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Stress can be defined as the brain response to any demand.
Maternal exposure to stress during pregnancy may have negative
effects on fetal and infant neurodevelopment, including delayed
mental and motor development, difficult temperament, and
impaired cognitive performance. Some of these effects are seen
on brain structure and function and in the risk for later depression
and posttraumatic stress disorder. Stress in adolescence appears
to have lasting effects on brain regions such as the hippocampus
and alters mood and anxiety-related behaviors in animal models,
as well as cognitive function. The brain is the key organ of the
response to stress because it determines what is threatening and,
therefore, potentially stressful, as well as the physiological and
behavioral responses which can be either adaptive or damaging.
Stressors in adult life alter neuronal morphology in brain regions
such as the hippocampus, amygdala, and prefrontal cortex and
influence learning, anxiety, executive function, and somatic-
visceral functions. Exposure to stress and stress hormones during
the prenatal period, infancy, childhood, adolescence, adulthood or
aging, has an impact on brain structures involved in cognition and
mental health. As demonstrated in the above, generally stress can
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have wide ranging effects on emotions, mood and behavior.
Equally important but often less appreciated are effects on various
systems, organs and tissues in all over the body. Recent studies
and progress in neuroscience and biomedicine related to stress is
providing a better understanding of mechanisms and pathways for
these effects. Therefore, this article will provide an overview by
discussing about influences of prenatal and postnatal stress on
cognitive function and fear memory consolidation.

© 2015 Sjournals. All rights reserved.

1. Introduction

Stress during pregnancy has been shown to be associated with cognitive impairments in the offspring.
Prenatal stress is considered as a risk factor for psychiatric disorders such as schizophrenia and autism. Many of
the endocrine and immune factors that play key roles in growth and development are also centrally involved in the
stress response. This may be one reason why stress has the potential to impact intrauterine development. The role
of stress and stress biology in development is common across all species and underlies evolutionary adaptations to
external circumstances, such as food availability and challenges that threaten survival and reproduction.
Glucocorticoids play a prominent role in the development of neural system during fetal period as it is shown that
HPA axis is reprogrammed by the stressors during pregnancy (Szuran et al., 2000; Weinstock, 2008). Markham et
al. (2010) reported the effects of prenatal stress on cognitive function of male and female rats. These researchers
also reported that the spatial learning and memory and passive avoidance learning and memory were negatively
affected by prenatal stress. Exposure to excessive stress hormones during the fetal period leads to the delayed
development of the nervous system and inhibition of neurogenesis in different parts of the brain, which might
provide an explanation for the cognitive deficits observed in the offspring (Noorlander et al., 2008; Lupien et al.,
2009). Prenatal physical or psychological stress leads to impairments in learning and memory of adult male
offspring in both spatial and contextual fear memory paradigms (Markham et al., 2010). Yang et al. (2006) have
demonstrated that prenatal physical stress (footshock) alters synaptic plasticity in the hippocampus of the
offspring. These researchers reported that the prenatal stress in the rats decreased long-term potentiation (LTP)
and increased long-term depression (LTD) in the male offspring and also impairment of spatial learning. Several
studies reported that prior exposure to moderate or high intensity stress is capable of enhancing associative
learning and memory processing (Rau and Fanselow, 2009; Cordero et al., 2003). Rats exposed to physical restraint
or footshock stress prior to contextual fear conditioning subsequently exhibited increased levels of conditioned
fear behavior, namely freezing. In the previous studies, the researchers reported that the exposure to stressors
during the early life has long-lasting neurobiological effects and puts one at increased risk for anxiety and mood
disorders, aggressive dyscontrol problems, medical morbidity and structural changes in the CNS (Schneiderman et
al., 2005; Schneiderman et al., 2005). It is previously demonstrated that prenatal stress increases the anxiety-like
behaviors and depression in postnatal period (Koenig et al., 2005). Several studies have attempted to assess the
anxiety-like behaviors and cognitive function of the prenatally stressed rats, there is still a lack of evidence for the
effect of different prenatal stressors on the adolescent offspring cognitive functions (Bowman et al., 2004; Mueller
and Bale, 2007). Adult hippocampal neurogenesis (AHN) is involved in learning and memory, stress and plays
a significant role in neurodegenerative and psychiatric disorders. Prenatal stress (PS) and postnatal stress (PTS)-
mediated modulations of AHN are correlated with impairments in adult brain functions, such as memory or
behavior. The hypothesis of double neurogenic niche postulates that each kind of stress, PS and PTS, influences
a specific neurogenic pool, developmental or postnatal (Ortega-Martinez, 2015). Stress during pregnancy has a
wide variety of negative effects in both human and animal offspring. These effects are especially apparent
in various forms of learning and memory such as object recognition and spatial memory. The cognitive effects
of prenatal stress (PNS) may be mediated through epigenetic changes such as histone acetylation and DNA
methylation (Kofman, 2002; Cabrera et al., 1999; Mesquita et al., 2009). Rats exposed to stress during the last
week of gestation have significantly decreased dendritic spine density in the anterior cingulate gyrus and
orbitofrontal cortex. Furthermore, prenatal exposure to glucocorticoids leads to increased adult corticotropin-
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releasing hormone (CRH) levels in the central nucleus of the amygdala, a key region in the regulation of fear and
anxiety (Schneiderman et al., 2005). Chronic exposure to stress hormones, whether it occurs during the prenatal
period, infancy, childhood, adolescence, adulthood or aging, has an impact on brain structures involved in
cognition and mental health. However, the specific effects on the brain, behavior and cognition emerge as a
function of the timing and the duration of the exposure. In this review we will provide an overview by discussing
about influences of prenatal and postnatal stress on cognitive function and fear memory consolidation.

