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Abstract

Interaction with social peers may increase rates of drug self-administration, but a recent study
from our laboratory showed that social interaction may serve as a type of alternative reward that
competes with drug taking in adolescent male rats. Based on those previous results, the current
study examined sex differences in preference for social interaction compared to amphetamine
(AMPH) in adolescent rats using the conditioned place preference (CPP) paradigm. Similar to
previous results with males, females showed AMPH CPP regardless whether they were individual-
or pair-housed. In contrast to males, however, females failed to show social CPP, and they did not
prefer a peer-associated compartment over an AMPH-associated compartment in a free-choice
test. In separate experiments, dopamine (DA) and serotonin (5-HT) metabolite levels were
measured in adolescent males and females that were exposed acutely to peer interaction, no peer
interaction, AMPH, or saline. In amygdala, levels of the DA metabolite dihydroxyphenylacetic
acid (DOPAC) were altered more in response to peer interaction in males than females; in
contrast, there was a greater amygdala DOPAC response to AMPH in females. Furthermore, there
were greater changes in the 5-HT metabolite 5-HIAA in females than in males following social
interaction. These results indicate that the ability of peer interactions to reduce drug reward is
greater in adolescent males than females, perhaps due to a greater ability of social cues to activate
limbic reward mechanisms in males or a greater ability of AMPH cues to activate limbic reward
mechanisms in females.
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Adolescence is a developmental period characterized by increased novelty-seeking (Spear,
2000); as a consequence, adolescents are most likely to try addictive drugs for the first time
during their teenage years. Another defining feature of adolescence is a transition from
spending time with parents to spending time with peers, a transition that occurs with many
mammalian species (Spear, 2000). The nature of these peer relationships helps determine an
individual’s propensity to initiate drug use. In fact, a major predictor of teenage drug use is
negative social influence (Bahr, Hoffmann, & Yang, 2005; Branstetter, Low, & Furman,
2011).

Numerous animal studies suggest that interactions with drug-treated age-matched
conspecifics increases drug intake and conditioned place preference (CPP) across a wide
range of drug classes, including opioids (Cole, Hofford, Evert, Wellman, & Eitan, 2013;
Kennedy, Panksepp, Runckel, & Lahvis, 2012), stimulants (Watanabe, 2011), and ethanol
(Hunt, Holloway, & Scordalakes, 2001; Logue, Chein, Gould, Holliday, & Steinberg, 2014),
with the effect being most robust among adolescent male rodents (Cole et al., 2013; Hunt et
al., 2001; Kennedy et al., 2012; Logue et al., 2014). For example, in young adults that are
trained individually to self-administer amphetamine (AMPH, 0.1 mg/kg/infusion) to a stable
rate, introduction of a social partner in an adjacent chamber produces a temporary increase
in self-administration (Gipson et al., 2011). In addition, when housed in adjacent operant
conditioning chambers, acquisition of drug self-administration is enhanced when both peers
are allowed to self-administer, whereas acquisition is reduced when only one peer is allowed
to self-administer (Smith, 2012). These preclinical studies suggest that the drug experience
of social peers can moderate drug taking behavior.

