propa-
none) tests were performed as recommended by Liddle
(27).

RESULTS AND COMMENTS
Basal carbohydrate metabolism

After adequate alimentation had been estab-
lished, standard tests of carbohydrate metabolism

5U.S.P., Reagent Quality, U. S. Industrial Chemicals
Co., distributed by Fisher Scientific Corporation, New
York, N. Y.

6 Generously provided by Dr. C. H. Sullivan of Ciba
Pharmaceutical Products, Inc., Summit, N. J.
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were performed in the nine patients to delineate a
metabolic “profile” characteristic of the group. In
those patients amenable to prolonged hospitaliza-
tion, the tests were repeated at intervals to docu-
ment the progression of metabolic patterns.
Disposition of exogenous glucose. Values for
blood sugar after overnight fast were invariably
within normal limits (Tables I to IV). Capacities
for the disposition of exogenous glucose were
challenged by giving 1.75 g glucose per kg by
mouth after 13 to 14 hours of fasting.” Results
are summarized in Table I. Initial examinations
were performed on hospital days 3 to 8, after a
minimum of 2 days on a diet containing more than
250 g of carbohydrate. Oral glucose tolerance was
normal in two patients, H. W. and R. H., mildly
abnormal in three, O. S, E. J., and W. R,, and

7 None of the patients exhibited steatorrhea, and in the
four patients in whom it was examined, the absorption of
xylose was within normal limits. Accordingly, oral ad-
ministration of glucose was chosen in preference to iv.
The former more closely approximates the characteristics
of normal alimentation, whereas the latter, by the pri-
mary introduction of glucose into the systemic circula-
tion and the precipitous elevation of blood sugar, con-
stitutes a form of glycemic challenge without physio-
logical parallel, except perhaps during glycogenolysis.

TABLE IV
Response to iv tolbutamide in patients with alcohol hypoglycemia

Plasma glucose, percentage of initial value

Initial Minutes after 1.0 g tolbutamide, iv¥
plasma
Patient Day Wt glucose 30 60 90 120 150 180
kg mg /100 ml % % % % % %
H.W. 5 49.1 86 53.5 46.5 67.4 76.8 80.2 81.4
R.H. 2 54.5 91 72.5 54.9 53.8 56.0 52.7 72.5
16 56.3 81 65.4 76.5 86.4 917.5 93.8 90.1
0.S. 25 441 64 89.0 80.0 81.2 92.2 92.2
E.J. 17 52.3 60 80.0 81.7 66.7 73.3 76.7 80.0
37 56.2 84 63.1 58.3 82.1 83.3 90.5
W.R. 4 54.3 96 62.5 55.2 74.0 771 84.4 84.4
97 57.7 91 35.2 61.5 76.9 74.7 79.1 76.9
H.G. 20 54.3 124 85.5 83.1 76.6 73.4 68.5 73.4
W.Ry. 10 51.3 73 67.1 54.8 63.0 60.3 57.5
51 54.6 86 66.3 53.5 63.9 68.6 65.1 62.8
62 55.5 87 73.6 59.8 66.7 58.6 68.9 68.9
J.B. 12 40.0 65 66.1 46.1 44.6 61.5
54 413 104 88.5 40.4 43.3 51.9 59.6
136 46.3 106 80.2 70.7 66.0 66.0 70.7
W.H. 77 47.3 71 71.8 67.6 81.7 90.1 92.9 98.6
328 59.1 90 64.4 60.0 711 84.4 84.4 85.5
522 62.9 81 61.7 64.2 72.8 79.0 86.4 87.6

* Tolbutamide was administered intravenously after being solubilized with isotonic saline or commercial diluent to
prepare injection mixtures containing 0.1 tolbutamide per ml.
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frankly diabetic in the remaining four subjects,
H.G, W.Ry., J. B,,and W. H.

Repeat observations were possible in six pa-
tients ; all had gained weight in the interval (Ta-
bles I to IV). For W. R. and E. J., oral glucose
tolerance became normal, but in the other four
subjects, glucose disposition remained retarded
despite some improvement (Table I). In four of
these six patients, the relative improvement in
glucose tolerance was accompanied by an “over-
shoot” phenomenon, i.e., plasma glucose declined
to levels below 50 mg per 100 ml within 3 to 5
hours after oral glucose. None exhibited clinical
glycosuria during hospitalization.  Enzymatic
estimates of 24-hour urinary glucose did not ex-
ceed 600 mg even in the patients with persistently
abnormal tests of oral glucose tolerance.

Preservation of endogenous glucose. Sustained
normoglycemia in the absence of exogenous nu-
trients is effected by a balanced interaction be-
tween the production and the utilization of endo-
genous glucose. To assess the functional reserve
maintaining this equilibrium, challenges were in-
stituted with insulin, tolbutamide, and prolonged
starvation.

1) Tolerance to intravenous insulin. Intrave-
nous injections of 0.1 U per kg of “glucagon-free”
insulin were given to eight of the nine patients
after overnight fast.® In normal subjects and in
well-nourished hospital patients, this amount of
insulin reduces blood sugar to about 50% of pre-
test values within 20 to 30 minutes (28-30), and
it is offset by counterregulatory mechanisms that
restore normal blood sugar within 90 to 120 min-
utes after insulin administration (28, 30). In our
patients, during initial tests of insulin tolerance, on
hospital days 6 to 37, nadir levels occurred at 30
to 60 minutes and averaged 33.0 = 2.96% ? of the
pretest values (Table IT). All except the 16-year-
old schoolboy, R. H., displayed some degree of
hypoglycemic unresponsiveness, so that restoration

8 For tests of insulin tolerance, two preparations of

“glucagon-free” insulin were employed: trypsin-treated
crystalline porcine insulin (Eli Lilly lot no. 499667),

which was dissolved in appropriate diluting solutions in

this laboratory, and trypsin-treated bovine insulin (El
Lilly lot no. W3606), which was already solubilized
upon receipt in this laboratory. Accurate delivery of
test doses was facilitated by diluting the insulin to 1.0 U
per ml with isotonic saline before administration.

9 Mean = SE of the mean.
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Fic. 1. CLEARANCE OF EXOGENOUS INSULIN FROM CIR-
CULATION OF PATIENTS WITH CLINICAL ALCOHOL HYPO-
GLYCEMIA. After iv administration of 0.1 U per kg
crystalline beef insulin, plasma specimens were obtained
without stasis at timed intervals. Immunoassay values
for insulin are shown. (Concurrent values for plasma
glucose are presented in Table II.) In all figures, the in-
dividual patients are designated by appropriate initials.
Numerical values prefixed by H. D. denote the hospital
day of the test of carbohydrate metabolism.

to the initial concentration of plasma glucose was
not achieved within 120 minutes.

In the four patients in whom tests were re-
peated, the patterns persisted despite adequate
diet and gain in weight (Table II). That gross
inadequacies of stored glycogen were not impli-
cated was documented by administering glucagon
after overnight fasts to five of the patients (Table
III). Intravenous injection of 1 mg glucagon
on day 20 raised plasma glucose more than 30 mg
per 100 ml, in all except J. B. Even in J. B, im-
proved response to glucagon (day 56, Table III)
was not accompanied by appreciable alteration in
insulin tolerance on day 58 (Table II).

