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Abstract
Social interactions in rodents are rewarding and motivating and social isolation is aversive.
Accumulating evidence suggests that disruption of the social environment in adolescence has
long-term effects on social interactions, on anxiety-like behavior and on stress reactivity. In
previous work we showed that adolescent isolation produced increased reactivity to acute and to
repeated stress in female rats, whereas lower corticosterone responses to acute stress and
decreased anxiety-related behavior were noted in isolated males. These results indicate a sex
specific impact on the effects of social stress in adolescence. However, little is known about
whether social isolation impacts behaviors related to affect and whether it does so differently in
male and female rats. The present study investigated the impact of adolescent social isolation from
day 30-50 of age in male and female Sprague Dawley rats on behavior in the forced swim test at
the end of adolescence and in adulthood and on behavior in the sucrose preference test in
adulthood. Adult female rats that were isolated in adolescence exhibited increased climbing on the
first and second day of the forced swim test and showed an increased preference for sucrose
compared to adult females that were group-housed in adolescence. There were no effects in male
rats. The results indicate that social isolation in adolescence produces a stable and active
behavioral phenotype in adult female rats.
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1.1. Introduction
Adolescence is a period of life characterized by maturation of cognitive, reproductive and
social skills and capacities in all mammals [1, 2]. These maturational processes are based in
robust and widespread changes in neuronal structure and function [3]. In adolescence, peer
relationships are the primary source of life stressors in boys and girls though there are
striking sex differences [4]. Adolescent girls report higher levels of stress associated with
their friendships, report more negative life events and experience more distress when such
negative life events occur [4]. Understanding the impact of stress in adolescence is
important because of the strong link between stress and affective and anxiety disorders [4, 5,
6]. Furthermore, the stress-responsive hypothalamic-pituitary-adrenal axis becomes sexually
differentiated in adolescence suggesting that the impact of stress during adolescence may
differ between males and females.
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Rodent models of adolescent social stress have validity for understanding the impact of
social stress in adolescent humans because adolescent rodents live in groups and exhibit
higher levels of social behavior than either younger or older animals [7]. Social behavior in
adolescence, including play and social grooming, is thought to facilitate normal cognitive
and social development [8]. Social interactions in rodents are rewarding and motivating and
social isolation is aversive [9, 10]. Accumulating evidence suggests that disruption of the
social environment in adolescence has long-term effects on social interactions [11, 12, 13]
and on anxiety-like behavior [14, 15] though evidence for effects on anxiety-like behavior is
conflicting [16]. In previous work we showed that adolescent isolation produced increased
reactivity to acute and to repeated stress in female rats, whereas lower corticosterone
responses to acute stress and decreased anxiety-related behavior were observed in isolated
males [15]. These results indicate a sex specific impact on the effects of social stress in
adolescence, consistent with other findings [17]. However, little is known about whether
social isolation impacts behaviors in the forced swim and sucrose preference tests and
whether it does so differently in male and female rats. These tests examine important
components of affective disorders, including behavioral despair and anheonia, respectively,
and have been extensively validated with anti-depressant drugs [18, 19, 20, 21]. In studies in
which anti-depressants are not administered, behavior in forced swim test provides
indications of coping strategies. On the first day of the forced swim test, animals are
typically more proactive (more time spent climbing and swimming than in immobility) and
these active behaviors shift towards a more passive phenotype as indicated by increased time
spent in immobility on the second day of the test [22]. Thus, the present study investigated
the impact of adolescent social isolation on behavior in the forced swim test at the end of
adolescence and in adulthood and on behavior in the sucrose preference test in adulthood.

1.2. Materials and Methods
1.2.1. Animals

Sprague-Dawley rats were purchased from Charles River Laboratory (Wilmington, MA).
Twenty female and male rats arrived at postnatal day 23, (P23) and were housed in same-sex
groups of 3 to 4 per cage. Water was provided through one bag per cage and the capacity of
each bag was approximately 450ml. Half of the males and females were assigned to the
control group and the other half was assigned to the socially isolated, experimental group.
On P30, the control rats were re-housed in groups of 2-3 and the isolated rats were re-housed
one per cage. On P49-P50, all rats were tested in the two-day Porsolt forced swim test
(FST). On P51, the rats in the control group were re-housed in new same-sex, same-
treatment groups of 2-3 rats per cage. The isolated rats were housed in same-sex, same-
treatment groups of 2-3 rats per cage. On P70 and 71, the FST was re-administered. Then at
least 2 weeks later, all rats were singly housed in order to conduct the sucrose preference
test. Rats were housed in larger cages for this test to allow fluid provisions through two
bags. These studies were approved by the Children’s Hospital of Philadelphia Research
Institute’s Institutional Animal Care and Use Committee. The experimental design is
depicted in Figure 1.

