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Chronic Ethanol Ingestion During Puberty
Alters the Transient Increase in Testicular
5a-Reductase in the Swiss-Webster Mouse

ROBERT A. ANDERSON, JR.,* JACK F. PHILLIPS,* AND LOURENS ].D. ZANEVELD,*}{

Previous experiments with inbred mice showed that
chronic ethanol treatment delays male pubertal develop-
ment. An initial event in sexual maturation in theratisa
transient increase in Sa-reductase. The present study was
conducted to determine whether similar ethanol effects
occur in outbred mice (Swiss-Webster), to determine the
ontological profile of testicular Sa-reductase in the mouse,
and to evaluate the effect of ethanol treatment on this
enzyme. After 29 days of treatment with a liquid diet
(beginning at age 20 days), reductions in the ethanol-
treated mice as compared with the controls were noted in
testicular weight (55.0 + 2.0 vs. 63.0 + 2.4 mg; P<0.01),
epididymal sperm content (6.8 X 105 vs. 14.4 X 10%; P <
0.05), and sperm motility (45% vs. 57%; P < 0.05). After 43
days, differences no longer existed. In chow-fed mice, a
substantial rise in Sa-reductase (1 unit = 1 pmole DHT
formed/45 min/mg testis) began at age 24 days. Activity
peaked at approximately 65 units at 25 to 30 days and
gradually declined to 6.4 + 0.8 units at 63 days. After 29
days treatment, Sa-reductase of the pair-fed control
group was 26.8 + 4.9 units, which decreased to a baseline
value of 7.0 + 2.1 units after 43 days treatment. In con-
trast, Sa-reductase of the ethanol-treated group remained
at baseline levels after 29 days (7.7 £ 2.3 units) and 43
days of treatment (7.6 * 2.3 units). These data show that
chronic ethanol treatment delays male pubertal develop-
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ment in outbred mice, that a transient pubertal increase
in Sa-reductase occurs in the mouse, and that ethanol
treatment may prevent the puberty-associated rise in 5a-
reductase. Prevention of the increase in Sa-reductase may
represent at least one mechanism for ethanol-induced
delayed sexual maturation.

Key words: chronic ethanol ingestion, delayed puberty,
pubertal development, testicular Sa-reductase.
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The adverse effects of chronic ethanol ingestion on
reproductive function in adult males is well-docu-
mented, in both clinical and laboratory animal studies
(for reviews, see Van Thiel, 1983; Anderson et al,
1983a; Bannister and Lowosky, 1987). Very little,
however, is known regarding the sensitivity of the
reproductive tract to insult by ethanol during various
periods of development (eg, puberty). Identification
of risk factors related to subsequent fertility that are
associated with alcohol abuse during puberty would
be of significance, in view of the relatively high inci-
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dence of young adolescents who are classified as
problem drinkers (Jessor and Jessor, 1975; NIAAA,
1984; Jessor, 1985). A recent clinical investigation has
suggested that a reproductive endocrine imbalance is
associated with adolescent drug and alcohol abuse
(Diamond et al, 1986).

Recent studies by our laboratory (Anderson et al,
1987b) indicated that pubertal development of male
C57Bl/6] mice is delayed subsequent to chronic
ingestion of a liquid diet containing 5% (v/v) ethanol,
beginning at age 20 days. This conclusion was based
upon the observation of impairment of several indi-
ces of reproductive function following 29 days of
treatment, while after a 43-day treatment with the
same diet, measurements of reproductive function
approached control values. Parameters measured in
these studies included reproductive organ weights,
testicular morphology, epididymal sperm content,
morphology and motility of spermatozoa, and the
ability of epididymal spermatozoa to fertilize mouse
oocytes in vitro. These data were supported by earlier
observations by Ramaley (1982), who observed de-
layed balanopreputial separation in rats given ethanol
during puberty. However, it remains to be estab-
lished whether an ethanol-induced delay in repro-
ductive tract function is specific to the highly inbred
C57Bl/6] mouse, or is a more generalized phenom-
enon.

