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ABSTRACT

Stress is a state of threatened homeostasis which mobilizes a composite
spectrum of adaptive physiologic and behaviora responses with an aim
to restore the homeostasis of the body. Stressis initiated by diverse type
of adverse stimuli and responses to the stress include activation of the
sympathetic nervous system, glucocorticoid secretion and emotional
behaviours. Deregulation of the hypothal amic-pituitary-adrenal (HPA) axis
isthe hallmark of complex and interrelated changes triggered in the body
in response to stress. Persistent stress is associated with different type of
diseases such as anxiety, mood disorders and other neuropsychiatric
diseases; skin diseases such as psoriasis, urticaria, alopecia areata and
atopic dermatitis; gastrointestinal tract diseases such as peptic ulcer,
irritable bowel syndrome; inflammatory disease such as rheumatoid
arthritis; cardiovascular diseases such as cardiomyopathy and acute
coronary syndrome. The present review discusses the role of different
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stress mediators and different type of diseases resulting due to stress.
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INTRODUCTION

Stress has been defined as a state of threatened
homeostas swhich mobilizesacomposite spectrum of
adaptive physiologic and behaviora responseswithan
aimto restore the challenged body homeostasis. Al-
though mild stress enhancestheimmuneresponse and
preventsinfections, yet the prolonged stress seemsto
play a pathogenic role in depression and
neurodegenerativedisorders?. Behaviora stressisa
main risk factor for many diseasesincluding cardiovas-
cular, metabolic and neuropsychiatric diseases?. De-
regulation of the stress response can precipitate psy-
chiatric diseases, in particular depression’®. Deregula-

tionin the hypothalamic-pituitary-adrenal axis(HPA)
axis hasbeen associated with upper body obesity and
may bethe causal link between conditionssuch asma
terna ma nutrition and degp deprivation with metabolic
disease®. Exposureof rodentsto variousstress proto-
cols produces many behavioral, neurochemical and
neuroendocrine changesthat are also observedin hu-
mangd®8. The animal s subjected to chronic stressare
used asmode sof psychitric pathology, whiletheacute
stressmodel shelp in dissecting themolecular and cel-
lular mechanismsinvolved in stress pathology™®. The
central neuroendocrine systemisresponsiblefor the
control of homeostatic processesin thebody including
reproduction, growth, metabolism and energy balance
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aswell asstressresponsiveness. The neuroendocrine
system links the brain and peripheral endocrine or-
gang®?, Stressors have been reported to activate two
primary physiological systems, the sympathetic-
adrenomedullary system andthe HPA axis. Activation
of the sympathetic-adrenomedullary system leadsto a
rapid release of epinephrine (EPI) and norepinephrine
(NE) from the adrena medullathat mobilizesmetabolic
resources necessary for the fight-or-flight responsg™.
The HPA axisisaneuroendocrine system that regu-
lates the body’s response to stress and has complex
interactionswith brain serotonergic, noradrenergic and
dopaminergic systems. The hypothalamus derived hor-
mones such as oxytocin and prolactin are documented
aspotentia candidatesfor theregulation of behaviora
and physiologicd stressresponsesinthebrain®, Stres-
sorshave a so been shown to modul atethe secretion of
interleukin-6 (IL-6) which isapotent activator of the
HPA and appearsto play apathogenicrolein stress®3.
Corticotropin-rel easing hormone and vasopressin act
synergisticaly to stimul ate the secretion of adrenocorti-
cotropic hormone (ACTH) that inturn stimulatesthe
biosynthesis of corticosteroids such ascortisol from
cholesteral. Cortisol, thefina hormoneof thisaxis, af-
fectsmetabolic, cardiovascular and centrd nervoussys-
temsboth acutely and chronically*4. Cortisol isama-
jor stress hormone and produces diverse effects on
many tissues by acting on mineral ocorticoid receptors
(MR) and glucocorticoid receptors (GR) inthebrain.
Glucocorticoids produce behavioral changesand an
important target of glucocorticoidsisthe hypothadamus,
whichisamajor controlling center of the HPA axig*.
Stress-inducerel ease of glucocorticoidsthat in-turn act
in the periphery and in the brain to bring different
changesinthebody. MR expressionisassociated with
aneuroprotective phenotype, whereasGR activationis
implicatedintheinduction of anendangered neura phe-
notype and the opposite actions are most evident in
hippocampus, wherethesereceptorsare predominantly
present. Stress has al so been reported to produce an
increasein adrenomedullin level ssuggesting aregula
tory or protectiverolefor adrenomedullinin countering
HPA activation. Hippocampushasan overal inhibitory
influenceontheactivity of the HPA axisand it hasbeen
suggested that efficient learning and adequate stress
response depend on the gppropriate functioning of the
axisbrought by coordinated activation of MR and GR
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inthisregion®, The present review discussestheneu-
robiology of different stressmediatorsa ong with dif-
ferent typeof diseasesresulting dueto stress.

