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ABSTRACT

Stress is a natural part of life, and has positive or negative effects in human life. One of the important systems that
involved in the mammalian stress response is hypothalamic-pituitary-adrenal (HPA) system. Stress increased the release
of corticotropin releasing hormone (CRH) into the anterior pituitary gland, which releasing adrenocorticotropic
hormone (ACTH). ACTH stimulated the adrenal gland to produce cortisol. Cortisol in physiologic concentration is
essential for survival. Additionally, maternal stress can influence brain development in the embryos. High cortisol
concentration which occurred after stress can easily crosses from the blood-placenta barrier and reaching the embryonic
neurons. PubMed and MEDLINE data bases were searched for English-language articles by using " Maternal Stress ",
"ventral tegmental area ", Reward System and "Cortisol" as primary terms. No time or article type constraints were
applied. Dopaminergic neurons of ventral tegmental area (VTA), respond strongly to stressful situations. Early life stress
can change dopaminergic system in VTA, and can affect brain morphology and also some behaviors of the offspring's.
Recent finding showed that probably there are different populations of VTA neurons that are preferentially activated by
rewards or stressful situations. Moreover, exposure to acute stress changed reward-related processing in the dorsal
striatum and also reduced reward-related responses in the dorsal striatum. Additionally, delightful behaviors can reduce
stress by brain reward pathways. Therefore, environmental stress also can change gene expression and induced
epigenetic variations in individuals. These variations can transmit to subsequent generations. Taken together, exposure
to the stressors in the human initiated organized responses. These coordinated responses are composed of changes in the
behavior, autonomic function and endocrine systems.

Key words: Maternal Stress, Ventral Tegmental Area (VTA), Reward System, Cortisol, Epigenetic

Received 24/02/2015 Accepted 29/05/2015 ©2015 Society of Education, India
How to cite this article:

Maryam S, Hussein E, Hedayat S, Gholam H M. Stress Can Changes Reward System Function in Second-Generation
(F2): A Review. Adv. Biores., Vol 6 [5] September 2015: 04-14. DOI: 10.15515/abr.0976-4585.6.5.414

INTRODUCTION

Stressful experiences excite a strong set of hormonal, behavioral, cellular and molecular responses that
cooperates organisms in adapting to the physical and social environment. The responses of stress have
historically concentrated on the hypothalamic-pituitary adrenal (HPA) axis and catecholamine responses
[1]. Eventually, a cascade of events leads to high level of cortisol hormone. This hormone is necessary for
the survival, but when cortisol is chronically increased or poorly regulated, it can have detrimental
impacts on health [2, 3]. However, increasing or decreasing cortisol concentration can change different
parts of brain such as prefrontal cortex, hippocampus, amygdala and reward system. The past 30 years
evidence showed that dopaminergic neurons in the VTA projected to the limbic regions including the
amygdala, nucleus accumbens, hippocampus, and frontal cortex and also responded strongly to the
stressful situations [4]. Recent discoveries suggest that there are distinct populations of VTA neurons
that are activated by rewards or stress conditions [5]. Moreover, individual variation in VTA responses to
stressors has been linked to individual differences in coping responses to stress [6]. These discoveries are
contributing to our still concluding understanding of the functions of mesolimbic dopamine neurons in
behaviors [7]. Some studies confirmed that exposure to acute stress affects reward-related processing in
the dorsal striatum and orbital frontal cortex (OFC) [8]. Additionally, pleasurable behaviors (palatable
food intake, sexual activity) can reduce stress via brain reward pathways [9]. As well as foot shock stress
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of mice increased mesolimbic dopamine release in the nucleus accumbens septi (NAS) [10]. Therefore,
these results suggest that different stressful environments can change reward system and related
behaviors. On the other hand, stress during pregnancy can increase the plasma concentration of
corticosterone and finally this hormone can cross from placenta barrier and affect growth and
development of embryos [11]. As well as the studies also have shown that early life stress can alter
dopaminergic system, therefore these changes can affect brain morphology and behavior of the
offspring's. Eventually, these changes can transfer to later generations. Studies have shown that a milled
constraint stress that can increase plasma corticosterone level in the pregnant mice, can influence the
brain laterality in the embryos in F2 generation [11]. In this review, we focus on the studies to deal stress
and stress system and this correlation with reward system in prenatal, postnatal and adult periods as
well as transmission of stress effects on reward system in second generation.