An early biochemical change associated with pub-
ertal development in the rat and the hamster (Tsuji et
al, 1984) is a transient increase in the level of testicu-
lar 5a-reductase (EC 1.3.1.22). Increased circulating
levels of dihydrotestosterone (DHT) consequent to
increases in the activities of this enzyme may partici-
pate in a cascade of events during male puberty that
ultimately result in a sexually mature hypothalamic-
pituitary-gonadal axis (Nazian and Mahesh, 1980).
Decreased levels of the hepatic form of this enzyme
in baboons have been reported following chronic
ethanol exposure (Gordon et al, 1979). However, it is
not known whether a change in testicular 5a-
reductase occurs in the mouse, and, if so, to what
extent such a change may be affected by chronic
ethanol treatment during pubertal development.

It was therefore the purpose of the present study
1) to confirm previous observations of ethanol-
induced delayed sexual maturation using an outbred
strain of mice (Swiss-Webster) to minimize possible
genetic bias of the results; 2) to follow the ontogeny
of testicular 5a-reductase during pubertal develop-
ment in the Swiss-Webster mouse; and 3) to deter-
mine the effects of ethanol treatment during pubertal

development on the level of this enzyme in the testis.
The results obtained with this outbred strain of
mouse provide additional evidence that chronic
ethanol ingestion delays male sexual maturation, and
show that ethanol treatment reduces the level of
testicular Sa-reductase as compared with values
obtained in age-matched, pair-fed control mice.

Materials and Methods
Materials

Nicotinamide adenine dinucleotide phosphate, reduced
form (NADPH), DHT, and testosterone (T) were products
of Sigma Chemical Company (St. Louis, MO). Radiola-
beled T ([18, 28-3H(N)], 49 Ci/mmole) was purchased
from NEN Research Products (Boston, MA). Ethanol
(95%, vlv) was obtained from the University of Illinois
Health Sciences Center central supply facility, and choc-
olate-flavored Carnation Slender'™ was purchased from
alocal grocer. All other chemicals were at least of reagent
grade quality.

Animals

All mice used in this study were born and raised at the
central animal care facility at the University of Illinois
Health Sciences Center, and were derived from Swiss-
Webster (CFW) breeding pairs obtained from Charles-
River Laboratories (Wilmington, MA). At age 18 days, all
animals were weaned and individually housed. Animals
were maintained on a 14 hour/10 hour light/dark cycle
(lights on at 0700) at an ambient temperature of 22+ 1 C.
Lab chow and water was provided ad libitum until chronic
ethanol treatment was initiated. Body weights, tail lengths,
and testicular 5a-reductase were measured in individually
housed, chow-fed animals at several ages from 20 to 63
days for purpose of comparison.

Measurement of Testicular 5a-reductase

Measurement of testicular Sa-reductase was based on
the method of Altman et al (1972). Animals were killed by
cervical dislocation and each testis was removed, decapsu-
lated and weighed. This tissue was homogenized (8.9%,
w/v) in assay buffer consisting of 50 mM sucrose, 0.2 mM
[*H]T (30 uCi/umole) and 60 mM potassium acetate, pH
5.6. The homogenate was divided into two equal portions
and placed in a 37 C water bath for 90 seconds prior to
initiating the reaction by addition of 1 mM NADPH (final
concentration) to one portion. The other portion served as
ablank, and received an equal volume of water rather than
NADPH. Incubations were carried out for 45 minutes at
37 C, after which time reactions were terminated and
product (DHT) was extracted by the addition of 0.5 ml of
0.5 M potassium acetate (pH 5.6) and 2 ml methylene
chloride, followed by vortexing for 1 minute. A small
aliquot of the organic phase was taken to determine the
recovery of radiolabeled steroids. One milliliter of the
methylene chloride was transferred to aclean tube and
evaporated to dryness (60 C). The residue was dissolved in
0.1 ml chloroform: ethyl acetate (80:20). A portion of this
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material (10 ul) was applied to a silica gel G plate (What-
man, Linear k; thickness =250 um). Plates were developed
with chloroform:ethyl acetate (80:20) at ambient tempera-
ture. Authentic T and DHT standards were chromato-
graphed on adjacent lanes. These steroids were visualized
by spraying with 5% H,SO, in methanol followed by acetic
anhydride. Incubation of the plates at 120 C for 2 minutes
resulted in blue-green color development for T and red-
dish brown for DHT. Areas in lanes containing extracts
from incubations corresponding to the migration of T (R
=0.3210.02 (5.D.; N=5) and DHT (R;=0.42 £ 0.01;