2. Stress hormones and brain function

Stressful experience triggers the activation of two modes of operation; consist of autonomic nervous system
and hypothalamus—pituitary—adrenal (HPA) axis. Actually these two systems play important role in restoring
homeostasis following exposure to stress, and also modulate important physiological responses that are essential
to cope with stress such as glycogenolysis, immune response, memory and cognition (Lupien et al., 2007;
Finsterwald and Alberini, 2014). The primarily and fast mode of response initiates with the secretion of CRH
(corticotropin releasing hormone) from hypothalamus, leaded to activation of locus coeruleus (LC) which has the
majority of noradrenergic neurons in the brain (Kandel et al., 2000a; Smith and Vale, 2006). LC has widespread
projection to other brain areas, such as the prefrontal cortex, amygdala cerebellum, and hippocampus and
innervate these areas with noradrenergic signals via a and B adrenoceptors (Tsigos and Chrousos, 2002; Eysenck,
2004; Smith and Vale, 2006).

Hypothalamus

N - Negative
,;; Foedback Loop
Pituitary
ACTH
LC/NE
Sympathetic Cortisol
Adrenomedullary System m
Medulla

A Norepinephrine
Eemme il  Fight or Flight Response

A Epinephrine

Fig. 1. Schematic representation of the HPA axis and stress response system. (Atsak, 2012).

On the other hand the second way is HPA axis triggered also with the releasing CRH from the hypothalamus.
CRH causes subsequent secretion of adrenocorticotropin (ACTH) from the anterior pituitary gland. In turn, ACTH
reaches the adrenal glands located above the kidneys through the blood vessels, and stimulates releasing of two
main classes of stress hormones including glucocorticoids (called corticosterone in animals, and cortisol in
humans), and the catecholamines (adrenaline and noradrenaline) (Lupien et al., 2007). It has been shown that
there is a difference in the kinetic properties of exposure to stress between these two hormones. For instance, in
vivo microdialysis studies have reported that noradrenaline levels rapidly increase fallowing stress, but return to its
baseline within an hour (Quirarte et al., 1998). While, a delay of approximately 20 min observe for arising in
corticosteroid hormone levels in the brain (compared to the rise observed in plasma; Droste et al., 2008) and
decline to its normal level after 1-2 h. Differential time course of actions of these hormones, doesn’t mean that
there is no overlapping presence of noradrenaline and corticosteroids in time and space, but even they have
important interactions with each other in different brain areas such as amygdala (Joels et al., 2011). It has been
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proposed that the dissimilarity seen in the kinetic properties maybe as a result of special mechanisms and signaling
pathways related to each hormones that we will explain more about them. In fact catecholamines principally act
through G-protein coupled receptors activated second messengers and due to altering the functionality of ion
channels. So rapid-onset changes in electrical properties of neurons occur, which generally are also quickly
reversible fallowing reduction of noradrenaline levels in the synaptic cleft. Besides to these rapid proceedings, a
secondary, delayed response to noradrenaline may develop through gene- mediated events, for e.g. via CREB,
which last for hours (Krugers et al., 2012). In contrast Glucocorticoids are steroid hormones synthesized from
cholesterol in the adrenal cortex. Because of their lipophilic nature, they can easily cross plasma membranes and
activate two different intracellular receptors: mineralocorticoid receptors (MRs) and glucocorticoid receptors
(GRs), known to be transcriptional regulators (Duma et al., 2006; de Kloet et al., 2000; Finsterwald and Alberini,
2014). In absence of ligand, cytoplasmic MRs and GRs are bound to protein complexes, called heat shock proteins
such as hsp 70, hsp 90 (Grad and Picard, 2007). Upon binding of ligand, some conformational changes occur in
these receptors that cause to their dissociation from the chaperone molecules and translocate to the nucleus.
Then both MRs and GRs directly trigger transcription of target genes as a result of binding to specific sequences of
15 nucleotides in the promoter of target genes called glucocorticoid response elements (GREs) (Zalachoras,
Houtman and Meijer, 2013). So in spite of catecholamines, the effect of glucocorticoids initiate in a delay phase.
On the other hand, there is a growing body of evidence to propose that glucocorticoids hormones also induce
rapid effects through nongenomic signaling pathway which are independent of nuclear translocation and gene
expression regulation (Orchiniketal, 1991; Venero and Borrell, 1999; Di etal., 2003; Karst et al., 2010; Groc et al.,
2008, Groeneweg et al., 2011; Prager and Johnson, 2009).

