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EtOH Disrupts Female Mammalian Puberty

Age and Opiate Dependence
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The major drug of abuse among teenagers in the United
States continues to be ethanol (EtOH), but use is seen
in children as young as nine. In the studies reported
here, the impact of EtOH on biologic and hormonal
parameters of puberty was assessed in female rats. Rats
were fed a liquid diet containing EtOH, pair fed an
identical liquid diet containing dextrimaltose instead
of EtOH, or fed a liquid diet not containing EtOH ad
libitum. Feeding was started at 21, 25, or 28 d of age.
EtOH markedly delayed the age at vaginal opening
(34.5 = 0.5 d in controls vs 48.5 + 2.4 d in EtOH ani-
mals; p < 0.001), delayed the age at first estrous (40.9
+ 0.6 d in controls vs 61.2 + 2.6 d in EtOH animals;
p < 0.001), increased the length of the estrous cycle,
and decreased the number of proestrous days. EtOH,
concomitant with reduced ovarian and uterine weight,
decreased serum estradiol and progesterone. Associ-
ated with these changes in ovarian hormones there was
aselective increase in follicle-stimulating hormone, but
not luteinizing hormone. EtOH consistently reduced
insulin-like growth factor-1. In general, EtOH-induced
disruption was more severe the younger the animals
were at the start of feeding. Opiate receptor blockade
with naltrexone completely prevented the EtOH-induced
delay in vaginal opening. The impact of EtOH on female
puberty is dramatic, is an emerging public health prob-
lem, and deserves more study.
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Introduction

Adolescence may be defined as the period within the life-
span when most of a person’s biologic, cognitive, psycho-
logic, and social characteristics are changing from those of
a child to those of an adult (7). Confronting today’s adoles-
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cent in the United States are contemporary sets of problems
and risks with profound implications for normal develop-
ment and long-range functioning of the individual. A major
problem is substance abuse, with ethanol (EtOH) being the
primary drug of abuse in the United States among teenagers
(2-7).In 1999, 52% of eighth graders and 89% of high school
seniors reported using EtOH, with 3.7% of high school stu-
dents reporting daily drinking (8§). Approximately 4 of 10
high school students reported that they were binge drinkers,
defined as having consumed five or more drinks on only one
occasion (9). The average age when 12- to 17-yr-olds state
they first used EtOH is 13.1, but use is increasingly seen in
children as young as 9 (2,9).

The idea that EtOH disrupts mammalian female puberty
is well established; however, the mechanisms of this pertur-
bation have not been extensively investigated (10—13). The
epidemic of EtOH drinking in youth provides the rationale
for this study. The very disturbing reports of drinking in the
preteen, prepubertal years prompted us to examine whether
or not there were differences in pubertal and reproductive
parameters depending on the age at onset of EtOH ingestion.
Finally, since little is known about the mechanism of EtOH
disruption of puberty, we investigated the possibility that
EtOH’s disruptive effect was mediated through opiatergic
pathways. The reason for choosing this particular mecha-
nism are the data that (1) implicate changing brain opiater-
gic tone in the pubertal process (14—16) and (2) that show
that EtOH has an important effect on brain opiates (17).

Results

As has been our past experience, the EtOH-fed animals
weighed less at sacrifice than their pair-fed mates, despite
receiving the same number of calories as assured in the pair-
feeding paradigm (Table 1). However, the EtOH group did
gain weight, was well groomed and playful, and appeared
healthy. The weights of the ad libitum group were not sig-
nificantly different from the pair-fed group.

Administration of EtOH dramatically delayed the age of
vaginal opening (VO) from 34.5 = 0.5 d of age in control
animals to 48.5 = 2.4 d of age in the EtOH-fed group
(p<0.001), as shown in Fig.1A. The length of delay of VO
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Table 1
Biological Parameters

Total Group

21 Days Old“

25 Days Old* 28 Days Ol1d“

Pair Fed EtOH Pair Fed EtOH Pair Fed EtOH Pair Fed EtOH
Number of Rats 40 40 15 15 7 7 18 18
Weight (Grams) 204 + 4.7 165+43¢ 205+3.6 154 +£3.2¢ 148 +3.5 135+79 2244+2.5 187 +4.4°
Normal Cyclicity (%) 97.5 75.0° 100 60.0¢ 100 71.4 94.4 88.8

“Age at beginning of feeding paradigm. Rats were fed for 2 mo except for the 25-d-old group, which was fed for 1 mo.

bp < 0.05, pair fed versus EtOH.
bp < 0.01, pair fed versus EtOH.
¢p <0.001, pair fed versus EtOH.

in the animals started at 21 d of age and was significantly
longer than the delay in either the 25-d old (p <0.01) or the
28-d-old rats (p <0.001). The delay in VO of the 25-d-old
animals was, in turn, greater than that in the 28-d-old rats
(p<0.01). The animals fed ad libitum had VO by 32.2 £ 0.4
d of age, slightly but significantly earlier than the pair-fed
control group (p < 0.01) and much earlier than the EtOH-
fed group (p < 0.001).