= 5) were scraped into scintillation vials and their radioac-
tivity was quantitated by liquid scintillation spectrometry.
Under these conditions, extraction of T and DHT was
quantitative. Formation of product was linear in incuba-
tions ranging from 20 to 60 minutes, (r=0.992) with 50 to
200 mg equivalents of testicular homogenate (r = 0.986).

Chronic Ethanol Treatment

Starting at age 20 days, male mice were subjected to
chronic ethanol treatment via a vitamin-fortified liquid
diet by a modification of the method of Willis et al (1983).
Previous studies (Anderson et al, 1987b) had em%/cl)yed a
liquid diet (chocolate-flavored Carnation Slender'™) con-
taining 5% (v/v) ethanol. This diet is consumed uniformly
as a function of age in adult mice (Anderson et al, 1980;
Willis et al, 1983), resulting in relatively constant daily
peak blood ethanol levels. However, variable peak blood
ethanol levels, as well as diet consumption, were observed
in pubertal animals, particularly when measured at age 30
days (week 2 of treatment). During this time, blood
ethanol levels and diet consumption were increased from
44% to 65% and from 32% to 42%, respectively, compared
with values observed during other periods of treatment.
In an attempt to produce more uniform blood ethanol
levels throughout the treatment period, animals were first
given access to diets containing 3% (v/v) ethanol (19% of
total calories), followed by 4% (v/v) ethanol and, finally,
5% (v/v) ethanol.

Males were weaned at 18 days of age. Littermates were
matched by body weight and divided into two groups:
experimental and pair-fed control. All animals were given
free access to a liquid diet of chocolate-flavored Carnation
Slender that contained 3 g/l of vitamin diet fortification
mixture (ICN Biomedicals, cat. no. 904654) and sucrose
(41.2 g/1). The sucrose concentration was isocaloric to that
of 3% (v/v) ethanol, so that both ethanol-treated and con-
trol animals received the same number of calories. At age
20 days, the experimental group was given free access to
diet containing 3% (v/v) ethanol. Each animal from the
control group was given sucrose-containing diet in an
amount equal to that consumed by its experimental coun-
terpart on the previous day. Treatment was continued
until ages 39 and 44 days, at which times the ethanol
content was raised to 4% (v/v) and 5% (v/v), respectively.
Corresponding control diets contained 55.0 g sucrose/l
and 68.8 g sucrose/l. Body weights and tail lengths were
measured every 2 days throughout the treatment as an
estimate of somatic growth.

After 29 days of treatment, 10 animals from each group
were removed from their diets and were given free access
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to laboratory chow and water. Forty-eight hours later,
animals were killed, and testes and epididymides were
removed and weighed. The testicular tissue was processed
for measurement of 5a-reductase (see above). Several cuts
were made into the cauda epididymides of each animal; the
cut tissue was placed in medium (consisting of 123 mM
NaCl, 4.26 mM KCl, 1.23 mM MgSO,, 2 mM glucose, and
16 mM HEPES [(N-2-hydroxyethylpiperazine-N’-2-eth-
anesulfonic acid], pH 7.4) to allow dispersal of spermato-
zoa. Sperm content and motility were determined as
previously described (Anderson et al, 1980, 1983b). After
43 days treatment, the remainder of the animals in each
treatment group were removed from their diets and given
laboratory chow and water. Forty-eight hours later, tes-
ticular and epididymal weights, testicular 5a-reductase
activity, and epididymal sperm content and motility were
measured as described above.

