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Abstract
Sex- and age-typical responses to ethanol and novel stimuli tend to emerge postpubertally,
suggesting a potential organizational or activational role for pubertal hormones in these behaviors.
To test this possibility, male and female rats were gonadectomized (GX) or received sham
gonadectomy (SH) either prepubertally on postnatal day (P) 23 (early) or in adulthood on P70
(late). Animals were tested as adults for response to novelty and, on the following day, challenged
with either saline or ethanol (1g/kg) prior to social interaction testing with an unfamiliar partner in
a familiar setting under low light conditions. Gonadectomy did not influence ethanol-induced
social inhibition in either sex, but instead altered the microstructure of social behavior, with GX
animals exhibiting proportionally less time in social investigation and proportionally more time in
contact behavior than SH animals, regardless of age of gonadectomy. The early sham surgical
manipulation process itself influenced social motivation, with early SH surgery eliminating
ethanol-induced decreases in social preference in both sexes. Response to novelty was unaffected
by gonadectomy, but was suppressed in early compared to late SH manipulated animals. These
results suggest that adult-typical responses to ethanol and novelty-directed behaviors are little
influenced by gonadal hormones during puberty or in adulthood. However, the experience of
surgical manipulation itself during development exerts behavioral and pharmacological
consequences that last into adulthood.
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1. Introduction
The actions of gonadal hormones on the nervous system can be considered either
“activational” or “organizational”. Traditionally, organizational effects of gonadal hormones
were thought to be restricted to the early perinatal period [1]. Evidence has emerged,
however, to support the suggestion that gonadal hormones may exert organizational effects
outside of this early developmental period [2]. Specifically, puberty has been suggested to
be a second organizational period for steroid-dependent organization of brain structure and
behavior during adolescence, with the increases in sex hormones associated with pubertal
onset acting to further refine neural connections in brain regions previously organized
during the perinatal period to give rise to sex-typical behaviors in adulthood [see 3 for
review]. For example, gonadal hormone exposure during puberty has been shown to be
necessary for the development of sexually dimorphic reproductive behaviors, along with
other male sex-typical behaviors such as aggression- and anxiety-related behaviors,
including aggression toward an intruder, territorial flank marking and unfamiliar
environment-induced decreases in social behaviors [see 4, 5, 6, 7, 8,].

Sex differences have been reported in patterns of alcohol consumption, sensitivity to certain
alcohol effects and susceptibility for abuse and dependence. Although women often report
drinking fewer drinks per occasion than men [9], they have shorter intervals between the
onset of drinking and the emergence of problem drinking than men [10]. Sensitivity to a
number of acute and chronic consequences of ethanol (EtOH), such as ethanol-induced
cognitive and behavioral impairments, as well as subjective intoxication, also differs
between the sexes [e.g., 11, 12, 13, 14, 15]. For instance, when blood ethanol concentration
(BEC) was held constant across sex, women were less sensitive than men to alcohol-induced
impairment of inhibitory control [11], but more sensitive to alcohol-related cognitive
disruptions in attention [12] and to impairments of short- and long-term memory [13].

Although animal studies of alcohol effects have traditionally focused on male rodents, some
modest sex differences have been observed in studies using laboratory animals. For
example, in studies of adult rats and mice, females have been shown to be less sensitive than
males to ethanol-induced social inhibition [16, 17, 18], locomotor activity [19], and
hangover related suppression of social behavior [20]. Sex differences in ethanol intake are
also well-established in adult rodents, although in contrast to the typical sex difference seen
in human consumption [9,10, 21], adult female rats have been found to drink more ethanol
on a g/kg basis than adult males under a number of circumstances [e.g., 22, 23, 24, 25]. This
increased ethanol intake among adult females does not appear to be due solely to
fluctuations in gonadal hormones with phase of estrous. For example, some studies have
found that total ethanol intake was unaffected by stage of estrous cycle when females were
allowed to cycle freely [26, 27], although the microstructure of ethanol drinking was
reported to vary across estrous phase [26].

