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The rewarding value of female sexual stimuli develops across puberty, as sexually-naive adult, but not prepuber-
tal, male hamsters show a conditioned place preference (CPP) for both vaginal secretions and a receptive female.
Similarly, only adults show an endogenous testosterone surge when they encounter vaginal secretions. Testoster-
one by itself can condition a place preference in male rodents. Therefore, Experiment 1 assessed whether the en-
dogenous testosterone surge elicited by vaginal secretions is necessary to show a CPP. Both gonad-intact and
gonadectomized, testosterone-treated adult males showed a CPP for vaginal secretions, indicating that the re-

warding value of this social cue is independent of an endogenous testosterone surge. However, organizational ef- :

fects of pubertal testosterone could be necessary for adolescent development of social reward, as pubertal
testosterone organizes adult-typical expression of sexual behavior. To investigate this possibility, in Experiment
2, sexually-naive prepubertal and adult male hamsters were gonadectomized and received testosterone-filled
capsules four weeks later. Testing began after two weeks of testosterone replacement. Adult males showed a

CPP for both vaginal secretions and a receptive female, whether or not they experienced pubertal testosterone. :
Thus, the acquisition of positive valence of sexual stimuli is not organized by pubertal testosterone. Taken togeth- 36
er, the ability of female sexual stimuli to serve as an unconditioned reward to adult male hamsters is independent :
of the chemosensory-induced endogenous testosterone surge and also organizational effects of pubertal testos- :

terone. Instead, sexual reward may be dependent either on activational effects of testosterone or gonadal

hormone-independent mechanisms.

© 2012 Published by Elsevier Inc.

1. Introduction

Maturation of social information processing is a universal feature
of mammalian adolescence that maximizes the probability of appro-
priate and successful social interactions in adulthood (Dodge, 1993;
Nelson et al., 2005). This phenomenon is exemplified in male Syrian
hamsters by the adolescent maturation of behavioral responses to vag-
inal secretions, which contain female pheromones required for success-
ful mating (Murphy and Schneider, 1970). For example, sexually naive
adult male hamsters show an unconditioned attraction to vaginal secre-
tions that is not seen in prepubertal males (Johnston and Coplin, 1979).
In addition, sexually naive adult male hamsters show a conditioned
place preference (CPP) to both vaginal secretions alone and sexual in-
teractions with a female, whereas prepubertal males do not show a
CPP to vaginal secretions, indicating that this chemosensory stimulus
is unconditionally rewarding to adult, but not prepubertal, males (Bell
et al., 2010, unpublished data). Thus, neural processing of vaginal secre-
tions changes over the course of pubertal development such that they
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acquire positive valence, even without sexual experience. The mecha-
nisms underlying this change in social reward are unknown.

One possible mediator is testosterone, which is produced by adult but
not prepubertal males. Indeed, vaginal secretions induce a surge of testos-
terone within 30-60 min of exposure in sexually naive adult male ham-
sters, but this neuroendocrine response does not occur in prepubertal
males (Macrides et al., 1974; Pfeiffer and Johnston, 1992; Romeo et al.,
1998). Testosterone is intrinsically rewarding to adult male hamsters
and rats (Alexander et al., 1994; Packard et al., 1997; Wood, 2004;
Wood et al,, 2004), and one intriguing possibility is that the rewarding
value of female chemosensory stimuli is mediated by the endogenous
rise of testosterone elicited by them. If so, then the absence of this surge
in prepubertal males could explain their inability to form a CPP to this so-
cial stimulus.

