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Abstract
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The short allele of the serotonin transporter linked polymorphic region (5-HTTLPR) moderates
the effects of stress on vulnerability to mood and anxiety disorders. The mechanism by which this
occurs may relate to differential sensitivity to stressful life events. Here we explored whether 5HTTLPR and sex affected behavioral responses to repeated maternal separation in infant rhesus
macaques. Behaviors were collected during the acute (Day 1) and the chronic (Days 2–4) phases
of the separation, and the effects of duration of separation (acute vs. chronic), genotype (long/long
vs. short allele), and sex (male vs. female) on behavioral responses were analyzed across four
successive separations. Males increased their levels of locomotion with repeated maternal
separation, whereas females exhibited an increase in frequency of self-directed behavior, a
measure of “depression-like” behavior. The short-allele predicted increased environmental
exploration, particularly during the chronic phase of social separation, indicative of higher arousal.
In addition, the short-allele carriers were more likely to increase their levels of self-directed
behavior during the chronic phase of separation, as a function of repeated exposures. These
findings suggest that the short allele may increase reactivity to repeated, chronic stressors, leaving
them more vulnerable to affective psychopathology, with females particularly vulnerable.
Stress is a universal condition of life but, if it is chronic, severe, or occurs during critical
developmental windows, it contributes to a variety of disease vulnerabilities, particularly
disorders of the brain (McEwen, 2007). In humans, there are known links between stress and
a variety of psychiatric disorders, including depression, posttraumatic stress disorder,
anxiety disorders, and substance use disorders (Neigh, Gillespie, & Nemeroff, 2009; Sinha,
2008). Genetic variants that influence stress reactivity have been shown to determine
whether an individual will be vulnerable to such disorders (Caspi et al., 2003). This may
occur by determining environmental sensitivity, magnitude, and/or duration of stress
response, or the types of responses exhibited by an individual following stress exposure.
Genetic variation that determines whether individuals habituate or sensitize to repeated or
chronic stress would be expected to play a major role (Neigh et al., 2009).

© Cambridge University Press 2012
Address correspondence and reprint requests to: Simona Spinelli, Preclinical Laboratory for Translational Research Into Affective
Disorders, Clinic for Affective Disorders and General Psychiatry, Psychiatric University Hospital Zurich, August Forel-Strasse 7,
Zurich CH-8008, Switzerland; spinellisimona@gmail.com.
The last four authors contributed equally to this work.

Spinelli et al.

