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Abstract

Early exposure to stressful life events plays a significant role in adolescent depression. Clinical
studies have identified a number of factors that increase the risk of depression, including sex of the
subject, duration of the stressor, and genetic polymorphisms that elevate serotonin levels. In this
study we used the maternal separation (MS) model to investigate to what extent these factors
interacted during development to manifest in depressive-like behavior in male and female rats. The
triadic model of learned helplessness parses depressive-like behavior into aspects of controllable,
uncontrollable, and motivational behaviors. This model was used to investigate how the timing of
MS between the ages of postnatal day (P) 2-9 and P9-16 interacted with either simultaneous
vehicle (saline; 1 ml/kg; i.p.) or fluoxetine (10 mg/kg) exposure, which was used to enhance
serotonin levels; these experiments also compared the effect of a vehicle injection during these
developmental periods to a no injection control. Vehicle injections alone increased helplessness in
the controllable condition in male rats when injected between P9-16 only, and did not interact
further with MS. MS at both ages decreased controllability in male adolescents; females
demonstrated an increase in controllability after MS. Elevated serotonin at P2-9 increased escape
latencies in male and female control and MS subjects. Fluoxetine exposure at P9-16 increased
helplessness in controls. Fluoxetine decreased helplessness in MS males independent of age, but
increases helplessness in MS females. This study highlights the importance of age of MS (MS
between P2-9 increases helplessness in males more than females), the duration of the stressor
(previous results show females are effected by longer MS [P2-20], but not shorter [this study]),
and that elevated serotonin increases escape latencies to a greater extent in females.
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INTRODUCTION

Early childhood traumatic events (physical and sexual abuse, neglect, loss of a caregiver, or
natural disaster) are associated with the emergence of depression during adolescence
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(Putnam, 2003; Kendler et al., 2004; Andersen and Teicher, 2008; Teicher et al., 2009). Not
every child who experiences an adverse environment will become depressed (Copeland et
al., 2007), but those that do become depressed are more likely to experience more adverse
outcomes if the duration of abuse was longer (Teicher et al., 2009). While clinical studies
have highlighted a number of other risk factors for abuse-associated depression, including
age of abuse, duration of abuse, gender, and elevated serotonin levels, preclinical research
lags behind in comparable investigations. The current study was designed to determine how
these factors modulate depressive-like behavior in a rat model of early life stress.

First, the timing of exposure to an adverse event/environment during a sensitive period of
brain development has a selective impact on both behavior and the brain (Andersen and
Teicher, 2008; Andersen et al., 2008). For example, abusive episodes that occur before 12
years of age are associated with depression, whereas episodes that occur after 12 years are
more frequently associated with posttraumatic stress disorder (Schoedl et al., 2010).
Neuroanatomical studies show that abuse prior to puberty has more selective effects on the
hippocampus, whereas abuse after puberty appears more selective for the prefrontal cortex
(Andersen and Teicher, 2008). While previous animal research parallels these
neuroanatomical findings (Leussis and Andersen, 2008; Leussis et al., 2012), different
windows of early stress exposure have only been examined in a single animal study
(Lehmann et al., 1999). Animal models of early life stress include the maternal separation
model (MS) of removing the pups from the dam (Plotsky and Meaney, 1993; Mourlon et al.,
2010; Reus et al., 2011; Leussis et al., 2012), communal nesting (Macri et al., 2010), or
reducing nest bedding (Raineki et al., 2012). Variations exist within the MS literature as
well. Paradigms of MS include removal of the whole litter from the dam or individual
isolation; separation for 24 h only at postnatal day 2 (P2), 3 h a day between P2-9,0or4 h a
day between P2-20. Social isolation of animals after weaning is a model for later, adolescent
stress. Because a myriad of MS paradigms use shorter separation periods than our extended
P2-20 period, one of the goals of the study was to determine whether a shorter MS duration
would influence depressive-like behavior, as well as address whether the age of onset (e.g.,
P2 versus P9) produces depressive-like behavior.