Evidence from humans suggests that having healthy non-drug peer relationships is
protective during adolescence (Forster, Grigsby, Bunyan, Unger, & Valente, 2015). Similar
to humans, rodents engage in more social behaviors during adolescence (Spear, 2000).
While social play fighting during this developmental period tends to be greater in males than
in females (Olioff & Stewart, 1978), not all studies have observed a sex difference
(Veenema, Bredewold, & De Vries, 2013). Regardless of any sex differences, however,
adolescent rats find social interaction more rewarding than adults. For example, rats
maintained in individual or group housing conditions show a preference for a peer-
associated CPP compartment compared to a control compartment (no peer association), and
this CPP is stronger for adolescent males compared to either adolescent females or adult
males (Douglas, Varlinskaya, & Spear, 2004). The preference for a peer-paired compartment
also is able to negate the ability of cocaine to induce CPP in adults (Zernig, Kummer, &
Prast, 2013). In a recent study from our laboratory, we showed further that individually-
housed adolescent males given a choice between an AMPH-paired and peer-paired
compartment preferred the peer-paired chamber, whereas adult males did not (Yates,
Beckmann, Meyer, & Bardo, 2013). Thus, adolescent males appear to be most sensitive to
social reward, and this reward is able to compete with drug-related cues in a free-choice test.
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Most studies comparing adolescent to adult social reward have been conducted in males.
The same is true for experiments regarding the neurobiology of social interaction and social
reward. Studies using the cellular activity marker c-fos demonstrate that nucleus accumbens
(NAcc), dorsal striatum (Str), medial prefrontal cortex (mPFC), and amygdala (Amyg) are
likely involved in social reward (Gordon, Kollack-Walker, Akil, & Panksepp, 2002; van
Kerkhof et al., 2014). These areas all receive input from both dopamine (DA) and serotonin
(5-HT) projections, with 5-HT-signaling in NAcc being especially important in social
reward (Dolen, Darvishzadeh, Huang, & Malenka, 2013). However, some of the neural
circuitry involved in social activity differs between males and females. For example,
hypothalamus (Hypo), bed nucleus of stria terminalis (BNST) and lateral septum (LS)
differentially modulate social play in adolescent males and females (Paul et al., 2014;
Veenema et al., 2013).

We have shown previously that peer-associated cues are preferred over AMPH-related cues
when adolescent males are individually-housed, but not when pair-housed (Yates et al.,
2013). The main purpose of this study was to determine if a similar effect is observed in
individually- and pair-housed adolescent females. Moreover, given the role of DA and 5-HT
systems in drug and social reward, the current study also determined if there is a differential
activation of DA and 5-HT systems in male and female adolescents exposed to AMPH or a
social peer. Activation of these monoamine systems was estimated by measuring DA and 5-
HT metabolite levels in various brain regions relevant to AMPH and/or social reward,
including NAcc, Str, mPFC, Amyg, Hypo and midbrain (MB).

Sprague-Dawley rats (32 male and 66 female total) were used in three separate experiments.
Experiments 1-3 each used 12 females; Experiments 4 and 5 used 32 rats each (16 male and
16 female). Animals arrived from Harlan Industries (Indianapolis, IN) at 21 days of age.
Upon arrival, rats were housed in a colony room that was on a 12-hr light-dark cycle, and all
experimentation occurred during the light cycle. In Experiments 1-3, one half of the females
was individually housed and the other half was pair-housed; in Experiments 4 and 5, males
and females were individually-housed. Rats had unlimited access to food and water in their
home cage and were cared for in accordance with the National Institutes of Health Guide for
the Care and Use of Laboratory Animals (8th edition, 2011). Experimental protocols were
approved by the Institutional Animal Care and Use Committee at the University of
Kentucky.

A 3-compartment CPP apparatus (68 x 21 x 21cm; ENV-013; Med Associates, St. Albans,
V/T) located inside a sound-attenuating chamber (ENV-020 M; Med Associates) was used
for all experiments. Sliding guillotine doors separated the three compartments. The middle
compartment (12 x 21 x 21 cm) had gray walls with a smooth gray PVC floor. The end
compartments (28 x 21 x 21 cm) provided distinct contexts. One compartment had black
walls with a stainless steel grid floor, and the other compartment had white walls with a
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stainless steel mesh floor. A computer controlled the experimental trial using Med-1V
software. A series of infrared photobeams were used to detect the rats’ presence in a
particular compartment and record the amount of time spent in each compartment.

