
lable at ScienceDirect

Alcohol 55 (2016) 61e68
Contents lists avai
Alcohol

journal homepage: http: / /www.alcohol journal .org/
The effects of repeated forced ethanol consumption during
adolescence on reproductive behaviors in male rats

Shannon M. Harding*, Nicole Moll�e, Lisbeth Reyes-Fondeur, Jessica M. Karanian
Dept. of Psychology, Fairfield University, Fairfield, CT, USA
a r t i c l e i n f o

Article history:
Received 10 March 2016
Received in revised form
6 August 2016
Accepted 30 August 2016

Keywords:
Alcohol
Sexual behavior
Partner preference
Ultrasonic vocalizations
Adolescence
* Corresponding author. Psychology Department, Fa
Benson Rd., Fairfield, CT 06824, USA.

E-mail address: sharding@fairfield.edu (S.M. Hard

http://dx.doi.org/10.1016/j.alcohol.2016.08.004
0741-8329/© 2016 Elsevier Inc. All rights reserved.
a b s t r a c t

Adolescence is a sensitive period of brain development when changes in hormone levels may have long-
lasting effects on synaptic connections and behavior. In humans, alcohol consumption frequently begins
during this critical period, although the impact of early exposure has not been fully examined. The
current study was designed to investigate short- and long-term effects of repeated forced ethanol
consumption during adolescence on emerging reproductive behaviors. Twenty-six young male Long-
Evans rats were assigned to ethanol (Young EtOH, n ¼ 12) or water (Young Control, n ¼ 14) groups at
postnatal day (P) 32, receiving a modified binge protocol of 3 g/kg of solution via gavage twice per week
from P32 to P80. For comparison, another cohort of rats received a similar treatment paradigm in
adulthood from P75eP133 (Adult EtOH, n ¼ 8; Adult Control, n ¼ 10). Reproductive behavior was
assessed with tests for copulation, partner preference, and 50-kHz vocalizations during forced con-
sumption (intoxication) and again after a 4e5 week period of abstinence. During forced consumption,
the Young EtOH group showed significantly longer latencies on copulation tests than Young Controls, but
these differences did not persist after abstinence. Different patterns were observed in Adult animals, who
only showed significant, delayed impairments in the post-ejaculatory interval. Preference for sexually
receptive females increased with sexual experience in both adolescent and adult rats, regardless of
treatment during the forced consumption phase. However, after abstinence, the Young EtOH group
showed a significantly reduced partner preference compared to the Young Control group, which may
indicate long-term effects on sexual motivation. Additionally, during forced consumption the Young
EtOH group tended to emit fewer ultrasonic vocalizations, perhaps reflecting impairments in sexual
communication. Adult groups showed no differences in partner preference or vocalization tests at any
time. Taken together, these findings indicate that repeated, intermittent ethanol exposure may have
moderate effects on reproductive behavior that vary as a function of age. After abstinence, differences
were only observed in the younger group, suggesting that the adolescent brain and behavior are more
sensitive to ethanol exposure than the adult brain for sexual motivation and performance.

© 2016 Elsevier Inc. All rights reserved.
1. Introduction

Alcohol consumption in adolescents and young adults is
extremely common, even when preventive laws and strict legal
penalties exist to discourage it. In the United States, approximately
72% of 12th graders and 83% of college students report some
experience with drinking (Johnston, O'Malley, Bachman, &
Schulenberg, 2008). Heavy consumption is also common; roughly
45% of high school students indicate that they have consumed
irfield University, 1073 North

ing).
alcohol in a binge pattern (5 or more drinks in a row) in the pre-
vious 30 days (Miller, Naimi, Brewer,& Jones, 2007). Binge drinking
is particularly problematic because it is associated with an
increased risk of motor vehicle accidents, violent behaviors, suicide,
and risky sexual behaviors, including multiple sex partners and
unprotected sex (Calvert, Keenan Bucholz, & Steger-May 2010;
Santelli, Robin, Brener, & Lowry, 2001; Stueve & O'Donnell, 2005).

Adolescence is also a critical period of development for both
brain and behavior, when significant escalations in steroid hor-
mones, and dramatic changes in cortical gray matter, synaptic
connectivity, and myelination occur (Romeo, Richardson, & Sisk,
2002; Sisk & Foster, 2004; Sisk & Zehr, 2005). In normally devel-
oping males, adolescence is characterized by substantial increases
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in androgens and the onset of puberty (sexual maturity)
(Blakemore, Burnett, & Dahl, 2010; Romeo et al., 2002). Testos-
terone and its metabolites, in turn, act on the brain to initiate adult
patterns of behavior, including aggression, sexual motivation and
performance, and anxiety-related behaviors (Romeo et al., 2002;
Sato, Schulz, Sisk, & Wood, 2008; Sisk & Foster, 2004; Sisk &
Zehr, 2005). There is some evidence to suggest that alcohol con-
sumption during late adolescence can disturb the normal pro-
gression of puberty. For example, male rats chronically exposed to
ethanol beginning in late adolescence have deficits in serum
testosterone levels, daily sperm production, sperm count, fertility,
and sexual performance later in adulthood (Oliva et al., 2006).

The effects of binge drinking initiated in adolescence on
emerging male reproductive behaviors remain largely unexplored.
Animal models are especially useful in this regard because human
studies have inherent limitations, including reliance on retrospec-
tive self-reports, expectancy effects, and special ethical consider-
ations that occur when dealing with underage populations (Crowe
& George, 1989; Frohmader, Pitchers, Balfour, & Coolen, 2010; Witt,
1994). In rodents, the timing of adolescence is relatively short,
occurring between weaning (around postnatal day [P] 21) and
reproductive maturity (P59), with some defining it more narrowly
as P30eP50 (Tirelli, Laviola, & Adriani, 2003). Additionally,
behavior tests for studying reproduction in rats are well established
(Everitt, 1990; Meisel & Sachs, 1994; Vagell & McGinnis, 1998), and
separate assays have been developed to measure sexual perfor-
mance (Harding & Velotta, 2011; Meisel & Sachs, 1994; Vagell &
McGinnis, 1998), sexual motivation (Everitt, 1990; Harding &
Velotta, 2011; Pfaus, Kippin, & Coria-Avila, 2003) and sexual
communication (Vagell & McGinnis, 1998; Harding & Velotta,
2011).

