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ABSTRACT 

Stress, 1s an integral component of life that distorts body homeostasis. The available nnti-stress drugs 

arc often 1ncffcct1vc 1n combating its multiple effects. Adaptogens ,vith antioxidant and 

neuroprotective effects are kno,,,n to relieve stress. �1onn hydrate (MH). a flavonoid from Alanis alba

,vith kno,vn antioxidant Md ncuroprotcctivc properties has not been investigated for its ont1-strcss 

potential. TI1e study ,vas designed to inv�tigate the nnti-stress property of �1H nnd its n1cchnn1sms of 

action in mice. 

Eighty male S,viss mice (22.0 :t: 2.5 g) ,vcre used for acute studies: S,vimming Endurance Test (SET), 

Anox,c Tolerance Test (A TT) nnd Acute Restraint Stress (ARS). The SET and A TI consisted of 5

treatment groups each (n .. 5): vehicle (normal saline, IO mg/mL), MH (5, I 0, 20 mg/kg} nod 

adoptogcn (ginseng, 25 mg/kg), administered inlrapcrtioncally. Thirty ,ninutcs Inter, i1n1nobility lime 

,vns measured in SET and convulsion lntency ,n A TI. In ARS, thirty male mice ,vere nllolled into 

treatment groups I-VI (n = 5): veluclc (10 mg/mL), vchicle-strcSs control (10 mg/mL), MH (5, 10, 20 

mG'J<g) nnd ginseng (25 mg/kg), nnd treated for 7 days prior to being restrained except group I. 

Thereafter, mice ,verc assessed for nnx,cty and depression in Elc,•atcd-Plus Maze (EPM) and Forced

Swim Test (FST), respccuvely. For chronic studies, ninety mole mice ,vere used in 3 models [Ouonic

Res1n1int Stress (CRS), Porodoxicol Sleep-deprivation (PSD) and Chronic-Unpredictable Stress 

(CUS)) and grouped, respectively ns 1n ARS. In CRS, mice "'ere pre-treated and restrained for 14 

days, and thereafter nsscsscd for anxiety nod depression. Mice were sleep-deprived for 48 hours 1n 

PSD, and exposed lo stressors for 14 days in CUS before testing for memory and anxiety behaviours 

using Y-mnze and EPM, respectively. Brain glutnthionc (GSH), malondinldehyde, nitric,.ox,de and 

blood glucose ,vere determined speetrophotomctricolly in ARS, CRS, PSD nnd CUS. Serum 

corticostcronc, brain tumor necrosis foctor-nlpbo (TNF-a) nnd interleukin-I beta ,vcrc mc.i.surcd ,n 

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

expressions in CUS were measured using immunohistochem1stry. Data ,vcrc nna.lyscd using 1\NOVA 

Ot 114 OS, 

Morin hydrate (5, 10, 20 mg/kg} sigrufieontly reduced immobility (10.8 ± 0.20, 7.04 :t 0.77, 9.16 :t:

0.59 s ngrunst 11.9 ± 0.25 s) in SET ond prolonged convulsion lntency in A TT (33.1 ± 1.26, 34.1 ± 

2.40, 34.8 :t: 1.06 s against 21.9 ± I. IS s). The MH decrcnscd anxiety, depress,on-like symptoms. 

molondinldehyde nnd nitnc-ox1dc but increased GSII in ARS nnd CRS. The tvll I reversed n1cmor)' 
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impainnent (65.87 ::1: 3 59, 69.17 ± 6.51, 62.0 :!: 5.12�� against 50.87 :!:: 2.87%) and on"<icty (64. 75  ::1:

536, 57.75 :!:: 2.95, 61.00 ::!: 1.68 s against 45.0 ::1: 1.87 s) in PSD. Also, MH increased GSH (104.6 ::!:

8.50, 97.3 = 6.51, 91.5 ± 7 70 µmolls tissue ogrunst 50.22 ::1: 1.41 µmolls tissue) but decreased 

malondi:ildchyde (7.57 ± 0.25, 4.50 ::1: 0.13, 3.16 ± 0.22 µmolls tissue ogoinst 8.60 :t 0.14 µmolts 

tissue) and nitric-oxide (163.0 ± 8.67, 1213 ± 6.67, 124.7 :i: 3.33 µmolls tissue against 338.0 :!: 16.77 

µmol/g tissue). The MH increased GSH conccntrnllon 1n CUS and ameliorated CUS-1nduced increases 

in glucose, malondialdchyde and nitnc oxide levels compared to controls. Monn hydrate reduced 

corticosterone (7.93 ± 0.19, 7.18 :!: 0.21, 7.46 ± 0.20 ng/mL ogoinst 8.54 ± 0.14 nglmL}, TNF-a (49.19 

± 0.55, 47.60 ± 2.48, 35.22 ± 1.77 pg/mL ogrunst 92.37 :I: 7.90 pg/mL), and 1ntcrlcukin-l bcto (74.45 

:I: 2.18, 46.45 :1: 2.71, 43.12 :I: 1.55 pg.lmL against 98.72 ± 4.03 pg.lmL). �1orin hydrate reduced iNOS 

ond NF-11B protein levels in CUS. 

Morin hydrate exhibited onl i -stress polcntull via mechanisms related to inhibition of hypothola1nic

pitutary-adrcnal axis hypcracth a lion, oxidative stress ond ncuroinnamrnotion. 

Kt)'\VOrds: Morin hydrate, Anti-stress property, NeuroinOommation, Cortioostcronc, Antioxidant 

activity. 

Kc)"''ords: Morin hydrate, Anti-stress property, Ncuroinnammotion, Corticosterone, Antioxidant 

activity, 
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I.I. GENERAL INTRODUCTION

. 
• 

CHAPTER ONE 

l!'fTROOUCTION 

In our day 10 day life. all living organisms 11rC faced with streSSful si1ua1ions \\hich an: basi c:ally 

a response of the body and mind 10 homeosu11ic chMgcs and in order 10 survive, undergoes some 

physiological, morphological, Md biochemical modifications. SlrtSS c.in be defined ns a 

psychologiclll condition arising From unpleas3nt life experiences which imposes a slrain on the 

emo1lorul and mental slate of individuals. Sl!C$$ can also be defined ns the perception of being 

burdened wi1h demands which surmounts an individual's coping Cll�bility (Dorcddula et of., 

2014). Thus, with proper undcrslllnding of the abo\'c definitions, stress cnn thcn:fon: be defined 

ns on cmotionnl, environmenlal or physiological condition which requires behnvioml, 

physiologic, morphologic, and biochemical adjustment in order 10 cope or survive. 

Stress could be productive (eustrc.ss), or harmful (distress). Too little stress could result in 

slllgnnncy and unfulfillmenl while excessive slrcSs could be damaging lo hc.ihh. In general, a 

l'CllSonable nmount of sLn:ss is needed 10 challenge and motivate individuals in a produeti\'e 

manner. Eusln:SS presents the opponumty for moti\'ation rind productivity, bringing about 

personal crowth, s01isfac11on and hcallh cnhnncinc benefits. Through evolution, living sys1cms 

have been able to maintain o balanced homeostatic condi1ion through strings of physiologic41 

ond 01 1imcs behavioral responses; functions which may ns well be permanently damaged or 

dis1urbcd due to unpredictable, ovc!\11helming ond continous c.xposurc lo stressful conditions. 

especially those which occur during vulnerable penods in life (Tilbrook and Cloo.e, 2006 ). 

Numerous researches conducted in human voluntcc� as well as in animals sug11cstcd that 

exposure 10 stressful life cxpcricrices can present subs1onti3I nsks for psychopathology, 

paniculorly In gcncticolly susceptible individuals (Krui:crs el al., 2010). Stress contributes 

crucially to pathogenesis and progrcssiol'I of nnxicl). ros1-1raum11tic stress disorders (PTSD), 

bipolar disorders, schizophrenia, depression, nnd pathologicol oi;ing (Joshi ti of,, 2012). Stress 

affect the aftermath of foetus development and cnusc bchnviours which ton be detrimental 10 

he.lllh such as drug dependence, smoking, illicit substance use, and sleep loss, end 11.s.sodatcd 
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with the moJor physical QUSCS or death including carcinomas, cardiovascular diseases, and 

stroke (Cohen ct al., 2007). : 

\Voller CoMon, dunng the Amcricon Great Depression first described the body's rematl..ablc 

resilience to stress or "occidcnlS of c:us1eoce" cba.ractcnzcd by increases in the heart's workload 

as the "fight or flight" response. lie described this reaction ,, hich he also termed hypcr-orousol 

or the acute stress response BS the reaction which tnggers a general S) mpa1he1ie ouino\\ which 

prepares on on1mnl 10 either fight back or nee. This figj'lt or night response which regulate slrcSs

responses in �vcral organisms is Lllkcn 10 be the nm phase of the general adllptotion syndrome. 

In 1936, Hnns Sclyc; on assistan1 Professor or endocrinology oucmptcd to investigate the cfTccl 

of an ovarian e,,1roc1 on rats. \Vhcncver he ouem ptcd administenng the extract 10 the rots by 

injection, he ended up releasing them, nln oner them 10 track them do1,n ogoin before evcn1unlly 

injecting them with the extrocl. In the 1,akc or doing this for some mon1hs, he discovered 1ha1 1hc 

animals h3d developed g351nc ulcerations, odrenol hypcnroph)', ruid shrunken immune 1issucs. 

He then carried out lhe same c.xpcrimcnl on onolhcr set of n.nimols but in this we. the mis were 

only injected whh saline solution, ond handling them the snme way o.s the ovo.rian extract trtotcd 

groups. lie found out the animals sho11ed the same symptoms ond from his observation, he 

rcasoncd 1h01 perhaps the change nolcd in the onimAls wns anribu1nble to the 1mumotic 

e:\pcriencc of his hondling ond not BS o result of the ovarian e.,iroct. In order 10 establish his 

findings, he performed the lest during winier. Some animals were plBccd on roor tops while 

�ome were l:ept in the boiler room. Some undcrwenl forceful exercises while surgical operation 

wo� pcrfomcd on others. All these condhions 1,crc indicative of ii stress response that would 

Induce struclurul oltcr.uions in  lhc body. Adrenal enlargement, thymus otrophy ond pcplic ulcers 

were observed in all the animals. I le then adopted 1hc word 'stress' from engineering to describe 

the phenomenon and made the obscrvolion that Slrcs5 i s  o non-specific phenomenon but produces 

o group of homologous reactions to  a wide vo.ricly of stressors, ltading 10 discrucs, in a 1,ay

similar 10 1h01 in which numerous ambiguous conditions can pressurize o bit of mctol and couse it

lo break like gloss (Sclyc, 1998) He nlso described the 'fight or 01ght' syndrome 115 o

mcclunism including three phases; the alarm, odopl8tion and cxhouslion phase which he

described lo be ns II rcsuh or adopllltivc rcsponJcs m clrcums1anccs whereby on orgnnism's

op1ion is 10 cilher light back or nee in ord�r 10 live or sur\livc During the alarm phase. 11 number

of physiological changes ore observed due 10 o rnpid clc,·01ion in cathccholominc lc\clS, o
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delayed but pessis1cn1 1ncie3Se in phcripheral glucoconicoid levels and rapid increase in 

excitatory amino acid levels in several regions of the brain (Moghaddam. 1993) Although these 

changes arc necessary in order to survive physical shon 1enn stress. the) may provol..c some 

adverse efTeclS ir they persist. 

Sclyc's model was however subJected 10 cntic1sm by some researchers panicuh1rl}1 on his 

opinion 1h01 the stress response dc1ermlncrs are unspecific. The justification 1herefore Is that hi� 

research focused on physical s1rcss like pain and 1cmpem1ure e.x1remi1ics, whereas mnjority of 

the most detrimental stresses encoumcred in reali1y arc psychological and induced by an 

individuals' way of interpreting cvcnlS. Aner several yenrs of rescarth, John �1ason; a ph)sici11n 

in the year 1968 defined lime major psychological e,·cnts which could trigger the stress 

response. Out before achieving 1h01, he conducted a trial using humllll subjeelS where he 

me:isured the stress hormone levels in a group of individwls before subjecting them 10 Vllrious 

conditions which in his own point of view arc stressful (c.i;., various stressful jobs, pM11chu1c 

jumping, air-traffic con1rollcrs) in order that each individual can explain the psychological 

fc.11urcs of any condition they find stressful ancr being exposed 10 such conditions. Aner 

e;,.posurc, he again measured the stress hormone levels. From his result , he observed and inferred 

that n situation has 10 be interpreted as being uncon1r0llablc. no,•cl, lllld uprcdiclllblc for ii lo 

trigi;er a stress response (Lupien et al., 2007). Though these findings incited o public argument 

between the two ScicntislS, additional· investigations cs1oblishcd that l.l1e stress response 

determiners ore very dcr.nitc and ns such cnn be predicted nnd measured. Lhemlly, extreme or 

prolonged stressful c>.posur0 re.suits in a novel physiologicol or biochemical bnlnnce which could 

be fovoumblc or deleterious, resulting in seve ral dnmagc.s and diseased stDtcs as a n:sult of a 

mnlndnp1n1ion or nlloslll.Sis (McEwen, 1998). 

Several Sl!'C1S rcsenrch nim at drug development nnd c.slllblishment of methodologies copoblc of 

stimulating an orgnmsms' inherent ndophvc system i n  order co enable it survive severe or chronic 

�,rcss conditions, while simultaneously mninlllining 10 n greater dcgrtc, the potentiality for both 

physical and men111I work (Ponossion o.nd \Vikman, 2010). No drug hn.s been SUlled in the 

modem phnnnncopc10 for lhc trc.itmenl of sln:ss, ollhoush �cvcml drugs including di112cpa_m, 

omphclllmlncs, calTcine, and some onnbolic steroids ha1·c been used by some Individuals 10 fight 

stress (llofTmon, 2001). A person undergoing severe stress but wllh mild symploms of an.,lety 
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will mos, likely be prescribed a mild anxiol}lic such as buspironc (Hoffman, 2001). bu1 when 

anxic1y level is pronounced. antidepressant dru� espcciall) amilriplylinc, vcnlafa.xinc and 

nuoxetinc \\OUld be highly recommended. In some cases, lhcsc drugs can cause some adverse 

rcac1ions such as increasing 1he risk of depression and anxic1y. 

Stressful stimuli activate and lrisgcr the release of innammalor) mcdin1ors rcsul1ing in 

ahera1ions in lhe oxida1ive/ni1rosa1ive P3lhw11ys in  lhc brain �1unho7 ti of., 2008). A vnricly of 

planlS and na1ural compounds h.ivc been shO\\n ,n several s1ud1cs 10 cxhibil 1111tistress and 

adaptogcnic activi1ics owing 10 their neuroprotecti\•c potentials and ability 10 suppress the 

activation of lhc inOnmma1ory p.tlh\1ay. tvlorin hydralc is a flavonoid firsl isolated from 

mulberry (J.forus olbo L) branches. 11 's been indic.11cd 10 dcmonstmle nn1iox1dani. 

ontideprcsso.ni. onxiolytic, llllli-inflo.mmatory and ncuroprotce1i1·e ac11vities (Campos-Esparza ct 

11/., 2009). Thus, 1hls research aim al evalunling the Mtis1rcss po1cn1inls ond 1he mechanism of 

nc1ion of morin hydra1e in Swiss mice. 

1.2. STUl>Y ODJECTlVES 

I. To invcstigalc the a.nti•Sll'CSS activity of morin hydrate using different stand11rd acute nnd

chronic strcss models

2, To explore the modula1ory role of morin hydm1c in stress-induced behavioral changes: 

nn�icty, dcpr�slon nnd memory impainncn1. 

3 To  dc1cnnine the effects ofmorin hydr.,_te on antioxidant and pro-oxidnn1 s1111us. 

4 To invcstigntc lhc ou1come of morin hydmte trca1mcnt on stress-induced hyperglycemia and 

dyslipidcmia 

S. To assess lhe ou1come of morin hydm1e lrcolrncnl on lhc hypolhalamic-pituilllry-adrenal

(IIPA) axis

6. To examine and qunntify the outcome of morin hydrate trtJlmcnt on chronic s1rc.Ss-1nduccd

ncurodcgcncro1ion. 

• I lislologicol studies and cell count of the prefron1al c:oncx and CAJ hippocompol neurons

in ihc chronic restraint slrc.Ss model.
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• Histological study and ult count of the hlppo=n�I CA I neurons 1n the sleep

deprh'lltion model.

• Histological studies and cell count of the h1ppocarn�I dcntBte gyrus nnd CA3 P}Tamid3I

neurons in the chronic unpredictllble stress model.

7. To explore the effect of morin hydrate on chronic stress-induced neuroinflarnmation:

• Interleukin· I beta (IL-IP)

• Tumor necrosis factor-alpha (TNF-11)

• Inducible nitric oxide syntlusc (iNOS)

• Nuclear factor-knppn D (NF-KB)

. 

• 
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CHAPTER T\\'O 

LITERATURE REVlE\V 

2.J. STRESSORS

Pcr,ons, objeclS, situations or cond11ions which trisser the stress response system of an 

individual Q/1 be labeled as a stressor. There exist the likelihood or s1/'CSSors overwhelming the 

resources .11-ailable to be utilized for the stress response and thus, are generally recognized n s  

thrc;its 10 health. Stress can be categorized into two major 1ypes: intemal/cmotional strcssor and 

ex1em11I stn:.uors. 

2.1.1. lnternlll/rmotlonal strcssors: Thescstrcssors include aMiety, fear, 11nd personality traits, 

and the)' affect n person more than the external stressors For c.xnmple, worrying about an 

tlllllllinotion is actu.illy an internal strcssor which may bring about anxiety which is evident by 

excessive pcrspinuion and/or difficulty in sleeping. An individual's personality trails. especially 

if 1hcy arc negative such ns distrustfulness, apprehension, pcrfcc11onism, negalivism and despair 

could nlso pose a.s intem31 strcssors to such individuals (Sinccro, 2012). 

2.1.2. Extcrnnl slrcssors: \Vh.i1cvcr trisscr.. stress from 1hc surroundings or cnvionmcnt is 

called an external strcssor. These slrcssor.. could arise from the f11111ily such ns family duties, 

rcsporulbilitics, flnancial clullcngcs and in1crrelationships, social strcssor.. that dcvdop from 

one's place or work, school, and relationship with people and stressor.. that nrc nssociatcd with 

nolllblc life changes (change strcssors) such ns flndlng a job, gelling married, and childbearing. 

These change strtssors arc usually follo11 cd by decision strcssors 11 hereby the stress ensues from 

the necessity to mol..e cruci:il decisions (Sinccro, 2012), 

Other types of strcsso� 11 hich me)' foll under either internal or c,temnl strcssors Include: 

I. Chcmknl strcssors: Chemical strcssors are either endogenous or exogenous Endogenous

chcmic.11 strc.,sors ore crc.itcd wilhin the body system rcsulung from improper diet or b:id 

nutrition, while exogenoll.\ stressors nrc toxins from outside the bod}, they Include chemicals 

like food addhlvcs, pollution, and drugs (Sinccro. 2012). 
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• 

• 

l. Disf:asc slrc.,sors: These� sll'CSSors 1h41 arise as a result or illnesses such as diet restrictions

or being conlincd 10 bed and environmental stressors such as pollul4nts, noise. change of weather 

and c.ongcs1ion. 

2.2. CATEGORIES OF smESS 

2.2.1. Acute stress 

Acute stn:ss is a reaction/response to a sudden danger which could either be realistic or 

pcrcci,·cd. Although the t.erm 'stress' implies an unfavour:iblc perception. acute or short tem1 

s1rcss 1s what l"C.111)' produces cnlhushum, dcliglll and fervor in our lives. II 1s 11 psychologicnl 

c.ondltion which nriscs due to experiencing n frightening event or trauma. II is brought about by 

our daily life needs and burdens. mllkins it the most experienced rype of stress scncrally. For 

example, prep:irins for nn exam is a circurnstancc thnt co.uses acute stress which cnn brins nbout 

some psychological and/or physiolosical symp1oms such as 1ension. headaches. stomach upsets. 

nnd insomnio. The occum:ncc or aculc stress is shon-lived but if accumulation of this stress 

occurs, ii mny evoke some: emotional nnd ph)sical problems like llllgcr, apprehension, fear, 

depression, headache, hypertension, stomach upset, etc. (Sinccro, 2012). 

2.2.2. Epbotlic/pcriodlc stress 

Episodic stress implies acute stress th3t occurs ond is suffered rcpcntcdly. II ceases from umc to 

time unlike ncule stress. Episodic or periodic st�s is usually perceived by pessimists. WOIT)

waiu, people who undcrso stress to achieve lhc impracticable and outrageous goals they set for 

trn:msclvcs. Episodic stress is also generally e�pcricnccd by people who Are aggressive, 

contentious lllld atimes uptight and biller. This can evoke 1111xict) disorders, emotional traumas, 

cnrdiovnsculnr diseases, prolonged dumtion of recurrent depression in addi1ion 10 some physical 

problems as seen in acute stress (Sinccro, 2012). 

2.1.J. Chronic stress 

Chronic s1rcss 1s evoked thl'ough persistent or long-lived c�posure 10 some stressful conditions 

such as traumns, protactcd illnesses, relationship defect, etc. These stressful conditions seem to 
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be endless and the indi�idual expos«! .to them feels lbcn:'s no wny out of the situation. 

Accumulation of these streSSes as a result of prolonged exposure can be 1hreotcnins 10 life and 

could lead 10 violence, su1cidnl thoughts and self-innicted injury Chronic stress results in 

definite physical S) mptoms, probably requiring medical treatment. Critical pathological dls�es 

like cancer, diabetes, stroke, cardiac arrest 311d psychological disorders arc connected to chronic 

stress (Sinccro, 2012). 

