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Abstract:

It is widely accepted that chronic stress, which is considered a risk factor for several neuropsychiatric disorders, may have detrimen-

tal effects on prefrontal functions. In animal models, chronic stress produces morphological, physiological and functional alterna-

tions in the rat medial prefrontal cortex (mPFC). Specifically, repeated restraint stress results in mPFC dendritic atrophy that is

associated with deficits in the prefrontal cortex-dependent attentional set-shifting task (ASST). Thus, restraint-induced cognitive in-

flexibility may serve as a model for the study of the mechanisms, prevention and treatment of stress-related disorders. The current ar-

ticle provides a summary of the literature on stress-related effects on cortical functions, as assessed in the rodent ASST. The

neurochemical substrates underling stress-evoked frontal-like disturbances, as well as pharmacological targets for potential treat-

ment, are briefly discussed.
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acid, OFC – orbitofrontal cortex, PKC – protein kinase C, Rev

– reversal, SD – simple discrimination, SSRI(s) – selective se-

rotonin reuptake inhibitor(s)

Introduction

Chronic stress may precipitate or exacerbate many

psychiatric disorders, including depression, due to its

detrimental effects on many brain functions. The im-

pact of stress on the brain is complex, though some

regions, such as the hippocampus, amygdala and pre-
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frontal cortex, seem to be key targets for stress-

induced structural, physiological and functional al-

terations [25]. Experimental evidence suggests that

the prefrontal cortex may be particularly susceptible

to stress exposure [21]. Of particular note is the fact

that many frontal-governed cognitive processes show

declines as a result of stress-related disorders. Animal

models of the effects of stress on frontal functions

have been developed to elucidate the mechanisms un-

derlying these disorders as well as for the develop-

ment of novel strategies for their treatment.

Stress-induced dendritic remodeling

in the rat prefrontal cortex

Chronic stress produces profound changes in the mor-

phology of neurons in the rodent medial prefrontal

cortex (mPFC). Indeed, the initial findings of Cook

and Wellman [13], demonstrating that 3 weeks of re-

straint evoked apical dendritic retraction and de-

branching in mPFC neurons in rats, have been con-

firmed in a number of subsequent studies [9, 28, 44].

Moreover, it has been demonstrated that the morphol-

ogy of the mPFC is exquisitely sensitive to stress, as

dendritic remodeling occurred in response to just 1

week of brief daily restraint [9].

The fact that stress-induced dendritic atrophy and

spine retraction appear to be restricted to the most api-

cal dendrites of the pyramidal cells may provide a link

between altered mPFC morphology and physiological

changes. Accordingly, Liu and Aghajanian [30] dem-

onstrated that stress-induced apical dendritic atrophy

resulted in diminished responses to apically targeted

excitatory inputs. However, it is an important question

as to how these structural and electrophysiological

changes may affect cortical functions.

Stress and prefrontal functions

It is likely that dendritic remodeling in the prefrontal

cortex may underlie functional deficits. Specifically,

an impairment in set-shifting ability, which is a sensi-

tive indicator of cortical processing, has been con-

nected to stress-evoked disruption [28]. The next

paragraphs briefly describe the attentional set-shifting

task and the impact of stress procedures on rats’ per-

formance on the task.

The assessment of frontal-dependent

functions: the attentional set-shifting task

The prefrontal cortex subserves higher order execu-

tive functions, including cognitive flexibility, i.e., the

ability to modify behavior in response to the altering

of environmental demands. This aspect of executive

functioning is commonly assessed in humans using

the Wisconsin Card Sorting Test and its modified ver-

sion the intradimensional/extradimensional shift

(ID/ED) task [45]. Impaired performance on these

tasks is demonstrated in patients with frontal cortex

damages [15] and with psychiatric disorders known to

involve the PFC, such as schizophrenia [16].

Cognitive flexibility may also be assessed in a ro-

dent version of the ID/ED task, that is, in the atten-

tional set-shifting task (ASST) [6]. In this paradigm,

rats must select a bowl containing a food reward

based upon their ability to discriminate among odors

and the media covering the bait. The ASST session

consists of series of discriminations that require rats

to initially learn a rule and form an attentional “set”

within the same stimulus dimensions (Tab. 1).

In the simple discrimination (SD) involving only

one stimulus dimension, the pots differ along one of

two dimensions (i.e., a digging medium).