DIFFERENT TYPES OF STRESS

Stress is a word that used in daily life and biological sciences. Stress is used to explain experiences that
are challenging emotionally and physiologically. Selye described, in his first publication in Nature in 1936,
stress is as “the nonspecific response of the body to any demand made on it” [12].We can experience
stress from four basic sources: The Environment (traffic, weather), Social (deadlines, job interviews),
Physiological (menopause, illness, aging), Thoughts (difficult, painful)

[13]. Stress from biological point of view includes good stress or positive stress (Feels exciting,
Motivates), bad stress or negative stress (Feels unpleasant, mental and physical problems, anxiety or
concern) and non-effect stress [14]. As well as, some studies suggested that stress point of view biological
can be divided to acute stress (such as car accident, fire in work place), chronic stress (such as divorce,
failing work, addiction) and episodic Stress [15]. Acute stress is created unexpectedly (suddenly) and
pressures on individual in spatial time confines. This stress is short term and its symptoms include
anxiety, depression, muscular and stomach problems and etc. Chronic stress is long term and produces on
individual continuously and longley. Chronic stress symptoms include metabolic disorders (type 2
diabetes mellitus, obesity), atherosclerotic cardiovascular disease, sleep disorders, and etc. Episodic
Stress is created by expanding disorder and crisis in individual life. Episodic Stress symptoms include
migraines, chest pain [15]. Reach results of chronic stress in animal and human have shown that chronic
stress may be expressed by suppressed reproductive cycling, and immune responses or that can reduce
growth hormone levels and subsequently inhibited growth rate [16]. This same stress can effect on
reducing body weight and behavioral and physiological characterizations in male mice [16]. Animal
studies have shown that the stress can lead to increase of food intake in some instance but basically stress
decreased food intake and also weight in rat [17]. As well as fear such as chronic psychological stress can
cause hyperglycemia and prediabetic situation in male rat [18]. However, acute physical and
psychological stresses can effect on behavioral and metabolic signs in animal models [19]. Therefore,
different types of stress can be having different effects in body.

STRESS AND HPA AXIS

Some studies reported that stress can change body homeostasis, generating stress-related responses [20-
22]. Central effectors (including hypothalamic hormones, such as AVP, CRH, pro-opiomelanocortin
derived peptides and brainstem derived norepinephrine) and peripheral effectors (including
glucocorticoids, norepinephrine and epinephrine) of stress system effect on the different parts of body
such as immune systems, wake-sleep centers, reproductive and thyroid hormone axes [23].

