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The effect of ethanol feeding on ovarian function and structure in female rats was studied in alcohol-fed animals,
isocalorically fed controls, and two ad libitum-fed control groups. Ovarian weight was reduced by 60% in alcohol-fed
animals compared with the control groups. Gross disruption of ovarian architecture was noted, characterized by the
absence of any corpus hemorrhagicum and corpus albicans. Moreover, plasma levels of estradiol were significantly
reduced in the alcohol-fed animals (P < 0.01) compared with the levels found in isocaloric controls. Plasma levels of
estrone and corticosterone were increased in alcoholfed and isocaloric control animals relative to those of ad libitum-fed
animals suggesting a primarily adrenal, rather than ovarian, origin for these two steroids. Despite the increase in estrone,
the secondary sex organs (uterus and fallopian tubes) reflected marked estrogen deprivation presumably as a result of
estradiol insufficiency.

Progesterone levels in the alcohol-fed animals were significantly less than levels in the isocaloric and intact ad libitum-fed
controls but were not significantly different compared to oophorectomized animals.

Plasma follicle-stimulating hormone levels were similar in alcohol-fed, isocaloric controls, and ad libitum-intact controls.
They were, however, one-third the level of oophorectomized controls. Both alcohol-fed and isocaloric controls had
increased levels of plasma luteinizing hormone, although levels were below those seen in oophorectomized controls (P <
0.01).
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A B S T R A C T The effect of ethanol feeding on ovarian
function and structure in fenmale rats was studied in
alcohol-fed animals, isocalorically fed controls, and two
ad libitum-fed control groups. Ovarian weight was re-
duced by 60% in alcohol-fed animals compared with
the control groups. Gross disruption of ovarian architec-
ture was noted, characterized by the absence of any
corpus hemorrhagicum and corpus albicans. Moreover,
plasma levels of estradiol were significantly reduced in
the alcohol-fed animals (P < 0.01) compared with the
levels found in isocaloric controls. Plasma levels of
estrone and corticosterone were increased in alcohol-
fed and isocaloric control animals relative to those of
ad libitum-fed animals suggesting a primarily adrenal,
rather than ovarian, origin for these two steroids. De-
spite the increase in estrone, the secondary sex organs
(uterus and fallopian tubes) reflected marked estrogen
deprivation presumably as a result of estradiol insuf-
ficiency.

Progesterone levels in the alcohol-fed animals were
significantly less than levels in the isocaloric and intact
ad libitum-fed controls but were not significantly dif-
ferent compared to oophorectomized animals.

Plasnma follicle-stimulating hormone levels were
sinmilar in alcohol-fed, isocaloric controls, and ad
libitum-intact controls. They were, however, one-third
the level of oophorectomized controls. Both alcohol-fed
anid isocaloric controls had increased levels of plasma
luteinizing hormone, although levels were below those
seen in oophorectomized controls (P < 0.01).

The results establish that ingestion of a diet contain-
ing 5% ethanol for periods as short as 6 wk produces
functional and histologic ovarian failure in the female
rat.
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Career Developmiient Award AA00016.
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INTRODUCTION

The deleterious effects of alcohol on male sexual func-
tion are well documented (1, 2). The relation between
chronic alcohol abuse and male impotence, sterility,
and feminized bodily habitus is widely recognized (3-
5). The mechanisms of alcohol-induced male sexual
dysfunction have been explored, and have been shown
to be related both to primary testicular failure and to
suppression of hypothalamic-pituitary responsiveness
(2, 6, 7).

The development of an animal model of alcohol-in-
duced sexual dysfunction in the male has facilitated
research on the pathogenesis of the syndrome (8). The
model has permitted study of the effects of alcohol on
the hypothalamic-pituitary-gonadal axis under condi-
tioIns in which the amount of alcohol ingested is known,
the effects of superimposed dietary restrictions are
controlled, and the contaminating variable of severe
associated liver disease is eliminated. The results of
studies in the male rat model extend the original stud-
ies of Badr and Bartke (9) in mice and have established
that alcohol is a testicular toxin, and induces failure
of both testicular spermatogenesis and testosterono-
genesis (8).