For the compound discrimination (CD), a second

(irrelevant) dimension (i.e., an odor) is introduced,

but the correct and incorrect exemplars of the relevant

dimension remain constant.

For the reversal of this discrimination (Rev 1), the

exemplars and relevant dimension are unchanged, but

the previously correct exemplar is now incorrect and

vice versa.

The intradimensional shift (ID) is then presented,

comprising new exemplars of both the relevant and ir-

relevant dimensions, with the relevant dimension re-

maining the same as before.

The ID discrimination is then reversed (Rev 2) so

that the formerly positive exemplar now becomes the

negative exemplar.

Finally, for the extradimensional shift (ED) a new

pair of exemplars is again introduced, but this time

a relevant dimension is also changed. Thus, at the ED

stage, animals must switch their attention to a new,

previously irrelevant stimulus dimension and, for ex-
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ample, discriminate between the odors and no longer

between the media covering the bait. The ED phase,

which is regarded as an index of cognitive flexibility,

is impaired by lesions of the mPFC [6]. Hence, the

ASST measures specific frontal-dependent cognitive

functions in a way that is homologous to human tests,

and it therefore represents a useful translational ap-

proach along the continuum from purely animal mod-

els to the clinic [23].

Stress-induced cognitive inflexibility

Liston et al. [28] demonstrated that rats subjected for

21 days to 6 h daily restraint stress exhibited cognitive

inflexibility, as demonstrated by a selective impair-

ment in ED set-shifting and a corresponding retrac-

tion (20%) of the apical dendritic arbors in layer II/III

of the anterior cingulate region of the mPFC. This de-

crease in mPFC dendritic arborization predicted im-

paired ED set-shifting performance. In parallel to this

rodent model, chronic psychosocial stress-induced

disruption of prefrontal functional connectivity in hu-

man subjects predicted their decline in attentional

set-shifting ability [29]. As this finding suggests, the

utility of the rodent restraint-stress procedure in mod-

eling clinical aspects of stress, this paradigm was em-

ployed in our studies [43]. However, taking into ac-

count the particular vulnerability of the PFC to stress,

our experimental procedure included only 1 h daily

exposure to restraint stress for 7 days. Nevertheless,

this relatively mild stress protocol significantly and

specifically impaired rats’ ED set-shifting capacity.

The novel finding of our study was that stress appar-

ently exerted long-lasting negative consequences on

prefrontal cognitive processes because restraint-

induced ED set-shifting deficits were still evident 3

weeks following stress cessation.

Stress induced cognitive-inflexibility is not re-

stricted to the restraint paradigm. As demonstrated in

the study of Bondi et al. [7], a rat model of chronic

unpredictable stress also induced a cognitive impair-

ment in ED set-shifting capability in the ASST, sug-

gesting an alteration in function of the mPFC. On the

other hand, rats subjected to chronic intermittent cold

stress, a potent metabolic stressor, exhibited a selec-

tive impairment on the first reversal stage of the
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Tab. 1. Order of discriminations performed

Phase
Relevant

dimension
Discrimination 1 Discrimination 2

SD medium crumpled tissue cotton wool cotton wool crumpled tissue

CD medium crumpled tissue cotton wool cotton wool crumpled tissue

lemon almond lemon almond

Rev 1 medium crumpled tissue cotton wool cotton wool crumpled tissue

lemon almond lemon almond

ID medium clay pellets silk silk clay pellets

rum cream rum cream

Rev 2 medium clay pellets silk silk clay pellets

rum cream rum cream

ED odor vanilla spicy spicy vanilla

shredded paper metallic filler shredded paper metallic filler

Rev 3 odor vanilla spicy spicy vanilla

shredded paper metallic filler shredded paper metallic filler

An example of the cue combinations used in the attentional set shifting task (ASST) in rats that were shifted from digging medium to odor as the
relevant dimension. Rats performed a series of 7 discriminations: simple discrimination (SD), compound discrimination (CD), reversal 1 (Rev1),
intradimensional shift (ID), reversal 2 (Rev 2), extradimensional shift (ED), reversal 3 (Rev 3). The correct exemplar (shown in bold) was paired
with either of two exemplars from the irrelevant dimension (i.e., at the CD phase, the crumpled tissue was paired with either lemon or almond
odor, etc.). In the ID and ED, there were novel pairs of exemplars of each dimension. The left-right positioning of the pots in the test apparatus
on each trial were randomized



ASST [24]. The demonstrated deficit of reversal

learning was suggested to involve dysregulation of se-

rotonin modulatory functions in the orbitofrontal cor-

tex (OFC), a brain region known to mediate reversal

learning. Cold stress-induced cognitive disturbances

persisted only 3 days after the last stress exposure, as

no impairment was evident in rats tested 7, 14 or 21

days after termination of the stress protocol [14]. In-

terestingly, repeated restraint stress did not adversely

affect either reversal learning or dendritic morphol-

ogy in the lateral OFC [28].