One notable characteristic about these two receptor is that, MRs have a tenfold higher affinity for
glucocorticoids than GRs and are mostly saturated by the ligand in basal situation, while GRs occupation related to
increasing in glucocorticoid levels following stress response (de Kloet et al., 2005; Lupien et al., 2007). Studies also
suggest that the ratios of MR/GR occupancy can significantly influence the outcomes of the glucocorticoids’ actions
(Lupien and Lepage, 2001; Lupien et al., 2007). Actually it has been shown that cognitive performance can improve
when most of the MRs are saturated and only part of the GRs are occupied with ligand (top of the inverted-U
shape; enhanced MRs/GRs ratio). However, when circulating levels of glucocorticoids are significantly declined or
enhanced (extremes of the inverted-U shape function; low MRs/GRs ratio), cognitive impairments will occur
(Lupien et al., 2007). Another distinct difference between them is about their dispersion in the brain. The MRs are
exclusively expressed in limbic structures. In contrast the GRs are not limited only to the limbic structure and
dispersed over the whole brain. Notably, MRs and GRs are extensively distributed throughout the brain in both in
the hippocampus and amygdala, two areas which have critical roles in memories of fear and stressful experiences.
(de Kloet et al., 2005; Lupien et al., 2007).

3. Interactions of stress hormones and involvement of noradrenergic activation in the amygdala

Evidence from studies indicates that adrenaline and glucocorticoids not only alter transmission independent
from each other but also the interaction between them may be essential in mediating stress effects on neural
plasticity and memory enhancement (Joéls et al., 2011; Pu Krugers and Joéls, 2009; Roozendaal et al., 2006b). For
example, fallowing administration of meytrapone, as a corticosterone-synthesis inhibitor, the elevation of
circulating corticosterone reduces that cause to attenuate the memory-enhancing effects of epinephrine
administered shortly after training (Roozendaal and McGaugh, 1996a). So researches have shown that the
synergistic actions of epinephrine and corticosterone may be essential in mediating stress effects on memory
enhancement. On the other hand in a study that was conducted by Roozendaa, et al, co-administration of
propranolol (B-adrenoceptor antagonist) with the corticosterone immediately after object recognition training
blocked the corticosterone-induced memory enhancement (Roozendaal, et al., 2006a). Additionally, others have
demonstrated that administration of a f-adrenoceptor antagonist in to the BLA and other brain region block the
memory enhancement by concurrently administered corticosteroids (Barsegyanetal, 2010). Therefore adrenergic
activation is critical in enabling glucocorticoid enhancement of memory performance. Moreover, considerable
evidence have indicated that the noradrenergic activation within the BLA is critically contributed in mediating the
memory-modulating effects of corticosterone and epinephrine (McGaugh et al., 2000; McGaugh and Roozendaal
2002; Roozendaal, 2002). In the other word drugs and hormones that enhance memory performance should
increase the release of norepinephrine within the amygdala (Roozendaal and McGaugh, 2011). So the amygdala
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act as a major site where the two stress hormone can collaborate and interact to make their effects on memory
activity. But as an important question, how catecholamine and glucocorticoid can trigger the activation of
noradrenergic system in the basolateral complex of the amygdala (BLA)? It is well established that peripherally
released adrenalin doesn’t easily pass the blood brain barrier but also can stimulate ascending vagal afferents
terminating in the nucleus of solitary tract. NTS has extensive noradrenergic projection to the basolateral complex

of the amygdala (BLA) and LC. So the brain is one of the most important target for subsequent releasing of
catecholamines upon exposure to stressful and arousing experiences (Lupien et al., 2007)
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Fig. 2. The noradrenergic and glucocorticoid systems interact within the amygdala to mediate memory modulating
effects. (Roozendaal, 2002).