The current study was designed to investigate the effects of
repeated ethanol exposure during adolescence and young adult-
hood on male reproductive behaviors in rats by measuring copu-
lation, partner preference, and ultrasonic (50 kHz) vocalizations in
response to sexually specific stimuli 1) when under the influence of
alcohol and 2) again after a period of abstinence. We used gavage to
control the amount of ethanol exposure, modifying the binge
paradigm used in earlier studies (Lauing, Himes, Rachwalski,
Strotman, & Callaci, 2008). Based on previous findings in adult
rats (Dewsbury, 1967; Ferraro & Kiefer, 2004; Pfaus & Pinel, 1989;
Pfaus et al., 2010) and humans (Crowe & George, 1989; Malatesta,
Pollack, Wilbanks, & Adams, 1979; Peugh & Belenko, 2001), we
hypothesized that forced ethanol consumption (to the point of
intoxication) would impair reproductive behaviors in both ado-
lescents and adults. In addition, because adolescence is a critical
period of development, we speculated that repeated exposure to
ethanol during this time might result in significant long-term im-
pairments in reproductive behaviors after an extended period of
abstinence.

2. Materials and methods

2.1. Animals

Forty-four male and 20 female (176e225 g at arrival) Long-
Evans rats were used in this study. Males arrived at P21 (Young
groups; n ¼ 26) or P46 (Adult groups; n ¼ 18). All rats were pur-
chased from Charles River Laboratories (Raleigh, NC) andwere pair-
housed in standard Plexiglas® cages (48.3 � 26.7 � 20.3 cm) with
ad libitum access to food (Global Protein Rodent Diet, Harlan Labs)
and water. All females were bilaterally ovariectomized as described
before (Agmo, 1997; Vagell & McGinnis, 1998). Briefly, female rats
were placed under isoflurane anesthesia, and small incisions were
made in the skin and muscle, just superior to the ovaries. Because
the ovary is not immediately seen, the fat mass surrounding it was
initially removed, and the ovary was identified and removed from
the oviduct using a cauterizing procedurewith sterilized hemostats
heated in a glass bead sterilizer (Germinator 500, Braintree Scien-
tific). Stimulus female rats (n ¼ 16) also received one 5-mm
Silastic® capsule (ID ¼ 1.47 mm, OD ¼ 1.96 mm; Dow Corning
Corporation) filled with 100% crystalline 17b-estradiol and sealed
with silicone Type A medical adhesive to keep estradiol levels
within a high physiological range for an extended period of time
(Agmo, 1997; McGinnis, Krey, MacLusky,&McEwen, 1981; Vagell&
McGinnis, 1998). Non-receptive females (n ¼ 4) were ovariecto-
mized but did not receive supplemental hormones. All rats were
given at least 1 week to recover from surgery before participating in
behavioral tests.

To induce sexual receptivity, stimulus females received 0.1 mL of
progesterone (500 mg) subcutaneously (s.c.) 4 h prior to behavioral
tests (Agmo, 1997; Vagell & McGinnis, 1998). Stimulus females
were injected with progesterone a maximum of once per week
throughout the study, and were rotated through all behavioral tests
in a counterbalanced fashion. Non-receptive females were only
used in partner preference tests. All rats were maintained on a
reversed 12-h light/dark cycle (lights off at 11:00 a.m.) in the Fair-
field University animal facility at a constant temperature of 23 �C.
All protocols were reviewed by Fairfield University's Institutional
Animal Care and Use Committee andwere conducted in accordance
with NIH guidelines for the care and use of laboratory animals.

3. Procedures

3.1. Drug administration

The dosing protocol was modified from the chronic bingemodel
of Lauing et al. (2008), where a binge cycle was defined as a binge
dose (3 g/kg) administered intraperitoneally (i.p.) for 3 consecutive
days, followed by 4 days off, for a period of 4 weeks. In the present
study, ethanol was administered via gavage to approximate
drinking, and binge doses (3 g/kg) were given for 2 consecutive
days with 5 days off over a period of 8 weeks to maximize exposure
throughout the adolescent period. Ethyl alcohol (Fisher Scientific)
or water was administered via gavage beginning at P32 (Young
groups) or P75 (Adult groups) using a syringe and a ball-tipped 18
gauge � 3 inch stainless-steel feeding needle (Popper and Sons,
Inc.). Behavioral studies began 30e60 min after gavage to corre-
spond with maximum blood alcohol levels (BALs) in both adoles-
cent and adult rats (Przybycien-Szymanska, Rao, & Pak, 2010;
Walker & Ehlers, 2009). Although we did not measure blood
alcohol levels directly, previous research suggests that the BAL
would be approximately 180e200mg% at this time point (Walker&
Ehlers, 2009), exceeding the 80 mg% level in the National Institute
on Alcohol Abuse and Alcoholism's definition of binge drinking
(National Institute on Alcohol Abuse and Alcoholism, Winter 2004,
p. 3). Animals in the Control groups received similar volumes of
distilled water via gavage. The total volume administered during
gavage did not exceed 2 mL.

3.2. Experimental design

Young and Adult male rats were handled upon arrival and were
assigned to four groups: Young EtOH (ethanol, n ¼ 14), Young
Control (water; n ¼ 12), Adult EtOH (n ¼ 8), and Adult Control
(n ¼ 10). The first week of forced ethanol consumption began on
P32 (Young EtOH group) or P75 (Adult EtOH group), and this was
designated as Week 1. Tests for reproductive behaviors were con-
ducted during Weeks 3e8 of gavage, and all rats were sexually
naïve at the start of testing. The following parameters were
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measured: sexual performance, using copulation tests; sexual
motivation, using partner preference tests; and sexual communi-
cation, using 50-kHz vocalization tests. (Details about the tests
follow.) All behaviors were scored live by two research assistants
who were blind to experimental conditions. During the two days
“on” ethanol, copulation tests were done on one day each week,
while partner preference and vocalization tests were conducted on
the other day in alternating weeks. After a completion of 8 binge
cycles, rats were allowed 4 weeks of abstinence, and one test for
each behavior was conducted to assess long-term effects (Post
Tests). Please see Fig. 1 for a timeline of events.
3.3. Bodily measurements

Body weights were takenweekly during the consumption phase
to determine ethanol doses and to ensure no differences in size
between groups. After completion of behavioral tests, animals were
overdosed with chloral hydrate (14% solution, 0.5 mL/100 g body
Fig. 1. Timeline of ethanol treatments and behavioral tests for both Young and
Adult cohorts of animals. PP ¼ Partner Preference; USV ¼ Ultrasonic Vocalizations.
Copulation tests were conducted weekly; Vocalizations and Partner Preference were
conducted on alternate weeks.
weight, i.p.) and seminal vesicles were removed, expressed, and
weighed as an indicator of testosterone levels (Armagan, Kim,
Goldstein, & Traish, 2006). Testes weights were also recorded for
comparison.