We chose to isolate rats from day 30 to 50 of age for the following reasons. Social isolation
between day 25-45 of life in male rats, but not before day 25 or after day 45, delays
emergence into an open field and slows the declines in novel object contact in adulthood at
day 90 [23, 24]. Similarly, isolation during day 26-40 of age in males increases anxiety-
related behavior in adulthood, whereas equivalent periods of isolation at later ages (day 65
or 130) have little effect in male rats [25, 26]. Thus, isolation form day 30-50 encompasses
the period when the enduring effects of isolation have been observed. In addition, rats in the
wild typically leave their burrows around 28 days of age and after this time, adolescent-
typical neurobehavioral characteristics appear, vaginal opening occurs and increases in
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mature spermatids in seminiferous tubules are observed [27]. Based on such evidence, it is
now increasingly accepted that day 28-50 of age encompasses the full extent of adolescence
[17]. Finally, this study is based on our previous study in which rats were isolated from day
30-50 of age [15].

1.2.2. Forced Swim Test (FST)
The forced swim test (FST) test was adapted from the original procedures of Porsolt et al.
[28] with modifications of Detke, Rickels and Lucki [20]. During adolescence, at P49, each
of the 40 animals was subjected to 15 minutes of pre-exposure to the test environment – a
plastic cylinder filled up to 37cm with 25 °C water. Animals could neither escape the water-
filled cylinder nor support themselves by touching the bottom of the cylinder. Twenty-four
hours later, on day 2, each animal was subjected to 5-minute swim in the same cylinder.
Stressed rats remained isolated during the FST on day 49 and 50. Three behaviors were
scored: immobility, swimming and climbing. Immobility was defined as no active
movement besides minor efforts to keep the head afloat. Swimming was identified when the
animal pedaled around the cylinder and moved more than ¼ of the circumference with all
four paws immersed under water. Climbing was defined as the animal floating upright and
actively attempting to climb out with their front paws extending above the water. These
behaviors were coded every fifth second. The frequency of the occurrence of each behavior
was converted to total time spent engaged in each behavior. The same 15-minute habituation
and 5-minute tests were performed in adulthood, on P70 (day 1) and P71 (day 2),
respectively, in all rats. Videorecordings were made on day 2 of the test in adolescence (day
50) and adulthood (day 71) and on day 1 of the test in adulthood (day 70). In forced swim
test, at each age 10 control male rats, 10 male rats isolated during adolescence, 10 control
female rats and 10 female rats isolated during adolescence were tested.

1.2.3. Sucrose Preference Test (SPT)
Based on Bechtholt et al. [19], a two-bottle choice paradigm was used to test for differences
between the adult group-housed control rats and adult rats socially isolated during
adolescence in their relative preference for sucrose over water. At P93, male rats were singly
housed in new cages that allowed placement of two water bags. Animals were individually
housed in order to assess fluid consumption for each individual rat. Animals were left to
habituate to their new housing and drinking conditions for 3 days. Then, water consumption
at baseline and body weights were taken for the next 48 hours, twice a day at 1100h and
1700h. For assessment of daily 24h consumption of water and of sucrose, the consumptions
at 110h and 1700h were summed. Liquid consumption was conducted by weighing the water
bags on a standard laboratory scale. The positions of the water bags were reversed after each
measurement to control for any side preference throughout the study. Water baseline
measurement was followed by the replacement of all water with sucrose solutions and 4
days of habituation to a 1% sucrose solution [19]. Again, consumptions were measured
twice a day (1100h, 1700h) and side preference controlled. After the sucrose habituation
period, all sucrose solutions were replaced by water. For the following 3 days, animals were
subjected to an acute stress of 30-min restraint once a day at 1000h. Restraints were
performed in rat decapitation cones. This was done to reinforce a stronger level of stress to
induce a differential preference for sucrose between the control and isolated groups. Rats
were permitted free access to water through the two water bags and chow throughout the
restraint period. The restraint procedure was followed by an overnight, 20-hour deprivation
of all fluids (chow was still available). The next morning (P107) at 1000h, one bag of water
and one bag of 1% sucrose were made available randomizing to control side preference.
Consumption measurements were taken after the first and second hour. All of the same
procedures were performed on females with the habituation period starting at P117. Females
were run separately due to limited availability of cages that could accommodate two water
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bags. Sucrose preference was calculated as a relative ratio (mass of sucrose solution intake/
total fluid intake). Sucrose is highly palatable to rats, therefore, decreases in consumption of
sucrose reflect a decreased sensitivity to normally rewarding stimuli, anhedonia, a major
symptom of depression. This test has been extensively validated by anti-depressant drugs
[29]. In this test, 10 rats/group were tested. However, due to leaks in water bags, some data
were lost on some days. The group sizes varied from 8-10/group, depending on the measure.
The specific group sizes for each measure are provided in Table 1 or in the legends for the
figures.