TYPE OF STRESSRESPONSE

Acute stress response

The acute phase responseisacomplex systemic
early-defense system activated by trauma, infection,
stress, neoplasiaand inflammation”. Acute stressin-
ducesrapid changesin therelease of neurotransmit-
ters, hormonesand cytokinesthat areadaptive, but may
become damaging if the stressresponseisinadequate
or excessive. Inappropriate stressresponse actsasa
trigger, which may produce avulnerable phenotypein
gendticaly predigposedindividua sand increasetherisk
for mentd illness®. A number of studieshave suggested
that acute stressisassociated with anincreased excita:
tory amino acid transmissionin areasof theforebrain®.
Acute stresshas a so been shown to induce sympatho-
adrenergically mediated increasein chemotaxisand
adhes on mol ecul esexpression, thuspromotingimmune
cdlsmigrationto stesof infectionand/or inflammetion,
while the chronic stress has reported to impair this
mechanism*®, Themedia prefrontal cortex (mPFC)
and locus coeruleus (LC) hasbeen reported to play an
important rolein modul ating HPA responsesto acute
emotiona stress'*21, An acute physica or psychol ogi-
cal stressor activatestwo main physiological systems,
the HPA axisand the sympathoadrenal system, result-
ing inarange of hormonal, cardiovascular, cognitive
and emotional responses, whichmay vary independently
of oneanother. Many drugsof abuseincluding nicotine
and a cohol haved so been shownto stimulatethesame
physiological systemsasacute stressorg?24,

Chronicstressresponse

Chronic stressleadsto cumul ative changesin the
brain that are not seen after acute stress. Such changes
indi cate compromised brain plasticity and increased
vulnerability to neuropathol ogy™®'. It has been associ-
ated with detrimental or mal adaptive neuroendocrine
andimmunol ogical changes? which are precipitated
by pronounced enhancement of centra stressexcitability,
marked by sensitization of HPA axisresponsesand an
increased ACTH biosynthesisin the paraventricular
nucleus of the hypothalamus (PVN)27. The medial
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amygdaoid nucleus(MeA) isnecessary for thedevel -
opment of maladaptive pathol ogical changescaused by
prolonged stressexposure?®l, Chronic stress produces
numerous adaptationswithinthe HPA axisthat persist
even after cessation of chronic stress®!. Adaptation
refersto the process whereby theresponseto astres-
sor changeswith repeated exposure. For example, an
increased corticosterone observed after acute expo-
sure to a stressor dampens after repeated exposure,
thoughitistheprolonged rel ease of corticosteronethat
isthought to berespons blefor chronic stress-induced
damage®. Deregulationinthe HPA axishasbeen as-
sociated with upper body obesity. In addition to sys-
temic effects, changesinlocd cortisol metabolismin
adiposetissuemay dsoinfluencetherisk for obesity™®.
The studieshave shown changein theexpression and
distribution of different proteinsin thebrain regionsin-
cluding thecortex and hippocampug®!.

STRESSMEDIATORS

Stressmeansan actual real or potential threat that
produces immediate changesin behavior aswell as
changesin thefuture behavior. Thishasbeen shownto
modul ate the neuronal functioning at severa steps of
CNSincludinglearning and memory, decision making,
autonomic, hormonal and emotional responses®. The
different types of stressors produce different types of
responses. For example, physical stressor (blood | oss,
traumaand cold) produces changesin brain stem and
hypothaamic regiong***! whereas psychologica stres-
sors(socia embarrassment and examinations) primary
involvesressmediatorsin brain regionsthat helpingin
learning and memory (thehippocampus), emations (the
amygdalaandtheprefronta cortex), and decision mak-
ing (the prefrontd cortex)353,

Three main classes of stressmediatorsand their
contributiontothebrain’s stress response are discussed
below:

M onoamines

Therelease of monoaminesincluding serotonin,
noradrenaline and dopamine has been shownto bein-
creased after the stressful eventsin the specific neu-
rond populationg®*9, Serotoninismainly releasedin
post stress anxiety and dopamineisreleased in pre-
frontal cortex during moderate stress®”). Therel ease of

monoaminesistriggered directly by thebrain circuits
involvedinstressful event or indirectly through activa
tion of sympethetic nervoussystem®®, Theactivation
of monoaminergic system dependson factorssuch as
X (90), thetime of day and thecontrollability of stres-
sorg®., For example, in uncontrollabl e stressthe acti-
vation of raphe neurons (produce serotonin) by the
shock exposureis more prominent®4Y, Therel ease of
monoaminesisinduced within minutes after the onset
of the stressorl“? and outl aststhe exposure of stressor
duration. An increased rel ease of monoamines after
stressful stimuli has been demonstrated in hippocam-
pus, the prefrontal cortex, theamygdal e, the nucleus
accumbens and in many other brain areas. However,
thespatia distribution of the resulted rel ease depends
on theaffinity and monoaminesreceptor subtypesdis-
tribution. Thus, thecombination of affinity, distribution
of receptors and rel ease site provides asingle stress
mediator with different functionsand multipleniches.
Theenhanced levelsof noradrenadinehelpin process-
ing of sensory information to amore genera scanning
of theenvironment, which may providesolutionto chd-
lenging conditions*. Thus, overall the monoamines
improve behavior strategiesthat help theanima to sur-
viveininitia phaseof stress.

Neuropeptides

The neuropeptidesare rel eased from specific neu-
rona populationsby stressand contributeininduction
of stress by activating multiplereceptors*#, These
neuropepti des have been shown to act on peripheral
receptorsalso. During stressresponse, the corticotro-
phin releasing hormone (CRH) isrel eased from axon
terminal sin hypothal amic median eminence, and act on
pituitary receptors®. Itisnow a so explicitin neurona
population inthe amygdal €449, the hi ppocampug*”
and the locus coeruleus®. The peptide produces
neuromodul atory effects ontarget neuronswithin sec-
onds after release of peptides**>? through two G pro-
tein-coupled receptors, CRHR1 and CRHR2. CRH
receptor occupancy affectsneurond firing patterng*9s,
gene expression*! and behaviour*! in adose and
context-dependent manner. Thestressinduced activat-
ing action of CRH hasbeen mediated through binding
to CRHR11Z448_|n addition, studiesin micesuggest
that CRHR2 binding could exert effects at longer
timescal es and might function to shut down the stress
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response®52, Stress-induced over-activation of CRH/
CRH-R1 produces rapid del eterious effects on den-
dritic spinemorphol ogy and thus, impairssynaptic plas-
ticity and spatial memory in chronic stress subjected
animalg%¥. Thedual role of CRH on stress-induced
cognitive changes has been described. For instance,
therelease of CRH in central nucleusof theamygdale
during acute stressincreasesmemory strengthening™ =,
Themodest stress-induced CRH releasefrom the hip-
pocampal interneurong® primeslong-term potentia-
tion® and memory improvement®® whileseverestress
induceslargeamount of CRH rel easefrom hippocam-
pusleading to hyper-excitability and sei zures, and rgpid
lossof dendritic spinesin CA3 pyramidal cellg%. Se-
verestress-induced largeamount of CRH releasefrom
hi ppocampus may |ead to hyper-excitability and sei-
zures, and rapid loss of dendritic spinesin CA3 pyra-
midal cellg%%,

In addition to CRF, themammalian CRF-peptide
family contains urocortin 1 (UCN-1), Urocortin 2
(UCN-2) and Urocortin 3 (UCN-3). Urocortin 1 has
ahighaffinity for both CRFR, and CRFR,; while UCN-
2 and UCN-3 have a high affinity for CRFR, The
urocortins (UCN1, 2 and 3) arethemembersof CRH
neuropeptides family which can bind to CRH recep-
torsand act in spatial domains. The role of UCN1-
express ng neuronsin the non-preganglionic Edinger—
Westphal nucleusinthebrainstem in stress adaptation
has been reported®™. Theroleof UCN-2 (aselective
CRFR, agonis) in “stress-coping’ responses in the brain
has been reported in mice and altered expression of
genesintripleurocortin knock out mousemodd differ-
entiate theresponseto acute stressand indicating the
urocortins as essential factorsin the stress-recovery
process®, Urocortin-3, aspecificligand for thetype-
2 corticotropin rel easing factor receptor, modul atesthe
functionsof septa and hypothdamicnude, responsble
for anxiety-like behavior and metabolic functiong®.
Argininevasopressin (AV P), dsoknown asvasopressn,
argipressin or antidiuretic hormone (ADH), isaneuro-
hypophysia hormonefound in most mammalsand it
showsitsactionby actingonAVPR ,, AVPR ; AVPR,
and AV PR, receptors. Theroleof brainAVPR, inme-
diating the enhanced cardiovascul ar responsesinclud-
ing mean arterial blood pressureand heart rateinre-
sponseto acute stressin chronically stressed rats has
been described®. AVPR , s role in social recognition
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isparticularly important in thelateral septum, asusing
vira vectorstoreplaceinactivated AVPR , expression
rescues socid recognition and increasesanxiety-related
behavior® However, conflicting resultshavebeen found
inanother study!®. Inthe hypothalamic region, vaso-
pressininteractswith CRH and stimulatesACTH re-
leasefrom the pituitary in responseto stress®. Inthe
amygdal a, the excitatory actions of vasopressin may
contributeto thebehaviora stressresponselike emo-
tional memory and anxiety¢,