Sex differences in alcohol intake and sensitivity to the various effects of alcohol do not
extend reliably to prepubertal adolescent animals [28, 20, 25] and tend to emerge with the
onset of puberty in both humans and animals, suggesting a potential “organizational” and/or
“activational” influence of rising gonadal hormones during puberty on these differences
[29]. In recent research in our laboratory, we have sought to examine these possibilities by
assessing the impact of removal of the gonads in both male and female rats prior to puberty
or in adulthood on sex differences in ethanol intake typically seen in adulthood. In this
study, gonadectomy in males, regardless of age of gonad removal, was found to elevate
levels of ethanol consumption in adulthood that were significantly greater than those of
sham-gonadectomized males and similar to those of adult females [30]. Similar findings of
an increase in ethanol consumption in adult male rats following prepubertal gonadectomy
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was recently reported by another group [31]. A follow-up study conducted in our laboratory
showed that elevations in ethanol consumption seen in GX males were reversed by
testosterone replacement, supporting the suggestion that testosterone plays an “activational”
(in contrast to an “organizational”) role in suppressing ethanol intake in male rats, thereby
likely contributing to the sex differences typically seen in this behavior in adulthood [32]. In
contrast, ovariectomy (at either age) had little impact on ethanol drinking of adult females
[30].

Sensitivity to ethanol also differs as a function of age, with prepubertal adolescent animals
being less sensitive to some effects of ethanol than their adult counterparts. For instance,
prepubertal adolescent rats are less sensitive than older adolescent and adult males and
females to ethanol-induced anxiolysis and social impairment [33, 34]. This increase in
sensitivity to ethanol effects may emerge around the time of puberty, although no studies to
our knowledge have examined the influence of pubertal hormones on developmental
changes in ethanol responding typically observed across the adolescent-to-adult transition.
To the extent that sex differences in ethanol intake levels are moderated by differences in
sensitivity to social impairing and other aversive effects of ethanol [see 35], and that
activational effects of gonadal hormones on ethanol drinking are restricted to male rats as
shown in our prior work [30], it would be predicted that gonadectomy should attenuate
sensitivity to ethanol-induced social impairment selectively in male rats, with this effect
evident regardless of whether the gonads were removed prepubertally or in adulthood.

In addition to showing age-typical differences in ethanol sensitivity, adolescent male and
female rats also display greater novelty-directed behavior than their adult counterparts [36,
37]. Although not correlated with physical or hormonal indices of pubertal development,
this greater response to a novel object was found to peak around the time of puberty, then
decline across the adolescent-to-adult transition [38]. While no sex differences in novelty-
seeking were observed at any age in this [38] and similar studies examining response to
novelty [36], other studies have reported adult male mice [39] and adolescent and adult male
rats [40] to show greater preferences for novel objects than adult females. Indeed, increases
in gonadal hormones associated with puberty have been suggested to underlie age- and sex-
typical responses to novelty, a suggestion supported by data showing that long-term
suppression of gonadal hormone production via prepubertal administration of Antide
eliminated sex differences in novelty preference during late adolescence [41]. Yet, groups of
similarly treated adults were not included in this study, and thus it is unclear whether the
observed effects were related to activational or organizational effects of gonadal hormones.

The purpose of the present experiment was to examine whether increases in pubertal sex
hormones play an organizational and/or activational role in postpubertally emerging sex-
typical behaviors as indexed via novelty-seeking and sensitivity to ethanol-induced social
inhibition. Both male and female rats were gonadectomized or received sham surgeries
either prepubertally or in adulthood prior to testing each animal’s response to a novel
stimulus and sensitivity to ethanol-induced social inhibition in adulthood. Because the
surgical process itself in prepubertally sham manipulated males was found to influence
ethanol drinking and preference in prior work [30], groups of non-manipulated control
animals were also included for assessment of sham surgery effects.

2. Material and Methods
2.1 Subjects

A total of 192 male and female Sprague-Dawley rats bred in our facility at Binghamton
University were used as experimental animals in this experiment. On postnatal day (P) 1, the
day after birth, litters were culled to 8-10 pups, with 6 animals of one sex and 4 of the other
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kept whenever possible. Offspring were weaned and pair-housed with a same-sex littermate
in a temperature-controlled vivarium on a 14:10 light/dark cycle (lights on at 0700) and
given ad libitum access to food (Purina Rat Chow, Lowell, MA) and water until the onset of
experimental procedures. At all times, animals were treated in accordance with guidelines
for animal care established by the Institute of Laboratory Animal Research [42], using
protocols approved by Binghamton University Institutional Animal Care and Use
Committee. No more than one animal per litter was placed into any given experimental
condition, with any extra animals from these litters used in other experiments in our
laboratory.