Experiment 1 (AMPH CPP)—Adolescent females were tested for AMPH CPP using the
same 10-day procedure described previously for individually- and paired-housed adolescent
males in our laboratory (Yates et al., 2013). On day 1 (pre-conditioning test), the guillotine
doors were opened, and rats were placed in the center gray compartment and were allowed
to explore all three compartments for 15 min. The duration spent in each compartment was
recorded. Following the pre-conditioning test, rats went through 8 days of conditioning
(days 2-9) in which rats were confined by the guillotine door to either the black or white
compartment. On every other day, each rat was given an injection of AMPH (1.0 mg/kg,
s.c.) and was placed immediately into either the white or black (counterbalanced)
compartment. On alternating days, each rat received saline (s.c.) and was placed
immediately into the opposite compartment. On the post-conditioning test (day 10), each rat
was placed in the center gray compartment with the guillotine doors open and was allowed
to explore all three compartments for 15 min. The time spent in each compartment was
recorded

Experiment 2 (Social CPP)—The pre- and post-conditioning sessions were similar to
that described for Exp 1. However, for conditioning days 2-9, each rat was given an
injection of saline (s.c) and was placed immediately into either the white or black
compartment (counterbalanced) that contained a weight-, and age-matched female peer. On
alternating days, each rat was given an injection of saline and placed immediately into the
opposite compartment without any peer. For paired-housed females, the peer was not the
cage mate and all rats received the same peer during each conditioning session.

Experiment 3 (AMPH vs. Social CPP)—The pre- and post-conditioning sessions were
similar to that described for Exp 1. However, for conditioning days 2-9, each rat was given
an injection of saline (s.c.) and was allowed social interaction in the white or black
compartment for 30 min every other day. On alternating days, each rat received AMPH (1.0
mg/kg; s.c.) and was placed immediately into the opposite compartment. The compartment
in which rats received AMPH or peer interaction was counterbalanced (i.e., unbiased) and
the order in which rats received AMPH or social interaction was counterbalanced within
each group.

Experiment 4 (Neurochemical effect of AMPH)—At 28 days of age, male and female
rats were placed individually in one end compartment (counterbalanced across rats) for 30
min in order to habituate them to the compartment. On the following day, male and female
rats were injected with AMPH (1 mg/kg; s.c.) or saline (1 ml/kg) and placed individually in
the same compartment as the previous session for 30 min. Within 5 min following the
session, rats were Killed by rapid decapitation. Brains were extracted and areas of interest
(NAcc, Str, mPFC, Amyg, Hypo, MB) were dissected on an ice-cold glass plate. Each tissue
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sample was stored in 0.1 N HCIO4 (at a concentration of 0.1 g/ml) at =80 °C until the assay
was performed.

Experiment 5 (Neurochemical effect of peer interaction)—At 28 days of age, male
and female rats were placed individually in one end compartment (counterbalanced across
rats) for 30 min to habituate them to the compartment. On the following day, rats were
placed in the same compartment as the previous session, either individually or with a same-
sex peer for 30 min. Within 5 min following the session, rats were killed and brains
dissected as described in Experiment 4.

Assay Method

Drug

Tissue samples were thawed, sonicated, and then centrifuged for 15 min at 4 °C.
Supernatants were placed on ice and samples were analyzed for DA, 3,4-
dihydroxyphenylacetic acid (DOPAC), 5-HT, and 5-hydroxyindoleacetic acid (5-HIAA)
using high-performance liquid chromatography with electrochemical detection (HPLC-EC)
using a 150 x 3.2 mm analytical column (BetaBasic-18 column, Keystone Scientific,
Bellefonte, PA, USA). The computer-controlled HPLC-EC system consisted of a solvent
delivery pump (ESA model 582), an ESA 542 HPLC autosampler, and a Coulochem I11
5200A electrochemical detector equipped with an ESA 5014B analytical cell and a 5020
guard cell. The guard cell was set at 350 mV, electrode 1 at =150 mV, and electrode 2 at 220
mV. The mobile phase consisted of 75 mM NaH,POy4, 1.7 nM 1-octanesulfonic acid, 25 uM
EDTA, 100 pL/L triethylamine and 10% acetonitrile (pH 3.0, adjusted with phosphoric acid;
flow rate was 0.5 ml/min). Samples (20 pl) were loaded into a 100 pl loop by an autosampler
and peaks were compared with external standards using an ESA Chromatography Data
System (EZChrom Elite; ESA, Chelmsford, MA, USA).

d-Amphetamine sulfate (Sigma, St. Louis, MO) was prepared in sterile 0.9% NaCl (saline)
and was injected subcutaneously in a volume of 1 ml/kg. The dose was calculated based on
the salt weight.