Page 2

$watermark-text

A number of studies investigating the influence of genes in susceptibility to depression and
other stress-related psychiatric disorders report associations of the short allele of the
serotonin transporter linked polymorphic region (5-HTTLPR) with increased risk (Gross &
Hen, 2004; Levinson, 2006), particularly in the presence of high cumulative levels of stress
exposure (Caspi et al., 2003; Grabe et al., 2009).Moreover, epidemiological data indicate a
higher prevalence of mood and anxiety disorders in women compared to men (Garber, 2006;
Sloan & Kornstein, 2003) and gender differences in the contributions of the 5-HTTLPR
genotype to depression have also been reported (Brummett et al., 2008; Sjöberg et al., 2006).
Although a recent meta-analysis has questioned the hypothesis that the 5-HTTLPR genotype
(alone or in interaction with stressful life events) is associated with an increased risk for
depression (Risch et al., 2009), results from studies examining effects of 5-HTTLPR
genotype on highly relevant intermediate phenotypes (Hariri et al., 2002) and those from
controlled animal studies (Barr, Newman, Schwandt, et al., 2004) provide evidence that 5HTTLPR genotype does influence emotional and environmental reactivity (Caspi et al.,
2010). Because depression is more common among individuals with high levels of
cumulative stress burden, individual differences in stress reactivity that are attributable to
the 5-HTTLPR genotype may be more easily appreciated at early developmental time points
and with controlled gradations of stress exposure.
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In support to this hypothesis, personality traits related to an increased risk for stress-related
disorders, such as neuroticism and harm avoidance (Fanous, Neale, Aggen, & Kendler,
2007; Kendler, Neale, Kessler, Heath,&Eaves, 1993), are associated with the short allele
(Canli & Lesch, 2007; Lesch et al., 1996). Carriers of the short allele also show greater
amygdala activation in response to fearful/negative stimuli compared to individuals
homozygous for the long allele (Hariri et al., 2002; Munafò, Brown, & Hariri, 2008) and
greater sensitivity to induction of negative mood is also found in children homozygous for
the short allele (Hayden et al., 2008). Taken together, these studies suggest that the short
allele may be linked to increased stress sensitivity from a time early in development (Lesch
et al., 1996; Murphy, Lerner, Rudnick, & Lesch, 2004) and may predict individual
differences in environmental reactivity, coping style, and stress adaptation.
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Social separation in nonhuman primates is considered a highly stressful event, which
induces behavioral and physiological responses of anxiety and stress and has been used as a
model of human depression (Mineka & Suomi, 1978; Suomi, 1997). Similarities between
the behavioral response of infant macaques and children to separation stress have also been
reported (Bowlby, 1969). Upon separation from a caregiver, most children become first
upset and agitated; but within a few days the transition from “protest” to “despair,” a
response characterized by depression and social withdrawal, is seen in some but not all
children (Bowlby, 1969). Similar to children, most infant macaques initially exhibit
agitation and arousal, characterized by increased locomotion and distress vocalizations.
Although responses to prolonged separation are not universal among subjects, some
individuals show “despairlike” behaviors characteristic of human depression (Mineka &
Suomi, 1978; Suomi, 1997), during which high levels of behavioral withdrawal and selfdirected behavior are reported (Higley, Suomi & Linnoila, 1992). Previous findings in
nonhuman primates exposed to repeated exposures to social separation stress demonstrate
behavioral habituation in some subjects (Barr et al., 2008; Coe, Glass, Wiener, & Levine,
1983; Hennessy, 1986), but increased sensitivity to separation’s depression-inducing effects
in others (Mineka, Suomi, & De-Lizio, 1981; Spinelli et al., 2007, Suomi, Mineka & De
Lizio, 1983). These later studies indicate that, although most animals show unaltered or even
attenuated responses across repeated separations, some show increased “despair” (shown as
increased self-directed behavior and behavioral withdrawal) with repeated separation
stressors (Mineka et al., 1981; Suomi et al., 1983). This illustrates an important point: that
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both the degree to which an infant responds to separation stress and the temporal pattern of
these behaviors differ among individuals.
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In rhesus macaques (Macaca mulatta), there is a 21-bp insertion/deletion polymorphism
(rh-5-HTTLPR) is functionally similar to 5-HTTLPR in humans. The rhesus short allele is
linked to increased anxiety-related behaviors beginning early in development, during the
neonatal period (Champoux et al., 2002), and continuing into adolescence and early
adulthood, providing a valid developmental model for understanding how the rh-5-HTTLPR
short allele might modulate stress reactivity. We previously reported interactive effects of
rh-5-HTTLPR genotype and early nursery rearing (an established model of early adversity)
on reactivity to social separation stress (Barr, Newman, Schwandt, et al., 2004; Barr,
Newman, Shannon, et al., 2004; Spinelli et al., 2007). However, whether genotype predicts
responses to stress in normally reared primates and across step-wise increases in cumulative
stress exposures has not yet been examined. Such an approach could be important because
of its potential to be highly sensitive for detecting moderating effects of genotype on
depression-related behaviors in a different species. It could also inform us of how genotype
predicts tendencies toward habituation and/or sensitization to stress, which could potentially
be more easily translated to the human condition.
We wanted to explore whether behavioral responses to repeated maternal separation stress
would be influenced by rh-5-HTTLPR genotype and sex in infant rhesus macaques and
whether these responses differed as a function of duration and repetition (number of
exposures) of the stressor.