An increasing literature suggests that chronic alcohol
abuse may induce failure of femnale sexual function
(10-22). Association of alcoholism with menistrual ab-
normalities, problems with reproduction, and changes
in secondary sex characteristics has been made. The
present study was, therefore, undertaken to devise an
animal model of alcohol-induced sexual dysfunction in
the female and, specifically, to evaluate the effects of
alcohol ingestion on ovarian growth, development, and
funiction.

METHODS

Atnimlals. 10( fenmale white Wistar rats matched for body
size and age were obtained from Charles River Breeding
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Laboratories, Wilmington, Mass., and maintained in individ-
ual cages. They were divided into four groups: (I) Alcohol-
fed animals received a liquid diet with ethanol accouniting for
36% of total calories (8, 23); (II) pair-fed isocaloric controls
were fed a similar diet in which dextrimaltose is isocalorically
substituted for ethanol; (III) ad libitum-intact controls and
(IV) oophorectomized ad libitum controls were given Wayne
Lab Blox F4 diet obtained from Best Feeds, Oakdale, Pa. The
experiment ran 49 days from age 28 through age 77 days.

Gross and microscopic anatomy. The animals were sacri-
ficed by exsanguination via the abdominal aorta under light
ether anesthesia and autopsied. Withl this technique, between
6 and 7 ml of blood was obtained from each animal. The
liver, ovaries, uterus, and fallopian tubes were removed,
trimmed of all extraneous tissue, weighed, and representative
sections were placed in Bouin's solution for histological study.
Histological sections were prepared and studied with hema-
toxylin and eosin.

The liver was examined and graded on an arbitrary scale
of one to four for degree of fat and for signs of hepatocellular
necrosis and inflammation. The ovaries were examined for
presence of corpus lutea and corpus hemorrhagica as well as
for numbers and development of Graafian follicles. The uterus
and fallopian tubes were examined for thickness of the endo-
metrium, type of and secretory activity of the epithelial lining
cells, and thickness of the muscle wall of each organ. The
cervix and vagina were examined for thickness of epithelial
cell lining and signs of estrogen stimulation.

Plasma steroids atd gonadotropins. Plasma levels ofestra-
diol and estrone were determiined in duplicate using modifica-
tions of established radioimmunoassay methods (24,25) so that
100-,ul samples could be assayed. All samples were measured
in a single assay, thus eliminating any interassav variation.
The detection limit for the estradiol assay was 0.1 pg and for
the estrone assay 0.2 pg. Intra-assay variation for the estradiol
assay was <5% and for the estrone assay <8%.

Plasma levels of progesterone were determined in duplicate
using a modification of an established radioimmunoassay (26)
so that small plasma samples (100 Al) could be measured ac-
curately. All samples were measured in a single assay. The
detection limit for the progesterone assay was 10.0 pg. Intra-
assay variation was <10%.

Plasma levels of corticosterone were measured in duplicate
using a radioimmunoassay in the laboratory of Julane Hotch-
kiss, Ph.D., Department of Physiology, University of Pitts-
burgh School of Medicine, Pittsburgh, Pa. (27). By this method
plasma samples as small as 25 ,u were easily assayable. The
detection limit for the assay was 20 pg. Intra-assay variation
was <3%. All of the steroid hormone assays used were vali-
dated by running control samples from castrated-adrenalec-
tomized animals with and without added unlabeled steroid as
controls.

Radioimmunoassay of plasma gonadotropin levels was per-
formed with reagents supplied by the National Institute of
Arthritis and Metabolic Disease (NIANIDD), Rat Pituitary
Hormone Distribution Program. NIAMDD-Rat follicle-stim-
ulating hormone RP-1 and NIAMDD-Rat luteinizing hormone
RP-1 were used as the reference preparations in the respective
assays. Hormones were iodinated with Secretion 1251 using
the chloramine-T method (28). Before their use in the assay,
the iodinated hormones were purified with polyacrylamiiide
gel electrophoresis, using 9%acrylamide with 2% cross-link-
ing (29). Gels were sliced transversely after hardening at
-70°C for 1 h and the hormones eluted in assay buffer (30).
The volume of plasma required for accurate assay by this
technique is 100 A.l/sample. Other details of the assay were
as previously described (31). Sensitivity of the assay was 4
ng/ml for both follicle-stimulating hormone and luteinizing

hormone with an intra-assay variation of 8%. Potency esti-
mates were calculated using the computer program of Rodbard
and Lewald (32).