2.3. "rHE STRESS RESPONSE AND GEi'fERAL ADAPTATION SYNDROl\1E 

The phys1ologicol process which controls or co-ordinlltCS the biological responses to stressful 

stimuli is called the stress response (Esch er al., 2002). \Vhen organisms ll1C confronted by 

strcs.sors, on nmiy of physiological n:sponscs is e,•okcd to nullify the potentiol thiut \\ hilc 

attempting to return the body to homeoswis. The General Adaptation Syndrome was first 

described by Hans Sclyc in 1936 ns an inherent struggle 10 re-establish homeostasis in contempt 

of o stressful stimulus. It comprises of three distinct phases: alonn, resistance, �nd exhaustion 
• 
• 

(Pawar and Hugar, 2012). 
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Stress 
resistance 

Low 

Stra10r occurs

Phase 1 
Alarm reaction 

(mobilize 
resources) 

The body's rfSlstance to stress c,n only 
last so long be!ore exhaustion sets In 

Phase 2 
Resistance 

(cope with stressor) 

Phase 3 
Exhoustlon 
(reserves 
depleted) 

Figure I: The general odoplolion syndrome (Nichols, 2010). 

The :llarm phase, commonly coiled "fight-or flight" response 1s ponmycd by �hock lllld 

:ipprchcnsion when nn individual is confronted by a novel condition. This first phase con,prises 

of o physiological reaction ,vhich fontlS one of the n1ost bosic innate survival instincts. Upon the 

1nind's perception of a real or fictionnl strcssor. the body acts vin an autonomic nervous system 

(ANS) re�ponse which the cerebral cone:< nctivat�. TI1e �yn,pothctic nervous system of the ANS 

empower.. the body 10 fight or nee vin �ignnlhng for discharge of !lie vnrious stress hom1onc, 

while the pnrnsympnthelic nervous system re1nrds oil systems triggered by the stress rcspon.�c. 

countemcllng the activities of the sympothe11c branch. The response of the ,ympathctic ')·\lcn110 

stress tncludcs chains of b1ochem1col interactions bet,vecn several body pnn�. The ndrcn:il glnn� 

release adrenaline and noradrenaline upon �timulntion by the h)-pothnlon,u, when lhey pcrcci\'c 

1h01 additional energy i, required to con1bot or nee fron, n Mrc.,,or If the ,tre-.,or pcr..l\L,. the 

body odju,t, 10 the rc,l\tnncc phnse by oncmp11ng ,ome mcnn, of coping or odopung . .1nd thi, 
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rcsuh 10 lhe gradual dcplcuon or lhc body's resources as the body canno1 adap1 to the stress 

indefini1cly. This finally leads to the clChaustion phase, 11 stage whc re the body is no longer able 

10 11dnp1, often cnlled ndrcnnl malndaptation (Pnwnr 1111d HugM, 2012). Adrtonl malsdnp1a1ion is 

char.ictenzcd by the depiction of the body's resources and loss of nonnnl body funcuon. If this 

phase is prolonged and there is no proper intervention, it may cause exhaustion of the body and 

immune system 3S well as impairment of sys1emic functions. resulting in long tenn damage 

(Soni.or and �lishra, 2011 ). 

The neural or Sympathttic-adrcnal-medullnry nnd endocrine or Hypothnlamic-pituitill)-ndrcnal 

(JfPA) il.'l:iS systems llfC two intcr-1ovcn p11th11ays \\hich direct the stress response. The neurnl 

pathwny 1s majorly activated neurally in response to s1rcss, 11hich leads to "fight-or-01ght", 

\\hile the endocrine pathway can be triggered by several mcchnnisms (Smith, 2012). These rwo 

systems are typically functioning within n sensitive stole of cquilibnum (i.e homeostasis), 

established to sus1ain the normal physiologicnl bnlBnCe of the organism even in exlrtmely 

stressful slt114tions (Esch ti al., 2002). 

The HPA Q)(is activation comes a little bit slo11cr nod it triggers the neurons of the hypothalamus 

10 release conicotrophin-rclcasing hormone (CRH) into the pituitnry portnl circulation. 

S11bscquen1ly, the pituital) secretes into the blood sll'eMl adrcnocorlicotrophin (ACTII) 11hieh 

tr.ivcls down to the adn:nal glands and silmulatcs the stress honnoncs; conisol (in humans) or 

conicostrcronc (in rodcnlS) to be released (Lupien el al., 2007). TI1c third major event of the 

stress n:spcmse is exciuuory amino acid, glutamate release in substonliol amounts inlo the 

cMruccllular space In various brain rcsions (�loghaddnm, 1993). These major mcd1otors of the 

slrt55 �ponse cnn trigger nn nculc phase response nn:slogous to nn innnmmatory l'C3ponse 

evoked b> nn organism In response 10 acule injury or lnfcc:1i0ns 

111c endocrine and metabolic functions of lhe IIPA-oxis make It nn exccp1ionally complc, 

system (Smith, 2012). A contributing foclor 10 Its complcxi1y is 1hc fac1 that glucoconicolds 

ehcilS diverse effects on tnrgct systems in the cniirc organism with the overall aim of increasing 

the avoilnbillty or energy subs1m1es in various body p:uts (e.g. mointaining glucose suppl) in the 

brain), and allowing mllXimum adnp1nuons to the nuc1ua11ng cnvironmcnt.nl demands The I IPA-

3Xis is also activated by hormones, chemical messengers like intcrieukin-6 ,1 hich im:rcases 

conisol release (Smilh, 2012). Though the HPA axis activation mo)' be considered m the 

' 
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fundnmcnt:il od:iptivc mcch1111ism in response 10 change. it� pcrsi�tcnl ond/or sustained octivo1ion 

can thre:uen the health of the organism. Glucoconicoids impairs gro,vth :ind tissue repair. 

nnlllgonilC.S insulin nnd cause a rise in blood prc-.�urc. thus resulting in the pathogenesis of 

diabetes. vasculnr di,case nnd hypertension. �1orcover. HPA :ui� ncll\1a1ion 1nhib1� immune 

functions, which if inhibiled for a long time Cllll be detrimeoutl 10 the organism beC:1use ii 

incrcnscs the risk of 1nfec1ion (Lupien er al .. 2007). 
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2.-1. �IEDIATORS OF TIIE STRESS RESPONSE 

2.4.1. Clucocorticoids. 

The ZDll3 fasciculate of the rulreru1l conex produces glucoconicoids which a.re steroid hormones 

and secreted in a rhythmic and periodic manner. The synthesis ond secretion or these hormones, 

a cl3Ssic endocrine response 10 sll'Css is ,cgulatcd by pituitary ACTH (Sapolsl..1· ct al., 2000; 

Grippo and Sconi, 2013). In the mammlllinn brain, glucoconicoids act primarily through two 

distinct intracellular receptors namely: minernloconicoid (or type I) receptors (?vfR) with high 

affinity for glucoconicoids nnd so 01 basal le,els are prcdominJntly bound, and glucoconicoid 

(or type 2) m:ep1ors (GR). These receptors bind to heat shod, proteins when they nrc not 

occupied, but upon binding glucoconicoids, t\\O identical monomers aggregate into a dimer, they 

rel�e their hcnt shoe!.. protein 1111d arc conveyed into the nucleus, where they modulate genes 

transcription (Sorrells et al., 2009). The GR have tenfold lo\\'cr affinity and os o consequence, 

arc under basal eonditiO/\S panly occupied but as t.lR becomes increasingly Sltumted due 10 

inc�ing glucoconico1d levels during moderate to severe stresS, they become more occupied 

(Sorrells et al., 2009; Grippo and Scotti, 2013), Both receptors arc expressed differently across 

different brain regions, GRs having o higher conccntrntion titan MRs (Grippo and Scotti, 2013). 

Although stress could ahcr their distribution. MRs o.rc greatly c>.prcssed m hippocompal neurons 

and ore fairly expressed in the amygdala subnuclci, the locus cocrulus nnd the h)•pothlllamic 

parnvcntricular nucleus. These ore bmin regions implicated in cognitive, ncurocndocrine and 
• 

cmo1loru1I manipulation of stressful occurcnccs (Munhoi et al., 2006; Gnppo and Sconl, 2013). 

Dlslribullon ond affinity variations in glucoconicoids have prompted the proposition that their 

signaling con hove different transcriptional effects (Som:11s ti al., 2009). Different levels or 

glucocorticoid can have opposing effects. Basal and elevated stress levels con produce a specific 

effect which is mediated by high occup3ncy oft-lR, \\hllc an ln,·crse eO-cc1 is observed at either 

levels below normal mediated b) l011 occupancy of �IR or elevated lc"els or glucoconicoid 

mcd1ntcd by high occupancy of GR, giving an inverse 'U' shaped curve (Sorrells ti al, 2009). 

The actions of glucocor1icoids ore numerous and dh-crsc, nevcnhelcss, one of the principal roles 

of glucoconicoids is the regulation and modulation of the stress response folio" ing stressful 

exposure especially by triggering the IIPA o�is feedback inhibition mechanism (Grippo and 

Scotti, 2013). Olucoconicoids, toccthcr with catecholamines triQgers the moblliuuon or encl'[:) 

• • 
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stores which is mide available 10 the skeletal mU5Clcs with the purpose or energizing the 

organism to either fight back or escape (Grippo and Sconi, 20 I J). Simuhnncously,

i;lucocort,coicb also suppress the activity or functions which nrc not ,mmcdiotel} needed such 4S

the immune system, llS glucocortieoids n:le11Sed in response 10 stressful stimuli have been well 

documented ror their 11n1i-inflamm:uory and immonosupn:ssive potentials (Sorrells-et al., 2009). 

2.4.2. l\lonoamine3 

The e.-cprcssion or Lhc monoomincs noradrellllline, serotonin and dopamine in p.1nicultll' neurons 

increases soon ofter II stressful event nnd \s either evoked directly by the brain circuits involved 

in in1erpn:tn1ion of the stressful stimuli or indirectly via the odn:ncrgic system octivouon (Goto 

<f al., 2007). Various kinds of stress produce pronounced elc,'lltions in no3dn:nergic functions in

the brain. For inst1111cc, stress selectively increases monoom,nts turnover in the omygdaln, 

pn:rronllll cortex, nucleus occumbcns ond hippocampus. lncrc.i.se in non:pincphrinc turnover also 

occurs in the locus cocrulus, limbic n:i;ions, ond the cerebral cortex (Jocls and Dnram, 2009). It 

hos been shown !hot electric foot-shock, toil-pinch nnd restraint stresses devote noradrenaline 

metabolism fn the amygdola and hypothalamus (Ahmad el al., 2012), 

l\lono.tmine n:lellSe in response 10 stressful stimuli happens very rapidly and although there an: 

t1?gion-spccific differences, their actions haldly ever lost through the duration of the stressful

c,posurt. This is due to the foct that monoomincs I) picolly function vio G protein-coupled 

receptors, which promptly oc1iva1cs cffec1ors downstream ond so, their rapid elevation is swillly 

intcrpn:ted by the neurons expressing the n:ceptors. Each bch:wioural fo«ts of the stress 

n:sponsc is modulated by each monoamine. For instance, elevated lc,cl or norcpincphrine 

allegedly triggers o switch from informolion processing and aucntion 10 vigilance, offering a 

greater solution n:galdless of challenges (Aston-Jones ond Cohen, 2005). Funhcrmon:, dopamine 

n:lensed in 1hc prcfronlal cortex during mild stress 11os reported to improve evaluollon of risks 

and decision moking. while serotonin helps in curtailing onxict) following strc s.sful c,posurc 

(Goto c t  al .. 2007). TI1us, collectively, mon011mincs foster significant bchnviouml schemes which 

eruiblc the animal withstand and endure the cnrly ph.1Se of stn:.ss (Joels ond Oaram, 2009). 
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2..1.J. Ncuropcptidcs. 

Several neuropep1ides libenued in specific neurons during streSS c-0nllibu1es 10 the stress 

response habnu.illy through achva1ing multiple receptors (Koob, 2008). These neuropeptides 

include vnsoprcss1n, conicotrophin rtleasing honnone (CRH), neuropeptide Y and substance P 

(Grippo and Scoui, 2013). Conicotrophin rtlcasing honnone is liberated from the 1enninals of 

nerve a.�ons in lhe hypotlul:unic median eminence in rtSponse 10 stress nnd pcrfonn their 

function on receptors in the pituitary. The peptide acts locally through two receptors; 

conicotrophin releasing hormone receptor (CRHR) I and 2 within seconds aOcr its release. 10 

cxcn neuromodulntory effects on lll!get neurons. The sumuloting activity of stress-induced CRI I 

release is primnrily mediated via CRIIRl (Gallagher el al., 2008). Depending on the dose and 

specific n!gion in\'olved, occupation of CRII receptor affects neuronal firing poncms, gene 

e�prcssion nnd behavior (Gallagher cl al., 2008; Koob, 2008). For instance, rcpons show that 

CRII rclcn.sed during shon-1erm stress in lhe amygdnla cenu-nl nucleus improves memory 

consolidation and moderate strw-induccd CRH release from the intemcurons of the 

hippoCM1pus promotes long-term potcntio.1ion and improves memory Conversely, CRI I release 

in l:irgc :imounts in lhe hippocllinpUS during chronic stress triggers hyper cxci1obili1y, seizures 

nnd cause hippocnmpal CA3 neuronal cell loss (Blo.nk et al., 2002; Roozendnnl er al., 2002; 

Chen ti al., 2008). Funhcrmorc, CRH contributes 10 the ahcrations obsel'\led in the neurons or 

�,c pyramidal layer of lhc hippocampus caused by SC\'Crc stress in both matured nnd developing 

brains (l',lc£wcn, 2007). 

The in1crnc1ion between v.isopressin which octs on different types or neurons ond hypo1hallll11ic 

CRH during stress promotes ACTH release rrom the pituitary. The excitatory activities or 

vnsoprcssin in lhc amygdala possibly modulate stress-induced behavioural responses. 

Funhcrmorc, vasoprcssin mn) olso conlri�ulc 10 anxiety and emotional memory (Koob, 2008) 

Substnnce P, nn importllnt clement in pain perception is o.n I I amino acid peptide wldcl) 

distributed 111 the CNS ns well ns in the periphenil and cmcric nervous systems (Brodcsi ti al ..

2003; Ebnar nnd Singewald, 2006). II is implicated In diverse physiological nnd 

po1hophysiologicol proccssCl such o.s strc,� rcgul�tion, 111 addilion to olTcctivc and an.�icty

rclated behaviour (l:bnor ond Singewald, 2006}. Substance P and its primary binding site, the 

ncurokinin-1 (NK·I} receptor 11rc widcl)· distributed in brain tissue, mosll)· in emu that ore 
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impon.o.nt for processing and rt$ponding to physiological and ps)'chologic:il sll'CSsors. lllld in the 

areas tluu con1rol and regulate emotions (Singc\\ald tt al� 2008 ). It has been found in both 

autonomic o.fTercnts a.nd m unmyclinatcd C-typc sensory libcll lllld is in,ohcd in sensory 

pathways, including nociccptivc signaling. "ilhm lhe dorsnl hom of the spinal cord. lt has been 

demonstrated th:it substance P pcrfonn an imporumt function in lhe stresS response and 

contributes to stress-induced inOornmation b:ised on its location m the penphcrnl nervous system 

and throughout most of the bod)' (Grippo and Scotti, 2013). Substonce Pis elevated in the brain 

in reaction to diverse psychological strcssors such as  immobilization stress (Brndesi e1 al., 2003). 

Additionally, ii interacts with lhc HPA axis, le:iding to incre.ues in CRF and ACTH during 

psychological strcssors (Grippo and Sconi, 2013), 

Specialized neurons of the hypolhalomus, brain stem and the limbic system expresses 

neuropeptide Y (NPY), accounting for its effect on stress coping. feeding and stress-induced 

bchaviournl alterations (ReiehmaM arid Holzer, 2016). This peptide released from 

postgonglionic S) mpathctic nerves stands out llmOng other mediators as n result of itS distinctive 

nnxiolytic, ncuroprotcctlvc and Clllming effects (Holzer c1 al., 2012; Reichmann and Holzer, 

2016). It is expressed in distinct braln regions during "arious stressful conditions in both humans 

and animals but lhc magnitude and direction of its c.xprcssion is greatly inOuenced by the no.ture 

and durntion of the S1/CSS (Reichmann and Holzer, 2016). Ncuropcptidc Y is critical for stress 

ndnp101ion os ii counteracts the biological actions of stressful s1im11h-lnduced CRH release. 

hence lennma1111g the stress response (llolzcr ti al .. 2012). 

2.4.4. Glu1amn1c 

There ore evidences Lhat stress alters glu1ornincrgic transmission in the prcfrontal cortc.1. and 

hippocampus which presents n vital process through which stress affects some aspects of 

psychological functions and contributes 10 structural nbnormnlitics seen in depressed subjects 

(Popoli rt al., 2012). �lorcovcr, functional disorder of glu1amincrgic ncurotransmisslon is o vnol 

choructcnsltc 1n psychologu:ol disorders ood memory 1mpa1nncnt (Moghaddam, 2003). 

Ocnclic proof for glu1omn1ergic pathwoy p:uticip:ition in regulating emotional bcha,·1our \\llS

acquired throu�h c.xamining mice with gcneticnlly engineered NMDA receptor genes (Do)CC· 

Rustay nnd Holmes, 2006). Several studies have re,•ealed the mechanisms throu� \\hich 
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glulllmiuc ncuroll1lllSmission is affected b) stress a.nd glucoconicoids Acute su-ess through 

glucocon1coid receptors activation induces persistent potcnuauon of glulllmincri;ic receptors 

1111fficking along with llllllSmission of e.xcitalof) synopses m the prcfronllll cone.x neurons, and lO

sign1ficantl)· focilitole pcrfonnoncc on a behavioral wk which cncomp.11Ses prcfronllll cone.,

mediated wooong memory (Fontella et al., 2004). Moreover, mitA! exposed to chronic 

immobilization slreSS demons1111tcd a rise in both basal glulllmale and depolarizntion-dependent 

gtu1amotc release from lhe synoptic tenninols of hippocamp.11 neurons, signifying an abnonnalhy 

in the processes involved in tcnnlnation of glu1:1mate secretion (Yuen et al., 2009). 

2 • ..1.S. !\'1olrcul�r chnpcroncs 

Gcncmlly called I teal Shock Proteins (HSPs). molecular chaperones ore expressed when cells

arc exposed to adverse chongcs in !heir cn\lronmcnt as well as other mctnbolic insu Its. With 

many of lhcsc strcssors, cell survival is lhrc.,tened. Studies have sho" n lhot these proteins 

provide protection against lhe life threatening effects of strcssors by asslsnng in repairing 

damaged proteins, promoting their proper 1hrcc-dimcnslonol confonnotion nnd preventing them 

from forming aggregates (Ponossion ond \Vil.man, 2010). Thus, one function a11ribu1ed 10 HSPs 

is to protect the cell from dcJlh in the presence or a slrcssor. For example, mammalian cells 

injected with antibodies specific lo the mo.st highly induced stress protein, I ISP 70, quickl) die 

following their exposure 10 a brief heat shock trca1mcn1 The major phnrmacological activity of 

adnp1ogen$ is carried out by the 72k0o heat shocl. protein (lisp 72). Its e.xprcssion can be 

inhinlcd by odap1ogcns in human microglia, "here ii functions to mainlllm the homeostasis of 

neuronal cells by acting as both o chaperone and a cytokinc (Ponossinn ct al .. 2010). It delivers 

antigens 10 antigen presenting cells (APC) through binding 10 antigenic peptides and stimulates 

the release of proinflommo1ory cytokine.s, thus enhancing immune function (Asc;i and Brown. 

2008; Heel.er and McGorvc)', 201 I). 

2.4.6. Cyloklncs 

At the Initial ph��c of stress, up-regulated glucoconlcoids 1ogc1hcr 111th ca1ccholamincs inhibit 

the �ccrction of proinflommo1or) cytol.incs li�e in1crfcron-gnmmo (INl-y), TNF-a, IL-IP and 

IL-6 directly or indirectly while promoting 11n1iinflommatol') cy10!.incs secretion. At the 

prolonged Sl4GC, these t)lokines ore inhibited via negoll\c fecdbac\. regulation (Tian �, al .•

16 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



2014). Other studies carried out have sho"'n th:u contrar}' to lhc fact that chronic strcs.s 

suppresses proinnammatol)· C)1oldnes rtle3Sc, ii ma) also increase proinnammatol) C)tok1nc.!> 

(Gouin ti al., 2012). For instance, some res=hers by adopting a variety of p.:lllldigms have 

performed mc:lll•nnnl)sis 10 mort than joo studies about chronic stress, QJld have found an 

incl'Cl!Scd production of IL-6 and INF-y during lhe chronic sutss, compared with lhe conlrol 

groups (Scgcrstrom and �tiller, 200-1) These conclusions arc quite inconsistent and hn\c been 

suggested lo be due 10 individunl differences, type, duration lllld intensity of sucssors, nnd 

detection methods (Sorrells ti al., 2009). E.xp:intioting funher on these inconsistencies, TiQJI cl al 

(2014) considered that there a.re three serial stages m chronic stress upon which 

upreguln1ion/downrcgul1111on of c)'lol.incs depends. TI1ey stnicd that al  the enrl) su1ge, chronic 

stress downregulotcs proinflnmmotory t)'IOl.mcs whilst upregulating 11nti-mflommo1ory 

cytokincs. At lhe second s1age, susu1ined stress may lead to HPA a.xis fatigue QJld glucocorticoid 

rcsislllllcc: in "hich glucocorticoid reccp1ors are downrcgula1ed nnd lhc sensitivity of the 

immune sys1em lo coriisol deelincs. Accordingly, the innammalOI) pathwnys a.re ac1ivn1ed, and 

the genes responsible for proinflammntory cytokine production arc activated (Cohen ct al., 

2012). Except the siressrul stimuli is climin.ucd, lhc third stoge proceed which is characterized 

by further increase in proinflammnlory cytoldnes which 10 a ccrtllm level induce inflnmma1ory 

n:.sponsc 11hich may induce \1 arious diseas� (Tian c1 al., 201•1). 
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201-4). Other studies carried out have shown th:it contrary to the fact that chronic stress

suppresses proinnammatol)· cytokincs release, it may also incl"C3Se pro111nlllllmatory cytokmcs 

(Gouin �, al., 2012). For instance, some researchers by adopting a vnriciy of paradigms have

pcrfonncd mcta-anal}sis to more than 300 studies about chronic stress, nnd h3vc found an 

increased production of I L-6 and INF-y during the chronic stress, compared w Ith the control 

groups (Segerstrom and Miller, 2004). These conclusions nro quite inconsistent and have been

suggested to be due to individual differences, type, durntion Md intensity of sucssors, nnd 

detection methods (Sorrells ti al., 2009). Expnntiating runher on these inconsistencies, Tian 111 al

(201•1) cons1dcn:d that there arc three serial stages m chronic stress upon which

uprcgula1ion/downrcguln11on of cytokincs depends. They stated that nt the enrl) st11ge, chronic 

stress downregulates pro,nnnmmatory cytokincs whilst upn:gulating nnti-mnnmmatory 

cytokincs. Al the second stage., sustained stress may lend to HPA axis fatigue Md glucocorticoid 

resistance: in which glucoc-onicoid receptors arc downrcgulntcd ond the scnsith•ity of the 

immune system 10 conisol declines. Accordingly, the inOlllllmatol) pathways a.re activated, and 

the genes responsible for proinOnmmntory cytokine production arc ac1ivn1ed (Cohen cl al.,

2012). Except the stressful stimuli is eliminated, the third singe proceed which is characterized

by runhcr increase in proinnwnmatory C)1okines which to a ccnnm lcl'cl induce innomma1ory 

response which may induce various d1scl1Ss:5 (Tian c1 al., 201•1). 
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Figure 3: Prolonged stress-induced lnnan1n1ntory poth,v11y (Tinn et al .• 2014). 
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2.5. STRESS ANO rA TIIOrUYSIOLOGY OF DISEASES 

Stress pcrfonns o criucal function in the pred�positlon. advancement and consequence of 

ncurodcgcnemtive discascs ond mental illnesses. The e:1:tent at which stress contribute to these 

pathologies depends on the kind of stressor implicated and/or the timcfmme of its effect on the 

organism (Esch 111 al,. 2002). 