The second goal of these studies was to determine what role gender plays in the
manifestation of depressive-like behaviors. While women are more susceptible to depressive
disorders, males are more vulnerable to the sequelae of abuse. Neuroanatomical studies
show that males have greater decreases in hippocampus and corpus callosum size than
females (De Bellis and Keshavan, 2003; Teicher et al., 2004). Boys with a history of
maltreatment demonstrated higher diurnal cortisol levels than girls with a history of
maltreatment (Doom et al., 2013). Finally, a unique sexually dimorphic relationship exists
between the type of early life experiences and outcome. In a prospective study of at-risk
children and adolescents, Duggal and colleagues found that depressive symptoms in female
teens are more associated with maternal depressive behavior, whereas males were more
strongly affected by changes in supportive early care (Duggal et al., 2001). In the MS model,
maternal behavior can become more disrupted by the separation and causes the dams to
show more disorganized care-taking behavior (Macri et al., 2004), suggesting that the males
may be more vulnerable in this model. Research shows that MS between P2-20 produces
sex-dependent effects when depressive-like behaviors were parsed into different aspects of
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learned helplessness (LH) with the triadic model developed by Maier and colleagues (Maier
and Watkins, 2005; Pryce et al., 2011). Long exposure MS (e.g., P2-20) significantly
impaired the controllability aspects of depression in adolescent males, but had less of an
effect in MS females during adolescence (Leussis et al., 2012). MS did not differentially
affect escape latencies or failures in the condition where the loss of control over a stressor is
paramount, but females were impaired in their first exposure to a stressor, which may
indicate changes in motivation to escape (Pryce et al., 2011).

The third aspect to be investigated in the current study is what role, if any, elevated levels of
serotonin play to enhance or attenuate the effects of MS — when they occur simultaneously.
Clinical studies have shown that genetic predisposition may increase the vulnerability to
depression in abuse cases. For example, changes in the serotonin transporter that render it
less sensitive (e.g., the serotonin transporter linked promotor region; 5-HTTLRP) have been
associated with increased adverse outcomes in abused populations (Caspi et al., 2002, 2003;
Somaini et al., 2011). Increased serotonin levels caused by fluoxetine exposure during
pregnancy or the nursing period have been shown to impact physiological mechanisms
(Morrison et al., 2005), but little is known about the impact on depressive behavior later in
life. Manipulations of serotonin levels early in life may or may not lead to elevated
depressive-like behavior in mice (Ansorge et al., 2004) or rats (Karpova et al., 2009),
respectively. In the current study, the interaction between simultaneous MS and elevated
serotonin levels was investigated in rats.

The following studies were undertaken to further understand what factors of MS and the
underlying neurobiology contribute to increased LH during adolescence. First, we
investigated the effects of both duration and developmental timing of MS exposure.
Preclinical work has shown that MS during early life (P4 for 24 h in rats) increases active
avoidance in males, MS at P9 and 18 has minimal effect, and females are not affected
regardless of the stage of MS exposure (Lehmann et al., 1999). While the active avoidance
model might be one of the most common paradigms to test depressive-like behavior, this
paradigm examines the loss of control over a stressor only. Depression can manifest at
multiple levels, including a loss of resilience or anhedonia/attenuated motivation (Pryce et
al., 2011). The triadic model incorporates these aspects, respectively, into the design by
including an escapable group (where training on day 1 allows the animal to develop
resilience) and a no shock group. The second advantage of the model is that training and
testing in the triadic model take place in two different environments, unlike the active
avoidance or the forced swim model. The studies presented here investigated the effects of
MS between P2-9 (MS2) and MS between 9-16 (MS9) on LH using the triadic model.
Second, we investigated how serotonin interacts with MS by exposing subjects to the
selective serotonin reuptake inhibitor fluoxetine. Preclinical studies are equivocal, and mice
(Ansorge et al., 2004), but not rats (Karpova et al., 2009), show differential effects of
serotonin on depressive behaviors (reviewed by Wieck et al. (2013)). Here, we used
fluoxetine to increase extracellular levels of serotonin to determine if affective behavior is
uniquely modulated by exposure to stress and/or serotonin during specific developmental
periods. For this second study, fluoxetine was administered during MS2 and MS9 exposure
windows and subjects were tested for LH in adolescence.