2.2 Experimental Design
The basic design of this experiment was a 2 sex × 2 surgery condition (gonadectomy; sham)
× 2 surgery age (early; late) × 2 drug (saline; ethanol) factorial, with 8-10 animals in each of
the 16 groups specified by this factorial design. Both male and female rats were
gonadectomized (GX) or received sham gonadectomy (SH). Animals received surgery at
one of two ages, either prepubertally on P23 (early) or postpubertally in adulthood on P70
(late), with all animals tested during adulthood for response to novelty (on P79) and then
challenged with either saline or ethanol prior to social interaction testing (on P80). Four
additional groups of animals were also tested. These groups were non-manipulated (NM)
adult male and female rats from the same birth cohort as the surgically manipulated animals
that were tested identically to the other groups on P79 and after challenge with either saline
or ethanol on P80. These 4 NM groups (male NM challenged with saline; male NM
challenged with ethanol; female NM challenged with saline; female NM challenged with
ethanol) were included as controls for the SH manipulated groups to provide appropriate
non-manipulated comparison groups to determine whether the surgical manipulation process
itself at either age or sex influenced the dependent measures. Sample sizes for these
additional 4 groups of NM animals were also 8-10 per group, as for the 16 experimentally
manipulated groups in this study.

2.3 Surgery
Animals were rehoused with a littermate of the same age and sex and assigned to the same
surgery condition two days before surgery. On the day of surgery, animals were anesthetized
using isoflurane (3-3.5% initially, with anesthetization maintained during the surgery by
nose cone supplementation as necessary). In males, castration included removal of each
testis, suturing of each tunic and the inguinal ring and closure of the surgical site with
Vetbond tissue adhesive (3M, St. Paul, MN). For ovariectomy of females, an incision was
made on the side of the animal, caudal to the last rib and through the skin perpendicular to
the midline. Using blunt dissection, an opening in the muscle wall was made on each side of
the incision, and then the oviduct on each side was sutured proximal to the ovary, prior to
excising the ovary. Sutures were then placed in the muscle wall and the surgical site closed
with skin staples. For sham gonadectomies, the same procedures were followed, except that
reproductive tissue was not manipulated, nor were the gonads removed. Animals received a
subcutaneous injection of the anti-inflammatory agent Carprofen (5 mg/kg) immediately
after surgery and twice the next day. Animals were returned to their home cages post
surgery following recovery from the anesthetic where they were separated from their
housing partner using a wire-mesh divider for a recovery period of approximately 72 h, after
which the divider was removed.

2.4 Testing Procedure
The test apparatus consisted of a Plexiglas chamber (30 × 20 × 20 cm for adolescents and 45
× 30 × 30 cm for adults) containing clean wood shavings and divided along the long axis
into 2 equally sized compartments by a clear Plexiglas partition containing an aperture (7 ×
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5 cm for adolescents and 9 × 7 cm for adults) allowing movement of the animals between
compartments [43, 44]. A video camera mounted approximately 60 cm above each chamber
was used to record all sessions. All testing was conducted under low light conditions (3 lux).

All animals were placed individually into the social interaction chambers one day prior to
testing (P79) to acclimate them to the testing environment. Animals were allowed to explore
the social interaction chamber for 25 min. Such pre-test acclimation has previously been
shown to facilitate higher levels of social behavior and magnify differences in ethanol
sensitivity relative to when the test environment is unfamiliar [33], with the latter viewed as
an anxiogenic context that suppresses levels of social activity [45]. At the end of the 25 min
acclimation period, each animal was given a 5-min novel object test using a novel object
exposure procedure previously used in our laboratory [36]. While still in the social
interaction chamber, a novel object (e.g., a new cotton ball approximately 2.5 cm in
diameter) was placed on one side of the social interaction chamber for 5 minutes and the
animal’s behavior was videotaped for later analysis of time spent in contact with the novel
object as well as time spent sniffing the object. Pilot data conducted in our laboratory
revealed no significant differences in quality or quantity of social interactions on test day in
animals that received the novel object test at the end of the acclimation period relative to
those who did not receive the novel object test during this acclimation period on the day
prior to social interaction testing.