Alternatively, elevated testosterone during puberty may organize the
neural circuitry responsible for evaluating the social relevance of vaginal
secretions and sexual interactions with a receptive female. Using an ex-
perimental model that can distinguish organizational from activational
effects of pubertal testosterone, we have shown that during puberty, tes-
tosterone organizes neural circuits underlying male sexual behavior
(Schulz and Sisk, 2006; Schulz et al., 2004). In this model, male hamsters
are deprived of testicular hormones, either during the normal time of
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puberty (via castration before 28 days of age; NoT@P), or for an equiva-
lent amount of time in adulthood (via castration after 56 days of age;
T@P), and testosterone is replaced in adulthood. Although adult testoster-
one treatment is sufficient to activate sexual behavior in NoT@P males,
these animals still show aberrant patterns in the expression of sexual be-
havior, such as high levels of ectopic mounts even after sexual experience
and low levels of intromissions, mounts, and ejaculations relative to T@P
males (Schulz and Sisk, 2006; Schulz et al., 2004). In addition, testoster-
one replacement restricted to the normal period of puberty is sufficient
to normalize adult sexual behavior in males gonadectomized at postnatal
day 10 (Schulz et al,, 2009). Thus, pubertal testosterone (or a metabo-
lite) organizes the adolescent brain to enhance behavioral enactment
in adulthood. Because NoT@P males do mate with females, although
not proficiently, we infer that the social information contained in vagi-
nal secretions is appropriately processed, at least to the extent that male
sexual behavior is activated. However, the behavioral deficits observed
in NoT@P males could be related to deficits in sexual reward.

The present studies were therefore designed to investigate two po-
tential roles of endogenous testosterone in mediating social reward in
adulthood. Experiment 1 determined whether the acute testosterone
surge induced by vaginal secretions is necessary for adult males to show
a CPP, and Experiment 2 determined whether the ability of adult males
to show a CPP to vaginal secretions or a receptive female is the result of
organizational effects of pubertal testosterone.

2. Methods
2.1. Animals

Sexually naive male Syrian hamsters were ordered from Harlan
Sprague-Dawley Laboratories (Madison, WI) and individually housed
upon arrival in clear polycarbonate cages (30.5x10.2x20.3 cm) with
ad libitum access to food and water in a 14:10 light/dark cycle (lights
out at 1300 h). Sixty ovariectomized (OVX) adult female Syrian ham-
sters were used as stimulus animals. All animals were treated in accor-
dance with the NIH Guide for the Care and Use of Laboratory Animals
and protocols were approved by the Michigan State University Institu-
tional Animal Care and Use Committee.

2.1.1. Animal treatments for Experiment 1: Is the vaginal secretion-induced
testosterone surge necessary for adult males to show a CPP?

Thirty-one adult male hamsters (56-70 days old; P56-70) were used
in this experiment. Ten males were gonadectomized (GDX) and given
two subcutaneous testosterone-filled capsules (13 mm and 5 mm of
testosterone with 4 mm of sealing glue on both ends; inner diameter
1.98 mm; outer diameter 3.18 mm). These males all received pairings
of the stimulus (vaginal secretions; stimulus-paired) with a specific
chamber in a CPP paradigm (described below). The remaining 21
males were left gonad intact and were either stimulus-paired or con-
trols (no stimulus pairings) in the CPP paradigm. For all hamsters,
the CPP procedure began between P64-P78, one week after GDX and
testosterone treatment in one group.

2.1.2. Animal treatments for Experiment 2: Is pubertal testosterone necessary
for adult males to show a CPP for vaginal secretions or a receptive female?

Experiments 2a and 2b tested two different stimuli (vaginal secre-
tions or receptive female, described below), but were of identical design
(Fig. 1). Specifically, 21 prepubertal (P28; NoT@P) and 21 adult (P58-65;
T@P) male hamsters were GDX, while 22 young adult (P47-62) males
remained gonad intact. Four weeks after GDX, the NoT@P and T@P
males received two subcutaneous testosterone-filled capsules as de-
scribed in Expt 1. After two weeks of testosterone replacement, or con-
tinued development in gonad-intact animals, the CPP procedure began.
NoT@P and T@P males served as stimulus-paired subjects, while intact
males served as no-stimulus-paired controls.

2.2. Stimulus preparation

Behavioral receptivity was induced in 60 OVX females by an injec-
tion of estradiol benzoate (10 pg in 0.05 mL sesame oil, subcutaneous)
and progesterone (500 pg in 0.1 mL sesame oil, subcutaneous) 52 h
and 4-5 h, respectively, prior to use either for collection of vaginal se-
cretions or as a stimulus female. For Experiment 1 and 2a, an hour be-
fore conditioning sessions began, vaginal secretions were collected
from 30 hormonally primed females by vaginal palpation and mixed to-
gether to total approximately 500 pl. For Experiment 2b, each female
was tested for receptivity 30 min before conditioning sessions began
by placing a non-experimental, sexually experienced male from our col-
ony into her home-cage until she displayed lordosis, at which time the
male was immediately removed. Only females who showed behavioral
receptivity were used in conditioning sessions.