First estrous in the pair-fed control group, as a whole,
was 40.9 = 0.6 d (Fig. 1B). This was delayed by about 20
dto 61.2+2.6 d of age by EtOH. The delay to first estrous
in EtOH-fed compared with pair-fed animals was signifi-
cantly greater in animals started at 21 d than in either 25 d
(p<0.02) or 28 d (p <0.001). The interval in the 25-d-old
animals was, similarly, greater than in the 28-d-old animals
(p<0.01). In each case, rats fed ad libitum had first estrous
at a time not significantly different than the pair-fed con-
trols, averaging 38.3 £ 0.5 d.

The delay of first estrous was not simply a function of
delay in VO. The length of time between VO and first estrous
was 6.4 = 0.3 d in pair-fed animals and was significantly
prolonged to 12.7+ 1.1 d by EtOH (p <0.001) in the entire
group. This difference was approximately the same in each
of the three age groups and was not significantly different
in the pair-fed compared with the ad libitum—fed rats.

In the experiment as a whole, EtOH caused a marked
disruption of estrous cyclicity. EtOH caused 25% (10 of 40)
of the rats to be completely anestrous in contrast to only
2.5% (1 0f 40) in the pair-fed control group (p <0.01). Vir-
tually all of this was owing to disturbance in the 21-d old
rats since EtOH did not alter cyclicity in a statistically sig-
nificant manner when EtOH was started at the older ages
(Table 1). None of the animals fed ad libitum were anestrous
in any of the three studies.

Another measure of EtOH’s troublesome effect was seen
in length of estrous cycle (Fig. 2A). EtOH prolonged the aver-
age cycle from 5.3 + 0.1 d in the pair-fed control to 11.0 +
1.1d (p<0.001). During the experimental period, the num-
ber of proestrous days was reduced from 11.3 = 0.3 d per
animal in the pair-fed group to 5.0 + 0.6 d per animal with

EtOH (p <0.001). Again, this effect on cycle length and pro-
estrous days was more dramatic when feeding was started
at a younger age, as illustrated in Fig. 2. The animals fed ad
libitum had an average number of proestrous days of 10.7 +
0.5, not significantly different from the pair-fed controls.

EtOH had substantial effects on serum ovarian hormone
levels as well. Overall, as shown in Fig. 3A, there was a sig-
nificant reduction in serum estradiol from 27.5+2.6 pg/mL
in pair-fed to 19.6 + 1.6 pg/mL in EtOH-fed rats (p <0.01).
Data from animals started at 25 d of age and fed for 1 mo were
not used in the calculation, because there is a time-depen-
dent effect of EtOH on estradiol (discussed subsequently).
Younger animals were more seriously affected (Fig. 3A).
In the 21-d old rats, EtOH reduced estradiol from 27.7 +
4410162 +2.7 pg/mL (p <0.05). By contrast, in the 28-d
old animals, EtOH did not cause any significant decline in
estradiol. The 25-d-old animals, which were fed EtOH for
a shorter period of time than the other animals (1 mo in con-
trast to 2 mo), actually demonstrated that the shorter period
of feeding led to an almost significant increase in estradiol
(p=0.08), consistent with our earlier demonstration of time-
related differences in response to EtOH in adult female rats
(10). Estradiol levels in the animals fed ad libitum were not
significantly different from pair-fed controls.

EtOH sharply reduced progesterone in the total group of
animals from 49.2 + 5.7 to 22.9 £ 4.0 ng/mL (Fig. 3B; p <
0.001). The EtOH-induced decline was greater in the younger
(21- and 25-d-old) rats, averaging approx 40 ng/mL, than
in the oldest rats, in which progesterone decreased about 16
ng/mL. The 25-d-old group, fed for only 1 mo, also demon-
strated an EtOH-induced fall in progesterone, from 54.1 +
10to 12.5+ 6.0 ng/mL (p < 0.05; data not shown). Proges-
terone levels in animals fed ad libitum were similar to those
seen in pair-fed controls.