The first and important physiological axis that involved in the stress-induced responses is the autonomic
nervous system (ANS). Primary ANS monitored general stress-induced responses including control of
heart rate, respiratory rate, blood pressure, heart rate variability, cardiac output, and electro-dermal
activity [24]. The second major neuroendocrine response to stress is activation of HPA axis. Under stress
conditions, the hypothalamus secretes corticotropin-releasing hormone (CRH), and this provokes the
release of adrenocorticotropic hormone (ACTH) from the pituitary. ACTH triggers the secretion of
glucocorticoids from the adrenal cortex. In humans, the main glucocorticoid is cortisol. Cortisol is
predominantly (90-95%) bound to binding proteins in blood, only 5-10% of the total plasma cortisol
circulates as biologically active, unbound, “free” cortisol. All of these stress mediators can induce many
changes in the several systems such as the fear/anger behaviors, the executive and cognitive responses,
the reward systems, the wake-sleep centers of the brain, the gastrointestinal, cardiorespiratory,
metabolic, immune systems and the growth, reproductive and thyroid hormone axis. Numerous studies
have demonstrated that stress changed the concentration of mediator’s in the different axis. For example,
the inhibitory effect of immobilization stress on the HPG (Hypothalamic-Pituitary-Gonad) axis may also
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cause negative effects on the spermatogenesis process [25, 26] as well as sound and light stress in the
pregnancy but only increases HPA axis activity, adrenocorticotropic hormone and adrenal gland weight
but also decrease new-born weight [27]. Other studies have shown that vibration stress because of
disturbing in HPA axis could decrease hypothalamus neuron formation that this decrement can cause
tendency behaviors to homogeneous [28]. Therefore, increasing or decreasing HPA axis activity in effect
of stress can cause different disorders in body [29].

STRESS AND REWARD SYSTEM

Reward and punishment or satisfaction and dislike have important role in the individual behaviors.
Human learns an experiment and habit it that would have both reward and satisfaction. Therefore,
reward stimulation can create strong remembrance in individual memory and create behaviors for
seeking again it. Milner and Olds reported that several brain areas have important role in the reward
system such as VTA, NAc, venteral singular cortical, amygdale, hippocampus, prefrontal, locus ceruleus,
pre-midline brain [30, 31]. Some studies also have shown that several neurotransmitters involved in
reward behaviors such as dopamine, GABA, glutamate, serotonin and opioid androgen [32, 33]. However,
dopamine mesolimbic pathways are more important in the reward and reinforcement system [34, 35] .
The mesolimbic dopamine pathway, consisted of dopaminergic neurons in VTA and their projections to
the NAc, allows an organism to identify emotionally salient stimuli in the environment, to learn about
outcomes associated with those stimuli, and to express appropriate approach or avoidance responses
[36]. Therefore, many stimuli can activate brain reward system, and one important kind of them is stress.
Moreover, Stress activates the limbic system, in particular the amygdala and then corticotropin releasing
factor (CRF) from the hypothalamus, consequently the HPA axis. Activation of the HPA axis is linked to
activation of the mesolimbic reward area activity. There are several examples of the tight interconnection
between stress and reward areas. Anatomically, increased CRF secretion impinges on dopamine neurons
in the VTA, and increases dopamine secretion over the NAc. As well as stress accompany with released
cortisol both enhanced dopamine release from the NAc. Several studies showed that acute stress
increased cortisol level which released dopamine in ventral striatum [37-39]. Also, it has been shown that
acute stress-induced cortisol elevations mediate reward system activity during subconscious processing
of sexual stimuli in young males [40]. These findings indicated that cortisol is crucially involved in the
relation between stress and the responsiveness of the reward system. Although, commonly stress
decreases activation of the NAc in response to the rewarding stimuli however high stress-induced cortisol
levels suppress increases the firing of NAc neurons [40]. Additionally, Animal studies have shown that
stressors such as electric shocks and tail pinch induced dopamine secretion in the striatum [41].