On the social interaction test day (P80), animals were injected i.p. with either 1.0 g/kg
ethanol (12.6% v/v) or an equivalent volume of the saline (0.9% w/v) vehicle solution, and
placed individually into a pre-test holding cage for 25 min. Immediately following the 25-
min social isolation period, pairs of test animals were placed simultaneously together into
the chamber for a 5 min modified social interaction test. Each test pair consisted of
unfamiliar non-littermates of the same age, sex, surgery condition, and surgery age, with one
given saline and the other challenged with ethanol prior to testing. This test procedure varies
from that routinely used by our group [e.g., 33] where each experimental animal was paired
with a non-manipulated, non-injected partner of the same age and sex. Due to the labor
intensive surgeries required for the present study, a pilot study was conducted in our
laboratory to determine whether two experimental animals (one assigned to each acute drug
condition) could be tested together, thereby halving the necessary sample sizes needed. The
results of this study revealed no significant differences in social interactions between adult
animals placed with an injected social partner and those placed with a non-manipulated
partner. All other experimental conditions, such as lighting level, dose of ethanol, time
between injection and testing, and length of social interaction test were similar to those used
in previous social interaction studies [e.g., 33].

The frequencies of social behaviors recorded during the testing sessions were later scored by
experimenters blind to the surgery condition, ethanol dose, and age of surgery using
procedures in routine use by our group [e.g., see 33, 18]; inter-rater reliability scores were
>95%. Social behaviors scored included: frequency of social investigation (sniffing of
partner), contact behavior (sum of crawling over/under partner and social grooming), and
play fighting (sum of pouncing or nape attack, following and chasing, and pinning). To
explore the relative proportion of each of these behaviors contributing to overall social
behavior, each component behavior for each animal was also converted to a percent of the
total amount of social behavior exhibited by that animal; for example, investigation as a
percentage of total social behavior was calculated as follows: (counts of investigation/
(counts of investigation + contact + play fighting)) × 100. Number of crossovers to and from
a side containing the social partner was also used as an index of social motivation, via
calculating a social preference/avoidance coefficient [(# of crossovers toward the partner - #
of crossovers away from the partner)/(total # of crossovers) × 100].
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Immediately following the social interaction session, animals were sacrificed and whole
trunk blood collected for later analysis of BEC, testosterone in males and estradiol and
progesterone in females. For BECs, blood was collected in heparinized tubes and briefly
placed on ice prior to storing the samples at −80°C until the time of analysis. For hormone
assays, after collection, the blood samples were centrifuged at 2°C for 20 min at 3,000 rpm,
and the plasma removed and subsequently stored at −80°C until the time of assay.

2.5 Blood Analyses
For analysis of BECs, blood samples were thawed and BECs determined by means of head-
space gas chromatography, using a Hewlett Packard (HP) 5890 series II Gas
Chromatograph, a HP 7694E Headspace Sampler, and HP Chemstation software. This
software allows for comparison of the peak area under the curve in each sample to standard
curves derived from reference standard solutions. Prior to the BEC assay, whole blood
samples were placed in airtight vials, and then heated for 7 min in a water bath at 55 °C.
Using an airtight syringe, a 1.0 ml sample from the gas head space was then extracted and
injected onto the column [46].

Plasma testosterone in males and estradiol and progesterone levels in females were used to
confirm removal of gonadal tissue in the gonadectomized groups, with hormone levels in the
sham and non-manipulated groups used to confirm assay effectiveness. Testosterone,
estradiol and progesterone levels were assessed from thawed blood samples via
radioimmunoassay using a 125I RIA double antibody kit from MP Biomedicals (Solon, OH),
with specificities of 100% for each hormone assayed. Testosterone assay sensitivity was
0.03 ng/ml, with inter- and intra-assay coefficients of variation of 10.1% and 6.6%,
respectively. Sensitivity of the estradiol assay was 7.2 pg/ml, with inter-assay coefficients of
9% and intra-assay coefficients of 7.3%. Progesterone assay sensitivity was 0.11 ng/ml, with
inter-assay coefficients of 7.9% and intra-assay coefficients of 5.9%. Samples and standards
for each gonadal hormone assay were run in duplicate, using a Packard Cobra II
Autogamma Counter, with disintegrations per min averaged against a standard curve.