Reflecting the decreased hormonal function, EtOH de-
creased ovarian weight corrected for body weight signifi-
cantly in the group as a whole (Table 2), but more profoundly
in younger rats: a 37% decrease in the 21-d-old rats com-
pared with an 8% decrease in the 28-d-old rats. Although
fed for only 1 mo, the ovarian/body weight also fell signifi-



Vol. 18, No. 3 EtOH Disrupts Female Mammalian Puberty / Emanuele et al. 249
A EEEE Pair-Fed Control A
80 - ZZ2 EtOH
20 - EEEE Pair Fed Control
70 b ZZ1 EtOH
T *
2 =
< 5 - o 15- -
5% 5
- % 3
.a E
s &2 10 *
% 80 5
g | S
< 20 =
5 5 4
10 -
0 . - Z
N= (40) (40) (15) (15) m @ (8 (18) 0
All Ages 21Day-Old 24 Day-Old 28 Day-Old N=  (40) (40) (15) (15) o0 @ (18) (18)
Age All Ages 21 Day-Old 25 Day-Old 28 Day-Old
100
14
90 1 o
a0 12+
g‘ T
@ 70+ - - S 104
e 0
7 60 T 4 E
B 50 ' g & e
i % 8 '
ﬁ 40 - ’ L & -
° -
< 30 ’ 3 77
20 4 / = / Hkk
10 - ’ 24 /
| 17 7 o
=40 @) (15 (15 @ M  (18) (18) 5l | . -
All Ages 21Day-Old 25Day-Old 28 Day-Old N=  (33) (33) (15) (15) (18) (18)
Days All Ages 21 Day-Old 28 Day-Old

Fig. 1. Effect of EtOH feeding on age at VO (A) and age at first
estrous (B). The first pair of bars on the left depicts data from all
the experiments. The other age designations indicate the age at
which the experimental paradigm was started. The animals were
EtOH fed or pair fed for 2 mo except for the 25-d-old group, which
was fed for 1 mo. **p < 0.01; ***p <0.001.

cantly after EtOH by 39% in the 25-d-old rats (p <0.01; data
not shown). Ovarian/body weight in rats fed ad libitum was
almost identical to that of pair-fed controls.

The uterine weight/body weight also fell with EtOH, con-
comitant with decreased estradiol and progesterone stimu-
lation (Table 2). However, the decline reached statistical sig-
nificance only in the 21-d-old rats. In all cases, weight ratios
in the rats fed ad libitum were highly comparable with those
of pair-fed controls.

In the group as a whole, as well as in the individual age
subgroups, luteinizing hormone (LH) tended to fall in EtOH-

Age

Fig. 2. Effect of EtOH feeding on length of estrous cycle (A) and
number of proestrous days (B). The first pair of bars on the left
depicts data from all the experiments. The other age designations
indicate the age at which the experimental paradigm was started.
The animals were EtOH fed or pair fed for 2 mo except for the 25-
d-old group, which was fed for 1 mo. *p <0.05; **p <0.01; ***p
<0.001.

exposed animals, but this decrement never reached statisti-
cal significance (see Table 3). LH concentrations in animals
fed ad libitum were not significantly different from those
of pair-fed controls. In sharp contrast to LH, EtOH feed-
ing produced a large, almost threefold increase in follicle-
stimulating hormone (FSH) (p < 0.01). Although the FSH
was higher in EtOH-fed rats at each of the three ages, the
difference was statistically significant only in the oldest
rats (28-d-old animals). The FSH concentration in the ani-
mals fed ad libitum was not significantly different from that
of pair-fed control rats.
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Fig. 3. Effect of EtOH feeding on serum estradiol (A) and progesterone (B). The first pair of bars on the left depicts data from all the
experiments. The other age designations indicate the age at which the experimental paradigm was started. The animals were EtOH fed
or pair fed for 2 mo. *p <0.05; **p < 0.01; ***p < 0.001.

Table 2
Reproductive Tract Parameters
Total Group 21-Day Old? 28-Day Old*
Pair Fed EtOH Pair Fed EtOH Pair Fed EtOH
Number of Rats 33 33 15 15 18 18
Ovarian/Body Wt. (mg/gm) 0.60 £+ 0.03 0.46 + 0.027 0.68 £ 0.06 0.43 +0.03¢ 0.53 £0.02 0.49 £0.01
Uterine/Body Wt. (mg/gm) 38+0.2 2.8 £0.2¢ 40+04 22+034 35+0.2 34+£02

“Age at beginning of feeding paradigm. Rats were fed for 2 mo.
bp < 0.05, pair fed versus EtOH.

¢p <0.01, pair fed versus EtOH.

dp < 0.001, pair fed versus EtOH.