PRENATAL STRESS AND REWARD SYSTEM

Stress may be experienced during several phases of the life period; prior to mating (premating stress)
during early, mid or late gestation (prenatal stress) or during the early period after birth (postnatal
stress). One of the most critical periods is prenatal period. This period is a time of particular vulnerability
to stress which has serious consequences on the developing fetus through both maternal behaviors and
physiological changes. In human, prenatal stress is linked to an increased vulnerability for developing
various psychosocial problems that are perceived both in childhood and adulthood. In children, prenatal
stress is associated with cognitive, behavioral, physical and emotional problems [42]. All of these
problems are most likely mediated by the effects of maternal stress on the structure and function of the
fetal brain, which is the control center for a multitude of systems. During pregnancy, levels of maternal
cortisol elevates naturally. This glucocorticoid is essential for fetal growth and the induction of certain
enzymes, such as pulmonary surfactant. However, under particular stressful conditions, maternal cortisol
concentrations can reach abnormally high levels. Then, increase of maternal cortisol, which is mostly
transformed by the fetoplacental into its inactive form (i.e.,, cortisone), reaches to the fetus in high
concentrations, which may potentially alter fetal development and growth [43]. However, stress activates
the maternal HPA axis, resulting in increased production and release of placental CRH into the
bloodstream. In contrast to hypothalamic CRH production, which is suppressed by stress-induced
cortisol, placental CRH is increased by glucocorticoids, so that stress leads to progressively higher fetal
plasma CRH levels. This placental CRH reaches the fetal brain [44]. Areas of the brain such as limbic areas
are rich in CRH receptors during mid- to late gestation, therefore, could also be influenced by placental
CRH [45] [45, 46]. Some studies have shown that hyper-production of glucocorticoids in stressed females
may affect the development of embryonic adrenal function and also change neuroendocrine pathways in
their offspring and reduced adrenal weight in offspring males [47, 48]. Prenatal stress traces on reward
system and neurotransmitter level in embryo and offspring and adult brain. Prenatal stress reduces
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neurotransmitter levels such as serotonin (5-HT), noradrenaline and dopamine in the different regions of
brain and turn-over in the adult brain [49, 50]. Prenatal stressors with altering opioids, noradrenaline
and serotonin levels may effect on male sexual behavior [51]. Prenatally stress with foot shocks of rats
induced a higher noradrenaline turnover in the locus coeruleus, which might mediate alterations of
attention, affective behavior and anxiety in response to stress [52, 53]. However, dopamine turn-over in
the brain of prenatally stressed rats is generally increased; there is a reduced turn-over in NAc, which
could explain the reduction of exploratory behaviors in response to novelty [54]. Other studies shown
that daily administration of ACTH in the last week of pregnancy alters adult brain monoaminergic
activity, blocking of opioid receptors at the time of the prenatal stress decreased the anxiety of prenatally
stressed rats in the elevated plus maze later in life [47, 55]. Thus, prenatal glucocorticoid exposure affects
the developing dopaminergic system, which is involved in reward- or drug-seeking behaviors, and it has
been suggested that the increased sensitivity reward behavior is related to the interaction between
prenatal stress, glucocorticoids and dopaminergic neurons as well as an interaction between and
corticosterone (CORT), and other stress-induced factors (e.g. neurotransmitters, opioids, neurosteroids,
circulating hormones) may be required to induce long-term changes in the HPA axis of prenatally
stressed animals [56].

POSTNATAL STRESS AND REWARD SYSTEM

Postnatal and later environmental events might modulate the effects of prenatal programming and also
effects of prenatal stress or fetal glucocorticoid exposure extends into the postnatal period. Stress in
postnatal period seems to effect on HPA axis and different parts of central nervous system such as the DA
and endogenous opioid systems in the offspring. Some Studies shown that separation stress of the pups
from the dam (the most important stress in the postnatal) for long separation periods (3 h or more each
day) activate the pups’ HPA axis ,as evidenced by increased plasma levels of adrenocorticotropic hormone
and glucocorticoids with reducing pituitary CRH binding sites [57]. Moreover, this stress reduces
exploratory behaviors in adulthood and is associated with locomotor hyperactivity, cognitive
impairments and reductions in maternal care [58]. Other studies confirmed that stress in this period
produces specific and permanent changes of offspring plasma ACTH and corticosterone (CORT)
concentrations and corticosteroid receptor levels in hippocampus [59, 60] PVN and pituitary [61].
Humane studies have reported that glucocorticoid levels increase in these children (children with
separation stress of the offspring from the mother) over the day, more so in toddlers than in older
preschool-aged children [62, 63] as well as other studies shown that postnatal stress in humans
predisposes to developmental delays and behavioral disturbances [64], and possibly also personality
disorders [65]. One of postnatal stress consequences is the effect on the dopamine and endogenous opioid
systems (as reward system). Some of reports confirmed that postnatal stress (such as maternal
separation stress) results in increased dopamine release as well as decreased the number of D,-dopamine
receptors in the VTA and so lowered dopamine transporter levels in the NAc [66]. Also, early postnatal
stress (maternal separation) can significantly alter the rewarding or aversive value of p- and k-opioid
agonists when measured using place conditioning (1me) and exposure to repeated stress during
postnatal development eliminated the increase of dopamine release that elicited by short stressful
experiences in the adult life without affecting the inhibition of dopamine release induced by prolonged
stress [67]. Thus, stress in this period seems to effect on different systems of brain such as reward system
that can display its destroyer effects in adult.