Neuroscience. Author manuscript; available in PMC 2017 January 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Freund et al.

Page 4

EXPERIMENTAL PROCEDURES

Subjects

Pregnant multiparous Sprague—Dawley females (250-275 g) were obtained from the Charles
River Laboratories (Wilmington, MA, USA) on day 13 of gestation. With the day of birth
designated as postnatal day 0 (PO0), litters were culled to 10 pups (five males and five
females) on P2. Rats were housed with food and water available ad /ibitum in constant
temperature and humidity conditions on a 12-h light/dark cycle (light period 0700-1900).
Rats were weaned on P21-22, and group-housed in same-sex caging with 3—4 rats/cage until
experimentation. Only one rat per litter was used per condition to avoid litter effects.
Subjects were tested during early adolescence (P36—38) and the sample size was n= 4-7/
condition. The experimental groups and sample sizes per condition are illustrated in Fig. 1
and their weight gain for the groups is shown in Fig. 2. All these experiments were
conducted in accordance with the 1996 Guide for the Care and Use of Laboratory Animals
(NIH) and were approved by the Institutional Animal Care and Use Committee at the
McLean Hospital.

Effect of injection—Litters were randomly assigned to an animal facility reared control
group (No injection Group), or one of the two injection groups. Pups received a saline
injection (1 ml/kg, i.p., delivered with a Hamilton syringe) once daily between P2-9
(CON2) or between P9-16 (CON9). Pups were temporarily removed from the dam to
receive the injection and placed immediately back into the home cage. The No injection
group underwent routine cage changes.

Effect of age of MS—Additional litters were randomly assigned to an animal facility
reared control group (CON Group) or one of two MS groups. Pups were individually
isolated for 4 h per day in isolation cups placed in a 37 °C water bath between P2-9 (MS2)
or between P9-16 (MS9). The dam was kept nearby in the colony room. This procedure is
identical to procedures used previously by this laboratory (Andersen et al., 1999; Andersen
and Teicher, 2004) and similar to others (Plotsky and Meaney, 1993). All subjects in this
experiment, both CON and MS, underwent routine weekly changes in cage bedding and
were weighed daily before receiving either a saline (1 ml/kg, i.p.) or fluoxetine (10 mg/kg,
i.p.) injection. MS subjects received their injection prior to separation. The fluoxetine dose is
based on studies in mice where 10 mg/kg increased depressive-like behavior in adulthood
(Ansorge et al., 2004).

Learned helplessness (LH)

Rats were tested in the LH triadic paradigm between P36 and P38 to assess the role of
controllability of stress on behavior (Maier and Watkins, 2005). Subjects were assigned to a
triad consisting of (1) an inescapable shock (IS) subject; (2) an escapable shock (ES)
subject; and (3) a no shock (NS) control subject according to our previous methods (Leussis
and Andersen, 2008; Leussis et al., 2012). One hundred trials of a tail shock (1.0 mA for
trials 1-30, 1.3 mA for trials 31-60, and 1.6 mA for trials 61-100) in a wheel-turn box
condition (Drugan, 2001). Unsignaled shocks were delivered on a variable time 45-s
schedule (range 30-60 s). While the ES subject could turn a wheel to terminate the shock,
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the IS subject was yoked to the ES subject and thus received the same amount of shock as
the ES subject. The IS subject could not terminate the shock, which continued until the ES
rat completed the wheel-turn response or a maximum of 30 s. The NS rat was restrained in a
wheel-turn box but received no shock and was used to assess generalized deficits in learning
or mativation on Day 2. On Day 2, each subject was placed into a shuttlebox (Med
Associates Inc., St. Albans, VT, USA). Rats from all three conditions could terminate a 1
mA footshock by shuttling to the other side for trials 1-5, or by shuttling to the other side
and back again for trials 6-30. This response was cued by a tone that preceded the shock by
2 s. The shock remained on for 30 s, or until terminated by the appropriate behavioral
response. Consistent with previous studies (Drugan, 2001) data from the first five trials were
not used in the analyses as subjects were learning the appropriate behavioral response. The
number of escape failures and the mean latency to escape was reported for trials 6-30.
Groups were counterbalanced on Day 1 to account for any learning differences in escape
responding.