2.3. Conditioned place preference (CPP) apparatus

CPP testing occurred in an apparatus with three distinct compart-
ments (Med Associates, St. Albans, VT). The middle compartment
(12%x21x21 cm) was gray with a smooth Plexiglas floor and was
connected to the two outer compartments (28 x21x21 ¢cm) by man-
ually controlled sliding doors. One outer compartment was white,
with metal grid flooring. Fresh pine pellets were placed in the waste
pan beneath the floor before each conditioning session. The other
outer compartment was black, with black scalloped solid Plexiglas
flooring, and scented with a 2% glacial acetic acid solution swabbed
along the top of the walls and ceiling before each conditioning session.
Time spent in each compartment was recorded using MED-PC soft-
ware connected to infrared photobeams spaced at 5-cm intervals
along the bottom of the apparatus. Prior work with Syrian hamsters
has demonstrated that CPP is successful both in the light and dark
phases of the daily light/dark cycle, as long as training and testing
occur at the same time across days (Ralph et al., 2002). We have
found this to be the case in our laboratory as well [unpublished obser-
vations]. Therefore, in order to complete each experiment with just
one cohort of animals, control animals underwent conditioning and
testing under normal white light during the late phase of their light
phase. All conditioning and tests with stimulus-paired animals were
conducted under dim red light 1 hour into the dark phase. The Pretest
(described below) for control hamsters occurred between 1000 and
1200 h and the Pretest for stimulus-paired hamsters occurred be-
tween 1400 and 1800 h. Testing and conditioning sessions were ar-
ranged so that for a single animal, sessions occurred at the same time
each day £40 min.

2.4. Pretest

An initial place preference test, here called the pretest, was used to
determine each hamster's initial compartment preference. Following
a 5-minute habituation period in the middle gray compartment, the
doors were raised and the hamster was able to move freely through-
out the apparatus for 15 min. The outer compartment in which the
hamster spent the most time was defined as the initially preferred
compartment. If a male did not enter both compartments at least 5
times during the Pretest, then he was excluded from the experiment.

2.5. Conditioning (adapted from Bell et al., 2010)

Following the Pretest, males received a series of conditioning sessions,
with one session per day across consecutive days. No Stimulus (NoS) or
Stimulus (S; vaginal secretions or receptive female) conditioning sessions
took place on alternating days, beginning with the NoS conditioning ses-
sion. NoS conditioning sessions were in the initially preferred compart-
ment and S conditioning sessions were in the initially non-preferred
compartment. Control animals were never exposed to the stimulus, and
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CPP pretest

GDX +Testosterone begins
! Puberty |  Adulthood |
NoT@P o8 = 2
} Adulthood ! |
Tep 58-65 86-93 100-107
Age (Days)

Fig. 1. Experimental Design. Prepubertal (P28; NoT@P) and adult (P58-63; T@P) male hamsters were gonadectomized (GDX) such that animals experienced adolescent development
either without or with endogenous testosterone, respectively. Four weeks later in adulthood, all NoT@P and T@P males received testosterone-filled capsules two weeks before CPP

testing began.

were placed in either the initially preferred or non-preferred compart-
ment on alternating days. The control animals were used to confirm
that preference scores do not change over the period of exposure to
the two different compartments in the absence of conditioning. This bi-
ased assignment approach to CPP has been used previously for both
sexual and drug rewards (Bell et al, 2010; Camacho et al.,, 2009;
Dominguez-Salazar et al., 2008; Meerts and Clark, 2009; Paredes and
Alonso, 1997; Pierman et al,, 2006). The CPP apparatus was cleaned
thoroughly with 25% ethanol following each Test and conditioning ses-
sion between animals, and 75% ethanol after each S day.