Recent experimental work also aimed to elucidate

the effects of acute stress on cognitive flexibility. Using

an operant-based set shifting task in rats, Butts et al.

[10] demonstrated that exposure to acute stress (15 min

of mild tail-pinch stress) immediately before testing

significantly disrupted set-shifting, but it had no effect

on reversal learning. On the contrary, Thai et al. [50]

found that acute restraint stress did not affect rats’ set-

shifting performance, but it did significantly facilitate

reversal learning. Together, these findings suggest that

various types of acute or chronic stress do not produce

exactly the same effects on cognitive flexibility.

Neurochemical basis of stress-induced

prefrontal deficits

The mechanisms that mediate morphological and

functional changes in the mPFC are interrelated and

complex. Exposure to stressors results in a variety of

neurochemical changes in prefrontal cortex, including

glucocorticoids and the monoaminergic and glutamin-

ianergic systems. The following paragraph will

briefly summarize experimental data on the potential

involvement of these neurochemical substrates in

stress-induced cognitive inflexibility.

Corticosteroids

A wide body of evidence suggests that the PFC might

be influenced by corticosteroids released during

stress. Accordingly, corticosterone administration

mimics the impact of stress on the mPFC morphology

[53]. This cortical reorganization may contribute to

stress-induced changes in cognition, as chronic expo-

sure to corticosterone evokes both impairments in re-

versal learning and a reduction in the volume of layer

II of prefrontal areas [11]. Moreover, systemic ad-

ministration of the glucocorticoid receptor blocker,

RU38486, prevented this restraint-induced dendritic

retraction in the rat mPFC [30]. It has also been dem-

onstrated that pharmacological blockade of cortico-

sterone synthesis may prevent stress-induced den-

dritic retraction, at least in the hippocampus [31]. Ac-

cordingly, administration of metyrapone, an inhibitor

of corticosteroid synthesis, prior to restraint sessions

prevented ASST deficits (Fig. 1) [43]. This finding

supports the involvement of endogenous corticoste-

roids in stress-induced cognitive inflexibility.
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Fig. 1. The effect of metyrapone ad-
ministration prior to restraint on stress-
induced deficits in the attentional set-
shifting task in rats. Animals were ex-
posed to restraint stress for 1 h daily
for 7 days. Metyrapone (0 or 50 mg/kg)
was administered 60 min before each
stress exposure. The attentional set-
shifting task was performed 14 days
after stress cessation. Unstressed
groups were treated according to the
same experimental schedule. The re-
sults represent the mean ± SEM of the
number of trials required to reach the
criterion of 6 consecutive correct trials
for each of the discrimination phases.
Symbols: * p < 0.001 vs. ED perform-
ance in the unstressed vehicle-treated
group, #p < 0.001 vs. ED performance
in the stressed vehicle-treated group,
Newman�Keuls post-hoc test. Adapted
from [43]



Dopamine

Experimental data suggest that prefrontal cortical do-

paminergic dysfunction may underlie chronic stress-

induced cognitive deficits. Mizoguchi et al. [35] dem-

onstrated that chronic stress induced working memory

impairments via a dopamine D1 receptor-mediated hy-

podopaminergic mechanism in the rat mPFC. In the

latter study, stress-induced impairments in spatial

working memory were accompanied by a marked re-

duction in dopaminergic transmission, which is con-

comitant with an increase in D1 receptor density in the

PFC. This cognitive deficit was reversed by the intra-

PFC infusion of a D1 receptor agonist. Likewise, our

study demonstrated that acute administration of the

dopamine reuptake inhibitor nomifensine ameliorated

stress-induced impairments in ED set-shifting [43].