Changes in weight gain following LH and drug

Weight analyses were conducted separately between P2 and P9 groups. In the P2 groups,
weight gain differentially changed across maturation age, which interacted with both MS
and Drug (A7, 69) = 32.96 and 9.12, A< 0.001). These data are shown in Fig. 2. In the P9
groups, an interaction between Age x MS was observed (A7, 70) = 2.05, £< 0.05).
However, the main effect relationships were stronger than the P2 group. Drug had a
significant effect (A1, 70) = 10.25, £< 0.01), where fluoxetine animals gained less weight
than vehicle controls. Sex was also a significant variable (A1, 70) = 4.72, £< 0.05) such
that females showed more weight gain than the males.

The interaction of age and saline injections on LH

To initially determine whether saline injections effect depressive-like behavior, we used a
three factor analysis of variance (ANOVA) to compare Injection (CON2, CON9, to No
injection group) x Sex x Triad (ES, IS, NS). A two-way interaction of Injection x Triad was
observed (A4, 60) = 3.11 and 2.56, P < 0.05 for the number of escape failures and escape
latency, respectively; Fig. 3). Bonferroni post hoc corrected comparisons revealed that
CONZ2 saline injections did not significantly differ from No injections (= 1.0), while
CONB9 significantly differed from both the CON2 and the No injection group for both
failures and latencies (P < 0.005s). Within the triad, ES was significantly elevated by the
saline injection at CONB9 relative to the No injection group only (Bonferroni corrected P's =
0.005 and 0.003 for failures and latency). The IS group at CON2 was significantly lower
than either group (P < 0.05 for both measures), whereas no effect was observed in the NS
group. Sex did not significantly interact at any level (Ps > 0.2-0.9).

The influence of MS

To determine the general influence of MS, we first analyzed the effect of MS in saline-
injected animals only. The interaction MS (MS, non-MS) x Age x Sex x Triad was
significant for escape failures (A14,96) = 1.81, £< 0.05), while only the two-way
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interaction (MS x Age: A1, 96) = 4.44, P< 0.04) was significant. As the main effect for
Age was significant for both measures (A1,96) = 10.74 and 6.54, £ < 0.02), we examined
the different age groups separately.

MS at P2—Escape failure and latency were both significantly effected by a MS x Sex
interaction (A1, 49) = 6.85 and 4.26, £ < 0.05) with only females showing that MS
significantly reduced escape failures relative to controls (A1, 23) =5.21, < 0.03). The
influence of MS plus saline injection at P2:

We compared the MS, saline-injected animals to non-injected, control subjects to reveal
whether the decrease in escape failures or latencies in MS subjects is a general effect or just
in comparison to saline-injected animals. A significant MS x Sex x Triad interaction for
escape failures was found (A4,42) = 3.03, £< 0.03), while the two-way interactions were
evident for escape latencies (MS x Sex and MS x Triad: A2, 42) = 8.29 and 13.23, P<
0.001). The female MS-IS group (and saline-injected) showed less escape failures and
shorter latency compared to non-injected, non-MS controls (A1, 6) = 21.26 and 14, P<
0.01). The male ES group was more impaired in terms of escape behavior and latency after
MS relative to the non-injected subjects (A1, 7) = 16.57 and 26.48, £< 0.007).

The influence of MS at P9—A main effect for MS was found with less escape failures as
well as a lower escape latency in MS subjects relative to CON9 subjects (A1, 47) = 10.15
and 10.82, < 0.003). The influence of MS plus saline injection at P9: The maternally
separated (MS9), saline-injected animals to non-injected, subjects were compared. A MS x
Sex x Triad interaction was found for escape failures (A4, 49) = 2.55, £=0.05) and a MS x
Triad interaction for latencies (A2, 49) = 4.85, £< 0.02). Females in the IS group conduct
less escape failures after MS (and saline injection) (A1, 7) = 33.93 and 29.64, A< 0.002).