2.S.I. Schizophrcnin 

Schizophrenia is a mcntnl disorder, characterized by a mi:>.turc of symptoms that arc gcncmlly 

divided into three mnjor clusters: positive (halluciruiuons, delusions), negative (1111hcdonin. 

emotional 11ithdmwal, poor rapport, p:ISsivity and apathy) and cognitive symptoms. It otTects 

about O.S-1.0% of people worldwide, occurring roughl) equally in both men and women. The 

e.�act causes of schizophrcnin are not fully understood and till date, arc still subject to deb:ue as 

the illness is a complex one. Although the consensus of current research which i s  widely 

accepted is that, schizophrenia is a developmental disorder caused by o genetic liability or 

biological predisposition interacting with environmentol and psychosocial sll'CSs; the so -called 

diathesis stress model (Douma ct al., 20 I I). Behavioral and biological data indicate th111 stress

worsens !ymptoms of schizophrenia and that the diathesis is associated with excessive stress 

response. Moreover, obnonnalitics in the key clements of the stress cas�de including 

abnonnalitics in conisol lc1•cls, the hippocampus and cognilion hove been found to be 

characteristics of schizophrenia (Cor«>mn:e1 al., 2002). 

Studies revealed th:ll persons with schizophrenia c;,.prcss reduced glucoconico1d receptor mRNA 

levels in their frontol cone;,. This proves that some IIPA 11.\ls nbnonnalities occur in 

schi7ophrenia Funhcnnorc, evidences that chronic stress is correlated with hippocampal 

obnonnalhies as seen in schizophrenia c>,ists (Corcoran cl al., 2002). Studies revealed that 

slucoconicoid elevation diminishes population of neuronal cells and dendrite 111borisation, 

observations that hove been reponcd In schirophrenia (Sapolsky, 2000). Thus, the 

pathophysiology of schizophrenia and 50mc other chronic stress-induced mental Illnesses on: 

directly connected with nn irregularity In the nonnal hippocompal neurons turnover (Arango ti 

al., 2001) 
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There arc other mechanisms whereby stress contributes to the pathophysiology of schizophrenia. 

for example through the activation of dopamincrgic transmission or through c1choto'<ic i njury to 

vulnerable Inhibitory hippocampal GABA-ergic intemcurons. A study conducted in 

schizophrenic rats showed lhnt nnimnls \\ ith nconnu1I exeitotoxic domosc in the hippocnmpus 

show a very high level of mcsolimbic dopamine release in response to stress. Also In healthy 

indlvidunls, conisol Increases dopamine metnbolism in the nucleus occumbens nnd raises the 

plnsmn level of homovonllllc acid; n key product of dopnmine metabolism (Posencr ti al., 1999). 

Furthermore, N-mctl1yl·D·nspnnotc rcccptpr hypofunction hns been proposed 10 decrease GABA 

transmission nnd consequently enhance 1:lutnmntcrgic excitotosicity \I hich contributes to 

schizophrenia (Deutsch 111 al., 200 I). 

2.5.2. Oeprc.ssion 

Though the moleculor processes underlying lhc physiopathology of depression ore not totally 

clear, studies hove shown that ncquircd irregularities in  the stress response pnthwoy ore 

sisniticnntly mvolvcd (Ncgmo et al., 2000). Chronic exposure 10 stressful stimuli triggers 

excessive HPA o..-.:is activotion nnd strong evidences si11nifying the contribution of HPA nx1s 

hypemctivity to the pathogenesis of mood disorders e�ists (Poriante and Miller, 2001 ). 

Depression is cha.mctcriud by n decline in glucoconicoid receptors expression, followed by nn 

altered feedback inhibition by endogenous glucocorticoids (Coucr nnd Pariante, 2002). Also, 

stress-induced structural changes such as dendritic arborizaiion nnd reduced neuronal volume in 

ccrtllin brain nrcas like lhc hippocampus nrc clinically implic.11ed in major depression (tvlcE\,cn. 

2000, Sapolsky, 2000). 

Addilionall), stress could initiate depression vin tl1e inOommaiory pathway The thin! stai;c of 

Slrc:SS is chnmctcrizcd by funhcr inclt!Se In proinOammotory C) tokines "hich eventual I) trigger 

on inOllmmntory response (Tian ct al, 2014). These circulatory proinOo.mmatory C)tol1RC$ 

enters the brain through lhc we.ii. region of blood-bmln barrier or by !heir specific ll'IIUpon 

proteins on the brain cndothcliill cells or tmnsmit the sigMls 10 the $peel tic regions of the brain 

b) the vagus nerve libc" (Roison tt al., 2006). In the CNS. the proinOammatory t) 101..incs alter

the metabolic processes of serotonin and dopamine. Suppression of secretion and rcup(Akc blocl 

of these ncurotrarumiltel') is linlw to the p�thogenesi� or ma1or dcp�sion and otTcr in,1"'1., 

Into its tl1crap) Studic, lUlll:c:11 lh3t the mnjor factor linlina chronic stm-, and dcrrcssion 1s 
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CRI I ovcrc.xprcssion. The corticotrophin rclensing hormone of the pnruvenlriculor nuclei c.m be 

activated by proinnamatory cy1oklncs \\hich olso up-regulate adrcnoconicolrophin hormone 

(ACTI I) nnd conisol. 

2.S.J. Anxiety 

Anxiety 1s o notuml affective response 10 threat or possible threat, but when the emotion is 

inoppropmitc, extreme and persistent, it ls classified ns p3thologicol (Gross and Hen, 2004). 

An.xicty disorder is a major mental disorder which has adverse consequences on bodily 

functions, thcrel!y disrupting the body's physiolog1col b3lonce (Ray c1 nl., 2003). It is o harsh 

emotional condition \\hereby fear perception is dispamte to the type of thrut. Anxiety is usually 

con,idcred ns long-term stress and both conditions ore believed 10 promote the pathogenesis of 

each other. It's not clear \\hy anxiety and stress seem lo contribute to each other, though the 

onset of anxiety has been linked to the stress response system hypcructivity as well a.s hormone 

or neurolrarumillcr misriring (Rachal ti al., 2001). 

2.S.-1. Posllroum:itic Stress tllsortlcr (PTSO) 

Evidence suggests that seven: lroumotic events which arc abnormal lo human experiences con 

trigger PTSD (t,,locs rt al., 2001). Posttruumatic ,tress disorder rc$Ults from exposure 10 c,trcme 

stressful conditions or tmumotic events, with resultant response of fear, horror and helplessness . 

Posttraumatic stress disorder patients usually manifest three specific symptoms. n:-cxpericncing 

the C\·cnt (flashbacks, nightmorcs and images), evasion of aide memoire of incident, and hypcr

arousol (sleeplessness, bod temper, distmchons, and h) per-vigilance) for o t  least one month 

(Nonh et al, 1999). Tmumntiz.cd mdividuols mny come down \\ ilh acute stress disorder during 

the first month following a stressful c�posure. Though acute stress disorder doesn't always result 

in PTSD. it could clevotc the risk of PTSD (Haf\c)' and Bryant, 1998). 

2.S.S. Altheimer'� tlbeu5c 

Stress niters brain integrity through the induction of memory loss and neuronal dcgcnmtion lllld 

this efTect plnys o significant role in lhc pathoph)'siological procc��c, wocilucd \\ 1th 

Alzhe1me_r'� di�cosc (�1cEwen, 1999; Lupien et al., 2007) Acute or �hM-lcrm stm� mhantts 

thinking while penistcnt and elevated lc\·ci, of stress, 11rol1341, onJ fcu inJucc dclicicnc\ ,n 
• 
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learning and loss of memory. Leaming ond memory dc1crioru1c olongsidc ,ncn:nsc in stress and 

oro115nl lc\cls, in confonni1y wi1h lhc 1ypicnl in�crsc U-shopcd curve (Gorci11. 2001). One of1hc 

mcchnnisms through which stress cxcns its influence on memory function 1s on clcvo1lon m 

corticos1cronc level (\Volr, 2008). Glucocorticoid reeep1ors ore densely populo1cd in 1hc 

prcfrontnl cortc.x ond hippocnmpus; bmin regions concerned with memory processing. The 

hippocampU5 is c>.1rcmcly prone 10 sl.J'cssful stimuli (Pcrlmnn et al.. 2007). Strcss-rclo1cd 

corticos1cronc secrc1ion suppresses hippocompnl ncuml oc1ivi1y, which is linked 10 !coming and 

memory nnd cause hlppocompal 01rophy (Garcia, 2001). Thus, 1he pn1hogcncsis of memory loss 

could be chomc1cri2ed by strw-induccd IIPA n�,s ac1ivn1ion. This sho\1s 1ha1 glucocorticoids 

nrc able 10 modulo1c hippocompoi synnptic plas1icily ns lime pro grcsscs. rcsulling in dcndntic 

s1ruc111ml chnnges 

;\lzhcimcr's disease ls o gmdu31 irreversible disease occurring prcvolcn1ly in the aged (11bou1 60· 

6S)rs but rapidly doubles every S years oner) (Alzhe,mcr's Assoc10Lion, 2011). II couscs mos, of 

1he dementia cases and is chnructcriscd by lhe dc:vclopmcn1 of neurolibrillo.ry unglcs ond senile 

plaques; two proteins implicated in the progrc.ssion which develops to gradual ncurodegenem1ion 

and cveniually death (Maccioni N al., 2001). Oxidative sm:ss was shown 10 participate majorly 

in 1hc chnngcs observed in normol sisnalling pathways of neuronal cells rcsuhing in Sll\lclural 

ond physiological abnonnali1ics and neurodegcnar.uion. Hence, oxidoltvc stress along with 

chronic inflammation may perhaps be linl:cd wnh Alzheimer's discnsc Proinflammnlol) 

t)tokincs rclensed during prolong stress are also behe\•ed 10 particip:uc in lhc neuronal 

degeneration seen in AD (Esch cl al., 2002). RC$Carch indicates 1ha1 imerlcukin 6 (IL-6) 

expressions is related 10 socinl stress, and rniscd IL...6 levels were b1ochcmically evalun1ed in 

bruins of AD patients (Hull ti al .. 1996). Also, IL-6 immunorcac1ivi1y was conlinned in AD 

plaques. Therefore, IL-6 cxprcssion may come before nl1cro1ions of neuronal cells in 

Alzhc1mcr's d1scosc and chronic Sll'C$S might signilicanil) influence the 1>3thophysioloG} 

underlying AD (Esch�, al., 2002). 

2.5.6. Cardl0\1Ascular Olst11c 

!:.lcva1cd c.1rdlo\a.'ieular mponsivcncn 10 siren p:1111cip.11cs m the Mhancemrn1 of �f'«'"'

c.1rd10Y1Scular dl\C.Ucs Canllovll$Cufar rc,pon\t 10 s1res, ,s mt1\II� 111nt,u1cd 10 cat«hown,nc 

hypcn1imula11on (Treiber ct al, 2003). These re�"°"'" include mob1h1a110n of hp1d,. \\Utular 
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rcsistllncc, increased cnrdiac output and plo1elc1 oggrcgntion. \Vith repealed stress, the smooth 

muscles of the vessels begin to wear out, and glucose Md the lipids mobilized inlo the systemic 

circulotlon by stress begins 10 deposit beneath 1hc lining of blood vessels, causing thickening of 

the \Weis (Sopolsky, 1998). This clTcct funhcrs the cause nnd development or othcrosclcrotic 

hcnrt disease and high blood pressure (Esch et al., 2002). In oddilion, adrenaline rclcllScd during 

stress mobilizes stored fats which thicken vasculor cells making them susceptible to clo1. Blood 

vessels clog up nnd blood now is reduced. This gives rise to artherosclerosis; o proven oulcome 

of chronic stress in humans (Pouvcl et al., 200 I). 

r,oinflnmmo101J cytoklncs released during prolong stress ore nlso believed 10 con1ribu1e 10

othcrosclerotic plnque formohon ond cordiac irritability (llonsson, 2005). The ntheroma is 

prccccdcd by on aggregation of lipid-lndcn cells, macrophages. and some T cells, beneath the 

endothelium. The activated macrophages induce the libcnuion of free radicals, chemokincs. 

C) tokines, o.nd other inflomma10ry molecules which eventually cause inflomma1ion and tilSuc

damage, which promote lhc olherosclerotic plaque formation. Besides, the octiv111ed NF -id3
•

induces cardiac hypertrophy (Hansson, 2005).

2.S.7. Dimbclcs 

One or lhc major responses of the body 10 stress is the mobilizoiion of fouy acids and glucose 

from !heir stores into the blood s1rcom nnd in type 2 diabetes, excess circulatory glucose and 

fatty ncids results in insulin receptor down-regulation, blockade of insulin production nnd insulin 

resistance (Sapol.sky 1998). SlrCSS nlso aggravn1es type I diabetes ,,here the immune system 

inwdes the pancreatic cells, reducing their Cllpacily to produce Insulin, Excessive IL-6, TNF-a, 

nnd IL-IP production has been observed 1n people w11h diabetes (Van GreevcnbroeJ.. ti al.

2013) Studies suggested 1h31 inflnmmntory C)toklncs, including TNr-a, could induce iru.ulin-8 

rcsislQl\cc (D.indonn tt al., 2004) and occumulatmg d:!to ha,c sho11n that lack of TNF-a or 

inhib11tng its receptor induces the Increased sensi1ivi1y of insulin (Dandom ti al. 200,i) 

Addition:illy, the bctn cells of the pnncreas, ,,hich secrcie insulin, C4Jl be disordered b) 1tcthatcd 

NF-icB, or dnmnged by iNOS, 11h1ch is s1imula1cd by the proinflammntory C)tokincs (Pcnnuh 

and Marcue, 200 l) 
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2.6. ANII\IAL MODELS OF STRESS 

As whh humans, many diverse strcssors can induce ncurocndocrinc nnd bchnviournl ch�nges in 

nnimals. These chances ore commonly crhploycd 10 mimic in nnimols the slcn, and symp1om, 

1h01 arc indicative or p:irticulnr psychiatric disorders in humans. The possibilit) or this is due to 

the foci that when similar stmins or animals "hich arc or the same ace nnd sex ore kepi under a

comrollcd cnvironmentnl condition, they exhibit similar reactions to strcssrul conditions which 

on: commcnsurote whh the duration and scvcri1y or 1hc stress Thcrcrorc, stress protocols can be 

measured and re11ulo1cd so ns 10 cc1 responses 1ha1 arc reproducible In rcolity. s1rcssful 

conditions dirTcr rrom mild discomfort to 1muma, and for this reason, similar voric1ics ore needed 

in s1rcss models. Animal s1rcss models can be crouped proc1ically into physical ond 

psychological stress models (Oolbidi ti al., 2015). 

2.6.1. Animal model or physic11I slrcss 

Physical Slressor, consist of thermal stress, rcs1r.un1 (or immobiliza1ion) stress c1c. 

2.6.1.1. Tbcrmnl stress 

Thermal stress can be applied either by rorcing the animals (rats or mice) 10 s,vjm or sl.3nd in 

cold water (I 5-20°C) with their heads above the wotcr level for I 5 minutes (Re1.ina-t.l6rquez ti

al., 200)), or lowcrinc the temperature 10 4°C while sl,ortening the swimming time 10 S m1nwcs 

(Lee el al .. 2002). Exclusion crileria include onlmals 1hn1 are unable swim or those that rcmlli ncd 

submerged in waler. Immersion in cold water could be used to model acute 115 well as chrome 

stresses in onimols. In the acute stress p;1n1digm, 30 minutes post S\\imming time, the o.mmals lll'C

sncriliccd: while animals come in con1.11ct with the stressful stimuli ror c,1cndcd period of time 

(between 10-20 days) in the chronic stress model :ind 1hcn:3ncr, sacrificed nn hour ancr the last 

stress exposure (Oolbidi tt al .. 2015). Acute thermal stress could be induced b)· 11 single c,tpo)we 

of nn1m11ls to cold (4°C) for the duration or 15 or 30 minutes, 11 hilc for chronic strcu. the acute 

SIJ'CSS procedure Is repented for 7 10 days (Qui ti al. 2004). Another study r(f'Ortcd the 

onimals were mam1amcd o.t -S°C ror 4 hours in refrigerated comparuncnt (Fcmiro ct al. 201 I� 

Thi, model ha., been modified by �c.1rchc� to include the applicoti\\n of cold ��, juit to the

sole or the feet in M clTort to mimic evcr)'day human lire and to dc\elop • mott cth,calh• 

• 
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tlcccpuiblc technique (Kanayoma el al., 1997). To apply cold stress locally, the noor of animal 

cages can be cushioned with ice m order to mninuiin o stead) conlllct between the cold source 

and the animal's pnws. This method hns been reponcd to induce endothelial dysfunc11on. 

h)pcnension, protcinurin, hypcrcongulation, dccrenscd hcpa11c-renal cin:ulalion, and Increased 

sy1npa1hctic system activity (Kanaynma et,al., 1997). 

2.6.1.2. lmmobilllJltion stress 

lmmobillwtlon stn:ss cnn be applied either by placing the animal In restrainer or by tying the 

limbs together before securing the animal on a plastic bonrd usins on adhesive tape (Kut kami 

and Juveknr, 2009). The time period of 1mmob1lization varies for both acute ond chrome strcs.s 

(Kulkarni and Juveknr, 2009; Dnthia 01 al., 2011; Don:dduln c1 al., 2014). Immobilization 

ponroys o stressful and inescapable life situation in which the physioloi;ic response is hardly 

modulated by ad11p1ntion (811thia cl al., 2011). lmmobiliu111on could also be combined wi1h 

thermal Strt$5 and this is belie\'ed to nmplify s1ress responses. The animals a.re placed, following 

restraining in a resupine posrure, in n frosty environment (•1-6 °C) for 2 hours (Krishnnrnunhy et

al., 20 I I) or immersed in very cold waler for a period of I hour (K.lcnerovo cl al., 2007). This 

immobilization in o cold environment triggers sympathetic system and HPA a.xis activation, 

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

2.6.2. Animal model or psychologicol stress 

2.6.2.1. Noise induced stress 

Environmental noise is II general problem which confronts people living in the urban o.rus It 

induces stress and poses a risk to health (Kazi and Oommen, 2014). Prolonged c,posurc to 

noise pollution triggers recurrent sympathetic nervous S)'5tcm sllmulotion resulting ,n 

wdio\ascular complications and o reduction in parasympathetic tone. Such occurcnccs can 

alter o transient rise in blood pn:ssurc, COn\cning it into a more persistent hypcrtens10n (Golb1di 

cl al., 2015). Noise st=s induces memory and cognitive damage as e.,pcnmmts 1n ran 

lnd1ca1cd that It alters ncuro1ronsmi11cr levels in dilTcn:nt brain sections anJ diminish dendrite 

i;ro1�ths (Naqvi et ul., 2012) Noise stms causes morphological 1Rnsform11lon., or the blood 

vc»els os dcmons1roted by enhanced pcnneabilit) of mcscntcnc cin:ulatlon 10 .1lbum1n .1nd 
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clcvotcd dcgrnnulo1ion or the mast cell Manipulation of the diet by consuming additional 

amount of vi101nin C: has been sho11'n 10 nullify these changes ( Baldwin ond Bell, 2007). 

Funhcnnorc, noise pollution alTccts 1he respiratory ori;oncllcs in the hcon muscles ond 1niu:crs 

the ROS generation, resulting In oxidative stress (Os1mndcr cl al., 2006). 