Plasma specimens obtained during the chal-
lenge with insulin in J. B. on day 138, H. W. on
day 6, and W. R. on day 11 were analyzed by im-
munoassay to evaluate the possibility that the hy-
poglycemic unresponsiveness might result from
abnormal intravascular persistence of hormone.
No evidence for such delayed clearance was found.
Exogenous insulin in venous plasma declined to
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levels below 10 pU per ml within 45 minutes after
injection. In H. W. and W. R,, sufficient samples
were examined to permit derivation of rate con-
stants ; half-times for the disappearance of the beef
insulin from plasma during the first 45 minutes
were 9.2 and 9.0 minutes, respectively (Figure 1).

In most subjects, the hypoglycemic response to
insulin was accompanied by tachycardia and ele-
vation of blood pressure. Such manifestations of
autonomic discharge did not occur in J. B. and
W. H., even with sufficient intervals between
serial insulin administrations (Table II) to ex-
clude the likelihood of adaptation phenomena
(31). That this lack of autonomic reactivity was
not due to impaired responsiveness of target tis-
sues was documented with exogenous epinephrine.
Intramuscular injection of 0.01 ml per kg of
1:1,000 epinephrine (32) to J. B. on day 143
raised plasma glucose from fasting levels of 87
mg per 100 ml to 94, 112, 128, 119, and 110 mg
per 100 ml in 15, 30, 60, 90, and 120 minutes,
respectively, while plasma FFA increased from
338 pmoles per L to 620, 967, 1,174, 560, and
342 pmoles per L. In W. H., on day 525, epi-
nephrine increased plasma glucose from fasting
levels of 78 mg per 100 ml to 95, 126, 143, 132,
and 107 mg per 100 ml, while plasma FFA rose
from 476 pmoles per L to 833, 1,107, 1,277, 1,164,
and 683 umoles per L. Both subjects displayed
appropriate pressor and tachycardiac responses to
the exogenous epinephrine. Thus, their grossly
deficient autonomic reaction to insulin hypogly-
cemia may be attributed to an inadequate mo-
bilization of endogenous adrenergic counter-
regulators even without quantitative assays for
catecholamines.

2) Response to intravenous tolbutamide. The
pattern of blood-sugar response to the iv adminis-
tration of 1.0 g sodium tolbutamide has been ex-
tensively documented (33-35). In nondiabetic
subjects, an average maximal decline to 50 to
60% of pretest values is achieved in about 30 min-
utes, and restoration to blood sugar levels greater
than 80% of pretest values occurs within 90 min-
utes. In mild diabetics, the reduction is slower,
so that the blood-sugar concentration at 30 min-
utes exceeds 73% of the initial values, and maxi-
mal reductions may be delayed for more than an
hour. On the assumption that the response to
tolbutamide is conditioned not only by the rate
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and quantity of insulin release and its extrapan-
creatic persistence, but also by the degree of in-
duced hypoglycemia and the adequacy of counter-
regulating mechanisms, patients were challenged
with tolbutamide after overnight fast (Table IV).

In their initial tolbutamide tests, O. S, E. J.,
and H. G. displayed minimal reductions in blood
sugar during the first 30 minutes. The remain-
ing six patients exhibited 30-minute decrements
that were compatible with normal rates of insulin
release. Plasma glucose continued to decline in all
nine patients, so that maximal reductions did not
occur until 60 or more minutes after tolbutamide
administration. Such delayed nadirs might have
been anticipated in the three patients with the dia-
betic type of 30-minute response (33). In the
others, the prolorged reductions were contrary to
the usual experience in normal nondiabetic sub-
jects (33, 35). In R. H., W. Ry, and ]J. B,, the
tolbutamide-induced hypoglycemia was prolonged
to an extent that is classically associated with mas-
sive hepatoparenchymal disease or islet-cell tu-
mors (35).

The complex interrelationships in tolbutamide
action preclude definitive interpretation. Since
adequate alimentation had been established, it is
doubtful that inanition was contributory. More-
over, in two young adult, control subjects, we
have not observed abnormal prolongation of tolbu-
tamide-hypoglycemia even after 3 days of fasting.
In R. H,, the initial tolbutamide test could have
reflected an anomalous responsiveness of “alcohol-
primed islet” tissue. In all of the others, the rela-
tive hypoglycemic unresponsiveness to standard-
ized amounts of exogenous insulin (Table IT) sug-
gests that deficient counter regulation could result
in an exaggerated response even to a normal re-
lease of endogenous insulin.

Examinations were repeated in six patients
(Table IV). Reversions to more normal pat-
terns were observed in four. In W. Ry. and J. B,,
the enhanced hypoglycemic potential of tolbuta-
mide persisted. In J. B., this was now associated
with a diabetic type of 30-minute response.

To correlate tolbutamide with a less well-defined
potential iselt-cell secretogogue, L-leucine (36-38)
was administered to W. Ry. on day 60 and to
W. H. on day 61. Oral doses of 150 mg per kg
L-leucine did not appreciably reduce blood sugar
in either subject. Respective values for plasma
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TABLE V
Tolerance to fasting in patients with alcohol hypoglycemia

Plasma glucose

Wt Hours of fasting
Patient Days Initial Final 12 24 36 48 60 72 Exercise*
ke kg mg/100 ml
R.H. 68-71t 55.2 53.2 84 81 64 48 50 49
0.S. 35-37 47.0 44.1 66 56 46 44 34
E.]. 27-30 52.7 51.4 81 . 77 71 60 69
W.R. 12-15 56.3 54.5 83 75 44 43 41 40 58
W.Ry. 37-40 53.4 52.0 69 38 42
65-68 55.4 53.4 85 61 58 46 44 46 50

J.B. 21-24 42.3 39.3 86 55 54 53
W.H. 102-105 48.4 46.1 54 52 52 49 50

175-178 52.3 49.5 78 67 54 53 52 47

242-245 55.5 52.5 78 77 65 49 50 52

345-348 59.8 56.6 81 78 75 60

549-552 62.7 60.1 76 61 59 58 51

601-6041 63.9 62.0 86 80 81 67 69 77

653-656 65.3 61.0 80 72 58 60 53 59

* Exercise for 1 hour on a stationary bicycle was begun at the end of the 72-hour fast. Blood was drawn immediately

after the end of the exercise.

t Fasting tolerance was assessed 68 to 71 days following the episode of clinical alcohol hypoglycemia.

Patient was

initially hospitalized for 27 days and readmitted to Thorndike metabolism ward 1 month later for additional studies includ-

ing the 3-day fast.

1 Oral cortisone, 75 mg every 8 hours, was administered throughout the period of fasting on days 601 to 604.

glucose before and 30, 60, 90, 120, 150, and 180
minutes after the administration of L-leucine were
83, 80, 77, 76, 76, 75, and 73 mg per 100 ml in
W. Ry. and 81, 86, 85, 77, 83, 73, and 77 mg per
100 ml in W. H.