Table 3
Hormonal Parameters: Neuroendocrine Hormones & IGF-1
Total Group 21-d Old 25-d Old 28-d Old
Hormonal
parameters Pair Fed EtOH Pair Fed EtOH Pair Fed EtOH Pair Fed EtOH
Number of Rats 40 40 15 15 7 7 18 18
LH Ng/mL 149+26 11.0+27 9.68 +£3.0 422+£26 202 +7.2 10.7+7.0 172+42 16.7+44
FSH Ng/mL 77+£09 203 +3.6° 55+0.7 16.7 £ 6.0 124+3.6 30.3 +16.7 80+1.0 19.5+3.5¢

IGF-1 Ng/mL  1239+49 799 +32¢ 1126+ 36 722 +319 1753+ 131 1048 +80¢ 113340 765+ 597

“Age at beginning of feeding paradigm. Rats were fed for 2 mo except for the 25-d-old group, which was fed for 1 mo.
bp < 0.05, pair fed versus EtOH.

‘p <0.01, pair fed versus EtOH.

dp < 0.001, pair fed versus EtOH.

Insulin-like growth factor-1 (IGF-1) was EtOH respon- The ability of opiate receptor blockade to prevent the
sive without any age differential. EtOH decreased IGF-1 by deleterious effects of EtOH was tested by implanting rats
36% in the entire group (p < 0.001), and by similar percent- with naltrexone or vehicle pellets in the EtOH-feeding/pair-
ages in each of the age subgroups (p <0.001). In most cases, feeding regime (Fig. 4). In this experiment, EtOH again
serum IGF-1 concentration in animals fed ad libitum was delayed VO. Naltrexone itself had no effect on the age at

virtually identical to that of the pair-fed control animals. VO since VO was essentially the same in implanted ani-
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Fig. 4. Effect of opiate receptor blockade on EtOH-induced delay
in VO. Animals were 28 d old at the start of the feeding paradigm,
which was continued for 2 mo. **p < 0.01.

mals pair fed naltrexone and pair fed vehicle pellets. How-
ever, naltrexone completely prevented the EtOH effect on
VO. It had no effect, however, on other parameters such as
estrous cyclicity or other hormonal data except that the
EtOH-associated rise in FSH was partially blocked (data
not shown).

Discussion

We have confirmed the disruptive effects of EtOH expo-
sure on the onset of female puberty and early estrous cyclic-
ity. The delay in VO and age at first estrous, as well as
prolonged cycle length, in the EtOH-fed animals cannot be
totally accounted for by attenuated weight gain, since it was
also seen in the 25-d-old group. This group, EtOH fed or pair
fed for 1 mo (rather than 2 mo, as in all the other aged animals)
showed no difference in weight gain among experimental
groups. We have shown, for the first time, that the impact
of EtOH is more profound if exposure is started earlier. This
is highly relevant to the human situation since drinking EtOH
is no longer seen first in high school age individuals, but in
the preteen years as well (see Introduction). We have also
shown, for the first time, that part, though not all, of EtOH’s
effects are opiate dependent since the EtOH-induced delay
in VO, a clear marker of puberty, can be prevented by naltrex-
one treatment.

Two decades ago, Van Thiel et al. (10) showed that pre-
pubertal rats fed EtOH for 7 wk manifested marked ovarian
failure (based on structural and functional evaluation) com-
pared with pair-fed controls. Subsequently, Bo et al. (12)
reported that VO, a well-characterized marker of puberty in
the female rat, was delayed by administration of EtOH. In
a series of articles, Dees and colleagues (72,13,18) defined
the neuroendocrine concomitants of these profound biologic
alterations. Notably, EtOH caused a rise in the hypothalamic

content of luteinizing hormone-releasing hormone (LHRH)
coupled with a fall in serum LH (72,13, 18). Taken together,
these in vivo data suggested that there was an EtOH-induced
decrease in hypothalamic LHRH secretion (leading to the
increased hypothalamic content) accounting for the fall in
LH. Indeed, Hiney and Dees (/9) demonstrated in vitro that
EtOH was able to reduce LHRH secretion from hypothala-
mic slices from prepubertal female rats.

Our in vivo design does not allow for determination of
the locus of EtOH action. Since estradiol and perhaps pro-
gesterone as well exert a negative feedback on LH during at
least part of the estrous cycle, the EtOH-induced fall in these
ovarian hormones would be expected to elicit an increase
in LH. However, the lack of rise in LH in the context of
decreased estradiol and progesterone supports a hypothala-
mic and/or pituitary site of action for EtOH, consistent with
the discussed findings. This does not, of course, rule out a
direct ovarian action, as well.