The interaction of MS, age, sex, and fluoxetine on LH

The initial analysis of this five-way interaction was not significant (P> 0.5). However, a
four-way interaction of MS x Age x Sex x Triad was significant for escape failures
(A2,230) = 2.9, P=0.05), but not for latency (P=0.13; Figs. 4 and 5). The three-way
interaction of MS x Age x Sex was significant for both measures (A1,230) = 4.61 and 4.75,
P<0.05, failures and latency respectively; Bonferroni corrected). In an effort to further
understand this complex relationship, the data were analyzed separately for males and
females.

Interaction of MS, age, and fluoxetine in males—The analysis of the males revealed
a three-way interaction of MS x Age x Drug (A2,104) = 3.01, £< 0.05 for escape failures;
latency achieved a = 0.07). Multiple two-way interactions were significant, most notably
MS x Age (H1,104) =5.83; 7.57, Ps < 0.02), and Age x triad (A2,104) = 3.74, 3.68, P<
0.03). Finally, Drug x triad was also significant (A2,104) = 3.52, 3.78, £< 0.03). In order to
determine which part of the triad is influenced by Drug, as shown in Fig. 4, each part of the
triad was analyzed separately, and the P values were adjusted for post hoc analyses.

ESin males. As evident in the ES group, fluoxetine significantly improved both escape
failures and latencies (A1, 33) = 5.89 and 5.44, £=0.02). In addition, an MS x Age
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interacted for both measures (£ < 0.005). CON9 animals were more impaired in the saline
condition compared with CON2 saline animals in the ES condition; fluoxetine effectively
reduced LH in the MS group only, independent of Age (Drug: P < 0.05).

ISand NSin males: In the IS group fluoxetine had no significant effect (P> 0.5) but the
age of manipulation significantly influenced escape failures and latencies with animals
treated at P9 showing more helplessness than at P2 (P< 0.01). None of the manipulations
exerted a significant effect on NS in the males.

Interaction of MS, Age, and fluoxetine in females—None of the interactions were
significant, although a number of main effects were significant (Fig. 5). In the females, a
main effect of Age was observed (A1,125) = 20.28 and 13.05, A< 0.0001 for failures and
latency respectively). A main effect of Triad was also significant (A2,125) = 5.10 and 5.08,
P<0.01). The effects of MS marginally interacted with Drug for escape failures (A1,125) =
3.46, P=10.06). In females, exposure to fluoxetine improves escape behavior in CON
animals but impairs escapes in MS animals.

DISCUSSION

Exposure to early adversity can alter behavior later in life. This study was undertaken to
determine the factors that influence complex depressive-like behaviors using the triadic
design of learned helplessness. In the set of experiments described, we found that saline
injections once a day are sufficient to increase helplessness in the ES condition (Fig. 3). The
effect was greatest when saline was administered between P9-16 (CON9) in comparison
with No injection or administration between P2-9 (CON2). In contrast, helplessness was
reduced in the CON2 IS condition compared to non-injected and CON9 animals.

We further investigated if additional stress induced by MS further influences behavior.
Interestingly, MS had no adverse effects but seems to be beneficial when compared to
animals that were exposed to injection stress alone. Finally, to better determine the sex-
dependency of these effects, comparisons were made between the non-injected subjects to
both CON and MS subjects. While stress increases depressive-like behavior in ES males, IS
females show reduced depressive-like behavior. This reduction of depressive-like behavior in
females can also be found in the IS group from MS9.

In contrast, exposure to MS with simultaneous saline or fluoxetine administration also
yielded sex-dependent results. MS2 in males increased helplessness (in saline-injected
subjects), and this effect was attenuated by fluoxetine; fluoxetine was ineffective in CON2
subjects. In females, age also exerted a significant overall effect, such that behavior overall
was more impaired when the manipulations occurred at P9. In contrast to the males,
fluoxetine exposure improves escape behavior in CON animals, but impairs it in MS
animals.