4. Behavioral tests

4.1. Copulation

On the days of testing for copulation, 4e6 hormonally primed
stimulus females were used. Males were placed in glass arenas
(25 � 20 � 18 cm) with sexually receptive females and were tested
as described in previous studies (Harding & Velotta, 2011; Vagell &
McGinnis, 1998). Measures of sexual performance, including the
latency and frequency of mounts, intromissions, and ejaculations,
were recorded. Stimulus females were rotated every 5e7 min to
elicit interest from the males. The duration of the test varied based
on the behaviors shown. Males were initially allowed up to 15 min
to mount the female, and when there was no behavior within the
allotted time, mount latency was assigned a value of 900 s. After the
first mount, an animal was allowed 30 more minutes to ejaculate.
When animals failed to ejaculate within 30 min, the test ended and
the ejaculation latency was assigned a value of 1800 s. Otherwise,
ejaculation latency was calculated as the time from the first mount
until the subsequent ejaculation. The test ended immediately after
the first post-ejaculatory behavior, and the post-ejaculatory inter-
val (PEI: time from ejaculation until the next subsequent behavior)
was recorded. Only animals that ejaculated were included in the
calculation of PEIs (Agmo, 1997). There was a technical issue with
data collection duringWeek 7 of treatment: several of the receptive
females were unresponsive. Therefore, data are not shown for that
time point, although all males received sexual experience.

4.2. Partner preference

Partner preference tests were conducted in a 3-chambered
Plexiglas® apparatus (91 � 62 � 40 cm) lined with clean bedding
as described previously (Harding & Velotta, 2011; Vagell &
McGinnis, 1998). Chambers were all of equal size, allowing free
passage of the male through small openings in the middle
compartment. A sexually receptive female was placed behind a
circular barrier constructed from chicken wire (diameter ¼ 24 cm)
in the right chamber. A non-receptive female was similarly con-
tained in the left compartment, and the middle chamber remained
empty throughout testing. Males were placed in the empty
compartment, and the time spent in each chamber was monitored
with a computer program for 10 min.

4.3. 50-kHz vocalizations

The frequency of ultrasonic (50 kHz) vocalizations was recorded
during a 5-min test in a copulation arena lined with bedding
collected from sexually receptive females. Vocalizations were
quantified using a bat detector (QMC Model S 100 heterodyne
receiver; Ultrasound Advice, London, UK) set to 50 kHz and con-
nected to headphones as described before (Harding & Velotta,
2011).

5. Statistics

All data were entered into StatView 5.0 for analysis. During
binge cycles, we used 2-way repeated-measures analysis of vari-
ance (ANOVA) tests to examine differences in copulation and
partner preference tests, followed by Fishers PLSD post hoc tests
when significant effects were seen. (In the absence of significant
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interactions, planned comparisons were made between EtOH
groups and age-matched controls receiving water at individual
time points.) Between-group comparisons weremade on Post Tests
using t tests. The data collected for ultrasonic vocalization tests
were not normally distributed, violating the assumptions for an
ANOVA, and therefore nonparametric statistics (Mann-Whitney U
andWilcoxon signed rank) were used to determine between-group
and within-group differences.

6. Results

The major findings for copulation tests are depicted in Fig. 2 and
Table 1. With regard to ejaculation latency (EL), a 2-way repeated-
measures ANOVA revealed main effects of treatment (F
[1,24]¼ 6.35, p¼ 0.019) and time (F[1,3]¼ 4.94, p¼ 0.004), with no
significant interaction (F[3,72] ¼ 0.91, p ¼ 0.438) in the Young
group. The Young EtOH group took longer to ejaculate duringWeek
5 (t[24] ¼ 2.29, p ¼ .036) and Week 6 (t[24] ¼ 3.10, p ¼ .005)
compared to Young Controls. In contrast, in Adult animals, there
was no effect of treatment on ejaculation latency (F[1,16] ¼ 0.13,
p ¼ 0.30), but there was a main effect of time (F[1,3] ¼ 10.02,
p < 0.0001), with no interaction between treatment and time (F
[3,48] ¼ 1.29, p ¼ 0.288). During the Post Test, no differences in EL
measures were seen in the Young groups; however, a small dif-
ference between treatment groups was detected in the Adult ani-
mals (t[16] ¼ 1.98, p ¼ 0.065) that did not reach statistical
significance.

Post-ejaculatory interval (PEI) data are depicted in Table 1.
Because only the males ejaculating were included in data analysis
(Agmo, 1997), the numbers in parentheses indicate the number of
animals ejaculating on each test. During forced consumption, a 2-
way repeated-measures ANOVA revealed a significant effect of
treatment in the Young group (F[1,11] ¼ 17.08, p ¼ 0.002), with no
effect of time (F[1,3] ¼ 2.15, p ¼ 0.112) and no interaction between
treatment and time (F[3,33]¼ 1.40, p¼ 0.260). During the Post Test,
there was a difference between Young groups for PEI (t[22] ¼ 2.04,
p ¼ 0.054), although it did not reach statistical significance. With
regard to treatment effects, the Young EtOH group showed signif-
icantly reduced behavior after ejaculation (reflected in an increased
PEI) during three tests (Week 3: t[14] ¼ 4.37, p < 0.001; Week 4: t
[19] ¼ 4.00, p < 0.001; Week 5: t[19] ¼ 2.48, p ¼ 0.023), compared
to Control rats.