2.6 Data Analyses
All data were analyzed using Statistica version 9 (StatSoft, Tulsa, OK). Data analyses
focused on two issues: (a) assessment of the effects of early vs. late gonadectomy; and (b)
determination of whether the surgical process itself, at either or both ages, altered expression
of the targeted behaviors. The design of the first set of ANOVAs (i.e., those focusing on
gonadectomy effects) was a 2 sex × 2 surgery age (early; late) × 2 surgery condition (GX;
SH) factorial for each measure, with the additional variable of dose (saline vs. ethanol)
included for the assessments involving ethanol challenge. The second set of analyses
(focusing on consequences of the surgical process per se) compared early and late SH
animals with NM animals using a 2 sex × 3 surgical manipulation (early SH; late SH; non-
manipulated) factorial, again with the addition of a dose factor (saline vs. ethanol) for the
ethanol challenge data. Fisher’s LSD tests were used to determine the locus of significant
main effects and interactions in all ANOVAs.

Prior to the ANOVAs, Levene’s tests were used to test for homogeneity of variance (HV) in
each data set. Measures violating this assumption included contact behavior, play fighting,
and progesterone; HV in these data were improved using log(10) (n+1) transformation and
were so transformed prior to the analyses described above. There was also an HV violation
for the testosterone data that was not improved via standard transformations due to floor
effects in testosterone levels among GX males; these data were analyzed using
nonparametric Kruskal-Wallis and Mann-Whitney U tests. For ease of interpretation, non-
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transformed data with parametric descriptors (means +/− SEMs) are shown in all figures and
tables.

3. Results
Results of the ANOVAs for assessment of gonadectomy effects are summarized in Table 1,
whereas a summary of the significant findings in the ANOVAs assessing surgical
manipulation effects are shown in Table 2.

3.1. Response to novelty
Only main effects of surgery age emerged in the ANOVAs focused on assessment of
gonadectomy effects on novelty-associated behaviors. Animals of both sexes receiving early
surgery (regardless of GX or SH assignment) showed less of each of these novelty-directed
behaviors than late surgery animals. As seen in Fig. 1, this surgery age effect appeared to be
driven largely by the SH animals, although surgery age did not interact significantly with
surgery condition for either measure. Indeed, in the second set of ANOVAs focused on
comparing early SH, late SH and NM animals, significant main effects of surgical
manipulation were seen for both behaviors, with early SH animals exhibiting significantly
less of these novelty-directed behaviors than late SH animals, and the behavior of NM
animals not differing significantly from either of these SH groups.

No significant effects of sex emerged in either set of analyses of behavior directed towards
the novel object.

3.2 Ethanol-induced social inhibition
In ANOVAs focused on gonadectomy effects, the ethanol challenge was found to induce
significant decreases in the frequency of social investigation (sniffing of the partner), contact
(crawling over/under partner and social grooming), and play (pouncing, nape attack,
following, chasing, and pinning)(see Table 3). Only one of these measures, contact behavior,
was significantly influenced by gonadectomy, with contact behavior greater in GX than SH
animals regardless of age at the time of surgery. As can be seen in Table 3, this
gonadectomy effect appears to be driven more by the females, although sex did not interact
significantly with surgery condition in the analysis of these data. Indeed, the only significant
sex difference emerging in these analyses was in the analysis of social investigation, with
females exhibiting significantly more social investigation than males.

When each component social behavior was analyzed as a percentage of total social behavior,
effects of surgery condition emerged, with GX animals (when collapsed across sex and age
at the time of gonadectomy) showing significantly lower percentage investigation and
greater percentage contact than SH animals. Again, both of these GX effects appear to be
driven more strongly by females (see Fig. 2) although sex did not significantly interact with
surgery condition in these analyses. Ethanol also was found to change the relative
percentage of time spent in investigation and contact, increasing percentage investigation
while conversely decreasing percentage contact.

In the second set of ANOVAs focused on surgical manipulation effects, only typical
ethanol-induced decreases in frequency of social investigation, contact and play behavior
emerged, with no main effect or interactions of surgical manipulation emerging in the
analyses of these behaviors when represented either as frequencies or as percentages of total
social behavior.
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3.3 Ethanol effects on social motivation
Analysis of the social preference coefficient revealed an effect of ethanol that was
influenced by an interaction of both surgery condition and surgery age. As can be seen in
Fig. 3, post-hoc analyses of the data collapsed across sex revealed typical ethanol-induced
decreases in social preference in late SH animals as well as in GX animals regardless of
their age at surgery. It was the early SH animals that did not show an ethanol-related
decrease in social preference. This effect was due both to attenuated levels of social
preference after saline challenge in early SH relative to late SH animals, as well as less
social aversion after ethanol challenge in early SH animals relative to late SH animals.
These effects were specific to social behavior, with no significant effects revealed in the
ANOVA of overall activity (indexed via total number of chamber crosses) during the social
interaction session.