By contrast, FSH did rise in the EtOH group. This may
have been owing to a fall in ovarian inhibin, which exerts
a specific inhibitory effect on FSH, but not LH (20). Little
is known about the effects of EtOH on inhibin, and it was
not measured in our studies. Alternatively, the lower concen-
trations of estradiol noted in the EtOH-exposed animals
could also explain the higher concentrations of FSH, result-
ing from reduced negative feedback.

We have previously shown that acute and chronic EtOH
alters male rat puberty as well, so this is true of both genders
(21,22). Additionally, both acute and chronic EtOH alter adult
female rat estrous cyclicity (23,24), and adult male repro-
duction (25); thus, the effect is consistent between genders
and at different times of reproductive development.

The more profound effects of EtOH, when given earlier,
are rather dramatic. The delay of pubertal onset when EtOH
was started at 21 d of age was about 27 d compared with
4.5 d when feeding was started at 28 d. Estrous cyclicity was
abnormal in 40% of younger EtOH-fed rats compared with
only 11% of the older rats. In younger rats, EtOH increased
estrous cycle length by approx 2.5-fold compared to 60%
in older rats, reducing the number of proestrous days (and
presumably ovulation) by almost 80% in 21-d-old com-
pared with about 40% in 28-d-old rats.

Opiate receptor blockade with naltrexone effectively pre-
vented the EtOH delay in VO. There are three major endog-
enous opioid peptides (EOPs), products of three separate
genes: B-endorphin, derived from the proopiomelanocor-
tin gene; dynorphin, from the prodynorphin gene; and met-
and leu-enkephalins, from the proenkephalin A gene (26).
B-Endor-phin is the most important in reproduction and is
made in the medial basal hypothalamus as well as widely in
the brain and in the anterior pituitary. Hypothalamic 3-endor-
phin restrains the secretion of hypothalamic LHRH and thus
is inhibitory to the hypothalamic-pituitary-gonadal (HPG)
axis. Opiate receptor antagonists, such as naloxone and nal-
trexone, have been widely used to explore the mechanisms
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of opioid inhibition of the HPG axis. In early puberty, admin-
istration of naloxone does not change LH levels, indicating
that normally during this time there must be little opioid
inhibition of the HPG (14,26). However, the situation changes
in late puberty, when naloxone does normally evoke an LH
response, indicating that opioid inhibition of the HPG axis
increases during puberty but is low early on, allowing for
or permitting the activation of the HPG axis that is the neuro-
endocrine hallmark of puberty. A variety of data indicate
that opioid inhibition of LHRH release is dependent on the
presence of gonadal steroids so that the activation of HPG
during puberty leads to increased gonadal steroid levels lead-
ing to increased opioid inhibition of LHRH release in a clas-
sic negative feedback loop (15,16).

Data mainly from adult animals have shown that EtOH
increases opioid activity in the brain (77). If this is true in
the pubertal animal as well, it may represent one of the mech-
anisms by which EtOH disrupts puberty. Two pieces of
data are relevant here. First, in a study by Creighton-Taylor
and Rudeen (27), the offspring of mothers fed a liquid diet
containing EtOH during pregnancy were compared with
those offspring whose mothers were either pair fed a diet
without EtOH or fed laboratory chow ad libitum. The off-
spring being studied were exposed to EtOH only in utero.
It is known that fetal alcohol exposure leads to increased j3-
endorphin levels and to delayed onset of puberty, assessed
by the standard technique of the time of VO. In that particu-
lar study, pubertal female rats were injected with naltrexone,
an opiate antagonist, over d 26-29 of life. This treatment
led to an acceleration of VO in the animals that had been
exposed to EtOH in utero but not in either of the control
groups (27). This suggests that at least part of the EtOH-
induced pubertal delay seen after in utero_exposure is owing
to increased opioid tone. In our experiments, female prepu-
bertal animals were given EtOH directly and not via the in
utero exposure model, but, again, naltrexone was effective.
Second, in our own laboratory, in male pubertal rats, nal-
trexone was able to block the ability of acute or chronic EtOH
to reduce serum testosterone (28,29). The mechanism of
EtOH disruption of puberty is likely to go beyond opiates
since naltrexone did not normalize the time of first estrous
or estrous cyclicity. It is also possible that a different dose of
naltrexone might have corrected these other abnormalities.