2.5.1. Experiment 1 and 2a conditioning: CPP for vaginal secretions

Conditioning sessions were each 30 minutes long and held on 10 con-
secutive days. Of the 500 pl of vaginal secretions, approximately 15 pl
were applied to water-moistened cotton gauze packed into a 2-ml
Eppendorf tube, one tube for each male, and the remaining ~200 pl
were mixed with 1.5 ml of mineral oil. Stimulus-paired males were re-
moved from their home cages and a metal spatula was used to apply ap-
proximately 50 pl of either blank (NoS) or vaginal secretion-containing
(S) mineral oil directly onto their noses immediately before they were
placed into the initially preferred or non-preferred compartment, respec-
tively. Either a clean or vaginal secretion-containing Eppendorf tube was
taped to the top of the back wall of each respective compartment, out of
reach of the male. The purpose of the two modes of vaginal secretions de-
livery was to ensure exposure to both volatile and non-volatile compo-
nents, as both are important and potentially have different roles in male
sexual behavior (as discussed in Bell et al., 2010). Control animals re-
ceived blank oil and empty tubes on all sessions.

2.5.2. Experiment 2b conditioning: CPP for receptive female

Conditioning sessions were each 20 min long and held on 6 consecu-
tive days. Stimulus-paired males were placed alone (NoS) or with a
receptive female (S) into the initially preferred or non-preferred com-
partment, respectively. Males were paired with a different stimulus
female for each S conditioning session. Behavior was observed to ensure
that all males mated with the females throughout the S conditioning ses-
sions, but was not quantified due to visibility limitations inherent in CPP
apparatus design. Control animals were alone on all sessions.

2.6. Tests for CPP

Twenty-four hours after the last conditioning session, males were
tested for their place preference following the same procedure used
for the Pretest (Test 1). Two weeks later, without further training, all
males were tested again (Test 2). Test 2 was used to determine if the
males would maintain the stimulus-induced CPP for up to 2 weeks
(Experiment 1 and 2), and if pubertal testosterone played a role in the
maintenance (Experiment 2).

2.7. Plasma testosterone concentration

Twenty-four hours after Test 1, the males were put under isoflurane
anesthesia and blood was collected via survival cardiac puncture.

Twenty-four hours after Test 2, the males were given an overdose of so-
dium pentobarbital (150 mg/kg) and blood was collected via terminal
cardiac puncture. Plasma testosterone concentrations were determined
by radioimmunoassay. Duplicate 50-pl samples were analyzed within a
single assay per experiment using the Coat-A-Count Total testosterone
Kit (Diagnostic Products, Los Angeles, CA). For Experiment 1, the mini-
mum detectable concentration for the assay was 0.1 ng/ml of testoster-
one and the intra-assay coefficient of variance was 4.1%. For Experiment
2, the minimum detectable concentration for the assay was 0.1 ng/ml of
testosterone and the intra-assay coefficient of variance was 7.6%.

2.8. Statistical analysis (adapted from Bell et al., 2010)

To assess whether the stimuli induced a CPP, data from the Pretests
and Tests were used to calculate a preference score, defined as time in
the stimulus-paired compartment/(time in stimulus-paired compart-
ment + time in no-stimulus compartment), and a difference score, de-
fined as the time in the no-stimulus compartment—time in the
stimulus-paired compartment. A repeated-measures ANOVA using a
Geisser-Greenhouse correction was used to determine if there was a
significant change in preference and difference scores between Pre-
test, Test 1, and Test 2 within each group of males with the alpha
level set at p<0.05. If a significant difference was revealed by the
ANOVA within a specific group, post-hoc paired t-tests were used to
evaluate the change in preference and difference scores between the
Pretest and Tests within that group with the alpha level set at
p<0.05. The group sample sizes varied between and within experiments
due to animals either not meeting the Pretest criteria (n=3), loss of tes-
tosterone capsule (n = 3), or death from unknown causes between Test 1
and 2 (n=2). Thus, there were 7-11 males/group for Experiment 1, 9-12
males/group for Experiment 2a, and 10 males/group for Experiment 2b.

3. Results
3.1. Testosterone concentrations

All males used in Experiments 1 and 2 had circulating testosterone
concentrations within normal adult male physiological range at both
Test 1 and Test 2 (Table 1).