On the other hand, as it has been found with epinephrine, glucocorticoid can also influence on memory

consolidation via directly activation of GRs presented in brain stem nuclei, such as NTS that send noradrenergic
projections to the BLA (Roozendaal and McGaugh, 2011). Interestingly some studies which have been conducted
to understanding the mechanism of glucocorticoid interactions with the noradrenergic system, reported that

within 15 min after the corticosterone administration, norepinephrine levels in the amygdala elevate and these
events are consistent with rapid nongenomic effect of glucocorticoids and maybe activation of GRs in the BLA,
facilitate memory performance by potentiating the norepinephrine-induced signaling cascade via an interaction
with G-protein-mediated effects. Other recent researches propose that such rapid effects of glucocorticoids on the
increase of norepinephrine in the BLA might related to endocannabinoid signaling pathway (Campolongo et al.,
2009b; Hill and McEwen, 2009). As shown in fig.3 there is a model that explain clearly the role of the

endocannabinoid system in mediating glucocorticoid effects on norepinephrine release in the BLA in regulating
memory performance (Atsak et al., 2012).
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Fig. 3. Role of the endocannabinoid system in the BLA in mediating glucocorticoid effects on norepinephrine
release.
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Corticosterone (CORT) is secreted during emotionally arousing conditions and binds to a membrane-bound
glucocorticoid receptor (GR) (1), which initiates a pathway to trigger endocannabinoid (eCB) synthesis (2). Then
endocannabinoids are secreted into the synapse where they attach to CB1 receptors on GABAergic terminals (3),
and cause to inhibit the release of GABA from GABAergic terminals (4). So the suppression of GABA release leads
to disinhibit norepinephrine (NE) release (5), and subsequently the intracellular signaling pathway of the
postsynaptic B adrenoceptor initiates (Hill and McEwen, 2009).

Actually two windows of time have been suggested that may occur after exposure to a stressful condition.
Shortly after exposure to stress, rapid non-genomic actions of corticosteroids concur with initial effects of
noradrenaline within 1 h after stress. In the second phase corticosterone might also act via its slow genomic
pathway that cause to alter the noradrenergic actions which take place hours after exposure to stress. So the
amygdala is a major site where the two hormone systems can interact and collaborate to deliver their regulation of
memory activity, in consistency with the experience of stress being perceived (Krugers et al., 2012).

4. Prenatal stress

Prenatal stress is exposure of a pregnant female to physical or psychological tensions which may occur as
results of stressful life events or environmental hardships. What is more, stressed mother's hormonal and immune
system can cause dysfunction or retardation in fetus's immune system and brain development (Ruiz and Avant,
2005, Charil et al., 2010). Prenatal stress is shown to have determining role in fetal nervous system development in
animal and increasingly in human. Although both prenatal and postnatal stress may have long lasting
consequences, prenatal stress alters brain structure and function so that it does influence the offspring’s cognitive
function (Del Cerro et al., 2010). Such alterationsin nervous system can oftenbe mimicked by administrating the
stress hormone to the pregnant animal (Afadlalet et al., 2010). Inmonkeys,offspring’s anxiety increased when
attention span was lessened (Schneider et al., 2002), as well as reduced hippocampalvolume (Coe et al., 2003) and
poorly developed corpus callosum (Lulbachand, 2002). Anxiety and depression as major outcomes of stress have
been showed to be associated with fetal and child development (O’Connor et al., 2002; Field et al., 2003; Hay et
al., 2008; Laplante et al., 2008). Based on previous studies if a pregnant mother experience a term of stress, the
child is at a high risk of anxiety, (O’Connor et al., 2003; Van Den Bergh and Marcoen, 2004), attention deficit
hyperactivitydisorder(ADHD), (O’Connor et al., 2003; Huizinket et al., 2007) and conduct disorder (O’Connor et al.,
2003; Barker and Maughan, 2009) as well as dysfunction of the HPA axis (Glover et al., 2009). In animal models,
hippocampus of adult male ratslost its strength to properly proliferate and cellular death occurred in the
hypothalamus-pituitary axis.Garcia-Caceres et al., (2010), showed that prenatal stress decreases cell turnover and
proliferation in the hypothalamus of adult rats, which reduces structural plasticity and reduces the response to
stress in adulthood. This study also showed that when prenatally stressed rats were stressed in adulthood the
females showed an increase in corticotropin-releasing hormone suggesting it to be an up-regulation in the
hypothalamic-pituitary adrenal axis. Males showed no elevation of corticosterone levels. Increase in
adrenocorticotropic hormone with no effect of adult stress and a decrease in the corticotropinreleasing hormone
mMRNA in the hypothalamus showed a down-regulation(Garcia-Caceres et al., 2010).