Enizymnatic tests of liver ftunctiotn. Seriivii alkalinie phos-
phatase, gamma glutamyl transpeptidase, glutitamiic pyruvic,
and gltutamic oxalacetic transaminase activities were imieas-
ured uitilizing standard micromethods in use by' the Clinical
Chemistry' Laboratories at Presbyterian-University Hospital,
Pittsburgh, Pa. A 300-,ul plasmiia samiiple was utilized for each
assay. All sanmples were meastured in a sinigle assayN thuis eliini-
nating any interassay variation

Blood alcohol. Blood alcohol levels were determiinied ac-
cording to the method of Bernt and Gutman (33) uisinig a Beck-
man DU spectrophometer (Beckimian Instrumiienits, Inc.,
Spinco Div., Palo Alto, Calif.). The blood samiiple was obtained
1 day before sacrifice between 9 a.m. and( 11 a.m., before
providing that day's food supplx to the animilals.

Statistical aitalysis. The Sttudenit's t test was usecd for all
statistical analy sis. Differenices between groups were coIn-
sidered probably significaint at P < 0.05 aind significant at
P < (.01.

RESULTS

Growth. Intact and oophorectomized control anii-
mals nmaintained on an ad libitum standard rat diet
gained weight steadily' throuighouit the study period ahd
were treated for comparative purposes as a single group
(Fig. 1). The alcohol-fed animals and their pair-fed iso-
caloric controls also gained weight but at a reduced
rate. As can be seen in Fig. 1, the alcohol-fed aiim1als
and their pair-fed isocaloric controls had idenitical
growth rates through 42 days of age at which point the
pair-f'ed isocaloric controls began to grow more rapidly
than the alcohol-fed animals. The patterni of the growth
curves for alcohol-fed and pair-fed isocaloric controls,
however, were qualitatively similar. At the time of sacc-
rifice, the alcohol-fed animals weighed significanitly
less (138.0±+5.3 g) (mean±SENI) than the is'calori&
controls (161.6+3.8; P <0.01). Both the alcohol-fed
animals and their pair-fed isocaloric conitrols weighed
less than the ad libitum-fed cointrol animals (184.2+2.1;
P < 0.01).

Gross atnd microscopic atnatomly. As expected, the
livers of the alcohol-fed aniimals weighed more (10.6
±0.5 g) than those of the pair-fed isocaloric controls
(6.4±0.3 g) and those of the ad libitum controls (8.3
±0.2 g; both P < 0.01) (livers obtainied from intact anid
oophorectomized ad libitum aniimals did not differ).
When organ weights were corrected for body weights,
differences between alcohol-fed anid control grouips in-
creased (Table I). The histologic appearanice of' the
liver of the alcohol-fed group was one of marked fattv
metaimiorphosis, whereas that of'the adl libitumn aiud pair-
fed isocaloric controls was nlormllal.

The ovaries of the alcohol-fed animilals weighed two-
fifths as much (30.6±2.2 mig) as those obtained f'romii
the pair-fed isocaloric conitrols (75.5±3.9 mig) aindl one-
third as much as those of the intact adl libitum conitrols
(91.4±0.2 mg; 1oth P < 0.01) (Fig. 2). WA'hen ovarian
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FIGURE 1 Growth curve for the animals studied. The line
connecting the open circles represents the curve for the
alcohol-fed animals. The line connecting the triangles repre-
sents the curve of isocaloric-fed controls. The line connecting
the closed circles represents the curve for the intact and
oophorectomized controls combined. The brackets at each
point represent the mean+SEMfor each point.

mass was corrected for body mass, alcohol-fed animals
still had <50% of the ovarian mass present in pair-fed
or ad libitum-fed intact controls (Table I). Similarly,
the uterus and fallopian tubes of the alcohol-fed ani-
mals weighed one-fourth as much (39.0±4.1 mg) as
those of the pair-fed isocaloric controls (180.5±18.7 mg)
and less than one-seventh as much as those of the intact
ad libitum controls (306±15.5 mg; both P < 0.01) (Fig.
3). Whenuterine and fallopian tube weight differences

were corrected for body weight, the differences be-
tween alcohol-fed and the control groups increased,
whereas those between the two control groups actually
decreased (Table I).

