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HIGHLIGHTS

® Adolescent male rhesus monkeys experiencing early adversity displayed depression-like behaviors under chronic mild stress.
® Chronic mild stress induced cortisol hypersecretion in monkeys experiencing early adversity.
® Chronic mild stress also induced weight loss in monkeys with early adversity.
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Chronic stress is an important cause for depression. However, not everyone who is exposed to chronic
stress will develop depression. Our previous studies demonstrated that early adversity can cause lasting
changes in adolescent rhesus monkeys, but depressive symptoms have not been observed. Compared
to adults, it is still unknown that whether adolescent rhesus monkeys experiencing early adversity are
more likely to develop depressive symptoms. In this study, we investigated the long term relationship
between early adversity, chronic stress and adolescent depression for the first time. Eight male rhesus
monkeys were reared in maternal separation (MS) or mother-reared (MR) conditions. All of them went
through unpredictable chronic stress for two months at their age four. The stressors included space
restriction, intimidation, long illumination and fasting. Behavioral and physiological data were collected
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Depression during the experiment. The results showed that, compared with the MR group, the locomotor activity of
Monkeys MS group was significantly decreased after one month of chronic stress while huddling up and stereo-

typical behaviors were significantly increased. Moreover, this trend continued and even worsened at the
second month. Significantly higher hair cortisol levels and lower body weight were observed in MS group
after two months of stress. These results indicate that early adversity is one of the environmental factors
which can increase the susceptibility of depression when experiencing chronic stress in the later life. This
will further clarify the important roles of early environmental factors in the development of adolescent
depression and children rearing conditions should receive more attention.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

According to World Health Organization (WHO) in October

* Corresponding author. 2015, there were more than 350 million people suffering from

** Corresponding author at: Key Laboratory of Animal Models and Human Dis-
ease Mechanisms of the Chinese Academy of Sciences & Yunnan Province, Kunming
Institute of Zoology, Chinese Academy of Sciences, No. 32 Jiaochang Donglu, Kun-
ming,Yunnan 650223, China.
E-mail addresses: qindong108@163.com (D.-d. Qin), xthu@mail .kiz.ac.cn
(X.-t. Hu).
T These authors contributed equally to this study.

http://dx.doi.org/10.1016/j.bbr.2016.03.040
0166-4328/© 2016 Elsevier B.V. All rights reserved.

depression worldwide [1]. As the leading cause of disability, depres-
sion can even lead to suicide.

A wealth of data indicates that chronic stress is an important
cause for depression [2-5], which is defined as the nonspecific
response of the body to any demand made upon it [6] and must
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persist for at least one month [7]. The chronic unpredictable stress
paradigm had been established for several decades [8], and later
been improved and redefined as chronic unpredictable, variable or
intermittent stress and usually sustained for a period of time (rang-
ing from 10 days to 8 weeks)[9,10]. It has been widely used to model
depression in rodents [11,12] and was proved to have good predic-
tive validity, face validity and construct validity [13]. In humans,
it had also been shown that different adverse life events such as
chronic stress due to work, finances or interpersonal conflicts can
be main factors that predispose the individuals to depression [14].

However, not everyone who is exposed to chronic stress will
develop depressive disorder. In different individuals, it seems as
if there is a variation of vulnerability which may be ignored by
the investigator. Another neglected factor may be individual dif-
ferences in the assessment of life stress. To this regard, more and
more attention was paid to diathesis—stress theory that individu-
als with depressive personalities are much more prone to develop
depression when exposed to chronic stress [15]. It is estimated
that the heritability of depression can be as high as 30%-40%
[16], and what is more, clinical researchers have provided tangi-
ble evidences to support this theory. They found that when facing
stressful life events, individuals with short allele of the serotonin
transporter (5-HTT) gene-linked promoter polymorphism exhib-
ited more depressive tendencies than those homozygous for the
long allele [17]. Moreover, studies on brain-derived neurotrophic
factor (BDNF) gene expression in depressed patients have observed
significantly lower mRNA expression as well as lower protein levels
compared with controls [18,19]. However, in several other simi-
lar studies, results differ considerably. A meta-analysis about the
interaction between the 5-HTT gene-linked promoter polymor-
phism, stressful life events and risk of depression have shown no
evidence that the serotonin transporter genotype alone or inter-
act with stressful life events to predict the onset of depression
in men alone, women alone, or in both sexes combined [20]. In
a study of major depressive disorder(MDD)and bipolar disorder
(BPD), no significant differences were found in BDNF gene expres-
sion between patients and controls [21]. Given the inconsistent
findings mentioned above, it is predicted that there may be another
factor besides genetic susceptibility to interact with chronic stress
to increase the risk of depression.