STRESS IN AN ADULTHOOD AND REWARD SYSTEM

The same as was stated, the one can exposed with stress in different periods of life that one of them is an
adulthood time as well as stress seems to effect different parts of brain such as mesolimbic dopamine
system (or reward system) [68]. Recent discoveries suggest that there may be distinct populations of VTA
neurons that are preferentially activated by stress. However, less is known about how these factors
mediate mesolimbic dopamine responses to stress. Moreover, the majority of studies investigating
dopaminergic responses to stress have focused on a few species of male rodents under relatively
controlled laboratory conditions. Experimental Stressful stimuli such as restraint [69, 70] and foot shock
[71, 72] , induced dopamine release or turnover in the NAc shell, but a few studies have examined
dopaminergic responses to more natural stressors such as predator odor in male rats. For example, rats
exposed to fox odor for 20 min increased dopamine turn-over in the amygdala and frontal cortex but not
in the NAc [73]. Several in vivo and ex vivo studies have reported that enhanced dopamine release in the
NAS (nucleus accumbens septi) in response to stressful experiences [70, 74] .Other Stress stimuli such as
stressful experience of animal attack to conspecifics seems to enhance dopamine release in
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mesoaccumbens [75, 76] as well as, other studies shown that tail-pinch stress increases extracellular
dopamine levels (as measured by in vivo voltammetry) in the rat NAc and restraint stress enhances
dopamine outflow in the Frontal cortex (FC) and in the NAS [77]. Human studies have shown that
exposure of stress during adolescence increases risk of drug abuse, a process that is linked to changes in
mesolimbic dopamine function [78, 79]. Social stress during adolescence alters the “programming” of the
mesolimibic dopamine system, potentially making it more sensitive to drugs of abuse [80]. However,
there is also evidence that stress during adolescence can lead to desensitization of the mesolimbic system
[81]. For instance, Patients with social anxiety disorder (such as stressful activity) had higher levels of
activity in ventral striatum (which includes the NAc and caudate putamen) compared to matched controls
[82]. Similarly inconsistent results were found in studies examining D, receptor binding in adult
populations with social anxiety phenotypes [83]. Thus Stimuli that increase the release of dopamine in
the mesoprefrontal cortex (MFC) or NAc, whether natural (water, food, and sex) or artificial (produced by
means of drugs or electricity), can be heavily affected by stress [84]. These results indicated that a short
exposure to stressors enhances mesolimbic dopamine release, promotes behavioral activation and
facilitates reinforced responding, while prolonged exposure leads to inhibition of either the behavioral or
the neurochemical responses [74].