In the Adult group, there was a marginal effect of treatment (F
[1,8] ¼ 3.76, p ¼ 0.089) and time (F[1,3] ¼ 2.36, p ¼ 0.097) on PEI,
with no significant interaction (F[3,24]¼ 0.97, p¼ 0.422). In looking
at individual tests, the Adult EtOH group had increased PEIs
compared to Controls during Week 5 (t[10] ¼ 2.28, p < 0.05) and
Week 6 (t[15] ¼ 3.65, p < 0.003) of forced ethanol consumption.
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Fig. 2. Copulation tests. Ejaculation latency (EL): time from first mount until ejaculation;
group.
6.1. Partner preference tests

Fig. 3 depicts the results of partner preference tests. Preference
was calculated as the time (in seconds) spent with a sexually
receptive female minus the time with the non-receptive female,
such that a positive score reflected sexual motivation. A 2-way
mixed ANOVA revealed a significant effect of time in both groups
during the forced ethanol consumption portion of the study (Young
groups: F[1,2] ¼ 16.87, p < 0.0001; Adult groups: F[1,2] ¼ 31.195,
p < 0.001), but no significant effect of treatment (Young: F
[1,24] ¼ 0.097, p ¼ 0.76; Adult; F[1,16] ¼ 0.128, p ¼ 0.725), and no
interaction between time and treatment (Young: F[2,48] ¼ 0.285,
p ¼ 0.75; Adult: F[2,32] ¼ 0.240, p ¼ 0.788). Post hoc tests showed
that increased preference was particularly evident by Week 8
compared toWeek 4 in the Young group (Fisher's PLSD, p < 0.0001),
and byWeek 6 andWeek 8 vs. Week 4 in the Adult groups (Fisher's
PLSD, p < 0.0001). During the Post Test (after abstinence), a signif-
icant effect for treatment was observed, with the Young EtOH group
showing significantly less preference than the Young Control group
(t[24] ¼ �2.72, p ¼ 0.012). No comparable difference between
groups was seen during the Post Test in Adults (t[16] ¼ 0.130,
p ¼ 0.90).

6.2. Vocalizations

The results of 50-kHz vocalization tests are depicted in Fig. 4.
Overall, the Young EtOH group showed fewer vocalizations than
the Young Control group during forced ethanol consumption
(Mann-Whitney U, tied Z value ¼ �2.234, tied p value ¼ 0.026).
Comparable differences were not seen in Adult groups (Mann-
Whitney U, tied Z value¼�1.605, tied p value¼ 0.109). Although no
statistically significant differences for treatment were seen on in-
dividual tests, a trend was observed onWeek 7 in the Young groups
(Mann-Whitney U, tied Z value ¼ �1.959, tied p value ¼ 0.05). For
within-group comparisons, there was a significant effect of time,
with both Young and Adult rats showing significantly increased
vocalizations by Weeks 5, 7, and the Post Test compared to Week 3
(Wilcoxon signed rank test, Young: tied Z value ¼ �3.99, e4.42,
and �4.46, respectively, all tied p values < 0.01; Old: Week 3 vs. 5:
tied Z value ¼ �2.66, tied p value ¼ 0.0078; Week 3 vs. 7, tied Z
value ¼ �3.11, tied p value ¼ 0.001; Week 3 vs. Post Test: tied Z
value ¼ �3.462, tied p value ¼ 0.0005). No significant differences
between treatment groups were seen during the Post Test for
Young or Adult animals.

6.3. Bodily measurements

A 2-way repeated-measures ANOVA revealed a main effect of
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Table 1
Post-ejaculatory intervals during copulation tests in Young and Adult rats during and after forced ethanol or water consumption.

Group Week 3 Week 4 Week 5 Week 6 Post test

Young EtOH (n ¼ 12) 481.6 ± 15.5* (7) 489.5 ± 16.7* (10) 437.6 ± 39.0* (9) 380.5 ± 24.9# (11) 376.5 ± 25.5# (10)
Young Control (n ¼ 14) 387.0 ± 14.8 (9) 346.2 ± 30.5 (11) 332.2 ± 22.4 (12) 327.3 ± 19.1 (14) 308.9 ± 21.3 (14)
Adult EtOH (n ¼ 8) 442.0 ± 63.7 (3) 402.7 ± 44.1 (6) 407.4 ± 56.7* (5) 438.4 ± 42.9* (7) 387.8 ± 45.8 (5)
Adult Control (n ¼ 10) 355.4 ± 26.7 (7) 323.7 ± 22.4 (7) 289.0 ± 18.6 (7) 273.7 ± 23.2 (10) 325.9 ± 18.6 (10)

Data are reported as mean seconds ± SEM. The numbers in parentheses indicate the number of males ejaculating and included in the analysis. *¼ p < 0.05, # ¼ p < 0.10 vs. age-
matched Controls.
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time on body weight as expected (Young: F[1,7] ¼ 893.30,
p < 0.0001); Adult: F[1,7] ¼ 110.90, p < 0.0001), with no effect of
treatment (Young: F[1,24] ¼ 1.57, p ¼ 0.22; Adult group: F
[1,16] ¼ 3.01, p ¼ 0.10; and no interaction between time and
treatment (Young: F[1,7] ¼ 0.707, p ¼ 0.66; Adult: F[1,7] ¼ 1.61,
p ¼ 0.14). Furthermore, t tests revealed no differences in testes
weights between treatment groups and age-matched controls
(Young: t[24] ¼ 1.74, p ¼ 0.094; Adult: t[16] ¼ 0.90, p ¼ 0.38). No
differences in testes weights were observed.

7. Discussion

Overall, our findings suggest that forced ethanol consumption in
a binge-like pattern beginning in adolescence may affect repro-
ductive behavior in male rats, with some deficits persisting later
into adulthood after exposure has ended. In copulation tests for
sexual performance, young male rats with forced ethanol con-
sumption had longer latencies to ejaculate and to initiate behavior
after ejaculation (reflected in the PEI) compared to controls. This
effect was noticeably different from Adult animals that showed no
effects on ejaculation latency during forced consumption of
ethanol, and a delayed impairment on PEI. Of interest, there was
some indication that alcohol had long-term effects on PEIs in Young
animals and ejaculation latencies in older animals, although
neither comparison reached statistical significance. Regardless of
age, binge-like exposure did not impair the development of partner
preference; however, repeated exposure to ethanol in adolescence
was associated with reductions in this behavior after an abstinence
period. Finally, with regard to 50-kHz vocalizations, we found that
Young animals receiving ethanol vocalized less overall in the
presence of sexual cues during forced consumption, whereas adult
animals showed no differences in this behavior.