In rats and primates, including humans, IGF-1 increases
with the onset of puberty (30-33). As already indicated,
gonadal steroids (in the case of the female, mainly estradiol)
stimulate growth hormone (GH) secretion, which, in turn,
increases the synthesis and secretion of IGF-1 in many tissues,
especially in the liver. IGF-1 mediates many of the growth-
promoting effects of GH, stimulating linear growth, and
muscle and bone development, among other things. IGF-1,
in addition, further amplifies the emerging activity of the
HPG axis; it has been shown to evoke LHRH release from
the hypothalami of prepubertal female rats, and this has been

demonstrated elegantly by Hiney and colleagues (3/,32) both
in vivo and in vitro. EtOH feeding of prepubertal female
rats from d 29 to 34 of life has been shown to decrease the
synthesis and secretion of IGF-1 (34). This may be owing
to an EtOH effect on the hypothalamic/pituitary unit since
EtOH has been shown to induce a rise in the content of GH-
releasing factor coupled with a fall in GH (13,18). Analo-
gous to the interpretation of the LHRH/LH data we have dis-
cussed, these data suggested that EtOH led to a decreased
GH secretion by a decreased release of GH-releasing hor-
mone factor from the hypothalamus. This is relevant since
GH is a major stimulator of IGF-1 synthesis and secretion.
There may, of course, be a direct inhibitory effect of EtOH
on IGF-1 as well. Furthermore, in acute studies, the ability
of IGF-1 to increase LH was blocked by EtOH (35).

We have confirmed these findings regarding EtOH’s
effect. These data implicate IGF-1 as a major participant in
the pubertal process and suggest that EtOH’s disruption of
puberty may result in part by EtOH interfering with the syn-
thesis and secretion of IGF-1. The delay in VO seems not
to be IGF-1 dependent since naltrexone overcame EtOH’s
effect on VO without blocking the inhibitory effect of EtOH
on IGF-1. This effect on IGF-1 could also account, at least
in part, for the impaired growth in animals given EtOH despite
pair-feeding procedures, which ensure that animals given
EtOH get the same number of calories as controls.

In summary, we have confirmed and extended the findings
of others that EtOH is highly disruptive to female puberty. We
have shown, for the first time, that the earlier EtOH exposure
is started the more profound is the effect. We have also shown,
for the first time, that EtOH’s effect is partially, though not
totally, dependent on endogenous opiates since the EtOH-
induced delay in VO is completely abrogated by naltrexone.
Further studies on the longer-term impact of EtOH, its mech-
anisms, and the question of whether there is permanent dam-
age after EtOH is discontinued seem warranted.

Materials and Methods
Animals

Female Sprague-Dawley rats, ages 1623 d at the time of
arrival to our animal facility, were purchased from Harlan
(Indianapolis, IN). Animals were allowed to acclimate to
their environment, which included a 12-h light/dark cycle,
for 5 d. Lights were on from 6:00 am to 6:00 pMm.

Diet and Feeding Procedures

There were five groups of animals: EtOH/vehicle, pair-
fed control/vehicle, EtOH/naltrexone, pair-fed control/nal-
trexone, and ad libitum/vehicle. The Joint Institutional Animal
Care and Use Committee, Loyola University Stritch School
of Medicine, and Edward Hines Veterans Administration
Hospital approved all animal protocols.

The well-established Lieber DeCarli liquid diet with-
out ethanol was administered. Thereafter, the ethanol group
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(n = 40) received 36%, or 6% by volume, of its calories as
ethanol, as previously reported (36). The pair-fed group
(n=40) received a number of calories equal to their EtOH-
fed mates, with dextrimaltose substituted for ethanol. A third
ad libitum group (n = 20) was given as much of the liquid
diet as the animals could consume, in order to observe whether
there was any difference between the control pair-fed and
ad libitum groups. Feeding was started at 21, 25, or 28 d of
age. Inthe 21- and 28-d-old animals, the experimental feed-
ing paradigm was continued for 2 mo, and for the 25-d-old
animals, 1 mo. The reason for the difference in the experi-
mental length was the previous observation in adult female
rats that the estradiol response to EtOH was time dependent,
with a transient increase in estradiol after shorter periods of
feeding, a phenomenon that abated with longer EtOH expo-
sure (23). To determine whether or not this was true in puber-
tal animals, an intermediate aged rat (i.e., 25 d old) was
chosen for a shorter period of EtOH treatment. In general,
all the biologic and hormonal parameters in the ad libitum
animals were similar to those seen in pair-fed controls. There-
fore, for clarity of presentation, data from the ad libitum
animals are not shown.

