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ABSTRACT

Stress, 15 an integral component of life that distosts body homcostasis. The availablc anti-stress drugs
arc often incffcctive in combating its multiple cffects. Adaptogens with antioxidant and
neuroprotective eftects arc known to rclieve stress. Monn hydrate (MH), a flavonoid ftom Aforis alba
with known antioxidant and ncuroprotcctive propertics has not been investigated for 1ts ant-stress

potential. The study was designed to investigate the anti-stress propeity of MH and its mcchamsms of
action in mice.

Eighty male Swiss mice (22.0 £ 2.5 g) were used for acute studies: Swimming Endurance Test (SET),
Anoxic Tolcrance Test (ATT) and Acute Restraint Stress (ARS). The SET and ATT consisted of S
treatment groups each (n = 5): vehicle (nomel saline, 10 mg/mL), MH (5, 10, 20 mg/kg) aod
adaptogen (ginseng, 25 mgfkg), administered intrapertioncally. Thirty minutes loter, immobility time
was measured in SET and convulsion latency in ATT. In ARS, thitty male mice were allotted into
treatment groups I-VI (n = S): velucle (10 mg/mL), vehiclestress control (10 mg/mL), MH (S, 10, 20
mg/kg) ond ginseng (25 mg/kg), ond treated for 7 days prior to being restrained except group L.
Thercafier, mice werc assessed for anxicty and depression in Elcvated-Plus Maze (EPM) and Forced-
Swim Test (FST), respectively. For chronic studics, ninety male mice were used in 3 models {Chronic-
Restraint Stress (CRS), Paradoxical Sleep-deprivation (PSD) and Chronic-Unpredictable Skeess
(CUS)) end grouped. respectively as in ARS. in CRS, mice were pre-ticated and restrained for 14
days, and thercafter asscssed for anxicty nod depression, Mice were sleep-deprived for 48 hours in
PSD, and cxposed 10 stressors for 14 days in CUS before testing for memory and anxicty behaviours
using Y-mazc and EPM, respectively. Brain glutathionc (GSH), malondialdchyde, nitric-oxide and
blood glucose were determined spectrophotomctiically in ARS, CRS, PSD and CUS. Scium
corticostcrone, brain tumor nccrosis factor-alpha (TNF-a) and interlcukin-fbeta were mcasured in

CUS using ELISA. Brain nuclear factor-kB (NF-kB) and inducible nitric-oxide synthase (iNOS)

expressions in CUS were mcasured using immunohistochemistry. Data were anal ysed using ANOVA

al aoos.

Moiin hydrate (5, 10, 20 mg/kg) significantly reduced immobility (10.8 £ 0.20, 7.04 £ 0.77, 9.16 +
0.59 s against 11.9 £ 0.25 s) in SET and prolonged convulsion latency in ATT (33.1 £ 1.26, 34.1
2.40, 34.8 £ 1.06 s against 21.9 £ 1.§5 s). The MH dccrcascd anxicly, depression-like symptoms,
malondialdehyde and nitric-oxide but mercased GSH in ARS and CRS. The MH revessed nicmory
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impainnent (65.87 £ 3.59, 69.17 = 6.51, 62.0 + 5.12% against 50.87 = 2.87%) and anxicty (64.75 +
5.36, 57.75 £ 2.95, 61.00 £ 1.68 s against 45.0 + 1.87 s) in PSD. Also, MH increased GSH (104.6 =
8.50, 97.3 + 6.51, 91.53 = 7.70 pmol/g tissue apainst 50.22 + 1.4) pmol/g tissuc) but decreased
malondialdchyde (7.57 + 0.25, 4.50 = 0.13, 3.16 = 0.22 pmol/g tissuc against 8.60 = 0.14 pmol/g
tissue) and nitric-oxide (163.0 + 8.67, 1213 £ 6.67, 124.7 < 3.33 pmol/g tissue against 338.0 + 16.77
pmol/g tissuc). The MH increased GSH concentration in CUS and ameliorated CUS-1nduced increases
in plucose, malondialdchyde and nitnic oxide levels compared to controls. Mornn hydrate reduced
corticosterone (7.93 £ 0.19, 7.18 = 0.21, 7.46 = 0.20 ng/mL against 8.54 + 0.14 np/mL), TNF-a (49.}9
£ 0.55, 47.60 +2.48, 35.22 = 1,77 pg/mL against  92.37 £ 7.90 pg/mL). and intcricukin- Ibeta (74.45

+2.18, 46.45 £ 2.71, 43.12 £ 1.55 pg/mL against 98.72 + 4.03 pg/mL). Morin hydrate reduced iNOS
and NF-kB protein levels in CUS.

Motin hydrate cxhibited antistress potential via mechanisms related to inhibition of hypothalamnic-

pitutary-adienal axis hypcractivalion, oxidative stress and neursinflammation.

Keywords: Morin hydrate, Anti-stress properly, Neuroinflammation, Corticosterone, Antioxidant
activity.

Keywords: Morin hydrate, Anti-stress property, Neuroinflammation, Coiticosterone, Antioxidant
activity.
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CHAPTER ONE

INTRODUCTION

{.1. GENERAL INTRODUCTION

In our day to day life. afl living organisms are (aced with stressful situations which ase basi cally
a responsc of the body and mind 10 homeostatic changes and in order to survive, undergoes some
physiological, morphological, and biochemical modifications. Stress ean be defined as a
psychological condition arising from unpleasant life experiences which imposes a strain on the
emotional and mental state of individuals. Stress can also be defined as the perception of being
burdened with demands which surmounts an individuat’s coping capability (Dorcddula er of.,
2014). Thus. with proper undcrstanding of the above definitions, stress can therefore be defined
as an cmolional, ecnvironmental or physiological condition which requires behavioral,

physiologic, morphologic,and biochemica$ adjusiment in order to cope or survive.

Steess could be productive (custress), or harmful (distress). Too litlle stiess could resull in
singnancy and unfulfillment while excessive siress could be damaging to hcalth. In general, a
reasonable amount of sucss is needed to challenge and motivale individuals in a productive
manner. Eustress presents the opportunily for molivation and produclivily, bringing aboul
personal growth, satisfact:on and health enhancing benef ts. Through evolution, living systems
have been able to maintain 3 balanced homeostatic condition through strings of physiological
and at limes behavioral responses; functions which may as well be permanently damaged or
disturbed duc to unpredictable, overwhelming and continous cxposure to stiessful conditions,
especially those which occir during vulnerable penods in life (Tilbrook and Clarke, 2006 ).
Numerous researches conducled in human volunteers as well as in animals suggested thal
exposure to slressful life cxperiences can present substontial nsks for psychopathology.
pariicularly in penetically susceptible individuals (Krugers ef of., 2010), Stress contributes
crucially lo pathogenesis and progrcssioﬁ of anXicty. Mosi-traumalic stress disorders (PTSD),
bipolar disorders, schizophrenia, depression, and pathologicol oging (Joshi ¢f al., 2012). Steess
affect the aftermath of foctus development and causc behaviours which can be detsimental to

health such as drug dependence, smoking, illicit substance use, and sieep loss, end associaled

1

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



with the major physical causes of death including carcinomas, cardiovascular discases, and
stroke (Cohen et al., 2007)

Walter Cannon, dunng the American Great Depression first described the body's remarkable
resilience to stress or “‘accidenis of cxisience” cbasacicnzed by incrcases in the heait's workload
as the “fight or flight” response. He descnbed this jeaction which he also termed hygper-ameusal
or the acute stress response as the reaction which inggers a general sympathetic outflow which
prepares an animat to either fight back or flee. This fight or flsphit response which regulaie stress
responses in several organisms is Laken to be the first phase of the general adaptatson syndrome.
In 1936, Hans Selye: an assistant Professor of endocrinofogy attempted 10 investigale the efticet
of an ovarian cxtract on rats. Whenever he auempled administenng the extract to the rats by
injection, he ended up releasing them, run after them to track them down again before eventually
injecting them with the extract. [nthe wakc of doing this for some months. he discovered that the
animals had developed gastric ulcerations, adrenal hypearophy, and shrunken immune tlissucs,
He then carried oul the same experiment on another set of animals bul in this case. the rats were
only injected with saline solution, and handling them the same way as the ovarian extracl treated
groups. He found out the animals showed the same symploms and from his observation. he
rcasoned that perhaps the change noled in the animals was atribulable to the traumatic

experience of his handling and not as a result of the ovarian exteact. In oider 1o establish his

findings, he performed the test during winter. Some amimals were piaccd on roofl lops white
some were kepl in the boiler room. Some underwent foreeful exercises while surgical operation

was perfomed on others. All these conditions were indicative of a siress response that would
induce structural alicralions in the body. Adrenal enlargement, thymus atrophy and pcptic ulcers
were observed in all the animals. Ele then adopted the word 'stress” [rom engineering 10 describe
the phenomenon and madc the obsesvation that sircssis a non-specific phenomenon but produces
a group of homologous rcactions 10 a wide varicly of stressors, Icading o diseases, in a way
similar to that in which numerous ambiguous conditions can pressurize a bit of mcial and cause it
10 break like gloss (Sclyc, 1998). Me nlso described the ‘fight or Nigh' syndrome as a
meclianism including three phases; the alarm, adaptation and exhaustion phase which he
described 10 be as a result of adapintive responses in circumstances whereby an organism's
oplion is lo cither fight back or Nee in order 1o live or survive. During the alarm phase. 2 number

of physiological changes arc observed duc 1o a rapid clevation in cathecholamine levwels, a

2
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delayed but persisient increase in pheripheral glucocorticoid levels and rapid inciease in
excitatory amino acid levels in several regions of the biain (Moghaddam, £993). Although these

chanpes are necessary in order (o survive physical short term stress, they' may provokc some
adverseeftects if they persist.

Sclye's model was however subjected 1o cnticism by some researchers particulncly on his
opinion thal the stsess response delerminers are unspecific. The justification therefore is that his
rescarch focused on physical stress like pain and tempemture extremities. whereas mojority of
the mast detrimental stresses encountered in realily are psychological and induced by an
individuals® way of intcipreting evenls. After several yeais of research, John Mason; a physicitn
in the year 1968 dcfined three major psychological events which coutd trigger the stress
response. Dut before achieving thot, he conducted a trial using human subjcets where he
measured the stress harmone levels in a group of individuals before subjecting them o vartous
conditions which in his own point of view are stressful (e.g., various stressful jobs, parachute
Jumping, air-traflic controllers) in order that cach individual can explain the psychological
fcalurcs of any condition they find stressful after being exposed 1o such conditions. Afler
cxposure, he apain measurcd the steess hormone levels. From his result, he observed and inferred
1hat a situation has to be interpreted as being unconirollablc. novel, and uprediciable for it to
ingger a stress response (Lupicn et of.,, 2007). Though these findings incited o public argument
between the two Scientisls, ndditionnl:invcstigmior\s established 1hat the stress responsc
dete:mincrs ore very definite and as such can be predicted and measuied. Literally, extreme or
prolonped stressful expasure results in a novel physiological or biochemical balance which could

be favourable or deletcrious, resulting in scveral domapes and discased states as a result of a
maladaptation or alloslasis (McEwen, 1998).

Several stress 1esearch aim at drug development and cslablishment of methodologics capable of
stimulating an orpanisms' inhercntadaptive systemin order 10 cnable it survive scvere or chronic
siress conditions, while simuitaneously maintaining 10 a greater degrec, the potentiality for bath
physical and mental work (Ponossion and Wikman, 2050). No drug has been staled in the
madem phannacopetd for the treatment of siress, allhough several drups including diazepam,
amphelamines, caffcine, and some anabolic steroids havc been used by some individuals 1o fight

stress (tfoffman, 2001). A person undergoing scvere stress but wilh mild symploms of anxiety
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will most likely be prescribed a mild anxiolytic such as buspirone (Hoffman, 2001), but when
anxicly level is pronounced, antidepressant drugs especially’ amitiiptyline. venlafaxinc and
fluoxetine would be highly recommended. In some cases, these drugs can cause some adverse

reaclions such as increasing therisk of depression and anxiety.

Stressful stimuli activate and wigger the relcase of inflammatory mediators resulling in
alterations in the oxidative/nitrosative pathways in the brain (Munhoz er al., 2008). A variely of
piants and natural compounds have been shown in several studies ta exhibit antisteess and
adaptogenic activilics owing 1o their neuroprotective potentials and abilily 10 suppress the
activation of thc inflammatory pathway. Morin hydrate is a flavonoid first isolated from
mulbeny (AMorw olbo L) branches. It's been indicstcd to demonstrale antioxidant,
anlidepressant, anxiotylic, anti-inflammatosy and nesropsotcelive aclsvities (Campos-Esparza ef
al, 2009). Thus, this research aim at evalualing the antistress potentials and the mechanism of

aclion of morin hydrate in Swiss mice.

1.2. STUDY OBJECTIVES
I, To investigate the anti-siress activity of morin hydrate using difTerent standard acute and
chronic stress models

2. To explore the modulatory rofe of morin hydrile in stiess-induced bchavioral changes:

anxicty, depression and memory impairinent,
). Todetenmine the efTects of morin hydmte on antioxidant and pro-oxidant status.
4. To invcstigate the outcome of morin hydmte trcatment on stress-induced hyperglycemia and
dyslipidemia
5. To assess the outcome of morin hydralc treatment on the hypothalamic-pituitmy-adrenal

(HPA) axis
6. To examine and quantify the outcome of morin hydrate treaiment on chronic siress-tnduced
neurodcgcncration.

« [listological studies and cell count of the prefrontal coriex and CA3 hippocampal neurons

inthe chronic restraint stress model,
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« Histological study ond cell count of the hippocainpal CAl neurons in the sleep
deprivation model.

* Histological studies and cell count of the hippocampa? dentote gyrus and CA3 pyromidal
neurons in the chronic unpredictable stress model.
1. To explore the effect of morin hydrote on chronic stress-induced neuroinflammation:
o Iniereukin-1beta (IL- 1)
» “FTumornecrosis factor-alpha (TNF-a)
« [nducible nitric oxide synthasc (iNOS)
+ Nuclear factor-kappa B (NF-kB)

L3 —
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CHAPTER TYWO
LITERATURE REVIEW

2.1. STRESSORS

Persons, objects, situalions or condilions which trigger the siress response system of an
individual can be labeled as a stressor. There exist the likelihood of stressors ovenwhelming the
resources available 10 be utilized for the stress response and thus, are penerally recognized as

theeats to health. Siress can be categorized into 1wo major types: internal/emotional siressor and
cxtermal siressors,

2.1.1. Internal/emollonal stressors: Thesestressors include anxiely, fear, and personalily traits,
and they affect o person more than the extemal stressors. For exomple, worrying aboul an
examination is acluaily an intemal siressor which may bring aboul anxictly which is evideni by
excessive perspimtion and/or difTicully in sleeping. An individual's personality traits, especially
il they are negative such as distrustfulness, apprehension, perfcclionism. negalivism and despair

could also pose as internal siressors 10 such individuals (Sinccro, 2012).

2.1.2. Exicrnnl stressors: Whatcver tripgers siress from the surroundings or envionment is
called an external stressor. These stressors eould arise from the family such as family duiies,
responsibilities, financial challcnges and incrrelalionships, social siressors thal develop from
one’s place of work, schoot, and relalionship with people and stressors thal are associated with
nolab!c life changes (change stressors) such as [inding a job, pelling matried, and childbeasing.
Thesechange stressors are usually followed by deciston siressoss whereby the siress ensues Irom
the nccessity 10 make crucial deeisions (Si:nccro. 2012),

Outher types of siressors which may [all wnder either inlemal or cxiemal stressors include :

1. Chemical stressors: Chemieal siressors are either endogenous or exogenous. £ndogenous
chemical siressors are crested within the body system resulting from improper dicl or bad
nutrition, while exogenous siressois are toxins from outside the body; they include ehemieals

tike food additives, poldution. and drugs (Sincero, 2012).
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2. Diseasc stressors: These are swessors 1hat anse as a result of i$inesses such as diet restrictions

or being confined 10 bed and envirorunental stressors such as poliutants, noise, change of weather
and congestion,

2.2, CATEGORIES OF STRESS

2.2.1. Acule stress

Acute stress is a reaction/response to a sudden danger which could either be realistic or
perecived. Although tie termn *stress” implics an untavourable perception, acule or shoit lemm
siress 5 what ceally produces enthusiasm, delight and fervor in our lives. It s a psychological
condition which ariscs due 10 experiencing a frighiening event or trauma. it is brought about by
our daily life needs and burdens, making it the most experienced type of stress generally, For
example, preparing for an exam is a circumstance thal causes acule stress which can bring about
some psychological andfor physiological sympioms such as tension. headaches. stomach upsets.
and insomniz The occurmence of acute stress is short-lived but if accumulation of this slress
occurs, it may cvoke some ecmotional and physical problems like anger, apprchension, fear,

depression, headache, hypestension, slomach upset, cte. (Sincero, 2012).
2.2.2. Lpisotlic/periodic stress

Episodic steess implies acute stress that occurs ond is suffered rcpeatedly. It ceases from Lime 10
time unlikie acuie stress. Episodic or periodic siress is usually perceived by pessimists, worry
wasts, people who undergo siress to achieve the impraclicable and outrageous goals they set for
lhemnsetves. Episodic stress is also generlly expesicnced by people who anre apgressive,
conlenlious and atimes uptight and bitter. This can evoke anxicty disorders, emotional tsaumas,
cardiovascular discases, protonged duration of recurrent depression in addition to some physical

problems as seen in acule stress (Sincero, 2012).

2.2.). Chronic siress

Chronic stress 1s evoked through persistent or long-lived cxposure 10 some stressful conditions

such as traumas, protacicd sllnesses, relationship defect, ele. These siressful condilions seem to
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be endless and the individual expased fo them fecls there's no way out of the situation.
Accumulation of these stresses as a result of prolonged exposire can be threatening 10 tife and
could lead to violence, suicidal thoughts and self-inflicted injury. Chronic stress results n
def nite physical symptoms, probably requiring medical treatment. Critical pathological diseases

like cancer, diabetes, stroke, cardiac arrest and psychologicat disorders are corinected to chronic

stress (Sincero, 2012),

2.3. THE STRESS REST'ONSE AND GENERAL ADATTATION SYNDROME

The physsological process which controls or co-ordinates the biological responses 10 stressful
stimuli 1s called the steess response (Esch er af., 2002). When organisms arc confronted by
stressors, an array of physiological responses is evoked to nullify the potential threat while
altempting to reum the body to homeostasis. The General Adaptation Syndrome was first
described by Hans Selye in 1936 as an inhetent shuggle to re-establish homeostasis in contempt

of a stressful stimulus. [1 comprises of theee distinct phases: alarm. resistance, and exhaustion

(Pawar and Hugar, 2032).
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f The body's resislance to stress can only
? W last o long before exhaustion seis in

Stress
resistance
i
Stressor otcurs
Llow | : - — S — -

Phase 1 Phase 2 Phase 3

Alarm reactlon Resistance Exhaustion

(mabliize {cope with stressar) (reserves

resources) depleted)

Figure 1: The general ndaptation syndrome (Nichols, 2010).

The alorms phase, commonly called “fight-or flight™ response i1s portraycd by shock and
apprchension when on individual is confronted by a novel condition. This first phasc comprises
of a phystotogical scaction which forms onc of the most basic innate survival instincts. Upon the
mind’s perccption of a rcal or fictional stressor, the body acts via an autonomic nervous system
(ANS) response which the cerebral corlex activates. The sympathetic nervous system of the ANS
cmpowers the body to fight or flec vin signalling for discharge of the various stress hormones
white the parasympathetic neevous system retards all systems triggercd by the stress response,
counteracting the activities of the sympathetic branch. The rcsponse of the sympathctic system lo
stress includes chains of biochemical interactions betwecn several body parts. The adrenal glands
release adrenaline and noradsenalinc upon stimulation by the hypothalamus when they perceive
that additional energy s requircd 1o combat or flec from o stressor, If the stressor persists. the

bady adjusts to the resistance phase by attempling some means of coping or adapting. and this
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cesuht in the gradwal depletion of the body's resources as the body cannol adapt 10 the stress
indefnitely. This finally leads o the exhaustion phase, astage where the body is no longer able
16 adapt, ofien called adrena! maladaptation {Pawar and Hugar. 2012). Adrenal maladapration is
charactenzed by the depletion of the body’s resources and loss of normal body function. If this
phase is prolonged and there is no proper inlervention, il may cause exhaustion of the body and

immune system as well as impaiment of systemic funciions, resulling in long tenn damage
{Sonkar and Mishra, 2011).

The neural or Sympatheticadrenatmedullary and endocrine or Hypothalamic-pituitary-adrenal
(HPA) axis sysicms are lwo intenvoven pathways which direct the stress response. The neursl
pathway is majorly aclivated nevrally in response to siress, which leads o “fight-or-flight”,
while the endocrine pathway can be Iriggered by several mechanisms {Smith, 2012). These two
systems are 1ypically funclioning swithin a sensilive stale of equilibdum (i.c homeostasis),

established to stustain the normal physiological balance of the organism even in extremely
stress(ul situations (Esch et al., 2002).

The HHPA axis activation comes a little bit stower and it riggers the neurons of the hypothalamus
to release corticotrophin-relcasing hormone (CRH) inlo the pituitarty portal circulatson.
Subscquently, the pituitary secretes inlo the blood sueamn adrenoconicotrophin (ACTH) whiceh
travels down 1o lhe adrenat glands and stlimulnlcs the stress honnones; cortiso! (in humans) or
corticostcerone (in rodents) to be released (Lupien ¢¢ al, 2007). The third major event of the
siress nesponse is exciluiory amino acid, glutamale release in substantia) amounts into the
extracellular space in vartous bruin regions (Moghaddam, 1993). These major medsators of the

siress response c<an Irigger an acutc phase responsc analogous 10 an inflammaltory response

evoked by an orgonism in response 10 acule injusy or infections

The endocrine and melabolic funclions of the HPA-axis make it an exceplionally comptex
system (Smith, 2012). A contnbuting factor to its complcxity is the fact that glucocorticoids
clicits diverse efficcts on target systems in the entire organism wilh the overal! aim of increasing
the availability of energy subsirales in varous dedy pats {e.g maintaining gtucose suppls in the
brain), and allowing maximum adaptalions 10 the flucluating environmenlal demands. The | IPA-
axis is also activaled by hormones, chemical messengers Jike interleukin-6 which increases

conisol release (Smith, 2012), Though the HPA axis activalion may be consideied as the

3 10
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fundamental adaplive mechanism in response to change, its persistent and/or sustained activation
can threaten the health of the organism. Glucocorticoids impairs growth and tissue repair,
anlagonizes insutin and cause a rise in blood pressure. thus tesufting in the pathogenesis of
diabetes. vascular disease and hypertension, Moreover, HPA axis aclivation inhibits immune
funciions, which if inhibited for a long time can be detrimeoinl to the organism because il

wncreases the risk of infection (Lupien et af.. 2007).

Figrure 2: The HI’A uxis (Glaser and Kiecolt-Glaser, 2005).
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2.4, MEDIATORS OF THE STRESS RESPONSE
3.4.1. Glucocorticoids.

The 20na fasciculate of the adrenal cortex produces plucocorticoids which are steroid hormones
and secicted in a rhythmic and periodic manner. Thesynthesis and secietion of these hormones,
a classic endocrine response (o stress is pegulated by pituitory ACTH (Sapolsky et al., 2000;
Grippo and Scotti, 2013). In the mammatinn biain, plucocorticoids act primarily through two
distinct intracellular receptors namely: mineralocorticoid (or type 1) receplors (MR) with high
offinity for plucocorticoids and so at basal levels are predominantly bound, and glucocorticoid
(or ype 2) receplors (GR). These receptors bind lo heat shock proteins when they are not
occupied, but upon binding plucocorticoids. lwa identical monomers aggrepale into a dimer, they
relcase their heal shock protein arid arc conveyed into the nucleus, where they modulate genes
transcription (Sonells ¢f al., 2009). The GR have lenfold lower affinity and ss o conscquence,
arc under basal conditions panly occupied but as MR becomes increasingly salurated due to
increasing glucocorticoid levels during moderale Lo severe stress, they become more occupied
(Sorvells ¢t al., 2009; Grippo and Scouti, 2013), Boih receptors are expressed differentiy across
diftercnt brain regions, GRs having a higher conceniration than MRs (Grippo and Scolti, 2013).
Although stress could altcrtheir distribution. MRs arc greatly cxpressed in hippocampal neurons
and are fairly expressed in the amygdala subnuclci, the locus cocrulus and the hypothalamic
pasoventiicular nucleus. These pre bmin.rcgions implicated in cognitive, ncurocndocrine and
cmoltional manipulation of siressful occurences (Munhoz e¢f al., 2006 Gnppo and Scotii, 2013).
Distribution and offinity vaniations in glucocorticoids have prompled the proposition that their
signaling can have difTerent transcriptional effects (Sorrclls ¢1 af., 2009). Diflerent levels of
glucocorticoid can have opposing effects. Basal and elevated stress levels can produce a specific
eftect which is mediated by high occupancy of MR, while an inverse ef¥ect is observed at either
tevels below normol medioted by low occupancy of MR or elevated Icvels of glucocorticoid

mediatcd by high occupancy of GR, givingan inverse ‘U’ shoped curve (Sorrells ¢t af,, 2009).

The actions of glucocoriicoids are numerous and diverse, nevertheless, one of the principal roles
of glucocorticoids is the regulotion and modulation of the suiess 1esponse foltowing stressful

exposure especially by tiggering the HPA onis feedback inhibition mechanism (Giippo and

Scotti, 2013) Glucocorticoids, together with catecholomines triggers the mobilization of encegy

12
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stores which is made available 10 the skeletal muscles with the purpose of energizing the
orgonism lo cither fight back or escapc (Gnppo ard Scofti, 2013) Simuitancously,
glucocorticoids also suppress the activity of funclions whichare not immediately needed such as
the immune syslem, as glucocoiticeids released in response to stressfil stimuli have been well

documented for their anti-inflammatory and immonosupressive polentials (Souells ez al., 2009)

2.4.2. Monoamincs

The expression of the monoamines noradrenaline, seroloninand dopamine in panicular ncuroens
increases soon after n stressful event and is cither evoked directly by the brain circuits involved
in interpretation of the stressful stimuli or indirectly via the adrenergic system activation (Goto
¢t al., 2007), Var ous Xinds of siress produce pronounced clevalions in noadrenergic funclions in
the brain. For instance. stress scleclively incecases monoamines lumover in the amygdala,
prefronial coriex, nucleus accumbensond hippocampus. Increase in norepincphrine lumover also
occurs in the locus coenulus, limbic regions, and the cerebral coriex (Joels and Baram, 2009). |t
has been shown that etectric fool-shock. lail-pinch and restiaint stresses elevate noradrenaline

melabolism in the amygdala and hypolhalamus (Ahmag et o!l., 2012).

Monoamine rclease in response 10 stressful stimuli happens very rapidly and although there are
segion-specif ¢ diflerences, their actions hardly ever last through the duration of the stressful
exposure. This is due 1o the fact that monoamincs typically funclion via G prolein-coupled
receplors, which promplly activates efTectors downstream ond so, their rapid elevation is swiflly
inlerpreted by the ncurons expressing the seceptors. Each behavioural facets of the siress
responsc s modulaled by cach monoamine. For instance, cievaled level of norepincphrine
atlegedly trigeers o swilch from infonnn'iion processing and altention o vigilance, oflering o
grealer solution regardless of chaltenges (Aston-Jones and Cohen, 2005). Furthcrmore, dopamine
released in the prefrantal cortex during mild siress was reporied Lo improve evaluation of risks
and decision maXing, while serotonin helps in curlailing anxicty following stre ssful exposure
(Goto ctal., 2007). Thus, collectively. monoamines foster significant behavioural schemes which

crable theanimal withstand and endure the carly phase of stress (Joels and Baram, 2009).
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2.4.3. Neuropcptides.