Statistical Analyses

For Experiments 1-3, initial preferences for the white or black compartment were analyzed
with t-tests to compare absolute durations spent in each compartment for individually- and
pair-housed groups. For the post-conditioning preferences, a preference ratio was calculated
by dividing the amount of time spent in the compartment paired with AMPH (Exp 1) or peer
(Exps 2 and 3) by the total time spent in both the white and black end compartments. A
preference ratio of 0.5 indicated no preference for either compartment. In Experiment 1, a
preference ratio above 0.5 designating a preference for AMPH; in Experiment 2, a
preference ratio above 0.5 indicated a preference for peer. In Experiment 3, a preference
ratio above 0.5 indicated a preference for peer and ratio below 0.5 designated a preference
for AMPH. One-sample t tests were performed to determine if each preference ratio was
significantly different from 0.5. All tests were considered significant at p < 0.05.
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For Experiments 4 and 5, ANOVAs were conducted for DA, DOPAC, 5-HT, and 5-HIAA
values (ug/g tissue wet weight) with brain region as a within-subjects factor, and sex and
treatment (AMPH vs. saline; peer vs. no peer) as between-subjects factors. This was
followed by individual ANOVAs for each region, with sex and treatment as between-
subjects factors. Significant interactions were probed with a Student’s t test. All tests were
considered significant at p < 0.05.

Results
Experiment 1 (AMPH CPP)

Pre-conditioning preference scores revealed no compartment bias in individually housed
adolescent females, but there was a significant compartment bias towards the white chamber
in pair housed rats (t(10) = 6.45, p < 0.001; see Figure 1a). After conditioning, preference
ratios showed a significant preference for the AMPH-paired compartment over the saline-
paired compartment in both individually-housed (t(5) = 16.43, p < 0.0001) and pair-housed
(t(5) = 4.94, p < 0.01) adolescent females (see Figure 2a).

Experiment 2 (Social CPP)

Pre-conditioning preference scores revealed no compartment bias in individually housed
adolescent females, but there was a significant compartment bias towards the white chamber
in pair housed rats (t(10) = 4.49, p = 0.001; see Figure 1b). After conditioning, preference
ratios showed no significant preference for the peer-paired compartment over the empty
compartment in either individually- or pair-housed adolescent females (see Figure 2b).

Experiment 3 (Social vs. AMPH CPP)

Pre-conditioning preference scores revealed no compartment bias in either the individually-
or pair-housed adolescent females (see Figure 1c). After conditioning, preference ratios
showed no significant preference for the compartment paired with AMPH or the social peer
for either individually- or pair-housed adolescent females, although there was a near
significant preference for AMPH in the pair-housed group (t(5) = 2.42, p = 0.06; see Figure
2c).

Experiment 4 (Neurochemical effects of AMPH)

Table 1 provides all values for DOPAC, 5-HIAA, DA and 5-HT across each brain region in
males and females from Experiment 4 (AMPH treatment). The overall ANOVA revealed a
significant main effect of region for DOPAC (F(5, 19) = 124.4, p < 0.001) and 5-HIAA
(F(5, 20) =54.8, p < 0.001). For DOPAC, subsequent two-way ANOVAs conducted for
each individual region revealed a significant effect of treatment for DOPAC levels in Amyg
(F(1, 26) = 16.22, p < 0.001), with AMPH producing an overall decrease in DOPAC; for
comparison, DOPAC levels from Str and mPFC are also depicted in Figure 3; these regions
were selected for graphic presentation because they each yielded significant effects as
depicted in Table 1. To further probe differences between males and females in Amyg,
pairwise comparisons revealed a sex difference in the AMPH-induced decrease in DOPAC,
with only females showing a statistically significant decrease (t(13) = 4.01, p < 0.01);
however the sex difference in Amyg was due to greater control (saline) DOPAC levels in
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females compared to males. No significant effects were observed in 5-HIAA levels in these
same regions (Figure 4).