The ovaries obtained from the pair-fed and intact ad
libitum controls contained numerous developing and
mature follicles, corpus lutea, and corpus hemor-
rhagica, whereas the stroma represented only a small
fraction of the overall ovariain tissue (Fig. 4).

In contrast, the greater par-t of the ovarian tissue of the
alcohol-fed animals consisted of dense stroma. A few
immature follicles could be identified, but no large,
well-developed follicles were seen. Corpus lutea and
corpus henmorrhagica were absent in 41 of the 50 ovaries
obtained from alcohol-fed animals. Thus, the reduction
in ovarian mass in the alcohol-fed animals was due
primarily to an absence of developing follicles, corpus
lutea, and corpus hemorrhagica.

The histological appearance of the uterus with its
internal lining endometrium and of the fallopian tubes
in the ad libitum controls and pair-fed isocaloric con-
trols exhibited a redundant lining composed of col-
umnar epithelial cells rich with secretory granules. In
contrast, that of the alcohol-fed animals was one of
complete estrogen deprivation, with a single layer of
uniform cuboidal cells lacking all signs of secretory
activity similar to that of the oophorectomized controls.

The histologic appearance of the cervix and vagina
of the pair-fed isocaloric and ad libitum controls
showed a relatively thick mature layer of squamous
epithelial cells overlying the deeper basal and para-
basal cells, whereas that of the alcohol-fed animals was
characterized by estrogen deprivation having a thin
epithelium of parabasal cells similar to that observed
in the oophorectomized animals.

Plasma steroid and gonadotropins. Plasma steroid
and gonadotropin concentrations were determined for
all the rats in each group from blood obtained at the
time of exsanguiniation.

Plasma estradiol concentrations in the alcohol-fed
animals (27.5±+1.2 pg/ml) (mean±SEM; n =25 for each
group) were less than those of the pair-fed controls
(33.3±1.5 pg/ml) as well as the ad libitum-intact con-
trols (48.0±1.4 pg/ml; both P < 0.01) but were not sta-

TABLE I
Relative Orgatn Weights

Liver imiass x 1(-2 Ovarian mass x 10-4 Uterine mass x 10-4
Bodv mass Body imiass Bodv mass

Alcohol-fed rats 7.6 ±0.2* 2.2 +0.1 * 2.8 +±0.3*
Pair-fed isocaloric controls 3.9±0.8 4.7±0.2 11.1±1.24
Intact ad libitum controls 4.5±0.8 5.0±+0.2 16.7+0.9

* P < 0.01 compared with the pair-fed isocaloric and intact ad libitumn controls.
4 P < 0.01 compared with the alcohol-fed and intact ad libittim controls.

626 D. H. Van Thiel, J. S. Gavaler, R. J. Sherins, anid R. Lester



1400-

1300-

1200-

1100-

1000-

o 900-

C) 800-

4 700-

O 600-

500 -

400 -

300-

200-

100-

0

0

S

[1
ALCOHOL-

FED
ANIMALS

0

0
0

r-1

ISOCALORIC AD LIB.
CONTROLS CONTROLS

FIGURE 2 Ovarian weight at time of sacrifice in the animals
studied. The ordinate is in terms of grams x 10-4. Along the
abeissca are shown the results for each group. The vertical bars
represent the mean values for each group, the brackets repre-
sent the SEMfor each group, and each point represents the
results for a given animal studied.

tistically different from those of the oophorectomized
ad libitum controls (29.8±1.6 pg/ml).

In contrast to this reduction in plasma estradiol lev-
els, plasma estrone concentrations in the alcohol-fed
animiials (156.0±26.7 pg/ml) were greater than those of
the pair-fed isocaloric controls (114.9±13.9 pg/ml), ad
libitum-intact controls (80.5±6.3 pg/ml) and oophorec-
tomized controls (48.0±5.2 pg/ml; all P < 0.01).

Plasma progesterone levels in the alcohol-fed ani-
mals (23.3±4.3 ng/ml) were significantly less than those
of the isocaloric (54.3±7.3 ng/ml) and ad libitum-fed
controls (41.7±6.7 ng/ml; both P < 0.01) and, further,
were not statistically different from those of the oopho-
rectomized control animals (18.0±0.6 ng/ml).