Several neuropeptides liberaied in specific neurons during stiess connisbules to the stress
response habitually through activating multiple receplors (Koob, 2008). These neuropeplides
include vasopressin, conticolrophin releasing hormone (CRH), neuropeptide Y and substance P
{Grippo and Scotti, 2013). Corticotrophin relcasing hormone is liberated from the teaninals of
nerve axons in the hypothalamic median eminence in response lo stress and perform their
function on receplors in the pituitary. The peptide acts locally through two recepiors;
conticolrophin refeasing hormone 1eceptor (CRHR) 1 and 2 within seconds aflcr its release, to
cxen neuromodulatory effects on target neurons. The sismulating activity of stress-induced CRH
release is primarily mediated via CRIIRL (Gallagher et al.. 2008). Depending on the dose and
specific region involved, occupalion of CRH receptor afYects neuronal firing paitems, gene
expression and behavior (Gallagher ef al., 2008; Koob, 2008). For instance, reports show thal
CRH released during shon-lerm siress in the amygdala central nucleus improves memony
consolidation and moderate stress-induced CRH reiease (rom the inlerneurons of the
hippocampus promotes long-term potcentiation and improves memory, Conversely, CRI11 release
in large amounts in the hippocampus during chronic stress triggers hyper excitability, seizures
and couse hippocompal CA3 neuronal cell loss (Blank et af., 2002; Roozendaal er af., 2002;
Chen er al, 2008). Furthermore, CRH contribules to the alterations observed in the neurons of

thc pyrsmidal layer of the hippocampus caused by severe siress in both matured and developing
brains (McEwcen, 2007).

The inleraction between vasopressin which ncts on different lypes ol ncurons and hypothalamic
CRH during stress promoles ACTH release (rom the pituilary. The excilolosy aclivities of
vasopressin in lhe amypdala possibly modulate stress-induced behavioural responses.

Furthcrmorc, vasopressin may also contribute to-anxiely and emotional memory (K oob, 2008),

Subslance P, an important clement in pain perception is an 1} amino acid peplide widely
distributed in the CNS as well as in the peripheral and enteric necvous systems (Brodesi ¢t al..
2003. Lbnar and Singewald, 2006). Tt is implicaled in diverse physiofogical and
pathophysiological proccsses such as stress regulation, in addition to nlTective and anxiety -
rclaled behaviour (Ebnar and Singewald, 2006). Substance P and its primacy binding site, the

ncurokinin-] (NK-1) receplor mre widely distributed in brain tissue, mosiiy in arcas that are
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important for processing and responding to physiologicat and psychological stressors. and in the
areas that coniro! and regulate emotions (Singewald ef al- 2008 ). [t has been found in both
autonomic afTerents and in unmyclinated C-type sensory libers and is involved in sensory
pathways, including nociceptive signaling. within the dorsal horn of the spina! cord. it has deen
demonstrated that substance P perform an important function in the stress response and
contributes to stress-induced inflammation based on its Jocation in the perspheral nervous system
and threughout most of the body (Grippo and Scotti, 2013). Substance P is clevated inthe brain
in reaction 10 diverse psychglogical stressors suchas immobilization stress (Bradesi e al., 2003).

Additionally, it interacts with the HPA axis, leading to increases in CRF and ACTH during
psychological stressors (Grippo and Scotti, 2013).

Specialized ncurons ol the hypothalamus, bmin stem and the limbic system expresses
neuropeptide Y (NPY), accounting for its efTect on stress coping. feeding and stress-induced
behavioural alterations (Reichmann and Holzer, 2016). This peptide released from
postganglionic sympathetic nerves stands out among other mediators as a result of its distinctive
anxiolytic. ncuroprotective and calming efTects {Holzer ¢r af., 2012: Reichmann and Holzer,
2016). It 1s expressed in distinct brain regions during various stressful conditions in both humans
and animals but the magnitude and direction of ils cxpression is greatly influenced by the nature
and duration of the stress (Reichmann and Holzer, 2016). Neuropeptide Y is cntical lor stress
adapiation as 4 counteracts the biclogical actions of stressful stimuli-induced CRH release,

hence terminanng the siress response (1iolzer et al., 2012).
2.4.4. Glulamaie

There orc cvidences that sticss alters plutamincegic transmission in the prefrontal cortex and
hippocainpus which presems a vital process through which siress affects some aspects of
psychological functions and contributes 10 structural abnormalities seen in depressed subjects
(Popoli ¢ ai., 2012). Morcovzr, functional disorder of glutaminergic ncurotransmission is a vital

choractenslic in psychological disordcrs agd memozy impaiement {Moghaddam, 2003).

Genelic prool for glutamniergic pathway participation in regulating emotional behaviour was
acquited through examining mice with genetically engincered NMDA receptor genes (Boyce-

Rustay and Holmes, 2006). Scveral studies have revealed the mechanisms through which
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glutamate ncurotransmission is affected by stress aind plucocorticoids. Acute stress through
glucoconicoid receplors activation induces persistent potentiation of glutaminergic ceceplors
trafficking along with transmission of excitato1y synopses in the prefrontal costex neurons, and (o
significantly facililate performance on a behavioral task which encompasses prefrontal cortex-
mediated working memaiy (Fontella €/ al, 2004). Moreover, mice exposed to chionic
immobiliaation stiess demonstrated a rise in both basal glutamate and depolarization-dependent
glutamolc release from the synoptic tenninals of hippocampat neurons, signifying an abnormalily

in the processes invoived in lermination of giulamate secretion ( Yuen ez al., 2009),
2.4.5. Molecular chapereones

Genemlly called Heat Shock Proteins (HSPs), molecular chaperones ore expressed when cells
orc exposcd lo adverse changes in their cnvironment as well as other mclabolic insu Its. With
many of thesc stressors, cell survival is threstened. Swdics have shown thot these proleins
provide prolection against the life threalening effects of stressors by assisring in repairing
damaped proteins, promoling their proper threc-dimensionol conformation and preventing them
from forming oggregates (Panossion and Wikmon, 2010). Thus, one function atiributed 10 HSPs
is to protect the cell from death in the presence of a slressor, For example, mammalian cells
injecled with antibodics specific 10 the most highly induced stress protein. HSP 70, quickly die
[oSlowng Lheir exposure to a briel heat shock treatment. The major pharmacoiogical activity of
adoptogens is carcied out by the 72kDa heatl shock protein (Hsp 72). [ts expression can be
inilinted by odaptogens in human microglia, where it [unctions Lo maintain the homeostasis of
ncurcnal cells by acting as both o chaperone and a cytokine (Panossian ¢/ al., 2010). Tt delivers
antigens to antigen presenting cells (APC) through binding te antigenic peptides and stimulates
the release of preinflommotoiy cytekines, thus enhancing immune function (Asca ond Brown,
2008; Heeker and McGorvey, 2011).

2.4.6. CytoklInes

At the initia) phase of stress, up-regulated glucoconicoids logether with calecholamines inhibil
the secretion of proinflammolory’ cylokines like interfcrongommo (INF-y), TNF-a, IL-18 ond
IL-6 dicecily or indirccly while promoling antiinflammatory cytokincs secretion. At the

peolonged slage, these cytokines ore inhibiled via negotive feedback regulation (Tian ¢f af.,
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2014). Oulher studies carried out have shown that contrary 1o the fact that chsonic stess
suppresses proinflammatosy cytokines release, it may also increase proinflammatory’ cytokines
(Gouin et al,, 2012). For instance, some researchers by adopting a variety of parodigms have
performed meta-analysis to more than 300 studies about chronic stress, and have found an
increascd production of 1L-6 and INF-y duting the chronic saess. compared with the contiol
groups (Segerstrom and Miller, 2004). These conclusions arc quite inconsistent and have been
suggested to be due to individual difTerences, type, duration and inmtensity of stsessors, and
detection inethods (Sorrells e al., 2009). Expantiating further on these inconsistencies, 1ian ¢f al
(2014) considercd that there are three serial stages in chronic stsess upon  which
upregulntionvdownregulation of cytokines depends. They staied that at the early stage, chronic
stress  downregulates proinfammatory cytokines whilst upregulating anti-inflammatorcy
cylokines. Al thesecond siage, suslained stress may lead to HPA axis {atigue and glucoconticoid
resistance; in which glucocosticoid recepiors are downregulated and the sensitivity of Lhe
immune system 10 corlisol declines. Accordingly, the inflammatory pathways are activated, and
the genes responsible for proinflammatoey cytokine production arc activated (Cohen et al.,
2012). Except the stressful stimuli is eliminated, the third siage proceed which is characterized
by fusther increase in proinflammatory cytokines which 10 a certain level induce infiammatory

cesponse which may induce vanous diseases (Tian ct al.,, 20041).
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2014). Other studies carried out have shown that contaiy lo the fact that chronic stress
suppresses proinflammatoty cylokines release, it may also increase protnflemymatory’ cylokines
(Gouin et al., 2012), For instance, some researchers by adopling a variety of paiadigms have
petformed mcta-analysis 10 mote than 300 studies about chronic stress, and have found an
increased production of IL-6 and INF-¥ during the chronic stress, compared with the control
groups (Scgeistrom and Mifler, 2004). These conclusions ase quite inconsisient and have been
suggested 1o be due to individual differences, type, duration and intensity of stsessors, and
detection incthods (Sorrells ¢ al., 2009}, Expantiating further on these inconsistencics, Tian ¢f af
(2014} considcred that theee arc three seriad stages in chronic stess wpon which
upregulation/downregulation of cytokines depends. They stated that at the earsly stage, chsonic
stress  downregulates  proinflammatory  cytokines  whilst upregulating  anti-inflammatoty
cylokines. At the second slage, sustained stress may lead to HPA axis {ntigue and glucocoiticoid
resistance; in which glucocosiicoid receplors are downrepulated ond the scmsitivity of the
immunc system o cortisol declines. Accordingiy, the inflammatory pathways arc aclivaled, and
the genes responsible for proinflammatoty cytokine production aie activaled (Cohen et al.,
2012). Excep! the stressful stimuli is climinated, the third stage proceed which is characlerized

by further incsease in proinflammaloyy cytokines which 1o a certain Icvel induce inflammatory

response which may induce various diseasgs (Tian ¢t al., 20141).
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Figure 3: Prolonged siress-induced inflammatory pathway (Tian et of ., 2014).
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1.5. STRESS AND PATHOPHYSIOLOGY OF DISEASES

Stress perfonns a critica} function in the predisposition, advancement and consequence of
neurodepgencrative diseascs and mental illnesses. The extent at which stress contribute to these

pathologies depends on the kind of stressor implicaled and/or the timcframe of its effect on the
orpanism (Esch et af., 2002).

2.5.1. Schizophrenia

Schizophrenia is a mental disorder, characterized by a mixturc of symploms that arc gencraily
divided into three major clusters: posilive (haflucinations, delusions), ncpative (anhcdonia,
emotlional withdrawal, poor rappon, passivily and apathy) and cognitive symptoms. [1 alfects
aboul 0.5-1.0% of people worldwide, occuning roughly equally in both men and women. The
exacl causes of schizophrenia arc not fully understood and tilt date. are still subject 1o debate as
the illness is a complex one. Although the consensus of current reseatch which i s widely
accepled is thal. schizophrenia is a developmental disorder caused by a genclic liability or
biological piedisposilion interacling with environmentad and psychosocial stress; the so -called
diathesis siress madel (Douma et al., 2011), Behavioral and biologica) data indicate thiat stress
worsens symptoms of schizophienia and that the diathests is associated with excessive siress
tesponse, Moreover, obnormalitics in the key clements of the siress cascade including

abnonnalities in cortisol lcvels, the hippocampus and cognition have been found 10 be
characleristics of schizophrenia (Corcoraeves al., 2002).

Studies reveoled that persons with schizophrenia cxpiess reduced pliscocorticoid receplor mRNA
levels in their frontal conex. This proves that some HPA axiés abnormalilies occur in
schizophrenia. Furthermorc, evidences that chronic stress is correlaled with hippocam pal
abnosmalities as seen in schizophrenia exists (Corcoran ¢t af.. 2002), Studics reveated that
Blucoconticoid clevation diminishes population of neuronal cells and dendrite arborisation.,
observations thal have been reporicd in schizophrenia (Sapolsky, 2000). Thus, the
pathophysiology of schizophrenia and somc olher chronic stress-induced mentol iflnesses are

direcily connecled with an itregularily in the nonnal hippocampal neurons lumover (Arango ot
ui.. 2001).
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‘There are other mechanisms whereby stress coniribules 10 the pathophysiology of schizophrenia.
for exomple through the octivation of dopamincrgic transmission or through excitotoxic i njury 1o
vulnerable inhibitoty hippocampal GABA.ergic intemeurons. A study conducicd in
schizophrenic rats showed that animals with neonalal exciloloxic damage in the hippocampus
show a very high level of mesolimbic dopamine reiease in response 10 siress. Also in healthy
individuals, cortisol incicases dopomine metaboiism in the nucicus accumbens and maises the
plasma level of homovanillic acid; a key product of dopamine metabolism (Posener er al., 1999),
Furthermore, N-methyl-D-aspartate reccpipe hypofunction has been proposed to decrense GABA

iansmission and consequenily enhonce glutamalcrgic excitotoxicily which contiibutes to
schizaphrenia (Deutsch ez al., 2001).

2.5.2. Depression

Though the molecular processes underlying the physiopathology of depression arc nol totaliy
cleor, studies have shown that acquired irmegularities in the siress response pathway are
significanlly mvolved (Ncemo ¢ al., 2000). Chronic expasure to stressful stimuli inggers
excessive HPA axis aclivation and sirang evidences signifying the contribution of HPA axis
hypemctivily 1o the pathogenesis of mood disorders exists (Pariante and Miiler, 2001).
Depression is characicrized by a decline in glucocorticoid receplors expression, followed by an
oltesed feedback inhibition by endogenous glucocasticoids (Cotter and Pariante, 2002). Also,
stress-induced siructura) changes such as dendritic arborization and reduced neuronal volume in

certain brain arcas like the hippocampus arc clinically implicaied in major depression (McEsen.
2000, Sopolsky, 20K0).

Additionally, siress could initiote depression via 1he inflammaotory pathway, The third stage of
stress is chamcicnzed by further increase in preinflommatory cvilokines swhich eventuaily trigger
an inflammatoty response (Tion er al,, 2014). These circulatory proinflammatory cylokines
enters the brain through the weak region of blood-brain barier or by their specific transpon

proteins on the brain endothelial celis or transmil the signals to the specific regions of the biain
by the vagus nerve fibers (Raison et al., 2006). In the CNS. the proinflammatory cyiokioes aller
the metabolic processes of serolonin and dopamine. Suppression of sectelion and reuptake block
of these neurouansmitiers is linked 10 the pathogenesis of major depression and ofTer insights

into its therapy. Studics suggest that the major faclor linking chronic siress and depression (s

20

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



CRII ovcrexptession. The corticolrophin releasing hormone of the paraventricular nuclei can be

activoled by proinflomalory cyiokines which also up-regufate adrenocorticotrophin hormone
{ACTH) and conisol.

2.5.3. Anxicty

Anxicly 1s o nolural aflective response 10 threot or possible threat, but when the emolion is
inappropraitc, extreme and persistent, it is classilied as pathological (Gross and Hen, 2004).
Anxiety disorder is a major menlal disorder which hos adverse conseguences on bodily
funclions, thereby disiupling the body's physiologecal balance (Ray es af., 2003). I is a horsh
emotional condition whereby fear perecplion is disparale to the type of threat. Anxiety is usually
considcred as long-term sieess and both conditions osc believed to promote the pathogenesis of
cach other. It's not clear why anxiely and stress seem 10 contiibute o each other, though the

onscl of anxicty has becn linked Lo the siress response system hyperactivily as well as hormone
or ncurobiansmittcr misfiring (Rachal ¢7 al., 2001).

a2.5... Posttraum:ilic stress dlsorder (PTSD)

Evidence suggests thal scvere teoumalic evenls which are abnormal 10 human experiences can
trigger PTSD (Maes ¢t al., 2001). Posttrnumatic stress disorder resulls from exposure 10 extreme
stressful conditions or lrmumatic events, with resultant response of fcar, horor and helplessness .
Posttroumatic stress disorder patients usually manifest three specific symptoms: re-experiencing
lhe cvent (flashbacks, nightmares and imoges), evasion of aide memoire of incideni, and hyper-
arousal (slecplessness, bad lemper, distractions, and hyper-vigitance) for ot least one month
(North et al, 1999). Tmumatized individuals may come down with acute siress disorder duting

the lirst month {ollowing a stressful cxposure. Though acute strcss disorder doesn’t always result
in PTSD. &t could elevatcthe risk of PTSD (Harvey and Bryant, 1998).

2.5.5. Alzhecimer's discase

Stiess alters brain integrity through the induction of memoty toss and neuronal degeneralion and
this eflect plays a significant role in the pathophysiological processes associated with
Alzheimer's discase (McEwen, 1999; Lupicn ef al., 2007), Acute or shont-term stress crharkes
thinking whtle persistent and elevated levels of suess, arousal, ard fear induce deficiency in
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lcarming and loss of memory. Leaming and memoty deteriorate alongside increase in stress and
arousal levels, in confornity with the typical inverse U-shaped eurve (Garcia, 2001). One ofthe
mechanisms through which stress exens its inlluence on memory function is an clcvation in
corlicosicrone level (Wolf, 2008). Glucocoriicoid receplors ase denscly populated in the
pscfiontal cortex and hippocampus; brain regions concemed with memoiy processing. The
hippocampus is extremely prone to stressful stimuli (Perlman e¢ al.. 2007). Stress-related
corticosterone secsction suppresses hippocampal neuml activity, which is linked to lecaming and
memory and cause hippocampal atrophy (Garcia, 2001). Thus, the pathogenesis of memaory loss
could be characicrized by stress-induced 11PA axis activation. This shows that glucocorticoids

are able 1o modulate hippocampal synaptic plasticily as lime pro gresses, resulting in dendrific
structiirdl changes,

AYzhamer's disease is o gradual irreversible disease oceurring prevalently in the aged (about 60-
65yrs but rapidly doubles every 5 years afier) ( Alzheimer's Association, 201 1). It causes most of
the demeniia cases and is characteriscd by the-devclopment of neurolibritlary tangles and senile
plaques, 1wo proteins implicated in the progsession which develops to gradual neurodegenceration
andt eventually death (Maccioni et al., 200%). Oxidative stress was shown 1o patticipate majorly
in the changes observed in normal signalting pathways of neuronal cells resutting in strclural
and physiological abnonnalities and neurodegenaration. Henee, oxidalive siress along with
chronic infommation may pcrhaps b2 linked with Alzheimer's discase. Proinflammalory
cytokines rcleased during prolong siress are also believed 1o participale in the neuronal
degeneration seen in AD (Esch et al.. 2002), Research indicates that interleukin 6 (1L-6)
expressions is related o social stress, and raised [L-6 levels were biochemically evaluated in
brains of AD patients (Hull ¢t al., 1996). Also, iL-6 immunorcactivity was confimied in AD
plaques. Therefore, IL-6 cxpression may come before alicrations of newonal cells in

Alzheimer's discasc and chronic sicess might significantly influence the pathophysiology
underlying AD (Esch er al., 20062).

2.5.6. Cardiovascular Disease

Etevaled casdiovascular responsiveness 10 sircss panticipates m the advancement of prospective
cardiovascular diseases, Cardlovascutar response 10 stiess 1s mostly atiributed 10 catecholamine
hypeestimulation (Treiber ¢f al., 2003). These responses include mobilization of lipids, vaseular

)
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eesistance, incrcased cardiac output and ;ilatclcl apgrepation. With repeated stress, the smooth
muscles of the vessels begin lo wear out, and glucase and the lipids mobilized into the syslemic
circulation by stress bepins o deposit bencath the lining of blood vessels, causing thickening of
the vessels (Sapolsky, 1998). This cffect furthers the causc and devetopment of athcrosctcrolic
hcant discase and high blood pressure (Esch ¢1at., 2002), In addition, adrenaline rclcased during
stress mobilizes stored (ats which thicken vascular cells making them susceptible to clot. Blood

vessels clog up and blood flow is reduced. This pives rise to artherosclerosis; a proven oulcome
of chronic stress in humans (Fauvcl et o!., 2001),

Pioinflammatayy cytokines rclcased during prolong siress arc also believed 10 contribuie to
athcrosclerotic plaque formation and cardiac icritability (blansson, 200S). The atheroma is
prececded by an appregation of lipid-laden cells, macrophages. and some T cells, beneath the
endothelitmi. The activaled macrophages induce the fibcration of fice radicals. chemokines.
cylokines, and other inlJammatary molecules which eventually cause inf:ammation and lissue

damapge, which promote the alherosclerotic plaque formation. Besides, the aclivated NF -xB
induces cardiac hypert:aphy (Hanssan, 2005).

2.58.7. Diabelcs

Onc of 1hc major responses of the body ta siress is the mobilization of {auy acids and glucose
from their stores into the blood stream and in type 2 diabeles, excess circulatoy plucose and
fatty acids results in insulin receptor down-regulation, blockade of insulin production and insulin
resistance (Sapolsky 1998). Strcss also appravates type | diabetes where the immune system
invades the pancreatic cells, reducing their capacily to produce insulin, Excessive IL-6, TNF-a,
and IL-18 production has been observed in people with diabetes {Van Greevenbroek e af..
2013). Studies supgested that inllammatory cylokines, :ncluding TNF -a, could induce insulin-8
resislnce (Dandona ef al., 2004) and accumulatemg data have shown that lack of TNF-a or
inhibiting ils feceptor induces the increased sensitivity of imsulin (Dandona ef al. 2004).
Additionaily, the beta cells of the pancreas. which secrete insulin, can be disordcred by aclivated

NF.x8, or damaged by iNOS, which is stimulatcd by the preinflammatory c)tokines (Perreault
and Mareilc, 2001).

n
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2.6. ANIMAL MODELS OF STRESS

As with humans, many diverse siressors can induce neuroendecrine and behavioural changes in
animals. These changes arc commonly etployed to mimic in animols the signs and symptoms
that are indicative of paticulas psyehialric disorders in humans. The possibility of this is due to
the fact that when similar siegins of animals which are of the same age and sex ase kept under a
controlled environmental condition, they exhibit similar reactions to stressful conditiots which
are commensurate with the dusation and scverity of the stress, Thercfore, siress prolocols can be
measured and regulasted so as to get responses that are reproducible. In replity, stressful
conditions difTer Irom mild discomfort 10 1muma, and for this reason, similac varictics arc needed

in stress models. Animal sircss models can be grouped practicolly into physical and
psychologica! siress models(Golbidi er of.. 2015).

2.6.1. Animal model of physical stress

Physical stressors consist of thermal stress, restrunt {or immobilization) stress eic.

2.6.1.F. Thermal stress

Thermat sicess can be applied either by forcing the animals (rats or mice) 10 swim or stand in
cold water (15-20°C) with their heads above the water level for |5 minules (Retana-Méaiquez es
al., 2003), or lowering the tlemperature 10 4°C while shoitening the swimming time 10 5§ minuics
(Lee es af. 2002). Lxclusion criteriainciude animais that are unable swim or those that remaj ned
submerged in water. Immersion in cold water couid be used to model acule as well as chronic
siresses in animals. In the acule siress parodigm, 30 minules post swimming time, lhe animals are
sacriliced; while animals come in contact with the stressful stimuli (or extendcd period of time
(between 10-20 days) in the chromc siress model and thercafter, sacrificed an hous aller the last
stress exposure (Goibidi ¢r al,, 2015). Acute thermal siress could be induced by a single exposure
of animals to cold (4°C) (or the duration of 15 or 30 minutes, while for chronic stress, the acute
siress procedure is repeated for 7 = 10 days (Qu ¢r af,, 2004). Another study reported the

enimals were maintained a1 -8°C for 4 hours in relrigeraled compartment (Ferreica eral , 2011)

This model has been modified by researchers to include the application of cold stress just to the

sole of the feel in an effoil 1o mimic cveryday human life and 10 develop a more ethically

4
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ncccplable technique (Kanayoma et al., 1997). To apply cold stress locally, the floor of animal
coges can be cushioned with ice in order 10 maintnin a steady’ contact between the cold source
and the ammal’s paws. This method s been reporied to induce endothelial dysfunciion.

hypertension, proteinuria, hypercoagulation, dccreased hepatic-renal circulation, and increased
sylnpathctic sysiem activity (Kanayamaet,al., 1997).

2.6.1.2, Immobillzation stress

Immobillzation stress can be applied either by placing the snimal in restrainer or by iying the
limbs together before securing the animal on a plastic board using an adhesive tape (Kulkami
ond Juvekar, 2009). The time period of immobilization varies for both acute and chrome stress
(Kulkami and Juvekar, 2009; Bathia ¢ al., 2011; Doreddula et al., 2014). Immobilization
portrays o siressful and inescapable life situation in which the physiologic response s hardly
modulated by adapiation (Qathia e al, 2011). Immaobilization coutd also be combined with
therma! stress and this is belicved 1o amplify siress responses. The animals are placed, (ollowing
restraining in a resupine posture, ina frosty environment {3-6 °C) for 2 hours (Krishnamunthy e/
al., 201 1) or immersed in very cold water for o period of | hour (Klcnerovd et al., 2007). This
immobilization in o cold environment triggers sympathiclic system and HPA axis activation,

consequently initiating stress ulcers in less than 3 hours (Golbidi er al., 2015).

2.6.2. Animal modcl of psychological striess

2.6.2.1. Noisc induced siress

Environmental noise is a general problem which confronts people living in the utban areas. |y
induces strass and poses a risk to health (Kazi and Oommen. 2014). Prolonged exposure 10
noisc pollution triggers recurment sympathelic nesvous system stimulation resulting in
casdtovasculas complications and o reduction in porasympathetic tone. Such occurences can
alter atrmnsient sisc in blood pressure, converting it inlo a more persisient hypertension (Golbidi
et al., 20t5). Noise stress induces memory and cognitive damage as experimeits in rots
indicated that it olters neurotransmiticr levels in diffecent brain sections and diminish dendnite
growths (Naqvi ¢f i, 2012). Noise stress causes morphological transformations of the blood

vessels a5 demonsicated by enhanced pecmeability of mescntenc circulation to albumin and
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clevaled deprunulation of the mast cell. Manipulation of the diet by consuming additiona)
amount of vilarnin E has been shown to nullify these changes (Baldwin and Bell, 2007).

Furthermore, noise pollution al¥ects the respiratory organcllcs in the heart muscles and tnggers
the ROS gencration, resulting in oxidative stress (Ostrander cf ai., 2006).

2.0.2.2. Elcctrical shock stress

An altemative appraach for psychologica! slress induction in animals is by exposing the animals
to weak elcctrical custents. In this method, the animals are placed in specific cages wiih floors
which are clectrically charged to conduct electric curment lo the fcel of the animals. Several
procedures are being employed Lo induce dilferent levels of stress. These procedures vary as
regasds recurrence, timeframc of exposure and intensity of elecirical shock {Rostamkhani ¢t al.,
2012). Animal's ability 10 predict or avoid the stressful slimuli can alfeci the extent of response
(Nalivaiko ¢t al., 2010). The shock applied could be mild (0.5mA for 0.5s), 45 min after oral
administration of drug (Bali e/ al., 2013) or severe (multiple foot shocks of 2mA, SCHz of 2ms
duration. at 10s nterval) 60 min afer drug adminisiration (Thakur ef ai., 201 3). It coutd also be
acule, in which case animals are exposed to electric foot shock (1mA, | Hz), for a duration of J0s
evety 60s for | day, or chronic where the animals were exposed for 15 and 30 days
(Rostamkhani er ai., 2012). Unprediclabic elccirical shock was described 10 Uripger
cardiovaseular problems, and symptoms which mimic depression i n humans such as body weight

gain, withdrawal from social activily and reduced locomotor activity (Bobrovskaya et al., 2013).

2,6.2.3. lichavlorat ilespair stress

Bchavioural despair siress depicts a life threatening and unavoidable circumstance which causes
psychological sicess that triggers the stress tesponse. In this paradigm, animals are compelled to
swim in a standardized Lank full of wales. There are diverse modifications of this 1¢cs1 as regands
the waier temperatute and the animal's swamming time. This procedure is being employed in
screening for anti-Gepressant.like properties and siress-induced nociceplion (Castagne et al..
2009). The time for which an animal remains inactive in waler followmg repeated forced
swimming sessions is reduced by antidepressanis. However, many arguments have been raised
regarding the relevance of the floming behaviour as some rescarchers have insinuated thal this

behaviour could be acquired in order Lo conserve energy for survival (Schar( and Schmids, 2012).
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The Forced swim test is depicted to affect cardiac finclion and promole artherosclerosis in
nonnal dict-fed rats exposed 10 a siress protocol comprising of restraint and forced swim (Devoki
ct al., 2013). The protocol increased blood cholesterol and triglycerides levels, reduced HDL

levels and enhanced oxidative stress, efTects which persisied even 20 weeks afier lermination of
stress exposure.