$watermark-text

Methods
Subjects and care
One hundred thirty-two (64 males, 68 females) rhesus macaques (representing nine birth
cohorts) were born and housed at the National Institutes of Health Animal Center in
Poolesville, Maryland. The monkeys were reared for the first 6 months of life with their
mothers and fathers in social groups comprising 8 to 12 adult females (about half of whom
had same-aged infants) and 2 adult males, a condition that approximates natural rhesus
experiences (described in detail by Shannon et al., 2005). Protocols for the care and use of
experimental animals were approved by the Institutional Animal Care and Use Committee
of the National Institute on Alcohol Abuse and Alcoholism and the National Institute of
Child Health and Human Development, National Institutes of Health.

$watermark-text

Maternal separation
When the animals reached 6–7 months of age, they were subjected to four sequential, 4-day
maternal separations, each followed by with 3 days of reunion with their mothers in their
social group (Higley et al., 1991). Infants were separated from their mothers by removing
the mother from the social group leaving the infant in the home cage with other adult
females, males, and infants (no maternal siblings or older juveniles were present). Based on
previous studies, Day 1 (Monday) of each separation week was designated as the “acute”
phase of separation, whereas Days 2 through 4 (Tuesday through Thursday) were designated
as the “chronic” phase of separation (Higley et al., 1991). Following each separation week,
subjects were reunited with their mothers early on Friday morning and separated again at
noon on Monday.
Behavioral observations
During each separation week, a total of nine observations were made. Three observations
were made on Day 1: two immediately following separation and one an hour later. Two
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observations were made each day for Days 2, 3, and 4. Each observation period was 300 s in
duration. All observations were recorded as durations in seconds, except vocalization that
was recorded as frequencies. Behavioral data were collected by multiple observers trained
by a senior behavior coder to a standard criteria with at least 85% interobserver reliability
between each of the raters. They were checked at least yearly for continued reliability. Each
objectively defined collected behavior is defined in Table 1.
Genotyping
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Using standard extraction methods, DNA was isolated from whole blood collected from the
femoral vein under ketamine anesthesia (15 mg/kg, intramuscular). The rh-5-HTTLPR was
amplified from 25 ng of genomic DNA with flanking oligonucleotide primers (stpr5, 5′GGCGTTGCCGCTCTGAATGC; intl, 5′-CAGGGGAGATCCTGGGAGGG; as described
in Barr, Newman, Shannon, et al., 2004). Amplicons were separated by electrophoresis on a
10% polyacrylamide gel, and the short (398-bp) and long (419-bp) alleles were identified by
direct visualization following ethidium–bromide staining. The frequency of the short allele
was 16%, and genotype frequencies did not deviate from Hardy–Weinberg equilibrium.
Genotyping was performed in duplicate in 10% of subjects, and genotype completion and
accuracy were 100% and 99%, respectively. Of the 132 infants included in the study, 89
were homozygous for the long allele (45 females) and 43 were long/short (l/s) (23 females).
Statistical analyses

$watermark-text

For each separation week, three scores (Day 1) were averaged to provide the acute mean
score for each behavior, and six scores (Days 2–4) were averaged to provide the mean score
for the chronic phase. Repeated-measures analyses of variance (ANOVAs) were used to
perform analyses, with phase (acute and chronic) and separation number (S1–S4) as the
within-subjects variable and sex (males vs. females) and genotype (long/long [l/l] vs. l/s, as
short/short [s/s] subjects were too few in number) as the between-subjects variable.
StatView 5.0.1 (SAS Institute, Inc., Cary, NC) was used for all statistical analyses. Based on
previous studies in our laboratory, five behaviors were analyzed representing measures of
despair and anxiety. To control for multiple comparisons, post hoc tests were performed
using Tukey–Kramer tests. All data are reported as mean ± standard error of the mean, and
criterion for significance was set at p ≤ .05.