Orexinistheone of theessential modulatorsre-
quired for orchestrating the neural circuitscontrolling
autonomic functionsand emotional behaviorsi.e, link-
ing theemotionad stressto the autonomic functions®.
Orexin neuronsarethe pivotal link between the con-
sciousand unconsciousbrainfunctions. Thepreclinica
studies have shown theinvolvement of orexinsinthe
regulation of stress, affectivity and addictivebehavior.
Theroleof NPY inthestressresponsehasbeeninves-
tigated in both clinica and preclinica studies®. The
modulation of NPY levelsinvariousanima moddsim-
plicatestherole of NPY indepression-like behaviors.
Theanimal studieshave shownthat activation of NPY
Y 1 receptor or del etion/blockade of Y 2 receptor sub-
typeisassociated with antidepressant-like activity in
acute models of depression®, Therole of Y4 re-
ceptorsintheregulation of behavioral homeostassand
depression-like behaviors hasa so been documented ™.

Extensivestudieswerecarried out on theinvolve-
ment of the CCK ergic system in anxiety-, panic- and
stress-related behaviour. It wasfound that stressre-
sultedinasignificant decreaseintheextracd lular levels
of CCK-likeimmunoreactivity in the hippocampus, and
partialy suppressed theincrease obtained during the
acquisition phase of memory, suggesting that the
CCKergic system in the hippocampusisinvolvedin
stress-induced impai rment of memory. CCK-B recep-
torsplay arolein modulating activity within the hypo-
thalamic—pituitary adrenal (HPA) axis, implicating that
CCK may beamodulator of emotional behavior and
stressresponsiveness™. Ghrelins, apleiotropic hor-
mone secreted from endocrine X/A-like cells of the
stomach and dso actsascentral orexigenic hormone™.
Anincreased ghrelin level stend to produce anxiolytic-
and antidepressant-like responsesinthe e evated plus
mazeand forced svimtestt™, Ghrdinregulatestheglu-
cose metabolism, appetite, body weight and prevents
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excessive anxiety under conditions of chronic stress.
Ghrelin knockout (Ghr-/-) miceare moreanxious after
acuterestraint stress as compared to wild-type. Very
recently, it has been shown that ghrelin reducesanxiety
after acuteredtraint stressinmiceby simulatingthe HPA
axisat thelevd of theanterior pituitary!™.

Theroleof other neuropeptides such asdynorphin,
oxytocin, galanin and substance P has al so been de-
scribed in stress*,

Seroids

Corticosteroidsare secreted in arhythmicand cir-
cadian fashioninthe body and stresstriggersthere-
lease of alargeamount of corticosteroidsthat issuper-
imposed on theserhythms. In themammalian brain,
corticosteroid hormones primarily act through miner-
alocorticoid and glucocorticoid receptors (MRsand
GRs, respectively). GRsreceptorsareonly partially
occupied under basal conditions and become more
occupied when corticosteroid levelsareincreased af -
ter stress. Thedistribution of thesetwo types of recep-
torsin brainisdifferent’®. GRsare ubiquitously ex-
pressed in thebrain, but they are highly expressedin
the hippocampus, the lateral septum and the
paraventricular nucleus (PVN). MRsare highly ex-
pressedinthelateral septum andin neuronsof thehip-
pocampal formation and moderately expressed in sub-
nucle of theamygdaa, the hypothaamic PV N and the
locuscoeruleus. Thus, the MRsdistributions overlaps
with distributionsof CRHR1". Theseregionsarein-
volvedinthecognitive, emotiona and neuroendocrine
processing of stressful events*!, Corticosteroid recep-
tors, on binding of the hormone, translocate to the
nucleus, wherethey act asregul ators of genetranscrip-
tion”®. Inthe hippocampus, MR activationisaprereg-
uisitefor maintaining the ongoing information flow,
whereas activation of GRsduring stress causesade-
layed suppression of neurona excitability and synaptic
plasticity”™ and provide ‘negative-feedback regula-
tion” of behavioral aspects of the stress response. Fur-
thermore, thesuppression of synaptic plasticity by GRs
could serveto protect thestress-re ated i nformation that
isbeing consolidated after stressful stimuli.