Interestingly, nomifensine, administered at a dose that

was inactive in unstressed controls, still enhanced ED

performance in stressed animals. Therefore, the

follow-up study sought to explore the hypothesis that

activation of D1 receptors may be responsible for

preferential dopamine-induced facilitation of cogni-

tive flexibility in stressed rats. To this end, the effect

of the selective D1 receptor agonist, SKF 81297, on

ASST performance was investigated in control and

stressed rats [39]. SKF 81297 at doses of 0.1 and

0.3 mg/kg, but not lower (0.01 mg/kg) or higher

(1 mg/kg) doses, improved ED performance in the un-

stressed control group. Interestingly, the drug admin-

istered at the lowest dose (0.01 mg/kg) was still capa-

ble of promoting set-shifting performance in stressed

rats. Therefore, it may be concluded that stress-

induced changes at the D1 receptor level may underlie

the hyperresponsiveness to dopaminergic enhance-

ment in the rat’s ASST paradigm. This issue might be

of special interest because dopaminergic enhance-

ment represents one of the therapeutic strategies for

ameliorating frontal-like cognitive disturbances [33].

Noradrenaline

PFC-dependent cognitive functions are also modu-

lated by stress-evoked alterations in noradrenergic

transmission. Accordingly, a high level of noradrena-

line during stress exposure [17] stimulates a1-adre-

noceptors and activates the phosphatidylinositol signal-

ing pathway and protein kinase C (PKC). Consistent

with the role of a1-adrenoceptor-PKC signaling in the

detrimental effects of stress, PFC-related cognitive

deficits were observed after exposure to a pharmaco-

logical stressor, stimulation of a1-adrenoceptors or di-

rect activation of PKC [2, 4, 5]. Subsequently, the

inhibition of either a1-adrenoceptor or PKC restored

cognitive functions [4, 5]. Moreover, Hains et al. [20]

suggested that PKC overactivity might be responsible

for alterations in prefrontal dendritic morphology and

in cognitive functions in rats subjected to the chronic

restraint-stress paradigm. Therefore, it may be as-

sumed that stress-evoked excessive PKC signaling,

arising from a1-adrenoceptor stimulation, accounts

for the ED set-shifting deficits observed in restrained

rats. In line with this hypothesis, our previous study

demonstrated that prazosin (1 mg/kg) given to rats

prior to restraint sessions completely prevented

stress-induced cognitive inflexibility (Fig. 2) [40].

This finding corroborates the results of Jett and Mori-

lak [22], demonstrating that noradrenaline signaling

during chronic unpredictable stress compromised

mPFC functions. In this study, the infusion of a cock-

tail of a1-, b1-, and b2-adrenergic receptor antagonists

into the mPFC prior to each stress session protected

rats from stress-induced ED deficits.

However, although stress-evoked excessive nor-

adrenaline release may have detrimental effects on

frontal functions, it is also widely accepted that nor-

adrenaline transmission is involved in the regulation of

prefrontal cortical functions, including those related

to attentional set-shifting. An elevation of noradrena-

line neurotransmission in the mPFC by acute admini-

stration of the a2-adrenergic autoreceptor antagonist,

atipamezole, or chronic treatment with the noradrena-

line reuptake inhibitor, desipramine, abolished set-

shifting deficits in rats subjected to chronic unpredict-

able stress [8]. It has also been suggested that a1-
adrenoceptor stimulation may play a role in nora-

drenaline-induced facilitation in the ASST responding

in stressed rats. Indeed, acute blockade of postsynap-

tic a1-adrenergic receptors in mPFC prior to testing

blocked the beneficial effect of desipramine on set-

shifting [8]. Correspondingly, our previous study

demonstrated that acute administration of desiprami-

ne reversed the restraint-induced set-shifting deficit

and promoted cognitive flexibility in control rats [43].

Collectively, these results suggest that noradrenergic

modulation of mPFC may retain enough of its func-

tional activity to reverse the effects of chronic stress,

and they support the notion that elevated noradrener-

gic tone in mPFC may represent a therapeutic target

for treating stress-related frontal dysfunction.
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Serotonin

It is well established that serotonin (5-HT) modulates

the hypothalamic-pituitary-adrenal axis response to

stress. Recent data suggest that chronic restraint-

induced endocrine disruption, involving decreased

ACTH and sensitized corticosterone responses to

acute restraint, may be associated with the increased

function and expression of 5-HT7 receptors [18]. Con-

sequently, pharmacological blockade of adrenocorti-

cal 5-HT7 receptors could be of therapeutic benefit to

overcome endocrine disruption in stress-related dis-

eases. Moreover, 5-HT7 receptors may also be in-

volved in the response of neural circuits to repeated

stress. Repeated corticosterone administration, a model

known to mimic some aspects of stress exposure, in-

creased the reactivity of rat CA3 hippocampal cir-

cuitry to the activation of 5-HT7 receptors [52].