2.6.2.2. Elcctrk:il shock str�s 

An ohemn1ive approach for psychological slrcu induction in animals is by exposing the animals 

lo "cal.. elcctricnl currents. In this method, the animals ore placed in specific cnges with noors 

which arc clcctricnlly charged to conduct electric current 10 the feet or the onimnls. Several 

procedures ore being employed 10 Induce d11Tcren1 levels or s1rcss. These procedures vnry l1S

regonls n:cum:ncc, 1imefmmc or exposure and intensity or elec1ricol shock (Rostomkhani t:I al., 

2012). Animal's ability to predict or avoid the stressful s1imuli can n1Tcc1 the extent or response 

(Nnli\'aiko el al., 2010). The shock applied could be mild (0.SmA for 0.Ss), 45 min oner oml 

administration of drug (Bali el al., 2013) or severe (multiple fool shocks of 2mA, SOHz of 2ms 

dumtion. al I Os interval) 60 min aOer drug odmin1s1ro1ion (Thakur el al., 201S). It could also be 

acute, in which case o.nimols ore exposed to electric foot shock ( I m  A, I Hz). for o duration or I Os 

every 60s for I day, or chronic where the animals were exposed for 15 and 30 days 

(Rostomkh:ini e1 al., 2012). Unprcdictoblc: electrical shock was described to trigger 

cardio"aseular problems, and symptoms which mimic depression in  humans such as body weight 

gain, withdrawal from social activity and reduced locomotor activity (Bobrovskaya ti al., 2013) . 
• 

2.6.2.J. Ilehn\'lornl 1les11air stress 

Och:1v1ouml despair stress depicts o life threntcnini; Md unavoidable c1rcumstnncc which causes 

psychological stress lhnt triggers 1hc stress �ponse. In this paradigm, Gnimnls 11/'C compelled to 

swim in a sllllldDrdizcd tonk full of water. There ore diverse modifit111ions of this test as regun:1$ 

the water temperature and the animal's sw1mmmg time. This procedure ii being cmplo)ed in 

scJtCning for anti-depressant-like properties and slrtss-induced nociception (Castagnc ,, al_ 

2009). The time for whkh an animal remn111s 1nocli,-c in water follo11mg rcrciicJ forced 

swimming s�ions is reduced by antidepressants However, m3ny llrJlumcnts h.t,c been tlt\cd 

regarding the relevance or the nooting behaviour IIS some rc:scan:hcn ha,c 11\\inUJlcJ th:lt thi� 

behaviour a>uld be acquired in  order to tOIISCT\'C encrg) for SUI'" al (Sch3rf and Schmidt, �O I�}. 
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The Forced swim test is depicted 10 affect cardiac function ond promote ortherosclerosis in 

nonnal diet-red rots exposed 10 o stress protocol comprising or restroinl OJ1d forced swim (Devoki 

cl al., 2013). TI1c protocol lncrca.scd blood cholesterol and triglycerides levels, reduced IIDL 

levels and enhanced oxidative stress, err�cu which pcnisted even 20 weeks oner termination of 

stress exposure. 

2.6.2.-1. Socinl defeat stress 

Social defenl lcst is mostly used In rodents and 1s bnscd on the principle that when the lest animal 

is exposed to a dominant nnd 01111n:ssiv� countcrpon for o known period of time, h mimics 

psychological stress In humans. To promote BlllltesSivc behavior, the dominant onimol may be 

housed with II female prior 10 social defeat test 10 cslllbllsh n sense of territorial nuthorily and 

possession. As with other behovioral tests, there arc some modifications in terms of frequency 

nnd length of exposure and measured responses (Golden ct al., 2011). Dcfcol stress reduces 

social interaction and enhances nnxiely-originated behavior in the submissive OJ1imol. Similar to 

strcss-rnduccd psychopathology m human, lhc animal's behavioral disturbances respond 10 

chronic treatment with OJltidcprcssont drugs. TI1is resemblance in the chronology of response is 

considered strength of this test. which not only models depression -related psychological 

disorders but may also represent social phobia ond posl -troumotic slrc:SS disorders (Pollak el al.,

2010). In rats. ll1e social defeat test h:is been shown to be nssociotcd with sympathetic ovcr

acuvity and 1ochynrrhyll1mio, and Induction of a pro-arrhythmogenic stole in ll1e m)·ocordium 

(C11mevnli cl al., 2013). 

2.6.2.5. Nconatal-matcrnnl separation stress 

�Internal separotion hll.S been iu-guobly proposed o.s the commonest P3T3digm or prolonged 

lrDurna (Smith 2012) It's a chrome bchnvioral stress paradigm that evaluates ho\\ psychological 

stresses experienced In Cflrly life con affect subsequent events 1n life. Normal!} for the first fe\\ 

weeks of their life, pups remain with llleir mothers till their weaning age of 21-30 days. but this 

test involves temporarily scP3T3ting or isolating the pups for a set time period per da> throughout 

the wly postnatal life starting from day 2 and ending on da) 14 (Kosten r/ al, 2007). The� an: 

bch:ivioural ond structural oulcomcs to this protocol lsolntion ,1�, tng£cn HPA 1.,i\ acu,ation 

and induces bolh !\Jnctional end morphological altcrottons tn dilTcrtnt rti;lon, or the Nllin. This 
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method is employed in evaluating the imp3ct of neo031al isolation on syruiptic plasclcity (Bloise 

ct al., 2008), ndullhood nddiction, response to psycho-stimulants (Kosten and Kehoe, 200S), 

nociccptivc stimuli (Couunho 111 al, 2002), ond exploratory activilies (Becker ct al .. 2007). 

2.6.2.6. Changing lli;l•t-dark cycle 

Any disturbance in the sleep-wnkc cycle (circodion rhythm) of on  organism can result in 

malfunction of the metabolic, honmonnl, immunologic, nnd infnct, the 10101 physiological 

functions of the body (Hickie et al., 2013). II is c-0ntrolled by the melatonin-serotonin balance. 

Orieht light incrctUes brain serotonin levels while melatonin is produced in the dork by the pineal 

elands situated ncnr the center of the bro in. These pineal glnnds receive v isual infonnntion 11ia 

the hypothnlamic supruchiasmatic nuclei (SCN) which functions in rceutating doily fluctuations 
' 

of the internal environment, rcgulotine nnd aliening them 10 the changing day and night cycles 

(Hickie et al., 2013). Stress can be induced in nocturnal nnimals by placing them in darkness all 

lhrough the day and under bright light at night, thus disturbing their circadian rhythm. As  the 

animols adjust to this new routine, they undergo acute stress accompanied by some neurological 

symptoms (Maquct. 2001). 

2.6.2.7. Chronic unpredictable mild stress (CUi\1S) 

This model utilizes a sct of mild socio-<nvironmcntal strcssors which the animals arc being 

exposed to once or twice per day for o period of seven (7) to lifly-four (54) dnys in order 10

mimic lone tcnm stress in humans (Buwalda ct ol., 2005: Pandey ti al.. 2010). lnspi1c or lhc 

e:\isllng discrepancies bet\\ccn protocols, s1rcssors which nn: most commonly applied mcludc 

rcs1rnin1, wet beddings, food ond/or water deprivation, case tilting. solit111') confinement.. forced 

swimming, exposure to temperature changes, ond reversal of the light-dark cycle (:-.lunhoz ti al., 

2006, lsingrini ti al., 2011 ) .  Ochnvioral consequences of this method includes lack o fmotivauon 
• 

towards gaining rcwa.rds ond self can: (srooming) behaviour, reduced consumpuon of sweet 

foods and drinks. and decreased responsiveness to ncutc strtSscs. \\ hich llll art i)mptonu 

resembling o.nhcdonJa in human mood disorders (lslngrini cl al., 2011, Oa)ram&wtcr ti ul� 

2013). These symptoms can be rcvcncd throush chronic odmlmstn111on of comrounJ\ 

pos\CSsmg o.nudeprc.ssant 11ethtt) (Pollak ti al., 2008) FunhcnnOl'C, lll'A l.\t\ h)JlCnttll\11), 

adrenal glands hypcnrophy and body weight decrease commcruuratc \\ uh llUIJOf dcpcti>ion in 
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humt1J1s (Lucca ti al., 2008). This procedure also induces immunological t1J1d neurohumoral 

chongcs which nrc rcla1ed to depressive disorders in humans for example, increase In the level or 

conicostcronc, increased TNF-a and 11.,p concentmt1on nnd elevated rc.,cuve oxygen species 

11c1i"hY (Grippo et al., 2005). Chronic unpredlctnble mild stress olso present some adverse 

cardlovnscular outcomes in rats such BS reduction in endothcliol nitric oxide synthase (cNOS) 

expressions, elevation of blood lipids, enhanced sensitivity 10 the vasocons1ric11ng actions of 

phenylcphrinc ns ,,ell IL'l cnh1rgcmcn1 of the innermost layer of the oonn (8nyramgurlcr ct of.,

2013). Four ,,eeks or CU�IS olso caused on elcvo1ion in the resting hcnn rate nnd dccrcJ1scd 

vorintlons of hcnn rote 1n c�pcrimcn1ol animnls (Oolbidi ut al., 2015). 

2.6.2.8. l'rctlalory strc.ss 

The predatory stress protocol entails exposing the cxpcrimenllll animals 10 their chomc1cris1ic 

predators or their odours. For example. o:mouse comes In contact with a cal or cat odour This 

si111111ion leads 10 acme s1imula1ion of the sympathetic system 11nd pro1
1

okcs the entire strcss

o.ssociatcd endocrine and neurological responses (Marilin et al., 2007). This model i s  widely used 

not only in the study of 1111Xic1y 1n animals, but for screening of subsUlnccs for 11nxiolytic 

propcnics ns well (811ITOs ct al .. 2008). Predatory slrCSs model i s  applicable in the study of post-

1raumo1ie s1rcss disorders due lo ihc. foci iha1 the 1cs1 is charac1eri1,cd by unprcdiCU1bili1y, un

controllability and sufficient severil)' (El Hage �, al., 2006). lnspile of the fact 1hn1 predntory 

stress is proposed 10 be nn acute stress paradigm, long-term anxiogcnic behaviours have been 

rcponcd nnd this mny be as a result of hobi1u31ion of the prey 10 predator exposure (Cl Hage ti 

al,, 2006; J11sgi cl al., 2011). Ouspironc, dlazepam, and subslllncc P nil mi11ga1c fcar-10dU(cd 

responses t1J1d enhanced cxplorathc behaviours (Danos ti al., 2008). 

2.7. STRF.SS !\1ANACE!\1E 'T 

Our environment i s  filled with stressful \ifc events nnd under this condillon, e1Tcc1i,c copini; 

strategics lll't essential for survival. Poor stress management can le11d 10 dcprcuion. lo» or 

memory, lack of concentration, 11Ti1obilhy, disruption of sleep and c.'1ing p:111cms, ,, i1hdra,, al °'

lsolntion problems 11nd some other phys1c41 complnints such a., chronic hl'adach«, £au�. 
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weigh1 loss, c1c. In order 10 nchicvc 3.11 effeclive stress mollllgcmenL n proper recognition of 
• 

stress, lbc strc.ssor, the n1nnifcs1a11on, and its effect on one's well-being ore required. 

FortuMlcly, nn1ure hns provided us wilh herb11I remedies !hat can help in I hal regard. Several 

plants llnd their isolnlcd compounds hnvc been found to possess odop1ogenic and reJuvcnaling 

prope_nics nnd each of lhesc plonts possess its own unique sci of properties. Some of these plants 

include: Eleu1l1croco<:c1is ,c11rlcos11s (Song c1 ol., 2002, \Vlcganl 111 al., 2009), Gi11gko blloba, 

Pa,,ax glrut11g (Roi u1 al, 2001), Embllcll officlt1al/J, Oci11111111 sa11c111m (Rovindrnn ct al •• 2005), 

IYl/lta11/a son111ifcra, E,•o/\>ul,u olsl11oides (Siripurnpu er al., 2005), Piidium g11afa\'o (Lllkshmi 

nnd Sudh11�nr, 2009), Oocopo 11101111/rro (Roi et al., 2003b) and C11rc11ma l011go (Bhn1in l!t al., 

2011 ) .  

2.7.1. Atlr1p1ogens 

:-111ny herbs and formula1ions hllve been recommended in 1radi1ional medicine 10 endow on 

individual wi1h lhe ability 10 re.sis! and/or endure lhc slrcss without effecting any change in the 

body's physiologic:il functions. This drug;induced condition of 'non·s�c,fic' stress resilience is 

described as adnptogcnic activity and 1he drugs which possess lhc ability to induce strus 

resilience arc cnlled adnp1ogcns (Lakshmi ond Sudhakar, 2009). Thus. adop1ogcns con be defined 

ns medicinal plnnts which endow lhe body with the ability 10 resist stress while enhancing 

nncntion, pcrformnncc and stamiM (Ponossinn el al., 2010). 

Dr. Nikolai Ul7"1trev, o Russinn phyto-ph.innncist while worl.ing on Elcuthero root originated the 

term 'odaptogcn' in 1947 Ile de.scribed adaptogcns 11S agents lhot confer the obili1y to \1ilhstand 

the de1rimcn1nl cffccu of various strcssors through 1hc devclopmcnl of 'non-spcc1fie' rcsi<l.lnce 

in an orgnnism. This definition provides the idc.1 lhat odminis1rn1ion of 11n od:iptogcn cMblC$ an 

org:inism 10 pre-adjust In o woy thn1 enables ii 10 be more suitably Iii for responding \\hen 

various demands are m the long run placed on it Adaptogcn mitioll> refers 10 the abilit) or 1

plant to odnpt to its sunoundings. Plants fight stressors by drawing on 1nforma1ion coded In �,r 

DNA (Gulhric, 2014) For instance a sa.vnnnah plan! is greatly specialised 10 gcrmll\lllc in an 

environment chaructcrizcd by prolonged dry sen son by developing long lllp roou 10 ruch ,rounJ 

wo1cr, thick 1>3rk5 10 whhstand onn�I lirct trunks th.11 <Cl\'C u water �rnoin durin., lht <hon 

min> sC35on 11Rd lca�-cs th:11 arc shed during ll1c prolonged ,won llf drought 10 c(lnstl'\·r water 
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Also o rainforest plnnt adapts by possessing wide leaves or climbing on other trees so as to 

access the sun rnys. This survivnl instinct being on adaptoscnic response to stress, gives nn idea 

thnt plnnt's DNA con also achieve the resilience ond odaplotion in  humans that ii hos been able 10 

achieve in plonts for years. Orekhmon nnd Dnrdymov in the ycor 1968 fonnolly defined 

ndap1ogcns as innocuous ogents which produces a nonspecific b1ologicnt response which 

enhances the entire body's rcs1S1Ancc to mulliple fonns of stress, and normalizes various bodily 

functions, im:spcctive of existing pathological conditions (Ponossinn and \\llkmon, 20 I 0). Each 

adoptogcn has hs own umquc sci of properties due to varying nctive constilucnts. Some arc 

calming while others ore s1lmutn1inc, some dial do11n II hypcrncuvc immune system 11hile 01hc11 

cnhnnccs immune response, but they all help tho body function be lier under stress (Guthrie, 

2014). 

2.7.2. l\loleculur mcdmnlsms underlying the oclions or adnptoi:cns 

The prolcclivc 11c1ions of adoptogcns against the perturbations induced by stn:ss arc related wi11) 

their obitity 10 rcgulolc mclllbolic equilibrium by means of vnrious mcchnnisms that arc 

in1errcla1ed with the HPA axis ond manipulation of principal stress response mediators. Some 

mediators implicated 1n homeostotic control al the cellular and organism levels include eort1sol. 

glucocorticoid receptors, nitric oxide nnd Forkhead box O (FOXO), Glueoeortieoid receptor 
• 

regulates the secretion or cortisol, which 'is the stress hormone. Nitric oxide is nn intracellular 

signalling molecule implicated in controlling stress-induced ncurohonmonol and immunological 

stimulotions QS well os in slrcss response regulation, while FOXO ls the protein "hieh regulates 

the synthesis or proteins associated with stress resilience and cell survival (Samuel cl al .. 2008) 

Upon c�pcxure 10 s1rcssful conditions, o C4Scodc of s,�nolini; proteins including the JNK I (Jun 

N-tcrrninnl protein kinase I, also called stl'6s-ac11vated protein kinasa; SAPKs) is acuvated. 

INK triggers the forrnotion of nitric oxide and cleva1es free mdicals scncrntion which ,n tum 

inhibits the forrn1111on of ATP which is needed for energy and for maintenance of the hc.,t shocl.. 

proteins. and suppresses glucocortico1d receptors, thereby disrupting the feedback inhi bi1ton of 

eortisot dischn,ge, causing a rise In the circulatory cortisol level which subs�ucntl)· inhibits the 

immune system and activates an nnti-lnOammatol) rcspo115c (Pan��ian and \Vil.man, 2010: 

Ynmo.saki cl al, 2012). 11\C: IISPs assists other proteins In their opproP'Qile tlvtt-dimm1ional 

eonfigumuon, refolding of misfoldcd protci� and prt\-ents their a�µuon (P&/IO!,,io11\ "' a/� 

• 31 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



2010). lhc lisp 72 performs a primary function of eliminating misfolded proteins or deficiently 

synthesized polypeptides from cells which would otherwise inlel'T\Jpt their normal cellulnr 

functions. 1'hll1, llsp 72 p3nicipatcs essentially in the maintenance of cellular homcost11Sis, 

protects the cell nnd enhances cell survivnl despite harmful cellular stress. 

\Vhlle cnrrymg out an expcrimcnllll study on animals, Pllllossian cl al., (20 I 0) revealed that 

adnptogcns trii;;gcrs up-rcgulmion of lntmcellulnr Hsp 72 c1-.pn:ssion both in presence and 

absence of stressful stimulus, which is then conveyed to the extracellular spncc where II

stimulates the immune syMcm of the hoSI An mtmccllulnr incrc3Se in Lhc e>.prcsslon of I lsp 72 

causes 1hc inhibition of s1rcss-1riccercd dcle1crious signal 1mnsduclion c11Seades, for example 

INK-induced opop1osis and enables the ini1intion of few of 1hc bcncncial functions of JNK 

including 1hc activa11on of FOXO lmMIOClltion inlo 1hc nucleus lllld initio1ion of 1hc syn1hcsis of 

pro1eins which con1ributcs to strcss-rcsislllnce and incrc;ue survival This increase in circulating 

Hsp72 WIIS considered to be t1Ssocin1ed with nn mcrc:ise 1olemncc to adaptogcn-induccd s1rcss 

obscivcd in lhe study. Indeed, the formation nnd rclca�e of I lsp 72 is n well-known stress 

response mtdln1or implicated in the rcparo1ion of proteins during physical load. They lhercforc 

hypothcsi,cd thnt adnptogens nc1 by Lrisgering self-defence mechanisms in the face of stressful 

stimuli which makes the organism less sensilive (or adopt) 10 the: oc111al slrcSs, thus acung like 

mild sll'Cssors (stress-mimctics), or IO\\ motcculllf \\C1ght "voccmcs" (Ponoss1on and \Vikman, 

2010) 

2.7.3. Some major adnp to1tcns 

2. 7.3. I. Elt11tlrcrococc1,s se111lco.r11s

£leu1hcrocacc111 JtntlcoJuJ (commonly called Siberinn ginseng) is o \\ oody ph1111 '"dcl} 

disper<;cd ncross i\sia and Southc:isl Ru.ssla (Yon-Lin rt al., 2011) 11 i s  1he nrst 1denliticd 

0Japto11en and cx1en�he research has been carried ou1 to c.�plorc other pharmaco logical 

potentials of this herb. Siberian ginseng has been known in Chme-.c tradi1ional medicine a.s an 

odaptogen with hi�hl> bcndiciol clT«ts on 1hc spleen nnd 1he kidney cu ii heirs ooun,h anJ 

suppon both organs (lhung cl al., 20110) The phorrnocologicol effects of £/t11thno.-o..-c1<• 

.1CnllC'OJ1« \las lint discovered in lhe late SO, and 60s, enJ e,cr since, �c,c19l in,c�hplion, 

usiniz cultured cell lines ond small laboratol) animal, ha1c rticaled 1u other t-cncfic1al clT«u 
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such ns an1io,idru11, lllllimicrobial (Kim el al., 2006), lllllidiabctic, llllticancer, ant1-inflamm1110f)' 

nnd on1inociccp1hc (Jung ti al., 2003) Elt111hcrococc1u stn11cosus 1s used as a nutritional 

supplement and as immune system booster Additionally. 11 helps in the rc,toralion and/or 

rejuvenation of normnl biochemical, physiological or immunologicol functions "'hich may ha,·c 

been damaged (\Vinston and Moines, 2007). Infusions from the stem ban. and lca\CS reduced 

fa11guc 1n ml.$ and possess protective effects 01itnin\l bch.3vioural and ph)siological ahcrations 

caused by stress One of the mojor active constituents of £ stntlcosUJ Elcuthcrosidc r .. have 

been sho11n 10 contribute to mojoril) of these effects (lluang ti al., 201 lb) cleu1herosidc E was 

found 10 prolong swm1min11 time, Inhibit the clcvolion of conlcosl eronc and help the recovery of 

s111mminc stress-induced reduction in nntuml klllcr activity in  mouse models Clcutherosidc E 

11 :u nlso discovered to pcrfonn s1gmlicnn1 funcuons in the uuliz.otlon of stored lipids, reduction 

of scrum lnQl)ccndcs, lo1�cring of the nccumulation of blood urC4 nitrogen and cause a

rcducuon in muscle lactic acid by enhnncing the lc1cl\ of lac101c dch)·drogcruuc, thus protecting 

muscle tissues (llu;in11 ti al, 201 lo), 

2.7.3.2. ll'ithanlu romn/ftrtJ 

Popul.uly called Ash11a1:3ndh3. IV11l111n1a somnifcra (L. Dunnl, Solonnceoc) is o perennial shrub 

cuh11111cd 10 Indio, the !llcdncmncan, 3tld Afnca where it's been used for ccntuncs by 

Ayur1cd1c pr.ic1111oncrs � a rc,u1c1131ing tonic as 11ell os 10 promote hcahh ond lonicvit) ll 

11orl..s by augmcntins t.hc bod y', defense against d1sc:sscs, delaying the ascing process. 

rcvitoh,ing and augmenting the body's r�1�tancc ng:11ns1 harmful stimuli and producinc a 

feeling of menlll 11ell-bcing (Beno tt al., 201 S). TI1e plant attains its 'unique' name from 

"A�h11i", ma.ning horse bcc.iu,c 1b root smells lil.c a horse and os a result i s  believed to provide 

po11cr h�c hone when con,umed (T111an cl al, '.?014), The p"'3rm,1colog1cal ac1111UC$ of 

oshwaiiandh:i nrc ba.,ed on the occurcncc of 11 ithanohdcs, a clw or steroidal lactoncs l:O(lcn 

from ib roots (Kaur ti al., 2013). Occas1o�lly referenced ti 'lnd111n i:1nscng' due to 1ll &1nscng 

hl.c health promotln11 cffccL�. ii has been reported lhal uh11apw!ha cncrg11Q, 1mprc,1'" 

memory, sho11s on,1ol)ht cfT«ts li. •1s hep;1toprotcc1i1e Pl'OPClt), cnrichc1 the blood, has potent 

an110,1dant 1c1111I), tmprO\C the cell-mediated 1mmunit), lmpro1C\ sc,ual l1fc and n:r-oJ, ,U1c 

cqu1hbnum and act as powerful nd:iptoi:cn (Bha11Ach.1ry11 ond \lurupnand3m, 2() •3 , , "1u ti 

... , .. 2010). 
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A �enrch conducted to nsscs1 the Mli-strcss activity of 11.Shwagandha in rats obse�·cd stress· 

induced 1mmunosupprcsslon, memory unp:iinnent, stomach ulcer, h)per11lycemla. mole sexual 

d)'\funclion, neuro-dcprcss1on, and enh:inccd plosma cort1costcronc conccntmtion in response to 

21 d3)S chrome mild electric rootshocl. �,res�. The researchers obscr\led 1h01 ,1dn11nis1ra1ion of 

ashwagandho I hr pnor 10 footshocl. reversed immunosupprcssion, boosted the actlvit> of 

pcntoncal macrophages, mitigated the occurrence nnd mtcnsit) of stress-induced gastric ultcn 

and enhanced acquired Wu memory (Bhattacharya nnd Muruganondam, 2003). 

l. 7 .3.3. Pa1111 • ..: gl11st11g 

Ginseng 1s the root of numerous pl11111 species belonging to the genus Ponnx (C Meyer, 

Amliaccnc). This pl11111 genus is composed of se,eral species of which Pan<U ginseng \\ith a 

medicinal rteord of over 5,000 )·ears is the most c\lenshcl) used h ,,as Ont gro,\n around 11 

DC (Rndnd el al., 200•1) and hos been used for centuries In Korea. Jop.lll and China Today, 

ginseng 1s ,, ell-known ond used i;loooll) os o nntural medicine. l'a11ax $:ll&Stng 1s well l.nown 

since one1cnt llmc:5 35 a s11mulan1, tome, diuretic, immune booster and digcsu,c oid This phu,t 

includes the octhc compounds, such as novonoids, polys;icchandcs, saponins and volatile oils. 