Results
$watermark-text

Effects of duration of stress exposure
There were main effects of phase on environmental exploration, F (1, 351) = 587, p < .0001
(Figure 1), locomotion, F (1, 351) = 20.0, p ≤ .0001 (Figure 3), behavioral withdrawal, F (1,
351) = 17.1, p < .0001 (Figure 4), and vocalization, F (1, 351) = 116.8, p < .0001 (Figure 5),
but not for self-directed behavior, F (1, 351) = 0.142, p = .71. From the acute to the chronic
phases of separation, levels of locomotion, vocalization, and behavioral withdrawal
decreased, whereas those for environmental exploration increased (Tukey–Kramer, p <
0.05).
Effects of repeated exposure to separation stress
We observed changes in frequencies of all behaviors assessed as a function of repeated
exposures to separation stress: environmental exploration, F (3, 351) = 2.9, p < 0.04;
locomotion, F (3, 351) = 11.1, p < 0.0001; vocalization, F (3, 351) = 32.7, p < .0001;
behavioral withdrawal, F (3, 351) = 3.5, p < .02; self-directed behavior, F (3, 351) = 3.6, p <
0.02. There were patterns of increased environmental exploration, locomotion, and selfdirected behavior with repeated stress, whereas levels of vocalization and behavioral
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withdrawal showed patterns of decline. For vocalization and behavioral withdrawal, there
were also two-way Phase × Week of Separation interactions, F (3, 351) = 20.0, p < .0001
and F (3, 351) = 3.2, p < 0.03, respectively. For both behaviors, more marked declines in
frequency/duration were observed from the acute to the chronic phases of the first separation
week (Figures 4 and 5).
Moderating effects of sex and rh-5-HTTLPR genotype

$watermark-text

There were no main effects of sex on any of the behaviors scored during the study.
However, there were Separation Number × Sex interactions for levels of locomotion, F (3,
351) = 4.2, p < 0.006 and self-directed behavior, F (3, 351) = 4.5, p < 0.04. Males were more
likely to increase their levels of locomotion as a function of repeated stress exposure,
whereas females were more likely to exhibit increased self-directed behavior (Tukey–
Kramer, p < 0.05).
There was a main effect of rh-5-HTTLPR genotype on levels of environmental exploration,
F (1, 351) = 4.8, p = .03, with carriers of the short allele exhibiting higher levels than those
homozygous for the long allele (Tukey–Kramer, p < .05). There was also an interaction
between phase and rh-5-HTTLPR genotype, F (1, 351) = 4.0, p < 0.05, and a
Phase×Separation Number×Sex×rh-5-HTTLPR interaction, F (3, 351) = 3.1, p < .03.
Carriers of the short allele exhibited higher levels of exploration, particularly during the
chronic phase of separation stress (Figure 1). Higher levels of exploration during the chronic
phase were observed in female short-allele carriers (vs. males), but only for the final
separation.
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There was no main effects of genotype on self-directed behavior, but there was a two-way
week of Separation × rh-5-HTTLPR Genotype interaction, F (1, 351) = 3.7, p = .01, for
levels of self-directed behavior. In contrast to subjects with the l/l genotype, carriers of the
short allele showed increased levels of self-directed behavior as a function of repeated
separation (Figure 2). There were neither main nor interactive effects of rh-5-HTTLPR
genotype on levels of locomotion (Figure 3), behavioral withdrawal (Figure 4), or
vocalization (Figure 5).