3.2. Experiment 1: The vaginal secretion-induced testosterone surge is
not necessary for adult males to show a CPP

As shown in Fig. 2, a repeated measures ANOVA revealed a signifi-
cant change in preference and difference scores between tests for both
intact [F(1,9)=5.11,p=0.042; F(1, 10) =7.43, p=0.014, respectively]|
and GDX+T [F(1, 10)=14.85, p=0.002; F(1, 10)=22.01, p=0.001,
respectively] males, but not controls [F(2, 19)=0.83, p=0.452; F(2,
19)=1.27, p=0.302, respectively]. Follow-up paired t-tests for intact
and GDX+ T males revealed a significant increase in preference score
and decrease in difference score between Pretest and Test 1 for both in-
tact [t(9) = —3.374, p=.008; t(9) =3.987, p=.003, respectively| and
GDX+T [t(8) = —6.872, p=.000; t(8) =8.411, p=.000, respectively]
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males. Similarly, paired t-tests revealed a significant increase in prefer-
ence score and decrease in difference score between Pretest and Test 2
for both intact [t(7) = —2.782, p=.027; t(7) =3.168, p =.016, respec-
tively] and GDX + T [t(7) = — 5.040, p=.001; t(7) = 6.123, p=.000, re-
spectively] males. There was no significant difference between Test 1
and Test 2 preference or difference scores within either group.

3.3ce:section-title>Experiment 2a: The presence of pubertal testosterone is
not necessary for adult males to show a CPP for vaginal secretions

As shown in Fig. 3, a repeated measures ANOVA revealed a signif-
icant change in preference and difference scores between tests for
both T@P [F(2, 14) =14.61, p=10.001; F(2, 13) = 19.10, p=10.000, re-
spectively] and NoT@P [F(2, 18)=9.30, p=0.002; F(1,15)=7.83,p=
0.008, respectively| males, but not controls [F(2, 17) =245, p=0.124;
F(2, 18) =2.63, p=0.108, respectively]. Follow-up paired t-tests for T@
P and NoT@P males revealed a significant increase in preference score
and decrease in difference score between Pretest and Test 1 for both T@
P [t(8)=—4.653, p=.002; t(8)=5.053, p=.001, respectively] and
NoT@P [t(10) = —3.468, p=.006; t(10) =3.598, p=.005, respectively]
males. Similarly, paired t-tests revealed a significant increase in prefer-
ence score and decrease in difference score between Pretest and Test 2
for both T@P [t(8) = —4.159, p=.001; t(8) = 4.623, p=.002, respective-
ly] and NoT@P [t(10) = — 3.674, p=.004; t(10) =3.121, p=.011, respec-
tively] males. There was no significant difference between Test 1 and Test
2 preference or difference scores within either group.

3.4. Experiment 2b: The presence of pubertal testosterone is not necessary for
adult males to show a CPP for a receptive female

As shown in Fig. 4, a repeated measures ANOVA revealed a significant
change in preference and difference scores between tests for both T@P
[F(1, 12)=54.22, p=0.000; F(1, 12)=48.45, p=0.000, respectively]
and NoT@P [F(2, 17) =17.20, p=0.000; F(2, 17) =17.44, p=0.000, re-
spectively] males, but not controls [F(2, 15)=1.32, p=0.290; F(2,
15)=1.34, p=0.287, respectively]. Follow-up paired t-tests for T@P
and NoT@P males revealed a significant increase in preference score
and decrease in difference score between Pretest and Test 1 for both T@
P [t(9)=—7.287, p=.000; t(9)=6.880, p=.000, respectively] and
NoT@P [t(9)=—5.562, p=.000; t(9)=5.496, p=.000, respectively]
males, but not controls. Similarly, paired t-tests revealed a significant in-
crease in preference score and decrease in difference score between Pre-
test and Test 2 for both T@P [t(9) = —11.747, p=.000; t(9) =10.644,
p=.000, respectively] and NoT@P males [t(9)=—4.011, p=.003;
t(9) =3.937, p=.003, respectively]. There was no significant difference
between Test 1 and Test 2 preference or difference scores within either
group.