The S3pomns in ginseng t) r1call) I.no" n ns g1nscnos1dcs arc the rrinciple active ingredients 

responsible for its man) plwm1ceu11cal acllons and 011cr 30 d1,·crse g1nscnosides h3vc been 

discovered (Bacl. ti of., 1996) Various clinical and ph3rmacologiul cfTccts a.uocia1ed \\llh its 

use have been rc:poncd, such as C4rdiprotcc11ve, ncurorrocec1ivc. 1mmunomodul11ory, 

on11hypcrtcnsivc and anti-slrtiS activities (Ral cl al., 2001 ). 

2.7.).-1 Glnk,:o 81/0611 

Rightly called the "hving fossil", Gl11kgo bl/oba L. (�1ontissa Plantarum Altera, 1771, 

G1nkgoccac) 1s a mythic.ii tree mon: lhnil 250 million years old \\hich has SIU\ i,cd the most 

scvett fonns of poUution 1n the t,,ent1eth century, p;u11cularl) the radioactive ,,utc of the 

Htrosh1mo atomic bomb. The Inc 1s no\\ cuh1\3ted c\lcns1\Cl) around the ,,orld. Smee the umc 

of the ancient Ch1nae mcd1c1nc, Gmgko b11 Dito seeds and leaves h.l,c been documented u a 

50\lrt.e of medicine Its lea,cs infusions 11rc drunl. in fonn or teas, lca,cs c ,tracts fonnulatcd into 

lilm-co.itcd tablets. t)Nf\\ or lniccuons arc RO\\ 1,,1lablc around the \\o,ld r°' pun:ha.." 111d arc 

one of the most commonly t1l.en herbal mcd1c1nn (Chan ti al, 2007) Tedi), l'l('u\) SOO 
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scientific p.iJ)(rs documenung the cfTcclS of Gl11kgo bllobo h:l,c been published, making It the 

,1 cll-resc.irched botanical medicine O\'a1lnblc ( �1ullaicharnm, 20 I 3). Like most medicinal planlS, 

G1niko bilobo contains a cocktail of ectl\c cons111ucn1S such as the flnvonoids including 

qucrccun, kocm11fcrol, and ,sorh:lmncuns, but the pnnc111al constituenlS that account for the 

biological 111ld'or phl\1111acologicol actions or Gf11kgo bllobo arc the lrilactonic tcrpcncs 

&inkgolides and bilob3lidc (Ch:in cl al., 2007: Mullaicharnm, 2013}. Various clinical rcscnrehcs 

vnlidatcd lhc c!Tccu,cncss of its lc:ivcs 1n Alzheimer's dise:ise, diabetic ncurop:1lh1cs, cerebral 

atherosclerosis and insufficiencies, depression, tinnitus, 11nd vcn1go (Shi el al., 2010, Do Silva ti

al.. 2011) In the indigenous Chinese medicine, Ginkgo lc.1,C$ c,traclS arc being used to tre3t 

c,rculntory disorders, cognilhc problems, os1hm11, tiMitus and ,cnico (Punalingamma 2015). 

rur1hcm1orc, c,uncts or Glniko wRS discovered 10 ha,e potent odnptogcnic activit) (Rai ti of., 

2001 ), 

• 

2. 7 .J.S. Ocl1111u11 s1111ct11111 

Kno11n m English as ltol) 1311Sil and Tulsi in Ayruvedic tradition, Ocimwn Ju11ctum (Family 

Lamioccac) Is a nn1i1·c plont of Southeast Asia and India The plant owes its numerous 

phannacolog1cal effects 10 \c,ernl phytochem1cal components such as rosmannic nc,d, camosic 

11c1d, ursolic acid. lutcolin. 1p1gcnm, l}-snostcrol, cuccnol and m) rctcnal (PanannyaJ.. ct of .. 

2010). The plant is rccocnizcd b) sc1cral trad111onnl medical s)stcms for its medicinal ,alucs. 

The leaves �re claimed to possess healing JIO"Cr, used in the tttJtment or re1cr. couGh, C:)C

disorder, rin; ,1onn and other �loin diseases, headaches. and pro1cc11on against slte$• (Kumar ti

al., 2012). E.xpcrimentnl and c:linical invC$tlgations ,l10\\ed that llol) buil pos� 

immunomodulatol)· (?.lukherjce cl al., 2005), onti-innamm:itol) (Singh and �lajumdar 1996). 

hcpa1oprotcc11,·c (l.llhon and DIIS 2011), anupyrctic (Singh cl al, 2007), aruidlabc:11c, 

antic�gulant and anti-stress octiVIIICS (13athala rt al., 2012; Jolh1c ct al .• 2016) 

2.7.3.6. Rhnillnla rosta

Rhodlola rruca (Golden or Arcuc root) bclont 10 lhc genus Rhod1ola "h,ch comprua of o,n 

200 species, of which about 20 ore used in ,omc part, of A1ia u lrnd1t1onal med c1nc:s (&v.-. lllld 

Klunum, 2009) Th,, gcnu, of mcd1cinnl 11t1n1, I, rrcdom1n:intly founJ 1n Chlru, Tit-ct. 

1'>1oni;olia. 1nd the lhmal1)1n belt. and oho in Nonh An1cnca and l·ufl'rc The most ix,,ul11 
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species RJiP<fiolln rosca ,, commonly used as a nervous S) stem stimulant. ontideprcssant, nnu • 
fottque, enerll) booster and in pre\cntin11 mountain s,c�nw In the indigenous medic.ii S)\tcm� 

or As10 and Elutcm r-.uropc (Kelly, 2001) Rhodlo/o rosca is clossilied ns on odoptogcn ns  it hos 

the copab1hty to enhance pcrfonnontc ond to booi.t the body's rcs1s1Dncc to various strcsso� 
(Olsson ti al, 2009; Chon, 2012). t.lorcover, Olsson cl al., (2009) documented thot the 

administration or SIIR-5; on extract obtained from R rosea rcduced ratique, enhanced auention 
� 

l 
perfonnance. and rcduced SUC$S•induced con1sol n:sponse in 1ndh idU31S w1th burnout and 
chronic fatii;uc syndrom.:s (Kell), 2001 ). Solidroside. one or the chief components or R rosca 
has been rcported to incrc.i.sc endurance and ll\er gl)cogen levels in nits exposed to eJ1hous1ivc 
swimming (Xu and Li. 2012) runhcrmorc, s:ilidrosidc n:duccd oxidoti\C stress and cnh:lnced 
ontio:-.idant octivily in the liver cells of rots (Xu ond L1, 2012) 

� 

� 

� 

� 

� 
In addition to its odoptogcnic octh it), Rliodlala ro,,11 lia\C been found to possc$S � 

neuroprotectivc (Lee ,1 al , 2013), ontlnockcpuve (Donthc\la ti al., 2013), an1i-mnomma1or, � 
�

(Donchcvo ti al., 2013), hepatoprotccti\t (Wu cl al, 2009), onlidepn:uant (Yong ti al., 2014 � 
.......

on11canccr (\Vang ti al., 201•1) and co,d1oprotcctl\lC (Sun cl al, 2012). 

2.7.J.7. ,b1ragal11.s 1111'111bra11ctus

Astragalus L is one of the largest gcnu\ts of no\\cring plants in the Lei;uminosDC family. The 
plants arc w1del) distributed throul\hout the 1empcn11e ond and rcg1oru ( Podlcch, 2008) One or 
the Cl11ncse specie; 1ls1ruga/11.1 mtmbrancew (membranous mill.-vctch root) is an lmponant herb 
in Troditionol Chinese �1cd1cme which luu been used in a wide vane ty or herbal blends and 
natuntl medicines. Its pnnciple active cons111ucnts include polysacch;irides, sopon1ns. na,onoid\. 
:un1no ac1ch, 11nd trace clements (1\111 ti al., 2002) It has been prescribed ror ccntuncs 10 boost 
energy and strengthen immunit) (llorne, 2014). Research hiu shown that A.r1raE:Qlw 
m�mbro•IC'tUJ poucss 11111i,infl.imtnlltol") (Kim cl al. 2013), 1mmunorci;ulatol") (Qin ti al .• 
2012). 'Inti-tumor (Tian ti al, 2012). tord1oprotcc11vc: (Ma ti al. 2013). antidiabe11c (' u c1 al, 
2006), and tntiaging (Gao ti al., 2010) acuvitics. Other rc-.ean:hcs hAvc also rc,calcd 11S 
antiviral, onlioxidati\c, hcp;itoprotecti,c, 11nd newon protctll\C ICll\itics ( Li n al� 2014). 
A11rog11l11.1 mcmbra11ccus hu been 1ugge11cd to be t.tl;cn as one of the au\lh&r) drup for the 
treatment of congestive hean failure (Zhou ti ol .. 2001) 
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2.7.J.8. Sc/1lsn11dra c/1f11t11su 

Schlsa11dro ch/11u11sls belong., to the plant famil) Sd1isa11drnccac II is Q climbing plant "idely 

distributed in the region of the Russian PIIT li:lst, Korea, Jap:in Gnd nonhca.stem China. and 1s 

used in Tmdiuonal Chine)c �lcdiemc ns un onti-ogmg agent. sedative and tonic (ll=g ti al. 

2005). Scl11snndro chlnttui.r is reno11ncd os n bc.iuty tonic and is considered to be a youth 

preserving herb m China II is snid to be o powerful sumulont in SCllual 11cakncss/impotcnce, 

used in the lrclltmcnt of .:onorrhoc.1, protracted diru-rhoca, dysentery, enuresis, cough, Jaundice, 

\I heeZJng. :isthm.i, urinal} tmct disorders, exhaustion, diabetes ns 11cll as body wcnl.ncss 

(Panossinn and \\likman, 2008) In healthy subJ«ts, Sch,sn11dra chl11erui1 increase� endurance 

and occumcy of mo1cment, menial performance and 11orl.mg c.,pacit)·, and generates llherations 

in the b.isnl le1els of nitric odde and con1sol 1n blood and s11li1a w1lh subsequent e1Tcc1 son the 

blood cell,. 1esscls and CNS (Panos.sion and \Vil.man, 2008). Numeroll$ chmcal trials have 

dcmons11111ed 1hc bcncnc,al clTects of Sch/Ja11dro cl1/11e111l! on various body s:,slcms. In the 

ncf\ous S)Stcm, ii helps prcvenl ncurologic and psychia1ric disord crs (Song ti al. 2011 ), in the 

canlio�ascu'3r S)Stem, 1 1  coun10raclS hypcncnslon and cardio1onic disorders on 1he slan. ii 

reduces ollerg,c dcrm3lllis ond in 1hc gn.s1rointcs1inal S)Stem, it allcv1a1cs ocu1c i:as1roin1cs1inal 

d1sc.iscs, gastric h)pcr- and h)po-sccrcuon, chrome gMtritis, \lomach nnd duodenal ulcers, 

\\OWld healing and lrophic ulcc" (Panossinn and W,l.man, 2008). It hllS also bttn rcponcd to 
• 

possess anticancer ocuvil} (Gnabrc tr al., 2010, Smcjl.al ct al., 2010), 

2.8. l\tOIU HYDRATE 

�lorin hydra1e (3,S,7,2',4'-pcnlllhydro,ynavonol) is 11 )ello\l crys11llinc bionavonoid. h "'IS

1m11all) goncn from the bmnchcs of mulberry ng (,\fnrus albo I..) lllld is cibo found in difTcrcn1 

herbs and fruits including almond hulls, old rus1ic, s,1cc1 chestnu1, onion, seed \\Ccds, mill, osagc 

orange and in red 11inc. II is also found nbund:inll)' in other plants belongmg 10 l\10111ccac famil} 

(\\'ijcrotne er al. 2006; Vcnu Gopal, 2013) 
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HO 

OH 

OH 0 

Figure 4: Chcmic11I st ructurc or i\lorln hydn11c (Vcnu Oopnl, 2013) 

2.8. l. Pharmacologicnl activities or i\lorln hyd rnte 

2.8.1. l. Neuropro1cctivo 11cth•ity 

OH 

Morin hydrn1e wns shown to possess ncuroprotcctive effect in o model of NMDA over 

octivu1ion-induced excltoroxic neuronal death vio n:ducrion of ROS gcncmllon nnd activorion of 

the antioxidnnl system (Cempos-Esp:uu ct al., 2009) �lorin hydra1e wns also observed to 

regulnlc the NF-d3 nuclear lmnsloeation (Cnmpos-Esp:in.n et al .. 2009) AddillonAII>. 1'-lorin 

hydrate wns shown to possess potent ncuroprotcctant cffccl an different models of ischcmia. 

rescued neurons from ncute injury-induced cell death and lessened neurological defects lriggtm! 

by ischcmic brain Injury by  altenuating rcccptor-mcdinlcd calcium lnnu.\. oxidathc strc:ss and 

opoptosis (Gonlicb tt al., 2006). II wns also found 10 diminish free radicals form111ion and loss of 

hippocmnp;il CA I pyrnmid31 cells in mis subjcclcd lO expc:rimcnllll ischemia (Gottlieb ct al�

2006). 
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2.8.1.2. Anlllumor And nnlllnn11m11111ory 11c1h•II)' 

In o model of1nni1robcn1cn�ulphomc ocid-1nduccd coli1is, morin h)'drn1e wns observed 10 sho" 

nnll-innommotol') och,i1y in 1111S ,ia do\\n•regulotion o f  ccruun intcs1in31 inOammnlory 

medlo1ors (Galvez ti al., 2001) Also, monn hydnllc \\35 found to inhibit ele,a11on of 

proinOQlllmotory b1om11Jkcrs in diabe1ic rats {Alshllrari ,1 al., 2014). Studic\ ind1ca1cd tho1 monn 

hydrate inhibits tumor promotion and supprcssc.s tumor growth in several models and these 

outcomes corrolo1c wilh do\\n-regulolion of ccru11n 'lr-MO-modula1ed gene c,cpression (Manna 

c1 al., 2007). Moreover. monn hydrate was reported 10 inhibit chcmlcall)-induecd c:irc1nogencs1s 

,n nut tongue and suppress phorbol cslCr-lnduced 1ronsforma1ion of hcp.ilOC) ICS (Hslnng ti al., 

200S). 

2.8.1.3. An1llllnbc1lc 11c1h ii) 

In ll ral model of diabetes, morin h)dratc \\II.\ ob\med to e,hib11 bcncfic1nl role on membrane 

bound glycopro1c1n\ and enrymes b)' decreasing o,1da11,e stress 1n s1rep1ozo1ocm-mduccd 

d1abc11c ralS (V1shnul.um:ir ti al 2012) l\lorin hydrate \\&S sho"n 10 pro1cc1 the liver 11nd 

l..idncys of the ralS ag.iinst pathologic3l oltenuions induced by strcp10101ocin (Vishnul..umnr ti 

al 2012), omeliomtc h)pcralgc1ia induced b)' h)'pcrsl)ccmia and by ,lrtue of 11S anu

mOammntory and nntio,ldonl actions in nef\e cell\ and reduced ncuropalh,c p.1tn (Alsharari ti 

al., 2014). Furthermore, b) meruu of 11S potcnl anti-lnOammatol') and anllo\lcbnt ac1iv1tics, 

monn hydrate wns observed to reduce diobctlc os1eopcnia \1111 its oblht)' to reduce bone 1�; 1

chmc1cris11c of diabetic conditions (Abuohashish c1 al., 2013). 

2.8.1.4. 1 lcpatoprotecth e acth•lt) • 

In a rat model of hcp311C ischcmia-repcrfU5ion. rrctreatment with l\1orin hydrnte \\&S sho" n to 

reduec li,cr necrosis lhrou&Jl ilS antio:..nbnt action in inhibiting xanthine oxiduc and ii$ ab1h1� 

to protect hum30 red cell membrane from pcro,id;ithc attAcl.. (\Vu ti al, 1993). \lonn � bttn 

shown to modulntc liver marl.er levels and redo, status durinc C.\f'Crimcntal ammoniwn 

chloride-Induced hypcmmmonocm1a In nits b) virtue or Ill antto,id.uit propcn!C' and throu� 

the rcrno,al of e�ct \ ammonia and ml11b1tion of :--11\1D1\ rcccrtor,mediatcJ n(Uroto,1elt, 

(Suba$h and Subramanian, 1008), e�cn protc,u�c encct a1111n,1 e1h.,nol,1nJuccJ hcf\,\toto,kll) 

19 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



due lo its antioxidant, nnti-innnmmatory nnd ont,Obrotlc crrcct (Ohakuni el al., 2017) nnd hos 

hcp3toprotcc1ive potential agnins1 acrylnmidc-induccd toxicity by scavenging free rodicnls nnd 

blocking the epoxidation mechanism (Singh et al., 20 I 5) . 

•
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l\lA 1'£1UA I.SANO i\ll�TI IOJ>S

J.I. EX1'£Uh\1£NT,\I, ANH\IALS

�lalc Swiu mice (22 - 2S g) oblllincd from lhe University or lbildon, lbadnn central animal 

house \\ere wm used In the �ludy, The anlmnls were mnintalncd under n 12.12 h light/dark 

cycle In the Dep;in111cn1 of Phonnocology ond TI1cropcutlcs nnlmal house facili1y, hod 

unrc$trictcd access to food 11nd water nnd ,�ere mode to ncclimotltc for at least 7 doys prccecdlng 

lite inception of the experiments The mice were wed In line with the NII I Guide for the CGte 

11nd Use of Laboratory Animals nnd the e,cpcrimcnts wen: pcrfonncd following approval by the 

l!thi� Committee of the University of Ibadan (Ul-ACUREC/App/20I S/067), 

J.2. DRUCS ANO CIIEl\llCAI..S

Kon:.in ginseng (Korc.i Phi!nno co, ltd), i\1orin hydrate (Sigma-Aldrich. USA), Dlaul)llm 

(HolTmnn-Lo Roche, Swi11crland), Trichloro3ccuc acid (TCA) (BDH Chemic.tis Ltd, Englllld). 

Thiob.irb1turic acid (TOA) (Gu-,nghua Chemical Factory Co Lid China), Acetic acid (Siama

Aldrith, Inc., St Louis, USA), Anhydrous disodium phosphate (Na,HPO,} (ODIi Chemicals Ltd. 