The ANOVA focused on surgical manipulation effects in the social preference data
confirmed that the difference in social motivation seen between early and late SH animals
was driven by effects of early surgical manipulation. That is, post-hoc analyses of a
significant interaction between drug and surgical manipulation in this analysis revealed
similar ethanol-related decreases in social preference in late SH and NM animals, whereas
no ethanol effect was evident in the early SH group.

3.4. Blood ethanol concentration
No significant effects emerged in the analyses of post-test BECs in animals challenged with
ethanol, although there was a trend in the ANOVA focused on gonadectomy effects for
females overall to show slightly lower (mean mg/dl ± SEM) BECs (70.90 ± 0.96) than males
(74.34 ± 1.43)(F(1, 68) = 3.76, p=.06).

3.5. Hormone levels
Testosterone levels (mean ng/ml ± SEM) were found to be significantly lower in GX males
(0.0 ± 0.0) than their SH counterparts (1.60 ± 0.12). Estradiol levels (mean pg/ml ± SEM)
were modestly, but significantly decreased in GX females (63.53 ± 1.49) compared to SH
females (76.10 ± 2.55) regardless of surgery age, with progesterone likewise significantly
lower in GX (39.52 ± 3.01) than SH (81.56 ± 6.75) females, again regardless of age at
surgery.

4. Discussion
In general, typical ethanol-induced decreases in social behavior [e.g., 17, 18, 20] were
observed in both males and females, regardless of surgery condition or age of surgery.
Although gonadectomy did not influence ethanol-induced social inhibition in either sex,
removal of the gonads did alter the microstructure of social behavior, with GX males and
females exhibiting proportionally less time in social investigation and proportionally more
time in contact behavior than SH animals regardless of age of gonadectomy. The early sham
surgical manipulation process itself, however, did influence ethanol-associated social
behavior, with early SH surgery eliminating ethanol-induced decreases in social preference,
an effect not observed in early GX or either of the late surgery groups. Response to novelty
was little affected by gonadectomy, but it was influenced by age of surgical manipulation,
with early surgical manipulations, regardless of surgery type (i.e. GX or SH), suppressing
novelty-directed behaviors in both sexes.

Suppression of all three components of social behavior (i.e., social investigation, contact
behavior and play fighting) following a moderate dose of ethanol (1 g/kg) was observed in
both sexes, regardless of surgery condition or surgery age (see Table 1). Previous studies
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conducted in our laboratory have yielded similar ethanol-related decreases in social
interactions, with adult rats of both sexes showing less social investigation, contact behavior
and play fighting when tested in a familiar environment after 0.75 and 1.0 g/kg ethanol
challenges when compared to saline controls [33, 17]. Sex differences have occasionally
been seen in this adult-typical response to moderate doses of ethanol. In a study examining
the impact of chronic stress on ethanol-induced social behavior, adult females were found to
be less sensitive than their male counterparts to the social inhibitory effects of ethanol
regardless of stress condition, with females showing less impairment in social preference
and play fighting behavior than males after challenge with 1g/kg ethanol [18], a sex effect
not observed in the present study. While it is possible that the surgical manipulation process
itself could have masked sex differences in ethanol-induced social inhibition in the present
study, this possibility seems unlikely given the lack of sex differences among NM animals.
Perhaps more likely are power differences across studies, with data from 12 animals of each
sex represented when data were collapsed across stress condition in the Varlinskaya et al.
[18] study, whereas 8-10 animals per group were tested here. Certainly, it is possible that
potential sex-related differences in ethanol sensitivity may have emerged in the present
study if multiple intermediate doses of ethanol had been examined.

While gonadectomy did not influence the impact of ethanol on social behavior in males or
females, it did generally impact some components of social behavior regardless of drug
condition. For example, when raw frequencies were analyzed, contact behavior was greater
among GX than SH animals regardless of sex or surgery age, although this effect tended to
be more pronounced in females than males, whereas social investigation and play fighting
remained unaffected by GX. However, when each component behavior was analyzed as a
percentage of the total amount of social behavior, changes in the microstructure of social
behavior emerged, with GX animals showing relatively less of the most prominent social
behavior normally seen in adults in this test situation - social investigation (social sniffing) -
than SH animals, but proportionally more contact behavior, with no changes in proportion of
play fighting. These effects were seen regardless of age at GX, despite the confound across
early and late GX groups in length of gonadal hormone deprivation (an inherent
confounding variable in this and many similar developmental studies). Findings that the age
of gonad removal did not impact ethanol-induced social behavior among GX groups
suggests that unequal hormone deprivation periods did not influence the measures examined
here and supports the suggestion of a modest activational role of gonadal hormones in the
microstructure of adult-typical social behavior.