Discussion

$watermark-text

The existence of two basic behavioral phenotypes, low (dove) and high (hawk) aggressive
individuals, has been observed in a wide variety of animal species, including humans (Korte,
Koolhaas, Wingfield, & McEwen, 2005). Although the former is aggressive and bold,
adopts a more proactive coping style, and fight or flight responses to stress, the latter is more
harm avoidant and exhibits reactive, anxietylike behaviors following stress (i.e., are more
likely to freeze or hide). A conceptual framework has been put forth that suggests that
differences in behavioral strategies may have implications not only in terms of selection, but
in terms of vulnerability to stress-related pathology (Korte et al., 2005). In humans,
functional genetic variants predict individual differences in susceptibilities to various forms
of psychopathology (Caspi et al., 2002, 2003). Here, we report that rh-5-HTTLPR genotype
and sex interact with duration and number of stress exposures to predict the patterns and
types of behavioral responses that macaque infants exhibit during early development. Such
findings may inform us of potential pathways through which 5-HTTLPR genotype could
impact risk for stress-related disorders in humans.
In the present study, we report that macaque infants exhibit patterns of behavior that are
potentially representative of both habituation and sensitization to prolonged, repeated
maternal separation. Across subjects, levels of distress vocalizations and behavioral
withdrawal decreased as a function of repeated separation stress (particularly from the first
Dev Psychopathol. Author manuscript; available in PMC 2012 November 26.
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to second separations), whereas levels of environmental exploration increased. These
changes could be interpreted as being representative of coping with the separation stressor
(i.e., displacement behavior) or habituation. Conversely, behavior associated with arousal
(locomotion), increased as a function of repeated exposure, suggesting there to be some
sensitization as well.

$watermark-text

Our analyses indicate that both sex and genotype play moderating roles on behavioral
responses to stress in infant macaques. Of interest, these were prominent among those
behaviors that exhibited sensitization (locomotion and self-directed behavior). Because
selective pressures differ between the two sexes, males and females also exhibit differences
in their responses to environmental challenge (Eme, 2007; Wood, Cowan & Baker, 2002). In
some ways, the strategies adopted by males and females parallel those described in the
hawk–dove model: a bold strategy of coping and adjustment; opposed by amore anxious,
cautious strategy (Korte et al., 2005).

$watermark-text

Of interest, the hawk–dove model maps well onto the proposed genetic structure of
externalizing and internalizing human psychiatric disorders (Kendler, Prescott, Myers, &
Neale, 2003; Schwandt et al., 2006). We found that, whereas males were more likely to
exhibit increased levels of locomotion with repeated separation stress, females were more
likely to increase their levels of self-directed behavior. Self-directed behavior is widely held
as a measure of affective psychopathology or despair in the social separation model. This
finding of more self-directed behaviors in females is consistent with humans studies
showing increased risk for depression in females. This may also be of relevance to Taylor’s
model, in which females are more likely to exhibit “tend and befriend” responses, whereas
males adopt a “fight or flight” strategy (Taylor et al., 2000). Other studies performed in
rhesus infants have reported higher levels of self-directed behavior and locomotion during
separation stress among infants that also showed higher withdrawal behaviors in the
stressfree home cage environment (Erickson et al., 2005). Because behaviorally inhibited
infants are considered more reactive to stress, high levels of self-directed behavior and
locomotion during separation are suggestive of higher stress reactivity. Although sex
differences in self-directed behavior and locomotion were not reported in study cited above
(Erickson et al., 2005, we have previously reported sexually dichotomous effects of
genotype in behavioral and endocrine responses to stress (Barr, Newman, Shannon, et al.,
2004; Schwandt et al., 2010). Such differences may not only represent sex-biased
adaptations to stress, but are quite relevant to the sex differences in the incidence of
externalizing and internalizing disorders that are observed in humans (Kendler et al., 2003).