Plasma corticosterone levels in the alcohol-fed ani-
mals (74.0±9.0 ,g/dl) and their pair-fed isocaloric con-
trols (78.0±9.0 ,ug/dl) were increased relative to the
two ad libitum control groups (48.0±6.0 ,ug/dl; both
P < 0.05).

Plasmna follicle-stimulating hormone levels in al-
cohol-fed animals (159.0±12.8 ing/mil), isocaloric con-
trols (181.0±16.2 ng/ml), and intact ad libitum-fed
animiiials (167.3±23.3 ng/ml) were not statistically dif-
ferent. All were significantly less (P < 0.01) than those
of the oophorectomized ad libitum-fed controls (690.0
+75.2 ig/nml).

Plasma luteinizing hormone levels in the alcohol-fed
aniimals (68.7±5.7 ng/ml) and isocaloric coIntrols (79.4
+6.8 ng/ml) were increased (P < 0.01) relative to those

of the ad libitum-fed controls (43.5 + 7.0 ng/ml). All
groups had plasma luteinizing hormone levels signifi-
cantly less than those of the oophorectomized ad libi-
tum-fed animals (107.0± 18.3 ng/ml; all P < 0.01).

Biochemical liver function. Both serum glutamic
oxalo-acetic-acid-transaminase and serum glutamic
pyruvic transaminase levels were two to two and a half
times higher in the alcohol-fed animals compared with
those of any control group (all P < 0.01; Table II). Al-
kaline phosphatase activity was 50%greater in the alco-
hol-fed animals than in any of the control groups (all
P < 0.01). Gammaglutamyl transpeptidase activity was
not detected in any of the control groups but was re-
producibly measurable in the alcohol-fed animals.

Blood alcohol. Blood alcohol levels in the alcohol-
fed animals were 110+9.0 mg/dl. Alcohol was unde-
tectable in the serum of any of the control animals.

DISCUSSION

A considerable body of evidence has accrued during
the past 10-15 yr which establishes that alcohol is
a metabolic poison not only for the traditional target
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FIGURE 4 Composite gross anatomic and histologic appearance of the rat ovaries studied. (A)
Photomicrograph of a section through the center of an ovary obtained froim an isocaloric control.
x40. (B) Photomicrograph of a section through the center of an ovary obtained from an alcohol-fed rat.
Sections stained using hematoxylin and eosin. Note the paucity of follicles and ahsence of corpus
hemorrhagica and corpuis lutea in the atrophic ovary obtained from the alcohol-fed animal but
their presence in the ovary obtained from the isocaloric control animal.

organs, the liver and pancreas, but also for the heart,
brain, kidney, and other tissues (34-39). The hypo-
thalamic-pituitary-gonadal axis of the male has been
shown to be such a target of alcohol toxicity (6, 7) al-
though the effects of coexistent liver disease, avita-
minosis, and malnutrition may also have contributed
to the observed hypothalamic-pituitary dysftLnction ob-
served. Similarly, testicular atrophy, gynecomastia,
changes in body hair distribution, and vascular changes
are well known accompaniments of chronic alcoholism
(3-5). Increased plasma levels and production rates for
androstenedione have been reported in alcoholic men
with cirrhosis (39-41). Therefore, the hyperestro-
genization and hypoandrogenization of male alcoholics
are, in part, derivative effects of alcohol-induced liver
disease. Thus, the presence of decreased hepatocellu-
lar function and portal-systemic shunting of blood per-
mits increased availability of androstenedione at sites
peripheral to the liver for conversion to estrone (39-

44). Similarly, accelerated hepatic metabolism of tes-
tosterone and increased hepatic conversion of testos-
terone to estradiol are thought to occur in men with
alcoholic liver disease although overall testosterone
clearance is retarded in men with cirrhosis (41).

It is e(ually true, however, that a part of the syni-
drome of feminization of male alcoholics is attributable
to direct effects of alcohol oIn endocrine tissue. Certain
of the signs of hyperestrogenization and hypoandro-
genization can be seen in alcoholic men with minimal
structural or functional evidence of liver dysfunction
(6). Overt decreases in plasma testosterone concentra-
tions are demonstrable in normal volunteers if alcohol
ingestion is maintained for periods of several days (2,
7). Interruption of spermatogenesis, diminished testos-
terone synthesis and androgenicity, and testicular
atrophy can be produced in alcohol-fed male rats with
minimal evidence of liver disease (8).