Although it is difficult to compare social behaviors across the test situations used in different
laboratories, the present results bear some similarities to those observed in a previous study
examining the impact of castration on the social behavior of adult male rats in familiar and
unfamiliar environments where castrates were found to exhibit less “curiosity” behavior
(i.e., sniffing and following) when compared to sham-manipulated males, whereas no
change in “physical” behavior (i.e., pushing, jumping, wrestling or grooming) was seen [47].
This earlier study, however, also showed a general reduction in overall social behavior
following castration in adulthood, an effect not evident in the present study, perhaps due to
methodological differences such as the use of slightly brighter lighting and a larger testing
arena in that study [47] relative to that used here. The overall shift in the microstructure of
social behavior induced by gonadectomy towards proportionally more contact behavior and
less social investigation in the present study is reminiscent of a more immature social
behavior profile. For example, although play fighting is the most predominant form of social
behavior in both pre-pubertal and peri-pubertal adolescent rats, with this behavior greater in
adolescents than adults, contact behavior also appears to be higher in adolescent rats
compared to their adult counterparts [e.g., 48, 49]. Social investigation or sniffing, however,
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is more characteristic of adult social behavior, with adults showing greater levels of this
behavior than adolescents [e.g. 49].

Previous research in our laboratory [30, 32] and others [31] has shown that castrated males
drink more ethanol compared to their sham-manipulated counterparts. Based on the results
of the present study, it appears that gonadectomy does not alter sensitivity to the aversive
effects of ethanol - at least when indexed via ethanol-induced social inhibition at the dose
examined. It is possible that effects of GX might have emerged had another dose been
examined or if other behaviors had been used to index the aversive consequences of ethanol.
Yet, a perhaps a more likely possibility is that the increases in ethanol intake seen after GX
in adult males may reflect alterations in the rewarding rather than the aversive properties of
ethanol, with a testosterone-related suppression of ethanol reinforcement in intact adult
males possibly contributing to the notable sex differences in ethanol intake typically
observed in adulthood.

One prominent finding in this study was the impact exerted by the process of early surgical
manipulation on novelty-directed behaviors and social motivation. During the novel object
test, animals receiving early (P23) surgery showed decreased sniffing of and contact with
the novel object when compared to animals receiving late (P70) surgical manipulations,
regardless of sex or surgery condition (i.e., GX or SH), with follow-up comparisons between
these SH groups and NM animals suggesting that these differences are driven in part by
surgery effects at both ages (see Fig. 1). In contrast, the effects of surgical manipulation on
ethanol-related social avoidance were restricted to early SH animals, with ethanol-induced
attenuations in social preference observed in all but the early SH group, and early SH
animals showing both less social preference when challenged with saline and less ethanol-
associated social avoidance than the other groups, including NM controls.

It is possible that changes in ethanol sensitivity as a result of the process of early SH surgical
manipulation on measures such as social motivation may be associated with the stress of this
manipulation among juvenile animals. Indeed, other early life stressors have been shown to
influence adult ethanol-related behavior [e.g., 23, 50, 51, 52]. Animals in the early SH group
in the current study were surgically manipulated at P23 – i.e., during the juvenile period
between conventional weaning (P21) and adolescence (P28-42) [see 53]. While few studies
have focused specifically on the influence of stress during this period on later ethanol
sensitivity, our results combined with the results of others suggest that early exposure to
stressors may alter ethanol sensitivity in adulthood. Indeed, these effects of early surgery on
social preferences are reminiscent of that seen after acute restraint stress, with stressed
adolescent rats (but not their adult counterparts) showing attenuated social preferences
following saline challenge and resistance to the socially-suppressing effects of ethanol under
similar test circumstances [54]. Intriguingly, these effects of the stress of early surgery on
social motivation may be mediated in part by gonadal hormones, given that early GX
animals did not show the alterations in ethanol-related social motivation seen in early SH
animals. That gonadectomy may protect against these effects induced by early stress or other
effects of the prepubertal surgical process could prove to be a promising area for further
inquiry.