3) Tolerance to fasting. Seven of the patients
were subjected to 3-day fasts (Table V). In all
except E. J., venous plasma glucose declined to
levels below 60 mg per 100 ml after 48 hours of
fasting and to values below 55 mg per 100 ml by
60 to 72 hours. In W. R,, W. Ry., J. B,, and on
three occasions in W. H., plasma specimens were
obtained near the end of the fast and analyzed for
insulin by immunoassay. Insulin levels were not
in excess of 11 xU per ml.

Three patients were exercised at the end of
the 3-day fast. One hour of pedaling a stationary
bicycle did not effect further reductions of blood
sugar (Table V). Rather, there was a variable
but definite elevation of plasma glucose, suggesting
that some mobilizable hepatic glycogen had been
preserved.

In W. H., the administration of 75 mg of oral
cortisone every 8 hours (39) during one of his
fasts attenuated his usual fall in blood sugar.

The decline in plasma glucose during 3 days

of fasting in patients with alcohol hypoglycemia
exceeded our findings in an age-matched control
population from Boston City Hospital. In nine
of ten control subjects, venous plasma glucose
was maintained at levels of 60 mg per 100 ml or
greater during 72 hours of fasting.

Correlations between plasma glucose and FFA.
In four patients, the correlative changes in plasma
FFA were measured during tests of carbohydrate
metabolism (Figure 2). During oral glucose tol-
erance, the delayed disposition of glucose loads
was attended by prolonged reductions of FFA,
and secondary ‘“rebounds” of FFA (40) were
minimal even during 6 hours of observations.
Similarly, during exhibition of exogenous insulin,
as well as during tolbutamide-induced mobiliza-
tion of endogenous insulin, the abnormal hypo-
glycemic unresponsiveness was associated with
an equal unresponsiveness of FFA. A counter-
regulatory upsurge of FFA was not observed un-
til the absolute decrement in plasma glucose had
been arrested. The results afford further evi-
dence of a diminution in the mechanisms for
counterregulation.

Possible role for alcohol. In some of the pa-
tients, amelioration of initially abnormal tests oc-
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curred during prolonged hospitalization. To as-
sess the possibility that alcohol, per se, may have
been contributory, 100 ml (79 g) of absolute
ethanol was substituted for isocaloric quantities of
fat in the constant diet of W. H. on days 115 to
180 (Figure 3). Although he continued to gain
weight, alterations in oral glucose tolerance oc-
curred, and his hypoglycemic unresponsiveness to
exogenous insulin was exacerbated, although
weekly tests of hepatic function [SGO-T, bromo-
sulfophthalein (BSP), cephalin flocculation, etc.]
did not change significantly, and repeat liver biopsy
on day 157 disclosed normal liver without any
fat globules.

Effects of alcohol

Since the clinical diagnosis of alcohol hypogly-
cemia was usually made retrospectively, the au-
thors did not see most of the patients until the
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initial coma had been terminated by the adminis-
tration of glucose. In the case of the 32-year-old
white female H. W., however, the authors were
summoned in time to obtain adequate blood sam-
ples. H. W. was in deep coma with no localizing
neurological signs nor other physical abnormali-
ties. Rectal temperature was 94° I, blood pres-
sure was 120/90, pulse was 60 beats per minute,
and respiration was 10 breaths per minute. Ve-
nous plasma glucose was 6 mg per 100 ml with a
plasma alcohol level of 149 mg per 100 ml, SGO-T
of 54 U, and amylase of 112. Intravenous ad-
ministration of 35 ml of 50% glucose restored con-
sciousness immediately and raised rectal tempera-
ture to 96.3° F within an hour. Thirty minutes
after the injection of glucose, plasma FFA had
declined from an initial concentration of 2,407
pmoles per L to 738 umoles per L, and immuno-
logically reactive plasma insulin had risen from
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F1c. 2. CORRELATIONS BETWEEN PLASMA GLUCOSE AND PLASMA FREE FATTY AcIps (FFA).

Carbohydrate

metabolism was challenged with oral glucose (Table I), iv tolbutamide (Table IV), and iv insulin (Table II)

after overnight fast.
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Pt. W.H.- Diet/day: Garbohydrate 295gm, Protein 110 gm, Fat 110 gm (2610 Calories),
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*ISOGALOI?/C SUBSTITUTION OF ALCOHOL (79 am) FOR PART OF DIETARY FAT.

F16. 3. ALTERATIONS IN CARBOHYDRATE METABOLISM DURING CHRONIC ALCOHOL INGESTION IN PATIENT
W. H. Absolute. ethanol, 79 g, was substituted for isocaloric quantities of dietary fat on the assumption

that 1 g of ethanol yields 7 calories.

Alcohol was added to sufficient fruit juice to disguise the taste and

given in six divided feedings at 7 am., 9:30 am., 11 am, 1:30 p.m,, 4 p.m., and 7 pm. The regimen was
maintained from hospital days 115 to 180. Body weights at the time of individual tests are denoted by the

numbers in the parentheses.

0 pU per ml to 27.5 pU per ml. Plasma glu-
cose at that time was 119 mg per 100 ml.

Since we thought that the sequential phenomena
in alcohol hypoglycemia might be definitively tab-
ulated if the syndrome could be reproduced ex-
perimentally, alcohol was administered to the
subjects.

Plasma glucose. All of the patients except
H. G. and E. J. were challenged with pure ethanol.
In most instances, the alcohol was given intra-
venously to minimize the reflex and neurohumoral
effects of direct gastric irritation and to diminish
the subjective response to a familiar beverage.

Earliest efforts were suggestive. O. S. and
W. Ry. were given 1.25 ml per kg (0.99 g per
kg) of absolute ethanol dissolved in 500 ml of
isotonic saline by sustaining infusion for 1 hour

after overnight fast. Blood samples were secured
at the start and at the end of the infusion and at
60-minute intervals for the next 3 hours. In
W. Ry., this procedure elicited plasma glucose
concentrations of 76, 74, 65, 59, and 61 mg per
100 ml at 0, 60, 120, 180, and 240 minutes, re-
spectively, whereas, at comparable intervals, with
control infusions of saline, values for plasma glu-
cose were 72, 72, 72, 67, and 68 mg per 100 ml.
In O. S., the 1-hour ethanol infusion yielded
plasma glucose values of 77, 65, 61, 36, and 61 mg
per 100 ml.

The equivocal and transient results prompted
revision of the administration procedure. To
simulate conditions that obtain during a “drinking
spree,” a constant dose of alcohol consisting of 118
g (1 L of 15% ethanol in saline, vol/vol) was
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administered during an 8-hour period by constant
iv infusion at the rate of 2 ml per minute, or by
five 200-ml feedings through stomach tube at
2-hour intervals. Blood samples were obtained
before the start of alcohol and at 2, 4, 6, 8, 10,
and 12 hours thereafter, and in most instances,
15, 30, and 60 minutes after the beginning of
alcohol also. The peak levels of plasma alcohol
ranged from 150 to 362 mg per 100 ml.