1.2.4. Statistics
The day 2 FST data were analyzed by an Age (adolescent d50 or adult d71) × Stress (control
or isolated during adolescence) × Sex repeated measures ANOVAs with Age being the
repeated measure separately for immobility, swimming or climbing. The day 1 FST data at
day 70 were analyzed by two-way ANOVAs for Sex × Treatment (control or isolated during
adolescence) separately for time spent in immobility, swimming or climbing. For the
sucrose preference test, the baseline water and sucrose habituation consumption data were
analyzed separately by Day × Stress (control or isolated during adolescence) × Sex repeated
measures ANOVAs with Day being the repeated measure separately for water consumption
baseline and for sucrose consumption. For analysis of the preference test, an Hour (1st or 2nd

hour) × Stress (control or isolated during adolescence) × Sex repeated measures ANOVA
with Hour being the repeated measure was used. Data were analyzed using Prism 4
(GraphPad Software, LaJolla, CA). Significant Interaction effects were followed by Fisher’s
post-hoc tests. A probability level of p<0.05 was used to indicate the statistical significance
of the results.

1.3. Results
1.3.1. Forced Swim Test

Immobility on day 2—For immobility, there was a tendency for a significant effect of
Sex (p<0.066) with female exhibiting greater immobility regardless of age or treatment
(Figure 2a). There was no significant effect of Stress. There was a significant effect of Age
((F(1,36)=34.0; p<0.001) indicating that immobility was greater on day 71 than on day 50,
regardless of sex or adolescent stress. There was a significant Age × Stress interaction
(F(1,36)=4.01; p<0.05). Post hoc tests indicated that, regardless of sex, control rats on day
50 exhibited less immobility than control rats (p<0.001) and isolated rats at day 71
(p<0.018). Isolated rats on day 50 exhibited less immobility than control rats at day 70
(p<0.001) and tended to be lower than isolated rats at day 70 (p<0.06). This was consistent
with the significant overall age effect.

Swimming on day 2—For swimming, there was a significant Sex effect (F(1,36)=6.21;
p<0.017) with male rats exhibiting greater time spent swimming than female rats (p<0.007),
regardless of age or stress (Figure 2b).

Climbing on day 2—For climbing, there was a significant Age effect (F(1,36)=43.0;
p<0.001) with day 50 old animals exhibiting increased climbing compared to day 71
animals, regardless of sex or stress (Figure 2c). There was a significant Sex × Stress
interaction (F(1,36)=4.71); p<0.037). Post hoc analyses indicated that females that were
isolated during adolescence exhibited greater time spent climbing compared to control
females regardless of age. These results indicate that on both day 50 and day 71 on the 2nd

day of the FST, female rats that had been isolated during adolescence exhibited increased
time spent climbing compared to female controls. In contrast, male rats that had been
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isolated during adolescence did not differ from their controls in their behavior in the FST at
either age.

Day 1 of the forced swim test in adulthood—Because the finding of increased
climbing in isolated females, behavior of on day 1 of the FST at this age was examined
inorder to determine if the increased climbing occurred on the first exposure to swim (Figure
3). We observed a significant effect of Sex on immobility (F(1,32)=6.84; p<0.014) with
males exhibiting greater time spent immobile compared to females, regardless of stress
experience (Figure 3a). We observed a significant effect of Sex (F(1,32)=6.00; p<0.02) with
females exhibiting greater time spent swimming compared to males, regardless of
adolescent stress (Figure 3b). We observed a significant effect of Stress (F(1,32)=4.31;
p<0.046) with animals exposed to adolescent isolation exhibiting greater time spent
climbing compared to controls, regardless of sex (Figure 3c). Although these results suggest
that both male and female rats exposed to adolescent isolation spent more time climbing in
adulthood, the effect is largely due to the females, as apparent in Figure 3c.