STRESS IN F2 GENERATION

Maternal stress can influence offspring development and stress responses with serious consequences that
lasting to adulthood [85, 86]. Maternal stress has been reported to programing physiology and behaviour
across generations [87]. Trans generational programming of stress responses were suggested to transmit
to subsequent generations in the absence of stress by germ line-dependent mechanisms [88]. Some
Studies have reported that environmentally stress induced epigenetic variation in the male germ cells
with similar modifications of the brain structures and also sperm of F1 offspring, and also in some cases
are observed in the F2 and F3 generations [89, 90]. For example, these heritable epigenetic changes may
induce the increased levels of Rcan1 and Rcan2 expression in stress-exposed mice and theirF1, F2, and F3
daughters [91]. It was suggested that maternal stress contributes offspring behavioural traits and their
stress responses by epigenetic mechanisms [88, 92]. Therefore, the epigenetic imprinting of adult
physiology and behaviour by stress suggests that this reciprocal relationship represents a potential target
for the prevention and intervention to improve offspring health outcomes. Moreover, fetal antecedents
likely lead to adult disease by programming changes in the epigenome. For example, human infants with
prenatal exposure to maternal stress showed increased glucocorticoid methylation, which associated
with a heightened cortisol response to a mild stressor. These programming effects may transmit to
subsequent generations, and also predisposing offspring to disease [93]. Prenatal stress may permanently
alter brain development, which may manifest in behaviors (such as nest building and behavioral
simplification) when a prenatally stressed rat matures and becomes pregnant [94]. Moreover,
corticosterone levels in pregnant rats peak on gestational day 18 and remain high until parturition [95].
The intricate endocrine changes of gestation and the rise in antepartum corticosterone levels in particular
may stimulate central dopaminergic systems and lead to greater locomotor activity [96]. All of the issues
related to HPA axis activity. Moreover, prenatal stress may alter basal activity of the HPA axis and the
response to stress in adulthood [97]. The studies shown that gestational stress can deregulate
progesterone formation in juvenile offspring [98] , a change that may persist into adulthood in female F1
and F2 animals to perturb physiological and behavioral adjustments to pregnancy. Then, the result shown
that FO generation exposure to a given environmental factor (such as stress) during pregnancy that
directly also affects the phenotype of the Flembryo and F2 primordial germ cells.