When alcohol was administered in this way
after overnight fast, plasma glucose declined be-
low 50 mg per 100 ml in R. H. (Figure 4), W. R.
(Table VI), J. B. (Figures 5 and 6), and W. H.
(Figure 7 and Table VI). Occasionally, a 3- to
5-mg per 100 ml elevation of blood sugar occurred
within 15 to 30 minutes after the start of alcohol
administration (Figure 7 and Table VI). The
hypoglycemia, characteristically, was not elicited
before hour 6, and it usually occurred after ter-
mination of the alcohol challenge. It was neither
preceded nor attended by glycosuria.

Only H. W. failed to respond with hypogly-
cemia to the 8-hour infusion of alcohol after over-
night fast despite achieving a blood ethanol con-
centration of 308 mg per 100 ml (Table VI).

Vulnerability to the hypoglycemic effects of al-
cohol after overnight fast was assessed at intervals
in R. H, J. B, and W. H. The 16-year-old

1121

RH.,J' 16
ALCOHOL AFTER OVERNIGHT FAST
100

V. INFUSION (517 )

S
8
E 75
i§
a
S 50
S
3 r
3 25p o
N Y INFUSION (3) ) d
1 | 1 | ] 1
(o] 2 4 6 8 10 12

HOURS

F16. 4. EXPERIMENTAL ALCOHOL HYPOGLYCEMIA IN
Patient R. H. Intravenous alcohol was administered
after overnight fast on days 24 and 63 after the initial
clinical episode of alcohol hypoglycemia. Infusions con-
sisted of 15% absolute alcohol, by volume, in isotonic
saline and were delivered at the rate of 2.1 ml per min-
ute. On each occasion, nausea and vomiting interrupted
the infusion before completion of the projected 8-hour
administration. The nausea subsided spontaneously
within less than 3 hours, and no changes in plasma amy-
lase were observed at any time.

schoolboy, R. H., displayed slightly improved tol-
erance, although interpretation is complicated by

TABLE VI
Effects of alcohol after overnight fast in patients with clinical alcohol hypoglycemia

W.H., Day 529 W.R., Day 31 H.W., Day 19
Plasma Plasma Plasma
Time Alcohol glucose FFA Insulin Alcohol glucose FFA Insulin Alcohol  glucose FFA Insulin
min mg/100 mg/100 umoles/ U/ mg/100 mg/100  umoles/ wU/ mg/100 mg/100 pmoles/ upU/
ml ml L ml ml ml L ml ml ml L ml
o0 0 81 537 9 0 83 694 7 0 89 681 16
Alcohol administration, 718 g/L isotonic saline*
+15 44 84 637 8 10 81 625 12 10 93 522 14
+30 66 82 649 9 22 81 599 6 30 91 446 16
+60 74 79 421 4 38 81 565 4 55 84 436 19
+120 95 79 466 7 84 76 611 6 100 92 443 14
+240 130 79 521 S 162 80 676 8 180 95 428 8
+360 159 78 548 3 226 77 804 4 205 93 492 19
+480 181 70 676 V] 302 09 1,065 11 308 96 426 3
+600 201 45 923 /] 255 48 937 8 247 95 423
+660 35 1,093 V] 250 38 1,409 5 238 96 432 12
+720 154 29 1,189 V] 248 31 1,222 11 220 100 556 15
iv Glucagon, 1 mg
+15 30 1,323 3 205 161 328 24
+30 27 1,112 0 30 1,560 3 193 169 269 24
+60 140 28 934 o0 30 1,360 0 114 256
+90 28 944 V] 234 31 1,207 6

* Alcohol was administered during the 8-hour interval from 0 to + 480 minutes.

whereas alcohol was given to W.H. in multiple feedings.

Intravenous infusion was employed for WR. and HW.,



1122 FREINKEL, SINGER, ARKY, BLEICHER, ANDERSON, AND SILBERT

v8.4.75,
H.D. 34-ALCOHOL AFTER IS5 HR. FAST

ALCOHOL INFUSION

loog,
ALASMA ([T emmememe e

GLUCOSE
tmg/100m) O~ =" === 7= mmes KT
25} b <
m = -4
o0} -
ALCOHOL
200} T~
(mg/100mL)
100 by

100}

RECTAL
TEMP 1
(y2] 96 o —
oal NS ST N IS T

Puse TR ;
(beats/min) 5;’_‘ —

BLOOD I30

e 4
SF S
(ﬁé‘:)" j:"'_’“""’——-"'—o—{
Pir—v)  3hir S P
FFA 129 | :
N R N o

o1 2 '4HO?JR38 12 14

HD. 24-ALCOHOL AFTER 69 HR. FAST
‘ ALCOHOL INFUSION  [ix.

<100

—498

...—o—.—-\ /._. Jos
1 1 ' 1 o 1 1 94
90

70

50

1200
800
L - 400

0l 24 6 8 0 2 14
HOURS

Fic. 5. EXPERIMENTAL ALCOHOL HYPOGLYCEMIA IN PATiENT J. B. Infusions of
absolute alcohol as a 15% solution, by volume, in isotonic saline were administered at
the rate of 1.9 ml per minute after overnight fast on day 34 and after 3-day fast on

day 24. No subjective discomfort was e
drowsiness, the hypoglycemia on day 24 wa
50% glucose. Enzymatic assay of timed uri

licited on either occasion. Because of
s terminated by iv injection of 60 ml of
ne collections during the alcohol infusion

on day 34 disclosed that total urinary glucose was 17.6 mg between hours 4 and 9 and

18.6 mg between hours 9 and 14. On the s
at the beginnirig of alcohol administration an

his receiving less alcohol during the second infu-
sion on day 63 than he received on day 24 (Figure
4). The hypoglycemic potential of alcohol in
J. B. and W. H. was not appreciably attenuated.
In J. B., on day 34 (Figure 5) and day 131 (Fig-
ure 6), and in W. H., on day 343 (Figure 7) and
day 529 (Table VI), identical challenges with al-

ame day, pH of gastric aspirate was 6.6
d 7.7 at the end.

cohol after overnight fast elicited equal degrees of
hypoglycemia.

To evaluate the role of antecedent diet, J. B.
(Figure 5) and W. H. (Figures 7 and 8) were
also challenged with alcohol after a 3-day fast.
The hypoglycemic effects of alcohol were strik-
ingly enhanced. Although fasting, per se, had re-
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duced blood sugar in these patients, alcohol ef-
fected a further precipitous decrement that began
almost immediately. Ultimate nadir values for
plasma glucose of 10 to 35 mg per 100 ml were
achieved. In J. B., drowsiness necessitated giv-
ing exogenous glucose at the height of the hypo-
glycemia (Figure 5). In W. H., plasma glucose
rose spontaneously with the declining blood al-
cohol (Figure 7).

The hypoglycemic effectiveness could be offset,
at least in part, by cortisone. When W. H. was
receiving 75 mg of oral cortisone every 8 hours
during fasting on days 601 to 604, oral ethanol on
day 604 did not reduce plasma glucose to con-
centrations below 51 mg per 100 m!l (Figure 8).