$watermark-text

Studies in both macaques and humans have shown that 5-HTTLPR genotype is associated
with harm avoidance and anxiety-like behavior (Becker,El-Faddagh,Schmidt,&Laucht,
2007; Koller et al., 2008; Monteleone et al., 2006; Spinelli et al., 2007).We found that rh-5HTTLPR short-allele carriers showed higher levels of environmental exploration compared
to l/l infants, particularly during the chronic phases of separation stress. This finding may
also map well onto the hawk–dove model and the genetic structure of externalizing and
internalizing human psychiatric disorders (Kendler et al., 2003; Schwandt et al., 2006)
described above. Although stress generally decreases levels of environmental exploration in
nonhuman primates (Suomi et al., 1983), an observed increase in the occurrence of this
behavior may be reflective of the type of behavioral response/adaptation exhibited by shortallele carriers suggestive of an externalizing coping strategy.
Consistent with our original hypothesis, we found that sensitization to repeated maternal
separation stress was moderated by the rh-5-HTTLPR genotype. As was observed with
females, short-allele carriers exhibited increased self-directed behavior following repeated
maternal separation, similar to the internalizing response reported in women. Self-directed
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behavior is a form of behavioral pathology that is most often observed in highly reactive
animals and in animals that are prone to despair, at times necessitating treatment with
anxiolytic or antidepressant compounds (Hugo et al., 2003; Kraemer & Clarke, 1990;
Suomi, 1991). In rhesus infants, if separations are prolonged in duration, the frequency of
this behavior increases, and, for this reason, prolonged separation is often used to model
how various factors contribute to this “depression-like” behavior in primates. Our study
demonstrates that this behavior increases with repeated separations, particularly among
females and short carriers. This finding is consistent with the fact that the incidence of
depression is increased among women and that there is greater vulnerability for depression
in short carriers. Although sensitization to repeated stress exposures would be expected to be
an adaptive behavioral response, it may also increase risk for development of
psychopathology in the face of high levels of cumulative stress exposure. Our findings in
nonhuman primates represent evidence of an increased sensitivity to repeated and/or chronic
stress in short carriers from a very early developmental time point, providing support for the
5-HTTLPR × Stress interaction reported in humans (Caspi et al., 2003; Grabe et al., 2009;
Stein, Schork, & Gelernter, 2008).