2.6.2.4. Social defeat stress

Social defeal test is mostly used In rodenis and is bascd on the principle that when the iest animal
is exposed to a dominant and ngyressive countetpant for o known period of time, it mimics
psychological stress in humans, To promole sgpressive behavior, the dominant onimol may be
housed with a female prior 10 social delcat test to establish a sense of teivitorial authonty and
possession. As with other behavioral ests, these arc some modifications in terms of fiequency
and length of exposure and measured respanses (Golden ¢! of., 2011). Defeat stress reduces
social interaclion and enhances anxicly-originated behavior in the submissive animal. Similar to
stress-induced psychopathology m human, the animal’s behavioral disturbances respond to
chronic ticatment with antidcpressant drugs. This resemblance in the chsonology of response is
considered sucngth of this lest, which not only models depression -related psychological
disorders but may also represent social phobia and post -traumotic stress disorders (Pollak et of.,
2010). In sats, the social defeat test has been shown 1o be associated with sympathetic over-

activity and tachyarrhythmia, and induction of a pro-arrhythmogenic stote in the myocardium
(Camevali ¢ ai., 20£3).

1.6.2.5. Nconatal-malcrnnl separation stress

Matemal scparation has been arguobly bmposcd as the commonest paradigm of prolonged
trauma (Smith 2042). It's a chrom¢ behavioral siress paradigm that evaluates how psychological
stresses experienced in early life can affect subsequent cvents in life. Normally for the first few
weeks of their life, pups remain with their mothers till their weaning age of 21-30 days. bul this
test involves lempaiarily sepatating or isolaling the pups for a sctlime period per dav throughout
the carly postnatal life starting from day 2 and ending on day {4 (Kosien et ai.. 2007), There are
behavioural and structur} oulcomes to thss protocol . Isolation stress tnggers HPA axi< activation

and induces both functional and moiphological alterations in different regions of the beain. This
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method is employed in evaluating the impact of neonatal isolation on synaplic plasticity {Blaise
et al,, 2008), adulthood addiction, response 10 psycho-stimulants (Kosten and Kehoe, 2003),

nociceptive stimuli (Coutinho vt af , 2002), ond exploratory activities (Becker ¢t al.. 2007).

2.6.2.0. Changing light-dark cycle

Any disturbance in the sleep-wake cycle (circadian rhythm) of an organism can resull in
malfunction of the melabolic, honnonal. immunologic, and infact, the tolal physiclogical
functions of the body (idickie ¢ af., 2013). It is controlied by the melatonin-serotonin balance.
Uright light incrcases brain serotonin levels while melatonin is produced in the dark by the pineal
glands situated ncar the center of the brain. These pineal glands receive visunl information via
the hypothalamic suprachiasmatic nuclei (SCN) which functions in regulating daily fluctuations
of the intemat environment, regulating nn‘d aligning them to the changing day and night cycles
(Hickie es al., 2013). Stress can be induced in nocturnal animats by ptacing them in darkness all
through the day and under bright light at night, thus disturbing their circadian rhythm. A's the

animals adjust to this new routine, they undergo acute stress accompanied by some neurologica)
symptoms (Maquct. 2001).

2.6.2.7. Chronic unpredictable mild stress (CUMS)

This model utilizes a sct of mild socio-environmcntal stressors which the animals arc being
exposed 1o once or twice per day for o period of seven (?) to lifty-four (34) days in order to
mimic long term stress in humans (Buwalda ¢t af., 2005; Pandey et af., 2010). Inspite of the
existing discrepancies between protocols, stressors which arc most commonly applied mclude
restsoint, wet beddings, food and/or water deprivation, cage tilting, solitaty confinement, forced
swimmsng, exposure (0 iemperature changes, and reversal of the light -dark cycle (Munhoz et al.,
2006; isingnni et al., 2011). Behaviora) consequences of this method includes lack o fmotivation
towards gaining rewards and sell care (mooming) behaviour, reduced consumption of sweel
foods and drinks. and decreased responsiveness 10 aculc stresses, which all are symptoms
rcsembling anhcdonia in human mood disorders (Isingrini ef af., 2011; Bayramgurier ¢ al.,
2013), These symploms can be reversed through cheonic admimstration of compounds
possessing anlidepressant activity (Pollak e al., 2008). Furthermore, MI’A axis hyperactivity,

adrenal glands hypertrophy and body weight decrease commensurate with tmajor depieasien in
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humans (Lucca et af., 2008). This procedure also induces immunological as:d neurohumoral
changes which are rclated to depressive disorders in humans for example, increase in the level of
corticosicrone, increased TNF-a and IL-P concentration and clevaled reactive oxygen species
activity (Grippo et af.,, 2005). Chronic unpredictable mild siress olso preseml some adverse
cardiovascular outcomes in rats such as reduclion in endothclial nilric oxide synthase {cNOS)
expiessions, clevation of blood lipids, enhanced sensitivily 1o the vasoconsiricting actions of
phenylephrine as well as cnhargement of the innermost layer of the aorta (Bayramgurler e/ of.,

20§3). Four weeks of CUMS also caused an clevation in the resting hean rate and deccreased
variations of heart rale in cxperimental animals {GoYoidi e7 al,, 201 5).

2.6.2.4. I'raifatory stress

The predalory stress prolocol cntails exposing the expesimental animals 1o their characieristic
predatorss or their odours. For example. a:mouse comes in contaci with a cat or eal odour. This
situation leads to acute stimulation of the sympathelic sysiem snd provokes the entire stress-
associaled endocrine and neurological responses (Marilia ef al., 2007). This model is widely used
not only in the siudy of anxiety in animals, bul for screening of substatces for anxiolylie
propeaies as well (Bastos ¢¢ af,, 2008). Prcdatosy stress model is applicable in the siudy of post-
traumatic stress disorders duc 10 the fact that the test is characierized by unpredictability, un-
controllability and sufficiem severity (El Hage ef of., 2006). Inspite of the facl that predalory
stress is proposed 10 be on acuie siress paradigm, long-lerm anxiogenic behaviours have been
reportcd nnd this moy be as a result of habituation of the prey 1o predator exposure (El Hage e:

al., 2006, laggi cf af.. 2011). Buspiroac, diazepam, and substance P all mitigate fear-induced
tesponses and enhanced cxploelive behaviours (Barvos er af., 2008)

1.7. STRESS MANACEMENT

Our enviconment is filled with siressful life evenis and under this condition, eifective coping
strategies arc essenlial for survival. Poor siress management can lead to dcpression, loss of
memory, lack of concentration, irritability, disruption of sleep and eating pattems, withdrawal or

jsolation problems ond some other physical complainis such as chronic headaches, fatigue,
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weight loss, cic. In order to achicve an effeclive stress management, a proper recognition of

stress, tbe stressor. the manifestation, and its effect on one’s well-being-are required.

Fortunately, nature has provided us with herbal remedies that can help in that regard. Several
plants and their isolated compounds have been found to possess adaplogenic and rejuvenating
propertics and cach of these plants possess its own unique sei of properties. Some of these plants
include: Elcutherococcus senticosus (Song et al., 2002, Wicgant er af., 2009), Gingko bileba,
Panax ginseng (Rai ef al., 2001), Emblica officinalis, Ocintum sanctum (Rovindson et of.. 2005),
Withania sonmifera, Evolvulus alsinoides (Siripueapu ¢t al., 2005), Psidivm guafove (Lakshmi

and Sudhakar, 2009), Bacape mommicra (Rai ¢t al., 2003b) and Circvma longa (Bhatia ef af-,
201Y).

2.7.5. Adnplegens

Many herbs and formulations have been recommended in Iraditional medicine lo endow an
individual with the ability 1o resist andfor endure the stzess without effecting any change in the
body’s physiological functions. This drug-induced condition of *non-spccific” stress resilience is
described as adaptogenic activity and the drigs which possess the ability 1o induce stress
resilience are called adaplogens (Lakshmi and Sudhakar, 2009). Thus, adaplogens can be defined

as medicinal plants which endow the body with the ability 10 resist stress while enhancing

altentian, perfonnance and stamina (Panossian et af., 2010).

Dr. Nikolai .a2arev, a Russian phyto-pharmacist while working on Cleuthero reot originated the
term ‘adaptogen” in 1947, He described adaplogens as agents that confer the ability to withstand
the detrimental cftects of various stressors through the development of *non-specific® resistance
in an organism, This definition provides the idea that administration of an adaptogen cnables an
organism 1o pre-adjust in a way lhal enables it 10 be more suitably lit for responding when
various demands are in the tong run placed on #. Adaptogen initially refers to the ability of a
plant to adapt to its surtoundings. Plants T:ght stressors by drawing on information coded in their
DNA (Guthne, 2014), For instance a savsnnah plant is greatly specialised o germinate in an
environment characterized by prolonged dry scason by developing long tap roots Lo reach ground
water, thick barks to withstand annual lired, hunks that serve as water resesvoirs during the shor

miny sexson and lcaves that arc shed during thie protonged scason of drought to conserve watcer
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Also o rainforest ptant adapls by possessing wide Jeaves or climbing on other trees so as to
access the sun rays. This survival instinct being an adaptogenic response to siress, gives an idea
that plant's DNA can also achicve the resilience and adaplation in humans that i1 has been able to
achieve in plonts for years. Brckllmnn:nnd Dardymov in the ycar 1968 formally delined
adaplogens as inpocuous agents which produces a nonspecific biological sesponse which
enhances the enlire body’s resistance o mulliple forms of stress, and normalizes various bodily
functions, irrespective of existing pathological conditions (Panossian and Wikman, 2010). £ach
adoptogen has ils own unique scl of propcsties due to varying nctive constiluents. Some are
calming while others are slimulating, some dia} down a hyperachve immune system w hile others

cnhances immune response, but they all help the body function betier under stress (Guthrie,
2014).

2.7.2. Molecular mechanlsms underlying the aclions of adaptogens

The proicclive nclions of adaptogens against the perturbations induced by stress are retated wilh
their ability lo rcgulale mclabolic equilibrium by means of various mecchanisms that arc
interrclated with the FIPA axis and manipulation of principal steess response medialors. Some
mediators implicated in homeoslatic contro! a the cellular and organism $evels include co:tesal,
glucocorticoid receptors, nitric oxide nnq Forkhead box O (FOXO0). Glucocorticoid receplor
reguloles the secretion of cortisol, which is the stress hormone. Nitic oxide is an inteacellular
signalling molecule implicated in controlling stress-induced ncurochonnonal and immunological
stimulations as well as in stress response regulation, white FOXQO is the protein which regulates
the synthesis of proteins assaciated withsiress resilience and cell survival (Samue) er of ., 2008).
Upon cxpesure (o stressful conditions, a cascade of signaling proteins including the JNK 1 (Jur
N-lcrminal protein kinase 1, aiso called stress-aclivated protein kinases: SAPKs) is activated
INK triggers the formation of nitric oxide and clevates free mdicals gencrotion which in turn
inhibits the formation of ATP which is needed for enespy and for maintenance of the heat shock
proteins, and suppresses giucocorticod receptors, thereby disrupting the feedback inhibition of
cortisol discharge, causing a rise in the circulatory cortisol level which subsequently inhibits the
immune system and activates an anti-inflammatory respotsc (Panossion and Wikman, 2010;
Yamosoki ¢f af,, 2012). The HSPs assists other proteins in their appropraile threedimensional

econfiguration, refolding of misfolded proteins and prevents their aggregation {Pandssian et al.,
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2010). The Hsp 72 performs a primary function of efiminating misfolded proteins or deficiently’
synthesized polypeptides [rom cells which would otherwise inerrupt their nosmal cellular

functions. Thus, Hsp 72 participales essentially in the maintenance of cellular homcostasis,

protects the cell and enhances celi survival despite harmful cellular stress.

While carrying out an experimental study on animals, Panossian ci al., (2010) revealed that
adaplogens Lriggers up-regulation of intracellular Hsp 72 expression bolh in presence and
absence of siressful stimulus, which is then conveyed 1o the extracellular space where i
stimulates the immune system of the host. An inteacellular increase in the expression of Hsp 72

causes the inhibilion of stress-triggered dcleterious signal teansduction cascades. for example

SNK-induced spoptosis and enables the initiation of few of the beneficial functions of INK
including the activation of FOXO translocation into the nucleus and initiation of the synthesis of
proteins which contribules lo siress-resistance and increase survival . This increase in circulating
Hsp72 was considered to be associated with an increase tolerance 10 adaplogen-induced stress
obseaved in the study. Indeed, the formation and rclease of flsp 72 is o well-known stress
response mediator implicated in the reparation of proicins during physical load. They therefore
hypothesized thal adaptogens act by triggering sclf-defence mechanisms in the face of siressful
stimuli which makes the orpanism less sensitive (or adapl) 1o the actual stress, thus acting like

mild stzessors (stress-mimelics), or low molecular wesght “vaccmes™ (Panosssan and Wikman,
2010).

2.1.3. Some major adap logens

2.7.3.\. Elenthcrococeus sentlcosus

Eleuihcrococcus senticosus (commonly calted Siberian pinseng) i a woody phint widely
dispersed ncross Asia and Southcast Russia (Yan-Lin er of., 2011) 1t is the first sdentified
ndaptogen and extensive research has been camed out o explore other pharmacoiogical
polentials of this herb. Siberian ginseng has been known in Chinese traditional medicine as an
adaptogen with highly beneficial clfecls on the spleen and the kidney as it heips nounsh and
support both orpans (thunp e al. 201)a). The pharmacological effiects of Eleutherncoecks
senticostes was (irst discovered in Lhe late $0s and 60s, and ever since, sevesal investigations

using cultured cell lines and small laboratory animals have 1evealed its other beneficial elfects
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such s antioxidan, antimicrobial (Kim er af., 2006), antidiabetic, anticancer, anti-inflammatory
and antinociceplive (Jung et al., 2003). Eleutherococcus senticosus 1s used 8s & nutritional
supplement and as immune system booster. Additionally, it helps in the restoration and/or
resuvenation of nomal biochemical, physiological or immunological functions which may have
been damaged (Winston and Maines, 2007). [nfusions (rom the siem bark and leaves reduced
fauguc in rats and possess protcclive clfects ogainst behavioural and physiological alterntions
caused by stress. One of the maojor active constituents of £ senticosus Elcuthcroside E, have
been shovin 10 contribute lo majority of these elfects (lfuang ¢f al., 201 1b). Eleutheroside E was
found to prolong swimming time, inhibit the elcvation of corticost crone and help the recovery of
swimming stress-induced rcduction in natural killer activity in mouse models. Eleutheroside E
was also discovered to perfonn signilicant functions in the utilization of siored lipids, reduction
of serum 1nglycendcs, lowering of the accumulation of blood urea nitrogen and cause a

reduction in muscle lactic acid by enhancing the leveis of laciate dchydrogcnase, thus proteeting
muscle lissucs (lluang ef al., 204 1a),

3.1.0.2. Withania somnifera

Popularly called Ashwagandha, Vithania somnifera (L. Dunal, Solanaccae) is o perennial shrub
cultivated in Indio, the Medilerranean, and Afnca where W's been used for ccnlunes by
Ayurvedic practitioners ns a rejuvenating tonic as well as to promote heaith and longevity, It
works by augmcnling the body's defense against discases, delaying the ageing process,
revitalizing and augmenting the body's resistance against harmful stimuli and producing a
fecling of mental well.being (Bano et al., 2015). The plant atains its ‘unigque’ name from
“Ashwa", meaning horse becauseits 100t smells like a horse and as a result is belicved to provide
power like horse when consumed (Tawan @ al, 2014). The pharmacological activities of
ashwagandha are based on the occurence of withanolides. a class of stcroidal iaclones potten
from its roots (Kaur et al., 2011). Occasionally referenced as ‘Indinn ginseng' duc 10 ils ginseng
like hcaith promoting ellccts, it has been repoited that sshwagnadha energizes. improves
memory, shows anxiolytic cfTects, has hepatoprotective property. enriches the blood, has potent
antioxidant activity, improve the cell-mediated immunity, improves sexual life and reproductive

equilibnum and act as powerful adaptogen (Bluawacharya ond Muruganandam, 2003: Santhy ¢
al., 2010).
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A research conducled 1o assess the anti-siress activity of ashivagandha in rats observed siress-
snduced immunosuppression, memory linpairment, stomach ulcer, hyperglycemia, male sexual
dysfunction, neuro-depression, and enhanced plasma corticostcrone consentration in response 1o
21 days chromic mild eleclric footshock siress. The rescarchers obscrved that administralion of
ashwagandha 1 hr prior to foolshock reversed immunosuppression, boosted the activily of
penitoneal macrophages, miligated the occurrence and intensity of stress-induced gastiic uleers
and enhanced acquired tasks memory (Bhanacharya and Muruganandam, 2003).

2.7.3.3. Pana. xglnseny

Ginseng 18 the root of numerous plant species belonging 10 the genus Ponax (C. Meyer,
Araliaceae). This plant genus is composi:d of several species of which Punax ginseng with 8
medicinal record of over 5,000 years is the most extensively used. 11 was [irst grown around 11
BC (Radad ¢7 af,, 2001) and has been used for centuries in Korea, Jopan and China. Today,
ginseng s well-known and used globally as a3 natural medicine. Pawax gitseng is well known
since ancicnt times as a stimulant, tomic, dsurelic, immune booster and digestive aid, This plant
includes the active compounds, such as flavonoids, polysaccharides, saponins and volatile oils.
The saponins in ginseng typically known as ginsenosides arc the principle active ingredicnis
responsible for its many plarmaceutical actions and over 30 diverse ginscnosides have been
| discovered (Back es al., 1996). Vasious clinical and phaimacological ci¥ects associated with its

use have been eeporied, such as cardiprotective, neuroproiective, immunomodulatiory,
antihyperiensive and anlistress activities (Rai et al., 2001),

2.7.3.4. Ginkgo Bitoba

Righliy called the "living fossil”, Ginkgo biloba 1, (Mantissa Plantarum Alers, 1771,
Ginkgoceae) is a mythical tree more thait 250 million years old which has survived the most
scvere forms of pollution in the twentieth century, particularly the radicaclive waste of the
Hiroshima atomic bomb. The trec is now cultivaled extensively around the world. Since the time
of the ancient Chinese medicine, Gingko btiobo seeds and leaves have been documented a3 a
source of medicine. [1s leaves infusions arc drunk in form of teas, leaves extracts formulated into
film.coaied 1ablets. syrups or injections are now avaitabic around the world for pwchase and are

one of the most commonly t1aken herbal medicines (Chan et al,, 2007). Today, nearly SO0
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scientific papers documenting the elTects of Ginkgo bifoda have been published. making it the
well-rescarched botanical medicine avaitnble (Mullaicharam, 2013). Like most medicinal plants,
Gingko bifoba contains a cacktail of active constituents such as the {lavonoids including
quercetin, kaempferol, and isorhamnetins, but the princepal constituenls that account for the
biological nd/or pharmacological actions of Ginkgo dilobo arc the trilactonic terpenes
ginkgolides and bilobalide (Chan et af., 2007: Mullaicharam, 2013). Vanous clinical rescaiches
validated the elTectiveness of its leaves in Alzheimer's discase, diabclic neuropathies, cerebral
atherosclerosis and insufficiencics, depression, tinnitus, and venigo (Shi er al., 2010; Da Silva ef
al., 2011). In the indigenous Chinese medicine, Ginkgo lcaves extracts arc being used to treat
circulotory disorders, cognilive probiems, asthma, linnitus and venigo (Puttalingamma 2015).

Furlhemiore, extracts of Gingko was discovered (0 have potent adaptogenic activity (Rai er af.,
2001).

2.7.3.5. Octunrn sanctin

Known in English as Holy Basil and Tulsi in Ayruvedic tradition, Ocimum sanctum (Family:
Lamioccae) is a native plant of Soulthcast Asia and india. The plant owes ils numerous
pharmacotogical effects 10 several phylochemical components such as rosmanimie acid, camosic
acid, ursolic acid, lutcolin. apigenin, R-sitostcrol, cugenol and myreicnal (Pattanayak er of.,
2010), The plant is rccognized by several aditional medical systems for its medicinal values.
The leaves are claimed 1o possess healing power, used in the treatment of (ever. cough, eye
disorder, ring worm and other skin discases, headaches, and proleclion against stresy (Kumar ef
al., 2012). [Cxperimental and clinical investigations showed that MHoly basil possess
immunomadulatory (Mukherice et af,, 2005), anti-inflammatoty (Singh and Majumdar, 1996),

hepatoprotective (Lohon and Das 2011), antipyrelic (Singh et al., 2007), eruidiabetic,
anticoagulant and anti-stress activities (Bathala et al., 2012; Jothie e? ai.. 2016).

2.7.3.6. Rhadlela rosca

Rhodipla rosea (Golden or Atclic 1001) b"c!ons o the genus Rhodiola which comprises of over
200 species, of which about 20 are used in some parts of Asia as traditional medicines (Bawa and
Khanum, 2009). This genus of medicinal planis is predominantly found in China, Tibel,

Mongalia, and the tlimalayan bell, and also in Nonh Anierica and Europe, The most popular
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species Rhodiolia rosca is commonly used as a nervous system stimulant, antidepeessant, anti-
fauque, energy booster and in ptcvcnling:moumain sickness in the indigenous medical systems
of Asin and Eastem Europe (Kelly, 2001), Rhodiola rosce is classified as an adaptogen as it has
the capability to enhance performance and 1o boost the body's resistance o various stressors
(Olsson et al., 2009, Chan, 2012). Morcaover, QOlsson ¢ of., (2009) documenied that the

administration of SHR-5; an extract obtained from R. rosea reduced {atique, enhanced altention

performance. and reduced stress-induced cortisol response in individwals with bumout and
chronic (atiguc syndromes (Kelly, 2001) Salidroside, one of the chief components of R rasea
has been reported to increase endurance and liver glycogen levels in rats exposed (o exhaustive

swimming (Xu and Li, 2012). Furtheemore, salidroside reduced oxidative sicess and enhanced
antioxidant activity in the liver cells of rats (Xu and L1, 2012),

In addition to ils odaptogenic aclivity, Rhodiola rosea have been found lo possess
neuroprolective (Lee er ol., 2013), antinaciceptive (Doncheva ¢i of., 2013), anti-inflammator!

(Doncheva ¢t al., 2013), hepatoprolcctive (Wu es al., 2009), antidepressant (Yang et al., 20l4c‘
anticancer (\Vang et al., 2014) and cordioproleclive (Sun ct al,, 2012), '

2.7.3.7. Astragalus membranceus

Astragalus L. is one of the largest genuses of flowering plants in the Leguminosae family. The
plants arc widely distributed throughout the tempemte and and regions ( Podlech, 2008). One of
the Cliinese specie; Astragalus membrancess (membranous milk-vetch root) is an important herb
in Traditional Chinese Mcdicine which has been used in a wide vanety of heebal blends and
natural medicines. Its pnnciple active consiituents include polysaccharides, saponins, flavonoids,
amino acids, and (race clements (Ma ¢r al., 2002). It has been prescribed for centuries to boast
cnergy and strenpthen immunity (llorne, 2014) Research has shown that Astrogalus
membraiiceus possess anti-inf ammatory (Kim et al,, 2013), immunorcgulatory (Qin et al.,
2012), anti-tumor (Tian er al., 2012), cardioprotective (Ma et al., 2013), antidiabetic (Yu et al,
2006), and antiaging (Gao er al., 2010) activities, Other researches have also revealed ws
antiviral, onlioxidative, hepatoprotective, and neuron proteclive activities (Li er als 2014),

Astrogalus membranceus has been suggesicd to be taken as one of the auxiliary drugs (oe the
treatment of congestive heart failure (Zhou et al.. 2001)
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2,2.).8. Schisandra chinensis

Schisandra chinensis belongs 10 the plant family Schisandraceae, It is a climbing plant widely
distributed in the region of the Russian Far Cast, Korea, Japan and northeastern China. and 1s
used in Traditional Chinese Medicinc as an onti-aging agent, sedative and tonic (I luang et al.,
2005). Sclusandra chinensis is renowned ns o beauty tonic and is considered 1o be a youth
preserving herb in China. 1t is said to be o powerful stimulant in sexual weakness/impotence,
used in the treatment of gonorrhoea, protracied diasthoca, dysentery, enuresis, cough, jaundice,
wheezing, asthma, uninuy tract disorders, exhaustion, diabetes as well as body weakness
(Panossian and Wikman, 2008). [n healthy subjects, Schisandra chinensis increnscs endurance
and accuracy of movement, mental perfonmance and workmg capacity, and generales alterations
in the basal levels of nitric oxide and cortisol in blood and saliva with subsequcnt effect s on the
blood cells, vessels and CNS (Panossian and Wikman, 2008). Numerous clinical teials have
demonstrated the bencficial effects of Sehisandra chinensls on various body systems. In the
nenvous system, il helps prevent neurologic and psychiatric disord ers (Song et al., 2011), in the
casdiovascular sysiem, it counteracts hypertcnsion and cardiotonic disorders on the skin, if
reduces allergie desmantis and in the gastrointesiinal sysiem, it alleviales acute gastrointestinal
discases, gastric hyper- and hypo-sccretson, chronie gastritis, stomach and duodenal ulcers,

wound healing and trophic ulcers (Panossian and Wikman, 2008). 1t has also been reported 10
possess anticancer activily (Gnabre ¢! al,, 2010, Smejkal 1 al.. 2010).

2.8. MORIN IIYDRATE

Morin hydmte (3,5,7,2' 4'-pcntahydroxyfiavonol) is a yellow crystalline biofiavonoid- it was
initially potten from the branches of mulberry fig (Marus alba L) and is also found in diflierent
herbs and feuits including almond hulls, old fustic, sweet chesinut, onion, seed weeds, mill, osage

oranpge and in red wine, Itis also found abundantly in other plants belonging 10 Moraceac family
(Wijeratne et al., 2006; Vcnu Gopal, 2013)
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Figure 4: Chemical structurc of Morln hydraie {Venu Gopal, 2013)

2.8.1. Pharmacological activitics of Morin hydrale

2.8.1.1. Neuroprotective activity

Morin hydrite was shown to passess ncuroprotective effect in a model of NMDA over
activation-induced excitoloxic ncuronal death via reduclion of ROS gencration and activation of
the antioxidant system (Campos-Esp:uza et al.. 2009). Morsin hydmate was also observed to
regulate the NF-kB nuciear tronslocation (Campas-Esparza et al.. 2009) Additionally, Morn
hydrate was shown to possess potent ncuroprotectant ¢flect in different models of ischamia,
rescued neurons from acute injuty-induced cell death and lessened neurological defects tggercd
by ischemic brain injury by attenuating receptor-mediated calcium influx. oxidative siress and
apoptosis (Golllicb e ol., 2006). 1 was also found 1o diminish fiee radicals formation and loss of

hippocaznpal CAl pyramidal cells in rats subjected to experimental ischemia (Gotilieb cf al..
2006).
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2.8.1.2. Antitumor and antiintammatory activily

In a model of trinitrobenzenesulphomc acid-induced colitis, morin hydrate was observed to show
anli-inflammatory activity in rats via down.regulation of cctumn intestinal inflammatory
mediators (Galvez ef al.. 2001). Also, monn hydralc was found to inhibit elevation of
proinflasnmatosy biomarkeis in diabetic rats {Alsharmsi er al., 2014). Studies indicated that monn
hydrate inhibits tumor promotion and suppresses tumor growth in several models and these
outcomes comelate with down-regulation of ccrusin NF-x«B-modulated gene expression (Manna
et al., 2007). Morcover, morin hydraie was reported (o inhibit chemicatly-induced carcinogenesis

In rats tongue and suppress phorbol ester-induced transformation of hepatocytes (Hsiang et al.,
2005).