Poole, England), Sodium biC4Ibomuc (Fisons Loughborough Lcics, 1:naland), Potass1un sodiun 

lrut4rnte (Scholarlab, Spain), Pouwium iodide (�lay and Dal.er, England), Sodium h)d� 

bicarbonate (DOH Chcmie&ls Ltd, Poole, Engllllld), Sodium h)dro\ldc (J.T Baler Chemicals 

Co. Phillipsburg. NJ., USA), Phosphoric acid (Sigma Aldrich, Gtrtn&II)). Tns bue (BDH 

Chemic.ii, Ltd, Poole, England), Sulftnilamidc (Sigma Aldrich, Germany). ,\cid sodiuin 

phosphate monohydnue (N11H1PO, I hO) (BDH Chemicals Ltd. Poole. �). CClp\Xr 

sulph<ltc (BD�I Chemicals Ltd, Poole, Engllllld). Fonnaldch)dc (BOIi Chemicals I.Id. Poole_ 

Englllld). DTNB (Sigma Aldrich, Co, Ocnna.ny). i\lo� IL I bet.I ELIS,\ (Aff�mctn:, 

c8iosc1cncc, s� Diego, C:alifomi:i. USA),, Con1costcrooc ELIS.\ Kit (�) rm. Omiu:-,)

�louse TNF alpha ELISA (AIT)metn� cBiosc1mcc., s.tn DiciO, Cal1fllfflia, U'-J\). ,am used u, 

the study, 

., 

t:: ' 
�-

I ..• 
• t' 
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lllonn h)dra1c wa, dt\SOhcd in nonn41 ,,,line 10 i:i,·c a S ml}'ml \lock 1olu1ion which wM then 

dilulcJ iu needed Jurini; each of the e,pcriments. l)o,cs u�cd ,,ere cho,cn h3,cJ on p1lo1 ,1udic, 

onJ �v.1ilable htc:raturc 

.l.3. bXl'FIHI\IENTAI, DESIGN 

A �curobtlul\ lorn I ,1udlcs: Animals in lhc�c 1tud1cs were alloucd 11110 6 i;roupj of 5 mice 

CJch Group I animals 1cf\cJ iu control noimal, and admlnis1ercd 1hc vehicle (Vl:11. 10 mL/kg 

nonnal �line), i:roup, 2 • 5 ,,ere 1:iven t-lorin h)dra1c (\111 10, 20 40, end 80 mglka, i p.), 

wherca. aroup 6 mice ,vere adminl51ercd dlo,epam (DI/ 2 mglk1,1 Ip.) The drup were 

aJmln1,1crcd JO mtn precccdtng lhc commenccmenl of ench cxpcrlmenl 

n. S11 Im mini; endurance llnd nno,lc lolerancc urc,, studlr,: Animals were alloncd into S

aroup, of 5 mice each. Animals in g,oup I (control) were given normal ullnr (Vrll 10 Ml ,\g)

and not subjected 10 stress n:1:1men Oroups 2 • 4 animals were given t-lorin hydrate {t.HI S, 10,

and 20 mg/kg, i.p.) and subjcc1ed to strc�s. while group S mice were 1dm1nlstcrcd ii1nscng (GIN

25 mg, \g, i p.) and alw subjccu:d 10 stress

C Acute rest mint and thronlc siren sludics: Animals were alloncd into 6 L'!OUP1 of 6 mice 

pa group Group I mice (con1rol) n:cci,cd normal $.1linc (Vf:11, 10 mlA.g) w11hou1 e,,posurc to 

Streu Group 2 onimals abo recci\cd the normal sahnc (VE.II. 10 ml,\g) and "'ere c.,poscd to 

the stn:11, groups 3 • S llllimals wen: admintltcrcd t,lorin h )dratc (1'1H S. 10, and 20 mgi\.i;. 1 p.) 

and subjctlcd 10 stress, \\hllc group 6 mice "'C� g1\cn c•nscn& (GIN 25 mg,\(:. lp.) and also

subjected to Streu. 

J.-1 ',£URODEII_A \10R \L 'IT\, DIES 

.l.4 I. 'io,dty•lnduccd h,ha,lour 

Novchy-lnJIKcd bcluv,our (NIB) of mice w:a, 11.t,nscd 1ndl\i<l�II) 1n scq;inn \.'lf tt,c� 

licld Tbc orcn licld is a r«t.ani:ul1r arCN or J,mm,lon 45 an � 2j c:rn, �, ,-.. � cl a 

&J 
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wooden hanlboanl lloor \ 1hlch t, evcnl) 114r1hioncd Into 16 (7 " 7 cm) squares w11h • 

\urroundlng \1ooden \10II M\'lng o 1ron\11,lrent side made of glus ror unobstructed v1cw1ng. 

Animals 11cn: alloncd Into 6 groups of S n11cc: c:.1eh Orour I animals received 10 mL/kg Vf;lf, 

llroUJ)\ 2 - S 11crc shcn 10, 20, 40, and 80 m�i; MIi rcsrcc:11vcly, ond group 6 mice were

11d1111nistcrcd 2 mgll.g Oil Uach m01Ue "Ill 1nd1viduall) placed in the plcxiglas case 

immcJio1ely af\cr tn:Jlmcnt for 30 min during which rearing and grooming were observed 111d 

scored Vcrt1cal locomo11on (lhe total number or squares ln1ersec1cd wilh the four paws) was 

scored for an addiuonal S min rtcJring 1s connolcd 11S how frc:qucn1ly o mouse rai!ICs iu fore 

limbs c11hcr ln free atr Of -'ll•lns1 1hc ca11e wall while s1J1ndin11 on ns hind limbs. while 11roomina 

I\ dcs,nbcJ as the frequent) of body tlc.tnmg, face w&Jhcs and body nnd pubis p1ck1ng w11h 

mouth and 1141\1 ,\f\cr each ,osion, the cacc WM wiped clean wllh 70%v/v of c1hanol '° as IO

ehmtnJte odor CUC$ The e,pcrirncnl.01 11mc wa, .iricll)' adhered 10 (be1wccn 9 am and I pm 

da1I)) $0 as 10 a1oid allcn111ons tn b1olog1t11I rh)'lhm (AJa)'1 nnd Ukponmwan, 1994) 

3.-1 2. I he llolc lloartl tc�, 

The IC)I c111luatc, e,plomtOI) ac11vi11cs lha1 dcmonnnnc 1hc sc:dinivc propcr11cs or 1e1t dtup 

The ap1>3n11us coru1slS or n bo31d wnh about 11,1cc:n (16) holes through which I mouse can poke 

,u head \n1mals \1cre alloned in10 6 groups of S mice: c.,ch Group I animals rccc11-cd 10 

mL..i\g VEH, groups 2. S "ere ndmmb1crtd 10, 20, 40, and 80 mglka 1'>111 respcct11cl). 1111d 

group 6 mice \\CR: administered 2 mg,l(g 012 Aflcr11,ards, Cl!Ch 1111imal \l&S pl1ccd on the hole 

board 30 minutes follo11 tng drug llllm1mst.ra11on and the number of had d,ps inlo the holes 11-as 

obsc:rlcd � �con:J O\cr I S mm pcnod (OolT ,, al, 1971} 

J.5. \CUTE STRESS �UOIFS 

3.S.I. wimm1n� cnduraoct ICSI 

The S\\unmmg cndunntc lest \lat earned out 1n accordmtt \lllh lhc pulld1pn t\f t.:.111'.t!lllf

(Kannur ,, of., 2006) \11th slight vanahom Amnuls \Im: d1'°'dcd 11110 � crou;is of\ cltt nrh. 

Group I arum.tis rccch-cd 10 ml.Ag VEIi, &fOUJIJ 2 • 4 1111 m.t, rctt1,'Cd S. 10. ¼

llt mpcctJ,-cly \lhllc gJClUfl S Alllmals rcccl\'Cd 25 m � OIN A.IU!t\llb• 

,, 

•
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\\oodcn hnrdboard lloor which Is c1cnl> p.inhioncd into 16 (7 ll 7 cm) squnrcs with a 

�urrounding wooden 11011 ha, 1ni: o trun1p.1rcnt side mode or gh1,, for unobstructed 1r1ew1ng. 

i\mmob ,�ere nllo11ed into 6 groups or S mice e.1ch Group I onunals rece11cd 10 mlA11 Vf: 11,

group, 2 · S 11crc Qilcn 10, 20. 40. ond 80 111g/l,i; t-111 respcctivel). and croup 6 mice 11,ere 

administered 2 m&,'kg DI/. �ch mouse: was lndividWIII)' placed in the plc11:iglu cage 

,mmcdintcly nOer trcotmcnl for 30 min durini: 11 hlch rc.inng and grooming 11,ere obscl'ed and 

scored Vcrt1col locomotion (the totlll number of ,11uarcs Intersected 11,ith the four paws) was 

,cored tor lln odd1tlonnl 5 min Rearing i, connoted as how frequent!) 11 mouse raises iu fore 

hmb, either 1n free nir or 011�lnst lhc cage woll 11hllc stnndin11 on Its hind limbs, while a,ooming 

Is described 111 the rrcquc11C) or body clcnning. face 1v1Uhe1 and body and pubis p1clin11 w 1th 

mouth �nd 11311s Aflcr e11ch !essll'l!I, the cage wtU wiped clean whh 70�,v/v of ethanol s o u  10 

clim1Nte odof cue1 1 he e,pcnmenwl time wo, strictly adhered 10 (bc111een 9 am and I pm 

dail)) so cu to a 101d 1ltcra11ons in b1ologlc.1I rh)'thm (AJO)'I ond IJlponmwon, 1994) 

J.4.l. The llolc hoard 1c.,1

The IC$1 evalu.ucs c�plonnory 11c1111110 that demonstralc the scdouvc propcnics or test d.Np 

The DPP3nitus con\1su or II boffll \\ 1th about Jl\tccn (16) holc.1 through which I mouse c:an pole 

its head Animals 11ere allotlcd inlo 6 i:roups of 5 mice each Group I an1m1lt n:cc1vcd 10

ml.Ag VEH, group$ 2 • S were odm1mstcred 10. 20, 10, and 80 mi;i\g �1H respec11,cl), and

group 6 mice were administered 2 mgi\g D17 Aflcrw-.rds, each animal "-U placed on the hole

boasd 30 minulcs following drug 1dm1n1\lnllloo and 1hc number or head dips into the holes v.-.s

obsc!'cd ilnd scored o,cr a S min period (Dorr cl o/ 1971)

J.5. \CUTE STRESS STl, OIF.S 

J.5.1. v.immlai: cnll11111« le:51

llx: sw1mm1ng endurance tesl "'u tamed out In actordAnCC "'1th the � cf Mlin:r 

(Kannur rt al, 2006) v.,th slight v1nauom An1m�b \\Crc d11,dcd ln10 � poups of\ c:c c:ld\. 

Group I arumals rccd,cd 10 mt.II.a VI H, £l'CIUP' 2 • " on1m1b rtet1,Td \ 10. w ,

1.111 rnpccll\-cl) v.h1lc i;rour S an11T1al, rccc,,Td 25 m� 01� An ..... _. �l'4' I •nT 

• 
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undisturbed In !heir home cage. A 1111nslu.,cen1 11lass con1a1ncr (2S cm heigh! x I 8 cm in w1d1h) 

Wl\S lllled wilh waler al room 1cmpcni1urc and animals in groupt 2-S were ind1111dually 

compelled 10 '" Im sef1,1nilcly )0 min oner 1rca1mcn1 r Olal 1mmoblh1y lime was no1cd for I 5 

n1in111cs A mou,c is considcrc:d immobile whenever II ceased to s1ru111,1lc, slightly moving itt 

limbs Jm1 10 ,iay 1noa1 In water. 

J.5.2. Anoik tolcmncc test

The,�, \\&S pcrfonncd acconling 10 the procedure stoled by Konnur (Konnur rt al, 2006). llcrc, 

hermetic ,c\�els or 3bou1 250 ml n1r copaclty ,,ere used for 1he expcrimcnl rnor to the 

c,pcnmcn1, 1hc ,cssels ,,ere mode: olr 1i11h1 b) mean, or a rubber cor\. Animals were divided 

into S .:mupt or S mice cnch Group I animal, rect1vcd 10 mlAg Vtll. �roup, 2 • 4 animals 

rctCI\Cd S. 10, and 20 mll,l\.g �II I rcspcctlvel> while �oup S animals received 25 mw\g GIN 

'.\hcc 1n &1our1o 2 • S \\ en: 1nd1v1duall)' placed 1n an alnlghl hermetic vessel 30 min af\cr 

trc:atment, and the onset of con, ublon WM noted. 

J.5.J. Aculc rcJtnalnt lnl 

The acu1c rcstmmt model \\IU carried oul accordln& 10 the: procedure or \1asood (Masood ti ol.

2003), "11h minor modificalloru In this 1c,1. animals \\ere d1v1dcd in10 6 l,\l'OIJP, of 6 mice each. 

Groups I and l animab received 10 mlAg VP.H, groups 3 • S an,mab rccchcd 5, 10, and '.!O 

mgll;g \Ill ,,hilc iiroup 6 animals rccc1vcd 2S ma,\& GIN for 7 consccutl\c days The lu1. 

uatmcnl ,,u done on day 7 nnd JO min 11\cf\,llrds, an1m1h "ere exposed 10 sll'CSlful stunull b) 

rntraimng them in II plasuc:. rt!,lra1ner for 2 houn, ofter \\h1J, the 11111mals "� tatcd for 

an,1cty• and dcprus,�c-lil.c bcha,1oun u.sini the l·P�t and �ST 1),1Rd1plls rcsp«11vel) 

J.6. CllROllilC STRESS ST\JOIES

J.6.1 Cbronic r�tnilnt ,�,

In this 101, animal, "ere d1�1dcd 1n10 6 &111UJ1' or 6 mice tACh. Orour,s I and. 1:1!::u!srttfl,cd 

10 mt�\g VF 11, c,ou� ) 5 4111mab rtCCl\td S, 10 and 20 m �\II " t, �:1-'J

rt«l\'cd 2S mi;lli; OIN ror I J COOS(CUIIVC Jl)'l. 30 min pn 10 ON.!fl 
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rcstmlncr On 1hc 1,,,h day, JO min rollo\\lng 1hc hu1 urcn c,posurc, mice \\Crc 1e11cd for 

an,ic1y- and dcprcs,ivc-111.o bchnvloun uiln11 the Ll'\I 11nd l"Sl parodi1:n11 rcspcc11vcly (R1I ti 

al., 2003).

3.6.l. ra111do1kal Sleep Dcprh a1lon 

n,c '11rid 51upcndcd over ,,01cr' 1«hniquc w11> cmplo)cd J\licc ,,ere placed on grids sci 2 cm 

npnn from cnch other bAhmccd inside larac pliaslic �i;cs filled w11h water 10 • lc,cl or aboul I 

cm bclo,, the surface of lhc iv1d In onlcr 10 dcprhc !hem of rapid C)C movcmcnl (RCM) sleep 

(Shinomiya , 1 al, 100)) J\llcc wen: dl,idcd ln10 6 11roup, of 6 mice uch. Groups I and 2 

nnim�I\ rcccl\cd 10 n1IA11 Vl:11. 111oup, ) - S nnlmRls rcccl11cd S. 10, and 20 m;/\.i: MIi while 

i;roup 6 nmmnh rc,cl,cd lS m11ilq0 QIN for S dayt llowevcr, the anlmols "-Crc sleep dcpr111cd 

on the�· and s• dnys {for 48 h) This method is rounded on 1he b�sis 1ha1 the animals could only 

�l non-nipld C)C mo,emenl sleep (NKl!M) and 01 1hc s1on or ltfM tlccp due 10 muscle 

rcla.,a1ion they fall inlo the w111er Md arc 1hcre30er qulcl.ly awol.cncd and return onto the end 

Ne,cnhcleis, 11 1s 1mponan1 lo pom1 ou1 1h31 ahhough 1h11 mc1hodoloK,Y rocu,e1 bas1c.tll)' on 

RE\I sleep, � sub�1;in11al 1moun1 or NRl;.1\1 1s 10\1 followed by 1he 1nduc11on or StS11llie.tn1 

amount or nrcu Animal weights were noted 11 swi and end of the el<pcnmcn1 w11h the aim of 

ch«l.11111 for cffccl of sleep depn,auon on body weight alona wnh possible modul110ry role of 

morin hydrate On completion of lhc 48 hour duration of sleep dcpnv111on. the effect of 41 h 

REl'-1 sleep dcpn11a11on on motor runcuon of each mouse "as dc1crm1ncd for S min Aflc™lltds, 

an,lc1y levels (using the EP\t) and e,1011 of memocy 1mpa1rmcn1 (1D1ns the Y ma.a:) ..-en: 

assessed 

3.6.J. Chronic unprcdlc111blc slrrn 

Chronic w,prcdicublc was rce1mcn w-.s adopted from Pff\10US melhodJ (t-lunhoz. ct al., :oo6. 

Pa.ndc} ti al., 2010) "ilh minor ldJiutmcnL \t1cc �CTC e,poscd 10 ''11)1°' W't'Slful cond.iliam 

for 14 dayJ \hcc "ere grouped as dc.scnbcJ n 3 JC, the slrcUcd i;rou;is -� ind ,wall)·

housed Each spcc11ic s1resior and llura11on or c�rmurc fOf each dl) 11C 1.1 foll.i,.1 Oa, I 10 

min forced J1V1m: d.ly 2 2-l h cage 1111 {90°), 1.by .l 24 h cmr,t) C1if 41) 4 O'o,nti� f,xJ a:'Jd 

•lkr dcJlfl\llllton, day S· J h h&hts oil during the da), !by t, 10 m n af cald M:llatiMaa 4

7 2.t h aicc ult (90'1, day II 30 min rntn1ln1, d.ly Q 10 m n fl7«td ,. , I : • b ��
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cage; day 11: 3 h hllhls off; da) 12. food and 1111cr dcpnvauon ovcm1ah1, day 13. 10 m,n cold 

l\ola1ion 01 -l"C, d.1) 1-1 30 min muaint The 1lmc of Mrcu exposure for each day varied In 

onlcr to reduce prcdictabihl). UnslrC5\cd (conuol) mice 11crc undi,1urbcd c•ccpl for basic 

routines lil-.c fcc1hn11 nnd ca11c clcan1n11. T,1cm)-four hours following the lul sucss cxpo1urc, 

mice 11crc onnl) �cd for CUS Induced on)(iCI)' u1iliztng the EPM, cognhivc impainncnl utilizing 

,� Y mnzc and ,pon1nn1oncous locorno1or oc1i1·i1y 

J.7. IJJ'.IIA \'IOll/\L Tt:STS

J.7.1. l'le1•u1cd plu, ma,c (fl'I\I) Test

The I P�I is ii , alid bch.\v1oural paradlsm for csilma1ln& 1hc onxlolyt1c or an�iogcn,c propcn1cs 

of ph.lrmncoloi;lcal oi:cnl.S in rodenl• (Waif and I rye, 2007) The apparatus II mode of 11ood 

compn\lnll of a p:ur of open nrms (JO>. S x O 2S cm) 11hich 11n: o,cnllall> unpro1cc1cd boards 

and a pair or clostd nrms (JO , S , IS cm) 1111h bonlcn ongiM11n11 from a Joint median platform 

(S , S cm) 1111d rni,cd 10 SO cm abo\e �ound lc\cl Eich mOIUC was s,n�y poulloncd at the 

middle of lhc mozc opposite an open arm Duration Dnd frcqucnc) or c,plonuion in each arm 

11as noted by II blind obser1er for S minu1ci. After each session, the c:ai;c 11u wiped clean 1111h 

70'1'11'/v of ethanol so a.s 10 eliminate odor cuo An cnll) 111.s dctcnnincd \\hen all p1111 of the 

animal h.1\C c� lhc line bc111ccn lhc .um and 1hc middle of the maz.c The index or open arm 

I\Oid= (IOAA) 11as tnlcrprctcd AS lhc tc,cl of an,icl) and was calculated u. 

IOAA = 100 (% time in open 11rms +%entries into open arms) 
2 

3.7.2. forced Snlm TMI (FS1) 

Tb,: FST ..-as done u earlier rcponcd try Ponoll c t  al (1977) �1,cc "� 1nd1\'idmll) pixed m 

u-:.-�"It plc'1�W c)hndcn (2S cm, 18 cm) lillcd "1th \\Aler 10 a dcr,th of IS cm room 

1empcn111rc and ron:cd 10 S\\1m for the dun11011 or 6 min. The tC!lal umc an wln.ll ITll�'3 

immobile (tmmobilt1y hmc) 1n sccor11l\ 11as noted in the counc t1f !he: ('(lnC 

durauon An an mat b Judscd immobile •\hmc1cr 11 ccMcd 10 ltru"lc. ,uti..lJ,

J 110 JII) aOoot In water 

•
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3.7.J. Y-mauTest 

The 1es1 10 evaluate memory pcrform1111ce was pcrfonncd in accoroancc "'ilh the pn,toc:ol carher 

docribed (C:isadcsus ct al .• 2007) The 1es1 device comprises or 3 cquh-alcnt anns ( 120-. 41 " S

lt IS cm) l3bcllcd "A', ·e·. and ·c· The 1cs1 can be cmplo)cd 1n asscssi"g sponlanCOUS 

ahcm311on performance; o pointer 10 short 1erm working memOf) in rodenlS. A mouse musl be 

oble to recall the previous o.rm it explored and then mo\-c on to another until ii has completely 

ahema1cd among the three o.rms In lhis test. each anim31 \\35 positioned in one o.rm (mostly arm 

"A' ror unirormi1y) and ten to explore for S min "'ith no restrictions. \\'hen an animal enters into 

on o.rm of lhe mtlle \\ 1lh all of iis paws, ii "'as coun1ed as :111 arm entry and "hen it enters in10 all 

three arms conscculhcl). 11 \\as scortd :is'.an ohem.ition Spatial \\Oo.1ng memory 1s rcpn:scnlcd 

as the pcrcent:ise al1cma1ion and is evalua1cd using lhc formula 

(
Total complete oltemnhons 

X 100 
Total cntncs • 2 

The order of arm entncs \\IS nolcd and c.,ch arm of 1hc mnzc II as wiped II uh 70% v/v ethanol at 

1ntcf\1li. 

.l.7..1. Spon111ncou, motor 11c1hll} 

Spontoncoui. motor 1ctivll) \\IIS assessed by makmg use of o.n outomo1cd 1c1ivity cage. This 

apl>fflllUS ap1urci. the hori1on1.1l locomolton of o.mmol\. The mice \\Crc ten 10 hnbilWIIC for an 

hour m the tci.l room ahc.,d of 1hc e�pcnmcn1 and lhe,fC4ner, individually positioned at the 

ccn1rnl poml of the cage ond ten 10 mo1c 11itholll rcs1rict1ons The totol lincs e.1ch mouse crossed 

1\1th the four fl31\S were automaucall) counted for S min. A solu1ion of 70% vlv cth3nol "as 

used 10 wipe the cage in be111 ccn cnch session 10 11void odour cuc.s 
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• 

J.8. COLLECTION OF BLOOD FOR GLUCOSE, LJPIDS AND CORTICOSTERONE

DETF.R:\IINATION 

Upon lenninauon or each eJtpcnmen1, blood \\15 dra"n from lhc n:IJ'O-orb,141 plexus or animals

in lhc acute restraint, chronic restraint and CUS models into plain 1ubcs folio" ing o,cmighl fasL 

\\'hole blood \\as used for glucose 1es1., after which the remaining blood "as ccntnfugcd to 

obt:im a scrum for lhc cs1imntion or cholc:s1erol, triglycerides and conicosleronc. 