Intravenous glucagon, 1 mg, was given four
times to W. H., twice to J. B., and once to W. R.
at the time of alcohol hypoglycemia. Under these
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conditions, glucagon did not alter blood sugar as
shown in the examples in Figures 6 and 8 and
Table VI, but it raised plasma glucose 25 to 75 mg
per 100 ml in the same subjects when adminis-
tered after control studies in which isotonic saline
had been infused without alcohol (Figure 6).

The hormonal actions of glucagon apparently
are not blocked by alcohol per se. In H. W., blood
sugar was not lowered by the 8-hour infusion of
alcohol, and glucagon effected a brisk rise in
plasma glucose (Table VI). The ineffectiveness
of glucagon during alcohol hypoglycemia may
merely indicate that mobilizable hepatic glycogen
has been exhausted.

Physiological adjustments to experimental al-
cohol hypoglycemia. Experimental induction of
alcohol hypoglycemia did not elevate pulse rates
above 90 beats per minute in any subject, and in
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Fic. 6. PERSISTENT VULNERABILITY TO ALCOHOL HYPOGLYCEMIA IN PATIENT J. B. Alcohol was infused after over-
night fast on day 131 under conditions similar to those described in Figure 5. Control studies were performed by in-
fusing equal quantities of isotonic saline on day 140. During postinfusion periods, separate iv injections of glucagon,

1 mg, and glucose, 60 ml of a 50% solution, were administered as indicated by vertical arrows.

were diluted 1:5 for insulin immunoassay.

Plasma specimens
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F1c. 7 RELATIONSHIP BETWEEN FASTING AND EXPERIMENTAL ALCOHOL HYPOGLY-

ceMIA IN PatiENt W. H. Absolute alcohol, 15% by volume in isotonic saline, was

administered via gastric tube at intervals, as indicated by vertical arrows.

Each feed-

ing consisted of 200 ml of the 15% solution. Except for objections to the nasogastric
tube, no subjective discomfort was expressed. Behavioral changes were confined to

mild increases in garrulity.

some instances, profound reductions of blood sugar
were effected without any alterations in cardiac
rate (Figure 5). Rectal temperature was invari-
ably reduced, and both diastolic and systolic blood
pressures were usually lowered (Figures 5 and 8).

To demonstrate a dissociation between the hy-
poglycemic potential of alcohol and certain of
these physiological phenomena, repetitive subcu-
taneous doses of atropine were given during the
administration of ethanol to W. H. on day 371
after a 3-day fast (Figure 8). Oral ethanol re-
duced plasma glucose to concentrations below 40
mg per 100 ml from hour 4 onward, although rec-
tal temperature and pulse rate were maintained
above 98° F and 90 beats per minute, respectively.
The atropine did not prevent reduction of blood
pressure.

Biochemical concomitants of experimental al-
cohol hypoglycemia. Serial assays for the plasma
enzymes SGO-T and amylase disclosed no char-
acteristic progression, and experimental alcohol
hypoglycemia could be induced without any ap-
preciable changes in these parameters (Figures
5and 7).

In three experiments in W. H., two in J. B,
and one in W. R., plasma levels of phosphorus
and potassium were assayed as indexes of glucose
utilization. The findings in J. B., typical of all
observations, are presented in Figure 5. Induc-
tion of hypoglycemia was accompanied by a
modest rise in phosphorus and a small reduction
of plasma potassium.

In every experiment with the 8-hour adminis-
tration technique, plasma specimens were ana-



ALCOHOL HYPOGLYCEMIA

lyzed for FFA as a more sensitive index of periph-
eral insulin-like effects. A biphasic pattern was
observed most frequently (Figures 5 to 8 and Ta-
ble VI). Alcohol produced transient reductions
of plasma FFA to values that were 20 to 53%
(average 35%) lower than the initial concentra-
tions. The decrements were usually confined to
the first hour and were not observed during con-
trol studies with saline. Nadir FFA levels oc-
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curred when plasma alcohol concentrations ranged
from 21 to 73 mg per 100 ml. After this early
lowering of FFA, the continued delivery of alcohol
was accompanied by slow, progressive elevation
of plasma FFA to maxima that were 120 to 227 %
of control values. The peaks occurred 8 to 12
hours after the start of the experiments and were
not always coincident with the peak values for
plasma alcohol. Only H. W. deviated from this

wn.,d52
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Fic. 8. PERSISTENT VULNERABILITY TO ALCOHOL HYPOGLYCEMIA IN PATIENT W. H.
AND ATTEMPTS AT PHARMACOLOGICAL MODIFICATION. Alcohol was administered orally
as described in Figure 7. Atropinization was effected on day 371 by injecting 2 mg
of atropine sulfate subcutaneously 90 minutes before alcohol feedings, and it was
maintained by supplemental injections of 1.2 mg of atropine sulfate 15 minutes, 6

hours, and 9 hours after the first dose of alcohol.

(The two control values for each

parameter on day 371 depict measurements obtained immediately before and 80 min-
utes after the initial injection of atropine.) To assess the effects of cortisone on day
604, cortisone acetate, 75 mg every 8 hours, was given throughout the prior 3-day
fast, and immediately before the first and the last alcohol feeding. No attempts were
made to modify the response to alcohol on day 656, and the experiment was designed
for intercomparison with the results obtained under similar conditions on day 348 (cf.

Figure 7).
mg of glucagon.

The vertical bars labeled “glucagon, iv” denote the iv injection of 1
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pattern (Table VI). Her reduction of plasma
FFA was sustained throughout the ethanol infu-
sion. At the same time, normoglycemia was
preserved.

Lieber and associates have previously reported
that ethanol after overnight fast can lower plasma
FFA in normal subjects without affecting blood
sugar (41, 42). In these studies, when hypo-
glycemia was induced by ethanol after overnight
fast, the decrement in FFA antedated the hypogly-
cemia by 3 to 7 hours, and even when alcohol was
given after a preliminary 3-day fast, the downward
trend of FFA was arrested and reversed despite
continuing reductions of blood sugar (Figures 5 to
8).

Plasma insulin during ethanol adwministration.
In a limited number of studies, all specimens of
plasma were examined for insulin by immuno-
assay. Initial analyses (Figures 5 and 7) were
performed with tenfold dilutions of plasma. No
increments in immunologically reactive plasma in-
sulin were detectible, although immunoassay with
1:10 dilutions of plasma from the same subjects
disclosed rises in insulin after oral glucose or iv
tolbutamide. To enhance analytical sensitivity,
subsequent measurements were performed with
1:5 dilutions of plasma. Even under these con-
ditions, none of the plasmas secured during the
experimental alcohol hypoglycemias that are listed
in Table VI contained insulin in excess of 12 pU
per ml. Within methodological limitations, sys-
tematic increments in immunologically reactive
insulin could not be demonstrated.

Glucagon did not affect plasma insulin when
given at the time of alcohol hypoglycemia, whereas
insulin rose with the elevation of blood sugar
when glucagon was given during normoglycemia
(Figure 6 and Table VI). In J. B., the single
subject in whom it was examined (Figure 6), iv
glucose during experimental alcohol hypoglycemia
produced a brisk rise in immunologically reactive
insulin and a prompt reduction in the levels of
plasma FFA. The changes did not differ sub-
stantially from the alterations in plasma insulin
and FFA effected by similar quantities of iv glu-
cose during control studies with saline (Figure 6).
Apparently, the potentialities for the mobilization
of pancreatic insulin and the response of adipose
tissue to glucose flux are preserved during ex-
perimental as well as clinical alcohol hypogly-
cemia.