$watermark-text

The 5-HTTLPR genotype may be a predictor of environmental sensitivity, a trait that would
be predicted to be under selection. With regard to the relevance to genotype moderated
effects of the environment on vulnerability to psychopathology in humans, it has been
hypothesized that the short allele increases sensitivity not only to stressful/negative life
events but in some cases and situations to positive environmental stimuli as well (Belsky et
al., 2009; Taylor et al., 2006). In this context, carriers of the short allele may also be more
protected when surrounded by a supporting/positive environment. In this study, mothers
were removed from the social group, whereas infants stayed behind in the home cage, along
with other members of the social group. In line with the increased environmental
susceptibility hypothesis (Belsky et al., 2009), our data in nonhuman primates show that
during the first separation levels of self-directed behavior were higher in l/l animals
compared to short-allele carriers, suggesting that during the first stress exposure long
homozygotes may have been less able to cope with the stress of maternal absence, even in
an enriched/positive social environment. However, whereas in l/l animals’ levels of selfdirected behavior remained stable, l/s subjects increased the level of this behavior over
repeated separations, paralleling Caspi et al.’s (2003) findings that effects of the short allele
is exaggerated when individuals are exposed to increased or prolonged stressors.
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A major advantage to studying nonhuman primates is the ability to follow animals
prospectively from birth and to then control stress exposure. By examining how behavioral
responses to stress occur over time in controlled animal studies, we can examine the
trajectory through which stress-induced behavioral changes occur, even from very early
developmental time points. Although we have previously investigated whether the rh-5HTTLPR short allele predicts phenotypic outcomes in the face of severe early stress
exposure and have repeatedly demonstrated Gene × Environment interactions that translate
to the human condition (Barr & Goldman, 2006), the present data are unique and
particularly important for several reasons. First, the study was a within-subjects study,
conducted in infant macaques raised with their mothers in social groups, rather than
comparing mother-reared to nursery-reared animals. Second, the behavioral results reflect
the response to a stressor that commonly occurs in nature, both in macaques and in humans
(maternal separation). Third, we were able to examine how behavioral responses of varying
chronicity and frequency were moderated by genotype. Therefore, the present findings may
be easily translatable to and highly informative of the human condition.
Previous studies from our laboratory have repeatedly shown influences of the rh-5-HTTLPR
short allele in combination with an adverse rearing environment (Barr, Newman, Schwandt,
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et al, 2004; Barr, Newman, Shannon, et al., 2004; Spinelli et al., 2007). However, in the
context of a “normal” early-life environment, the effect of the 5-HTTLPR genotype has
been reported in some studies (Bethea et al., 2004; Trefilov, Berard, Krawczak, &
Schmidtke, 2000), but not in others (Rogers, Shelton, Shelledy, Garcia, & Kalin, 2008).
Bethea et al. (2004) reported that the short allele predicted increased anxiety-related
behaviors using various behavioral paradigms known to elicit fearful/anxious responses.
However, although Rogers et al. (2008) demonstrated heritability of fear responses, they did
not observe an effect of rh-5-HTTLPR genotype. Although somewhat speculative, one
difference between these studies and ours is that our subjects were studied under the
conditions of a repeated chronic stressor. It may be that the phenotypic effect of the short
allele is only present under conditions of chronic or repeated stress.
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One of the limitations of our study is that, due to the limited number of s/s animals in our
colony, we could not analyze the effect of repeated maternal separations in what may be the
most sensitive group of subjects. Finally, we did not have physiological measures of stress
reactivity or brain–behavioral correlates to address possible mechanisms underlying the
reported behavioral differences. Neuroimaging studies have shown that the short allele
predicts increased amygdala activation in response to negative stimuli (Hariri et al., 2002;
Munafò et al., 2008) and impaired top-down modulation of amygdala response (i.e.,
decreased amygdala–prefrontal cortex (PFC) coupling). The 5-HTTLPR has been shown to
mediate cortisol reactivity to stress in humans (Way & Taylor, 2010) and nonhuman
primates (Barr, Newman, Schwandt, et al., 2004). Cortisol is known to increase amygdala
activation, a mechanism that could drive anticipatory angst and sensitization to stress
(Schulkin, 2006), especially in individuals in which PFC-mediated modulation of amygdala
reactivity is impaired. Further studies are warranted to investigate the neurobiological
mechanism by which the 5-HTTLPR may affect behavior during chronic/repeated stress
exposure.

$watermark-text

Although evidence in humans for a direct link between mood disorders and the 5-HTTLPR
short allele remains controversial (Caspi et al., 2003; Caspi, Hariri, Holmes, Uher,&Moffitt,
2010; Hamet & Tremblay, 2005; Levinson, 2006; Risch et al., 2009), the increased risk for
psychopathology that has been observed among short carriers may be rooted in 5-HTTLPRmediated differences in individual responses to stressful life events (Murphy et al., 2004).
Our data in nonhuman primates support this hypothesis and suggest that in children, the
short allele may increase reactivity to repeated, chronic stressors, leaving them more
vulnerable to affective psychopathology. This may make such individuals more reactive
during early development, may influence the trajectory of responses over periods of
adjustment or stress and may predict vulnerability to psychopathology later in life.
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The effects of the rhesus serotonin transporter linked polymorphic region (rh-5-HTTLPR)
polymorphism and sex on environmental exploration (duration of seconds in 300-s session)
during the acute (Ac) and chronic phase (Chr) of four repeated separation stress.
Environmental exploration showed no effect of repeated separation. Environmental
exploration was higher in short carriers compared to long/long (l/l) animals (p < .05). This
effect was driven by the chronic phase of separation, during which short carriers showed
higher levels compared to l/l animals (p < .05). In addition, females showed higher levels of
environmental exploration during S4 compared to males and compared to S1 (p < .05). Bars
depict mean ± SEM, and all post hoc tests were performed using Tukey–Kramer.
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The effects of the rhesus serotonin transporter linked polymorphic region (rh-5-HTTLPR)
polymorphism and sex on self-directed behavior (duration of seconds in a 300-s session)
during the acute (Ac) and chronic phase (Chr) of four repeated separation stress. Across
separations, levels of self-directed behavior were similar in the short-allele carriers and long/
long (l/l) allele animals. However, long/short (l/s) allele animals showed lower levels during
the first separation (S1; p < .05) but increased as a function of repeated maternal separation
(levels during S4 were higher than S1; p < .05), whereas it remained stable in l/l animals
during both phases. Bars depict mean ± standard error of the mean, and all post hoc tests
were performed using Tukey–Kramer.
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$watermark-text