J.8.1. \lc:isunmcnt of blood glucose

The t0nccn1r.11ion or glucose in lhe blood de1c1mincd utiliung I blood glucose moni1oring melcr 

(AccuChcck performer melcr) ond blood glucose slnp (AccuChccl,). The strip \\Ill placed inlo 

lhc mcler and blood \\BS dropped ot lhc up or it and dro\\ n up into the meter lmmcd1atcly lhc 

blood glucose n:ad,ng was displayed on the meter and n:cordcd 

J.8.2. TotDI cholesterol 

10131 scrum chole1tcrol le, cb \\ as dctcrmincd by en,) mauc colorimetric method usin11 the QSSB)'

l-11 (Sp1nn:ac1., Spain) o.s spccilicd b) lhc monufoctun:r folio\\ mg lhc method c41'1icr d�cribcd 

(!-lailo, 1984). OncO), the reagents (conlaimng lhc cnz.ymcs Chol�1crol cslerase, Cholesterol 

oicidase, rcroxidMe, nnd ·I-Am1nophcn:i1one) \\Cre dissolved ,n the buffer and gcntl) ml\cd in 

order to t0mplc1ely d1s,olvc the conlcnll 10 give lhe working solution Thcn:aftcr, 1.0 mL of 

,,orklng soluuon \10.S added 10 10 µL or scrum or cholesterol stAndnrd (200 mg/dL) and 

mcub31cd for 10 mln 111 2S°C Ab�orb:lllcc (A) or the �mrtcs and sund:ird \\Crc afterwards 

taken againtt 1hc bl11nk 01 500 nm Cholesterol cooccntnuioo 1n the sample was obu1incd from the 

calcuLl1ion below· 

,A.sn,npte- As1on1c 

.-\.,uindnrd - As1nn1c 

X Standard cone: - mg/<IL sample c:holcstcrol 
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3.8.J. Scrum HDL cbolcslcrol 

Senim HDL (good cholesterol) levels \\3S dctennincd by CIIZ)mlllic colorimetric mclhod U$ing 

the asstl) I.it (Spil\J'c.lct. Spain) as Slated by lhe manufacturer corresponding 10 lhc mc1hod earlier 

described (Naito, 1984). BricOy, 300 µL of Reagen1 I \\as mixed with 3 µL of S4111plc or 

calibrator (lyophilized serum) o.nd allowed to incub31e al 25°C for 5 min Absorbancc (A I) of 

Sillnples and calibrator was mkcn at 600 nm. Re.igcm 2 was afterwards added, mixed and 

incuba1ed at 25°C for S min. Absorbancc (A2) of  samples and calibrator was lllken 1111d lhe 

increase in absorbance (AA"' A1 - A I) was calculaled. Choles1erol conccnlmtion was 

determined from lhe equalion: 

6Asample 
-----'-- X Calibralor cone.• mg/dL sample HDL 

6J\�alibra1or 

3.8.4. Scrum lriglyccridc cslimalion 

The conecntr.nion of scrum lriglyccridc was dc:1crmincd using cnzyma1ic colorimcuic method by 

mc.ins of lhc n.s.say kit {Spinrcact, Spain) as specified by 1hc manufac1urer corresponding 10 l11e 

me1hod earlier described ( Buccolo o.nd David, 1973). I ml of the n:agcn1 is mixed wi1h IO )I L 

of lhc Sllmplc or standard and the mi\lurc incuba1ed for 5 minul� ot 37 •c. Absorb:incc (A) is 

rend 01 500 nm. Conccntro1ion of lrigl}ceridc in the sample is obtained from the equation· 

Asample 
X Standard cone.= mg/� sample triglyceride 

.A.Standard 

3.8.5. Determination or scrum corlicostcronc 

Scrum corticoS1eronc was detected utilizing CllZ)me-linked immunoab�orbent OSSO)' (ELISA. 

Assaypro USA) kit in accordance with the manufnc!Urcrs' pro1ocol. The 11s�ay WM performed 01 

room temperature and all chemicals wen: freshly prepnrcd and brou&hl to room tcmpcrnturc prior 

to use DricO) 25 µU\\cll of corticosterone standard or sample and 2S µLl\\cll or biotmylatcd 
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conicosterone were dispensed into c3ch well, gently mixed Md left for 2 h ot 25"C to incubate. 

There3ftcr, 200 µL of wash buffer \1as used 10 \1QSh the \1clls each time for 5 washes. 50 µL 

each or strepUlvidin-pcro>.idase conjugate Md chromogcn sub.route \\ere dispensed into each 

well� one after the other following series of incubations and w:ishes. The reaction wns finall) 

tcnninatcd with 50 µIJwcll of stop solution. A blue 10 yellow colour ltllrufonnation wo.s 

observed. Absorbnnce wo.s immediately read with the aid of a multifunction.ii plate reader 01 450 

nm. Unlmown sample concentration in ng/mL was c.·urapolated from the StMdard curve which 

was a plot of nbsorbance against concentration of the standnnl. 

3.9. TISSUE PllEPARATION 

Following behavioural tests in the acute restrnmt, chronic restraint, PSD and CUS mode Is, mice 

\1erc sncriliced by cervical dislocotion and the brains instantly separated. Elich bro.in tissue was 

lhcmflcr weighed, homogenized (1:10% \1/v) with phosphate buffer (0.IM, pH 7.4), and the 

homogenates centrifuged 01 10,000 rpm for IS min at 4"C. The rcsuhont supcmatonts were used 10 

estimate malondinldehydc (MDA), reduced glu1n1h1onc (GSH) and nitrite conccmmtions. 

Supcmatants were olso n:scrvcd for cru.ymc-linl.cd 11nmunosorbcn1 llSSO)'S of IL-I I) Md TNF-a. 

J.9.1. Protein C5lim11tion 

Protein conccntmtion m snmplcs wo.s dctcm1ined a.� stn1ed by Gomoll ct al (1949). 0.9 mL of 

distilled wo1cr, 0.1 mL s11mple and 3 mL biurct n:agent were mixed togctlicr in a test tube ond lefl 10 

incubate nt 25"C for 30 mm. Absorb:ince wo.s token 01 540 nm by making use of a 

spectrophotometer. The standard ( I mg/mL bovine serum albumin) was estimated within a range of 

0.01-0.1 mg/mL 

3.9.2. llcduccd glutntbionc csllmntion 

Reduced glutathionc (GSII) level wo.s determined as stated b) Moron tt al. (1979). Orielly, 0.9 mL 

of sodium phosphntc bu!Tcr (0.2 �I. pll 8), 0.1 mL sample, I mL ofTCA (20'Ye) and lm�1 EDTA

\ICrc mi�cd m te�t tubes and left for S min ond o.flcrwords centrifuged nl 10,000 rpm for 10 min. 

TI1crcnftcr, 0.25 ml of supemo1on1 obtained nlong with 2 mL of 0.6 m�I 017'10 11en: mixed \I uh 

• 
• 
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0.75 mL of phosphate buffer in fresh plain 1ubcs and ten on the bench for S min Absorb3ncc was 

thcrcaRcr taken 01 412 nm. GSH level in brain tissue was e�p�cd as µmolfg li�uc. 

3.9.J. Lipid pcroxid1uion ASSllY 

Brain mnlondillldehyde (lvlDA) conccnlJ"Dlion wns dciermincd in accordance "ith lhe procedure of 

\Vilbcr et al (1949). 0.1 mL of sample, 1.,9 mL of Tris-KCI buffer and 0.5 mL eac:h ofTCA (30%) 

and TBA (0.75%) \\ere mixed in plain lCSl 1ube and then left 10 incubalc ot 96°C in o water b3lh for I 

h .  The mixture ,vns cooled under n running lllp Md:? mL ofbutanol added and thereafter centrifuged

at 3,000 rpm for 10 min Absorbance ,1 ilS read 01 532 nm w11h o spectrophotometer. Molnr cxtinciion

cocfficienl or 1.56" 10 1 �1·1 cm ·1 11ns used to evaluate the eonccnlrouon of lvlD/\ in brain s11111plcs,

cxprwcd ns µmoles of 11-lDA I g tissue.

3.9..1. Ornin nitrite estimation 

The eonccnlnltion of nitrite in brain s.implcs wns C\'olu:lled by menns of tl1e Greis, assoy. The Grciss 

reaction is on indicator of nhri1e formation ond is ba.scd on the principle thnt when nilrile is dctec1ed 

in o NOJ' conu,ining s:imptc, 11 rcdish pink coloura1ion is fonned upon t�tmcnt with the Grciss 

reagent Briefly. 100 11L of Grciss reagent, 300 µL of sample Md 2.6 mL of distilled water ,vere 

mixed in test tubes and tl1ercaner incubated for 30 min ot 25°C. Absorbllnce was of\erwords read nt 

548 nm. Nitrite level in so.mplcs wns e�tmpoloted from the suindord curve of sodium nitrite (0 100 

µM) (Green ti al., 1982). 

3.9.5. Interleukin-I Ucto (IL-Ill) estimation 

The concentmlion of IL-IP ln br:iln tissues ,1as determined whh the nld or ELISA lilt 

(Affymc1rix elliosclcnce, USA) ns specified by the mMufocturcr, following the method earlier 

described (Cho et al .. 2008). All chemicals including the s11111plcs and slilndard solutions were 

brought 10 room temperature prior to use. Briefly, ELISA plote was conted with onli-mouse IL

IP apturc ontlbody (100 µUwcll), made oinight nnd ten overnight to incubate at 4°C The wells 

were nspimtcd, wnshcd thrice with wash buffer, dried of any residual buffer with the old of 11 

blolling poper ond ollcrword! blocked with 200 µlJwell of diluent. The wells were thcrcnftcr 

incubated for on hour, aspirated Md wnshcd ofter which 100 µUwcll of reconstituted nnd diluted 

mouse 11.- IP lyophilized standard (1000 pgfmL) wus 11ddcd to 11 ,veil nnd 11 2·fold serial dilution 
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0.75 mL of phosphate buffer in fresh pl11n tubes and left on the bench for 5 min Absorbancc ,1as 

thereafter taken Bl 412 nm. GSH level in br.un 1,ssuc was c'tpreMCd a.� µmol/g ussue. 

3.9.3. Lipid pcroxidQlion llS.SQ)'

Brain malondiaJdchyde (MDA) conccntrotion WllS determined in accordmcc with the procedure of 

\Vilber cl al (1949). 0.1 mL of s3111ple, 1.9 mL ofTris-KCI buffer and 0.5 mL cnch ofTCA (30%) 

and TBA (0.75%) ,,ere mixed in plllin test tube and then left to incubate al 96°C in a ,vatcr bath for I 

h .  The mixture was cooled under II running tap ond 2 mL of bu1anol added nnd 1hcn:aftcr centrifuged 

at 3,000 rpm for 10 min Absorbancc ,1os read ot 532 nm w11h a spcc1r0photomctcr, �tolar c,1inction 

coefficient of 1.56" l os M"1 cm ·1 ,1115 used 10 evaluate the conccn1ro11on of tvlDA in brain somplcs,

expressed 115 µmoles of �IDA I g tissue. 

3.9.-1. Ornin nitrite cslimolion 

The conccn111111on of nitntc an brain s:unplcs was e1•olu3tcd by melll\S of the Grc,ss D.SSO). The Grciss 

reaction is 11n indic:uor of nitrite formation and is based on the principle thnt when nitrite Is detected 

In :i NO,' containing sample, a rcdish pink colouration is formed upon 1.rc.1tment with the Grc,ss 

reagent Briefly, 100 µL of Grciss reagent. 300 µL of somplc and 2.6 mL of distilled w111er were 

milled in test tubes and thereafter lncublltcd for 30 min at 2S°C. Absorbance was ol\erwards n:.1d 01

548 nm. Nitrite level in samples was c.�tmpolatcd from the slllndard eur\'e of sodium nitrite (0 - 100 

µ�1) (Green ti al., 1982). 

3.!).S. lnlerlcukln-1 Uctn (ll,ljl) cstlmntlon 

The conc:cn1m1ion of IL-IP in brnln tissues was determined wilh the oid of ELISA kit 

(AITymetrix ellioscicnce, USA) n.s spccilled by the mtlllufoctun:r, following the method earlier 

described (Cho e1 al . 2008). All chemicals including the samples and slllndQrd solutions ,vcrc 

brought 10 room 1cmpem1urc prior 10 use. Briefly, ELISA plntc was cooled with anti-mouse IL

IP capture ruitibody (100 µUwcll), made a1nigh1 nnd left o,cmight 10 incubate at 4°C The wells 

were o.spirntcd, w11Shed thrice with wn_sh bulTer, dried or llll)' residual bulTer with the oid of a 

blolling paper nnd onerwnnh blocked with 200 µIJwcll of diluent. The wells were thcn:aftcr 

i ncubatcd for on hour, asp1ra1cd and W11Shcd ofter \\ hich I 00 �ll..AI ell of rcconsututcd and diluted 

mouse IL-IP lyophlli1cd standQrd (1000 pg/mL) wus added to a well Qlld o 2-fold scn1al dilution 
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of it was pcrfonncd 10 m11ke 311 8 point sw,d3fd curve. 100 µU\1ell each of brain supcm.314111, 

anti-mouse IL-IP bioun detection antibody, enryme (Avidin-HRP) and ictrnmeth)lbcnzidine 

(ThlB) subs1ra1e solution wen: dispensed into each well one nRcr the other following series of 

incubation and washes (3 limes), Finally, 1he n:acuon was 1cnnina1cd with SO µ L of s1op 

solution. Reading "as taken wi1h lhe aid of a microplalc reader at -ISO nm. The unknown sample 

conccntro1ion in pg/ml was c.�1rapol111cd from the s1andard curve which 1vas a plol of 11bsorbnnce 

against conccn1r.uion of the slll!ldnrd. 

J.9.5. Tumour Necrosis Factor-Alflha (Tl''F-a) c.sdm:atlon

The conccn1ra1ion of TNF-a in brain tissues \\'!IS cstul\lllcd using ELISA kll (/\ffymeuix 

cl3ioscicncc, USA) as specified by the manufoc1urcr, following the method earlier described (Cho cl

al., 2008). All chcmit4ls including the samples Md st411dtird solu11ons were brought 10 room 

temperature prior to use. BricOy, ELISA pl111c wo.s prc-contcd "ilh onh-mousc TNF-o rurificd 

c.1p1urc antibody (100 11Uwell), mode ain1gh1 and lcn 10 incubote nt .i•c overnight The wells wen::

asplrnltd, wo.shcd Ihrke with wash buffer, dncd of ony residual buffer with the aid of o blouing

paper Md oOcl'\,ards blocl.cd with 200 µUwcll of dilucnL The wells \\ere thcrcoficr incub.llcd for I

h, n.spiro1cd Md washed 111\cr which 100 µUwell of rccons1i1u1cd and dilu1cd mou�e TNF-o

lyophillzcd stand11rd (1000 p�mL) I\M added 10 ft 11cll and ft 2-fold scnol dilution of it 11as

pcrfonncd 10 mokc nn 8 point s111ndard curve /\Rcl'\1ords, 100 µUwcll eoch of broin supcmolAnt.

11n1i-mousc TNF-a b101in dctccuon antibody, enzyme (Avidln-llRP) nnd substrate solution were

ndded one ofter the other follo\,ing series of incubntion and \\Joshes Finally, slop solution (SO µL)

was used to 1cnnina1c the rcac1ion. Abiorb:lnce was token with a plBle render Rt 450 nm The

unknown sample conecn1m1ion in pwml ,1os c�tmpolntcd from the standard cur11c 11l11ch \\IIS a plot

of absorb.Ince ngo,nst concentration of the slllndord.

J.10. TISSUE PREPARATION FOR IIISTOCIIE!\IICALSTUDIES

Following behov1oml lCSl.S, mice subjected to chronic rcstraln1, PSD and CUS were perfused ond 

ftxctl wilh 10 % v/v buffered fonnolin. Bmin li�,ucs were lhcn subjected 10 the routine method for 

P3raffin wG.\ crnbcdmcnl to obtain pamffin \\O,\ embedded tissue blocl,.s Tronsvcrsc sections (S-o 

52 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



µm lhick) of 1hc prcfrontal concx and hippocampus "ere obtained using il microtome ond fixed on 

glBSS slides. 

3.10.1. 111$tology and estlmotlon or neuronal dtn5lty 

Transverse sections oflhe prefronull conex ond the hippocampus \\Crc stn1ned with hemotoxylin and 

eosin (H & E) in order to display the gcocml histolog,• oflhosc regions (Eltony ond Elgnyar, 2014). 

A digital Camera (Optronics) fixed to a lir,ht microscope (Olympus BX-SI) Md a computer interface 

(MognaFirc) was used in capturing the images The general morphology of the pyramidal cells wBS 

characterized using inter-reader variability. FinJlly, the qunnth) of viable neurons in the prcfrontol 

cone1', CA I ond CAJ p)'r.lmidol layers were counted nnd quonutotivc 011t1lysis was performed by 

lmagcJ software (Going, 199,1). Viable neurons \\ere identified QS round-sh4pcd cells wnh intact 

cytoplasmic membranes, having no nuclear condensation or d1s1on1on. Neuronal density was 

calculated BS n ratio of viable neurons to square area of the circular view in a secuon. 

3.10.l. lmmunohbtoehcmlstl') 

,._ 
·-

lmmunohistochemistry staining for iNOS nnd NF-i:D were carried out ns stated by the 

monufocturcr following the modified procedure of Song er al (2013) by using the ovidin-blotin 

pcroxid�sc complex (HRP/OAO, �lcrck, Germany. LOT 277S482). Thin sections (4 µ) of bniin 

tissues were nootcd and mounted on APES chori;cd gloss slides The tissue sections were 

dcp:iniffinizcd. Antii;cn was retrieved in micrownvc in citrate bufTcr solution (10 ml-I citric acid, 

pll 6.0) for 10 min ond thercaner incubated in 70% methanol with l�o 1h02 for 10 min. drained 

ond rinsed with distilled willer. Blocl.mg solution WIIS lhcn added for 10 min. The anl1gen was 

incubated with the primary antibodies (mo.noclonal iNOS and NF-MB) dilu1cd to I 100 in POS ot 

4·c ovcmir,ht ond thcrc:incr wt1Shed thrice wilh \\ BSh buffer. The slides were allowed 10 

incurote for 10 min in biotinylatcd anti -mice secondary antibody followed b> peroxidQSc

conjug3tcd s1rcpU1\·idin oner series of washes with buffer. 3.3-diaminobcnzidmc (DAB} was 

afterwards added, rinsed and coun1crs1nmcd w,lh \lnycr's hcmotoxyhn Dl'X and cover shp5 

were then mounted for cxominntion. 

� 
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3.1 I. STATISTICAL ANALYSIS 

All results arc c!<prcsscd as Mean ± SEM The resullS were tll\lllyud using one wa) ANOVA 

and Siudcnl's Nc,vrnan Kculs post hoc 1cs1. Sllllistical results were analysed usmg Gn,phPad 

Prism Sofi,varc (version -1.0) (GraphPnd sonwarc Inc., S:in Diego, CA, USA). A value of P < 

0.05 was considered to be stn1is1ically signilicanL 

• 
• 
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CHAPTER FOlJR 

RESULTS 

4.1. EFFECT OF �IORrN UYDRATE ON NOVELTY-rNDUCED DEIIA VJOUR 

The effect or morin hydrate on novelty-induced bch3viours in mice is represented in figures 5, 6 

and 7. Onc-"ay ANOYA revealed o signifiC1111t difference in n!Dl'ing and locomotion nmongst 

trcauncnt gro11ps. A significru11 dose-dependent reduction in rearing and locomotion ,,as

observed upon treatment with t-lH (10, 20, 40 and 80 mg/kg) relative 10 the YEH group, where.IS 

o significant difference in grooming behaviour from YEH was only observed ot 80 mgll.g (p < 

O.OS) . 
• 
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Figure S: Effect or morln h)dnltc on no1•clly Induced rcQrini: In the open field. 

F.nch column indicates mean± SE"!· S animals I group 

• p < 0.05 n:lativc to VE! I (One-way ANOVA followed by Studcnt-Newman-Kculs

po51-hoc test).

VEM: Vehicle (normal saline 10 ml.Ag) 

t,..111· t-.lorin hydrate 

Oil: Dirupam (2 mg/kg. i.p.) 
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Figure 6: Effect or morin bydnitc on no,•clty Induced groomini: in the open licld. 

Each column indic:itcs mean* SEM, S 11.nimols / group 

• p < O.OS relative to VE.I I (Onc-woy ANO VA followed by Studcnt-Newmnn-Kculs

post-hoc test). 

• 
• 

VEI I: Vehicle (normol saline 10 mUkg) 

J\111 I· Morin hydrate 

DIZ Dinicpam (2 mg/ks. l.p.) 

• 
• 

S7 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



E 30 • 

t 20 

! .::I 10 
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MIi (mg/kg, l,p,) 
01% 

t-l1111rc- 7. frfttl or morln h)tlnit� on l0<omo1or 1c1lvlly In the ortn Otld, 

Lach b,u rc11mcn11 me.an :t. sr \I, S 1nim1l1 I lfOUJI 

• p < 0 OS rcl:uivc 10 Vl:11 (Onc·�•Y A NOVA foll�c.J by Studcnl0SC""man·�ail1 

pmt-hoc tot). 

VEii· Vehiclc(normal s,hnc 10 mLA1) 

t.111: l'>lonn hydralc 

Oil: Di.uq,am (:? m�;. I p.) 
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Figure 7: Effcc1 of morin hydrate on locomolor ac1ivity i n  lhc open field. 

Ench bar represcnlS mean± SEl'.1, S 11nimnls I group 

• p < 0.0S rcla1ivc 10 VEI I (One-way ANO VA followed by S1udcn1-Ncwmon-Keuls

post-hoc lest). 