2.8.1.3. Antidlabetic activity

In a rat model of diabetes, morin hydraic was observed to exhibit benef cial role on membrane
bound glycoproteins and enzymes by decreasing oxidative siress in streptozoiocm-induced
diabetic rats (Vishnukumar ef al., 2012). Monn hydrate was shown 10 protect the liver and
Kidncys of the rals against pathological alierations induced by strepinzotocin (Vishnukumar ef
al, 2012), ameliorotc hyperatgesia induced by hyperglycemia and by virtlue of its anti-
inflammatory and antioxidant actions in nerve cells and seduced ncuropathic pain (Alsharari et
al., 2014). Furthermore, by means of its poicnt anti-infammatory and antioxidant activities,

monn hydrate was obscrved to reduce diabeiic osteopenia via its ability to 1educe bone loss; a
characteristic of diabetic conditions (Abuohashish ¢t ai., 2013).

2.8.1.4. llcpatoprotective activity :

In a ral model of hepauc ischemia-reperfusion. pretreatment with Morin hydrate was shown o
reducc liver necrosis througl: its antioxidant ection in inhibsting xanthine oxidasc and its ability
to protect human red cell membrane from peroxidative attack (Wu ef af., 1993). Morin has been
shown 10 modulatc liver marker levels and 1edox status duting experimental ammonium
chloride.induced hyperammonatmia in rals by viriue of its antioxidant properties and through
the renoval of excess ammonia and inhibition of NMDA receptormediated neurotoxicity

(Subash and Subramanian, 2008), exen protective eflect against ethanol-induced hepatotoxigity
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due lo its antioxidant, anti-inNammalory and anttfibrotic cffect (Bhakuni et af., 2017) and has
hepatoprolective potentin! againsi acrylamide-induced toxicily by scavenging free radicals and

blocking the epoxidation mechanism (Singh ef al., 2015).
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CHAPTER 3

MATERIALSAND METITODS

3L EXPERIMENTAL ANIMALS

Male Swiss mice (22 - 25 g) oblaincd from the University of Ibadan, ibadan central anima!
house werc were used in the sludy, The animals were maintained under a 12,12 h light/dark
cycle in the Deparinem of Pharmacology and Therapeutics animal house {acility, had
unrestricted access 10 food nnd water and were made 10 ncclimatize for at leas! 7 doys preceeding
the inception of the cxperiments: The mice were used in line with the N1 Guide for the Care
and Use of Laborutoty Animals and the experiments were performed following approvat by the
Ethics Commitee of the University of 1badan (UI-ACURLC/App2015/067).

J.2. DRUGS AND CHEMICALS

Korcan ginseng (Kores Pharma co. Itd), Morin hydrate (Sipma-Aldrich. USA), Diazepam
(Hofiman-La Roche, Switzcrland), Trichloroacetic acid (TCA) (BDH Chemicals Lid, England),
miobarbﬁuric acid (TBA) (Guanghua Chemical Factory Co. Lid_ China), Acelic &id (Sigma-
Aldrich, Inc., St Louis, USA), Anhydrous disodium phosphate (Na2HPO,) (BD1 Chemicals Lud,
Poole, England), Sodium bicarbonatc (Fisons Loughborough Leics, England), Potassiun sodiun
urtarate (Scholarlab, Spain), Powssium iodide (May and Baker, England). Sodium hydrogen
bicasbonate (BDH Chcmicals Lid, Poole. England), Sodium hydroxtde (3.T Baker Chemicals
Co., Phillipsburg. N.J., USA), Phosphoric acid (Sigma Aldrich, Germauy), Tns base (BDH
Chemicals Lid, Poole, England), Sulfanilamide (Sigma Aldrich, Germany). Acid sodium
phosphate monohydrate (NaH:PO.-Hi0) (BDH Chemicals Lid. Poole. England) Copper
sulphatc (BDH Chemicals Lid, Poole, England). Formaldehyde (BDH Chemicals Lid. Poole.
England), DTNB (Sigma Aldrich, Co. Germany), Mfouse IL.1 beta ELISA (Alhmens
eBioscience, San Diego, Califomia, USA) Corticostecone ELISA Kil (Assay Pro. Geraany )
Mouse TNF alpha ELISA (Affymeinx eBioscicnce, San Diego, Califomia, USA) wore wed

the siudy.
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Monin hydrate was dissotved in normal saline to give a § mg/ml siock solution which was then

diluted a3 needed during each of the experiments. Loses used were chosen based on pilot studies
and available literature,

3.3, EXPERIMENTAL DESIGN

A« Ncurobehaviornl studies: Animals in these studies were allolied 1nto 6 groups of $ mice
¢ach. Group | animals served ag control animals and administered the vehicle (VEN. 10 mL/g
nonnal $aline), groups 2 - 5 were given Morin hydmie (MH: 10, 20, 40. and 80 mg/kg. i.p.).
whercas Broup 6 mice were adminisiered diazepam (DIZ: 2 mgfikg. !p.). The drugs were

admimsicred 30 min preceeding the commencement of each expcriment.

k. Swimming endurance und anoxic lolerance siress studies: Animals wese allotted into §
groups of 5 mice each. Animals in group 1(control) were given nosmal saline (VEH: 10 mLAR)
and not subjected to stress regimen. Geoups 2 - 4 animals were given Morin hydrate (MH: §, 10,

and 20 mg/kp. i.p.) and subjected to stress, while group $ mice were administered ginseng (GIN:
25 mp/ke. i.p.) and also subjected to stress

C. Acute restraint and chronic siress studies: Animals were allotted into 6 groups of 6 mice
per grovp, Group | mice (conwvl) reccived normal soline (VEIL: 10 ml/kg) withoul exposure (0
stress. Gioup 2 animals also received the normal saline (VEH: 10 mL/R) end were exposad to
the stress, groups 3 - S animais were administcred Morin hydrate (MH: S, 10, and 20 mg/xg. i.p.)

and subjectcd 1o siress, while group 6 mice were given ginseng (GIN: 25 me/kg. i.p.) and also
subjecied to stress.

3. 4. NEUROBEINAVIORAL STUDIES

34,1 Novelty-Induced hehaviour

Novehy-indiced behaviour (NID) of mice was mssensed individually 1n sequeece in the open
field, The open ficld is a rectangulsr arens of dimension 43 em v 28 ¢t 1 28 om, compaend of 2

a2

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



wooden hasdboard ftoor which s evenly patthioned into 16 (7 x 7 em) squares with a

surrounding wooden wall having a transparent side made of glass for unobstructed viewing.
Anmmals were allosted into 6 groups of S mice each. Group | antmals received 10 mikg VEH,
groups 2 - 5 were given 10, 20, 40, and 80 mg/kg MH respectively, and group 6 mice were
adimnistercd 2 mg/kg DIZ. Each mouse was individually placed in the plexiglas caBe
immediately after treatment for 30 min during which rearing and grooming were observed aind
scored. Veitical locomotion (the total number of squares intersected wilh the four paws) was
scored for an additeonal $ min. Rearing is connoled as how frequently a mouse miscs its fore
limbs eher in free air or against the eage wall while sianding on its hind limbs, while grooming
Is descnibed a3 the frequency of body cleamng, face washes and body and pubis picking with
mouth and paws. After each session, the cage was wiped elean with 70%v/v of ethanof s0 as o
climinate odor cu¢s. The experimental lime was strictly adhered to (between 9 am and | pm

daily) so as 10 avoid altemtions in biological rhythm (Ajayi and Ukponmwan, 1994}

3.1.2. The llole Loard test

The test evaluates explomioy aclivities that demonstrite the sedstive properties of test drugs
The apparatus consists of a board with about sixieen (16) holes through which a mouse can poke
Ws head, Animals were allotled into 6 groups of 5 mice each, Group | animals received 10
mL%g VEH, groups 2 - 5 were ndministered 10, 20, 40. and 80 mgikg MH respecuvely, and
group 6 mice were administered 2 mgkg DIZ. Aflenwards, ¢ach animal was placed on the hole

board 30 minutes following drug administration and the number of head dips into the holes was
observed and seored overa 5 min period (Dotr ez al.. 1971).

3.5 ACUTE STRESS STUDIES

3.5.1. Swimming cndarance test

The swimmmg endimance lest was carried out in accordarce with the peradipm of Kenpue
(Xanma e/ af.. 2006) with slight vanations. Animals were divided indo $ grougs of $ mice cech
Group | animals rescived 10 mlAg VEH, proups 2 - 4 enimals reccived $, 10, and 20 mp\g
MH respectively while group § animals received 25 miphg GIN, Animals in group | were left

4)
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wooden hardboard 1toor which is cvenly partitioned into 16 (7 x 7 em) squsres with a
surrounding wooden wall having a iransparent side made of glass for unobstructed viewing.
Ammals were allotled into 6 groups of $ mice each. Group | aninals received 10 mLAg VEY,
groups 2 - 5 were given |0, 20, 40, and 80 ing/kg MH respectively, and group 6 mice were
administered 2 mghkg OIZ. Cach mouse was individually placed in the plexiglas cage
ymmediately afler treatment for 0 min during which rearing and grooming were observed and
scored. Veitical locomotion (the totsl number of sijuares iniessected with the four paws) was
scored [or an additional 5 min. Rearing is connoted as how frequently a mouse raises its fore
\imbs cuther 1n free air or agalnst the cage wall while standing on its hind limbs, while grooming
{s described as the frcqueiey of body cleaning. face washes and body and pubis picking with
mouth and paws. After cach session, the cage was wiped clean with 70%v/v of ethanol so as to
climinate odor cues. The expenmential time was stricily adhered 10 (between 9 am and | pm

daily) so as 1o avoid alterations in biologlcal thythm (Ajayt and /kponmwan, 1994).

3.4.2. The HHole board test

The test evaluales explomitory activities that demonsirale the sedative propertics of test drugs
The apparatus consists of a board with about sixteen (16) holes through which a mousecan poke
us head. Animals werc allotied into 6 groups of $ mice each. Group | animals received 10
mi.kg VEH, groups 2 - 5 weee admimstered 10, 20, 40, and 80 mg/kg MH respectively, and
group 6 mice werc administered 2 mg/kg DIZ. Aficrwaids, each animal was placed on the hole

board 30 minutes following deug adminisiration and the number of head dips into the holes was
observed and scored over a S min period (Doer et ai. 1971)

3.5. ACUTE STRESS STUDIES

31.5.1. Swimming cndornace lesi

The swimming endwrance test was cammicd out in accordake with the pwadign of Kanow
(Kannur et al,, 2006) with slight vanations. Animals were divtded Into 5§ grous of ¢ mice cach
Gioup | animals reccived 10 mikg VEH, grovps 2 - 4 animals received $. 10, and 20 mpiyg
MU respectively while group § animals meeived 25 mgAg (IN, Animals in group | weve ioh

o0

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

™ -

ACAY Umveg

iy ——— -

u

3

115; .

SiTy
"-I-‘

h_. .

e



undisturbed in their home cage. A transluscent glass container (25cm height x 18 cm in width)
was [illed with woler o room temperature and onimals in groups 2-5 wete individualfly
compelled 10 swim separately 30 min after treatment. Total immobllity time was noted for | §

minwtes. A mouse is considered immobile whenever il ceased 10 siruggle, slightly moving its
limbs just to stay afloat in water.

3.5.2. Anoxic tolerance lest

The 1est was performed acconling to the procedure siated by Kannur (Kennue e/ af.. 2006) llere,
hermetic vessels of about 250 ml mir capacity were used for the expetiment. Prior © the
expenment. the vesseis wefe made alr tight by means of a rubber cork. Animails were divided
into $ gmups of $ mice ench. Group | animals received 10 ml/kg VEIL, groups 2 - 4 animals
reccived 5, 10, and 20 mg/Xg M1l respectively while group S enimals received 25 mg/kg GIN,

Mice in gloups 2 - 5 were individually placed in on aletight hermetic vessel 30 min after
1zeatiment, and the onset of convulsion was noted.

J.83). Acute resirnint tesl

The acute restsaint model was casried out according to the procedure of Masood (Masood et ol .
2003), with minor modifications. In this test. animals were divided into 6 groups of 6 mice each.
Groups 1 and 2 animals received 10 miskg VEH, groups 3 - S animals received S, 10, and 20
mg/kg M1l while group 6 antmals received 25 mp/kg GIN for 7 consecutive days. The lan
ucaiment was donc on day 7 and 30 min aficrwards, animals were exposed (0 stressful stimuli by
restraining them in a piastic resirainer for 2 hours, afler which the animals weore (ested for

anxiety- and depressive-like behaviours using the EPM and FST paradigms respectively

J.6. CIIRONIC STRESS STUDIES

J.6.1, Chronie restraint tesl

1n this 1es1, animols were divided inlo 6 groups of 6 mise each. Grougs | and 3 arecnals recevved
10 mLxg VE!L, grovps 1 - § animals received $, 10, and 20 mpkg M while prowp ¢ snienals
received 25 mg/kg GIN for 14 consecutive days, 30 min Pricit po sectsaind for 2 b in & mouse

“
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restralner: On the 1.4 day, 30 min following the last Slrcss exposure, miec were tested for

anxiety- and depressive-like behaviours using the EPMI and 1'ST paradigms respectively (Raj e/
al., 2003),

3.6.2. I'arudozical Sleep Deprivation

The *grid suspended over water® technique was employed. Mice were placed on grids set 2 cm
apant (rom each other balanced inside Ill':gc plastic cages lilled with water to 3 level of about |
om below' the surface of the grid in onler 1o deprive them of rapid cye movement {(REM) sleep
(Shinomiya ¢¢ al; 2003). Mice were dlvided Into 6 groups of 6 mice each. Groups | and 2
animals rcceived 10 mL/&g VEIL, groups 3 - S animals received $. 10, aid 20 mg/kg M while
group 6 ommals recelved 25 mgkg GIN for 5 days. [lowever, the anlmals were sleep deprived
on the 4* and $* days (for 48 h). This method is founded on the basis that the animals could only
get non-ropld eye movement sleep (NREM) and at the stert of REM sleep due to muscle
relaxation they [all into the water and are thereafter quickly awakened, and return onto the gnd.
Nevertheless, 1t 1s important 10 pomt out that although this methodology focuses basically on
REM sieep, a subsiantial amount of NREM is lost followed by the induction of significant
amount of stress. Animal weights were noted ot stant and end of 1the experiment with the aim of
checking for elTect of sleep depnvation on body weight along with possible modulatory role of
morin hydrate, On completion of the 48 hour duration of sleep depnvation, the effect of 48 h
REM sieep deprivation on motor function of each mouse was determined for § min. Aflerwards,

anxiety levels (using the EPM) and extont of memory impairment (using the Y maze) war
assessed

3.6.3. Chronie unpredictable siress

Chronic unprediciable stress regimen was adopted from previous methods (Munhaz ef al., 2008
Pandey et af., 2010) with minor adjusiments. Mice were expased 10 varying stresfd condstons
for [4 days. Mice were grouped as described in 3.3C; the suessed powgs were indjvidually
housed. Each specilic sizessor arxd duration of exposure for each day are as follows: Oay 1. 10
min forced swim; day 2: 24 h cage Wt (96°); day 3: 24 h empty cage; day 4; overnight food and
water depeivation; day $: 3 h lights ofl during the day. day 6: 10 min of cold isolazion st 4°C; day
T, 24k vage 1ilt (90%); day 8: 30 min restraint; day 9: 10 min foveed swim, day (0 34 b emgny
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coge; day 1123 h lights ofT} day 12: food and waler deprivation overnight; day |3: 10 min cold
lsolation at 4°C; day 1:1: 30 min restraint, The time of siress exposure for each day varied in
order 1o reduce predictability. Unsiresscd (control) mice were undisturbed excepl for basic
routines like leeding and cage cleaning Twenty-four hours following the [asi stress exposure,

mice were annlysed for CUS ~induced anxicty utilizing the EP'M, cognitive impainnent wiilizing
the Y maze and spontantancous locornotor activity.

3.7. BEILAVIORAL TESTS

3.7.1. Fievated plus maze (E1'M) Test

The EPM is a valid behavioural paradigm for estimating the anxiolytie or anxiogenie propertics
of phormacological agents in rodents (Walf and Frye, 2007) The apparatus 1s made of wood
compnsing of a pair of open arms (30 x S x 0.25 cm) which arc essentially unprotecied boards
and a pair of closed nnns (30 x S x 15 ¢m) with bonders onginating from a joint median platform
(S x 5 cm) and raised 10 50 cm abowe ground level. Each mouse was singly positioned at the
middle ol the maze opposite an ojen arm. Duralicn and frequency of explomtion in each arm
was noied by a blind observer for 5 minutes. Afler cach session, the cage was wiped clean with
7094viv of etlunol so as lo eliminate odor cues. An entry was detcrmiined when all paws of the
animal have cmased the line beiween the arm and the middle of the maze. The index of open arm

svoidance (IOAA) was inlerpreied as the level of anxicty and was calculaied as:

IOAA = 100 - [% time in open 8rms + % entries into open arms)
p

3.7.2, Foreed Swim Test (FST)

The FST was done a3 catlier reponed by Porsolt el al (1977). Mice were individually placed &
transparent plexiglass cylinders (25 cm x 18 em) filled with water 10 a depth of 15 am at rom
izmpesature and forced 1o swim fer the durstion of 6 min. The 1otal time an antmal reenaity
immobile (iImmobility time) in secorxis was nated In the course of e concluding 4 min et

dunation, An anjmal is judged immobile whenever 1t ceased 10 struggle, snightiy Mmaving its timbs
just lo stey aflost in water
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3.7.3. Y-maze Test

The test 10 evaluate memory performance was performed in accordance wilh the protocol carlser
described (Casadesus et al., 2007). The test device comprises of 3 equivalent arms (120°% 41 x §
X 15 cm) labelled “A’, *B*, and ‘C’'. The test can be cmployed in assessing spontancous
aficrnation performance: a pointer 1o short term working memory in rodenis. A mouse must be
able 10 recall the previous asm i explored and then move on (o another uniil it has completely
altcrnated among the three asms. In this 1est. each animai was positioned in one arm (mostly arm
‘A’ for uniformity) and lef\ to exptore for S min with no resttictions. When an animal enters into
an arm of the maze with all of ils paws. it was counted as an arm enny and when it enters into all

three arms conscculively, it was scored as:an alternation. Spatial working memoiy is represented
as the percentage altemation and is evaluated using the formula:

Total complete alternations ]
: — | X 100
Total entnes - 2 _]

The order of arm entnes was noled and ¢ach aim of the maze was wiped with 70% v/v ethanol at
intervals

3.7.4, Spontancouns molor activity

Sponlancous motor activily was assesscd by making use of an automatcd aclivity cage. Tlis
apparotus captures the honzontal lecomotion of animals. The mice were lefl to habituate for an
hour in the 1cst room ahcad of the expenmem and thereafler, individuatly positioned at the
central point of the cape and left 10 move withont restrictions . The total lines sach mouse crossed

with the four paws were automatically counted for S min. A solution of 70% v/v ethanol was

used to wipc the cage in between each session 10 avoid odour cues
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3.8. COLLECTION OF BLOOD FOR GLUCOSE, LIPIDS AND CORTICOSTERONE
DETERMINATION

Upon lermination of each expenment, blood was drawn from the rewro-orbital plexus of animals
in thc acute restraint, chronic restraint and CUS models into plain lubes following ovemight fast.

Whole blood was used for glucose test, after which the remaining blood was centnfuged to

obtain a serum for the estimation of cholesterol, triglycerides and cotticasierone.

3.8.1. Measurement of blooil glucose

The concentration of glucose in the blood detcrmined utilizing a bloed glucose monitoring meter
(AccuCheck performer metcr) and blood glucose sinp (AccuCheck). The strip was placed into

the meter and blood was dropped at the Wip of it and drawn up into the meter. Immediately the
blood glucose reading was displayed on the meterand recorded

3.3.2. Tota! cholesterol

Toual serum cholesterol levels was determincd by enzymalic colorimetiic method using the assay
kit (Spinreact, Spain) as specilied by the manulacturer following the method carlier described
(Nailo, 1984). Bnelly, the reagents (containing the enzymes Cholesierol esterase, Cholestero)
oxidase, Peroxidase, snd 4-Aminophenszone) were dissolved in the buffer and gently mixcd in
otder to compiclely dissolvc the contents 10 give the working solution. Thereafter, 1.0 mb of
working solution was added 10 10 uf, of scrum or cholesterol standerd (200 mg/dL) and
incubalcd for 10 min al 25°C. Absorbance (A) of the samples and standard wese ol lerwards

taken agoinst the blank at 300 nm. Cholestero) concentmtion in the sampie was obtained (rom the

calculation helow:

A =
Samnple Blank Siandard cone.= mg/dL sample chiolesterol

f\smudurd - "\Bl ank
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3.8.3.Serum HDL cbolesterol

Serum HDL (good cholesterol) levels was dctermined by enzymatic colorimetric method using
the assay’ kit (Spiarcact. Spain) as staled by the manufaciurer commesponding to the method earlier
descr bed (Naito, 1984). Bricfly, 300 ub of Reagent | was mixed with 3 pL of sample or
calibrator (lyophilized serum) and aliowed to incubate at 25°C for S min. Absorbance (A1) of
sainpies and calibrator was taken a1 600 nm. Reagem 2 was afiernwards added, mixed and
incubaled at 25°C for 5 min. Absorbance {A2) of samples and calibrator was taken and the

increase in obsorbance {AA= A2 - Al) was calculated. Choleslerol concentration was
determined from the equation:

AA
Sample X Cabbrator conc.= mg/dL sample HDL
A*'“\Calibratm'

3.8.4, Scrum triplyceridc cstimation

The concentration of sccum triglyceride was delcrmined using enzymalic colorimetric method by

means of the assay kit {Spinreact, Spain) as specified by the manufaciurer corresponding to the
method earlicr described (Buccolo asd David, 1973). | mL of the reagent is mixed with 10 g L

of the somplc or standard and tile mixiute incubated for S minutes at 37°C, Absorbance {A) is

read al 500 nm. Conccantrotion oftrigtycendc in the sample is obtained from the equation:

:‘\Sample

- X Standard conc.= me/dL sample tnglycende
"\Smndard

3.8.5. Dctermination of serum corticosteronc

Scrum corticoslerone was detected utilizing cnzyme-linked immunoabsorbent assoy (ELISA,

Assaypro USA) kit in accordance with the manufacturers’ protocol. The assay was performed al

room tempcrature and oll chemicals were (reshly preparcd and brought to room tcmperature prior

to use, Bricfly, 25 pl/wcll of coriicosterone standard or sample and 25 plswell of biotinylated
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corticosterone were dispensed into each well, gently mixed and lefi for 2 h at 25°C to incubate.
Thereafier, 200 L. of wash buftier was used to wash the wells each time for S washes. 50 pL
each of sireptavidin-peroxidase conjugale and chromogen substrate were dispenscd into each
wells one afier the other following senes of incubations and washes. The reaction was finally
tertninated with S0 pliwell of stop solution. A blue to yellow colour transformation was
observed. Absarbance was immediately rcad with the aid of a multifunctional plate reader at 450

nm. Unknown sample concentiation in ng/mL was extrapolated fiom the standard curve which
was a plot of absorbance against concentration of the standard.

3.9. TISSUE PREFARATION

Following bchavioural tesis in the acute restramt, chronic resteaint, PSD and CUS mode Is. mice
were sacrificed by cervical dislocation and the brains instantly separated. Each brain tissue was
thcrafler weighed, homogenized (1:10% w/v) with phosphate buffer (0.tM, pH 7.4), and the

homogenates centrifuged at 10,000 1pm for 15 min at 4°C. Thc resullont supematants were used 10

estimatc malondialdehyde (MDA), reduced pglutathione (GSH) and nitrite concemrntions.

Supemalants were also reserved for enzyme-linked iiInmunosorbent assays of IL-tf and TNF-g.

3.9.1. I’retcin cstimalion

Protein conceniration m samples was dctermiined as stated by Gomall ¢f af (1949). 0.9 mL of

distitled water, 0.1 mL sample and 3 mL biurct reagent were mixed togetlier in a test tube ond fef: to

incubate at 25°C for 30 mm. Absorbance was 1aken at 540 nm by making usc of a

spectropholometer. The standard {1 mg/mL bovinc serum albumin) was estimated within a range of
0.01-0.1 mg/mL.

3.9.2. Reduced plutathione cstimation

Reduced glutathione (GSi) level was determined as stated by Moron ¢t al. (1979). Brielly, 0.9 mL
of sodium phosphate buffcr (0.2 M, p1l 8), 0.) mL sample, | mL of TCA (20%) and ImM EDTA
were mixed in lest wubes and lefi for 5 min ond aflerwards centrifuged at 10,000 pm for 10 min.

Therealter, 0.25 mt. of supemotant obtained along tvith 2 mL of 0.6 mM DTNB were mixed with
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0.75 mL of phosphate buffer in fresh plain tubes and left on the bench for 5 min. Absorbance was

thcreaficr taken 3t 412 nm. GSH level in biain lissue was expeessed as pmol/g Lissue

).9.3. Lipid peroxidation assay

Brain malondialdehyde {MDA) concentsotion was detemutined in accordance with the procedure of
Wilber et ai (1949). 0.1 mL of sample, 1.9 mL of Tris-KCl buffer and 0.5 mL each of TCA (30%)
and TBA (0.75%) were mixed in plain test tube and then feft to incubate at 96°C in a water bath for |
h. The mixture was cooled under a running tap and 2 mL of butanot added and thereafter centrifuged
at 3,000 1pm for 10 min. Absotbance was read a1 532 nm with a spectrophotometer. Molar extinction

coelYicient of 1.56x10* M! cm ! was used 10 evaluate the eoncentration of MDA in brain samples,
expressed as pmofes of MDA/ g tissue.

J.9..4. Brain nitrile estimation

The eoncentsation of nilrite in brain sasmples was cvalusted by means of the Greiss assay. The Greiss
reaction is an indicator of nitsite formation and is based on the principle that when nitrite is detected
in @ NO;" containing sample, a redish pink colouration is fonned upon treatment with the Greiss
reagent. Briel.y, 100 uL of Greiss reagent. 300 pL of sample and 2.6 mL of distilled water were
mixed in test tubes and thescalter incubated for 30 min al 25°C. Absosbance was aflerwards read at

548 nm. Nilrite level in samples was extrapolated from the standard curve of sodium nitrite (0 - 100
M) (Green eral., 1982).

3.9.5. Interlcukin- Beta (IL-I[}) cstimation

The concentrution of LL-IP In brain fissues was determined with the aid of ELISA ki
(Alfymetrix eBioscience, USA) as specified by the manulacturer, following the method earlier
described (Cho et al.. 2008). All chemicals including the samples and standard solutions were
brought 10 room tempeeaturc prior lo use. Biicfy, ELISA plate was caaled with anti-mouse 1L-
18 capturc antibody (100 pLiwell), made airtight snd left overnight to incubate at 4°C. The wells
werc aspiraled, washed thrce with wash bulfer, dried of any residual buffer with the aid of a
blotting poper and aficrwards blocked with 200 plAvel! of dituent. The wells were thereafter
incubated for an hour, aspirated and washed afier which 100 pLAvell of reconstituled and diluted

mouse -1 lyophilized standard (1000 pg/mL) was added lo o well and a 2-fold seral dilution

5t
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0.75 mL of phosphate bufTer in fresh plain tubes and left on the bench for 5 min. Absorbance was

theseaf er taken 8t 412 nm, GSH level in brain tissuc was expressed as ymol/g ussue.

3.9.3. Lipid peroxidation assay

Brain malondialdehyde {MDA) concentration was determined in accordance with the procedure of
Wilber ef 2l (1949). 0.1 mL of satnple, 1.9mL of Tiis-KCl buffer and 0.5 mL each of TCA (30%)
and TBA (0.75%) were mixed inplain test tube and then left toincubate at 96°C in a watcr bath for |
h. The mixture was cooled under a running tap and 2 mL of butano! added and thercaf er centrifuged
at 3,000 spm for 10 min. Absorbance was read at $32 nm with a spectrophotometer. Molar extinction

cocliicientof 1.56x{0* M-! em ! was used to evaluate the concentration of MDA in brain samples,
expressed as pmolesof MDA/ g tissue.