4. Discussion

These experiments demonstrate that social reward derived from
female sexual stimuli does not depend on either an endogenous
surge of testosterone in response to the social sensory experience,
or on organizational effects of pubertal testosterone. In Experiment
1, testosterone-treated gonadectomized adult male hamsters formed

Table 1

[] Pretest

0.8 [ Test1
o B Test2 *
8 0.6 * * "
(/2]
8
c 0.4_
(
5
S 0.2

0.0

300+
@ 200
o
@
9 100
§ 0 1 _*:_ * * *
0
0O -100-

-200 T T T

Control Intact GDX+T

Fig. 2. Mean (4 SEM) preference score and difference score on Pretest, Test 1, and Test
2 demonstrate that both Intact (n=10 for Pretest and Test 1, n=28 for Test 2) and
GDX+T (n=09 for Pretest and Test 1, n=8 for Test 2) males showed a CPP for vaginal
secretions. There was no difference in either score between Pretest, Test 1, and Test 2
for the intact, no-stimulus-paired controls (n=11). *indicates a significant change in
preference and difference score between the Pretest and Tests within a group, p<0.05.

a CPP to vaginal secretions, even though they could not have elicited a
testosterone surge in these males. Similarly, in Experiment 2, both
NoT@P and T@P males formed a CPP to vaginal secretions and sexual
interactions with a female, indicating that the presence of endoge-
nous testosterone during puberty is not a requirement for the evalu-

ation of vaginal secretions or sexual behavior as rewarding. Thus, it :

appears that adult social reward is not mediated by rewarding prop-
erties of testosterone per se, nor is adolescent maturation of social re-
ward organized by testosterone.

Because testosterone is inherently rewarding (Wood, 2004; Wood et :
al,, 2004), it seemed plausible that the testosterone surge induced by vag- :

inal secretions could mediate the rewarding value associated with them,
but this was not found to be the case. The stimulus-induced increase in
testosterone is observed 30-60 min after the introduction of vaginal se-

cretions (Macrides et al., 1974; Pfeiffer and Johnston, 1992; Romeo et :

al,, 1998). Therefore, the time lapse between the chemosensory experi-

ence and the surge in testosterone may preclude a psychological associa-

tion of vaginal secretions with testosterone reward. Male hamsters are
dependent on neural processing of vaginal secretions in order to mate,
and therefore it may be disadvantageous for the rewarding value of vag-
inal secretions to be tightly coupled with a physiological response (i.e.

testosterone surge) that does not occur relatively soon after the :

chemosensory experience.

Concentrations of circulating plasma testosterone (ng/ml) per group of each experiment taken 24 hours after Test 1 and Test 2.

Plasma testosterone (ng/ml)

Experiment 1 Experiment 2a

Experiment 2b

Control Intact GDX+T Control T@pP NoT@P Control T@p NoT@P
Test 1 2.374+0.87 234075 2.774+1.18 3.174+043 2.264+0.51 2.4640.65 2.5240.75 3244138 2.8640.94
Test 2 2.9140.92 1.85+0.78 2.114+0.75 2.2940.80 2.034+0.53 2474037 2474150 2264049 2.0140.49
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Fig. 3. Mean (4 SEM) preference score and difference score on Pretest, Test 1, and Test 2
demonstrate that both T@P (n=9) and NoT@P (n=11) males showed a CPP for vaginal
secretions. There was no difference in either score between Pretest, Test 1, and Test 2 for
the intact, no-stimulus-paired controls (n=12). *indicates a significant change in pref-
erence and difference score between the Pretest and Tests within a group, p<0.05.
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Fig. 4. Mean (4- SEM) preference score and difference score on Pretest, Test 1, and Test
2 demonstrate that both T@P (n=10) and NoT@P (n=10) males showed a CPP for a
receptive female. There was no difference in either score between Pretest, Test 1, and
Test 2 for the intact, no-stimulus-paired controls (n=10). *indicates a significant
change in preference and difference score between the Pretest and Tests within a

group, p<0.05.