Measurement of Blood Ethanol

At days 5 to 7, 13, 14, 19, 21, 28, and 40 of treatment,
blood ethanol profiles were determined from 1800 to 0400
hours at 2-hour intervals. Tail blood (25 ul) was removed
from each of five randomly selected animals at each time
point. Blood was dispensed into stoppered 25-ml erlen-
meyer flasks containing 1 ml of 0.1 N HCl and 25 mM
thiourea. Ethanol content of the headspace over the solu-
tion was determined by gas chromatography, as pre-
viously described (Anderson, et al, 1985). Data were
reported as the average peak blood ethanol level for each
day.

Statistics

Differences in body weight and tail length between
ethanol-treated and control groups were evaluated using
the student’s t-test. Data are expressed as the mean +
standard deviation or standard error of the mean. Data on
sperm count and motility were first subjected to loga-
rithmic and arcsin transformations, respectively (Sokal
and Rohlf, 1981), prior to parametric analysis. Values for
these parameters were expressed as the backtransform of
the average transformed value, with 90% confidence lim-
its indicated in parentheses. Differences in testicular 5a-
reductase as a function of age and as a result of ethanol
treatment were identified by analysis of variance and the
Newman-Keuls multiple range test (Woolf, 1968).

Results

The treatment regimen used in this study resulted
in consistent ethanol consumption throughout the
treatment period (Fig. 1A), averaging 30.8 + 3.9g/kg
body weight (SD; N = 45). Peak blood ethanol levels
were relatively high on days 6 and 7 of treatment,
(approximately 400 mg/dl) despite the lower ethanol
content of the diet during this period (3%, v/v) as
compared with subsequent treatment. Overall, peak
blood ethanol levels throughout the treatment period
averaged 274 + 19 (SEM; N = 45) mg/dl (Fig. 1B).

Body weight and tail length increased as a function
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Fig. 1.A. Daily ethanol consumption throughout ethanol treatment of male pubertal Swiss-Webster mice. Animals were given free
access to ethanol-containing diets as described in Materials and Methods. Transition to diets with increasing ethanol content is indicated by
arrows on the abscissa. Values (measured as g ethanol consumed/kg body weight) are expressed as the mean + standard deviation of 20
measurements per day from ages 20 to 49 days and 10 measurements per day from ages 50 to 63 days. B. Average peak blood ethanol levels
during treatment. On the indicated treatment day, blood ethanol levels were determined from 1800 hours to 0400 hours at 2-hour
intervals, as described in Materials and Methods. Five animals were randomly selected per time point. Values represent the highest mean +
standard error of the blood ethanol level (mg/dl) obtained for each day. Time of occurrence of the peak of average blood ethanol levels
varied from 1900 to 2400 hours. Transitions to diets with different ethanol content are indicated by arrows on the abcissa. Overall average
peak blood ethanol level was 274 + 19 mg/dl (N = 45).

of age to a similar extent in ethanol-treated, pair-fed
control, and chow-fed control animals (Figs. 2A and
2B). Small, but significant decreases in body weight
were observed for ethanol-treated as compared with
pair-fed control animals at ages 24 days (14%), 26
days (18%), 27 days (17%), and 29 days (17%), and in
tail length at ages 26 days (13%), 27 days (12%), and
28 days (12%). On the other hand, no significant

control groups at any time during the treatment
period.