5. Prenatal stress and complications of pregnancy

The HPA axis and the reproductive system are in a strong association in both pregnant and non-pregnant
women (Chrousos, 1998). What is more, CRH and cortisol receptors are abundant in the endometrium,
myometrium, and the ovaries. Therefore,psychological and physical stress influencesreproductive activities.lt is
observed during IVF therapies that the chance to achievesuccess is smaller if the mother asserts she is
experiencing more stress or anxiety at the onset of pregnancy (Miladet et al., 1998; Demyttenaereet et al., 1994).
Well-controlled studies in humans show a direct relationship between prenatal maternal stress and pregnancy
complications listed below.

1-Spontaneous abortion
Spontaneous abortion is commonly found in unpleasant life event including death of a relative or being victim
of criminality (Neugebauer et al., 1996)and work place stressors (Fensteret et al., 1995).
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2- Structural malformations

Craniofacial malformations and heart defects are in a strong association with a number of life events like
death of an older child during early pregnancy (Hansenet et al., 2000). Other structural malformations can
manifest with psychosocial problems like inappropriate behavior with members of the family (Nimbyet et al.,
1999).

3- Preeclampsia

Depression and anxiety (Kurkiet et al., 2000) and also some forms of work stress (Landbergis and Hatch,
1996) that are experienced during the first trimester seem to be associated with an increased risk for developing
preeclampsia in a later phase of pregnancy. Patients who eventually develop preeclampsia often have increased
serum concentrations of placental CRH (pCRH) from 18 to 20 weeks of gestation (Hobelet et al., 1999; Perkinset et
al., 1995).

4- Preterm delivery

The relationship between stressful experiences during pregnancy and an increased risk of preterm delivery
has been a consistent finding of independent studies for several decades (Paarlberget et al., 1995). It has been
suggested that preterm uterine activity and shortened length of pregnancy result from stress during the third
trimester. Remarkably, serum concentrations of placental CRH are already raised at 15-20 weeks of pregnancy in
women who deliver preterm (Leunget et al., 1999).

5- Birth weight

Recent well-controlled research has documented that high anxiety and depression result in reduced birth
weight and smaller head size (a measure of brain development). This effect of prenatal stress is of the same
magnitude as the effect of smoking (Louet et al., 1994). The chance of delivering a low birth weight baby is higher
if exposure to stress, daily hassles in particular, occurs during the first 3 months of pregnancy (Paarlberget et al.,
1999). This may explain why others found a normal birth weight in infants of women whose husband died after the
fourth month of pregnancy (Cepicky and Mandys, 1989).

6. Prenatal stress and cognitive function

Several studies have found an association between prenatal stress and children performing less well in
cognitive tests. The prenatal stresses studied include life events (Bergman et al., 2007), exposure to a Canadian ice
storm (Laplante et al., 2008), increased state anxiety (Menneset et al., 2006) and exposure to pregnancy-specific
anxiety and increased daily hassles (Huizink et al., 2003). We do not know to what extent the cognitive impairment
detected after prenatal stress is a side effect of readily distracted attention, or other behavioral changes.Some
studies in humans show long-term associations between prenatal stress and altered basal cortisol levels, or cortisol
responses to stress (O’Connor et al., 2005; Yehuda et al., 2005; Guttelinget et al.,2005; Huizink et al., 2008; Van
den Bergh et al., 2008; Entringer et al., 2009).