Assessment of Estrous Cycle

Animals were housed singly, weighed on a weekly basis,
and daily food consumption was measured. VO was visually
assessed on a daily basis, and thereafter, vaginal smears were
obtained utilizing a thin-tipped plastic pipet filled with s
terile saline. Smears were immediately analyzed for charac-
teristics of the estrous cycle as described by Everett (37).
After 1 or 2 mo of feeding, rats from each group were sacri-
ficed by decapitation at 5:00 pm on the first day of proestrous
after completing the required feeding period. Animals that
remained anestrous were sacrificed on the last day of the
study. Trunk blood was collected and serum separated and
stored at —20°C for subsequent radioimmunoassay (RIA).
Similarly, anterior pituitaries and hypothalami were quickly
removed and stored at —70°C for further study (38).

Administration of Naltrexone

Naltrexone, purchased from Innovative Research (Sara-
toga, FL), was administered by time release pellet implant
delivering 2.5 mg/d for a 60-d period. All animals were
implanted with either the naltrexone or placebo (vehicle) pel-
let 2 d after starting the feeding period.

Radioimmunoassays
Luteinizing Hormone

The LH RIA was conducted utilizing the materials gen-
erously contributed by the National Hormone and Pituitary
Program and by the National Institute of Diabetes and Diges-
tive and Kidney Diseases (NIDDK). Assay sensitivity was 155
pg/mL and 31 pg/tube and the inter- and intraassay coeffi-
cients of variation (CVs) were 5.2 and 4.0%, respectively (39).

Follicle-Stimulating Hormone

The FSH RIA was done utilizing the materials supplied
by the NIDDK and the National Hormone and Pituitary
Program. The assay sensitivity was 312 pg/mL and the inter-
and intraassay CVs were 5 and 2%, respectively (40).

Estradiol

The estradiol RIA was done by commercially available
kit (Diagnostic Systems, Webster, TX). The assay sensitiv-
ity was 1.5 pg/mL and the inter- and intraassay CVs were
3 and 2%, respectively.

Progesterone

The progesterone RIA was done by commercially avail-
able kit (Diagnostic Systems). The assay sensitivity was 0.3
ng/mL and the inter- and intraassay CVs were 4 and 2.5%,
respectively.

Insulin-like Growth Factor-1

The IGF-1 RIA was done by commercially available kit
(Diagnostic Systems). The assay sensitivity was 150 ng/mL
and the inter- and intraassay CVs were 3 and 2%, respectively.

Statistical Methods

The results of these experiments were analyzed by two-
way analysis of variance (ANOVA) with Tukey follow-up
for multiple comparisons. Statistical significance was deter-
mined by a value of p < 0.05.

References

1. Lerner, R. M. and Galambos, N. L. (1998). Annu. Rev. Psychol.
49, 413-446.

2. Johnston, L. D., O’Malley, P. M., and Bachman, J. C. (1996).
In: National survey results on drug use from the monitoring the
future study, 1975-1995: vol. I: secondary school students.
National Institutes of Health: Rockville, MD.

3. National Institute on Alcohol Abuse and Alcoholism. (1990). In:
Alcohol and health: seventh special report to the U.S. Congress.
DHHS publication no. (ADM) 90-1656. Government Printing
Office, Washington, DC.

4. Mailman, P. W, Stone, J. E., Gaylor, M. S., and Turco, J. H.
(1990). J. Studies Alcohol 51, 389-395.

5. Bailey, S. L. and Valey, R. J. (1993). J. Studies Alcohol 54,

555-565.

Milgram, G. G. (1993). J. Studies Alcohol Suppl. 11, 53-61.

Substance Abuse and Mental Health Service Administration.

(1999). In: National household survey on drug abuse: main

findings 1997. Substance Abuse and Mental Health Services
Administration: Rockville, MD.
8. Office of Inspector General. (1991). In: Youth & alcohol: a
national survey of drinking habits, access, attitudes, and knowl-
edge. Publication no. OEI-09-91-00652. U.S. Department of
Health and Human Services: Washington, DC.
9. Jacobs, E. A., Joffe, A., Knight, J. R., Kulig, J., Rogers, P. D.,
Boyd, G. M., Czechowicz, D., Simkin, D., and Smith, K.
(2001). Pediatrics 108, 185-189.
10. Van Thiel, D. H., Gavaler, J. S., Lester, R., and Shreins, R. J.
(1978). J. Clin. Invest. 61, 624-632.

11. Bo, W.J, Krueger, W. A., Rudeen, P. K., and Symmes, S. K.
(1982). Anato. Rec. 202, 255-260.

12. Rettori, V., Skelley, C. W., McCann, S. M., and Dees, W. L.
(1987). Biol. Reprod. 37, 1089-1096.

N



254

EtOH Disrupts Female Mammalian Puberty / Emanuele et al.

Endocrine

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Dees, W. L. and Skelley, C. W. (1990). Neuroendocrinology
51, 64-69.