NEUROBIOLOGY OF STRESS

Theprincipa physiological responsesof stressare

mediated by the sympathoadrenal system, and the
hypotha amo-pituitary-adrend axis.

Sympatho-adrenal/Sympatho-neural system

The autonomic nervous system has been docu-
mented to control numerous systemsincluding sleep,
gastrointestingl, cardiovascular, respiratory, rena and
endocring®2&U, The activation of the sympathoneural
system represents one of the key components of the
stressresponse. The sympathetic nervoussystemisone
of themgjor pathwaysinvolved inimmune-neuroendo-
crineinteractiong®. Activation of the sympathetic ner-
voussystemisessentia for adaptation to environmen-
tal stressorsandin maintaining homeostasis. However,
thesereactionsmay a so turninto ma -adaptation asso-
ciated with a wide spectrum of stress-related dis-
easesd®. The activation of the sympathoadrenal sys-
tem functionsto reduce blood flow to gastro-intestinal
system and reproductive organsand to mobilizeenergy
tothebrain, heart and muscles®). Thismechanism has
been evolvedto create quick compensatory changesin
homeostasisfor intense physica activity by increasing
the capacity of the “fight or flight’ reaction and there-
fore, promote surviva . The sympathetic nervoussys-
tem and adrenal catecholaminergic tissueact to pre-
pare an animal for “fight or flight” by release of cat-
echolaminesinto synapsesand plasmad®!. Theactiva-
tion of the sympathoadrena system evokestherel ease
of noradrenaineand neuropeptide- Y from postgangli-
onic nerveterminds, while preganglionicinnervation of
theadrena medullaresultsin anincreased secretion of
adrendineand dihydroxyphenyldine (DOPA ).,

Hypothalamic-pituitary-adrenal axis(HPA axis)

The hypothalamic-pituitary-adrenal (HPA) axisis
aneuroendocrine system that regul atesthe body’s re-
sponseto stressand hascomplex interactionswith brain
serotonergic, noradrenergic and dopaminergic sys-
temd®, It hasafundamental rolein adaptation of an
organism to homeostatic challengeand isconsidered
asenergy regulator becauseit isresponsiblefor con-
trolling dl of thehormona and neuronal activity dong
with mineral homeostasiS¥”. Glucocorticoids produce
behaviora changesand oneimportant target of gluco-
corticoidsisthe hypothalamuswhich isamajor con-
trolling center of the HPA axiS*™. Dopamineisinvolved
inthemaintenance of post-stressactivation of the HPA
axisand is potentially important because the actual
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pathologica impact of HPA activationisberelated to
theareaunder the curve of plasmaglucocorticoid lev-
elg#, Glucocorticoidsdter synaptic structure and func-
tioninthebrainregionsto ater behaviour, learningand
memory®d, Sensory information reachesthecortex via
thethdamusandisconveyed to the central amygdaoid
nucleus of theamygdal d®. It respondsby providing
the stimulusto corti co-rel easing hormone (CRH) neu-
ronsinthe paraventricular nucleusof the hypothadamus
toincreasethe secretion of principal neuropeptide CRH
and argininevasopressin (AV P) into the hypophyseal
portal bloodstream. These secretionsaretransported
to the anterior pituitary gland®Y. The corticotrophin
producing cellsof theanterior pituitary synergiseCRH
and theAV Pthrough CRH-RI and Vb receptors, re-
spectively to increase expression of the adreno-corti-
cotropin hormone (ACTH) precursor, and further pro-
motetherelease of ACTH into the systemic circula-
tion®?, ACTH stimul atesthe zonafascicul atacells of
the adrenal cortex to release synthesi zed glucocorti-
coid (cortisol in humans) and mineral ocorticoid hor-
mones (principally a dosterone)®*4, Glucocorticoids
control thetermination of thestressresponseviainhibi-
tory control of the production and release of CRH and
ACTH attheleve of the hypothalamusand pituitary
respectivel y®. In addition, inhibition of theACTH re-
sponse occursthrough the glucocorticoidsbinding to
receptorsin the hippocampus, which control CRH pro-
duction and limiting the period of exposuretothestress
response, therefore minimizing the catabolicimmuno-
suppressive and anti-reproductive effects of glucocor-
ticoidg®™!.