1.3.2. Sucrose Preference Test
Baseline—There was a significant Sex effect (F(1,34)=14.21; p<0.001) with females
consuming more water at baseline compared to males (p<0.001; Table 1). There was a
significant Sex × Stress interaction (F(1,34)=3.8; p<0.05). Post-hoc test indicated that
females that had been isolated during adolescence exhibited significantly more water
consumption compared to control females (p<.003), male controls (p<0.001) and males that
had been isolated during adolescence (p<0.001). Control females also exhibited more water
consumption compared to control males (p<0.04) and isolated males (p<0.037). There was
no effect of Day indicating that water consumption was similar during both days of baseline
water consumption (Table 1).

For sucrose consumption during habituation phase, there was a significant Sex effect
(F(1,36)=24.03; p<0.001), a significant Day effect (F(1,36)=158.5; p<0.001), and a
significant Day × Sex effect (F(1,36)=22.9; p<0.001). Post hoc analyses indicated that
females consumed more sucrose than males (p<0.001) regardless of adolescent stress
experience and, overall, consumption was greater on the fourth day compared to the first
(p<0.001). Post-hoc analyses of the significant Day × Sex interaction effect indicated that
females on the 4th day consumed more sucrose than they did on the 1st day and more than
males on the first or fourth days (p<0.001 each day). There were no significant effect of
adolescent isolation on body weight throughout the studies (Table 1).

Preference Test—On the day of the preference test, sucrose consumption as a percentage
of total consumption was used to assess preference for sucrose, as in Bechtholt et al. [19].
An Hour (1st or 2nd hour) × Stress (control or isolated during adolescence) × Sex ANOVAs
were conducted with Hour being the repeated measure for sucrose preference (Figure 4a).
We observed a significant Hour effect (F(1,34)=5.11; p<0.03) and a significant Hour × Sex
× Stress interaction (F(1,34)=4.15; p<0.049). Post hoc analyses indicated that intake was
greater in the second hour compared to the first overall. Post hoc analyses of the significant
3-way interaction effect indicated that control females increased their consumption on the
second hour compared to the first (indicated by bar in Figure 4a), but sucrose intake was
similarly elevated in the first and second hour in isolated females. Isolated females also
exhibited a tendency for greater consumption in the first hour compared to control females
(p<.11) and compared to isolated males (p<0.07). Over the total 2hour preference test, there
were no significant main effects and a tendency (p<0.06) for a significant Interaction effect
(Figure 4b). Because of this trend, we conducted t-tests between female control and female
isolated rats and between male control and male isolated rats. The results showed a
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significantly increased intake during the first hour in the isolated compared to control
females (t=5.77; p<0.028). There was no difference in the second hour and no difference
between male groups at either hour.

1.4 Discussion
We examined the impact of social isolation throughout adolescence on behavior in
adulthood in two tests of affective behaviors. We observed that female rats that had been
isolated as adolescents exhibited increased climbing behavior during the second day of the
forced swim test in both adolescence and adulthood and increased climbing on the first day
of the test in adulthood. There were no differences between isolated and control females in
time spent in immobility or swimming. Furthermore, adult females that had been isolated as
adolescents exhibited similarly elevated sucrose consumption in the first and second hour of
the preference test while control females exhibited an increase from the first to the second
hour. Isolated females also exhibited a tendency to increased consumption of sucrose in the
sucrose preference test compared to adult males that had been isolated as adolescents and a
tendency for increased consumption compared to control females. In contrast to females,
adolescent isolation did not impact behaviors in the forced swim test or the sucrose
preference test in adult male rats. These results are the first to determine that adolescent
social isolation produces long-term and sex-specific effects on behaviors relevant to affect.