Petraglia, F., Bernasconi, S., Tughetti, L., Loche, S., Romanini,
F., Facchinetti, F., Marcellini, C., and Genazzani, A. R. (1986).
J. Clin. Endocrinol. Metab. 63, 1112—-1116.

Bhanot, R. and Wilkinson, R. (1983). Endocrinology 113,
596-603.

Genazzani, A. R., Trentini, G. P., Petraglia, F., DeGaetani, C. F.,
Crisuolo, M., Ficarra, G., DeRamundo, B. M., and Cleva, M.
(1990). Neuroendocrinology 52, 221-224.

Froehlich, J. C. (1993). In: Interactions between alcohol and
the endogenous opioid system: alcohol and the endocrine sys-
tem. Zakhari, S. (ed.). National Institutes of Health: Bethesda,
MD.

Dees, W. L., Skelley, C. W., Hiney, J. K., and Johnston, C. A.
(1990). Alcohol 7, 21-25.

Hiney, J. K. and Dees, W. L. (1991). Endocrinology 128,
1404-1408.

Turner, 1. M., Saunders, P. T. K., Shimasaki, S., and Hillier,
S. G. (1989). Endocrinology 125, 2790-2792.

Tentler, J. J., Emanuele, N. V., Kelley, M. R., LaPaglia, N.,
Steiner, J., and Emanuele, M. A. (1996). J. Endocrinol. 152,
477-487.

Emanuele, N. V., LaPaglia, N., Vogl, W., Steiner, J., Kirsteins,
L., and Emanuele, M. A. (1999). Endocrine 11, 277-284.
Emanuele, N. V., LaPaglia, N., Steiner, J., Kirsteins, L., and
Emanuele, M. A. (2001). Alcohol: Clin. Exp. Res. 25,1025-1029.
LaPaglia, N., Steiner, J., Kirsteins, L., Emanuele, M. A., and
Emanuele, N. V. (1997). Alcohol: Clin. Exp. Res. 21, 1567-1572.
Emanuele, N. V., LaPaglia, N., Steiner, J., Colantoni, A.,
VanThiel, D. H., and Emanuele, M. A. (2001). Endocrine 14,
213-219.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.

40.

Genazzani, A. D., Gamba, O., Sgarbi, L., Gandolfi, A., Corazza,
F., Surico, N., and Petraglia, F. (1997). Ann. NY Acad. Sci. 816,
76-82.

Creighton-Taylor, J. A. and Rudeen, P. K. (1991). Alcohol 8,
187-191.

Emanuele, M. A., LaPaglia, N., Steiner, J., Jabamoni, K.,
Hansen, M., Kirsteins, L., and Emanuele, N. V. (1998). Alco-
holism: Clin. Exp. Res. 22, 1199-1204.

Emanuele, M. A, Steiner, J., LaPaglia, N., and Emanuele, N. V.
(1999). Alcohol: Clin. Exp. Res. 23, 60—66.

Mauras, N., Rogol, A. D., Haymond, M. W., and Veldhuis,
J. D. (1996). Horm. Res. 45, 74-80.

Hiney, J. K., Ojeda, S. R., and Dees, W. L. (1991). Neuroendo-
crinology 54, 420-423.

Hiney, J. K., Srivastava, V., Nyberg, C. L., Ojeda, S. R., and
Dees, W. L. (1996). Endocrinology 137, 3717-3728.

Loche, S., Casini, M. R., and Faedda, A. (1996). Br. J. Clin.
Pract. Suppl. 85, 1-4.

Srivastava, V., Hiney, J. K., Nyberg, C. L., and Dees, W. L.
(1995). Alcohol: Clin. Exp. Res. 19, 1467-1473.

Hiney, J. K., Srivastava, V., Lara, T., and Dees, W. L. (1998).
Life Sci. 62, 301-308.

Steiner, J. C., LaPaglia, N., Hansen, M., Emanuele, N. V., and
Emanuele, M. A. (1997). J. Endocrinol. 154, 363-370.
Everett, J. W. (1989). Monogr. Endocrinol. 32, 1-133.
Emanuele, N. V., Jurgens, J., LaPaglia, N., Williams, D. W.,
and Kelley, M. R. (1996). J. Endocrinol. 148, 509-515.
Azad, N., Duffner, L., Paloyan, E. B., Reda, D., Kirsteins, L.,
Emanuele, N. V., and Lawrence, A. M. (1990). Endocrinology
127, 1928-1933.

Emanuele, M. A., Hojvat, S., and Emanuele, N. V. (1986).
Endocr. Res. 12, 123—-136.