The prominence of the signs and symptoms of femi-
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nizatioin has served to foctus investigative attention on
the cautses of sexual endocrinopathy in male alcoholics.
Although systematic endocrinologic studies have yet
to be performed, evidence is now beginniing to accumu-
late that alcohol may adversely affect sexual funlctioni
in femiiales as well (10-15). Clinical studies suggest
that abortion and prenmature delivery may be induced
bv liver disease of any etiology, possibly through ef-
fects mediated by excess accumulation of bile acids
(45). It has been suggested that the metabolic-
endocrinologic functioning of the fetal-placental unit
max' be deranged (46) and that fetal growth and de-
velopment may be diminished by excessive ingestion
of alcohol during pregnancy (47-53). The absence of
recognizable corpora hemorrhagica and(or) corpora
lutea in the ovaries of premenopausal age female alco-
holics has been reported (10).

Accordingly, to see whether elements of what ap-
pears to be a syndrome of alcohol-induced sexual dys-
function in females could be reproduced in an animal
model, and to dissect out effects due to alcohol per
se, rather than to alcohol-induced liver disease, hypo-
thalamic-pituitary-gonadal function was studied in fe-
male rats fed alcohol.

The results demonstrate that alcohol is a gonadal
toxin in female rats, and produces marked disruption
of ovarian structure and function. Ingestion of 5%etha-
nol diet for 7 wk resulted in a marked reduction in
ovarian weight. Instead of the numerous developing
follicles of various sizes and corpus lutea present in the
isocaloric control-fed animals, the ovaries of the alco-
hol-fed animals lacked corpus lutea, had only small
atretic follicles, and consisted primarily of dense ovar-
ian stroma (Fig. 4). A corresponding decrease in plasma
estradiol concentrations was observed, and levels in al-
cohol-fed female rats were indistinguishable from
those of the oophorectomized control group. As would
be anticipated with structural and functional ovarian
failure, estrogen target organs were of decreased size
and showed histologic evidence of estrogen deficiency.

It is improbable that these effects were secondary to

alcohol-induced liver disease. Although the livers of
alcohol-fed aninmals were enlarged, histologic examinila-
tion showed only fatty metamorphosis, aind biochemi-
cal tests of hepatic function were only minimallv de-
ranged (Table II). Similarly, ovarian failure could not
be ascribed exclusively or even predominianitly to calo-
ric deprivation. WVhereas the isocaloric control grouip
showed significant decreases in ovarian weight, estro-
geni target organ weight, and plasmiia estradiol conceni-
trations when compared w%ith rats fed ad libitumn, the
group ingesting alcohol had significantly lower meas-
ures for each of these parameters, and the marked dis-
ruption of ovarian architecture present in the alcohol
group was not observed in the isocaloric control group.
It appears reasonable to conclude, therefore, that the
deficits of ovarian structure and function observed in
the alcohol-fed rats were in considerable measure the
result of toxic effects of ethanol or its metabolic
derivatives per se.

It is of interest that despite the significant reduction
in estradiol levels in the alcohol-fed animals, plasma
estrone levels were increased. Human male alcoholics
with markedly reduced testosterone levels have in-
creased plasma levels of estrone (43, 54, 55), and some
authors report increased plasma levels of estradiol as
well (56, 57). This estrone is derived primarily by pe-
ripheral conversion of androstenedione which arises
from the adrenal gland (40-44). Although specific stud-
ies have not been performed to confirm this point in
our model, we propose that the increased levels of
estrone in our alcohol-fed and pair-fed isocaloric con-
trol female rats are derived similarly from androstene-
dione of adrenal origin. Such an assumption is con-
sistent with the fact that in both the alcohol-fed and
pair-fed isocaloric control animals, estrone and cor-
ticosterone are increased presumably due to an in-
creased adrenal secretion occurring as a consequence
of the stress of prolonged alcohol feeding and relative
starvation associated with pair feeding. Other possibili-
ties exist, however. Perhaps such increases are of ovar-
ian origin. It may also be that alcohol interferes with

TABLE II
Biochemical Liver Function

Alkaline Transpeptidase
SGOT* SGPTt phosphatase gammaglutamyl

lU/ml lU/ml IUlml IJUl/mll

Alcohol-fed rats 65± 14§ 52±20* 956±204* 2.3+0.6*
Pair-fed isocaloric controls 23±8 21+ 10 601±26 Undetectable
Intact ad libitum controls 25+8 20±9 603+34 Undetectable
Oophorectomized ad libitum controls 24±7 16±9 596+28 Undetectable

* Serum glutamic oxalo-acetic acid-transaminase.
4 Serum glutamic pyrivic transaminase.
§ P < 0.01 compared with all control groups.