STRESSINDUCED DISEASES

Skin diseases

Skiniscontinuoudy exposed to multipleexogenous
and endogenous stressorg*!. Psychological stressad-
versdy affectstheimmune system and aggravatesvari-
ous skin diseasessuch aspsoriasis, urticaria, alopecia
arestaand atopic dermatitig®!. Many cutaneous disor-
dersareadversely affected by psychologica stress, but
therespong blemechanismsare poorly understood. The
recent studies have demonstrated that psychological
stress decreases epidermal proliferation and differen-
tiation, impairs permesability barrier homeostas's, and
decreases stratum corneum integrity. Psychol ogical
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stressd soincreasesthe production of endogenousglu-
cocorticoids, which adversely affect epidermal struc-
ture and functionin psychological stress®d. Skin bar-
rierisatered by stressthroughincreased cortisol leve,
whichleadsto decreaseinlamellar body secretionand
down-regul ation of epidermal expression of antimicro-
bia peptides (beta-defensin and cathdlicidin)®l. The
nerve growth factor (NGF) and severd cytokineshave
a so been identified asimportant playersof the stress
response. Thecirculating NGF levelsareincreased in
patientswithinflammatory skin diseases, such aspso-
riasig®, Skin mast cells produce CRH and express
CRH receptorstype 1% that are activated by neu-
ropeptides such as peripheral CRH, substance P and
cacitonin gene-related peptide (CGRP) in responseto
stress™l. Antipsychotic and anxiolytic agentshavebeen
shown aseffective agentsfor stress-aggravated inflam-
matory skin diseasesby inhibition of mast-cd | degranu-
|l ationl1®2,

Psoriasisisamainly T hel per-type 1 (TH (1)) cell
mediated chronicinflammatory skin di sease character-
ized by epidermal hyperproliferation and psoriatic
plagues. Therehave been evidencesshowingthat stress
trigger psoriatic eruption™®l. Psychological stress
causes phenotypic changesin circulating lymphocytes
and isregarded asanimportant trigger of the Th1-po-
larized inflammatory skin disease psoriasis. Stress-in-
ducedincrease of CD3+ T lymphocytes hasbeen re-
ported in patientswith psoriasis. Anaysesof T-cdll sub-
setshavereved ed that thisincreaseisa so observable
for cytotoxic CD8+ T lymphocytesand CLA+ CD3+
lymphocytes. Thetotal number of circulatingNK cells
(CD16+, CD56+) hasbeen shown toincreaseimme-
diately after stress, whereasthe patientswith psoriasis
an increase in CLA+ NK cells has been docu-
mented**, Atopic dermatitisisachronicinflamma
tory skin disease mainly triggered by TH (2)-depen-
dent inflammatory processes. Stressincreases param-
etersof atopic dermatitissuch aseosinophil infiltration,
vascular cell adhes onmolecule-positiveblood vessels
and epidermal thickness. Thedramatic pathol ogic ex-
acerbation isassociated withincreased neurogenicin-
flammationincluding degranulated mast cells, intersti-
tial neuropeptidergic dense core granules, mast cell
apoptosisand endothelia gaps'®. Thedifferent neu-
ropeptides and neurotrophins have been reported to
play animportant rolein stress-induced neurogenicin-
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flammationin connection with nervousandimmunesys-
tem.