The effects of the rhesus serotonin transporter linked polymorphic region (rh-5-HTTLPR)
polymorphism and sex on locomotion (duration of seconds in a 300-s session) during the
acute (Ac) and chronic phase (Chr) of four repeated separation stress. During the acute
phase levels of locomotion were lower for S1 and S2 than S3 and S4; similarly during the
chronic phase levels for S1 were lower than S3 and S4 and, for S2 were lower than S4 (p < .
05). Compared to males, females showed higher levels of locomotion during S1 (p < .05).
However, both sexes showed increased locomotion over repeated separations (in females
values for S1 were lower than S2 and S4, values for S2 were higher than S3; in males values
for S1 were lower than S2, S3, and S4, values for S2 were lower than S4; p < .05). Bars
depict mean ± standard error of the mean, and all post hoc tests were performed using
Tukey–Kramer.
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The effects of the rhesus serotonin transporter linked polymorphic region (rh-5-HTTLPR)
polymorphism and sex on behavioral withdrawal (duration of seconds in a 300-s session)
during the acute (Ac) and chronic phase (Chr) of four repeated separation stress. During the
acute phase, levels for S1 were higher than S2 and S3 (p < .05). Bars depict mean ± SEM,
and all post hoc tests were performed using Tukey–Kramer.
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Figure 5.
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The effects of the rhesus serotonin transporter linked polymorphic region (rh-5-HTTLPR)
polymorphism and sex on vocalization (frequency in a 300-s session) on during the acute
(Ac) and chronic phase (Chr) of four repeated separation stress. During the acute phase,
levels for S1 were higher than S2 and S3; during the chronic phase, levels for S1 were
higher than S3 and S4 (p < .05). Bars depict mean ± standard error of the mean, and all post
hoc tests were performed using Tukey–Kramer.
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Table 1

Definition of behaviors scored during maternal separation
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Behavior

Definition

Self-directed behavior

Includes self-groom, grooming of one’s own body, self-scratching, biting or cleaning nails; self-clasp, firm
manual or pedal gripping of self, which is not a component of an ongoing behavior, i.e., self-groom; self-mouth,
sucking (not biting) at any bodily appendage or own fur; should be scored with motionless, locomotion, or social.
Self-directed behavior can be scored with any other behavior as long as it is not part of another ongoing behavior
such as stypic or stereotypy.

Behavioral withdrawal

Absence of directed movement, social behaviors, and environmental manipulation (i.e., no simultaneously
occurring social or nonsocial behaviors, except self-directed behaviors, or vocalizations); includes bouncing in
place

Locomotion

Any movement across the substrate; includes changes in location by means of walking, running, dropping from
ceiling to floor, swinging, and bouncing, rolling, hopping on all fours, bouncing around the cage, and “displays.”
Note: if a motor pattern is repeated more than three times, it is scored as stereotypy.

Environmental exploration

Any active manual, oral, or pedal examination, exploration, or manipulation of the physical environment, or the
attempt to do the same; includes manipulating or playing with chow while eating or drinking; does not include
active play on the substrate, chewing chow, or passively holding object (food or other)

Vocalization

Any vocal sound emitted by the subject; includes coo, bark, screech, squeal, etc.; can be scored with any other
behavior. Sounds made by coughing or sneezing are not vocalizations.
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