Experiment 5 (Neurochemical effects of peer interaction)

Table 1 provides all values for DOPAC, 5-HIAA, DA and 5-HT across each brain region in
males and females from Experiment 5 (peer treatment). The overall ANOVA for DOPAC
revealed significant effects of region (F(5, 20) = 341.4 p < 0.001) and a region x sex x
treatment interaction (F(5, 20) = 6.448, p < 0.05). The overall ANOVA for 5-HIAA
revealed significant main effects of region (F(5, 21) = 159.1, p < 0.001) and sex (F(1, 25) =
17.8, p< 0.001), as well as region x sex (F(5, 20) = 12.85, p < 0.001), region x treatment
(F(5, 21) = 2.691, p < 0.05) and sex x treatment interactions (F(1, 25) = 6.721, p < 0.05).
For DOPAC, subsequent two-way ANOVAS conducted for each individual region revealed
a significant sex x treatment interaction in Str (F(1, 28) = 7.08, p < 0.05), as well as a main
effect of treatment in Amyg (F(1, 27) = 11.09, p < 0.01; Figure 5). To further probe
differences between males and females in these regions, pairwise comparisons revealed a
sex difference in the peer-induced increased in DOPAC in Str and Amyg, with only females
showing a peer-induced increase in Str (t(14) = 3.04, p < 0.01 and only males showing a
peer-induced increase in Amyg (t(13) = 2.82, p < 0.05. For 5-HIAA, subsequent two-way
ANOVASs conducted for each individual region revealed a main effect of treatment in Str
(F(1, 28) = 14.66, p < 0.001), a main effect of sex in Amyg (F(1, 27) = 29.93, p < 0.001),
and a main effect of treatment in mPFC (F(1,28) = 4.74, p < 0.05; Figure 6). To further
probe differences between males and females in these regions, pairwise comparisons
revealed a sex difference in Amyg and mPFC, with only females showing an increase in 5-
HIAA in Amyg (t(14) = 1.913, p < 0.05) and mPFC (t(14) = 2.15, p < 0.05).

Discussion

The current study was conducted based on a previous report from our laboratory in
adolescent males (Yates et al., 2013). In that report, adolescent males showed social CPP
when individually-housed, but not when pair-housed. Moreover, individually-housed males
preferred a peer-paired compartment over an AMPH-paired compartment when given free-
choice access to both compartments simultaneously. In contrast, using procedures similar to
that previous report, the current study showed that neither individually- nor pair-housed
adolescent females showed social CPP, and they did not prefer the peer-paired context over
the AMPH-paired context on a free choice test. In both the previous study (Yates et al.,
2013) and the current study, the dose of AMPH was the same (1 mg/kg) and the social peer
used was sex- and age-matched. Thus, the sex differences in behavior observed across
studies likely reflects inherent neurobiological differences between males and females rather
than any procedural differences.

Given the sex differences in choice between AMPH- and peer-paired contexts, the current
study examined monoamine function in reward- and social-relevant brain regions, including
the NAcc, Str, Amyg, mPFC, Hypo and MB following AMPH or peer interaction in both
males and females. While the results regarding sex differences were somewhat complex, at
least three general findings were noted. First, while AMPH did not alter either DOPAC or 5-
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HIAA reliably across all of the various brain regions, females were more sensitive than
males to the AMPH-induced decrease in DA metabolism in Amyg. Second, as for the effect
of peer interaction, males were more sensitive than females to the peer-induced increase in
DOPAC levels in Amyg. Third, in contrast to the results obtained with DOPAC, females
were more sensitive than males to peer-induced increase in 5-HIAA levels in both Amyg
and mPFC. Taken together, these results suggest that the greater ability of social interaction
to protect against AMPH CPP in adolescent males compared to females may relate to
greater DA activation in Amyg in males following social interaction and/or to a reduced DA
activation in Amyg in males following AMPH.