EPIGENETIC

Scientists defined that epigenetics more than half a decade ago as being “the interaction of genes with
their environment, which bring the phenotype into being”. Later, other scientists found that DNA-
methylation and other covalent modifications of DNA, to be one of the mechanisms behind
Waddingtonian epigenetic regulation, however, today there is a debate concerning the correct definition
of epigenetics [99-101]. Epigenetics is the ensemble of processes that induce mitotically or meiotically
heritable changes in gene expression without altering the DNA sequence itself. Epigenetic mechanisms
occur primarily at the chromatin, and involve multiple mechanisms including DNA methylation, covalent
posttranslational modifications of histones (HPTMs), chromatin folding and attachment to the nuclear
matrix, and/or nucleosomes repositioning (likely also noncoding RNAs). These mechanisms can act
separately or in synergy to modulate chromatin structure and its accessibility to the transcriptional
machinery. Epigenetic mechanisms are highly dynamic and can be influenced by environmental factors
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such as diet, social/familial settings, and stress. As previously illustrated the prenatal and postnatal
periods characterized by rapid changes in the neuronal organization, thus providing a critical window of
opportunity during, which environmental experiences can lead to long-term influences on brain and
behavior. There are several evidences for the role of epigenetic factors in mediating the relationship
between these experiences and long-term outcomes. Primate and rodent studies have shown that
maternal environment (in the prenatal and postnatal periods) has a profound influence on offspring
phenotype and this influence is mediated by changes of gene expression. As a result, understanding the
mechanisms governing these effects requires an investigation of the molecular mechanisms which
regulate gene transcription and thus exploration of the epigenetics of gene expression. The molecular
mechanisms involved in the epigenetics of the genome are numerous and complex including RNA
interference, chromatin remodeling, histone modification and DNA methylation [102]. For example,
chronic and unpredictable maternal separation stress also alters the profile of DNA methylation in the
promoter of several candidate genes in the germ line of the separated males (mice). Comparable changes
of DNA methylation are also present in the brain of the offspring and are associated with altered gene
expression [103]. Other studies shown that postnatal maternal separation induces increased stress
reactivity associated with reduced glucocorticoid receptors (GRs) expression in the hypothalamus and
hippocampus, and regional changes in CRH receptor expression [104, 105]. As well as, pups that received
little nurturing stress have shown increased methylation of the GR gene promoter at the NGFI-A binding
site in the hippocampus, an epigenetic change that associated with reduced GR expression [92]. Another
study showed that prenatal stress in pregnancy was associated with the GR gene methylation in children
in their early teens. Increased GR methylation is associated with stronger cortisol responses to stress
[106]. As well as, juvenile and adult rats exposed to prenatal stress have decreased numbers of
mineralocorticoid receptors (MRs) and GRs in the hippocampus, possibly because of epigenetic effects on
gene transcription [107]. Then prenatal stress can adversely influence gene expression in the HPA-axis
[108]. These results suggest that the GRs themselves are known to be involved in mediating of epigenetic
information by histone remodeling [109]. That is the influence by maternal hormones on the developing
embryo and the exposure of postnatal offspring to parental behavior could also be seen as carriers of
epigenetic information that ultimately might affect DNA-methylation and the chromatin configuration.
Now this question is propounded how early environmental stress effects are sustained into adulthood?
The answer to this question involves understanding of epigenetic modifications of gene expression in
response to environmental stress. DNA methylation patterns are maintained after cell division and thus
passed from parent to daughter cells and it is through this form of epigenetic modification that cellular
differentiation occurs [110]. This methylation is perpetuated across successive generations and is
present in the germ-line of first-generation males and the brain and germ-line of second-generation
progeny [31, 111]. Then stress in the adulthood differentially modulates DNA methylation at specific
genes [112]. Also, adult stress can leads to trans generational transmission of some behavioral symptoms
[113], these can be transmitted from mother to offspring (F1 generation) and to grand-offspring (F2
generation). For example, it has been shown that DNA methylation of the CRF gene promotor decreased
however the methylation of the GR exon 17 promotor regions increased in hypothalamic tissue of adult
male mice born to gestationally stressed females [114]. It seems that maternal depression is to be
associated with the increased GR 1F promotor methylation in the fetal blood samples and these
methylation patterns predicted HPA reactivity in the infants at 3 months of age [115]. Animal studies
have shown that the effects of maternal stress emerged in infancy and were maintained into adulthood.
Moreover, these effects of stress on BDNF exon IV methylation are perpetuated to the F1 generation,
suggesting a role of epigenetic mechanisms in the transgenerational effects [116]. Different epigenetic
alterations likely involved in different types of gene and brain areas after stress [110]. For example,
epigenetic alterations may involve DNA methyltransferases (DNMTs) like DNMT3a, whose mRNA is
persistently increased in NAc after chronic social stress or other DNMTs or DNA methylation regulators
[110].

CONCLUSION

Stress is considered as an important factor which can influence embryos growth during the gestation
period and other stages of life. Stress has been defined as any condition that changes internal or external
melio. Stress reaction differs according to its severity to threats in life. In general, it is highly likely that
stress can induce a neuroendocrine response originated from hypothalamus and ends in adrenal gland.
Corticosterone and norepinephrine released from adrenal cortex and medulla respectively, and prepared
the animals for ameliorate the menace and/or overcome it, when a pregnant animal is exposed to a
stressful event, with a possible increase in the plasma concentration of its corticosterone, the overloaded
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hormone may readily cross the placenta barrier and affect its embryos growth and development.
Moreover, prenatal stress may be linked to a typical laterality in rats. The studies also revealed that the
early life stress can alter dopaminergic system activity in rat, which may influence their response to the
psycho stimulants, indicating the importance of early life events on later brain activities. All of findings
indicated that implication of stress to a pregnant animal could lead to a serious abnormal brain function
of its off-springs.
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