Gastrointestinal tr act diseases

Stress has been shown to affect the GIT moatility,
faecal trangit, viscerd pain sensitivity, the permesbility
and function of thegut epithelium®, Physica and psy-
chological stresseshave beenwidely accepted astrig-
gersor modifiersof theclinica courseof variousgas-
trointesting disorderssuch aspeptic ul cer, irritablebowel
syndrome or inflammatory bowel disease®”1%, The
animalsexposed to prolonged stress develop gastric
ul ceration, enhanced colon motility with depletion of its
mucin content and signs of physiological and behav-
ioral arousal™®, Irritable bowel syndrome (IBS) isa
common health issuethat is characterized by abdomi-
nal pain, abnorma bowel movements, atered viscera
perception!*9, Stress can aso synergize with other
pathogenic factors such as Helicobacter pylori, non-
steroidal anti-inflammatory drugsor colitis-inducing
chemicalsto produce gastrointestina diseasd'”. Stress
has been documented to stimul ate exocrine pancrestic
secretion through cholinergic pathways, and rel ease of
trypsin in these conditionsmay beresponsiblefor co-
lonicbarrier dterationsby increasing colonic parace lular
permeability (CPP) through the activation of protease-
activated receptor-2 (PAR2)1%, Repeated stress chal -
lengesthemucosa integrity and theactivity of mucin-
producing cells™, Anincreased epithelia permeabil-
ity after psychological stresshasbeen showninal re-
gions of the gastrointestinal tract and ismediated by
adrena corticogteroids. Stress-induced increasein epi-
thelia permeability has been reported to disappear af-
ter adrenal ectomy or pharmacol ogic blockade of glu-
cocorticoid receptorg*?,

Stress has been reported to modul ate gastrointes-
tina motility through centra mechanismsincluding cor-
ticotropin-rel easing-factor, and thisprocessrequiresthe
integrity of autonomic neural pathways. Apart from
brain, both CRF receptorsand ligandsarea sowidedly
expressed in the colon and theileum of humansand
rodents, and stressmodul atestheir expression**3, In-
flammation and stress have been associated with
colorectd hypersensitivity infunctiona gastrointestina
disorders*4l. Recently chronic stress has been reported
to increase plasmanorepinephrine and sensiti zes co-
lon-specific dorsal root ganglion (DRG) neuronsby in-

creasing expression of nervegrowth factor (NGF) in
the colonwall. Theblockade of aphaand betaadren-
ergic receptors has been reported to prevent the stress-
induced viscera hypersensitivity and increased expres-
sionof NGFinthecolonwall™,

Inflammatory disease

Stressinfluencescirculating inflammatory markers,
and thesemay mediatethe del eteriouseffectsininflam-
matory conditions such as rheumatoid arthriti g9,
Stress protocol s (physical, psychological or mixed)
show apro-inflammatory responseinthebrainand other
systems mainly characterized by acomplex rel ease of
several inflammatory mediators such as cytokines,
prostanoids, freeradica sand transcriptionfactors. The
anti-inflammatory pathwaysareactivatedinthebrainin
responseto stress, and these constitute apossible en-
dogenous mechanism of defenceagainst excessivein-
flammation”, Psychol ogical stress has been associ-
ated with anincreaselevelsof inflammatory cytokines
such asinterleukin-1beta(IL-1beta), IL-6 and tumor
necrosis factor alpha (TNF-a) in the brain*®l, Psy-
chosocia stressalters susceptibility toinfectiousand
systemicillnessesand may enhance airway inflamma-
tion in asthmaby modulating immune cell function
through neurd and hormond pathways. Stressactivates
the hypothal amic-pituitary-adrend axisand rel ease of
endogenousglucocorticoidsmay play aprominent role
indtering theairway immune hypersensitivity™. Hy-
pothal amic-pituitary-adrend axisactivationinfluences
eod nophilicinflammati on through specific sequences of
compartmentd activation andthereby timing effectsare
evident on cdllular recruitment pattern during thealer-
gic reactioni*,

M u-Opioid receptors have been shown to bein-
volvedintheshift of theimmune systemtowardaTh2-
predominant response caused by psychological stress.
Mu-Opioid receptorsinthe CNSareinvolvedin psy-
chologicd stress-induced aggravationof dlergicarway
inflammation2. Chronic restraint stressinducesinflam-
mation, demydination, and axona degenerationin CNS.
Capsaicin-sensitive sensory fibersplay akey rolein
sress-induced viscerd hypersensitivity andthemeast cdls
play an important rolein the generation of stress-in-
duced coloninflammation®?. Theintestina barrieris
formed by enterocyte membranes, tight junctions, se-
creted mucus, and immunol ogic factors, such astissue
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macrophages. Dysfunction of thisbarrier can becaused
by different types of stressor such as (physiological,
pathological, psychologica, pharmacologica) and can
leadtoincreasedintestina permeability. Increased per-
meability to endotoxin, acomponent of thewalls of
gram-negative bacteria, causesloca or systemicinflam-
matory reactions® Acutestressisinvolved intheregu-
lation of local pro-inflammatory responsesin chronic
inflammation, i.e., gingivitis. Invivo study hasdemon-
strated that psychol ogicd stressaltersthelocal con-
centrationsof I1L-8 under conditionsof chronicinflam-
mation#1, |nflammatory cytokinesandthechalinergic
system have beenimplicated inthe effects of stressors
onmood and memory; however, theunderlying mecha
nismsinvolved and the potentia interrel ationshipsbe-
tween these pathways remain unclear. Exposureto a
surgica stressor inducesareciproca up-regulation of
acetyl cholinesterase and pro-inflammatory cytokines,
which areinvolved in regul ating the surgery-induced
mood and memory disturbances'?!. Stressexacerbates
alergic dermatitis (AD) viasubstance P (SP) -depen-
dent cutaneous neurogeni cinflammation and subsequent
local cytokine shifting%.