However, there are some limitations in the current study. In particular, the sex difference
observed in DOPAC in Amyg was not apparent in any other brain region examined. In
addition, only a single dose of AMPH was examined and, in contrast to the 4-trial CPP
behavioral results, the neurochemical effects were examined following either one AMPH
trial or one social interaction. An acute procedure was chosen because previous findings
indicate that the first trial is most important for obtaining drug (Bardo & Neisewander, 1986;
Bardo, Rowlett, & Harris, 1995); in addition, only one social interaction trial was used to
avoid any potential habituation to repeated social interactions.

Previous work in adults has shown that females are more sensitive to the rewarding and
neurochemical effects of AMPH and other stimulants (Chin et al., 2001; Lynch & Carroll,
1999). However, there is relatively little information available examining the sex differences
during the adolescent period. In adults, evidence indicates that females show greater
stimulant-induced locomotor activity (Bisagno, Ferguson, & Luine, 2003; Hensleigh,
Smedley, & Pritchard, 2011), CPP (Russo et al., 2003), and stimulant self-administration
(Roth & Carroll, 2004). Controlled studies using ovariectomized females with or without
hormone replacement treatment have demonstrated a significant role for adult circulating
estrogen levels (Hu & Becker, 2008; Lynch & Carroll, 1999; Lynch, Roth, Mickelberg, &
Carroll, 2001), in addition to progesterone (Feltenstein, Byrd, Henderson, & See, 2009).
During the proestrus period, some evidence indicates that adolescent females are also more
sensitive to cocaine-induced hyperactivity and CPP (Zakharova, Wade, & Izenwasser,
2009), although not all studies support this conclusion (Caine et al., 2004; Kantak,
Goodrich, & Uribe, 2007). Sex differences are thought to be modulated by the number of
cage mates provided in the housing environment (Zakharova, Starosciak, Wade, &
Izenwasser, 2012).

While there is little known about stimulant-induced DA activity in adolescent males and
females, one report showed that methamphetamine induced levels of 5-HT are greater in left
mPFC of males compared to females (Staiti et al., 2011). In contrast to that previous
microdialysis study, our results did not reveal any metabolite differences in the same brain
region. This discrepancy in results may reflect a methodological difference between
microdialysis and tissue metabolite levels measured via HPLC-EC analysis. In contrast to
measurement of extracellular DA and 5-HT directly, tissue metabolite levels reflect not only
release and reuptake, but also MAO activity, which is inhibited by AMPH to reduce
DOPAC (Eisenhofer, Kopin, & Goldstein, 2004; Sulzer, Sonders, Poulsen, & Galli, 2005).
Although the lack of difference in metabolism following AMPH administration in
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adolescents was unexpected, this finding may relate to the relative immaturity of
monoamine systems in adolescents relative to adults (Benes, Taylor, & Cunningham, 2000).

Although there is little known about sex differences in adolescents following stimulant
administration, there is increasing literature on the rewarding properties of social interaction
among adolescent rats. An initial study showed that social interaction is more rewarding to
adolescent males than adolescent females (Douglas et al., 2004). This likely reflects greater
levels of play behavior in males relative to females (Olioff & Stewart, 1978). More recently,
social reward in adolescent and adult males has been shown to reduce cocaine reward when
tested using CPP (Fritz, EI Rawas, Klement, et al., 2011; Fritz, EI Rawas, Salti, et al., 2011,
Thiel, Okun, & Neisewander, 2008), suggesting that social interaction competes with
cocaine reward. The current results extend these latter findings by showing that AMPH CPP
is also reduced by competing social cues in adolescent females, although the peer-associated
compartment was not preferred over the AMPH-associated compartment as shown
previously in adolescent males (Yates et al., 2013).