7. Early life stress and cognitive function

When one is challenged in an emotional or physical situation thatis not able to adapt with, stresswill be the
consequent (Gunnar and Quevedo, 2007). Early life stress(ELS) isresult of exposure to events during childhood by
which child’s primary needs are not met or those events are accounted as threats for child’s age. Therefore, child
may experience prolonged phases of stress. Childhood major stressors are usually categorizedas physical
irritations, neglect, socialconformity, witnessing of violence,parental separation, parental death or iliness, poverty
(Brown et al., 2009). It is impossible to estimate the exact prevalence of ELS. Though,in 2007, 3.5 million (22.5%)
children were observed by Child Protective Services in the United States alone. Abuse and neglect rate reached
10.6 % in 2007 (U.S.Department of Health and Human Services 2009).Moreover, these records likely
underestimate the incidence of childhood trauma (Finklehor, 1994). ELSimpacts either behaviorally or physically.
Although activation of stress response systems as a defensive responsehelps to cope with tough situations, very
intensive or chronic levels of stress can inhibit brain development and affect mental health. (Andaet et al., 2006;
De Belliset et al., 1999a; De Bellis et al., 1999b).Although it has been studiedwidely on neurobiological aspects of
ELS (De Bellis, 2005; Teicher et al., 2003) less attention has been paid to cognitiveand emotional outcomes of
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ELS.Exposure to ELS also impacts the function of the NAc. It alters dopamine (Brenhouseet et al., 2013) and
serotonin pathways in the NAc of rodent’s brain (Oreland et al., 2011). In humans, reduced NAc reactivity is
attributed to ELS (Goffet et al., 2013). ELS enhances estrogen, oxytocin and serotonin-1A receptor expression after
maternal separation in female rodents (Oreland et al., 2011). These three receptors are thought to be responsible
of the development of anxiety and depression disorders (Skalkidouet et al., 2012).In contrast, in some other
studies (Groeneweg et al., 2011) although ELS affected adult hippocampal-dependent memory, inconsistent
effects on anxiety-like behaviors were detected (Simms et al., 2014). Raineki et al. showed that ELS causes a
number of social behavioral deficits in preweaned rodents but later depressive-like symptoms in adolescent
rodents (Vengelieneet et al., 2008). Finally, we assess the quality of ELS sequels in tow major etiologies based on
human and animal literatures. The first one introduces ELS as a fear regulation modifier that is able to suppress
fear responses in favor of goal oriented behavior. On the other side, the second one attributes alterations of
behavior to amygdala.

8. ELS effects on synaptic plasticity and behavior

Unlike MS pattern ,neurogenesis rate in the sub ventricular zone of the hippocampus increases in the early
post-partumstage while it decreases during late adulthood .what is more , specific proteins associated
withsynaptic plasticity such as neural cell adhesion moleculel (NCAM1)and synaptophysin are down regulated
during adulthood after MS.Finally, behavioral outcome of the mentioned alterations in the nervous system
including memory impairments, reduced social interaction,anhedonia, and anxiety appear(Nikolaos et al.,2015).
Children experiencing ELS may have an impaired intellectual abilityincluding early institutionalization, neglect, or
various forms of maltreatment (Cohen et al., 2008; De Bellis et al., 2009).Smaller intracranial volume, reduced
hemispheric integration, and asmaller corpus callosum are some of the neural correlates of impaired global
cognitivefunctioning following ELS (Noble et al., 2005; Teicher et al., 2004).DeBelliset al (2009) used abattery of
standardized tests to observe neurocognitive functioning in neglected childrenwith and without PTSD compared to
non-traumatized controls. Regardless of their PTSDdiagnosis, neglected children scored significantly lower on 1Q
than controls. Even whendifferences in 1Q were statistically controlled, significant differences between neglected
andnon-neglected children were found in a range of cognitive functions including language,memory/learning, and
attention/executive functioning (De Bellis et al., 2009). Therefore, events inducing ELS are highly likely to affect
intellectual performance of children.As the largest white matter structure inthe brain, the corpus callosum is
composed of myelinated axons allowing an interhemispheric integration of diverse cognitive, motor, and sensory
processes. In healthy samples, increased growth patterns were found for the anterior part of the corpus callosum
between the ages of 3—6, assisting in vigilance and planning of new actions (Thompson et al., 2000). As language
functions and associative memory functions become more prevalent, a sharp increase in posterior corpus callosum
growth was noted around puberty (6—13 years). (Thompson et al., 2000). In both non-human and human research,
exposure to ELS has been associated with decreases in corpus callosum size. In a study by Sanchez and colleagues
(1998), primates separated from their mother from 2—-12 months of age were later characterized by a reduced
volume of the corpus callosum, loss of WM in prefrontal and parietal region, and impairments in recognition
memory and reversal learning. In line with these preclinical data,reduced hemispheric integration and a smaller
size corpus callosum, particularly in the medial and posterior regions, has been described in adults maltreated as
children (Navalta et al., 2006), with the corpus callosum in neglected children being 17% smaller than in controls,
and 11% smaller than in non-abused, psychiatric children (Teicheret et al., 2004).These findings have been
strengthened by diffusion tensor imaging techniques, which have uncovered reduced fractional anisotropy in
medial and posterior regions of the corpus callosum in maltreated children with PTSD (Jackowski et al., 2008) and
in the genu of the corpus callosum in non-clinical adults with a history of ELS (Paul et al., 2008). Yet, more
investigations are needed to assess how great ELS affects the size of corpus callosum. The anterior corpuscallosum
develops and assists with functions needed earlier in life (e.g., vigilance, approachbehavior) while the posterior
growth is more significant laterin development (e.g., language, associative memory). In conclusion, since
development of corpus callosum lasts to the third decade of life, it maybe vulnerable to effects of ELS. Although
postnatal neuronal proliferation in thehippocampus begins at a very early age, it continues into adulthood (Gogtay
et al., 2006). In general, the anterior portion of the hippocampus is associated with anxiety-related behavior,
associative memory, and emotional processing that decrease in dimensions with age. Several similar studies failed
to show reduction in the hippocampal volumein animal offspring with ELS (De Bellis et al., 2002b; Teicher et al.,
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2003; Karl et al., 2006).Besides, some other studies were not able to find any link between reduced hippocampal
volumeand memory impairments following maltreatment (Pederson et al., 2004).