Cardiovascular disease

Stressisanimportant risk factor for cardiovascular dis-
ease. Acuterestraint isan unavoidable stresssituation
that evokes marked and sustained cardiovascular
changes, which are characterized by elevated blood
pressure and increased heart rate. The combination of
prenata stressfollowed by restraint stressresultsinre-
versibledepressionin both systolic and diastolic func-
tion aswell as defective beta-adrenergic receptor sig-
nalling™?. Mental stresscan significantly affect ven-
tricular repolarization, which could potentially trigger
arrhythmiag®. Stresshas been documented toinduce
cardiomyopathy, also called transient | eft ventricular
(LV) apica ballooning syndrome, broken heart syn-
drome, ampullacardiomyopathy. Cardiomyopathy is
characterized by atrangent and reversiblel eft ventricular
dysfunctionand showscdlinicd smilaritieswiththeacute
coronary syndrome. The disease mimics myocardial
infarction, but thereisan absence of significant coro-
nary artery disease'?1261, The reduction of estrogen
level sfollowing menopause may a so bethe cause of
takotsubo cardiomyopathy both by indirect action on
the nervous system and by direct action on the heart.

> Rey/ew

Immobilization stressin rats has been shown to pro-
ducethed ectrocardiographicand | eft ventriculographic
changes similar to that istakotsubo cardiomyopathy.
Estrogen supplementation hasbeen shownto partialy
attenuate these cardiac changes and downregul ate c-
fosmRNA expressonintheadrend glandand theheart,
suggesting an increased estrogen attenuates stress-in-
duced hypotha amo-sympathoadrena outflow fromthe
central nervous system to thetarget organs. Estrogen
treatment has al so been shown to upregul atethelevels
of cardioprotective substances, such asatrid natriuretic
peptide and heat shock protein 70 in the heart!?",
Emotiona stress-induced acute coronary syndromeis
mediated by increased i nflammatory and vasoconstric-
tivemediatorg'®!. Emotional stresstrigger acute coro-
nary syndromesin patients with advanced coronary
artery disease(CAD), dthough themechanismsinvolved
remain unclear’?®, The proposed mechanismsfor cat-
echolamine-mediated stunningin stresscardiomyopa
thy include epicardia vasospasm, microvascular dys-
function, hyperdynamic contractility with midventricular
or outflow tract obstruction, and direct effectsof cat-
echolamineson cardiomyocyted®®,

Anacutepsychological stresscan precipitate ventricu-
lar arrhythmias and sudden cardiac death in patients
with coronary artery disease (CAD). Mental stress-
induced myocardia ischemiaoccursinasgnificant per-
centage of the CAD population. The pro-arrhythmic
effectsof psychologicd stressmay bemediated through
the development of myocardial ischemid**4. Mental
stress-induced blood pressure elevation has been re-
lated to cognitivedysfunctioninthe e derly, and role of
cacium channel instress-induced hypertensionin sub-
jectswith mild cognitive impairment has been sug-
gested 4,

CONCLUSION

Stresstriggers multifold changesin the body and
complex set of eventsinvolving activation of sympatho-
adrend/sympatho-neural system and hypothal amic-pi-
tuitary-adrenal axis. Thediverse stressmediatorsin-
cluding monoamines, neuropeptidesand steroids play
animportant rolein bringing the different changesdur-
ing the state of stress. As aconsequence, number of
neuropsychiatric diseases such as skin diseases, gas-
trointestingl tract diseases, cardiovascular and other in-
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flammeatory diseasesmay result dueto pers stent stress.
The understanding of these complex changesmay help
indevel opment of therapeutic agentsto overcomethe
stressrelated different disorders.
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