The results of copulation tests in young animals during forced
consumption are largely consistent with findings that have been
reported in adult mammals. In humans, acute alcohol consumption
is associated with difficulty in attaining penile erections and
achieving ejaculation, both in self-reports (Crowe & George, 1989;
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Masters & Johnson, 1966; Peugh & Belenko, 2001) and in labora-
tory conditions when these indices are measured directly (Briddell
& Wilson, 1976; Malatesta et al., 1979; Rubin & Henson, 1976).
Ethanol consumption in dogs (Teitelbaum & Gantt, 1958) and rats
(Dewsbury, 1967) is also linked to delays and blocks in ejaculation,
and similar effects have been observed when ethanol is adminis-
tered via injections (for example, Ferraro & Kiefer, 2004; Pfaus &
Pinel, 1989). Likewise, in this study, ejaculation latency was
increased when younger animals received ethanol via gavage.
Surprisingly, ejaculation latency was not affected with gavage
treatment in the Adult group, suggesting that ejaculation is less
susceptible to the effects of ethanol in adults vs. young animals.

The findings in young animals are also consistent with research
examining chronic exposure during late adolescence. When
ethanol is given continuously (in food) throughout late adolescence
and into adulthood (P55eP105), fewer males ejaculate (22%
compared to 50% of isocaloric controls), and those that achieve
ejaculation have significantly longer post-ejaculatory intervals
(Oliva et al., 2006). Although we did not report differences in the
percentage of males ejaculating, we did see increases in the PEIs
during copulation tests after forced consumption in both Young and
Adult animals. The differences in PEIs also appear to vary as a
function of age, with Young animals showing an increased re-
fractory period early on, and Adult animals showing increased PEIs
after repeated ethanol exposure. Whether increases in PEIs occur
because of enhanced satiation or reduced motivation is a question
for future studies. The findings presented here suggest 1) that the
developing brain is more susceptible to the suppressive effects of
alcohol and 2) that alcohol exposure during adolescence can in-
fluence sexual behavior, when forced consumption mimics a binge
pattern, a common method of drinking in teens and young adults
(Johnston et al., 2008; Miller et al., 2007;Wechsler&Nelson, 2001).
The effects of binge-like forced consumption on sexual perfor-
mance, however, may be short-lived, since statistically significant
differences in behaviors were not observed after abstinence (Post
Tests) for Young or Adult groups.

Repeated forced ethanol administration did not prevent the
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expression of partner preference in either age group, suggesting no
effect of ethanol at this dosage on sexual motivation. All groups
showed increased preference for the sexually receptive female as
they gained sexual experience (see Fig. 3), spending significantly
more timewith the sexually receptive female by the third test (after
8 weeks of ethanol or water) compared to the first test (after 4
weeks of treatment). This suggests that alcohol exposure during
adolescence or adulthood does not prevent the development of this
behavior, despite coinciding problems with sexual performance.
However, after abstinence, the Young EtOH showed suppressed
partner preference, indicating a possible long-term effect on the
selection of a sexual partner. In fact, Young EtOH animals spent
significantly more time with the non-receptive female than Young
Controls, suggesting an inability to differentiate cues indicating
sexual receptivity. There are two possible reasons for this dimin-
ished response. First, exposure to ethanol during development may
affect sexual motivation later in life, as the Young EtOH group
showed significantly less preference during the Post Test compared
to the Young Control group. Alternatively, the presence of alcohol
during the development of sexual behavior may have produced
state-dependent learning, such that the EtOH group is unable to
differentiate between receptive and non-receptive females in the
absence of the drug. In either case, these results indicate that dif-
ferences in the structure of reward pathways or sensory areas in the
brain may exist. Future studies could test whether partner prefer-
ence is restored when ethanol is administered to the EtOH group,
i.e., in the state in which it was learned (after forced alcohol
consumption).

Studies examining the effects of alcohol on sexual motivation
have been confined to adult animals, and are fairly limited and
inconsistent (Frohmader et al., 2010). In one study (Pfaus & Pinel,
1989), rats were initially trained to differentiate between recep-
tive and non-receptive females in a bi-level chamber. After training,
animals that received ethanol were more likely to initiate mating
with non-receptive females, suggesting disinhibition (Pfaus &
Pinel, 1989), and perhaps enhanced (or misdirected) sexual moti-
vation. Moreover, Ferraro and Kiefer (2004) reported a significant
increase in activity (level changing) before the arrival of a sexually
receptive female in rats receiving ethanol compared to controls. In
contrast, another study found that rats receiving comparable
amounts of ethanol were less likely to press a bar for access to a
sexually receptive female, suggesting suppressive effects of ethanol
on sexual motivation (Scott, Ettenberg,&Olster,1994). Surprisingly,
in the present study, adult rats showed high levels of preference for
receptive females after forced consumption of ethanol, and no
differences in behavior were seen after abstinence. Because
different effects were found for adolescents and adults, the findings
suggest that the adolescent brain may be more vulnerable to long-
term effects of ethanol exposure.

Finally, we elected to measure ultrasonic (50 kHz) vocalizations
in the presence of estrous female bedding to evaluate differences in
sexual communication (Harding & Velotta, 2011). Male and female
rats vocalize at a frequency of 50 kHz to indicate positive social
events (Portfors, 2007), and to solicit sexual partners and coordi-
natemating (Barfield& Thomas,1986). One recent study has shown
that spontaneously emitted 50-kHz vocalizations may be inhibited
by chronic exposure to alcohol (Thakore et al., 2016). High-alcohol
drinking (HAD-1) male rats were subjected to a Drinking in the
Dark paradigm for 8 weeks beginning at P56 (late adolescence), and
the number of 22-kHz and 50-kHz vocalizations was monitored
during consumption. The study reports that the frequency of 50-
kHz vocalizations was suppressed in alcohol-experienced vs.
alcohol-naïve rats in this strain. Likewise, our research suggests
that males receiving binge-like patterns of forced consumption
earlier in adolescence (beginning at P32) show reductions in 50-
kHz vocalizations in response to sexual cues. Although all groups
showed increased vocalizations with age and experience as re-
ported previously (Harding & Velotta, 2011), we found that Young
EtOH animals vocalized less overall during forced consumption.
These effects did not persist in the absence of ethanol.

In adult rats, the effects of chronic ethanol consumption on 50-
kHz vocalizations have been examined during reproductive be-
haviors (Cagiano et al., 1998). In this study, male rats received low
levels (3%) of ethanol or no ethanol (0%) continuously in water
bottles for 8 weeks, and no differences in 50-kHz vocalizations
were observed between groups. Similarly, no differences were seen
in the frequency of vocalizations between Adult EtOH and Adult
Control groups when ethanol was administered repeatedly via
gavage. Taken together, these findings suggest that ultrasonic vo-
calizations may be more sensitive to ethanol during adolescence vs.
adulthood. Reductions in this behavior during adolescence could
produce consequences in terms of reproductive success, including
communicating with and attracting potential mates.