9. Pavlovian fear conditioning

Stressful events and threats lead to make strong memories that are essential for adapting and survival
response. At first they are rapidly acquired but exist in an unstable state. It has been shown that during
consolidation process, the acquired information became stable and transform in to long-term memory. Pavlovian
fear conditioning is a useful behavioral task to study the neural mechanisms underlying fear learning and memory
(Johnson et al., 2011). Moreover, classical fear conditioning (CFC) can be a model for psychological disorders such
as PTSD. In classical fear conditioning, presentation of an initially biologically insignificant conditioned neutral
stimulus (CS; for example an auditory sound or light) that is paired with the presentation of an
unconditioned aversive stimulus (US; for example an electric foot shock) (Candace, 2015). Freezing behavior, as
a measurement of fear learning, is generally defined as suppression all of the animal movements except
respiration. These responses are rapidly formed; therefore fear conditioning has become a popular model and can
be use to studying learning and memory mechanisms (Kim and Jung, 2006). There are different types of fear
conditioning models, such as standard delay fear conditioning, in which the CS and US co-terminate; contextual
fear conditioning, in which the US occurs in the absence of a discrete CS; and trace fear conditioning, in which the
CS and US onset are separated by a stimulus-free interval. In summary, fear conditioning paradigm is useful for
PTSD modeling and understanding molecular mechanism underlying fear learning.

10. The influence of stress on pavlovian fear acquisition and consolidation

We all experience stress in daily life in different forms and stressors can affect our learning and memory.
Destructive effects of chronic and acute stress on learning and memory processes are particularly well
documented. Stress has different effects on memory performance, especially aversive memories such as fear
response. So we briefly review these effects separately. It should be noted that effects of stress is focused mainly
on acute stress.

11. Effect of stress on fear memory acquisition

We pointed earlier the important role of amygdala in the acquisition and storage of pavlovian fear
conditioning. Moreover, amygdale modulates expression of aversive responses to stress and stress hormones in a
highly sensitive manner. However, based on different studies in animals, it has been shown that exposure to stress
facilitates the acquisition of cued fear learning (Candace, 2015). This facilitating needs to noradrenaline so that
blocking noradrenaline in the amygdala before training has defective effects on acquisition of cued fear
conditioning (Bush et al., 2010). Inversely glucocorticoid does not affect the initial fear acquisition performance.
This finding arised from the result that blocking there receptors has the opposite effect comparing with
noradrenaline receptors. On the other hand, blocking glucocorticoid release does not affect the initial fear
acquisition performance which proves that their release does not involve in the initial fear acquisition performance
(Jin et al., 2007; Rodrigues and Sapolsky, 2009). These effects not only restricted to acquisition, but also evidence
from human studies showed that stress can reduce memory retrieval of conditioned fear (Bentz et al., 2013). In all,
it should be pointed that stress hormones have different effects on memory processing.