Novelty-directed behavior was not found to be influenced by removal of the gonads pre or
postpubertally, nor was it affected by sex. The lack of sex differences in response to a novel
object in the current study is similar to the results of other work using the same test
procedure in our laboratory where time spent sniffing a novel object was not found to differ
by sex at any age across a wide age range spanning from prepubertal to adult rats [38].
However, others have observed sex differences in both adolescent and adult male Listar-
hooded rats, with males showing increased preference for a novel object compared to their
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female counterparts [40]. It is possible that methodological differences such as rat strain or
novelty paradigm could explain these variations found across studies.

Taken together, the results of this experiment suggest that both novelty-directed behavior
and adult-typical responses to ethanol (as indexed via ethanol-induced social inhibition) are
little influenced by the removal of gonadal hormones either prior to puberty or in adulthood.
Removal of the gonads did, however, impact the microstructure of behavior expressed
during social interaction, resulting in a pattern of social behavior more reminiscent of an
adolescent than an adult animal. In contrast to the relatively nuanced effects of gonadal
removal, the process of early surgical manipulation itself markedly influenced novelty-
directed behavior and ethanol sensitivity (as indexed via social motivation), suggesting that
the experience of surgical manipulation per se during this sensitive developmental period
may have long lasting behavioral and pharmacological consequences.
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Research Highlights

• Male and female rats were gonadectomized pre-pubertally and in adulthood.

• Prepubertal sham surgical manipulation altered ethanol sensitivity and decreased
response to novelty.

• Gonadectomy did not alter sensitivity to ethanol or response to novelty.

• Pubertal hormones do not influence certain adolescent-typical behaviors.

• The experience of surgical manipulation during development exerts lasting
effects.

Vetter-O’Hagen and Spear Page 14

Behav Brain Res. Author manuscript; available in PMC 2013 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 1.
Novel object directed behaviors of gonadectomized (GX) and sham (SH) males and females
are shown by surgery age. The error bars indicate standard error of the mean in this and all
subsequent figures. Although the non-manipulated (NM) groups were analyzed in a separate
analysis with the early and late SH groups, for the sake of comparison, the means and
standard errors of the NM data for each sex are also shown. The $ symbol indicates
significant differences between the early and late surgery groups.
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Fig. 2.
The percentage of total social behavior represented by social investigation (top figure) and
contact behavior (bottom figure) is shown for early and late gonadectomized (GX) and sham
(SH) males and females (mean ± SEM). Although the non-manipulated (NM) groups were
analyzed in a separate analysis with the early and late SH groups, for the sake of
comparison, NM data are shown in the inserts between the early and late groups. The †
symbol indicates significant differences between GX and SH groups when collapsed across
surgery age, sex and drug. The ** symbol represents significant main effects of drug, with
ethanol (EtOH)-challenged animals differing from their saline-challenged counterparts
(when collapsed across surgery condition, surgery age and sex).
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Fig. 3.
Social preference of gonadectomized (GX) and sham (SH) males and females are shown by
drug and surgery age (mean ± SEM). Although the non-manipulated (NM) groups were
analyzed in a separate analysis with the early and late SH groups, for the sake of
comparison, NM data are shown in the inserts between the early and late groups. The *
symbol represents significant differences between ethanol (EtOH)- and saline-challenged
animals within a given group when collapsed across sex as determined by post-hoc analyses
of the surgery age × surgery condition × drug interaction.
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Table 2

Significant ANOVA results for the analyses focused on effects of the surgical process

Dependent Variable Sex (S) Surgical
Manipulation (M)

Drug (D) Significant Interactions

Novelty

   Sniffing ---- 3.31
p< .05

----

   Contact ---- 3.80
p< .05

----

Social Behavior

  Investigation ---- ---- 103.54
p< .01

----

  Contact ---- ---- 85.31
p< .01

----

  Play ---- ---- 5.88
p< .05

----

  Preference Coefficient ---- ---- ---- M × D
5.34

p< .01

  % Investigation ---- ---- 32.1
p< .01

----

  % Contact ---- ---- 62.18
p< .01

----

  % Play ---- ---- ---- ----

BEC ---- ---- ---- ----

Hormone

   Testosterone ---- ---- ----

   Progesterone ---- ---- ----
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