It is noteworthy that pubertal testosterone does not organize the ac-
quisition of positive valence of female sexual stimuli, considering the
importance of pubertal testosterone to the expression of adult-typical

male sexual behavior (Schulz and Sisk, 2006; Schulz et al., 2004). :
NoT@P males show low levels of mounts, intromissions, and ejacula- :

tions, as well as consistently high numbers of ectopic mounts after sex-
ual experience, compared to T@P males. These data, together with those
from the present experiments, suggest that pubertal testosterone orga-

nizes the neural circuitry involving sexual proficiency, but not motiva- :

tion to mate. Indeed, sexual motivation and sexual performance are
regulated by different neural circuitries (as reviewed in Becker, 2009),

and may be differentially influenced by pubertal hormones. The dichot- :

omy between sexual motivation and sexual proficiency is paralleled in

social information processing theory, which distinguishes the appropri-

ate perception and interpretation of social stimuli from the appropriate
enactment of a response through behavior (Dodge, 1993). Our results
suggest that organizational effects of pubertal testosterone are neces-
sary for proficient enactment of behavioral responses to vaginal secre-
tions and a receptive female (i.e., sexual behavior), but not for the
perception of vaginal secretions or sexual behavior as rewarding. The

independence from organization by pubertal hormones of early stage :
enactment of sexual behavior may be beneficial in preventing potential :

hormonal disturbances during adolescence from completely abolishing
reproductive success in adulthood.
To further investigate the involvement of testosterone in the percep-

tion of social reward, we tested the persistency of the positive valence :

assigned to female sexual stimuli. In both of the current experiments,
all stimulus-paired males maintained a CPP for vaginal secretions and

a receptive female after two weeks even with no further conditioning. :

These data indicate that associative learning about vaginal secretions
or areceptive female persists for some time regardless of whether a tes-
tosterone surge or pubertal testosterone is present. Thus, while deficits
in learning to modify copulatory behavior exist in NoT@P males, their
atypical sexual behavior compared to T@P and intact males is not the re-
sult of insufficient long-term associations between sexual behavior and
reward. The persistent and unconditioned reinforcing properties of vag-
inal secretions in sexually-naive males demonstrate the strong saliency
of these specific natural rewards, which are necessary for the expres-
sion of sexual behavior in male hamsters. Although maintenance of
drug-induced CPPs have been demonstrated to last up to 12 weeks in
rats (Mueller and Stewart, 2000; Mueller et al., 2002), this is the first
known report of sexual stimuli-induced CPPs persisting for at least
two weeks.

The adolescent acquisition of social reward may be dependent on
activational effects of testosterone and/or a developmentally timed
hormone-independent process, and this question remains to be inves-
tigated. However, it is currently unknown whether circulating testos-
terone is even necessary for adult male hamsters to find vaginal
secretions rewarding. Indeed, it seems likely that it is necessary be-
cause castrated adult male hamsters do not mate with a receptive fe-
male or show attraction to vaginal secretions (Gregory et al., 1975;
Wood and Newman, 1995). In addition, testosterone may be sufficient
to activate a positive valence in prepubertal males. For example, pre-
pubertal hamsters that are given adult levels of testosterone show at-
traction to vaginal secretions and increased anogenital investigation of
areceptive female, although they do not mate with a receptive female
(Johnston and Coplin, 1979; Meek et al., 1997; Schulz and Sisk, 2006).
These data suggest that testosterone facilitates sexual/social reward
via activational effects on reward circuitry, and this possibility will
be the focus of future research.

In conclusion, the current study sought to investigate the role of en-
dogenous testosterone in the differential behavioral responses to vaginal
secretions and a receptive female between prepubertal and adult male
hamsters. The data revealed that the positive valence associated with vag-
inal secretions in adults is independent of the chemosensory-evoked
surge of testosterone in adulthood. Additionally, the ability of adult
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males to show a CPP to vaginal secretions and a receptive female does
not depend on organizational effects of pubertal testosterone. These
data, in conjunction with previous reports (Schulz et al., 2004, 2006),
demonstrate that adolescent maturation of social cognition involves
both pubertal hormone-dependent and hormone-independent mech-
anisms. This dichotomy provides insight into the role of pubertal hor-
mones in the adolescent remodeling of neural circuitry underlying so-
cial behaviors.
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