3.9..l. Brain nitrite estimation

The concentration of nitrte in brainsamples was evalugted by means of the Greiss nssoy. The Greiss
reaction is an indicator of nitnite formation and is based on the principle that when nitrite is detected
in a NOy containing sample, a redish pink colouration is formed upon treatment with the Greiss
reagent. Brielly, 100 uL of Greiss reagent, 300 pL of samplc and 2.6 mL of distilled water were
mixed intest tubes and thercalter incubaicd for 30 min at 25°C. Absorbance was allenvards rcad at

548 nm. Niteite leve! insamples was extrapolated from the standard curve of sodium nitrite (0 ~ 100
M) (Greene? al., 1982).

3.9.5. Interlcukin-1 Beta {(11-1[3) estimation

The concentrstion of 1L-1P in brain tissuves was dctermined wilh the aid of ELISA kit
(Alfymetrix eBioscience, USA) as spccilied by the manulacturer, following the method earlier
described (Cho cr af, 2008). All chemcals including the samples and standerd solutions were
brought 10 reom temperatusc prior 10 use. Bricly, ELISA plate was coated with anti-mouse IL-
1B capture ontibody (100 plawvell), made airtight and left ovemight to incubate at 4°C, The wells
were aspirated, washed thrice with wash bulfer, dried of any residual buffer with the oid of a
blotting paper nnd aflerwards blocked with 200 jsl/well of diluent. The wells were thercafter
incubated for an hour, aspirated and washed afier which 100 plJwell of reconstituted and diluted

mouse 11.-1p lyophilized standard (1000 pg/mL) was added 10 o well and a 2-fold senal dilution
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of 11 was perfonned to make an 8 point standard curve. 100 uL/well each of brain supematant,
anti-mousc IL-1§ bioun detection antibody, enzyme (Avidin-BRP) and ictramethylbenzidine
(TMB) substraie solution were dispensed into each well one nfter the other following series of
incubation and washes (3 times). Finally, the reaction was teeminated with 50 ul of siop
solution. Reading was taken with the aid of a mictoplate reader a1 450 nm. The unknown sample

concenlealion in pg/mL was exirapolated from the standard curve which was a plot of absorbance
against concenlrationof the standard.

3.9.5. Tumour Necrosis Faclor-Alpha (TNF-a) estimatlon

The concentrstion of TNF-a in brain Ussuecs was cstimaled using ELISA kit (Affymeruix
cBioscicnce, USA) as specif.ed by the manufocturer, following the method carlier described (Cho ef
al., 2008). All chemicals including the samples and standard sclutions were brought to room
lemperature prior 10 use. Briefly, ELISA plate was prc.conted with anti-mouse TNF-a perificd
caplure antibody (100 ul/well), made airtight and left to incubate at 4°C ovemight. The wells werc
aspiroted, washed thrice with wash buffer, dricd of any residual buffer with the aid of o blotting
paper and ofterwards blockcd with 200 pLAwell of diluenl. The wells were thercafier incubated for 1
h, aspimicd and washed aRer which 100 pl/well of reconstiluled and diluted mouse TNF-o
lyophilized standard (1000 pg/mL) was added to a well and a 2-fold scnal dilution of it was
performed to make on 8 poini siandard curve. ARerwards, 100 pl/well each of briin supcmatant,
anti-mouse TNF-a biolin dclection ontibody, enzyme (Avidia-l{RP) and subsirate solution were
ndded one afer the other following series of incubation and washes. Finally, stop solution (50 L)
was used 10 lesminate the reaction. Absorbance was taken with a plate reader at 450 am, The

unknown sample conecntration in pg/ml. was cxtrapolated from the standard curve which \vas a plot

of absorbance against conceniration of the slandord.

3.10. TISSUE PREPARATION FOR MISTOCHEMICAL STUDIES

Foliowing behavioml tests, mice subjected 10 chronic restraint, PSD and CUS were perfused ond
fixed with 10 % v/v buffered formalin. Brain tissues wete then subjected 10 the routine method for

paraffin wax cmbedment o obtain Pam'lin wax embedded tissue blocks, Transverse sections (5-6
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um thick) of the prefrontal coriex and hippoc2mpus were obtained using 3 microtome and lixed on
glass slides.

3.10.1. Hlistology and estimatlan of ncuronal density

Transverse seclions ofihe prefrontal cortex and the hippocampus were stained with hematoxylin and
eosin (H & E)in order to display the genreral histology of shosc regions (Eltony and Eigayar, 2014).
A digital Camera (Optronics) lixed 1o a light microscope (Olympus BX-51) and a computer interface
(MognaFire) was used in capturing the images. The general moiphology of the pyramidal cells was
characterized using inter-rcader vasiability, Finally, the quantity of viable ncurons in the prefrontal
cortex, CAl and CA3 pyramidal layers were counted and quanutative anaiysis was performed by
Image) software (Going, 1991). Viable ncurons were identilied as round-shaped cells with intact
cytoplasmic membranes, having no nucicar condensation or distort:on. Neuronal density was

calculated as a ratio of viable neurons to square area of the circular view in a section.
3.10.2. Immunolistochemistry

Inmunohistochemisty staining for iNOS ond NT.xB were carried out as stated by the
manulacturer following the modilied procedure of Song et al (2013) by using the avidin-biotin
peroxidasc complex (HRP/DAB, Merck, Germany. LOT: 2775482). Thin sections (4 p) of brain

tissucs were Noatcd and mounted on APES charged glass slides. The tissue sections were

—

dcparaftinized. Antigen was retrieved in microwave in citeate bufYer solution (10 mM citric acid,

pll 6.0) for |10 min and thercalter incubated in 70% methanol with 3% {0, for 10 min. drained

e S—

ond rinsed with distilled waler. Blocking solution was thcn added for 10 min. The antigen was

incubated with the primaty arlibodies (monoclonal iNOS and NF -xB) diluted 1o ¢:100 in PBS at

T o ——

jpams

4°C ovemight ond thereafter washed thrice with wash buffer. The slides were allowed to
incubate for 10 min in bjotinylated antimice sccondary antibody followed by pesoxidase-
conjugatcd streplavidin afier scrics of washes with buffer. 3.3-diaminobenzidine (DAB) was
af.crwards added, rinsed and counteestained with Mayer's hematoxylin. DIPX and cover slips

were then mounted for cxamination.
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3.11. STATISTICAL ANALYSIS

All results are expressed as Mean + SEM. The results were analyzed using one way ANOVA
and Student's Newman Keuls post hoe tesl. Statistical resulls were analysed using GraphPad
Prism Software (version 4.0) (GraphPad Sofware Inc., San Diego, CA, USA). A value of P <
0.05 was considered Lo be slatistically signilicant.
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CHAPTER FOUR

RESULTS

4.1. EFFECT OF MORIN IIYDRATE ON NOVELTY-INDUCED BEH{AVIOUR

The effect of morin hydrate on novelty-induced behaviours in mice is represented in ligures 5, 6
and 7. One-way ANOVA revealed a significant diffcrence in ccaring and locomotion amongst
reatinent groups. A signilicant dosc-dependent seduction in reating and locomotion \was
obscrved upon treatment with MH (10, 20, 40 and 80 mg/g) relative 1o the VEH group, whereas

a signilicont difference in grooming behaviour from VEH was onty observed at 80 mghig (p <
0.05)

5
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Rearing frequency (30 min)

*e

VEH 10 20 40 80 DIZ

Figure §: Effect of morin hydrate on novelty induced rearing in the open [cld.

Each column indicates mean = SEM, 5 ammals / group

* p<0.05 eelative to VEI {Onc-way ANOVA flollowed by Student-Newman-Keuls
post-hoc lest).

VEH: Vehicle (norma! saline |0 mlL./%g)

Mid: Morin hydrale

MZ: Diazepam (2 mgfkg. i.9.)
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Grooming frequency (30 min)

=4
o

H
e

20~
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..............

VEH 1 20 40 80 DIZ

MH (mg/kg, |.p.)

Figurc 6: Effect of morin hydrate on novelty induced pfrooming in the open licld.

Each column indicatcs mean% SEM, $ animals / group

* p<0.05 eelative to VEIL {(One-way ANOVA i0llowed by Siudent-Newmasn-Keuls
post-hoc test).

VEH: Vchicle (nommat saline 1¢ mUkg)
Mii: Morin hydrale

DIZ; Dinzepam (2 mp/pg, i.p.)
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MH (nig/hg, 1.p.)

Figure 7:  Elfect of morin hydrate on locomotor activity in the open ficid,
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Locomotion (5 min)

30~
L ]
- —
204 § S
- 000000
104 B HHHH
VEH 10 20 40 ao OIZ

MH (mg/kg,i.pP.)

Figure 7: Effcct of morin hydrate on locomoltor aclivity in the open ficld.

Each bar reprasents mean = SEM, 5 animals / goup

* p<0.08 relative 19 VEH (One-way ANOVA (oilowed by Student-Newmon-Keuls
post-hoc 1c31),

VEH: Vehicte (normil saline 10 ml./&g)

MH: Monn hydeate

DIZ: Diezepam {2 mg/kg, i.0.)
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4.2. EFFECT OF MORIN HYDRATE ON HEAD DIPS

The outcome of morin hydrate treatinent on cxplorsiosy behavious of mice as indicaled by
Irequency ol head dips in the hole board is indicated in Figure 8. One-way ANOVA showed a
sigtificant diffc;ence amongst treatmemt groups. A significant dose-depcndent decline 1n
frequency of head dipping was noted upon treatment with MH {10, 20, 40 and 80 mg/kg) relative
10 VEH group with maximal reduction seen at 80 mgfkg (p <0.05).
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Head dips (5 min)

VEH 10 200 40 BO DIZ
MH (mg/kp,i.p.)

Figure 8: Effcets of morin hyilrate on head dlips
Each columnindicales mcant SEM. § onimals / group

* p< 0.05 relative to VEH (Onc-way ANOVA followed by Student-Newman-Kculs post-

hoc test).
VEH: Vehicle (normal saline 0 mL/Xg)
MI1i: Morin hydrate

D$Z: Diazepam (2 mg/kg.1.p.)
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4.3, MORIN 1IYDRATE REDUCES IMMORILITY TIME IN TIIE
ENDURANCE MODEL

SWIMMING

Eflect of morin hydrate on Immobility period in tie swimming endurence model is indicated in
Figure 9. Onc-way ANOVA disclosed u significant dilference amongst ireatment groups. Morin

hydrate al doses 10 and 20 mp/kg Increases swimming endurance by reducing immobility time
compared o VEIT (Newman Keuis post hoc comparison)
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VEH 3 10 206 OIN
MV {mgiky, 10.)
8687

tigure 9: Effcct of Morln hyirate on immohilikty 1ime in ihe swimming endursnce

test

Each column indicates mean £ SEM., S animels / group.

* p <0.05 compared 16 control group (One-way ANOVA foliowed by Studem .Newman-

K culs post-hoc 1est)

VEI1: Vehrcle (normal saline |0 mi./kg)
ME: Morin hydrate

GMN: Guseng (25 mg/kg. i.p.)

SET; Swimming Endwarce Test

W

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




4.4. MORIN HYDRATE INCREASES THHE ONSET OF CONVULSION IN ANOXIC
STRESS

The ¢lText of Morin hydrate on the onset of convulsion in anoxic mice 1s indicated in Figure 10.
One-way ANOVA indicates a significant differenee amongst tieaiment groups. The onset of
convulsion which symbolized tolerance 10 anoxic stress was significantly and dose-dependently

increased upon MH (S, 10. 20 mg/kg) treatment relative to VEH group (p < 0.001).
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Figure L0: Effect of Morin hydratc on the onsct of convulsion

Each bar represents mean = SEM, 5 onimals / group

* p < 0.05 relative to conlrol  (One-way ANOVA followed by Student-Newman-Keuls
post-hac test).

VEH: Vehicle (normal safine 10 mtA:g)

MU : Morin hydraie
GIN: Ginseng (25 mg/kg. t-p.)

ATT: Anoxic Toterance Test
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4.5. MORIN HYDRATE REDUCES IMMOBILITY TIME IN TUE FORCED S\WIM
PARADIGM

Impact of morin hydraie on immobility penod in the FST which is an indicator of depressive -like
behaviour is as shownin Figure 11. One-way ANOVA revealed a significant difference amongst
lresiment proups. Acute restraint stress mcreased the immobility petiod significantly (p < 0.000)
inthe VEH acule stress group relative 10 VEH unstsessed group. This increase was significantly
(p <0.001) upturacd by MH (5, 10. 20 mg/xg), indicating anlidepressant.like effect.
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Immobility in FST alter acute restrainl stress
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Figurc 11

Each columnindicates meant SEM, 6 animals / geoup.

# p <0.001 relative to VEH unsiressed group

* p < 0.00l relative 10 VEI1 ARS giovp (One-way ANOVA followed by Siudent-

Newman-Keuls posthoc test).

Vehicle {normal saline 10 mtkg)

L4
-

VEH

Morin hydrate

ML

Ginseng (25 mg/kg. 1.p))

+
+

GIN

ARS: Acule Restraint Stress
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46. MORIN HYDRATE MITIGATES ACUTE RESTRAINT STRESS-INDUCED
ANXIETY-LIXE BEIHAVIOR

AnXicly-like behaviour exhibited by mice subjected to acute restraint stress as indicated by
frequency and duration of exploration of both armms of the EPM and the modulatory effect of
motin hydrate is shown in Figures 12, 13, 14 and 15. One-woy ANOVA indicated o significon
difference amongst treaiment groups. A signilicant (p < 0.001 ) decline i n frequency and duratton
of open orms exploratson was noled in the VEH acute restraint siress group relative (o the VEH
unstressed group. Morin hydrmte (5. 10, 20 mg/kg. i.p.) reversed 1his effect 1n 2 signiticant
manner, indicating onxiolylic effect. ‘This was further supporied by the index of open arm
avoidance which was signilicantly (p < 0.001) elevated in the VEI ARS group compared 10
VEH unsiressed group, and was significontly (p < 0.001} reversed by morin hydrate (Figure 16).
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Figure 12: Elfect of Morin hydrte on tisne shent in the opea arms of the EPM
following acute restraint stress

Each column irdicates mean £ SEM, n= 6

¥ p <0.01 relative 1o VEH unsiressed group

* p < 0.00l relative to VEII ARS {One-way ANOVA foltowed by Student-Newman-
Keuls post-hoc test).

VEH: Vchicle (normatl saline 10 ml/kg)

MH: Marin hydrnic

GIN: Ginseng (25 mp/kg. i.p.)

ARS: Acute Resiraint Steess
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Figure 13: Effcct of Morin hydrate on time spent in the close arms of the EPM

following acute resiraing stress

Each column indicales mean £ SEM, n= 6

# p <0.0t relative to VEH unsticssed group

* p<000| retative 10 VEH ARS (Onc-way ANOVA [otlowed by Student-Newman-

Reuls post-hoc Lest).

VEH: Vehicle (norna! satine 10 mi/kg)

MH: Morin hydrate

GIN: Ginseng (25 mp/kg, i.p.)

ARS: Acute Reslraint Stress
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Figure 13: Effcct of Morin hydrate on time spent in the close arms of the EPM

foltowing ncute restraint siress
Each column indicaies mean £ SEM. n=6
It p <0.00 relative to VEH unstressed group

* p<000l retative 10 VEH ARS (One-way ANOVA [oliowed by Student-Newman-

Keuls post-hoc 1est).

VEH: Vchitle (normal saline 10 mUkp)
MH: Morin hydrate

GIN: Ginseng (25 mgkg, i.p.)

ARS: Acute Restraint Stress
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Figure 14: Effect of Morin hydratc on open arms cntry in the EI'M alter acute

restraint stress

Each column indicates mean= SEM, 6 animals/group

# p <0.001 relative 10 VEH unsiressed group

* p < 0,00} relative 10 VEH ARS gioup (Onc-way ANOVA followed by Student-

Newman-Keuls post-hoc test).

VEH: Vchicle (normal saline 10 mt/kg)

MH: Morin hydrate
GIN- Ginseng (25 mg/kg, 1.p.)

ARS; Acute Restraint Stress
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Figure 15: Effect of Morin hydraic on close arms eniry in the EPM after acute
restraint stress

Each columnindicates mean £ SEM, 6 animals/group,

# p<0.,001 rclotive ta VEH unstressed group

* p < 0.001 relative 10 VEH ARS group (One-way ANOVA followed by Student-
Newman-Keuls post-hog test).

VEH: Vehicle (normal saline 10 miA:g)
MH: Morin hydrate
OMN: Ginseng (25 mgkg. i.p.)

ARS: Acule Restraint Stress
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Figure 16: Effcct of Morin hydrate on the Index of open arm avoidance in the EPM

after acute restreaint stress
Cach columnindicates mcan+ SEM, 6 animals/geroup.

# p <0.00} reintive to VEH unstressed group

* p < 0.001 relative 10 VEH ARS group {One-way ANOVA followed by Student-
Newman-Keuls post-hoc test),

VEH: Vchicle (normal saline 10 m1/kg)

MH: Morinhydrate
GIN: Ginseng (25 mgfkg. 1.p.)

ARS: Acute Resteatnt Stress
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§.7. MORIN [IIYDRATE INFLUENCES GLUCOSE., CHOLESTEROL AND
TRIGLYCERIDE CONCENTRATIONS [N ACUTE RESTRAINT STRESSED MICE

A rise in serum glucose level was observed in mice subjected to acute restunt svess. One way
ANOVA indicaled o significant difference amongst atl treatment groups: Serum glucose
concentration was significantly (p < 0.05) clevated in VEH acute restraint siress group relative 10

VEH unstressed group. The MH (5. 10, 20 mg/kg) treaiment significantly’ (p < 0.001) upturned
this clifect. Funhennore, one way ANOVA indicated thal acute restraimt stress ssgnilicently

decreased chotestero} level relative to VEH unstiessed group. This decrease was reversed by MH

(3 and 10 me/ke). However, MH did not significantly alter wrigiyceride level (Table 1).
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Table t: Morin hydrate aiters glucosc, cholesterol and triglvceride concentrations in acute

restraint stressed mice

Treatmeot Bloed Tolal Triglycerides
{mR/k2) glucose(mp/dL) cholesterol(mp/dL) (meg/dL)
VEHums; 76.1 £ 80 115.0£2.1 130.0 £ 10.1
VEH (ars) 168.0 2 7.6* 92.7 | .44 82617
M Smg/kg 134.0% 7.4 110.0 + 2.7 88.9 534

MH 10mg/ikg 132.0£11.0° 1120 £5.0- 68.6+2.9
MIl 20 mg/ke 106.0 £2.36* 94.6 £ 5.5 70.1 + 0.97
GIN 1280+ 11.9° 1270 £0.3" 68.8 £0.42

Each result represents mean 2 SEM, 6 animals / group.

H p<0.001 relative to VEII unstressed group

* p < 0.00) relnlive to VEH (ans; group (One-way ANOVA followed by Student-Newman-Keunls

post-hoc test).

VEI sy Vehicle unsiressed group

VEL! (ars;: Vehicle acute restroint
MH: Morin hydrate

GIN: Ginseng (25 mgkeg. ip.)

suess group
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4.8. EFFECT OF MORIN HYDRATE ON ACUTE RESTRAINT STRESS-INDUCED
OXIDATIVE STRESS NIOMARKERS IN MICE

Effects of Mornin hydrate on changes in oxidative biomarkers in mice exposed 10 acutc restraint
siress are indicated in Figures 17, (8 and (9, Figure 17 revealed that in the VEH acute stress
goup, a signuficant (p < 0.01) reduction was noted in brain GSH level relative to VEN
unstressed group. Onc-way ANOVA revealed that ihis observed seduction was significanily (p <
0.05) reversed by MH (5. 10, 20 mg/kg). Furthcrmore, acute sesiraint stress significantly stevated
brain MDA (p < 0.001) and nitzsite {p <0.01) levcls in VEH acute stress group rclative (o VEH

unstressed group as shown in Figures 18 and 19 respectively. One way ANOVA revealed that
Morin hydraie (5, 10, 20 mgfkg) significanily reversed this cffect.
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Figure £7: Effect of Morin hwdrate on brain GSEl fcvel foltowing ncute restraint

stress.
Each column indicales meant SEM. 6 snimols / group
A p <0.00! reiative 10 VEH unstressed proup

*p < 0.00] rclntive o VE!l ARS group (Onc-way ANOVA followed by Student-
Newman-Keuls post-hoc test).

VEH: Vehicle (normal saline 10 mi/kg)
MH: Morin hydrale
GIN: Ginseng (25 mg/Xg, t.p.)

ARS: Acute Restnint Siress
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Fipure 18: Effecl of Morin hydrate on brain MDA icvel following acute restraiat

slrcss.

Eachcolumn indicates mean £ SEM. 6 animals / group.

# p <0.001 relativeto VEH unstiessced grovp

* p < 0.001 relative to VEH ARS group (One-way ANOVA followed by Swdent-

NewmanKeuls post-hoc test).

VEH: Vehicle (nomma! saline {0 miskg)
MH: Morin hydraie

GIN: Ginseng (25 mgheg. i.p.)

ARS: Acule Restraint Styess
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Figure 19: Effcct of Morin hydrate on nitrite levels following acute restroint stress,

Each column indicates mean + SEM, 6 animals / group.

A p<0.0l relative to VEN unsiressed group

* p < 0.0 rclative to VEH ARS group (One-way ANOVA fotlowed by Student-

Ncwman-Keuls post-hioc 1est).
VEH: Vehicle (normal saline 10 mi/Xg)

MH: Morin hiydrate
GIN: Ginseng (25 mg/ke, i.p.)

ARS: Acute Restraint Stress
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£.9. MORIN HYDRATE MITIGATES DEPRESSIVE BEHAVIOUR IN MICE IN THE
CHRONIC RESTRAINT PARADIGM

The duration of immobility of chrontc restratnt siress-exposed mice in the FST model is shown
in Figure 20. Chronic resiraint stress prolonged the duration of immobility when compared 10
VEH unstresscd group. This mimics a stale of despair that is symptomatic of depressive-like
behavior. However, this prolonged immaobility time was significantly (p < 0.05) reduced by MH

(S, 10. 20 mg/kp) whencompared to VEI{ chronic restraint stress group. theeeby indicating anti-

dcpressant-like cftecl
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Figure 20: Effcct of Morin hydrate on immobilily perind in the FST afier chronic
restraint siress,

Each column indicates mean = SEM. 6 animals / gioup.

H p< 0.05 reletive 10 VEH umstressed group

* p < 005 relative 10 VEH CRS group (Onc-way ANOVA followed by Siudent-
Newman-Keuls post-hoc test).

VEH: Vehicle (nomme! saline 10 mi/kg)

MH: Morin hydrale
GIN: Ginseng (25 mg/kg, i.p.)

CRS: Chronic Resimint Stress
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4.10. MORIN HYDRATE MITIGATES CHRONIC RESTRAINT STRESS-INDUCED
ANXIETY-LIKE BEHAVIOR IN MICE

Chronic resiraim siress provoked a signilicant decrease in the frequency (p < 0.001) and duratton
(p < 0.001) of open arms exploration (Figures 21 and 23) and consequemily increased the
frequency and duration of closed arms exploration in the EPM (Figures 22 and 24). However, a
sipnificant (p < 0.05) elongation in the duration and frequency of open arms cxplomation was
observed upon MI[ (5, 10. 20 mg/kg, i.p.) treatmem compared 10 VEH CRS group. indicating
anxiolytic activity which was further buttiessed by the index of open ann avoidance which was

elevated in the VEH CRS group but signifcantly (p < 0.001) reversed by monn hydrate
ireatment (Figure.25).
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Figurcs 21: Effect of Morin hydrale on the frequeney of open arms entry In the

EPM following chronic restraint stress exposurc.

Each column indicates mean £ SEM., 6 animals / group.

¥ p<0.01 relative 0 VEH unstressed group

*p< 0.0S relative to VEII CRS group (Onc-wny ANOVA followed by Studenl-

Newman-Keuvls past-hoc Lest).

VEH: Vehicle {nonnal salinc 10 mL/kg)

MLi: Morin hydmlc
GiN: Ginseng {25 mg/kg. i.p.)

CRS: Clironic Restraint Stress

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

82



12.5=

LA

AN
S )

A B

L]
*'l'

&
L

»

v v VT Y
P

A AKX K

Frequency of close arms antry
W
OO
E:i"#
&

o
A

[ ..-‘

+*

o
z

MH {ma/kg, 1.P.)
CRS

Figurc 22: Effect of Morin hydrate on frequency of close arms cntry in the EPM

fotllowng chronic restraint siress exposure.
Each column indicatics mean £ SEM. 6 animals / group

A p<0.0l relative 10 VEH unstressed proup

* p < 001 relative to VEH CRS group (One-way ANOVA followed by Student-
Newman-Kculs post-hoc test),

VEH: Vchicle (normal saline 10 mlskg)
MH: Monn hydrate
GIN: Ginseng (25 mg/kg, 1.p.)

CRS: Chronic Restraint Stress

83

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Time spent in open 3rm (sec)

:

i

AN N EEENER

B E_»
| |
I‘.l L
e

] .#.-

10 20 GIN
MH (mg/kg, |.P.)

CRS

Figure 23: Effcet of Morin hydrate on time spent in the open arms of the EI'AM

following chronic restraint siecss exposure.
Each column indicales mean £ SEM., 6 animals / group.

4 p <001 relative to VEH unstnessed group

*.** p<0.0! and p <0.00! refative to VEH CRS group (Oneway ANOVA followed by

Student-Newman-Kceuls post-hoc test)
VEH: Vchicle (normal seline (0 mU/kg)
MH: Morin hydrate

GIN: Ginseng (25 mg/kg, i-p-)

CRS: Chronic Reslraint Stress

84

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




Cal e e
e e el
N N NN N RN l-“.

_-I II‘IIIIIIIIII-II.I.

'Y

GIN

1'-‘..1-"..{.““‘#
KRS
L
m_..u-.Htﬂ..ﬂ..tht."..ﬂ.."tutnﬁuﬂ#ﬂ..
.i...-_..i_.*r*.i.__.ﬁ.r*.*.*ni.._iri.ir*r.-

VEH

VEH

300~

(o0s) sune osojd uj Juads awj]

MH (morxg, I.P.)

CRS

Effect of Morin hydrale on «ime spent in ke £P'M following chronie

Figure 24

resiraint s1ress cxposure,

B —————

! goup.

=
3

Each column indicates mean 2 SEM, 6 anima!

H p<0.001 relative to VEII unstressed group

* p < 0.001 relative to VEH CRS group (One-way ANOVA followed by Student-

A Y
y D

Newmon-Keuls past-hog 1est

Vehicle {(nonnal saline 10 mlJkg)
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Morin hydrote
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i.p.)

GIN: Ginseng (25 mphke

CRS: Chronic Resleaint Stress
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Figure25: Effect of Morin hydrate on the Index of open arm avoidance in the EPM

after chronic restraing strcss

Each column indicates mean£ SEM, 6 animals / group.

#p <0.00} relative 10 VEH unstressed group

*,** p<0.01 and p< 0.001 relative io VEH CRS group (One.way ANOVA followed by
Student-Newman-Kculs post-hoc test),

VEH; Vehicle (normal saline |0 mlXg)
MIL: Morin hydraie
GIN: Ginseng (23 mg/kg, i.p.)

CRS: Cheonic Restrain! Stress
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4.11. EFFECT OF MORIN HYDRATE ON CHRONIC RESTRAINT STRESS-INDUCED
HYPERGLYCEMIA

Chronic resttaint swress caused a rise in serum glucose level. One-way ANOVA indicated a
significant ditference amongst teatment proups. Chronic restiaint stess induced glucose
upsurge significantty (p < 0.05) relative to VEH unsiressed pgroup. A significant {p < 0.05)

reversal of 1his chronic restraint stress-induced hyperglycacmia was observed upon treatment

with MH (5. 10 and 20mp/ke) (Figure 26).
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4.11. EFFECT OF MORIN HYDRATE ON CHRONIC RESTRAINT STRESS-INDUCED
HYPERGLYCEMIA

Chronic restrainl stress caused 3 1ise in serum glucese level. One.way ANOVA indicated a
significant difference amongst 1reatment groups. Chronic restiaint stress induced glucose
upsurge significantly {p < 0.05) relative to VER unsiressed gioup, A signilicant {p < 0.05)
reversal of this chronic restraint stress-induced hyperglycacmia was observed vpon treatment
with MR (5. 10 and 20mg/ky) (Figure 26).
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Figures 26: The effcct of morin hydrate on glucose concentration in chronic
) restraint stressed mice

Each column indicates mean+ SEM, 6 animals / group.