Testicular weights were significantly lower in
ethanol-treated as compared with pair-fed control
animals after treatment for 29 days P < 0.01, New-
man-Keuls multiple range test; Table 1). After 43
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Fig. 2.A. Body weights of Swiss-Webster male mice throughout ethanol treatment. Values represent the mean (+ standard deviation,
where indicated; for clarity, all standard deviations have not been included) of 20 measurements for each age from ages 21 to 49 days and 10
measurements for each age from ages 50 to 63 days. Ages marked with asterisks indicate those in which body weights for the
ethanol-treated group (D) differ (P < 0.05) from those of the pair-fed control group (O). Data for chow-fed control animals (A) are included
for comparison. B. Tail lengths of Swiss-Webster mice throughout ethanol treatment. Tail length was measured in ethanol-treated (0),
pair-fed control (O), and chow-fed control (A) groups from ages 21 to 63 days. Details are given in the legend to Fig. 2A.
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TABLE 1. Delayed Testicular, but not Epididymal, Growth by Chronic Ethanol ingestion During Pubertal Development*

Organ Weights (mg)
Testis Epididymis
Treatment Period Control Ethanol-Treated Control Ethanol-Treated
29 days 63.0+24 55.0 + 2.4% 244107 239109
43 days 643+ 3.0 612137 260+ 0.8 240+ 1.0

*Mice were maintained on either ethanol-containing or sucrose-containing (control) diets for either 29 or 43 days, as described in
Methods. Forty-eight hours after withdrawal, animals were killed and organs (right, from each animal) were weighed. Values represent

means t standard errors of 10 animals per group.

tVvalue differs from that of its respective control group (P < 0.01, Newman-Keuls multiple range test).

days of treatment, a difference in testicular weights
between the two groups was no longer evident (P >
0.1; Table 1). In contrast, epididymal weights were
the same in ethanol-treated and control animals after
either 29 or 43 days of treatment (Table 1). Similar to
the effect of ethanol treatment on testicular weights,
epididymal sperm content and sperm motility were
depressed (P < 0.05) after 29 days treatment but
these effects were no longer evident after 43 days of
treatment (Table 2).

In chow-fed mice, testicular 5a-reductase activity
varied as a function of age; transient secondary
increases in specific activity were noted at ages 16
and 21 days (Fig. 3A). This was followed by a greater
and more prolonged increase in activity, which began
at approximately 24 days of age, reaching a peak at 25
to 30 days. Thereafter, activity gradually declined to
adult (age 63 days) levels of approximately 6 to 7
pmoles DHT formed/45 min/mg testis. The magni-
tude of this transient peak in activity at age 25 days
was approximately 10-fold higher than adult levels of
the enzyme. A similar profile was observed with
regard to total enzyme activity per testis as a function
of age (Fig. 3B).

Testicular Sa-reductase activity was significantly
(P<0.05) depressed in ethanol-treated, as compared
with pair-fed control animals after 29 days of treat-
ment, both with regard to specific activity and total
activity (Table 3). After 43 days, activity of pair-fed
control animals decreased to values similar to those
seen in age-matched chow-fed controls, whereas no
difference in activity was noted in ethanol-treated
mice between 29-day and 43-day treatment periods
(P> 0.1, Newman-Keuls multiple range test).

Discussion

In agreement with previous experiments with
C57Bl/6] mice (Anderson et al, 1987b), the present
study has demonstrated that chronic treatment of an
outbred strain (Swiss-Webster) of male mice with
moderate to high levels of ethanol impairs pubertal
development, as measured by decreased testicular
weights, reduced epididymal sperm content and
reduced sperm motility. Testicular morphology was
not measured in the present experiments, since all
testicular material was required for the measure-
ment of 5a-reductase activity. However, recent work
with the Swiss-Webster mouse has demonstrated

TABLE 2. Reduced Epididymal Sperm Content and Motility After 29 Days, but not After 43 Days of
Ethanol Ingestion during Pubertal Development*

Sperm Content/Epididymal Pair (X 10-5)

Sperm Motility (%)

Treatment Period Control Ethanol-Treated Control " Ethanol-Treated
29 days 144 57 45t
. (9.2-22.6) (3.5-13.1) (49-65) (37-53)
43 days 67.9 61 58
(50.8-90.7) 36.3-83.2) (58-64) (56-60)