One possible mechanism that may account for the changes in
behavior associated with forced ethanol consumption is a reduc-
tion in testosterone (T). In long-term alcoholics, the suppression of
T, testicular atrophy, and reductions in sexual performance coincide
(Emanuele & Emanuele, 1998; Lloyd & Williams, 1948; Van Thiel &
Lester, 1979; Van Thiel, Lester, & Sherins, 1974), and similar re-
ductions in hormone levels have been observed with acute ethanol
exposure (Gordon, Altman, Southren, Rubin, & Lieber, 1976). Like-
wise, in rodents, ethanol suppression of T is quite rapid, with sig-
nificant reductions observed after a single injection of ethanol in
adults (Steiner, Holloran, Jabamoni, Emanuele, & Emanuele, 1996)
and adolescents (Przybycien-Szymanska et al., 2010). Sexual
communication, motivation, and performance are all dependent on
circulating levels of T (Harding & Velotta, 2011; Hull, Meisel, &
Sachs, 2002; Meisel & Sachs, 1994). While we did not measure T
levels directly during forced consumption of ethanol, we did
remove peripheral structures, which are known to reflect
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circulating levels of T (Armagan et al., 2006). Seminal vesicles were
smaller in Young EtOH rats compared to Young Controls, although
the size difference did not reach statistical significance. Perhaps T
levels were reduced during consumption and returned to normal
by the end of the study, since seminal vesicles were not removed
until about 10 weeks after the last ethanol administration. Other
research has reported that T levels and seminal vesicle weights are
suppressed with alcohol consumption when measurements are
made soon after treatment (Oliva et al., 2006).

It is also possible that long-term effects on behavior are medi-
ated by ethanol-mediated changes in the wiring of the adolescent
brain. In humans, alcohol consumption during adolescence is
associated with reductions in gray matter and increases in white
matter (Blakemore et al., 2010), particularly in areas known to
support cognition and behavior, including the prefrontal cortex and
limbic system (Alfonso-Loeches & Guerri, 2011; Bava & Tapert,
2010; Squeglia, Jacobus, & Tapert, 2009). In fact, in one recent
study, rats receiving intermittent ethanol from P30eP45 showed
increased neuronal death in the hippocampus and prefrontal cortex
(Pascual, Blanco, Cauli, Mi~narro, & Guerri, 2007). These changes
could account for long-term differences in the ability to select a
mate and differentiate cues from receptive females, and could be
the basis for future studies.

In summary, our results suggest that binge-like patterns of
forced alcohol consumption beginning in the critical period of
adolescence can be detrimental to emerging reproductive behav-
iors in male rats. Specifically, males administered ethanol repeat-
edly via gavage during adolescence and young adulthood showed
longer latencies than controls in sexual performance tests, consis-
tent with what was previously reported in adult animals and
humans. Adult animals had effects that were more modest during
forced consumption, and the long-term effects did not reach sta-
tistical significance. There is also evidence for impaired commu-
nication in response to sexual cues, reflected by a suppression in
the number of vocalizations (overall) in the Young EtOH group.
Finally, perhaps of most interest, males in the Young EtOH group
seemed unable to differentiate and/or prefer sexually receptive vs.
non-receptive females well after the cessation of alcohol exposure.
Whether these effects are due to changes in the structure of reward
pathways or sensory regions of the brain could be a topic for future
research. Furthermore, the research lends support to the growing
body of evidence that alcohol consumption during adolescence, a
critical period of development when many people begin binge
drinking, may produce long-term effects on brain and behavior
(Spear, 2015; Windle, 2016).

Acknowledgments

The authors would like to thank Dr. Laura McSweeney for her
careful reading of the manuscript, and Chantini Pyatt (veterinary
technician) for her technical assistance with gavage.

References

Agmo, A. (1997). Male rat sexual behavior. Brain Research Protocols, 1, 203e209.
Alfonso-Loeches, S., & Guerri, C. (2011). Molecular and behavioral aspects of the

actions of alcohol on the adult and developing brain. Critical Reviews in Clinical
Laboratory Sciences, 48, 19e47.

Armagan, A., Kim, N. N., Goldstein, I., & Traish, A. M. (2006). Dose-response rela-
tionship between testosterone and erectile function: Evidence for the existence
of a critical threshold. Journal of Andrology, 27, 517e526.

Barfield, R. J., & Thomas, D. A. (1986). The role of ultrasonic vocalizations in the
regulation of reproduction in rats. Annals of the New York Academy of Sciences,
474, 33e43.

Bava, S., & Tapert, S. F. (2010). Adolescent brain development and the risk for alcohol
and other drug problems. Neurospsychology Review, 20, 398e413.

Blakemore, S. J., Burnett, S., & Dahl, R. E. (2010). The role of puberty in the devel-
oping adolescent brain. Human Brain Mapping, 31, 926e933.
Briddell, D. W., & Wilson, G. T. (1976). Effects of alcohol and expectancy set on male
sexual arousal. Journal of Abnormal Psychology, 85, 225e234.

Cagiano, R., Tattoli, M., Persichella, M., Mazzoccoli, M., Govoni, S., & Cuomo, V.
(1998). Effects of chronic low-dose ethanol intake on sexual behavior in rats.
Alcohol, 16, 135e138.

Calvert, W. J., Keenan Bucholz, K., & Steger-May, K. (2010). Early drinking and its
association with adolescents' participation in risky behaviors. Journal of the
American Psychiatric Nurses Association, 16, 239e251.

Crowe, L. C., & George, W. H. (1989). Alcohol and human sexuality: Review and
integration. Psychological Bulletin, 105, 374e386.

Dewsbury, D. A. (1967). Effects of alcohol ingestion on copulatory behavior of male
rats. Psychopharmacologia, 11, 276e281.

Emanuele, M. A., & Emanuele, N. V. (1998). Alcohol's effects on male reproduction.
Alcohol Health and Research World, 22, 195e201.

Everitt, B. J. (1990). Sexual motivation: A neural and behavioural analysis of the
mechanisms underlying appetitive and copulatory responses of male rats.
Neuroscience and Biobehavioral Reviews, 14, 217e232.