Few studies have examined behavior in the forced swim test in adolescence, sex differences
in this test in adolescence or the effects of stress during adolescence on behaviors in this test.
Hefner and Holmes [30] demonstrated that behavior in this test develops with age since C57
mice exhibited decreased immobility at 4 weeks compared to adulthood. We observed a
similar pattern in both males and female rats with immobility exhibited at lower levels on
day 50 than on day 71. Leussis and Andersen [31] observed that in early adolescence (day
36 of age), group housed females exhibited increased time spent in immobility and
decreased time spent swimming compared to males. Our results with the second day of the
forced swim test in adolescence are consistent with these results as we observed that females
exhibited increased immobility and decreased time spent swimming compared to males,
independent of stress condition. Studies on the impact of stress during adolescence on
behavior in the forced swim test have yielded inconsistent results. Leussis and Andersen
[31] observed that isolation from day 30-35 increased immobility and decreased swim in
males on day 36 without any effect on female rats. However, Jankford et al., [32] did not
observe significant effects of chronic variable stress during adolescence (either day 35-48 or
during day 50-64) in male rats on a one-day forced swim test paradigm. Our results did not
indicate any significant effects of social isolation from day 30-50 of age on the forced swim
test in adolescent male rats. With adolescent females, isolation increased time spent
climbing on the second day as it also did in adult females. We also observed that on the fist
day of the FST in adulthood, females already exhibited increased climbing. Variations in
results across studies are likely due to the different types of stressors administered as well as
methodological differences in the forced swim test. Another factor that contributes to the
difficulty in comparing results across studies is the ages at which stressors are delivered. It
seems increasingly likely that there are specific periods of sensitivity within adolescence
during which stress can impact certain behaviors and physiological functions [32, 33]. As a
result, the effects of stress during these specific periods may produce different effects than
stress experienced throughout most of adolescence. The sum of the results with the forced
swim test in the present study indicates that female rats isolated during adolescents display
more climbing overall during adolescence and in adulthood, evidence of an active
behavioral phenotype.
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We then examined another test of relevance to affective behaviors, the sucrose preference
test. Females isolated during adolescence exhibited increased water consumption during
baseline habituation to the two water bags, increased preference for sucrose during the first
hour of the 2hour test and a tendency for an overall increase in preference compared to
control females. Our finding of increased sucrose consumption in isolated females is
consistent with some previous studies that indicate that sucrose intake is increased after
juvenile isolation in males [34]. Typically, changes in consumption in either direction are
thought to reflect responsiveness to reward. Suppressed intake, as observed in the chronic
mild stress protocol, is thought to indicate decreased responsiveness to a normally rewarding
substance, sucrose (anhedonia; [35]). Anhedonia is a major symptom of depression and anti-
depressant drugs increase consumption of sucrose [29]. The increased sucrose intake could
reflect less pleasure derived from the normally pleasurable and palatable sucrose and could
reflect increased reward-seeking [36]. This reward-seeking could be a way to reduce a
dysphoric state as proposed by Panksepp and colleagues in Colonello et al., [34]. These
interpretations suggest that the females isolated in adolescence preferred sucrose more than
controls because they find it more rewarding or are seeking it to reduce a dysphoric state.
Further studies, particularly of the neurobiological systems mediating reward, will be
necessary to fully interpret the increased sucrose consumption in isolated females. It should
be noted that all rats were exposed to repeated restraint to enhance responsivity in the
sucrose preference test and the increased consumption in adult females isolated as
adolescents is consistent with our previous findings that adult females isolated as
adolescents exhibit increased reactivity to acute and to repeated restraint [15] All rats were
also singly housed for the sucrose preference test. Single housing is necessary in order to
measure the consumption of individual rats. Despite these similar conditions, social isolation
produced a clear effect on sucrose consumption only in female rats. Thus, it is unlikely that
the effects observed in this test were due to single housing or due to repeated restraint only
although the possibility remains that the results were influenced by single housing
interacting with the adolescent isolation to influence the isolated females only.

To our knowledge, the present study is the first to demonstrate that social isolation during
adolescence produces an enduring and sex-specific impact on behavior in the forced swim
and sucrose preference tests. Collectively, the results of the forced swim and the sucrose
preference tests show that both adolescent and adult female rats exhibit increased climbing
and adult females exhibited increased preference for sucrose after adolescent isolation. This
result could be interpreted as a resistance to depressive behavior. An additional possibility is
that isolated females are attentive to novelty or more exploratory. This is also supported by
the finding that isolated females consumed more water when water was placed in two bags
during the water baseline phase. In earlier work, we observed that adult females that had
been isolated as adolescents exhibited increased reactivity to both acute and repeated stress
in adulthood [15]. Other studies have indicated that isolation-rearing in adolescence tend to
be more hyperactive and aggressive and to exhibit more perseverative behavior [25, 37, 38,
39]. The results from the present study extend these to demonstrate that the effects of
isolation that is restricted to adolescence produces a sex specific increase in behaviors that
reflect increased activity and exploration of novel environmental stimuli.