12. Effect of stress on fear memory consolidation

Considerable evidence raised from both human and rodent studies indicates that glucocorticoids
(corticosterone in animals and cortisol in humans) released from the adrenal cortex in response to stressful stimuli,
play a key role in learning and memory. Interestingly, during acute stress noradrenalin release and has enhancing
effect on amygdale function (Tully et al., 2007). On the other hand, dose- dependently enhancement effects of
glucocorticoids on consolidation of new fear memoires has been established, so glucocorticoid hormones have a
key role in consolidation of long-term memories especially arousing experiences. Pharmacological blockade of
corticosterone or cortisol synthesis with metyrapone (a glucocorticoid receptor antagonist) results in memory
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consolidation impairment in both animals and humans (Blundell, 2011). A large body of results obtained from both
animals and humans suggests that moderate density of glucocorticoid receptors (GRs) in basolateral complex of
the amygdala (BLA), have critical role in mediating aversive and emotional memories, therefore glucocorticoid
agonist or antagonist infusion into this area can affect memory consolidation (Roozendaal et al., 2009). Similar
results obtained from infusion of glucocorticoids into the hippocampus or medial prefrontal cortex (mPFC),
therefore, these findings suggest that enhancement effect of glucocorticoids on fear memory consolidation occurs
with the participation of several areas of brain (Barsegyan et al., 2010). It is important to note that disruptive
effect of stress hormones on prefrontal cortex function is well documented (Gartner et al., 2014). Since the many
behaviors which influenced by both stress and glucocorticoids is depend to mPFC, thus, pathophysiology of stress-
related disorders such as PTSD, may related to stress- induced morphological and chemical changes in prefrontal
cortex, so understanding how stress influences prefrontal structure and function will be helpful to recognized the
mechanisms underlying PTSD. Generally, glucocorticoids can enhance consolidation of aversive memories in dose-
dependent manner and work beside noradrenaline to facilitate it.

13. The neural circuitry underlying classical fear conditioning

Considerable body of researches had proved the involvement of medial prefrontal cortex (mPFC) in the
regulation of a broad range of behaviors including emotional behaviors and psychiatric conditions such as post-
traumatic stress disorders (PTSD) will be created after dysfunction of the mPFC (Shin et al., 2010; Pitman et al,,
2012). This area of brain also modulates the stress effects on behavior. As discussed above, Amygdala is required
to form CS- US association while the hippocampus is involved in contextual dependent learning in fear conditioning
(zovkic et al., 2013). In rodents, based on cytoarchitectonic and hodologic criteria, the mPFC can be devided in four
distinct areas which, from dorsal to ventral, are the medial precentral cortex (PrCm) or medial agranular cortex
(AGm), the anterior cingulate cortex (AC, dorsal and ventral parts), the prelimbic (PL) and the infralimbic (IL)
cortices. PL and IL areas of the mPFC regulated suppression or expression of fear memory respectively This fact
comes from differential connectivity of mPFC with the amygdale (Fig. 1) .Therefore IL and PL have opposite effects
on fear expression.

Prefrontal Cortex Amygdala

@
() SN

Fig. 4. Model of prelimbic (PL) and infralimbic (IL) interactions with the amygdala.

During PL mi.crostimulation, feedforward excitation activates (plus sign) the basal amygdala (BA) which in
turn activates the medial division of the central nucleus (CeM) to produce conditioned fear responses. In contrast,
IL microstimulation excites GABAergic cells in the intercalated (ITC) region as well as the lateral division of the
central nucleus (Cel). Excitation of both of these nuclei inhibits (minus sign) the output of CeM and reduces fear.
Adapted from Ivan Vidal-Gonzalez et al., 2006.

According to different studies about PL cortex it is established that PL is contribute in using higher-order
information, such as contextual cues, goal value, or the associative history of a stimulus to modulate responding.
For instance manipulation of PL cortex impairs goal directed animal responses (Sharpe and Killcross, 2014). Fear
related behaviors deal with IL and PL cortex and reciprocal interactions between these areas with amygdale and
hippocampus. GABAergic intercalated cell masses (ITC) and lateral division of the central nucleus (Cel) of amygdale
receives projections from IL cortex. The output of this circuit is inhibition amygdala output neurons of the medial
division of the central nucleus (CeM), so it is important to refer the critical role for the IL of the vmPFC in the
retention of extinction learning and contextual modulation of extinction learning which is mediated by
hippocampus (Francisco et al., 2010). Reduction in expression of conditioned fear to contextual and auditory
stimuli will be happened if inactivation merely limit to PL (Corcoran and Quirk, 2007). Such finding pointed to this
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fact that activation of PL cortex is necessary for fear expression. IL, indirectly projects to BLA via GABAergic cells in
the lateral subdivision of the central nucleus (Cel) and intercalated (ITC) cell masses of the amygdale (Vertes,
2004).

14. Conclusion

Overall from the overview of this paper it can be concluded that the prenatal and postnatal exposure to
stress may have negative effects on brain structure and function and in the risk for later depression and
posttraumatic stress disorder. Exposure to stress and stress hormones during the prenatal period, infancy,
childhood, adolescence, adulthood or aging, has an impact on brain structures involved in cognition, learning and
mental health. Generally stress can have wide ranging effects on emotions, mood and behavior. Finally stress as a
risk factor for mental health needs to more attention.
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