FREINKEL, SINGER, ARKY. BLEICHER, ANDERSON, AND SILBERT

DISCUSSION

The nine patients admitted to Boston City
Hospital in hypoglycemic coma after alcohol in-
gestion between 1960 and 1962 constitute 0.015%
of all of the admissions during this period. The
entity apparently is uncommon, but not rare.
Since the nine were of diverse racial and ethnic
backgrounds, the incidence may not be unique,
but could equally obtain in any institution that
serves a comparable socio-economic group. The
syndrome may be considered most profitably in
terms of the basal carbohydrate metabolism of
these subjects and the modifications that were
produced by the introduction of alcohol.

Tests of carbohydrate metabolism. Severe liver
disease was not present in any patient. Despite
heavy alcoholism, most of them exhibited rela-
tively well-preserved hepatic function at admis-
sion, and such abnormalities as obtained were
frequently rectified during hospitalization. Three
of the nine had a family history of diabetes melli-
tus, although none had glycosuria. Classical endo-
crinopathy was not present. Two displayed
subtle disturbances in pituitary-adrenal interrela-
tionships. Basal steroid excretion was low in
J. B., although responsiveness to Metopirone and
ACTH obtained, whereas basal steroid excretion
was higher in W. H., although faulty response to
Metopirone showed diminished corticotropin re-
serve. All were lean, but none exhibited the in-
anition and nutritional defects cited in some of the
previous reports of alcohol hypoglycemia (3, 4,
12). Clinical evidence for islet-cell tumor was
lacking, and even in Patient W. Ry., whose in-
dexes were most suspicious, immunoassay values
for fasting plasma insulin were normal, exercise
after 3-day fast did not accentuate the hypogly-
cemia, and exploratory laparotomy, including ex-
cision of the tail of the pancreas, did not disclose
any lesion.

For most, there were no gross abnormalities in
any of the hepatic, endocrine, or nutritional factors
implicated in the classical forms of spontaneous or
endogenous hypoglycemia (43, 44). Nonetheless,
certain aspects of their carbohydrate tests suggest
that endogenous glucose homeostasis may have
been marginally balanced.

First, although all nine maintained normal blood
sugar after overnight fast, seven displayed some
impairment in the disposition of oral glucose loads.
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In these seven, equilibruim considerations de-
mand that the maintenance of fasting normogly-
cemia with reduced glucose utilization requires
only reduced rates of endogenous glucose produc-
tion (45). Second, all nine responded with ex-
cessive lowering of blood sugar or deficient
counterregulation to at least one of the procedures
that acutely (insulin, tolbutamide), or chronically
(starvation) challenged the fasting equilibrium
between endogenous glucose production and glu-
cose utilization. Direct immunoassay of plasma
confirmed that these phenomena were not due to
abnormal persistence of circulating insulin. They
are further evidence for reduced basal glucose
production.

Even superficial analysis indicates that these
subtle limitations in the regulation of fasting blood
sugar cannot be ascribed to a common etiology.
The impaired autonomic response to insulin hypo-
glycemia in some of the chronic alcoholics, and
even in two with normal pituitary-adrenal inter-
relationships, warrants consideration. It could
have reflected a neuropathic consequence of mar-
ginal antecedent diet, or an expression of diabetic
neuropathy in those patients with coexisting oral
glucose tolerances of the diabetic type. We can
speculate that alcohol per se may directly partici-
pate, and the premise is reinforced by the experi-
ence in the one alcoholic in whom isocaloric sub-
stitution of alcohol was instituted. Since alcohol
can effect acute release of catecholamines (46-48)
and serotonin (48, 49) from preformed tissue
stores, and since repletion of such stores is not
immediate (31, 48, 50, 51), mobilizable neuro-
humors could be compromised by chronic ethanol
addiction. The finding that alcohol acutely en-
hances the urinary excretion of catecholamines in
the rat, but that chronic ethanol feeding results in
a diminished urinary output of epinephrine and
norepinephrine (47) suggests this. The role of
tonic autonomic activity in fasting blood sugar
homeostasis has not yet been clarified. The re-
ported induction of acute hypoglycemia in the rat
after transection of the spinal cord (52) suggests
that tonic neural influences may be of significance.

None of these chronic factors can explain the
abnormal tests in the 16-year-old schoolboy. Diag-
nostic application of iv tolbutamide has been too
limited to determine if the prolonged hypogly-
cemia in his initial test was due to a transient
pancreatic, hepatic, or endocrine insult incurred
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during the acute alcoholic debauch. Regardless
of such evanescent lesions, his poor tolerance to
fasting 2 months after the clinical episode of alco-
hol hypoglycemia suggests that his endogenous
equilibrium between glucose production and utili-
zation was also tenuous. Possibly, precarious
equilibration constitutes the physiological norm
for this age group, if active growth were to pre-
empt endogenous amino acids for anabolism and
restrict their delivery to the liver for gluconeo-
genesis.

Despite possibly diverse mechanisms, all nine
patients displayed some limitation in their reserve
for regulation of endogenous carbohydrate metabo-
lism. Until more cases have been subjected to
comparably detailed dissection, we cannot infer
such marginal balance in all instances of clinical
alcohol hypoglycemia. One may suggest, how-
ever, that the vulnerability to various forms of
hypoglycemic challenge in this group may have
rendered them especially susceptible to the hypo-
glycemic actions of alcohol.

Experimental "alcohol hypoglycemia. Seven
patients were challenged with pure ethanol. In
five of them, ethanol after overnight fast reduced
plasma glucose to levels below 50 mg per 100 ml
and reproduced all other features of the clinical
syndrome. As will be documented in a subse-
quent report, hypoglycemia can also be elicited
with alcohol in normal subjects (13), although a
minimum of 2 to 3 days fasting is necessary.
The hypoglycemic potential of ethanol independent
of congeners or denaturants is clearly established.
Field and Williams reached similar conclusions
in their concurrent and independent studies of the
effects of alcohol upon blood sugar (53).

Several aspects of our experiences with ex-
perimental alcohol hypoglycemia warrant recapitu-
lation because of their possible relevance to mecha-
nisms.

1) When induced after overnight fast, hypo-
glycemia occurred late in alcohol administration,
and frequently, when blood alcohol concentration
was declining, suggesting that the phenomenon
may be related to some aspect of the intracellular
metabolism rather than the extracellular concen-
tration of alcohol. Since normoglycemia followed
most of the disposition of alcohol, the presence of
some alcohol may be necessary to maintain hypo-
glycemia.



1128

2) When induced after a 3-day fast, hypogly-
cemia was more pronounced and acute. This sug-
gests that it is favored when peripheral demands
are adapted to products of fat metabolism (54)
and intrahepatic glucose flux is derived almost en-
tirely from gluconeogenesis (55). Although other
interpretations are possible, the fact that hypo-
glycemia was attenuated by premedication with
pharmacological quantities of cortisone supports
the hypothesis that there is an inverse correlation
between the adequacy of gluconeogenesis and the
vulnerability to alcohol hypoglycemia.