A myriad of epidemiological and clinical studies have demon-
strated that early adversity is a well-documented risk factor for
developing depressive disorders in later life. Many adult depressed
patients had a history of exposure to early adversities such as child-
hood abuse, neglect and loss [16]. Longitudinal studies have also
reported significant positive correlation between early adversities
and depressive morbidity observed in adults, including maltreat-
ment types, severity, frequency, and duration [22-24]. The more
of stressful life events experienced in childhood, the more seri-
ous of depressive symptoms developed in later life. In addition,
results from twin studies indicate that compared with genetic fac-
tors, individuals with early adversities are more likely to develop
depressive episodes [25-27]. Unfortunately, most of studies on this
issue have focused on the relationship between early adversity and
depressionin adults and few studies have examined the early-onset
depressive disorder. Epidemiological investigations have revealed
that the depressive morbidity had the youth oriented tendency and
adolescents were proved to be more vulnerable to the damage of
glucocorticoids due to increasing glucocorticoid receptor expres-
sion in the prefrontal cortex at this age [28]. It is just because the
adolescent depression will cause a tremendous burden to society
that they should receive more attention.

Nevertheless, many critical factors, such as the onset time,
severity and duration of the early adversity and chronic stress
cannot be tightly controlled in humans. In order to systematically
investigate the impacts of early adversity on adolescents, reliable

animal models should be established. Compared to other experi-
mental animals such as rodents, non-human primates bear a lot
of similarities with human, including phylogenesis, brain develop-
ment, mother-infant bonding, social behaviors, emotion regulation
and stress responses [29-31]. All of these similarities make non-
human primates as an ideal model to study the influences of early
adversity.

Maternal separation can be used to simulate the early adver-
sity experienced by primates, and it is found that six-day maternal
separation can induce increased self-mutilation behaviors and
decreased social play [32]. Suppressed immune responses and
altered brain function have also been observed in non-human pri-
mates who experienced maternal separation [33,34]. Moreover,
findings in humans have also shown that early parental separa-
tion has stronger and wider effects on adult psychopathology than
parental death, genetic and environmental influences [35,36].

Our previous studies have also found that early adversity
can produce lasting changes in physiology and behaviors in rhe-
sus monkeys [37], but depressive symptoms have not yet been
observed. In detail, those maternal separated monkeys showed
decreases in locomotion, as well as increases in stereotypical
behaviors compared with mother reared monkeys. The deleterious
effects of early adversity on rhesus monkeys cannot be compen-
sated by a later normal social life. Nevertheless, the huddling up
behavior which is considered to be the core symptom of depres-
sion has not been observed. Accordingly, we consider whether the
rhesus monkeys experiencing early adversity are more likely to
develop depressive symptoms than controls under the conditions
of chronic unpredictable stress in their adolescence? Based on this
macaque model, our present study investigated the long term rela-
tionship between early adversity, chronic stress and adolescent
depression for the first time. This will further clarify the important
roles of early environmental factors in the development of adoles-
cent depression, and inspire researchers to put more attention to
the children rearing conditions and take some effective measures
to reverse or improve the negative effects of early adversity.

2. Materials and methods
2.1. Subjects

Eight newborn male rhesus monkeys (Macaca mulatta) were
selected and randomly divided into two groups: maternal sepa-
rated (MS, n=4) and mother reared (MR, n=4). The MS newborns
were separated from their mothers at birth and reared solely for
the first month in an incubator. Then, the MS infants were paired
off and lived together in a steel cage (0.74 x 0.71 x 0.74m) for
about six months. The MR monkeys had been living with their
mothers for seven months since they were born. After that, both
the MS and MR monkeys were moved into a connected indoor
(2.61 x 2.46 x 2.58 m)-outdoor (2.67 x 2.66 x 2.67 m) colony and
reared together.

All animal procedures were approved by the National Institute
of Health Guide for the Care and Use of Laboratory Animals and
were authorized by the Institutional Animal Care and Use Commit-
tee of Kunming Institute of Zoology.

2.2. Experimental design

The eight monkeys had been reared together for four years
before the chronic stress, and then they were put into an individ-
ual cage respectively and reared alone. After one-month adaptation
period, several unpredictable chronic stresses were randomly car-
ried out. According to previous studies in rodents [38], four types
of stressors were applied in the present study, including space
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