*Forty-eight hours after withdrawal from their diets, all animals (10 from each group) were killed; cauda epididymal sperm content
and motility were determined (see Materials and Methods). Values represent the means, with 80% confidence limits in parentheses.
Data on sperm content and sperm motility were subjected to logarithmic and arcsin transformations, respectively, prior to further

statistical analysis.

tValue differs from that of the appropriate control group (P < 0.05, Newman-Keuls multiple range test).
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Fig. 3.A. Specific activity of testicular Sa-reductase as a function of age in chow-fed Swiss-Webster mice. Sa-reductase activity was
measured in testicular homogenates using [3HIT as substrate, as described in Materials and Methods. Values represent the mean +
standard error of seven to 10 mice for each age. Values designated with one (P < 0.05, Newman-Keuls multiple range test) or two (P <
0.01) asterisks differ from that of adult (age 63 days) values. B. Total testicular Sa-reductase (per testis) as a function of age. Values
represent the mean + standard error of seven to 10 mice for each age. Means designated by zero, one, to, or three asterisks differ (P<0.05,

Newman-Keuls multiple range test).

biochemical and morphologic impairment of the tes-
tis following ethanol treatment during adolescence
(Anderson et al, 1987a). These results support the
validity of the use of the Swiss-Webster mouse as a
model for the study of ethanol’s effects on pubertal
development, while minimizing the introduction of a
genetic bias.

If the ethanol-induced effects seen after 29 days
treatment were due to disruption of pre-existing
function (ie, if sexual maturation occurred normally,
but subsequent reproductive function was compro-
mised by ethanol treatment), they would likely have
been exacerbated by an additional 2 weeks of treat-
ment; this was not observed (Tables 1 and 2). Mea-
surements of ethanol’s effects were made (age 51
days) shortly after the mice reached reproductive
competency (Altman and Dittmer, 1972). Motile
spermatozoa are not seen in electroejaculated semen
obtained from this strain of mouse prior to age 42 to
44 days (data not shown). Thus, if ethanol were
disrupting pre-existing function, it would have to be
manifested in a relatively brief period (approxi-
mately 5 to 7 days). This is unlikely, since previous
studies showed only minimal reproductive impair-
ment resulting from similar treatment of sexually
mature mice (age 90 days) for 5 weeks (Willis et al.,
1983). Taken together, these results strongly sug-
gest that chronic ethanol ingestion delays the pro-
cess of sexual maturation in the male.

A transient increase in Sa-reductase during pu-
berty may be required for sexually mature levels of
T, LH, and a mature hypothalamic-pituitary axis.
Elevated circulating levels of DHT that result from
this increase in enzyme activity may augment FSH

release, which is required for initiation of spermato-
genesis and increased Leydig cell responsiveness to
LH stimulation (for review, see Nazian and Mahesh,
1980).

Earlier evidence for increased Sa-reductase during
puberty was indirect, based upon an increased in vitro
accumulation of 5a-reductase metabolites from radi-
olabeled steroid precursors in rat testicular prepara-
tions (Inano and Tamaoki, 1966; Ficher and Stein-
berger, 1971; Rivarola et al, 1972). Only recently has
a transient increase in 5a-reductase been shown as a
result of direct measurement of either Sa-reductase
(Tsuji et al, 1984) or of circulating levels of DHT
(Jean-Faucher et al., 1985). The present data support
these findings and provide direct evidence of a similar
transient increase in testicular 5a-reductase in the
mouse.