Ferraro, F. M., 3rd, & Kiefer, S. W. (2004). Behavioral analysis of male rat sexual
motivation and performance following acute ethanol treatment. Pharmacology,
Biochemistry, and Behavior, 78, 427e433.

Frohmader, K. S., Pitchers, K. K., Balfour, M. E., & Coolen, L. M. (2010). Mixing
pleasures: Review of the effects of drugs on sex behavior in humans and animal
models. Hormones and Behavior, 58, 149e162.

Gordon, G. G., Altman, K., Southren, A. L., Rubin, E., & Lieber, C. S. (1976). Effect of
alcohol (ethanol) administration on sex-hormone metabolism in normal men.
The New England Journal of Medicine, 295, 793e797.

Harding, S. M., & Velotta, J. P. (2011). Comparing the relative amount of testosterone
required to restore sexual arousal, motivation, and performance in male rats.
Hormones and Behavior, 59, 666e673.

Hull, E. M., Meisel, R. L., & Sachs, B. D. (2002). Male sexual behavior. In A. P. Arnold,
D. W. Pfaff, A. M. Etgen, S. E. Fahrback, & R. T. Rubin (Eds.), Hormones, brain, and
behavior (pp. 3e137). San Diego, CA: Academic Press.

Johnston, L. D., O'Malley, P. M., Bachman, J. G., & Schulenberg, J. E. (2008). Moni-
toring the Future: National survey results on drug use, 1975e2007 (Vol. I). NIH
Publication no. 08e6418A. Secondary School Students, 707. Available at: http://
eric.ed.gov/?id¼ED508294.

Lauing, K., Himes, R., Rachwalski, M., Strotman, P., & Callaci, J. J. (2008). Binge
alcohol treatment of adolescent rats followed by alcohol abstinence is associ-
ated with site-specific differences in bone loss and incomplete recovery of bone
mass and strength. Alcohol, 42, 649e656.

Lloyd, C. W., & Williams, R. H. (1948). Endocrine changes associated with Laennec's
cirrhosis of the liver. The American Journal of Medicine, 4, 315e330.

Malatesta, V. J., Pollack, R. H., Wilbanks, W. A., & Adams, H. E. (1979). Alcohol effects
on the orgasmic-ejaculatory response in human males. Journal of Sex Research,
15, 101e107.

Masters, W. H., & Johnson, V. E. (1966). Human sexual response. Toronto; New York:
Bantam Books.

McGinnis, M. Y., Krey, L. C., MacLusky, N. J., & McEwen, B. S. (1981). Steroid receptor
levels in intact and ovariectomized estrogen-treated rats: An examination of
quantitative, temporal and endocrine factors influencing the efficacy of an
estradiol stimulus. Neuroendocrinology, 33, 158e165.

Meisel, R. L., & Sachs, B. D. (1994). The physiology of male sexual behavior. In
I. E. Knobil, & J. D. Neill (Eds.), The physiology of reproduction (2nd ed., Vol. 2, pp.
3e105). New York: Raven Press.

Miller, J. W., Naimi, T. S., Brewer, R. D., & Jones, S. E. (2007). Binge drinking and
associated health risk behaviors among high school students. Pediatrics, 119,
76e85.

National Institute on Alcohol Abuse and Alcoholism. (Winter 2004). Niaaa council
approves definition of binge drinking. NIAAA Newsletter.

Oliva, S. U., Messias, A. G., Silva, D. A., Pereira, O. C., Gerardin, D. C., &
Kempinas, W. G. (2006). Impairment of adult male reproductive function in rats
exposed to ethanol since puberty. Reproductive Toxicology, 22, 599e605.

Pascual, M., Blanco, A. M., Cauli, O., Mi~narro, J., & Guerri, C. (2007). Intermittent
ethanol exposure induces inflammatory brain damage and causes long-term
behavioural alterations in adolescent rats. The European Journal of Neurosci-
ence, 25, 541e550.

Peugh, J., & Belenko, S. (2001). Alcohol, drugs and sexual function: A review. Journal
of Psychoactive Drugs, 33, 223e232.

Pfaus, J. G., Kippin, T. E., & Coria-Avila, G. (2003). What can animal models tell us
about human sexual response? Annual Review of Sex Research, 14, 1e63.

Pfaus, J. G., & Pinel, J. P. J. (1989). Alcohol inhibits and disinhibits sexual behavior in
the male rat. Psychobiology, 17, 195e201.

Pfaus, J. G., Wilkins, M. F., Dipietro, N., Benibgui, M., Toledano, R., Rowe, A., et al.
(2010). Inhibitory and disinhibitory effects of psychomotor stimulants and de-
pressants on the sexual behavior of male and female rats. Hormones and
Behavior, 58, 163e176.

Portfors, C. V. (2007). Types and functions of ultrasonic vocalizations in laboratory
rats and mice. Journal of the American Association for Laboratory Animal Science,
46, 28e34.

Przybycien-Szymanska, M. M., Rao, Y. S., & Pak, T. R. (2010). Binge-pattern alcohol
exposure during puberty induces sexually dimorphic changes in genes regu-
lating the HPA axis. American Journal of Physiology. Endocrinology and Meta-
bolism, 298, E320eE328.

Romeo, R. D., Richardson, H. N., & Sisk, C. L. (2002). Puberty and the maturation of
the male brain and sexual behavior: Recasting a behavioral potential.

http://refhub.elsevier.com/S0741-8329(16)30068-4/sref1
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref1
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref2
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref2
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref2
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref2
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref3
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref3
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref3
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref3
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref4
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref4
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref4
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref4
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref5
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref5
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref5
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref6
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref6
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref6
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref7
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref7
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref7
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref8
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref8
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref8
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref8
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref9
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref9
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref9
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref9
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref10
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref10
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref10
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref11
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref11
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref11
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref12
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref12
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref12
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref13
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref13
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref13
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref13
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref14
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref14
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref14
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref14
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref15
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref15
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref15
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref15
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref16
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref16
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref16
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref16
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref17
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref17
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref17
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref17
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref18
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref18
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref18
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref18
http://eric.ed.gov/?id=ED508294
http://eric.ed.gov/?id=ED508294
http://eric.ed.gov/?id=ED508294
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref20
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref20
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref20
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref20
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref20
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref21
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref21
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref21
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref22
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref22
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref22
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref22
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref23
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref23
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref24
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref24
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref24
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref24
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref24
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref25
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref25
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref25
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref25
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref26
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref26
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref26
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref26
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref27
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref27
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref28
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref28
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref28
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref28
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref29
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref29
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref29
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref29
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref29
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref29
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref30
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref30
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref30
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref31
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref31
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref31
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref32
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref32
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref32
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref33
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref33
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref33
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref33
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref33
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref34
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref34
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref34
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref34
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref35
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref35
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref35
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref35
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref35
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref36
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref36


S.M. Harding et al. / Alcohol 55 (2016) 61e6868
Neuroscience and Biobehavioral Reviews, 26, 381e391.
Rubin, H. B., & Henson, D. E. (1976). Effects of alcohol on male sexual responding.