Previous studies indicate that social interactions in adolescence are important for appropriate
affiliative and antagonistic behaviors in adulthood [8]. A recent study showed that social
defeat in adolescent male rats promotes proactive behavior as assessed in the defensive
burying test in adulthood [33]. The present results add to this growing literature by
demonstrating that preventing social interactions throughout adolescence promotes a more
behaviorally active phenotype in adulthood specifically in females. A more active,
exploratory phenotype in adulthood may be adaptive if the adolescent isolation predicts an
adult environment in which little social interactions take place. However, it may be
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maladaptive in an environment in which social engagement is necessary or in a changing
social environment. It is possible that a similar phenotype is produced by adolescent
isolation in adult males but that these phenotypes are expressed in other ways, such as
aggression with conspecifics that were not assessed in the present study. Alternatively, it is
possible that adolescent isolation does not have an impact on these behaviors in male rats.
Indeed, our previous study indicated an anxiolytic phenotype in adult males after adolescent
isolation accompanied by decreased orexin mRNA suggesting a less aroused animal [15].
Future studies are needed to address these questions. Additional work is also necessary to
determine whether this sex-specific impact of social isolation in adolescence is also
produced by other types of social stressors such as defeat which involves aggressive
interactions. Finally, the increased climbing exhibited by adult females exposed to
adolescent isolation observed in the forced swim test implicates the noradrenergic system
[18] and suggest that this system may be specifically impacted by adolescent stress.
Together with our previous work, the results suggest that adult behavioral phenotypes are
moulded by the social environment during adolescence in a sex-specific way. These results
have relevance for understanding how stressors experienced during adolescence contribute
to an individual’s susceptibility to stress-related disorders throughout their life through
changes in behavioral phenotypes.
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Figure 1.
The timeline and experimental designs for the current studies.
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Figure 2.
Male and female rats were exposed to the stress of isolation during adolescence or remained
group housed (controls) from day 30-50 of age. On day 49 and 50 (adolescence), rats were
tested in the two-day Porsolt forced swim test (FST). Rats were then (re-)group-housed and
tested again in the 2d FST in adulthood (day 71,72). The behavioral results of from the 2nd

day of the FST are shown. Times spent in immobility (a), swimming (b) or climbing (c)
were assessed on day 2 and are shown here. Group sizes were 10/group. Adult rats exhibited
significantly (p<0.05) increased time spent immobile compared to adolescent rats (shown by
the bar in a) regardless of sex or adolescent stress experience. Male rats exhibited
significantly more time spent swimming compared to females (p<0.05), regardless of age or
adolescent stress experience (shown by the bars in b). Male rats exhibited significantly more
time spent climbing compared to females (p<0.05), regardless of age or adolescent stress
experience (shown by the bar in c). Female rats that had been isolated in adolescence
exhibited significantly increased time spent climbing (p<0.05) compared to control females,
regardless of age (indicated by the * in c).

Hong et al. Page 12

Physiol Behav. Author manuscript; available in PMC 2013 January 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
Time spent in immobility (a), swimming (b) or climbing (c) on the 1st day of the FST from
the adult animals in Figure 2 is shown here. Adult male rats exhibited significantly more
time spent immobile on the first day of the FST than females, regardless of adolescent stress
(shown in a; p<0.05). Adult female rats spent significantly more time swimming on the first
day of the FST than males, regardless of adolescent stress (shown in b; p<0.05). Isolated rats
spent significantly more time climbing compared to control rats, regardless of stress (shown
in c; p<0.05).
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Figure 4.
At least two weeks after the forced swim test in adulthood, rats were tested for sucrose
preference over 2 hours. The percentage of sucrose consumed as a percentage of total fluid
consumption (ie. Sucrose preference) during the first hour (a), second hour (b), and total
2hour consumption (c) are shown. Group sizes were Male control: n=9, male isolated: n=10,
female control: n=9, female isolated: n=10. Overall, consumption was greater in the second
hour compared to the first hour (not indicated), regardless of sex of adolescent stress
experience. Furthermore, control females exhibited a significant (p<0.05) increase in
consumption from the 1st to the 2nd hour, whereas isolated females exhibited similar
consumption on the 1st to the 2nd hour (indicated by the bar in a). Adult females that had
been isolated as adolescents exhibited a tendency (p<0.07) for increased sucrose
consumption during the first hour compared to control adult male rats that had been isolated
during adolescence (indicated by the + symbol). There was a tendency (p<0.06) for a
significant interaction effect in total sucrose consumption and t-tests indicated that isolated
females exhibited increased sucrose preference compared to control females (*; p<0.05).
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