Moreover, the selective 5-HT7 receptor antagonist

SB-269970 counteracted restraint stress-induced at-

tenuation of long-term potentiation in the rat frontal

cortex [51]. It has also been demonstrated that expo-

sure to chronic mild stress evokes up-regulation of

5-HT7 receptor mRNA in the rat hippocampus and hy-

pothalamus [27]. Based upon this evidence, we evalu-

ated the effectiveness of SB-269970 for ameliorating

stress-induced cognitive impairments in the ASST.

Acute administration of SB-269970 restored cogni-

tive flexibility in stressed rats [41]. In line with data

demonstrating that selective blockade of 5-HT7 recep-

tors augmented the behavioral effects of antidepres-

sants [54], SB-269970, given at an inactive dose, en-

hanced the pro-cognitive efficacy of the selective se-

rotonin reuptake inhibitor (SSRI) escitalopram. Thus,

stress-evoked enhancement of 5-HT7 receptor-mediat-

ed responses or up-regulation of their expression may

also account for the efficacy of the 5-HT7 receptor an-

tagonist in ameliorating stress-induced frontal-like

cognitive impairments. Interestingly, amisulpride, an

antipsychotic drug with a high affinity for D2/D3 and

5-HT7 receptors, administered to rats subjected to re-

peated restraint mimicked the action of the selective

5-HT7 receptor antagonist and reversed stress-evoked

set-shifting impairments [42]. As this effect was fully

blocked by the 5-HT7 receptor agonist AS19, the ami-

sulpride-induced cognitive enhancement was likely

mediated through the drug’s antagonistic action at

5-HT7 receptors.

Glutamate

Stress preferentially increases levels of glutamate in

the prefrontal cortex [36]. According to Martin and

Wellman [32], glutamatergic transmission at N-me-

thyl-D-aspartic acid (NMDA) receptors may play

a role in stress-induced dendritic reorganization in the

mPFC. The latter authors demonstrated that the ad-

ministration of the competitive NMDA receptor an-

tagonist, CPP (3-(2-carboxypiperazin-4-yl) propyl-1-

phosphonic acid), prevented stress-induced mPFC

dendritic atrophy. This finding raises the possibility

that stress, acting through NMDA receptors, may pro-
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Fig. 2. The effect of prazosin admin-
istration prior to restraint on stress-
induced deficits in the attentional set-
shifting task in rats. Animals were ex-
posed to restraint stress for 1 h daily
for 7 days. Prazosin (0 or 1 mg/kg) was
administered 60 min before each
stress exposure. The ASST was per-
formed 14 days after stress cessation.
Unstressed groups were treated ac-
cording to the same experimental
schedule. The results represent the
mean ± SEM of the number of trials re-
quired to reach the criterion of 6 con-
secutive correct trials for each of the
discrimination phases. Symbols: * p <
0.001 vs. ED performance in the un-
stressed vehicle-treated group, # p <
0.001 vs. ED performance in the
stressed vehicle-treated group, New-
man�Keuls post-hoc test. Adapted
from [40]



duce changes in PFC-mediated processes such as set-

shifting. To explore this hypothesis further, a noncom-

petitive antagonist of NMDA receptors, ketamine,

was administered before each of the restraint stress

sessions. The results of this experiment demonstrate

that NMDA receptor blockade during stress exposure

prevented stress-induced cognitive inflexibility (our

unpublished data).

The precise mechanisms mediating the involve-

ment of NMDA receptors in stress-evoked dysfunc-

tion remain unknown. One possibility is that stress-

induced increases in corticosterones are responsible

for the role of NMDA receptors in the stress response.