# p <0.0S relotive Lo VEL! unsiressed group

°* p < 005 relative 10 VEH CRS group (One-woy ANOVA followed by Student-
Newman-Keuls post-hoc test)

VEM: Vehicle (normal saline 10 ml/kp) = 1\
o \
MH: Morin hiydrate = ll.
. . =
GEN: Ginseng (25 mg/ke, i.p.) 4
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41.12. EFFECT OF MORIN HYDRATE ON CHRONIC RESTRAINT STRESS-INDUCED
ALTERATIONS IN SERUM LIPIDS

The impact of chronic restraint stress on changes in senwow lipids levels is presented in Table 2.
Chronic restraint swress 1riggers the mobilization of lipids as seen by Ihe significant (p < 0.05)
elevation ol tnglycerides and cholesterol relative 10 VEH unstressed group. This observed
¢levation was uptumed by Ml (5. 10. and 20 mg/kp) treaunent significanily (p < 0.05)
Furthermore, chironic restraint stress produced a significant (p < 0.05) decline in HDL cholesterol
which \was potentiated by pre-ucaument with Monn hydsate. Serum arteriosclerotic index was
noted 10 be sighificantly (p < 0.05) diminished on trcatment with MH relative to VEiT chronic

restraint stress group (Table 2). This is auributed masnly 1o the suppression of total cholesterol
and incsease in HDL cholesterol concentrations,

pp——
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Table 2: Ellect of Morin hydrate on chronic restraint stressinduced changes in Serum
lipids

Treatment Trnglycerides Total" cholesternl MDL cholesterol Athcroscierotic
(mp/kg) (mg/dl) (mg/d1) (mg/dl) index

VEHw»ne 7123 +24 $93% 1.8 36.0 £ 2.3 0.55+007
VEH(CRS) 107.0 =29 76.3+3.5" 25.0 £ 0.6 2.06 % 0.20°
MHSmpkg 937+229° 663+ 1.8* 140+ 12" 096:+£0.10°
M 10 mg/kp 89.7+£3.2° 64.721.5° 34.3+09° 0.89+0.10°
MH 20 mg/kg 823 +3.8" 580+«1.5° 35.7+£1.2* 0.63 £0.05*
GIN 727423 560%21° 36.0+1.0° 0.56 £ 006"

Each result represents the mean & SEM, 6 animals / group.

# p <0.0S relotive 1o VEH unstiressed poup

* p <00S telntive 10 VEL CRS group (One-way ANOVA followed by Stédent-Newman-Kceuls
posi-hoc test).

VEHIpa1: Vehicle unsteessed group
VEHcrs): Vehiele Chranic Restraint Stress group
MH* Morin hydrate

GIN; Ginseng (25 mg/ky. i.p.)
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4,13, EFFECT OF MORIN HYDRATE ON CHRONIC RESTRAINT STRESS-INDUCED
CHANGES IN OXIDATIVE STRESS BIOMARKERS IN MICE

Chzonic resuaint siress reduced brain GSH concentration signilicantly (p < 0.001) in comparison
to VEH unstressed group. Upon MH (S, 10, 20 mg/kg) treaiment. a signilicam (p < 0.00t) rise in
GSH concentration was noted (Figure 27}, Concentiation of MDA in brain tissues was found to
be significantly (p < 0.001) clevated by chronic restraint sicess compared with VEH unsicessed
group, and upon MH (5. 10, 20 mg/kg) treaiment, lipid peroxidation was significantly (p <
0.001) antenuated (Figure 28). Funthermore. chronic restraim siress significantly (p < 0.001)
raises brain nitrite fevels in the VEH chronic resicaint siress group relative to VEH unstressed

group as shown in Figure 29. Treaunent with MH (5, 10, 20 mg/kg) was also found to reverse
this effect signiticanily (p <0.001).

91

AFRICAN DIGlTAL HEALTH REPOSITORY PROJECT




GSH (umoalig tissue)

[
H
F ]
2' - -
-

-
n -

VEH VEH S 10 20

MH [mp/kg.t.p.}
CRS

Figurc 27: Efect of Morin hydratc on hrain GSI1I levels in mice following chronic

restraing slress cxposure.

Each column indicates mean £ SEM. 6 animals / group.
H p<0.001 rctative to VEH bhstressed gioup

* p < 0.00] reiative 1o VEH CRS pioup (One-way ANOVA followed by Student-

Newman-Xeuls post-hoc test)

VEE: Vchicle {normal saline 10 ml/kg)
MH: Morin hydraie

GIN: Ginseng {25 mp/keg, i.p.)

CRS: Chronic Restaint Stress
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Figurce 28: Effcct of Morin hydratc on hrain MDA lcvels In mice following chronic

resirnlot siress cxposure.

Eocl column indicates mean + SEM, 6 animals/ group.

# p <0.001 relotive to VEE unswressed group

* p < 000l rclolive 1o VEI! CRS group (One-way ANOVA followed bty Siwdent.

Newmon-Kculs post.hoc test),

VEH: Vehicle (normal saline 10 m1/kg)
MH: Morin hydrole
GIN: Ginseng (25 mg/kg. i-p}

CRS: Chronic Restraint Siress
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Figure 29: Effcct of Morin hydrute on hratn nitrite ievels in mice following clironic

resiraint stress exposure.
Each column indicates mean + SEM, 6 animals / group.

H p < 0.001 relative to VEH unstressed group

* p < 0.00! relative to VEH CRS gioup (One-way ANOVA followed by Student.

Newmon-Keuls post-hoc tesl.

VEI: Vehicle (nomal saline 10 mlJkg)
MH: Morin hydrate

GIN: Ginseng (25 mg/kg, i.p.)

CRS: Chronic Restiaint Siress
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4.14. EFFECT OF MORIN HYDRATE ON CHHRONIC RESTRAINT STRESS-INDUCED
NEURONAL DEGENERATION IN MOUSE BRAIN

listological studics of Ihc prefrontal cortex and hippocampal neurons of mice exposcd (o
chronic restraint stress revealed sematkable morphotogical changes in each group (Plates 1 and
2). Chronic restraint stress induced some abnormalitics and significantly (p < 0.001) reduced
total viable prefrontal cortex neurons and the hippocampal CA3 neurons retative 10 the VEH
unstressed group (Figures 30 and 33), However, the number of viable neurons was significanity
( < 0.001) increased &y MH (5, 10, and 20 mg/kg. i.p.) treatncni. These results suggest that

morin hydrate demonsuvated significant protective effects on chronic suess-induced ncuronal
damage.
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4.14. EFFECT OF MORIN HYDRATE ON CHHRONIC RESTRAINT STRESS-INDUCED

NEURONAL DEGENERATION IN MOUSE BRAIN

Histological studies of the prefromal conex and hippocampal peurons of mice exposed to
chronic restraint sicess revealed remarkable moiphotogical changes in each group (Plates | and
2). Chronic restraint stress induced some abnormalitics and significantly (p < 0.001) reduced
total viable prefrontal cortex neurons and the hippocampal CA3 ncurons refative to the VEH
unsiressed group (¥igures 30 and 33). However, the number of viable neurons was signiflicanity
(p < 0.00}) increased by MH (5. i0, and 20 mgAg. i.p.) neatncnt. These results suggest that

morin hydrate demonsuated significant protective e[fects on chronic swess-induced ncuronal
danage.
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Plate 1: Effect of Morin hydralc on morphology of prefrontal coriex neurons of

mice exposed to chronic restraint stress

(A)
(8)
(C)

(D)
{(E)
(F)

Vehicle only (normal prefrontal coriex with normal neurons)

Vehicle + CRS (significant loss of neurons and mild necrosis)

MLl 5 mg/kg + CRS (normal prefrontal cortex. clcan stroma, signilicn increase
in viable neurons)

MH 10 mg/kg + CRS (normal cortex. significantincrease in viable neurons)

MH 20 mg/kg + CRS (nonnal coitex, with viable but few damaged neurons)

GIN + CRS (normal cortex, significant increase 10 viable neurons)

Blue arrows ndicatc normal neurons while red amows indicate indicates damaged

neurons. (Original magnification X400),

MH: Morin hydrale

GIN: Ginseng (25 mg/kg. i.p.)

CRS: Chronic Restraint Stress
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Mate 1: Effect of Morin hydrnte on morphology of prefrontal cortex neurons of

mice exposed to chronic restraint stress

(A)  Vehicle only (nonnal prefrontal conex with normal neurons)
(B)  Vehicle + CRS (significant loss of neurons and mild necrosis)

(C) Ml 5 mg/kg + CRS (normal prefrontal cortex. clesn stroma, signilicant increase

in viable neurons)
(D) MH 10 mg/kg + CRS (normal concx. significant increase in viable neurons)
(E) MH 20 mg/kg + CRS (normal cortex, with viable but few damaged neurons)

(F)  GIN + CRS (normal cortex. significant increasc in viable neurons)

Blue arrows indicate norinal neurons while red arrows indicate indicates damaged

neurons. (Origina! magnification X400).

MH: Morin hydrate
GIN: Ginseng (25 mg/kg. i.p.)

CRS: Chronic Restraint Stress
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Fipurc 30: Cffcct of Morin hydrate on viable prefronta) cortex ncurons following

chronic restraint stress cxposure.

Each column indicates mean = SEM, 3 animals / group.

#p <0.00] relntive 10 VEH unstressed group

*p < 0.00] relotive 0 VEH CRS group {Onc-way ANOVA (oflowed by Student-

Newman-Keuls post-hoc test.

VEH: Vehicle (normal salinc 10 miAg)

MH: Morin hydrate

GIN: Ginseng (25 mg/AE. 1.p-)

CRS: Chronic Restraint Steess
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Plate 2: Iipact of Morin hydrate on morphology CA3 hippocampal cells of mice exposcd

lochironic restraint stress

(A) Vehicle only (nermal laycr with intoct neurons)

(B) Vehicle + CRS (irregular layer and lots of damaged neurons)

(CYMH S mgrkg + CRS (norntal layer and significant increase in viable neurons)
(DYMH 10 mg/kg + CRS (regular loyer wilh significant incrcase in viable neurons)
(E) MH 20 mg/kg + CRS (nomiol layer with intact neurons)

(F) GIN + CRS (regulor laycr with significant tncrcasc in vioble neurons)

Blue prrows indicate normal neurons while 1ed arows indicate indicaics damoged ncurons,

(Oniginal magnilication X400).
MH: Morin hydrate

GIN: Ginscng (25 mg/kg. 1-9)

CRS: Chronic Restraint Stress
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Figure 31: Effect of Morin hydrate on CAJ bippocampal ncurons nfter exposurc (o

chronic restraint stress.
Each column indicates mean SEM, 3 animals / group.
# p <0.001 retative to VEH unstressed group

*p < 0.00] relative © chronic réstrint stress group (Onc-way ANOVA followed by

| Student-Newman-Keuls posi-hoc test.

|
|
?
|
|
|

VEIf: Vehicle (normal saline 10 ml./kg)
M1 Monn hydrate
GIN: Ginseng (25 ma/kg. 1.p.)

CRS: Chronic Restraint Stress
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Fipure Ji: Effect of Morin hydratc on CAJ hippocampal ncurons after cxposure to

chronic restraint stress.

Each columnindicotes mean £ SEM, 3 animols/ group.

4 p < 0.00] relative to VEH unstsessed group

* p < 0.00] reialive to chronic réstraint stress group (One-way ANOVA followed by

Student-Newmon-Keuls psost-hoc test.

VEU: Vehicle (norma! saline 0 mL/kg)

M1l Morin hydrate
GIN: Ginseng (25 mp/Ag, i.p.)

CRS: Chronic Restraint Stress
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1.15. MORIN HYDRATE ENHANCES MEMORY FUNCTION IN SLEEP DEPRIVED
MICE

Forly cight (48) hours REM sleep deprivation significanly (p < 0.001)} impaired memory
perforance as indicated by the decrease in percentage altemnation abserved in VEH PSD group
relative 10 VEH unsiressed group. However, MH treatment (S and 10 mg/g, i.p.) induced o

significant (p < 0.05) improvement in percentage alternation relative to VEH PSD group,
indicating memory enhancement (Figure 32).
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Fipure 32: Lficcts of Morin hydrate on memory performance following PSD
Each column indicales mean £ SEM, 6 animals / group

#p < 0,001 relative 10 VEH unsiressed group

* p < 0,05 rclative to VEH PSD group (Onc-way ANOVA foltowed by Student.
Newman-Keuls posi-hoc test.

VEH: Vehicle {(normmal saline 10 mL/Rg)
MH: Morin hydrate

GIN: Ginseng (25 mg/kg, i-p.)

PSD: Paradoxical Slecp Deprivation
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1.16. MORIN HYDRATE MITIGATES ANXIETY.LIKE BENAVIOUR IN MICE
FOLLOWING bSD

REM sleep deprivation for 48 h significantly reduced the duration (p < 0.001) and frequency of
open ams expioration {p < 0.05), and consequenily enhanced the duration and frequency of
closed arms exploration in the EPM in a significant manner as shown in Figures 33, 34, 35 and
36. However, a significanl (p < 0.01) eclongation of duration and frequency of open arins
exploralion was noted upon treatment with MH (S, 10, 20 mg/kg, i.p.) compared 1o VEH °SD
group. This demonstrales the proteclive effect of MH against anxiety -like behaviours afier sieep

deprivation. MH (5. 10, 20 mg/kg. i.p.) also signilicantly (p <0.001) reversed the increase in the
index of open arm avoidance compared with VEH PSD group (Figure 37).
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Fipure 33: Effect of Morin hydrate on time spent in the open arms of the EPM

following PSD.

Each column indicates mean + S.E.M, 6 animals / group

#p <0.001 rejative to VEM unsiressed group

*p < 00! relative to VEH PSD geroup (One-way ANOVA followed by Student-

Newman-Keuis post-hoc lesi).

VEH: Vehicle (normal saline 10 ml fkg)
MIL: Morio hydrate

GIN: Ginseng {25 my/kg. i.p.)

PSD: Paradoxical Sleep Deprivation
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Figurc 34: FEffect of Morin hydrate on time spent in the close arms of the ET'M
following PSD.

Each column indicates mean & S.E.M. 6 animals / group
¥ p <0.001 ielative to VEH unsiressed geoup

* p < 0.0 relative to VELH PSD group (Onc.way ANOVA followed by Student-
Newman-Keuls post-hoc test).

VEH: Vchicle (normal saline 10 mi/kg)
M1 Morin hydrale
GIN: Ginseng (25 mg/kg, i.p.)

PSD: Paradoxical Slcep Deprivation
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Figure 35: Effect of Morin hydrate on the frequency of open arms exploration in the
EPM following PSD,

Values represent the means £ SEN, 6 animals / group.

# p <0.05 relative 1o VEI unstresscd group

* p < 0.0] relative 1o VEH PSD group (One-way ANOVA {oliowed by Student-
Newman-Keuls post-hoc test.

VEH: Vehicele (nofma! saline 10 mUkg)

MH: Morin hydrate
GIN: Ginseng (25 ing/kg. i.p.)

PSD: Paradoxical Sleep Deprivation
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Fipure 36: Effcct of Morin hydratc on (ke frequency of close arms esploration in the
EPM following PSD.

Volues represent the means £ SEM., 6 animals / group.

A p <0.05 relative to VEH unsiressed group

* p < 0.01 relative to VEH PSD group (One-way ANOVA followed by Student-
Newman-Keuls post-hoc ¢esi.

VEH: Vehicle (normal saline 10 mUL/kg)

MH: Morin hydrsic
GIN: Ginseng (25 mg/kg, i.p.)

PSD: Parudoxical Sleep Deprivation
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Fipurc 37: Effect of Morin hydrsic on the index of open 2e¢ms avoidance in the EPM

following I’SD.

Values represent the means + SEM, 6 animals / group.

# p <0.001 relative to VEH unstressed group

*p < 0001 relative to VEH PSD group (One-way ANOVA foltowed by Studenl-

Newman-Keuls post-hoc test.

VEH: Vehicle (normal salinc 10 m/kg)
MH: Morin hydsate

GIN: Ginseng (25 mg/hg i.p.)

PSD: Paradoxicat Slcep Deprivation
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4.17. MORIN HYDRATE MITIGATES SPOXTANEOUS MOTOR ACTIVITY IN MICE
FOLLOWING PARADONICAL SLEEP DEI'RIVATION

‘The impact of 48 h sleep deprivation on motor activily of mice i as shown in Figure 38. Sleep
deprivation enhanced motor activity significantly (p < 001) reiative 1© VEH unstresced grouvp.
However, MH (5, 10. 20 mg/kg, i.p.) treatment upiumed the observed effect significantly (p <

0.01).
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Figure 38: Elfcct of Morln hydrate on spontancous motor activity following PSP,
Each column indicates mean4 S.E.M. 6 animals / grouy

# p <0.05 relalive 10 VEIT unstressed group

* p < 001 rclalive 1o VEH PSD group (One-way ANOVA f(ollowed by Student-
Newman-Keuls post-hoc lest

VEH: Vehicle (normal saline 10 ml/kg)
MH: Morin hydrate
GIN: Ginseng (25 mg/kg. i-p.)

PSD: Paradoxical Sleep Deprivation
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L8, MORIN HYDRATE MITIGATES OXNIDATIVE §

. TRESS IN MICE BRAINS
FOLLOWING PARADOXICAL SLEE}

DEIPRIVATION

Forty clght hours slecp deprivation reduced brain GSH levels significantly relatlve 1o VEH
unsiressed group. Ireatment with M1l (S, 10, 20 mg/kg, i.p.) however, overiumed this reduction
In brain GSH fevels significantly (p < 0.001) (Figure 39), Brain MDA lcvels, an Index of |ipid
peroxidation increased slgnificantly (p < 0.001) in the VEI1 PSD group relative to VEI
unstresscd group and was sigmficantly reversed by MN (Figure 40). Funhermore, PSD
signilicantly (p < 0.001) raiscd nilnite concentemtlon in the vehicle PSD group relative 0 VEH

anstressed group (Figured1): The Ml (5, 10, end 20 mgkg, i.p.) treatment also significantly {p
< 0.001) reveesed this efTect..
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Figure 39: Effect of Morin hydrate on brain GSH levels following I'SD.
Each column indicales mean £ S.E M, 6 animals / group

# p <0.00! relative to VEH unstressed group

* p < 0.00§ relative 0 VEH PSD proup (One-way ANOVA followed by Student-
Newman-Keuls post-hoce test).

VEH: Vehicle (nonnal salinc 10 ml/kp)
MH: Morin hydrate
GIN: Ginseng (25 mg/kg, i.p.)

PSD: Paradoxicat Sleep Depr vation
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Figurc 30: Effcct of Morin &kydrate on brain MDA Ievels following I'SD
Each column indicales mean £ S.E.M, 6 animals / gioup

# p < 0.001 relative 1o VEH unsiressed group

* p < 0.00I relative 0 VEIl PSD group (Onc-way ANOVA followed by Stwudent-
Newman-Keuls post-hoc test),

VEH: Vehicle (norma! saline 10 m1 /kg)
Mit: Motin hydrate
GIN: Ginseng (25 mg/kg, i.p.)

PSD: Pasodoxicat Sleep Deprivation
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Figure 41: Effcet of Morin iiydrate on hrain nitrite concentration following PSD

Bach column indicates mean+ S.E.M, 6 animals / group

# p < 0.001 relative to VEH unstressed group

" p < 0.0) reistive to VEH PSD group (Onc-way ANOVA followed by Student.
Necwmnn-Keuls post-hoe test).

VEH: Vchicle (normat saline 10 mUXg)

MH: Morin hydrate
GIN: Ginscng (25 mg/kg. i-p-)

PSD: Paradoxical Slcep Deprivation
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~ 4.19. EFFECT OF MORIN HYDRATE ON THE DENSITY OF HIPPOCAMPAL CAl
PYRAMIDAL NEURON IN SLEEP DEPRIVED MICE

Histologzcal studies of the hippocampal CAL pyramidat aewons of mice cxposed to 48 hsleep
deprivation revealed remarkable neuropathological changes in the representative in cach group
(Mate 3). Forty eight hours steep deprivation induced some ifrcgularitics in the pyromidal layer
and significantly (p < 0.05) seduced viable neurons population selative to VEH unsiressed group
(Figure 42). tlowever. the population of viable ncusons was significantly (p < 0.001) increased
upon MH (5. 10, and 20 mg/kg, i.p.) \reaiment. Thiese results futhier buttress the suggestion that

the anti-stress action of Morin hydrate might be linked 10 its neusoproteclive property.
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Plate 3: Effect of Morin hydrate on morphology of neurons in the CA1 pyramidal layer of

= mice hippocampus following PSD

(A) Vehicle only (normal layer with intact ncurons devoid of any lesion)

(B) vehicle + PSD (itregular layer and severe necrosis of neurons)

(C) MH 5 mp/kg + PSD (norme] layer with very mild diffuse gliosis)

(D) 10 mg/kg + PSD (normal layer with significant increase in viable neufons)
(E) 20 mg/kg + PSD (novmal layer with significant increase in viable neurons)

(F) GIN + PSD (notmal layer with significant incicase 1n viable neufons)

Blue arrows indicate normal neurons ‘while red arrows indicoie indicates damaged neurong

{Original mognification X400).
MH: Morin hydrate
GIN: Ginseng (25 mg/kg. i.p.)

PSD: paradoxical Steep Deprivation
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Fipure 42: Effcet of Morin hydrate or density of viable CAl pyramidal ncurons of mice
fallowing PST).

Each columnindicates mean £ S.E.M. 3 animals / group

# p <0.001 relative 1o VEH unstressed group

* p < 0.00i relative 10 VEH PSD group (Onc-way ANOVA lollowed by Student-
Newmen-Keuls post-hoc test).

VEH: Vehicle (normal saline 10 mike)
MH: Morin hydsate
GIN: Ginseng (25 mg/kg. i-p.)

PSD: Parndoxical Sleep Deprivation
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4,20. EFFECT @F MORIN [IYDRATE ON ANXIETY-LIKE BENAVIOR IN MICE
FOLLOWING CHRONIC UNPREDICTANLY STRESS EXI'OSURE

The eftect of Morin hydeate on frequency and duration of exploration in bolh nnns of the EPM
are as shown in Figures 43, 44,45 and 46. Chronic unprediciable siress signiticantly (p < 0.05)
reduced the frequency of open afins cxplormtion and as a result increased exploration in the
closcd nrms. The CUS also cnhanced the dumation of closed arms exploration significantly (p <
0.05) relative to the VEH unstressed group. Morin hydrmte (S, 10, and 20 mg/kg, ip,) increased
the frequency (p < 0.03) and duration (p < 0.001) of open anns expiormtlon significantly relatsve
w0 the VEH CUS group. Morcover. MH (5. 10, 20 my/kg. L.p.) signilicantly (p < 0.001) reversed

the increase in the index of open nrm avoidance compared with VEII PSD group (Figure 47),

further butressing the protective effect of MIi ngainst anxlely-like behaviours afler stressful
cxposure,
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Figurce 43: Effect of Morin hydratc an (he frequency of opcn arms cxplorstion in the
EPM loltowing CUS exposure,

Each column indicates mean £ S.E.M, 6 onimals / proup

#p <0.05 relativeto VEH unstressed group

*p < 005 relative to VEH CUS proup (Onc-way ANOVA followed by Student-

Newman-Keuls post-hoc test).

VER: Vehicle (nonnal saline 10 miJkg)
MH: Morin hydraic

GIN: Ginseng (25 mp/kg. i.p.)

CUS: Chronie Unprediciable Stress
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Figure d-b: Effect of Morin liydrate on the frequency of close arms cxploralion in the

EPM following CUS cxpesurc.

Each column indicates mean + S.E M, 6 animals / gloup

#p <0.0S relative 1o VEH unsiressed group

*p < 0.05 relative to VEH CUS group (Onc-way ANOVA f(ollowed by Student-

Newman-Keuls post-hoc (est).

VEH: Vchicle (normal saline 10 mUXE)
MLl: Mosin hydraie

GIN: Ginscng (25 mp/kg, i.p.)

CUS: Chronic Unpredictablc Suess
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Figure 45; Effcct of Morln hydrate on time spent in open arms of the EPM (oblowing
CUS exposure.

Each column indicates mean £ S.E.M, 6 asimals / group
# p < 0.05 relotive to VEH unstressed group

*p < 0.00] relative to VEH CUS group (One-way ANOVA followed by Student.
Newman-Keuls posthoc test). |

VEH. vehi¢le (normal saline 10 ml/kg)
MH: Monn hydrate
GIN: Ginseng (25 mg/ke. i.p.}

CUS: Chronic Unprediciable Stress
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Frgure 462 Effcct of Morln hydrate on Ilme speat in the close arms of the FI'M
followlng CUS cxposure.

Each column indicates mean £ S.E M, 6 animals / group

N p < 0.05 relative to VEH unsiressed group

* p < 0,001 relative to VEH CUS group (Onc-way ANOVA followed by Siudent-
Newman-Keuls posti-hoc test).

VEH: vebhicle (norma! salinc 10 mL/kg)

MH: Morin hydrate

GIN: Ginsenp (25 mg/kg. t.p.)

CUS: Chronic Unpredictable Stress
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Figure .17: Effect of Morin hydrate on the Index of oficn srms avoidance in the EI’M

foltowing CUS.
Each column indicates meanz S.E.M, 6 animals / group

# p <0.001 relative 10 VEH unstressed group

*p < 000l relative 10 VEH CUS group (Onc-way ANOVA followed by Siudent-

Newman-Keuls post-hac 1est).
VEH: Vehicle (normal saline 10 ml.Ag)

MH: Monn hydrate

GIN: Ginseng (28 mg/keg. i.p.)

CUS- Chronic Unpredictable Stress |
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{21, EFFECT OF MORIN iIYDRATE ON MEMORY

FUNCTION SURJECTED TO
CIIRONIC UNPREDICTABLE STRESS.EXPOSE '

D MICE

Stress has been known 10 itpair memoty functions and in this study, CUS was observed 10
impm.l’ working memorY in the Y maze pamdigm as depicied by the reduction in pereentage
alternation (Figure 48). However, MH (S, 10 and 20 mg/kg) Ircaiment enhanced memory
perfonmance significantly (p < 0.05) as scen by the increase in percentage alteenation in the

ircatment geoups compared 1o the VEIL CUS growp.
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Figure 48: Effect of Morln hydrate on memory function in CUS-cxposcid mice.
Each column indicates mcan + S.E.M, 6 animals / group
# p <0.05 relative 10 VEH unstressed group

*p < 0.00! relative 10 VEH CUS group (Onc-way ANOVA folliowed by Student-

Newman-Keuts post-hoc test).

VEH: Vehicle (normal saline 10 ml/kg)
MH: Morin hydrate

GIN: Ginseng (25 mg/Xg. t9.)

CUS: Chronic Unprediciable Stress
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1.22, EFFECT OF DMORIN HYDRATE ON SPONTANEOUS MOTOR ACTIVITY IN
CHIRONIC UNPREDICTABLE STRESS

Eiect of Morin hydrale onthe spontoncous motor activity of mice following CUS exposure is as
shown in Figurc 49. Chronic unpredictable stress significonily (p < 0.001) reduced spontancous
molor octivity os scen in VEEH CUS group relotive 10 VEH unstzessed group. However, chronie
MH (S, 10. and 20 mg/kg) treatment 1eversed this observed seduction signif-cantly (p < 0.001)
relative 1o VE CUS group.
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Figure 49: Effcct of Morin hydrate on spontaneous motor aclivity following CUS.
Each column indicales mean £ S.C.M. 6 animals / group
#p <0.05 relativc 10 VEH vnstressed goup

* p < 0.001 relative 10 VEH CUS gioup (Onc-way ANOVA followed by Student-
Newman-Keuls post-hoc 1est).

VEH: Vehicle (normal saline 10 mtJXg)
MH: Morin hydrate
GIN: Ginseng (25 mg/kg, i.p.)