The MS paradigm has been used to understand how exposure to early adversity can alter
behavior later in life. Multiple variations of this paradigm have been used that range from 24
h, single-day separations to our more strenuous 4 h/day for 19 days (Brenhouse and
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Andersen, 2011a; Leussis et al., 2012). Even separation for 15 min or just moving the pups
within the cage changes behavior later in adulthood (Jaworski et al., 2005). In the same way,
P9-16 pups taken away from the dam for injections for about 5 min show depressive-like
behavior. This time may have been sufficient to disorganize care-taking behavior that when
compounded with the injection stress induced behavioral changes. Additional MS had no
further adverse effects, and instead, decreased depressive-like behavior. A possible
explanation could be that the short separation for the injection is more stressful for the dam
and pups than a longer separation after the injection. Comparison of the maternally
separated (MS) and CON animals to non-treated animals revealed that the protective effect is
evident. This effect is sex dependent. ES males show increased depressive-like behavior
after maternal separation between P2-9 (MS2). This increase can also be seen when
comparing vehicle-injected MS and non-MS males, but as the vehicle injection itself impairs
the animals, the difference is not significant. Females in the uncontrollable condition,
however, show decreased depressive-like behavior after separation between P2-9 or P9-16.

Given the delayed development of the cortex (Brenhouse and Andersen, 2011b) that
underlies ES behavior (Amat et al., 2005), we predicted that MS later in development would
have greater impact than earlier MS. This increase in impact with increasing age of
treatment could be seen after vehicle injection. Both sexes show impairments in the ES
group, slightly after P2-9 treatment and significantly after P9—16 treatment. The additional
MS had seemingly “protective” effects on MS9 males and females. Similar effects have
previously been reported for longer maternal separation (Carrera et al., 2009) and shorter
separation paradigms (Milde et al., 2004). Due to this protective effect, we only find an
increase in helplessness in MS2 males; in contrast, a reduction in helplessness is evident in
MS9 males and MS2 and MS9 females. Our longer separation paradigm between P2-20
produced depressive effects in both males and females (Leussis et al., 2012). It is possible
that this MS protective effect may result from the shortened duration of the separation and is
found in males only when the separation occurred later. The very short stressor, namely
vehicle injection, however, was not able to induce protective effects but increased
helplessness. It is also important to note that early life stress induces depressive-like
behavior in the ES (males) and IS (females) conditions. Changes in the prefrontal cortex
mediate both of these behaviors (Amat et al., 2005), and we have previously demonstrated
MS effects in this region (Brenhouse and Andersen, 2011a; Brenhouse and Andersen,
2011b). Protective effects were observed in the IS group, where typically exposure to an
uncontrollable stressor on day one induces helplessness. Early experience with a mild, but
repeated, stressor might have helped females to cope with this stressor later in life.

Consistent with our earlier findings of depressive-like behavior following MS2-20 (Leussis
et al., 2012), male rats in the ES condition were affected more adversely than females.

Females are more resistant to stressful events at the level of controllability as we (Leussis
and Andersen, 2008; Leussis et al., 2012) and others (Dalla et al., 2008) have found. Female
pups in general receive less maternal care than their male counterparts and thus may be less
sensitive to MS. Within this species-relevant context, the likelihood that MS had a
diminished impact may be more predictable than what occurs in human beings. Since male
rat pups are more dependent on maternal care earlier in life, MS2 could have a greater effect
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than later stress exposure (e.g., MS9). Longer periods of MS (P2-20) significantly altered
depressive behavior in both males and females to varying degrees (Leussis et al., 2012).
While the longer duration of exposure resulted in elevated helplessness in the NS females in
the earlier study, the shorter duration had a non-significant protective impact in females in
this study. These results are consistent with an earlier study examining active avoidance,
which is similar in scope to the IS condition (Lehmann et al., 1999). These data are also
somewhat consistent with the clinical literature, where a single episode of abuse is
associated with more favorable outcomes than repeated exposures (Copeland et al., 2007).
Unfortunately, reality shows that females are more likely to experience higher rates of re-
victimization explaining the high rates of depression in females (Koenen and Widom, 2009).