A number of studies have focused on vasopressin as a mediator of sexually dimorphic social
play (Paul et al., 2014; Veenema et al., 2013). Vasopressin and other hormone activity in
areas of lateral septum, bed nucleus of the stria terminalis, and Amyg have been implicated
in social play (Meaney & Stewart, 1981; Paul et al., 2014; Veenema et al., 2013). Within
Amyg, dendritic arborization and glial volume are increased in males relative to females,
suggesting a role in the greater play behavior exhibited in males (Cooke, Stokas, & Woolley,
2007). Further, vasopressin microinjection enhances DA utilization and systemic injections
of vasopressin increases excitatory postsynaptic currents of 5-HT neurons in Amyg (Rood &
Beck, 2014), suggesting a critical interaction between social play-related hormones and
monoamine neural systems (van Heuven-Nolsen, de Kloet, De Wied, & Versteeg, 1984).

The neurochemical results from the current study revealed sex-dependent differences in
monoamine systems following social interaction. Specifically, males showed an increase in
DOPAC levels in Amyg, indicative of greater release and turnover, whereas females did not.
Conversely, females showed increased levels of 5-HIAA following social interaction in
mPFC and Hypo, whereas males did not. Since increased 5-HT levels are known to decrease
social play (Homberg, Schiepers, Schoffelmeer, Cuppen, & Vanderschuren, 2007), these
results are consistent with previous research that shows females engage in less social play.
Finally, increases in 5-HIAA levels were found in Str following social interaction in both
males and females, but only females showed an increase in DOPAC. This result is consistent
with previous literature showing increased c-fos activation in the dorsal striatum following
social interaction/play (Gordon et al., 2002; van Kerkhof et al., 2014).

In translating this work to potential preventive interventions for stimulant abuse, one can
view social interaction as an alternative reward that competes with stimulant reward. Based
on this notion, our results suggest the possibility that psychosocial interventions that are
designed to enhance social interactions could be more effective in males than in females. In
humans, adolescent males have smaller social networks and weaker peer attachments
relative to females (Gorrese & Ruggieri, 2012). Males also are more prone to be diagnosed
with anti-social personality disorder and autism spectrum disorder (Paris, 2004; Werling &

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2015 August 04.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Weiss et al. Page 10
Geschwind, 2013), which reflect deficiencies in social communication and peer bonding.
Given the generally lower baseline rate of peer attachment in males compared to females,
psychosocial and behavioral strategies designed to appeal to males might produce more
robust effects than the same strategies in females.
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Time spent in white and black compartments of CPP chamber for individuality- and pair-
housed females during pre-conditioning test in Experiment 1 (Panel A), Experiment 2 (Panel
B) and Experiment 3 (Panel C). In all three panel figures, bar represents mean (£SEM) for
time (sec) spent in compartment. Asterisk (*) represents significantly difference compared
to time spent in black compartment, p<0.05.
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(A) Preference ratio for individually- and pair-housed females following AMPH in
Experiment 1. (B) Preference ratio for individually- and pair-housed females following
social peer interaction in Experiment 2. (C) Preference ratio for individually- and pair-
housed females following AMPH vs. social peer interaction in Experiment 3. In all three
figures, bar represents mean (xSEM) preference ratio, with the dashed line indicating equal
preference for both compartments. Asterisk (*) represents a within-subject difference
relative to a 0.5 preference ratio p < 0.05.
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S'tr
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DOPAC levels (+SEM) in Str, Amyg and mPFC 30 min following s.c. injection of saline or
AMPH. Asterisk (*) represents a within-subject difference relative to female saline control

group, p<0.05.
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5-HIAA levels (+SEM) in Str, Amyg and mPFC 30 min following s.c. injection of saline or

AMPH.
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Figure5.
DOPAC levels (+SEM) Str, Amyg and mPFC following 30 min with or without social

interaction. Asterisk (*) represents a between-subject difference compared to same-sex
control group that received no social interaction, p<0.05.
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Figure6.
5-HIAA levels (xSEM) in Str, Amyg and mPFC following 30 min with or without social

interaction. Asterisk (*) represents a between-subject difference compared to same-sex
control group that received no social interaction, p<0.05.
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