CUS: Chronic Unpredictable Stress
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1.23. EFFECT OF MORIN 1YDRATE ON BLOOD GLUCOSE IN MICE EXI'OSED TO
CIIRONIC UNPREDICTABLE STRESS

Cheanic Unprediciable siress signilicantly (p < 0.00i) heighicned blood glucose level as noted in
VEH CUS group compared to VEH unstressed group. A significant {(p < 0.001) overturn of this

¢hronic unprediclable siress-indueed hyperglycaemia was observed ujson long-lerm trestment
with Mi1 (5. 10 and 20mg/kg) (Figure $0).
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4.2). EFFECT OF MORIN ITVDRATE ON BLOOD GLUCOSE IN MICE EXPOSED TO
CIRONIC UNPREDICTADBLE STRESS

Chronic unpredictable stress significantly (p < 0.001) heightened blood glucose level as noted in
VEH CUS group compared to VEI unsirgssed group. A significant (p < 0.001) overium of this

chronic unprediclable stress-induced hyperglycacmis was obscrved upon long-lerm ireatment
with MI1 (S, 10 and 20mg/kg) (Figure 50).
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Fipure 50: Effcct of Moarin iydrate on bitood glucose level lollowing CUS.

Each column indicates mean + S.E.M, 6 animais / group
#p <0.001 relative to VEH unsiressed group

* P < 0.00] relative to VEH CUS group (One-way ANOVA followed by Student-

Newman.Keuls post-hoc tcst).

VEH: vchicle (normal saline 10 mL/Xg)
MH: Morin hydrate

GIN: Ginseng (25 mg/kg. i-p.)

CUS: Chronic Unpredictable Siress
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$24. MORIN IIYDRATE INFLUENCES SERUM LIPIDS CONCENTRATIONS IN
MICE EXPOSED TO CIHIRONIC UNPREDICTABLE STRESS

Caronic unpredictable stress triggers lipids mobilization as obscrved by the sigmficant increase
intota) cholesicrol (p < 0.001) and serum triglycer:de (p < 0.01) seiative to (he VEH unstessed
group (T'able 3}. Morin hydratc trcatment (5, 10, and 20 mg/kg) attenuated this observed increase
in serom cholestcrol and triglyceride signilicantly (p < 0.05). Furihermore, CUS reduced HDL
cholestcrol (good cholesticrol) levels significantly (p < 0.05), an clTect which was overibmed by
treatment with Morin hydrote, Scrum asterrosclerotic index was also reduced in a significant

manner (p < 0.001) in the treatment groups relative 1o the VEH CUS group,
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Table 3: Effect of Morin hydrate on serum lipids in chronic unpredlciable siress —esposcd

mice
Trcatment Triplycerides Total 1L Atherosclerobic
(mi:/kc) {mgld') CIIO'cSlCI’OI cholcstcrol index

(mp/dl)

(mp/dl)

VEIuns) 36.67 .86 46.00 + 4.16 36.67 £ 1,76 0.28 £ 0.07
VEH (cus) 5533+ 1.76"  77.33 £ 1.86"™ 25.33 + 1.76° 1.59 + 0.20"
MHSmphg  44.33+240° 65.00 + 0.58 32.00 20,58 1.03 £ 0.05°°
Ml 10me/ke  44.00 £ 3.05*  60.67 + 3.48° 34.67 £3.67° 077 £009°°
MH 20 mp/kg 45.67+233*  59.00 + 2.65° 34.00+£0.58*  0.73 £0.05%*°
GIN 45674273  5767+£2.19° 3433+ 088*  0.68 £0.03°°*

Each result indicates mean £ S.E. M, 6 animals / group
#p<0.05, H# p < 0.01 and ### p < 0.001 relative 10 VEN unsiressed group

"p <0.05 ** p <00l and *** p <0.001 relative to VEH CUS group (Onc-way ANOVA
followed by Student-NewmanK euls posi-hoc test).

VEHnns;: Vehicte unstressed group
VEHcysy: Vehicle chronic unpredictable stress £roup

MH: Morin hydsate

GIN: Ginseng (25 me/kg. 1.2.)
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4.25. EFFECT OF PRETREATMENT WITH MORIN HYDRATE ON CIIRONIC
UNPREDICTABLE STRESS -INDUCED ADRENAL 11YPERTROPHY

Exposuze of mice 10 CUS increased adrenal plands weights in a significant manncry (p < 0.09) as
scen inthe VEH CUS group refative to VEH unstressed group. Moria hydraze (5. 10, 20 me/kg
i,p.) treatment significanily (P < 0.01) inhibited CUS-induced adrenal hyperirophy as compared
101he VEH CUS gioup (Figure 51).

131

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Relative welight

0.100 #_

------
-------
-------
rrrrrrr
.......
ol ]

i
o
~
"

0.050

0.025

0.000

VEH VEH 5 10 20 GIN

MK (mglkg,i.p.}
cus

Figure §1: Effect of Morin hydratc on adreensl gland weight of mice (ollowing CUS.

Lach column indicates mean £ S.E.M, 6 animais / gtoup

#p <0.01 rclativeto VEH unsiressed group

*p <00l rclstive to VEH CUS gioup (One-way ANOVA f(ollowed by Student-

Newman-Keuls post-hoc test).

VEH: Vehicle (normal saline 10 mikg)
MH: Morin hydfate

GIN: Ginseng (25 mg/kg, i.p.)

CUS: Chironic Unpredictable Stress
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136. EFFECT OF MORIN HYDRATE ON BLOOD CORTICOSTERONE LEVELS
FOLLOWING CHHRONIC UNPREDICTABLE STRESS EXPOSURE

The effect of CUS on HPA axis activation as represented by conticosterone fevels i as shown in

Figure 52. One-way ANOVA revealed thal serum conicosterone was significantly (p < 0.001)

incccased following CUS exposure as seen in VEH CUS group relative wo the VEH unstressed
goup. Morin hydrate wreatment (5, 10 20 mpkg, i.p) onenuated this increase in serum

corucosterone In a significant manner (p < 0.05). This shows that CUS activaied the HPA axis

and (reaiment with Morin hydrale suppresses the aciivalion, demonsleating its anli-siress 1

polential.

i
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i
et

133

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



4.26. EFFECT OF MORIN IIYDRATE ON BLOOD CORTICOSTERONE LEVELS
FOLLOWING CHHRONIC UNPREDICTABLE STRESS EXPOSURE

The¢ffect of CUS on HPA axis activation as represented by corticosterone levels ts as shown in

Figure 52. One-way ANOVA revealed thal serum conicosierone was significantly (p < 0.001)
increased following CUS exposure as seen in VEH CUS gioup relative to the VEH unstessed |

grosp. Morin hydraie treatment (5. t0 20 mgAg, 1.p.) anenuated this :ncrease in Serum

corlicosicrone in a significant mannes (p < 0.05). This shows that CUS activated the HPA axis

and uwcatment with Morin hydrate suppresses the activation, demonstraling ils anti -stress |

potential. |
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426, EFFECT OF MORIN HYDRATE ON BLOOD CORTICOSTERONE LEVELS
FOLLOWING CHRONIC UNPREDICTABLE STRESS EXPOSURE

The effect of CUS on HPA axis activation as represented by corticosterone levels is as shown in
Figure 52. One-way ANOVA revealed that serum conlicosicrone was sigaificantly (p < 0.001)
increased following CUS exposure as seen in VEH CUS group relalive 1o the VEH unstressod
group, Merin hydrate trecatment (S, 10 20 mg/kg, i.p.) ancnuated this increase in serum
conticosterone in @ significant manner {p < 0.05). This shows Ihat CUS activated the HPA axis

and treatment with Morin hydrate suppresses the activation, demonstrating ils anti-steess
polealial.
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Figure 52: Effect of morin hydrate on serum corticosteronc level in CUS mice

Each column indicates mean £ S.E.M, 6 ammals / group

Hp <0.00I rclptive 10 VEH unstiessed group

* p < 0.05 relalive 10 VEH CUS group (One-way ANOVA followed by Student-

Ncwmon-Keuls post-hoc test).

VEH: Vchicle (normel salinc 10 mikp)
MH: Morin hydrate

GIN: Ginscng (25 mg/kg. i.p.)

CUS: Chronic Unpsedictable Stress
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$27. MORIN HVDRATE ALTERS THE LEVEL OF OXIDATIVE STRESS
BIOMARKERS IN MICE SUBJECTED TO CUS

Chronic unpredictable stress significantly (p < 0.00[) reduced brain GSH concentrauon as seen
inthe VEH CUS group relative to VEH unsiressed group. Morin hydrate treatment (S, 10, 20
me/kg i.p.) upturmed the decrease in GSH concentiation significanily (p < 0.001) compaicd to
VEH CUS group {Figurc 53). Also, brain MDA level was clevated by CUS compared with the
VEH unsiresscd group. Morin hydrate treaiment (5, 10, 20 mghkg i.p.) oticnuated lipid
peroxidation by reducing brain MDA levels significantly (p < 0.001) as seen in the uratment
groups relative 1o VEH CUS group (Figure 54). Funhermore, CUS significontly (p < 0.001)
elevated brain nitrite level but pretreatment with MH (S, [0, 20 mp/ig) reversed Lhis incnease in
nilrite concentration in a significant manncr (p < 0.001) as seen in the Licalmenl groups

compared to VEH CUS group (Figure §5)
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Figurc 53: Effect of Morin hydrate on broin GSH level following CUS exposure

Each column indicatcs mecan £ S.E.M, 6 amimals / group

#p<0.00] relative to VEI unstressed group

* p < 0.001 rclotive to VEH CUS gioup (One-way ANOVA foflowed by Student-

Newman-Kculs post-hoc test).

VEH: Vehicle (normal saline 10 ml./kg)
MH: Morin hydraic

GIN: Ginseng (25 mg/kg, i.p.)

CUS: Chronic Unpredictable Stress
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Figure 54: Effect of Morin hydeate on hrmin MDA tevel folfowing CUS exposure

5 10 20 GIN
MH (mg/kg, i.p.)
Cus

Each column indicates mean £ S.E.M, 6 animals / group

4 p < 0.00] relative to VEH unstressed group

*p < 0.00) relotive to VEH CUS group (One-way ANOVA (lollowed by Siudent-

Newmsn-Kculs post-hoc test).

VEH: Vchicle (normal saline 10 ml/xg)

MH: Morin hydrate

GIN: Ginseng (25 mg/kg, i.p.)

CUS: Chronic Unprediclablc Siress
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Figure 55: E(fcct of Morin hydrute on brain nitrile level in CUS-cxposed mice

Each column indicaics mean+ S.E.M., 6 animals / group

¥

-—

#p<0.001 relative to VEI{ unstressed group

*p < 0.001 retative 1o VEIl CUS group (One-way ANOVA followed by Student-

B R e —

Newman-Kculs post-hoc test).

VEH: Vehicle (normal saline 10 mLXg)

S
&

B —

Mit: Morin hydrate

.

e

GIN: Ginseng (25 mg/kg, i-p-)

*1BA0AN UNIVERSITY LIBRARL |

'3

CUS: Chronic Unpredictable Steess
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428 EFFECT OF MORIN HYDRATE ON PROINFLAMMATORY CYTOKINES
LEVELS FOLLOWING CHRONIC UNPREDICTABLE STRESS EXPOSURE

The expression of TNF-a and IL-1f} in mice brains following CUS expasure and the modulstory ]
effect of Morin hydrzic isas shown in Figures 56 and 57. Chronic unpredictable stress exposure |
sighificantly (p < 0.001) enhanced TNF.a and 1L-1§ concenirations in micc brains as noied in
e VEH CUS group relative to the VEH unstressed group. Morin hydrate icaiment (5. t0, 20
mg/kg) however, significantly (p < 0.001) uptumed the observed clevations sugges!ing anti-

neuroinflammatory activity.
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Figure 56: Effcct of Morin hydratc on TNF-a level in mice cxposed to CUS

Each column indicales mean + S.E:M, 6 animals / group

#p<0.001 relativeto VEH uns(ressed group

*p <0001 refotive to VEH CUS grovp (Onc-way ANOVA (ollowed by Student-

Newman-Kculs post-hoc test).

VEH: vehicle (normal saline 10 ml./kg)

MH: Morin hydrate
GIN: Ginseng (25 mg/kg. i.p.)

CUS.: Chronic¢ Unprediciable Stress
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H {mg/kg. |.p.)
cus
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Figure 57: Effect of Morin hydratc on IL-1]) leved in mice exposed to CUS

Each column indicates mean £ S.E.M, 6 animals / group

Hp<0.001 relative to VEH unstressed group

*p <0.001 relative to VEH CUS group (Onc-way ANOVA followed by Student-

Newman-Keuls post-hoc test).

VEH: Vehicle (normal saline £0 mL/kg)
MH: Morin hydrote

GIN: Ginseng (25 mg/ke. i.p.)

CUS: Chronic Unpredictable Stiess
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429, EFFECT OF MORIN HYDRATE ON CHRONIC UNPREDICTABLF. STRESS-
INDUCED NEURONAL DEGENERATION IN MOUSE BRAIN

The cffect of Morin hydeate on CUS-mduced structural changes in hippocampal comu ammonis 3
(CAJ) pysramidal layer and dentate gyrus ncurons in mice brains are shown in Phies 1 and 5.
Chronic unprediciable stress exposure induced some ncuropathological changes in the hippocampus.
Funhermore, CUS significanly (p < 0.601) cause a reduction in the population of viable CA3J
pysamidal and denlale gyrus ncurons when compared to VEH suessed goup, suggesting
neusodegencration (Figures 58 and 59). Adminisuation of Morin hydrate (5, 10, 20 mgkg i.p.)

mit:gated the loss of viable ncurons which further suggesis neusoprotective effect.
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Pate 4: EfTect of Morin hydrate on morphology of hippocampal CA3 pyramidal ncurens in |

nice following CUS exposure

A) Vehicle only (normal patiem of neurons and ccllular layers)
B) Vehicic + CUS (irregular layer and necrosis of neurons)
MH 5 mg/kg + CUS (normal ncuronal cells with no visible lesion)
DIMII 10 mg/kg + CUS (relatively nominal necurons)
1£MH 20 mg/kg + CUS (relatively normal neurons)

) CIN + cUS (normal ncuronal cells, modertc increase in glial cells: astrocytosis)

B4 amows indicate normal neurons while red arrows indicate indicates damaged neurons.

%iginal magnification X400).

b Morin hydrale

Giseng (25 me/kg. 10 -”'

4]

§: Clironic Unpredictable Stress g
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Figure S8: Effect of Monn bdydrale oa 1he density of visble CAY bippocsmpsl

acurons in mice following CUS expossrr.

Each column indicates mean £+ S.E M. 3 aumals / group

#p <0.00! refative to VEH unsticssed group

*p< 00l and ** p < 000! relative o VEH CUS group (Onc-way ANOVA (oloucd by

Student-Newman- Keuls post-hoc tesi).
VEH: Vchicle (normal saline t0miAg)
Mil: Morin hydrate

GIN: Ginseng (25 mg/xg. i.p)

CUS: Chionic Unpredictable Stress

[
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§ Plate S: Effect of Morin hydrate on morphology of the hippocnmpal dentate gyrus neurons

in mice lollowing CUS exposure

:
A) Vehicle only (normal celiular fayeis and intact neurons) k

is of neurons)
8) Vehicle + CUS (irrcgular layer and severe neciost n .
) Vehicle + CUS (irrcg r vacuolation with no visible lesion)

[C)MH S mg/kg + CUS (normal Neurons, few fociO

D)MH 10 mg/kg + CUS (regular layer with felativel

| neuions)
latively ordered 19yer and norma |
YMI120 mg/kg + CUS (relatively e increasc in glial cells aslrocy!osis)

y noimal neurons)

GIN + CUS (normial ncurondl cells. moderat
jed QIFOWS indicote indicates damaged neurons.
¢

: whii
R Blue arrows indicate normal neusons

{Ongingl magnification X400).
MH: Morin hydratce
GIN: Ginseng (25 mg/kg, i.p.)

CUS: Chronic Unprediciable Stress
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Figurc 59: Effect of Morin hydrate on hippocampal denwate gyrus neurons density in

mice exposcd to CUS,

Each column indicates mean £ S.E. M. 3 animals / proup

VEH

S 10 20

MH (mg/kg, 1.p.}

Cus

#p <0.001 relative to VEH uastressed groop

*p < 0.001 relative to VEH CUS group (Onc-way ANOVA followed by Student-

Newman-Keuls post-hoc test),

VEH: Vehicle (normal saline 10mi/Ag)

MH: Morin hydrate

GIN: Ginseng (25 mg/kg. i.p.)

CUS: Chronic Unpredictable Stress
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| 0. grnzt'r OF MORIN IYDRATE ON THF EXPRESSION OF NF-xB AND iNOS IN
THE MPPOCAMPUS FOLLOWING CUS EXPOSURE

The efiect of monn hydrate on immunohistochemical alierations ssised by CUS and the
expressions of INOS and NF-xB paoaitive cells in the hippocaopi of mice is shown in the
pholomico@aphs tn Plates 6 and 7. Relative to vehicle only group, CUS augmemed iNOS and
NE-uB expressions in the hippocampus as indicated by the intensity' of brown colormiion in the
slides as shown in Plaies 6 and 7, which was funher butirecsed by the number of positive ceils as
shown in liguses 60 and 61, Morin hydrate admirustsation (3, 10, and 20 mg/kg ip.) however.
decreased both INOS and NF-«B expressions, This fimther suggests 1hat the ami-stress actions of
Monin hydrate could be as a result of its ncuroproiective effecs
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Plate 6: Photomicrograph representing the «offect of morin  hydrate on

Immunohlstochemici] alterations and expression of iNOS positise cells in the hippocampus

following CUS exposure

A: Vehicle only

B: Vehicle + CUS

C MY 5 mgkg + CUS

B MU 10 mgrkg + CUS

E'MH 20 mg/kg + CUS

EGIN + CUS

E (Criginal magnification X400)

3H: Morin hydrate

GIN: Ginseng (25 mg/kg. i-p)

(s: Chronic Unprediciable Stress
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Figure 60: Effect of Morin hydrale on expression of iNOS positise cells in the

hippocampus following CUS exposure.

Each column indicaies meon £ S.E.M, 2 animals / group

# p <0.00f relative 10 VEH unstressed group

* p < 0.001 rclativc to VEH CUS group (Onc-way ANOVA followed by Student-

Newman-Keuls post-hoc test).

VEH: Vchiclc (nonnal saline 10 mL/kg)
ME[: Morin hydrate

GIN: Ginseng (25 mg/kg. i-p)

CUS: Cheonic Unprediclable Stress

iNOS: Inducible nitric oxide synihose
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Plate 7: Photomicrograph

immunohistochemical changes and expression 0

following CUS exposure

A: Vchicle only

8. Vehicte + CUS

C:MH 5 mp/kg + CUS

D:MH 10 mg/kg + CUS

E'MH 20 mg/kg + CUS

:GIN + cUs

0riginal magnification X400)

MH: Morin hydrate

BiN: Ginseng (25 mg/kg. i-P-)

LUS: Chronic Unpredictable Stress
WF-Kb: Nuclear factor kappa B

representing the ciTect hydrate

[ NF-xU posilive cells in the hippocampus
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Figurc 61: Effcct of Morin hydmate on NF-x8 positive cells expression in the

hippocampus lollowing CUS cprsurc.
Each column indicates mean + S.E.M. 2 antmals / group

#p <0.00I rclative to VEH unstressed group

* p <0.000 relative o VEH CUS group (Onc-way ANOVA followed by Student.

Newman.- Kculs post-hoc test).

VE!H: Vehicle (normal saline 10 ml/Xg)
MH: Morsin hydrate

GIN: Ginseng (25 mp/kg. i.p.)

CUS: Chronic Unprediciable Stress
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CHAMER FivE

DISCUSSION

The physiological changes induced by stress are under nommal circumstances sclf-limiting aod
adaptive, but when the siressful event ovenrides it's ‘thseshold’ dimits or maintamed for cxicnded
periods of titnc, i1 becomes imeversible. and most physiological sysiems become negatively
affccicd (Huang er a/., 2015).  Therefore, ihe knowledge of odaptation has cmerged which
cenires on explicaling the mechanisms that aid in countcraciing extrcmc and cxcessive respenses

tositess While augmenting the coping mechanism (Rai e1 af., 2003).

Adaplogens are substances thot are meant to produce a ‘noa-specific’ resistance stolus 10 various
stressors in organisms while normalizing the ovceall physiological function of the body by
promoting homeostasis, strengthening and protecting the body against divesse steessors which
compromise body systcms and functions (Lakshmi and Sudhakor. 2009). Thus, the anti-stress

activity of an adaptogen is attributcd to ts capability to boost ndaptation during stressful

exposure (Roshan er al., 208 0).

The principle on which the swimming endurance model is based is 1hat rodents. when compelled

to swim in a confincd space initially begin by struggling vigorously in order 10 escape and

eventually become immobile, indicating stress. In the swimming endurance model conducted. it

was observed that morin hydrate prolonged struggling time. This increase in cndurancc is

probably due to nosmalization of blood catccholamine and monoaminc oxidase levels or by
Increase in endurance could

increasc in utilization of the adcnosinc triphosphatc (ATP) pathway.
Je lactic acid

8lso be duc diminished muscle glycogenolysis of reduced conccnlrations of musc
cbnath e al.. 2011). Likc

and ammonia; which ore poisonous by-products of muscular work (D . .
have been shown [0 Increase physica!

g cndurance model. The potentials of
lasma catccholaminc and

motin hydmtc, the flavonoids rutin and quercetin

endunce and ovesall performancc of Mice in Swimmin
- 1H normaliac P

these two flavonoids is ascribed (O their abtlity 10 ahac

manoaniine oxidase level (Lotankar ¢f al., 2016)
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O«ypeen is a vital el i
3n environmental stressor and any drug which incrc:: A °.r ik supp':" o
| ¢s adaptation under anoxic condition by
increasing lolerance can act as an nnli-s!rcss agent (Singh and Yadav, 2014). The flavonoids
rutin and Quercctin have been shown 10 increase stress tolerance probably duc (o their ability to
teduce cercbral oxygen consumplion or confer resistance o anoxia, effects that are quite
beneficial in 1the protection of neuronal cells against oxidative stress . It hes also been stated that
the ability of the 1wo ftavonoids 1o increase siress tolcrance could be due 10 increasc in succinate
dchydropenase level in the brain. Succinaic dchydrogcnasc is concerned with the use and
preservation of cellular energy which supports the adaptive processes in the course of stress ful

exposure (Lotankar ¢f al., 2016). In this study, morin hydrate also increased siress tolernnce,

indicating anti-siress aclivily.

Restraint model of stress in mice dcpicis a combination of physical and emotional stress leading
to both tesiricted movement and apgressiveness with evident anxiety and depressive disorders
(Kulkami and Juvekar, 2009). Considerablc evidences showing an association between markers

of stress and these psychological disorders havc accumulated (Gautam et af., 2012). The EPM

paradigm has been widely used for assessinganxiety responses and the typical manifestations of
asxiety behavior are reduced frequency and durstion of open arms cxploration. When rodcents are

exposed 10 the new environment, they tend to avoid entering the opch arm and prefer (o stay in
xiety or fear. Ansiolytic divgs have the characteristics of

the closed am, which indicates an
an clevated plus maze. Animals ireated with an

reducing anxiety reactions of rodents in
y longer in the open o:m relative 10 their untreated counterparts.

anxiolytic tend to expiore and sta
Sevesal plants and flavonoids h

ability w0 increase exploration in the g
Iraditional medicine. Typical exainples arc Ginkgo biloba and the ﬂ.mm.\on s linaloo ;
wcopherol {Almeida ef al., 2009). This piesent study revealed a reduction in the durstion l:x:.dwc
n which wese reversed by treatment with morin hydrate
r cxposure (o stressful

ave demonstrated anxiolytic effccis as demonstrated by their

open arms and so arc largcly used as anxiolytics in
[, and a-

55 (fequency of open amm cxploratio
indicating (hat the 1est drug could reduc

conditions,

e fesr and anxicly experiented afte
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e FST model, like the swimming endurance test is based on behavioural despai in response 10
an incscapable circumstance and/or confinement. The alietation observed in acufc stress -induced
immobility in the FST suggests 1hat Morin hydrale atienuates siress-induced depressive-like
symptoms in mice. The principle on which the swimming endurance model is based is that
codents, When compelled Lo swim in a confined space initially bogin by struggling vigorously in

order to escape and then eventunlly become immobilc, indicating stress

Acute restraint stress was carlier r'cponcci lo inducc hyperglycemia in rodents (Sugimoto ¢/ a4,
1998). Stressful stimuli activate the sympathetic nervous system with concomitant adrenaline
seceetion [rom the odrenol medulta. Elcvated adrcnoline level afierwards inhibsts the [} cells of
the pancreas ftom sccreting insulin, resulling in clevated blood glucose concentraiion, The
hyperglyccmic consequence of epinephrinc and conticosierone is attributable to ecnhanced lives

| through ncute stress {Kioukia-Fougia et al., 2002), Adrenaline could also

glycogenolysis al
causing an cnhancement in

simulole adeny! eyclasc in the muscle and adipose fissuc,

clic AMP (cAMP) levels, with the responsibility of facilitating the mobilization of

intraceltular cy
glucese and fany acid reserves in lissues. In this prescnt study, morin hydratc seversed the

cmic effect observed aficr acule restraint stress The sefercnce dmpg ginseng also

hyperglyc
cviously been indicsted

reverscd the acute cestraint stress-induccd hyperglyccmia. Ginseng has pr
glycemia caused by aculc slecss (Roi ¢t at., 2003).

have been documented although the modcls and
ent. The depletionof glycogen store

la lower hyper

Stress-induced alteralions in specific lipid levels

stress stimuli producing these altcrations have been inconsist

c release insligates gluconcogenesis and

in the course of stresstul stimuli and coOr;icos|cros

esource. This decrenses triglycerides and

mobilization of fat reserves as oltemative cnergy ' : ‘
triglyccride, which act 85 a rapid

Reduction in sefum

cholesterol levels (Kioukia er at., 2002). .
so bcasa result of calecholamines aciions

fng stressfil conditions could a
gh ef ol.,

udy. This could be as a fesult O
d. Moreover, eatment with morin hydeate

2001). Aculc resteainy Stress fowers
{ mobilizatton

source of energy du
on triglyceride lipase activity in fat tissucs (Sip
sesum cholesterol and riglyceride
patticular sites o { demal
( on triglycerides.

levels in this St

of energy substrates to the
normalized the cholesterol fevel bui with no efec

b substrates, has high 0xygen Pressule and has low
Lidlige oxidative damege (Mctodicwa end Koska,

The nervous system has lots © :
ely sensitive {0
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corticosterone discharge (Liu e af,

0 K A'SO 53'“90 llC .C ac .50 'Oll ." lw course o
| 96) ' theti tivati in 1{ f stress C'CVD'CS fCSpiM'iOﬂ rale ith
: wi

cancomitant gcnerdtion of more oXygen for tissues, resulting in additional fec radical
production, [cading to reactive Oxygen specie/ontioxidant sysiem imbalance (I{alliwell l9l‘.‘::)s
These frce radicals trigger oxidative stress fhar causc damages to hippocampal ncuron; which.
uphold the homeostatic condition of the I1PA axis via negative feed back mechanisms, leading 10

Increase In cofticosicrone sceretion (Ifalliwcll, 1994). Studies have shown that restraint stress

induced oxidative damage to the lipid, protein, and DNA in the brains of rodents ond natural
antioxidant supplemcenis mitigate this effect and increase body performance during exposure 1o
stessful stimuli (Samarghandian er af,, 2013). In this study, acute restraint stress provoked lipid
peroxidation (as depicied by elevated MDA levels), clcvated nitric oxide Jevels and caused
reduction in the glutathionc content of the brain. These effiects were significanly reversed by
morin hydrate basically duc to its radical scavenging cfficcts as an account of the free radical

scavenging activitics of morin hydrate have been previously suted (Venu Gopal et al.. 2013).