Formation of [BH]DHT from [3H]T was used as an
estimate of Sa-reductase activity. Other 5a-reduced
steroids include 5a-androstan-3a, 178-diol, and 5a-
androstan-3p8, 17B-diol. These steroids are formed in
relatively large quantities in the sexually immature
rat (Ficher and Steinberger, 1971; Purvis et al, 1978;
Eckstein et al, 1987), although not in the immature
rabbit (Chubb and Ewing, 1981). While the chroma-
tography system used in the present study was able
to separate T, DHT, and androstanediol(s) (R;=0.26
+ 0.02) standards, separation was not sufficient to
quantify the appearance of small amounts of radiola-
beled androstanediol, due to its proximity to the high
concentration of [3H]T. Incubations were therefore
carried out under the conditions of the Sa-reductase
assay (see Methods) in the presence of [3SH]DHT at
concentrations ranging from 15 to 75 uM to deter-
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mine the extent to which DHT may be further
metabolized. Assays were carried out with testicular
homogenates from mice at ages 26, 40, and 98 days.
A fractional conversion of DHT to androstanediol of
30 £ 4% (N = 9) was observed, which was indepen-
dent of age or DHT concentration. Thus, although
the 5a-reductase activities reported in the present
study may be somewhat underestimated, the relative
age-related profiles are valid.

Enzyme activity in pair-fed control animals after
29 days of treatment was similar to that measured in
chow-fed control animals of the same age (compare
Fig. 3A and Table 3). Enzyme levels in ethanol-
treated animals at age 51 days (Table 3) were similar
to those found in prepubertal chow-fed controls at
ages 15 to 19 days (Fig. 3A). At ages 63 to 65 days,
enzyme activity in the pair-fed and chow-fed control
groups returned to baseline values; a similar value
was observed for the ethanol-treated animals. Etha-
nol treatment may have caused a premature increase
in Sa-reductase, which had returned to baseline prior
toage 51days. Also, a transient increase in activity in
ethanol-treated animals from ages 51 to 65 days
would have gone undetected. However, a more tena-
ble explanation of the results is that ethanol pre-
vented the increase in testicular 5a-reductase. This is
based upon enzyme levels in ethanol-treated ani-
mals, which did not deviate from baseline values at
either ages 51 or 65 days. Enzyme activity in chow-
fed control mice is elevated for more than 30 days, a
period far exceeding the interval of measurements in
the present investigation. Undetected increases
would have required not only a shift in time, but also
a change in its duration. Confirmation of these spec-
ulations, however, is subject to empirical verification.

An ethanol-induced reduction in testicular weight
(Table 1) and reduction in spermatogenesis (as reflect-
ed by decreased sperm content; Table 2), in the
absence of an effect on accessory sex gland weight,
suggest that the tubular compartment of the testis
may be more severely affected than that of the inter-
stitial (Leydig) cells. In contrast, the previous study
(Anderson et al, 1987b) showed a small (15%) ethanol-
related decrease in epididymal weights, although no
effect on seminal vesicles weights was observed. A
larger number of animals was examined in the pres-
ent study; the lack of change in epididymal weights
due to ethanol treatment may represent a more reli-
able estimate. Weight and secretory activity of the
accessory glands reflect long-term androgenic status
of the animal rather than transient fluctuations
(Mann and Lutwak-Mann, 1981). Acid phosphatase
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TABLE 3. Prevention of Pubertal Rise in Testicular
S5a-Reductase by Chronic Ethanol Treatment*

Sa-Reductase Activity
pmoles DHT nmoles DHT
Treatment Group formed/mg testis formed/testis
Pair-fed control,
29 days 268149 1.58 £ 0.32
Ethanol-treated
29 days 7.7+23% 0.38 + 0.10%
Pair-fed control,
43 days 70+ 21 0.42 +0.11
Ethanol-treated,
43 days 76123 0.46 £ 0.15

*Starting at age 20 days, male mice were given free access to
liquid diet containing ethanol or pair-fed diet containing iso-
caloric amounts of sucrose for either 29 or 43 days, as de-
scribed in Materials and Methods. Forty-eight hours after
withdrawal from their diets, animals (10 from each group) were
killed by cervical dislocation and the Sa-reductase content of
the testicular tissue was assessed as described in Materials and
Methods. Incubations were carried out for 45 min at 37 C.
Results are expressed as means + standard error.