Psychopharmacologia, 47, 123e134.
Santelli, J. S., Robin, L., Brener, N. D., & Lowry, R. (2001). Timing of alcohol and other

drug use and sexual risk behaviors among unmarried adolescents and young
adults. Family Planning Perspectives, 33, 200e205.

Sato, S. M., Schulz, K. M., Sisk, C. L., & Wood, R. I. (2008). Adolescents and androgens,
receptors and rewards. Hormones and Behavior, 53, 647e658.

Scott, M. P., Ettenberg, A., & Olster, D. H. (1994). Effects of alcohol on the sexual
motivation of the male rat. Pharmacology, Biochemistry, and Behavior, 48,
929e934.

Sisk, C. L., & Foster, D. L. (2004). The neural basis of puberty and adolescence. Nature
Neuroscience, 7, 1040e1047.

Sisk, C. L., & Zehr, J. L. (2005). Pubertal hormones organize the adolescent brain and
behavior. Frontiers in Neuroendocrinology, 26, 163e174.

Spear, L. P. (2015). Adolescent alcohol exposure: Are there separable vulnerable
periods within adolescence? Physiology & Behavior, 148, 122e130.

Squeglia, L. M., Jacobus, J., & Tapert, S. F. (2009). The influence of substance use on
adolescent brain development. Clinical EEG and Neuroscience, 40, 31e38.

Steiner, J. C., Holloran, M. M., Jabamoni, K., Emanuele, N. V., & Emanuele, M. A.
(1996). Sustained effects of a single injection of ethanol on the hypothalamic-
pituitary-gonadal axis in the male rat. Alcoholism: Clinical and Experimental
Research, 20, 1368e1374.

Stueve, A., & O'Donnell, L. N. (2005). Early alcohol initiation and subsequent sexual
and alcohol risk behaviors among urban youths. American Journal of Public
Health, 95, 887e893.
Teitelbaum, H. A., & Gantt, W. H. (1958). The effect of alcohol on sexual reflexes and

sperm count in the dog. Quarterly Journal of Studies on Alcohol, 19, 394e398.
Thakore, N., Reno, J. M., Gonzales, R. A., Schallert, T., Bell, R. L., Maddox, W. T., et al.

(2016). Alcohol enhances unprovoked 22e28 kHz USVs and suppresses USV
mean frequency in High Alcohol Drinking (HAD-1) male rats. Behavioural Brain
Research, 302, 228e236.

Tirelli, E., Laviola, G., & Adriani, W. (2003). Ontogenesis of behavioral sensitization
and conditioned place preference induced by psychostimulants in laboratory
rodents. Neuroscience and Biobehavioral Reviews, 27, 163e178.

Vagell, M. E., & McGinnis, M. Y. (1998). The role of gonadal steroid receptor acti-
vation in the restoration of sociosexual behavior in adult male rats. Hormones
and Behavior, 33, 163e179.

Van Thiel, D. H., & Lester, R. (1979). The effect of chronic alcohol abuse on sexual
function. Clinics in Endocrinology and Metabolism, 8, 499e510.

Van Thiel, D. H., Lester, R., & Sherins, R. J. (1974). Hypogonadism in alcoholic liver
disease: Evidence for a double defect. Gastroenterology, 67, 1188e1199.

Walker, B. M., & Ehlers, C. L. (2009). Age-related differences in the blood alcohol
levels of Wistar rats. Pharmacology, Biochemistry, and Behavior, 91, 560e565.

Wechsler, H., & Nelson, T. F. (2001). Binge drinking and the American college stu-
dent: what's five drinks? Psychology of Addictive Behaviors, 15, 287e291.

Windle, M. (2016). Drinking over the Lifespan: Focus on early adolescents and
youth. Alcohol Research, 38, 95e101.

Witt, E. D. (1994). Mechanisms of alcohol abuse and alcoholism in adolescents: A
case for developing animal models. Behavioral and Neural Biology, 62, 168e177.

http://refhub.elsevier.com/S0741-8329(16)30068-4/sref36
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref36
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref37
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref37
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref37
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref38
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref38
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref38
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref38
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref39
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref39
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref39
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref40
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref40
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref40
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref40
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref41
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref41
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref41
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref42
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref42
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref42
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref43
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref43
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref43
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref43
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref44
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref44
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref44
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref45
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref45
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref45
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref45
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref45
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref46
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref46
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref46
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref46
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref47
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref47
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref47
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref48
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref48
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref48
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref48
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref48
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref48
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref49
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref49
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref49
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref49
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref50
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref50
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref50
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref50
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref51
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref51
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref51
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref52
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref52
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref52
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref53
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref53
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref53
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref54
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref54
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref54
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref55
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref55
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref55
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref56
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref56
http://refhub.elsevier.com/S0741-8329(16)30068-4/sref56

	The effects of repeated forced ethanol consumption during adolescence on reproductive behaviors in male rats
	1. Introduction
	2. Materials and methods
	2.1. Animals

	3. Procedures
	3.1. Drug administration
	3.2. Experimental design
	3.3. Bodily measurements

	4. Behavioral tests
	4.1. Copulation
	4.2. Partner preference
	4.3. 50-kHz vocalizations

	5. Statistics
	6. Results
	6.1. Partner preference tests
	6.2. Vocalizations
	6.3. Bodily measurements

	7. Discussion
	Acknowledgments
	References