Examination of clinical, early sexual abuse data suggests that abusive episodes spanning
across 1 year or less are associated with adolescent teen depression (Teicher et al., 2009) and
sexual abuse accelerates the onset of depression into an earlier age than is typical (Gladstone
et al., 2004). Our animal data suggest that females may require additional risk factors to be
present or experience a greater amount of stress (e.g., MS may not be as significant in
female rat pups as is to males) to increase depressive risk. This factor was not assessed in
our earlier clinical studies. One such risk factor that has been identified in previous studies is
elevated serotonin levels during development (e.g., 5-HT and Monoamineoxidase A
polymorphisms) (Schulze et al., 2000; Caspi et al., 2003; Dannlowski et al., 2008; Stein et
al., 2008). We used fluoxetine exposure to elevate serotonin during hypothesized sensitive
periods. Fluoxetine impaired depressive-like behavior in the MS females, while improving
escapes in the CON subjects. MS increases serotonin levels (Andersen et al., 1999), which
may have blocked any potential serotonin enhancement by fluoxextine.

In males, however, a different picture emerges. Consistent with the results shown here,
fluoxetine reduced helplessness in male rats (Karpova et al., 2009; Wieck et al., unpublished
observation), but not in mice (Ansorge et al., 2004). Simultaneous fluoxetine with MS2 or
MS9 facilitated escapes in the males in the controllability (ES) condition, while neither
impairing nor facilitating helplessness in the IS and NS conditions. Early fluoxetine
treatment may provide an effective early intervention for early life stress if we know which
animal model best reflected the human condition.

CONCLUSION

Our results show that longer exposure to MS is associated with greater depressive-like
behavior (comparing the results from this paper and Leussis et al., 2012). MS2 produces
greater impairment in males than in MS9, females are less sensitive to MS than males, but
are more sensitive to the adverse effects of fluoxetine exposure while females show greater
protective effects. Fluoxetine exposure during MS was not only able to prevent the
impairments but also the protective effects of the separation. These studies provide a
foundation of behavioral sequelae that are relevant to the human condition, but more
mechanistic work is truly needed to understand how similar exposures of MS and genes/
drugs can selectively alter different aspects of depressive-like behaviors in a sex-dependent
manner.
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Abbreviations

ES escapable shock

IS inescapable shock

LH learned helplessness
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Fig. 1.

Tr?e experimental design. Animals were assigned to a No injection condition, a control
condition (CON) or maternal separation (MS) condition. They were then treated with saline
vehicle or fluoxetine (with the exception of the No injection condition) and tested for
depressive behavior under escapable (ES), inescapable (IS) or a no shock (NS) condition.
The number of subjects is shown in parentheses.
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Weight gain across nine days of MS (or control conditions) is shown across Sex and Drug.
**pP < 0.05 indicating a significant difference between MS and Control. Means only are

presented for clarity.
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The effect of injection on depressive-like behavior. In both males (left) and females (right),
the timing of a saline injection at either P2-9 in Control subjects (CONZ2) or P9-16 (CON9)
had differential effects on behavior. *£ < 0.05; showing comparisons between the ES group
specifically; #P< 0.05 indicates a difference between CON2 IS and the other IS groups; **P
< 0.05 indicates that the CON9 group, independent of triad condition, differed from the No

injection and the CON2 groups. Means + SEM are presented.
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Fig. 4.
Tr?e effect of vehicle or fluoxetine on MS2 and MS9 on adolescent learned helplessness in

males. Escape failures (top) or escape latencies (bottom) following simultaneous exposure to
vehicle or 10 mg/kg fluoxetine in Controls or during the MS paradigm. *~ < 0.05 within the
ES condition alone. Means = SEM are presented.
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Fig. 5.
The effect of vehicle or fluoxetine on MS2 and MS9 on adolescent learned helplessness in

females. Escape failures (top) or escape latencies (bottom) following simultaneous exposure
to vehicle or 10 mg/kg fluoxetine in Controls or during the MS paradigm. Means + SEM are
presented.
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