The outcome of chronic stress which represents an allosiatic phase in humans or animals is seen
ir endocrine olterations ( Van Cauter es gl., 2007), disiuption of slcep paitcens (Papale ¢f ol.,
2005) and behavioural and memory deficits (Stickgold and Watker. 2007). It's an afcrmaih of
the inability of 1he adaptive suress respanse to survive a varicty of stressors of diffesent frequency
orintensity (Saraswothi ef al.. 2010). Several ncurodcgencrative diseases have been linked with

chronic stress (Pittenger and Duman, 2008).

Valjous contradicling reports on how cheonic stress affiects blood sugar levels have been
that'chronic stress Might induce type i diabetes mcllitus in

model (Mirshekar et ol., 2015). Corticostcrone
resulting in glucose

documented. Seve ral studees revenled
fumans, and in different experimental anymol

eleased during chronic sliress induces 8'ycogcm|ysis in the liver,

' ioukia-Fougia er al., 2002).
mobilization which contributes to the hyperglyccmio obseived (Kioukia-Fougia ¢ )
¢ the mainicnance of 1he ovailability of ATP to the bran,

-Fougia e al., 2002). An elevation in glucose [cvel
¢. Moreover, Aorus

This efevased glucose level is vital fo

muscles and other organs of dcmand (Kioukia o
I i gl
*& noted in (his study which was significamly aitenuated by Morin By
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linked to HPA axis hyperactivation with resultant rise in corticosierone dischasge (L
1996). Also, sympathctic activation in the course of siress elevates resni Fc -3y ‘T!"
. Y PIIoN rate with
concomitant 8".‘““"°" of more oxygen for tissyes, resulting in additional free radicals
production, leading [0 reactive oxygen specic/antioxidant system imbalance (Halliwell, 1994)
These free radicals trigger oxidaiive stress |y cause damages o hippecampal neurons whict;
uphold the homeostatic condition of the 1PA axjs vig negative fecd back mechanisms, leading to
Merease in coticosterone secrelion (Halliwell, 1994). Studies have shown that restraint stress
induced oxidative damage 10 the lipid, prolcin, and DNA in the brains of rodents and natural
antioxidant supplements mitigate 1his cﬂiécl and increase body performance during exposure to
shessful stimuli (Samarghandian 1 al., 2013), In his study, aculc restraint sircss provoked lipid
peroXidation (as depicted by elevated MDA levels), elevated nitric oxide levels and caused
reduction in the glutathione content of 1he brain. These eflects were significanlly reversed by
mann hydrate basically duc to its radical scavenging efTiects as an account of the freec redical

scavenging activities of morin hydrate have been previously stated (Venu Gopal e af.. 2013).

The ouicome of chronic stress which rcprescnts an allosiziic phase in humans or animals is seen
ir endocrine alterations (Van Cauter ef al., 2007), disruption of sleep patierns (Papale e al..
2005) ond behavioural and memory deficits {Stickgold and \Yalker. 2007). [t’s an aRcrenath of

lhc inability of the adaptivcsiress response to survive a variely of stzessors of different frequency

or inlensily (Saraswathi ef al, 2010). Several neurodegencrative discases have been linked with

chronic stress (Pittenger and Duman, 2008).
Vaiigus contradicting reports on how chionic stress alfects blood sugar levels have been

documentcd. Several studics revealed that'chromic stress might induce Lype diabetes mellitus in
I model (Mirshckar ¢ al.. 20185). Corticosteronc

humans. and in diffcrent experimenid amma -
feleased dyring chronic stress induces glycogenolysis In the fiver, resulting ml glueose
] ' id- t ’ 2 2
mobilizaton which contributes to the hypergtycemia obscrved (Kioukia FOUB:P" 0h b00‘)
I in,
This elevated glucose level is vital for the maintenance of the availability of ATP te the bra
2002). An clevation in glucose level

muscles and other organs of demand (Kiou
¥as noted jn this study which was significantl

pia-Fougia e ol.,
y attenuated by Morin hydrate, Morcover, Aorus
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albo, from which Morin hydrate was originally Isofated has been foun

- R dio ey
aciivity by tncreasing insulin production (Bagachi ez o, 2013) o

Suess-induccd elevations of circulatory lipids and lipoproicins arc biologically and chinically

ry lipid
| X ' . . | am ef af,
2008). Chronic stress raises triglyceride levels probably due 10 “siress cating"” (Parker 2013) and
cholesterol levels via mechanisms associated wiih enhanced [IPA axis activity with subscquent

signilicant as considerable evidences showing an association between  circulato

clevations, cardiovascular discases and markers of stress have been demonstraied (Asth

increase in calecholamine and cholestero! concentrations (Lokshmi and Sudhakar, 3009:
Nayanatarp ¢¢ al., 2012). Catecholamines are known to acuvate lipolysis via stimulation of 3
adreoceptors in adipose tissues, and suppress insulin secretion (Shabir et af., 2013). Similarly,
glucocoriicoids and free Iatly acids increasc HMG-CoA reductase aclivity in hcpatocytes,
promoling cholestcrol synthesis (Niauro of af., 1992). Additionatly, catccholamines suppress
hepatic lipase activity, raising blood LDL, IDL and VLDL concentrations (Niaueo ef al., [992).
Rescarch have revealed that chronic restraint siress elevales triglyceride and cholesterol levels in
rodents (Kulkami and Juvckar. 2008; Shabir ¢t af., 2013). In this siudy, Morin hydrale
siglilicanily reversed chronic restraint stress-induced increase in triglyceride and cholesterol
levels, Fusthermore, chronic resicaint siress loweied HDL level which mediates cholesterol
homeostasis and is highly inversely comclated with heart diseases (Tan 1 o, 2006). HDL
passesses anli-atterogenic properly by promating the efifux of ccllular cholestel and reversing
cholesterol 1sansport. Fuithermore, HDL cholesierol posscsses anti-inflammatory. antioxidant
ad anticoagulant effects (Wang ond Briggs, 2004). In this study, Morin hydraic admimnistration

reverssd the reduction of HDL induced by chronic restraint stress, and consequently Jowered the

anhcrosclcrotic index indicating that Morin hydrate may prosect against stress -induced clevation

of eardiovascuiar risk indicators.
free radicals production, instigating lipid

Cizonic festraint stress also 1nggers excessive . .
indicated that chsonic¢ restraint

mbranes. Sevenl rescarches
rte production, ond deplcted GSH level (Ahmad e al,
dy via increasing

peroxidation, particularly in cell me

SUess causes lipid peroxidation and nit ook
iuced oxidayve stress in this stu

012). Simi - int stress . .
Similarly, chronic restzaint Gsiy level. However, adminisuation of Monn
- .

dain MDA and niifte levels oaud decicasin

bydrate ameliorated these ellects.
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Ncutons are the basic functional and siructural
siich as stress alter the structural makeup of nc::::oi:cm o.f = ncrvou‘s 'systcm, b
. . « In pajitcular dendntic arbansation, Synaplic
juactions, ncurochemical components and functions (Hemamalini, 2013). Chronic stress
exposure dynamically controls the complexity of dendrites, These siress-induced alemtions in
dendritic structures arc obscrved in neurons of the prefrontal cortcx, amy gdala, and hippocampal
CA3 pyramidal ncurons (Krugers et of., 2010). Dendiitic airophy’ in these regions is observed
during prolong stress exposure which may nffect their various functions. This could be due to
teduced brain derived ncurotropic factor (BDNF) expression, apoptosis of the ncurons,
plucocorticoid toxicity, reduced functionality of the GABA -ergic network, glutamate-induced
exciloroxicity or increased intracellular levels of Ca®* {Hemamalini, 2013). Enhanced Ca** levels
are known to collapsc microtubules and activate calcium-nctivaied ncural proicinase; an enzyme
predominantly found in ncurons which conlrols cytoskelctal protcins disintegsotion
(Hemamalini, 2013). This results in retraction and collapsc of dendritc branches, as structural
integrity of ncuronal proccsses requircs slable micotubules (Hemamnlini, 2013). Scvera! nnti-
siress apents have been shown o rescuc neurons from death and reduce dendritic atrophy in

stress conditions through scveral mechanisms and recenily, the neuroprolective activities of
of focus (Hemamalini, 2013). 'The mechanisms of Navonoids

formation of new dendrites (ncurostimulating
(um causc an

flsvonoids have becosnc the point

action could be through induclion of neurogenesis,
hin rcleasing factor stimulalion, which may in

lic efficacy (Hemamalini, 2013). Flavonoids could slso protect
injusy through free radicals scavenging and ncuron
protection against oxidative damage evoked by cNcess glutamale relcase (Izc. et ol., 2000). A
d Myrccun which cnhanced sutviva) of hippocampal CA3
h Alzhcimcer's discasc (Ramezani et af.,
¢ restrainl sucss produced scvere

pus and prefronuil corlex.

cflect), or through corticotrop
increase in hippocampal synap

ncwonal cells apainst stress induced neuronal

typical example is the flavonoi
acwons and inhibitcd cognitive impairments i1 rats wit

2016), The outcomec of this study further confirmed that chroni

in the hippocan
1 structural damage 1M gom ) T
pewronal cell necrosis ond POssesS antioxidant activity, # 1S hercby

teation of morin hydralc might be
reporied that AMorus olbo; \he

is shown (o
n oercd on admlnls

SU¢$5 Moreover, It Was |
gs Neuroprotccuve propesty Via ifs

Accordingly. since morin hydrale
kypothesized that the ncutoprotectio
through its protection against oxidative

pant from which morin hydsate W83 originally isolated posst
free ;adicals scavenging copability (Bagschi eral., 2003) -
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i cifect o 1 :
anti-stress ctfect of Morin hydrate. Sleep deprivation e 48 o\t | :
. nous ncurobehaviomal effects
and produce gradual changes in specific neuroendocri :
Je fINc sysicms in ways akin to what is seen in
some Stress-related conditions explained in chapt '
e Kapler 2 (Pires er af,, 2012). This supponts the view
Insullicient sicep may sensitize indivi
i ! y sensiize individuals to stress -telatcd disorders, by acting on stress
systems (Meerlo ¢7 al., 2008). Also, . :
e 50, these marked behavioral changes may be due to structural
remodeli at could a i
; ng ) Ggravate anxiety as well gs memory dysfunction and aggression in the
i . Prefrontal
prlcafnpus. pretrontal conex and amygdala, Furthermore, reports lve shown that sleep
dcpfl\'ﬂlw'.i Influences motor behaviour (Voflert ef al, 2011), causes oxidalive stress
(Gopalakrishnan er a/., 2004), Impair cognitive functions (McEwen 2007) and eventually results
in brain cells damage. Results from previous studies show that sleep deprivation impairs memosy
[unction via initiation of oxidative stress as well as 1IPA axis moxjulation, which can cause some
detrimental physiological effects (Meerlo ¢r af., 2008), The Y-maze as o model for evaluating
working memory is centred on the rodent’s ability to enter into as many different onns as
possible and al the same tisne attempting 1o rccall the precise order of arms aftemation (Rothban,
2007). This is usually correlated to spatial working memory and it is expected that a mouse
prefers exploring a new arm while avoiding a previous one: a measure of memory usually cafled
‘spoatancous alicmation’ (Rothban, 2007; Lee e @l., 2010). In this study, sleep deprivation
reduced percentage spontancous aliemations relative 10 the unstressed control, suggesting
memory impairments. This observation further supports previous studies showing that sleep
deprivation impaired memory performance in rodents {(McEwen, 2007). However, the capability
of morin hydiate to significantly counteract the declinc in memory performance couscd by sleep

deprivation, as indicated by the increase percenfoge Spontancous altemotions SUBEests its anty-
amnesic property that might make it applicable as 8 iemedy for anesie conditions linked with

sleep deprivation.
rVOusSncss was

) ic and nc
Anxicty-like behaviour which is a disorder that tnggers URCCESSATN pt?mc 57 |
of this model as a behavioural utility 1est is founded on the
S

to explore new and di(Tering cnvironments which mclud.c
d Holmes, 2005). This

anxiolytics Increases

&essed using EPM. The usefiilnes
¢t that rodents are naturally Inclined
the two closcd arms and the potentially
3065 very useful in testing for anxiolytic

dangerous open &S (Crayan 8n

:Pmpcﬁ"cs of ncw' compounds 83
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the todent’s inclination lowards cxploning (he Open arms than the closed arms. Sieep deprivation
caused 3 significant decline in open arm exploration, which sugpests increase in anxiety -like
behagiour in this study. This further butiressed the outcome of an carlier study which indicated
that anxicty-like behaviour increases with sleep deprivation (Pires et af.. 2012), Morin hydrate
however cxhibited anxiolytic propesty as it significantly increased open anns exploration, which
agrees with previous studies (Mangaiarkkarasi e af., 20] 2)

Research demonsirated that the ncurobiological consequcnees of sleep deprivation are akin to
hose of psychostimulants like cocaine and amphctaminc which are capablc of elevating
dopamine function and increasing dopaminergic neuron liring, resulting in hyperlocomotion
(Koob and lLeMoal, 2008). Indeed. siudies in animals have linked slcep deprivation with
dopominergic system hyperaclivity as a consequence of increase in dopamine relcase and
elevated dopasmincrgic ncurons firing (Zani ¢t ol., 201 1), Funhermore. it was rcported that aculc
intake of cocaine-induced hyperlocomotion in mice was aggravatcd when the animals were sleep
deprived (or 6 hours (Berro et af.. 2014). Accordingly in this study. sleep deprivation for 48
hows provoked bchaviours reloted to hyperlocomotion. Thus, the capabilily of morin hydraie to
reverse hyperlocomotion causcd by sicep depiivation, ss demonstrated by the reduction in line

crossing in the automated aclivity cage indicates its calming and reloxing elfccls.

[t's been theorized that the cffcctveness of the brain’s antioxidant mechanism 15 enhanced by
owed an clevation in thalamic and

having adequates lecp as studics in sieep deprived rats have sh iE 3
). Accordingly, assaying for oxidotive

hypothalamic oxidative stress (D'Almeida ¢t of. o i Yeep deprivation
stress markers will provide a good understanding of the damages induced by slecp dep

{Garg and Ku 2008). A study conducicd in mice revealed thal sleep deprivation by the
. idati t al., 2011).
platform method for 72 hours increased hippocampal oxidativc stress (Vo.llcl:t cndadccmas ;
. - < ol s c
Likewise, slecp deprivation for 48 hours triggess linid peroxidation. raiscd niAle 8

catalase 18 the
he result of this study funther suppor
e n1anin snd Kumar, 2007). T | Bl ‘
e d nitrite levels, whilst decrcasing GSH activity. This

¢ evidences that
imptinnent obscrved as there arc € |
oles impaiiment of cognitive
s, and additionaily s tored

1€Port as slecp deprivation 12ises MDA an
®ould participate in Ihe anxicty and mcmory

" : sle¢
oxidative stress markers resulting from )
d nifnte an

p dcpri\mﬁon prom
4 MDA level
finction, Morin hydmte however sitenualc
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SH levels in mice brains. This suggesis tha 26 underlyimg mechanism of
ffecas of monin hydraie is vig its antioxidant propety

the stress.proleclive

Slecp plays a very vital function in promoting synaptic plasticily, neuronal recovery and
maintenance of proper brain function (Mecrlo er al., 2009), Slcep deprivation i belicved 10
causc damoges to bruin functions and in addition acccleratc Ihe advancement of neuropathy as
sevenal sludics have demonstrated that various adull Ncurogencsis markers arc mitigated by sleep
deprivation Which also hasten neusoinflammation and conscquently the ncurodegencrative
process through cither altered levels of ncuroprotective markers, hcightencd sensitivity to
newronal cxcilatory pathways, increased hippocampal glutamaic receplors expression or Ca’’-
induced excitoloxicity (Torabi-Nami ef al, 2013). Rcpors have also indicaled that slcep
deprivation can hindcr ncurogencsis in rats through corticosterone surge {Mirescu ¢t al.» 2006;
Mirescu and Guold, 2006). Analysing the outcome of sleep deprivalion on cognilion revealed
that the bmin region especially susceptible to slcep deprivation is the bippacampus. This brin
scBion participates crucially in cmovion together with cognition regulation and an interrclation

between hippocanipal volume reduction and the origin and symplom of depression and othcr
emolional disorders have been established (Lucassen e af., 2010), Studies caiticd out in rats
ievealed that slcep deprivalion reduces neurogenesis in the dentate gyrus and initiaies ncuronal
ctll death (HairSton er ai.. 2005). This could be duc to diminishcd antioxidant proieciion (Czeh

and Lucasscn, 2007). Morcover in this study, sleep deptivation riscd the maBnitude of CAl

nevrons domage as revealed by HEE staining and as a consequence dccreased the population of
pretreatment with morin hydrate significanily reduced ncuronal

viable ncuronal cells. losever, _
ive cffect

dama . : ] usProlect
ec and rescued viable neuronal cellsin Utc hyppocampus, suggesting ncusProlcc
of siressor for prolong

i 4 rticular (ype
Siudies qevealed that when rodents arc cxposed (o onc pa

period, they tend to adapt to th

¢ stressor (Zheng o al., 2009). Thus. in oider 10 rulc out the

the degree of stress-relaved consequences, this siudy
easc

al vasying duragions in the chronic unpredictable siress
5 in everyday life The protocol

ms underlying thc anti-stress

process of adapiation, and to incr
Sbjected animals to dilTerent stressor
(CUS} protocol, mimicking the variabilily ofstressors cncoun;;citi
®2S also employed to explore the probable molcculfar mc: ™
&ions of Morin hydrate, The CUS paradigm is @ il

Rdents which mimic several behaviourd

nd applicable s11CsS model in

| featyres noted in individuels With depresSion, anxicty
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disorders and ;
mood €aUses immunological changes symbolic of chronic siress response

Pittenger and Duman, 2008).

ixposure to CUS can intensify anxiety sympioms in humans and an;mals (McEwen, 2000). This
iely Symplom cither appears afier (he stressful stimuli has beeq tcrminaicd il:l humn;ls or
could be delayed as seen in some rodents (Pandey e of 2010). The reduction observed in
frequency as well as duration o f open Ames cxploralton in this siudy is indicative of anxiogenic
effect of CUS, This result further agrees with those oblained in the chronic resiraint and PPSD
models. Also, treatment with Morin hydrle reversed the effect of CUs, as observed in othcr

modcls. This further confitms that Mor n hydrale possess protective effeci apatns! Siress.induccd

anxicty.

T mommalian hippocan:pus is highly populated with glucoconicoid receptors which 1rigger
the altcration of synaptic terminal structures in response 1o high corticastcronc Icve Is (as seen in
thronic stress) resulting in ncuranal arophy, htppocampa! ccll death and ultimately memory
impairments (Eichenbaum, 2000). Exposure of rodents to chronic unpredictable siress was
reparted to alter specific brain structures like the hippocam pus. thereby causing dcficits in post-
sleess acquisition and retrieval memory in mice (Bhatia ¢t al., 2011). Research indicated thai
rodents subjected 1o a varicly of physical stressois on a doily basis for 28 days experienced
deficiencies in performance and leaming in the Moiris Water Maze. This was due to excessive
free mdicals production which inflicts detrimental effects on neurons (Liu and Mori, 1999).
Futhermore, yarious accounts suggeslive of the role of elevated cholesterol levels in memory
impaitmcnt hgve been documented. Under physiological conditions, cholesterol participates
énormously in lcarming and memory process bul is linked with memory impairments wwhcn in

excess (Biondi, 2006). In this study, CUS impaired memory function as seen in the Y maze 1est

] ' ' redictable stress-
~aak percentage altermation of siressed mice was reduccd. This chionic usp
1esult of elevated levels of circulalory cholesierol

induced memoty impairment could be as 8 i
' ' the finding that
which was ymeliorated by administrotion of Morin hydrate. This further butiress the (inding

! : tmpairment in Mice,
Morin hydraie ameliorates stress -induced memory tmpal

es C ibt livity which

tod hibited reduced locomotor ac

Stadies have shown that rodents ¢xposed (0 US o | |
sidation, 0 symplom which

fould simulnic some Characterislics of human motgmmental relsidation
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i ma. d . .
ccompamies MAJor depression in humans (Pandey at.. 2010). Also. when placed in a I
. | ! . nov
vironment, redents generally show jncreased ambulation, \whereas, rodenis ¢ oscd ¢ CUCS
S . L] H N ' x o
exhibiy reduced ambulation in a pew environment, g discrepancy which could F:se elfectivel
wvely

uplumed by the anti-dcpressant drug eseitalopram in gecordance wtlh past research on the

effectivencss of anti-depressanis in reversing inescapable stress.induced hypot acomotion i mice
ia the open fteld (Pal and Dandiya, 1994) T his study employed an automaied activity cage to
check the outcome of CUS on locomotion and the role of Morin hydrate. In confirmation of
previous studies, it was observed that CUS reduced locomotor activity, an eveni that was
upiwmed by morin hydrase wreatment. Th[s [urther confirmed the suggestion that Morin hydrate

attenuotes siress-induced depressive-like symptoms in mice,

Chronic unpredictabie stress has been statcd ta induce hyperglycemia, and increase cholestero]
and (riglycerides levels in rodents via HPA axis hyperactivation (Bhatia ¢/ of., 2000) This
hyperglycemia 1s mediated through circulsting corticosterone, Likewise in this sidy, CUS
significantly increased the level of blood glucose. clwlcsterol and Iriglyceride. which was
altenuated by chronic administration of Morin hydrte. CUS reduced the level of HDL
cholesterol, increasing the risk ol a caidiovascular disorder as indicated by the artherasclcrotic

index. Also, this was attenuated by Morin hydrate.administration.

Chronic unpredictable siress is also characterized by free radicsls generation and HPA axis
Ryperactivation with conseguent corticostcronc hypersecretion (Liu ¢f af - 1996)- Free radicals on

the olher hand may be involved in HPA axis hyperactivation and conicosterone hypersecretion
hatia ¢t af,, 2011). Several accounts on the anti-

b triggering hippocampal neuronal damage (B
201 $), curcumin (Bhatia et

stress effects of free radicals seavengers like Queccetin (Tiwari ¢ al. |
a T.’.OI[). vitamin C (Kelty. 1999) ond viumin E (Al-

al, 3011), uiphala (Sonkar and Mishr v 7
Ayadhi ¢f af,, 2006) have been stated. Morin hydrate was also found to Miligate Oxidanve s@
& observed via decline in MDA, nitrite and clevated GSil concentmiONS These findings

i ignificant part in its
additionally indicate that the antioxidant action of Morin hydmte plays 2 significant par

“.h',ch o<Cu

Among the Pprominent changes ncressed colticosterone levels (Makara

¥ e}l as
["Wﬂccu'!l'on, adrenal glands h) pcn!oph)f P
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e o R e e et ¥
| . . that dhe stress-responsive HPA axis is
clically and activcly involved (Kenjale o al,, 2007). Stressfl simuli stimulates the
enomedullary response to rcleasc adsenaline which then stimulates he pituntary #2 adrenergic
ceptors to release large arnounts of adrenocorticotropin hormone (ACTH) which upon release,
stimulates the adrenal cortex as well as the adrenal medulla with concomitant secrction of
cotticosterone front the adrenal cortex and fur:her epincphrine relcase from adrenal medulla and
sn increase in adrenal gland weight to a larger extemt (Zafir and Banu, 2009). Several
adaplogenic sudstances such as Curcumin (Bhatia er al,, 20{1), Panax ginscng and Gingko
biloba (Rai e al., 2003) are indicatcd to possess anti-stress eflects, owing to their ability 10
decregse stress-induced adrenal hypentrophy and circulating conicosterone, In this study, CUS
was found to significantly increase adrenal gland weight with concomitant elevation of serum

conticosterone level, indicaling hyperactivotion of the HPA axis. This was significantly

alienuated by long term administration of Morin hydrate.

ligh levels of glucocoriicoids inhibit viaually all components of the inf:ammatory response. Al

the celiutar level, glucocosticoids posscss anti-inlammatoly and immunosuppressive actions
function and circulation of leucocyles. decreasing inflammatory

armondari, 2005). Likewise at the carly stoge of chronic

oinflammatory cytokines while upregulating anti-
( chronic siress causes HIPA exis

through afteration of the
mediators and cytokines production (Ch

suess, plucocorticoids downregulaic pr
2014). The secotd s1agC O

inflammatory cytokines (Tian ef al.. |
ity of glucocorticoids to curunl ¢ytakincs

n which the abil
n ¢t dal.. 2002: Tion et al., 2014) As a result, the

esponsible for proinfiammatory
he psoinflammaloly

Jatigue and glucocorticoid-resistance, ]

production becomes diminished (Cohe

. L K '
inflammation reloted pathways are aclivated and the gencs ¥
- 3 . [ ‘
eyokine production are in turm activoted, tesulting 10 upregulation

Eytokines (Miller ¢r al.. 2008).

on which then triggers

qommataty cylokines producti
factor necded for the

proinflammatory transcription
oxide synthase s concered

Cheonic unpredictable stress increases proin
the srimulation of nuclear factor NF-i3, the Ry
proinflammatory genc iNOS cxpression (1A and Kann.

i ide: | oxidan
R catolyzing the production of niltic qxide, nus :'::du“d i
ealed that SUES"
f@odegencration. Studies have revea

| molccute involved with
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implicated in INOS cxpression through a NF-xB - dependent mechanism (Modri gol ef of. 2002)
Activated NF-xUB in turn causes further increase ol proinllammalory eytokines (0 a cerain level
and unless the sustnined sicess cxposure is removed, the proinflammatory c)tokines further
increase, inducing an infllammatory cesponse. Flavonoids are tenowned for thesr anti-
inflammatory activities via inhibiting the production of the transcription {actor NF-xB, along
with othee Pro-inflammatoty mcdintors (Serafini ef al., 2010). Among these are the ftavonoids
epicatechin and isoquercitsin isotaled fiom Theobroma cacao, which were shown Lo inhibit
INFo. and [L-6 mRNA cxpression as well as nitric oxide scerction (Ramiro ¢f ul,, 2005) The
CUS clevaled TNF-a and IL-1P level in mice brains in Lhis study. Also NF.xB and iNOS werc
scen 10 be highly expressed, indicating ncuroinflam mation. Mosin hydrate trealment however

reduced IL-1)} and TNF-.n, levels. Morcover, it aiso reduced NF.xB and iNOS cxpressions,

demonstrating the anti-neuroinllammatory cfiect of Morin hydeate.

Elevations in the circulating corticosterone levels as obsceved in CUS can also trigger
hippocampal impairment in rodents by increasing basal glulamaic levels or eytosolic calcium

load m the hippocampus (McEwen, 1999). The result of this siudy also confirmed that CUS

cartSes situctural damoges and loss of hippocompal reurons. Morcowver, morin hydrote treatment

ancnuatcd these cflfects.
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CHAPTER Six

SUMMARY AND CONCLUSION

Different acute and chronic modcls of stress were cmployed. Morin hydrate prolonged
swimming !imc and onsct of convulsion in the swimming cndurance and anoxic tolerance tests
respectively. Morin hydrate signilicantly atienuated both acuic and chronic stress-induced
memory impairment, onXicty and depressive fike symptoms, and normolized blood glucose
cholesterol and triglyccrides which were incrcascd by stress, Additional results obiained from the
study revealed thot Morin hydrate possess antioxidant activity as it significanily reduced MDA
and nitrite levels, and increased the endogenous antioxidant; GSI1, Furthermore, Morin hydraic
inhidits stress-induced adrenal hypertrophy and reduced conicostesone levels, indicating a
reduction in the HPA axis hypcrnctivnliou_. reduced IL-If} and TNF-u levels in mice brains and

3l%0 significantly rcduced the expressions of iNOS and NFKB, and attenuated stress-induced

ncuronal atrophy.

6.2 CONCLUSION

The study hereby concludes that Monin hydrate prolects against somc dctsimentat changes
induced by acute and chronic stress such as oxidative stress, |
a and neuroinflammation. The mechanisms O
oxidative stress, hyperglycemia,

HPA axis hyperactivation,
[ action of Morin
hyperglycemia, hyperlipidemi
Wydrate include inhibition of HPA axis hyperaciivationi

hypeslipidemta and neuroinflammation.
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The study sought to cvaluate the mechanisms of anlistress activity of Morin hydraic in mice.
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Mastic restrainer

19

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




The Y mazc apparatus

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




The forced swim upparatus
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