tValue differs from control (P < 0.05, Newman-Keuls multi-
ple range test).

and fructose levels (indices of prostatic and seminal
vesicular secretory activities, respectively) of semen
collected by electroejaculation (Anderson et al, 1987b)
were unaffected following ethanol ingestion through-
out pubertal development (43-days treatment), sug-
gesting that those animals were not androgen-defi-
cient. Evidence for a direct effect of ethanol on the
Sertoli cell has been provided by recent studies in
which ethanol inhibited tissue-type plasminogen
activator release by Sertoli cells in primary culture
(Mueller et al, 1986).

When mice were treated from ages 20 to 49 days
with a 5% (v/v) ethanol diet (Anderson et al, 1987b),
diet consumption, as well as blood ethanol levels,
were approximately 2- to 3-fold higher during the
2nd week as compared with the rest of the treatment
period. This was not unexpected in view of the rapid
growth seen in mice at this age (Altman and Dittmer,
1972). In this study the ethanol content of the diet
was decreased in the early part of the treatment
period in an attempt to prevent greatly increased
blood ethanol levels during that time. This approach,
however, was only partially successful. Although
blood ethanol levels were somewhat more consistent
throughout the treatment, they were, with the
exception of week 2 of treatment, higher than in the
previous study. Despite the different ethanol content
of the diets (3%, 4%, 5%), the daily ethanol consump-
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tion in g/kg body weight was remarkably consistent
throughout the treatment period (Fig. 1A).  The
treatment regimen used in the present study has
provided a means of relatively uniform ethanol expo-
sure of the mouse throughout puberty.

A small, though significant impairment of somatic
growth in ethanol-treated as compared with pair-fed
control animals was observed near the end of the 1st
week of treatment (Fig. 2A and 2B). Although pre-
vious studies (Anderson et al, 1980; 1987b; Willis et
al, 1983) have not detected growth impairment
resulting from similar ethanol treatments, decreased
body growth may have been secondary to decreased
nutrient availability. Peak blood ethanol levels were
relatively high on days 6 and 7 (Fig. 1B). Ethanol, at
high intraluminal concentrations, can impair gastro-
intestinal function, including nutrient absorption
(Beck and Dinda, 1981). At any rate, the effect was
transient; no difference in either body weight or tail
length was seen prior to age 24 days or after age 29
days as a result of treatment.

A nutritional component is not likely a primary
factor in ethanol-induced delayed sexual maturation
since growth deficiency associated with impaired
sexual maturation is considerably greater (Sisk and
Bronson, 1985; Glass and Anderson, 1986; Piacsek et
al, 1986) than that observed in the present study.
Data from pubertal rats (Widdowson et al, 1964;
Glass and Anderson, 1986) suggest that steroido-
genesis is more adversely affected by underfeeding
than is spermatogenesis. This pattern of response is
not similar to that seen in the present and in the
previous study (Anderson et al, 1987b). The previous
study showed that out of five series of measure-
ments of plasma T made on days 24 and 25 of treat-
ment, only one showed significant depression (50%)
of T in the ethanol-treated compared with the con-
trol group. At no time during the treatment period
were either body weight or tail length reduced in
ethanol-treated compared with chow-fed control
animals (Figs. 2A and 2B). Relative to the untreated
male mouse, ethanol treatment did not create a state
of impaired growth.

The data in Table 3 clearly indicate differences in
testicular 5a-reductase activity due to ethanol treat-
ment. Prevention of the transient increase in 5a-
reductase (and, presumably, the increase in circulating
levels of DHT) could offer at least a partial explana-
tion for the ethanol-induced delay in sexual matura-
tion. This mechanism would imply that an increase in
enzyme activity facilitates, but is not an absolute
requirement for, pubertal development. Further

studies regarding the ability of this enzyme or its
product, DHT, to modulate pubertal development
are clearly warranted.
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