3) Judged by serum SGO-T, experimental al-
cohol hypoglycemia was not attended by acute
hepatocellular toxicity. Since glucagon did not
raise blood sugar during alcohol hypoglycemia,
although it did during control studies of compara-
ble duration, one infers that the hypoglycemia oc-
curred when hepatic glycogen stores had been
exhausted through activated glycogenolysis or im-
paired glycogenesis. Hypoglycemia from exoge-
nous (56) and endogenous (57) insulin may be
terminated by glucagon.

4) Experimental alcohol hypoglycemia was not
attended by the changes that are characteristic of
augmented peripheral glucose utilization in such
inferential indexes as plasma K, P, and FFA.
Although alcohol occasioned an early fall in
plasma FFA, the induction of alcohol hypogly-
cemia was temporally dissociated from this de-
cline and coincided with rising levels of plasma
FFA. In the same subjects, the induction of
hypoglycemia by exogenous insulin or tolbutamide
elicited parallel reductions in blood sugar and
FFA.

5) No evidence for primary pancreatic media-
tion could be assembled. Changes in plasma
amylase were inconstant; vagal blockade with
atropine did not alter the hypoglycemic response,
and induction of alcohol hypoglycemia in Subject
J. B. with histamine-refractive achlorhydria pre-
cludes activation of islet-cell secretions through
stimulation of gastric acidity (58) and secretin
(59, 60) by alcohol (61). Direct immunoassay
of all plasma specimens obtained before and after
the experimental alcohol hypoglycemia failed to
disclose systematic changes in circulating insulin.
Not all biologically active “insulin-like” material
need be immunologically reactive, however (62,
63). Even for immunologically reactive insulin,
the concentrations in peripheral blood need not
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validly reflect the concentrations in the portal
vein (64), since a varying proportion may be ab-
stracted or sequestered during transhepatic pas-
sage (65, 66).

6) In some patients, the blood-sugar lowering
effect of alcohol after overnight fast persisted de-
spite prolonged alimentation and rehabilitation in
a controlled environment. Apparently, perpetua-
tion of extreme sensitivity to alcohol hypogly-
cemia requires neither marginal diet nor repetitive
exposure to alcohol.

General comments. The present studies have
demonstrated that alcohol hypoglycemia consti-
tutes a specific clinical syndrome, one that justifies
inclusion in those detailed listings of the hypogly-
cemic states from which it has been heretofore
excluded. The ease with which it could be repro-
duced in some of the present subjects, under ex-
perimental conditions that simulated their outside
drinking patterns, suggests that at least these pa-
tients experienced alcohol hypoglycemia far more
frequently than their record of hospital admissions
indicates.

Nosologically, alcohol hypoglycemia must be
classified as a form of exogenous hypoglycemia.
It arises after the interruption of the fasting equi-
librium by a pharmacological agent, and it is es-
pecially likely in those subjects in whom the en-
dogenous balance between glucose production and
utilization is already precarious. The role of al-
cohol may thus be assessed: the intact molecule
probably exerts those supratentorial actions that
the term “alcohol inebriation” encompasses (49);
oxidation of the molecule occasions changes in py-
ridine nucleotides (67, 68) that can alter more
catholic metabolic interactions (69, 70) ; and the
oxidative yield of 2-carbon fragments (71, 72)
provides useful calories that can obviate fulfilling
fasting metabolic requirements from endogenous
sources. The precise aspect of alcohol metabo-
lism that may be implicated in alcohol hypoglyce-
mia remains to be elucidated. These studies have
provided a framework of reference for the in-
quiries that will be reported in subsequent com-
munications.

SUMMARY

1. During a single 2-year period (1960-1962),
eight chronic alcoholics and one 16-year-old school-
boy entered Boston City Hospital with hypogly-
cemic coma following alcoholic debauch. Carbo-
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hydrate regulation was challenged with oral glu-
cose, exogenous insulin, tolbutamide, and fasting
to delineate a metabolic profile that might be char-
acteristic of the group. All responded abnormally
to at least one of the challenges, thus indicating
that the endogenous equilibrium between glucose
production and glucose utilization was marginally
balanced in all of them. In some of the patients,
the tests improved during prolonged observation
on a metabolism ward. The defects in glucose
homeostasis could not be ascribed to a common
etiology, although an exacerbating influence of al-
cohol was demonstrated in one patient.

2. The acute episode of clinical alcohol hypo-
glycemia was documented in detail in one patient.
In six patients, attempts were made to reproduce
the syndrome by the experimental exhibition of
pure ethanol. All facets could be reproduced in
this way.

3. Significant lowering of plasma glucose was
effected in six of seven patients when alcohol was
administered after overnight fast. In five of these,
concentrations below 50 mg per 100 ml were
achieved. A lag phase was interposed between
the sustained elevation of plasma alcohol and the
eventual fall in blood sugar. The early decline in
plasma free fatty acids (FFA), which ethanol
induces, was temporally dissociated from the re-
duction of plasma glucose. The hypoglycemic
response was more promptly effected and mark-
edly enhanced when alcohol was administered after
longer periods of fasting. In both situations, ex-
perimental alcohol hypoglycemia was induced at
blood levels of alcohol that were moderate and
well below the prerequisite range for alcoholic
coma.

4. Experimental alcohol hypoglycemia was not
accompanied by elevations of plasma glutamic-
oxalacetic transaminase or amylase. It could not
be interrupted by glucagon. With the induction of
alcohol hypoglycemia, those changes in plasma in-
organic phosphorus and FFA that connote height-
ened peripheral utilization of glucose were not
observed. Within the limits of analytical tech-
niques, systematic increments in circulating im-
tnunologically reactive insulin could not be de-
tected.

5. Exhibition of exogenous glucose in clinical
as well as in experimental alcohol hypoglycemia
was followed by a reduction of FFA and a rise in
plasma insulin, indicating that the potentialities
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for the mobilization of pancreatic insulin and the
response of adipose tissue are preserved.

6. In some of the patients, extreme sensitivity
to the blood-sugar lowering actions of alcohol
persisted despite adequate alimentation and pro-
longed rehabilitation in a controlled environment.

APPENDIX

Patients. Brief characterizations of individual patients
are presented below. Except where indicated, family his-
tories were negative for metabolic diseases, and tests of
endocrine status were within normal limits.

1) H. W.: 32-year-old white, divorced female, former
secretary, and “heavy drinker since the age of 19,” who
was brought to the hospital after a friend with whom
she was staying was unable to awaken her one morning.
She had been imbibing excessively for 1 week before ad-
mission, and food intake had been negligible during this
interval. Within the preceding 3 years, she had had at
least four other admissions to Boston City Hospital and
to other hospitals in the Boston area for “low blood
sugar and coma.” Plasma glucose at admission was 6
mg per 100 ml

2) R. H.: 16-year-old white schoolboy who had con-
sumed ‘‘about two-thirds” of a bottle of bonded whiskey
on the afternoon of the day of admission while on a fish-
ing trip with friends. His food intake had been limited
to breakfast on that day, and he was discovered in a
comatose state in the early evening. Previous consump-
tion of alcoholic beverages had been limited to “two or
three beers on week ends.” His maternal grandmother
had diabetus mellitus. Blood sugar at admission was 27
mg per 100 ml.