For example, glucocorticoids have been demonstrated

to mediate the stress-induced extracellular accumula-

tion of glutamate in the rat brain [37]. Likewise, corti-

costerones prolong NMDA receptor-mediated Ca2+

elevation in cultured rat hippocampal neurons [49]. In

line with this hypothesis, pharmacological blockade

of corticosteroid synthesis mimicked the effects of

NMDA receptor blockade and also prevented the

stress-induced cognitive inflexibility [43]. Neverthe-

less, other mechanisms of ketamine action in this

stress paradigm cannot be excluded. For example, Li

et al. [26] demonstrated that acute administration of

ketamine rapidly ameliorated deficits in the depres-

sive-like behavior, spine density and synaptic func-

tion of PFC neurons in rats subjected to the chronic

unpredictable stress. These effects were mediated by

activation of the mammalian target of rapamycin

(mTOR) pathway.

Antidepressant drugs and

stress-induced cognitive inflexibility

Because prolonged stress is a major risk factor for de-

pression, stress-based animal models represent a useful

instrument for mimicking depressive-like symptom-

atology [1] and have been used to find novel antide-

pressants [55]. Most of these studies have been fo-

cused on the anti-anhedonic action of compounds

with potential antidepressant-like activity. It should,

however, be noted that, in addition to mood distur-

bances, cognitive deficits represent an integral feature

of depressive disorder. Depressed patients demon-

strate impairments in psychological tasks thought to

reflect executive prefrontal functions [12, 34]. Par-

ticularly, deficits reflecting reduced cognitive flexibil-

ity are demonstrated independently of the disease sub-

type and subjects’ motivation, and they may persist

after the remission of other clinical symptoms [3, 46].

Therefore, it is important to investigate the pro-

cognitive efficacy of compounds with purported anti-

depressant activity.

Deficits in attentional set-shifting performance in-

duced by chronic unpredictable stress were prevented

by chronic treatment with antidepressant drugs of two

different classes, a noradrenaline reuptake inhibitor,

desipramine, and an SSRI, escitalopram [7]. Similar

effectiveness was demonstrated for milnacipran, a se-

rotonin and noradrenaline reuptake inhibitor [38].

Moreover, both chronic and acute treatment with the
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Fig. 3. The effect of acute administra-
tion of desipramine, nomifensine and
fluoxetine on stress-induced deficits in
the attentional set-shifting task in rats.
Animals were exposed to restraint
stress for 1 h daily for 7 days. The at-
tentional set-shifting task was per-
formed 14 days after stress cessation.
The drugs were administered 30 min
before testing. Results represent the
mean ± SEM number of trials required
to reach the criterion of 6 consecutive
correct trials for each of the discrimina-
tion phases. Symbols: * p at least <
0.05 vs. ED performance in the un-
stressed vehicle-treated group, # p at
least < 0.05 vs. ED performance in the
stressed vehicle-treated group, New-
man�Keuls post-hoc test. Adapted
from [43]



SSRI, citalopram, but not with desipramine, attenu-

ated the detrimental effects of chronic intermittent

cold stress on the first reversal learning stage in the

ASST [14, 24]. Our results have also indicated that

restraint-induced cognitive inflexibility was fully

reversed by acute administration of antidepressants

acting at various monoamine systems, i.e., desi-

pramine, nomifensine, fluoxetine and escitalopram

(Fig. 3) [43].

It remains an unresolved issue, however, whether

the effects of acute treatment with antidepressants in

the rat may accurately predict a compound’s clinical

efficacy because the clinical effects are typically

achieved only after chronic drug administration.

Nonetheless, acute administration of a variety of anti-

depressants produces antidepressant-like effects in

screening procedures such as the forced swim test. If

an effect of an acute treatment with antidepressant in

the rat predicts its therapeutic action in humans, our

study provides evidence that this may also partially

restore cognitive flexibility.

Concluding remarks

The available research tools have only begun to reveal

all of the possible stress-brain interactions and their

consequences. Recent studies have also found gender

differences in the response of cortical morphology to

stress [47]. It remains to be determined whether this

diversity in structural changes may also be translated

to altered functions. Another unresolved question is

the potential functional implication of the recently

demonstrated circuit specificity of stress-evoked mor-

phological changes within mPFC [48]. An intriguing

possibility is the reversibility of either morphological

or functional alterations [19], as well as possibly de-

termining the factors that may facilitate or hamper

these recovery processes. Further research is needed

to better understand the complex impact of stress on

the brain structure and functions.
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