Alcohol-Iniduiced Ovarian Atrophy 629



estrone clearance in rats, or increases conversion of es-
tradiol to estrone. An ovarian origin seems unlikely
because of the marked ovarian atrophy present. The
present studies provide no data concerning the proposi-
tion whether or not ethanol reduces the clearance of
estrone in rats. Finally, an increased conversion of es-
tradiol to estrone seems most unlikely as a result of the
known redox changes induced in alcohol-fed animals.
Regardless of its site of origin, the observed increase
of plasma estrone in the alcohol-fed animals is not
enough to maintain the normal appearance of the ovary
and the other estrogen-responsive tissues in these ani-
mals (Figs. 2-4 and Table I). Because the increases
in estrone are quite significant, the possibility also
exists that alcohol ingestion has somehow produced a
defect in uptake of estrogen to target tissue or some
effect at a distant point in hormone action.

The mechanism of alcohol-induced ovarian failure
remains in question. The ovary contains alcohol de-
hydrogenase (58), and ovarian metabolism of alcohol
with the local accumulation of toxic metabolites com-
parable to phenomena believed to occur in the testes
is thus possible. Several hypotheses for specific mech-
anisms of direct alcohol-induced ovarian toxicity might
be proposed. Ovarian conversioin of ethanol to acetalde-
hyde, with resultant mitochondrial dysfunction, might
occur. Several steps in estrogenogenesis, including
the conversion of pregnenolone to progesterone by 3
beta-hydroxy steroid dehydrogenase and delta 5-4 iso-
merase, are NAD dependent (59). The depletion of
ovarian stores of NADby conversion to NADHas the
result of ovarian ethanol metabolism nmight diminish
estradiol synthesis. The absence of alcohol dehydro-
genase activity in the adrenal gland might explain the
resistance of this organ to alcohol-induced injury and
the excessive accumulation of plasma estrone derived
from adrenal steroidogenesis as described above.

Alternatively, or more likely, in addition, ovarian
failure in alcohol-fed female rats may be the result not
only of direct effects of alcohol on the ovary, but also
of depression of hypothalamic-pituitary function.
Chronic alcoholic men have normal to moderately ele-
vated plasma gonadotropin concentrations, often in the
face of markedly decreased plasma testosterone con-
centrations (1, 6, 42, 56, 57, 60). This has been inter-
preted to suggest the presence of diminished hypo-
thalamic-pituitary function in such men, and this sug-
gestion has been confirmed by studies establishing that
chronic alcoholic men have reduced plasma gonado-
tropin responses to clomiphene and luteinizing hor-
mone releasing factor (6, 7). Moreover, normal volun-
teers fed moderate quantities of alcohol for periods of
<1 wk have reduced luteinizing hormone responses
to luteinizing hormone releasing factor (7). It can,
therefore, by hypothesized that alcohol produces go-
nadal failure in males by decreasing hypothalamic-

pituitary stimulation of the gonad through the direct
toxic effects of alcohol and(or), secondarily, through
peripheral effects of alcohol ingestion.

In the present study, plasma follicle stimulating hor-
mone concentrations were not significantly different
for the alcohol-fed, isocaloric, and ad libitum groups
despite the marked lowering of plasma estradiol con-
centrations in the former. Plasma luteinizing hormone
concentrations were raised for the alcohol-fed and iso-
caloric groups as compared with the ad libitum group,
but not to the levels obtained in the oophorectomized
group. The results are not unequivocal and may have
been produced by the limited caloric intake of alcohol-
fed animals. Nevertheless, the limited gonadotropin
response to the ovarian ablation present in the alcohol-
fed group raises the possibility that alcohol ingestioin
alters hypothalamic-pituitary function in females. Vali-
dation of this view will require assessment of the gona-
dotropin responses to hypothalamic and pituitary stim-
ulation in alcohol-fed subjects.
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