3) O. S.: 67-year-old widowed Negro male, former
laborer, who lived alone and had been imbibing “} to 1
pint of whiskey or gin per day” for most of his adult
life. On the day before admission, he had eaten two
full meals and consumed 1 pint of gin. He awoke the
next morning “feeling weak and unsteady,” drank more
gin, and was discovered in comatose state by his land-
lord at 6:00 p.m. One of his three siblings had diabetes
mellitus. Blood sugar at admission was 15 mg per 100
ml.

4) E. J.: 35-year-old Negro housewife with agno-
genic epilepsy since childhood, who had been drinking
heavily on a “spree” basis for 9 years. The day before
admission, she had consumed “l1 to 2 pints of gin,” but
had also eaten 3 full meals. She had retired at 10 p.m.
because of undue fatigue and was unresponsive when her
family discovered her on the floor at 6 a.m. of the follow-
ing day. Blood sugar at admission was 34 mg per 100
ml.

5) W. R.: 60-year-old divorced Negro male, janitor,
who lived alone and customarily ate little but drank “sub-
stantial” quantities of wine and whiskey. On the day
before admission, he had eaten 2 sandwiches and imbibed
as usual. He reported for work the following morning
and moved ash-cans, although his employer felt that he
appeared “drunk.” He lapsed into coma after several
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hours (during which no alcoholic beverages were con-
sumed), and he was brought to the hospital with a
plasma glucose of 31 mg per 100 ml.

Twenty-four hour urinary excretions of 17-ketosteroids
(17-KS) and 17-ketogenic steroids (17-KGS) were 5.4
mg and 10.4 mg, respectively, and these rose to 9.1 and
24.3 mg, respectively, after 25 U of ACTH. Challenge
with Metopirone, however, induced anorexia, nausea, and
reduced 17-KS to 3.5 mg per 24 hours and 17-KGS to 7.1
mg per 24 hours. (In males, the normal values for uri-
nary steroids obtained by these methods are 9 to 22 mg per
24 hours for 17-KS and 8 to 25 mg per 24 hours for 17-
KGS). Values for protein-bound iodine (PBI), 24-hour
I®.uptake, and wurinary follicle-stimulating hormone
(FSH) were within normal limits.

6) H. G.: 8l-year-old white male, “social drinker,”
who usually confined his alcoholic intake to “three ounces
of whiskey per night as a sedative.” The day before
admission, he had eaten substantial breakfast, but omitted
lunch and supper while consuming “13 pints of bottled
whiskey.” He was found in his room on the following
afternoon and brought to the hospital unconscious with
a plasma glucose of 31 mg per 100 ml.

7) W. Ry.: 42-year-old white male, itinerant kitchen
helper, who had been a chronic alcoholic since the age
of 22 and had been consuming an average of “a fifth of
whiskey, 3 to 4 quarts of beer,” and a variable amount of
port wine per day for the 5 months preceding hospitaliza-
tion. During this interval, his food intake had been
minimal, and his weight had declined from “135 to 118
pounds.” On the day before admission, he had eaten a
substantial breakfast and thereafter consumed chiefly
beer until his arrest for vagrancy that evening. He
was not fed in jail, and lapsed into progressive coma
during confinement in his cell. On admission to the
hospital the following morning, values for blood and
cerebrospinal fluid glucose were 24 and 15 mg per 100
ml, respectively. His mother had diabetes mellitus.

8) J. B.: 75-year-old white male, retired merchant
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marine engineer, who lived alone and customarily re-
stricted his alcoholic imbibition to “3 to 4 beers and 1
ounce of whiskey in the neighborhood bar with friends.”
The day before admission, he had eaten his regular meals,
but in addition, he had consumed “a half-pint of whiskey”
before retiring. Upon awakening the following morn-
ing, he “felt lightheaded” and took “several additional
sips.” He was discovered in a stuporous state by his
landlord and brought to the hospital at 10 p.m. Values
for plasma and cerebrospinal fluid sugar were 5 mg per
100 ml and 8 mg per 100 ml, respectively.

Analysis of urines collected during hospitalization dis-
closed subnormal steroid output. Basal 24-hour values
for 17-KS and 17-KGS were 3.8 and 5.7 mg, respectively.
However, Metopirone, as well as ACTH, effected en-
hanced steroid excretion. In response to ACTH, 17-KS
rose to 8.5 mg per 24 hours and 17-KGS rose to 17.9
mg per 24 hours. Similarly, during challenge with
Metopirone, 24-hour urinary excretions of 17-KS and
17-KGS were increased to 9.5 mg and 18.8 mg, respec-
tively. Values for PBI, 24 hour I'"™-uptake, and urinary
FSH were within normal limits.

9) W. H.: 52-year-old white male, schizophrenic re-
cluse, who lived alone and whose relatives had been pro-
viding him with 1 quart of commercial port wine each
day since the age of 20. There had been no prior medi-
cal difficulties. On the day of admission, he was dis-
covered in a comatose state, and observers estimated
that he had eaten nothing for 24 hours before admis-
sion and that his alcohol uptake had consisted of “ap-
proximately 3 gallon of bottled wine.” Blood sugar and
cerebrospinal fluid sugar after admission were 21 mg
per 100 ml and 8 mg per 100 ml, respectively.

Tests of liver function. Initial values are summarized
below. Functional tests were obtained shortly after ad-
mission, whereas liver biopsies were usually obtained
at a later date. To facilitate correlations, the hospital
day on which biopsy was performed is indicated by the
number in brackets.

Alk. Ceph.
Patient BSP* Biliburin phos. SGO-T floc. Amylase Biopsyt
%

H.W. 34 0.7 1.2 54 44 112 Mild fatty changes [1]

R.H. 1.4 0.6 3.0 24 0 129

0O.S. 8.8 0.8 1.5 64 1+ Essentially normal liver [247]

E.]. 4.9 0.6 1.9 43 2+ 112 Essentially normal liver [44]

W.R. 11.2 0.7 20 90 Essentially normal liver ex-
cept for many vacuolated
nuclei 1

H.G. 7.6 0.4 3.6 34 0

W.Ry. 1.3 0.9 34 125 Essentially normal liver [19]

J.B. 21.0 1.5 2.4 42 300 Occasional fat globule in par-
enchymal cells and minimal
increase of portal fibrous
tissue [19]

W.H. 11.0 1.9 14 0 Essentially normal liver [59]

* BSP = bromosulfophthalein; alk. phos. = alkaline phosphatase(Bessey-Lowry); SGO-T = glutamic-oxalacetic

transaminase ; Ceph. floc. = cephalin flocculation.

t Biopsies were kindly performed by Dr. J. Donald Ostrow of the Thorndike Memorial Laboratory and specially
processed;by. Dr. Richard A. MacDonald of the Mallory Institute of Pathology.
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