VEH Vehicle (normlll S3linc 10 ml.lkg) 

MIL 1',lonn hydrate 

DIZ: OinzcJ>3[1l (2 ms/kc, i.p.) 

• 
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-1.2. EFFECT OF l\10RIN HYDRATE ON IJEAD DIPS

The outcome or morin hydrate �a.unent on c."<ploratory bcll11,1our or mice o.s 1ndic111ed by 

frequency or head dips in the hole bo:itd is indica.ted in Figure 8. One-,,·n) ANO VA sho11 ed 11 

significant difference amongst treatment groups. A signilicnnt dose-dependent decline in 

rrcquency orhead dipping was noted upon 1.rea.tment with �IH (10, 20, 40 nnd 80 mg/kg) relative 

to VEI I group with maximal reduction seen 111 80 m&lkg (p < 0.0S) . 

• 
• 
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Figure 8: Effccu or morln h)llnilc on head lllps 

E4ch column indic.itcs mc1111 * SGM, S onlmnls / group. 

OIZ 

• p < 0.05 rcl3lhe to VEH (Onc,way 1\NOVA followed by Studcnt•Ncwman-Kculs post•

hoc lCSl). 

VEl-t Vehicle (normal saline 10 mUlcg) 

t.1H �lorin hydrate 

DIZ: DillUpam (2 m&fkg, i,p.) 
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�.3. l\lOlllN 11\'t>lv\TI, H�:DUCES IJ'lll\10IIILIT\' 1 ll\1E IN l'IIE S\Vll\li\llNC 

ENl)Ul\ANCI! l\'IODEL 

1!1Tcc1 of morin hydnuc on lmmobllhy period in 1hc swimming cndllrnncc model I\ lndic:.11cd in 

Figure 9. Onc•WD) ANOV i\ disclosed o signlncnm dllTerencc omon1J$1 1rco1mcn1 groups. Morin 

hydrate 01 doses 10 ond 20 mlliks lncrciucs !wlmrnlng endurance by reducing immobility lime 

comp.ired to VEI I (Newmon Kcul, po1l hoc camparison) 
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F.ach colwnn ind1c111c, mean 1 Sttl-1, S an1m1l1 / croup. 

• p < O.OS comfW'(l 10 contr0I 8fOUP (One-way A NOVA rollo\icd by S1udmt0Nc,11 man-

1-:culs post-hoc IC11) 

VEIi: Vch1clc (norm.ti saline 10 mlAg) 

�fll: �lorin h)dr.ite 

G�· Guucng (2S ffl£1'k&, Ip.) 
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...... I\IORIN HYDKATE INCREASES TILE ONSET or CONVULSION IN ANOXIC 

STRESS 

The cO"cct or Morin h}dr:ue on lhe onset or convulsion in llllo�,c mice 1s mdic.11cd in Figure 10. 

One-way ANOVA indicates a signilic.101 diffi:ruicc amongst treatment groups. The onset of 

COR\'1Jlsion ,, hich symbolized toler:ince 10 nnoxic sll"CSs was significa.nll} nnd dose-dependently 

increased upon MH (5, 10, 20 mg/kg) tmllmcnt relative lo VEH group (p < 0.001 ), 

• 

• 

:::, 

z 

< 

ca 
C 

CD 
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Figure 10: Effect or �lorin h}'drntc on the onset or con,•ulsion 

Each bnr represents menn :!: SE�!, S onimllls I group 

• 

GIN 

• p < O.OS relative to conll'OI (One-wa)' ANOVA followed b)' Studcn1-Ncwmnn-Keuts

post-hoe test).

VEH· Vehicle (nonnol saline 10 ml.Ike) 

l\1H l'-lorin h)'dra1c 

OIN: Ginseng (2S mi;.t\c, i.p.) 

A TT: Ano,ie Tolerance Test 
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-'.S. l\lORIN HYDRATE REDUCES h\ll\lOBILm' Tll\tE IN TIIE FORCED S\Vll\1 

PARAOIGl\l 

Impact or morin hydra1e on immobiht} pcnod in the FST which is Ill\ indicator of dcpn:ssi, c -like 

behaviour is as shown in Figure 11. One-,vay ANOVA rcvcoled o signiliC411t dilTcn:nce nmongs1 

trc.1tmen1 groups. Acu1c restrain! stress mcrcnscd lhe immobility period signllicon1ly (p < 0.001) 

in lhc VEIi acu1e stress group relative 10 YEH unstressed group. This incl'C3Se was significantly 

(p < 0.001) upturned by MH (S, 10. 20 mg/l:g). mdicoling on1ideprcssan1-li�e effect. 
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Fi�u re 11: lmmohilily In FST afltr nculc rcsl r.1in1 slress 

Each column indicalcs mean± SEt-1, 6 onimols / group. 

II p < 0.001 relo1h·c 10 VEH uns1rc.sscd group 

• 

GIN 

• p < 0.001 rclolivc 10 VEl·I ARS group (Onc-woy ANOVA followed by Studcn1-

Nc\\mon-Kculs post-hoc test). 

VEIi: Vehicle (norma.1 solinc 10 mlJkg) 

MH: �lorin hydrate 

GIN: Ginscni: (25 mgll.g. 1.p.) 

ARS: Acute Restraint Stress 

•
• 
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-t.6. �tORL'i HYDRATE �IITIGATES AClJTE RESTRAINT STRf_c;s-rNnUCEO

ANXIEn'-LIKE UEIIA VIOR

Anxic1y-lil.c beh3viour cxhibiicd by mice subJeclcd 10 aculc rcslroint s1� as indicated b)'

frequency nnd durntion of explom1ion of both = of the EPM and the modulotory effect or

morin hydra1e is sho\1n in Figures 12, 13, Id ond IS Onc-wo> ANOVA ind1cn1cd o s1gniticnn1

difference among.sl trca1mcn1 groups. A signilicant (p < 0.001) decline i n  frcquenc) and duration

of open orms Cl(plomuon 11as noted in 1hc VEH acute rcslr.lint stn:ss group relative 10 the VEH

unstressed group. tvlorin h)drate (5, 10. 20 mg/leg. i.p.) reversed this effect in a signitic.int

mnnncr, indicoting 01utiol)tic cfTccL 1l1is was further supported b) the indc, of open arm

avoidance which wos signilicru11Jy (p < 0.001) elevated in the VEI I ARS group compared to 

VEH unstressed group, and was signifiC411tly (p < 0.001) reversed by morin hydrate (Figure 16) .• 

. 

. 
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m\tmt �mmmim� 
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MH (mg/kg, l.p.) 

ARS 

GIN 

Pij!ure 12: Effect or �lorin hydrate on time �11cnt in the open am1s of the EP�t 

follol\ing acu1c rcslraint 51rcss 

Each column iodica1es mcnn :1, SB1, n ,. 6

II p < 0.01 rclati,·e 10 VEH unstressed group 

• p < 0.001 n:lativc to VEIi ARS (Onc•w11)' ANOVA ronowcd by S1udcn1-Nc" mon

Kculs post-hoc lest). 

VEH Vehicle (nonnol saline 10 ml/\;g) 

�1H: Morin hydrn1c 

GIN. Ginscns (2S mg/kg. i.p,) 

A RS: Acute Rcs1n1in1 SlrCSS 
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Figure 13: Effect or lllorln hyclm1r on time spent in the close arms or tho Ert\t 

following acute restrain I stress 

E.ich column indicates mean± SEM, n • 6 

II p < 0.01 relative to VEH unstressed group 

• p < 0.001 relative 10 VEH ARS (One-11ny ANOVA followed by Studcnt-Ncwmon

Kculs post-hoc test). 

VEH: Vehicle (nonnal saline 10 ml.Jkg) 

111H· �Iorio hydrate 

GIN: Ginseng (2S mg/kg. i.p.) 

ARS: Acute Restraint Stress 
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Figure 13: EITccl or r.torln hycJmtc on time spent in the dose 11rms or the EPr.1 

following ncutc �tmlnt stress 

Each column mdiutc:s mc:An ± SEl'yl, n • 6 

II p < 0.0 I relative to VEH unstressed group 

• p < 0.001 rctauvc to VEH ARS (One-way ANOVA followed by Student-Ne\\mon

Kculs post-hoc test). 

VEH: Vehicle (normal soline 10 mUkg) 

�1H: i\lorin hydrate 

GfN: Ginseng (25 mg/k11, i.p.) 

A RS: Acute Restraint Stress 
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Figure 14: Effect or l\lorin hydmtc on open orms cntl') in the EP�I ortcr 11cu1c 

restraint stress 

�ch column indicates me:in :!: SE!vl, 6 animals/group. 

II p < 0.001 n:lntivc 10 VEH umln:SScd group 

• p < 0.001 relative 10 VEH ARS group (Onc-w11y ANOVA followed by S1udcn1-

Ncwmon-Kculs p0s1-hoc 1es1). 

VEIi: Vch,clc (normol saline 10 ml..lkg) 

�IH. �lorin hydrate 

GIN· Gln\cn11 (25 mg/kg. i.p.) 

A RS: AclJlc Rcslrninl Stress 

• 
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Figure 15: Eff�I of l\lorln hydmlc on close arms cnlry In the EPl\t :iflcr 11cu1c 

restraint strw 

�ch colun1n indicn1cs mean :1: Sut-1, 6 animals/group. 

# p < 0.00 I rclouvc to VEH unsucsscd group 

• p < 0.001 rclauve to VEH ARS group (One-way ANOVA followed by Student

Ncwman-Kculs post-hoc test). 

VEIi: Vehicle (nonnol saline 10 mlJkg) 

MH: l\lorin hydnllc 

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

ARS: Acute Restraint Strcs.s 
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Figure 16: Effect 11f l\lorln hydrate on the lndu of OjlCn nrm 1tvoidance in the EPl\1 

11f1cr ncutc rl'3trnint stress 

Each column inditdtcs mcnn :I: SEl\1, 6 1111imols/group. 

# p < 0.00 I relative 10 VEIi unslreSscd group 

• p < 0.001 rclali\C 10 VEIi ARS i;roup (One-way ANOVA follo\\cd by Student-

Ncw1nan-Kculs post-hoc test), 

VEH: Vehicle (nonnol saline 10 mllkg) 

MH Morin hydrate • 

OIN: Ginseng (2S mg.tkg. i.p.) 

ARS· Acute Re.stmln\ Stress
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4.7. �10RJN IIYDRATE INFLUENCES GLUCOSE, CUOLESTEROL AND 

TRICLYCERIDE CONCENTRATIONS lN ACUTE RESTRAINT STRESSED �11CE 

A rise in scrum glucose level \\&S obsci"cd in mice subjecled 10 acutc res1n11nt s!JCSS. One way 

ANOVA indicated n significant difference among,1 all trcaLmcnl i;roups Serum glucose 

conccntralion was significnnlly (p < O.OS) clt\'alcd in VEH acute resU11m1 stress i;roup rcln1ive to 

VEH uns1rcssed group. The J\,lll {S, 10, 20 mg/kg) ltc3Lmen1 significantl) (p < 0.001) upturned 

Ibis effect. Funh<:nnore, one wny ANOV A indicaled 111111 acute rcsLrainL stress s1gnilicantly 

decreased cholesterol level relative to VEH unstressed group. This dccrc:ase was reversed by t,.111 

(S nnd 10 mg/kg). However, tvfH did not significantly niter Lriglyccridc level (Tobie I) . 

• 
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Tnblc I: �1orin hydna1e alters glucOJc, cbolcs1crol and lriglyctridt conccnlnations in acute 

restraint stressed mice 

Trclllmcol 
(mi:fks:) 

VEH (AAS)

�ill Smglkg 

MH IOmglkg 

Mii 20 mg/kg 

GIN 

Blood 
glucose(mg/dL) 

76.1 ± 8.0 

168.0 ± 7.6' 

134.0 ± 7.4• 

112.0 ± 11.0· 

106.0 ± 2.36· 

128.0 ± 11.9• 

Total 
choleslcrol(mi;/d L) 

115.0 ± 2.1 

92.7 ± 1..111 

110.0 :!: 2.7· 

112.0 ± 5.0· 

94.6 :I: s.s

127.0 ± OJ• 

Each resuh rcprcsenlS mean:!: SEM, 6 animals/ group. 

II p < 0.001 rclo1h·c to VEIi unstressed group 

Triglycerides 
(mi:fdL) 

130.0 ± 10.1 

82.6 ± I 71

88.9 :!: 3.4 

68.6 ± 2.9 

70.1 ± 0.97 

68.8 ± 0.42 

• p < 0.001 rclo1i\·c 10 Vl:H !AA.SI sroup (Onc-w11) ANOVA followed by S1udcn1-Newmnn-Kculs

post-hoc le.st).

VE1 I tt.'!15} Vehicle urutrcsscd group 

VEI I !AA�!' Vehicle ocule rcslroint sll'Css sroup 

1\111: �torin hydrate 

QIN· Ginseng (25 mg/kg, i.p.) 
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• 
• 

.i.8. EFFECT OF !\!ORIN HYDRATE ON ACUTE RESTRAINT STRESS-INDUCED 

OXIDATIVE STRESS lll01\1ARK.£RS h'i l\1JCE 

Effects of �lonn hydrate on ch3nges in oxidl!ti,e biomarkc:-rs in mice c.,poscd lo ncutc restraint 

sucu 111' mdicau:d in Figures 17, 18 and 19. Figure 17 revealed that in the VEIi acute stress 

group, o sign1ficnnt (p < 0.01) reduction was noted in brain GSH le,·el relall"e to VEH 

unstressed group. Onc-wny ANO VA revealed th.it this obscf\ed reducuon wo.s significantly Cp < 

0.05) re\'ersed by �lH CS, 10, 20 mg/kg). Furthcnnorc, acute restraint stress significnntly clevnted 

brain �IDA (p < 0.001) and nitrite (p < 0.01) levels in YEH acute stn:ss group rclati"e to VEIi 

unstressed group as shown in  Figures 18 o.nd 19 rcspccli\'cly. One woy ANOVA rcvcoltd that 

�lorin hydrate CS. IO. 20 mg/kg) signilic:antl} reversed this cffccL 
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Figure 17: ErTttt or lllorln h)·dnue on bn,ln GSH level follo"lng acute rcstrnint 

stress. 

Each column indicates mean :1:: SE�1. 6 onimoh I group 

# p < 0.00 I relative to V EH unstressed group 

• p < 0.001 rclolivc to VEIi ARS group (Onc·WII) ANOVA followed b) Student· 
Ncwn11111-Kculs post-hoc: test). 

VEH: Vehicle (nonnnl sahnc 10 mlJkg) 

11111: Morin hydrate 

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

ARS: Acute Rcslnunt Strc:ss 
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Figure 18: Errec1 or i\lorln hydrate on brnin !\IDA hl\CI rollo,,ini; acute rcs1roin1 

stress. 

l!och column indicates mc;in ± SEM, 6 nmmals / group. 

# p < 0.001 rcln1ivc 10 VE.H unstressed i;;roup 

• p < 0.001 rcl111he 10 VEIi ARS group (One-wn) A NOVA followed by S1udcn1-

Ncwmnn-Kculs pos1-hoc 1cs1). 

VEH: Vehicle (norm11l saline 10 mUkg) 

�IH �tonn hydralc 

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

ARS· Acute Restraint Sll'C$$ 
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Figure 19: Effect or �lorin hydrntc on nitrlle le,•cls followini; ncutc rcstruint stress. 

Each column md1cotcs mean :1: SEl-1. 6 animals/ sroup. 

# p < 0.01 relntivc to VEIi unstressed croup 

• p < 0.01 relative to VEIi ARS group (One-way ANOVA followed by Studcnt

Ncwmon-Kculs post-hoc lest). 

VEM: Vehicle (normal saline 10 m.Ukg) 

Mil: Morin h)·drntc 

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

ARS: Acute Rcstrnint Stress 
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-t9. i\tORIN UYDRATE i\nTIGATES DEPRESSIVE BEHA\'IOUR IN i\UCE IN TllE

Cl-IRONIC llESTRAINT PARADIGi\l 

The duration of immobility of chronic r01r.11n1 strcss-(�pcl\cd mice in the FST model is sho\\n 

in  Figure 20. Chronic rcs1111int stress prolonged the duration or immobility when compared 10 

VEI I unstrwcd group. This mimics II state of despair tlult is S) mptomntic of deprcssivc-lil.c 

behavior. However, lhis prolonged immobility time wn.s signilicnntly (p < 0.05) reduced b) MIi 

(5, I 0, 20 mg,/lcg) when complrcd 10 VEI{ chronic restraint stress group. thereby indicoting nnti

dcprcssant-likc cfTccL 

• 
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Figure 20: Effect or 1\lorin h)drJlc on lmmohillty period In the FST after chronic 

restrninl sires�. 

Each column ind1c111es me:111 :I: SEIII, 6 11nimals / group. 

# p < 0.0S n:lati�c to VEH unsu�scd group 

• p < 0.05 n:lauvc 10 VEIi CRS group (Onc-wa) ANOVA followed by S1udcnt

Ncwm11n-Keuls post-hoc test). 

VEH: Vehicle (normal saline 10 mUl.g) 

MIi. l\.lorin hydrate 

GIN· Ginseng (25 mg/kg, i.p.) 

CRS. Chronic Restraint Stress 
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-1.lO. \10RlN HYDRATE l\OTIGATES CHRONIC R£STR.Ah\'T STRESS-INDUCED

ANXIETY-LIKE BEHAVlOR IN l\11CE 

Chronic n:straint s1ress provoked a significant decrease in the frequency (p < 0.00 I) and dunition 

(p < 0.001) of open anns cxplomtton (Figures 21 and 23) and conscqucntl) incren.\ed the 

frequency lllld duration of closed nnns e.,ptomuon in the EP�1 (Figure:. 22 and 24). Howc�cr, n 

significant (p < 0.0S) clongntion in the dumtioo and frequency of open nnns c.,ptomtion ,1as

observed upon r.n I (S, 10. 20 mivt-:g, i.p.) treatment compared to VEH CRS l?fOUP, indicating 

nnxiolytic activity which was funhcr bunresscd by the index of open nnn ovoid.ince which WQS

elevated in the VEH CRS group but significan1ly {p < 0.001) re1erscd by monn hydrate 

treatment (Figure 25). 

• 
• 

• 
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Figures 21: Effect of !\lorin h)dr:itc on the frequent) or orcn arm� entry In the 

61'1\l foll on Ing chronic restraint strc.u c�posurc. 

Each column indk.itcs mcM ± SE�I. 6 animals/ group. 

II p < 0.01 relative to VEIi unstressed group 

• p < 0.0S rclathc to VCI I CRS group (Onc-wny A NOVA 

Ncwman-Kculs post-hoc lest). 

VEH. Vehicle (nonnal saline 10 m!Ag) 

�Ill. �lorin hydrate 

GIN: Ginseng (2S mg/kg, i.p.) 

CRS: Chronic Restroinl Suess 

• 

folio\, cd by Student-
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F'ii::ure 22: Efftcl or l\1orin h)<lni" on frequency or close orms entry In the Eri\t 

rollo"·ing chronic rt5tr:alnt ltrus exposure. 

Each column indlc:atC5 mc.1n :1: SEJ\I. 6 animals/ group. 

II p < 0.01 rcla1i'"c 10 VEH unslTCUcd llJ'Oup 

• p < 0.01 rcla1i\C to VEIi CRS group (One-way ANOVA followed by Studcnt

Ncwmnn-Kculs posl-hoc IC5I).

VEH· Vehicle (nonnal snllnc 10 ml/kg) 

MIi Morin hydrate 

GIN: Ginseng (25 ms,'kg. 1.p.) 

CRS: Chronic Rcs1n1in1 S1rcss 
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Figure 23: Erfttc or l\lorin bydnuc on clmc spcnc in the open :irms of thl' EPl\1 

follo1Vini: chronic rcslrilnl scrcss ctpo�urc. 

Each column indicates mean± SEl'-1, 6 11.nimnls / group. 

# p < 0 01 retacivc 10 Vl!H unsucsscd i;roup 

•, •• p < 0.01 11nd p < 0.001 relali\C lO VEIi CRS group (One-WO)' A NOVA followed by 

Studcn1-Ncwman-Kculs pos1-hoc: lest). 

VEH: Vehicll' (normal saline IO mUks) 

MH· �lorin hydrale 

GIN· Ginseng (25 mgllq;. i.p.) 

CRS· Chronic Rcsl!'illnc S1rcss 
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Figure 2-t: EfTcc1 or l\lorin hydrate on lime spent In the Eri\t rollo" ini: chronic 

restr:iinl �tress cx11osurc. 

Ench column indic�tes me:in-:!: SEl'vl, 6 nnimals / group. 

# p < 0.001 relative to VEIi unstressed group 

• p < 0.001 rclati\e to VEH CRS group (Onc-woy ANOVA followed by Student-

Ncwman-Kculs post-hoc test). 

VEIi: Vehicle: (nonnal $Oline 10 m.Ukg) 

M H: 1'-lorin hydrate 

GIN· Ginseng (25 mi;fl.g, i.p.) 

CRS: Chrome Restraint Stress 

115 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



# 

80 .. 

60 

0 40 

20 
• • 

VEH VEH 5 10 20 GIN 

MH (mg/kg, l.p.) 

CRS 

Pieurc 2S: Effccl of l\lorin hydrnle on lhc lndc.t or open 11rm 11\•oiduncc in lhc EPl\l 

nflcr chronic rc.stroinl slrcss 

Each column indicates mean± SEl\1, 6 onimols / croup. 

# p < 0,001 rcl111i,·c 10 VEIi uns1resscd group 

•, •• p < 0.01 and p < 0.001 rclo1i\c 10 VEH CRS group (Onc-wny A NOVA follo\�cd by 

S1udcn1-Nc\\mon-Kculs pos1-hoc 1cs1). 

VEH· Vehicle (nonnal saline 10 ml.Ag) 

MIi l\.lorin hydrate 

GIN: Ginseng (25 mg/k� i.p.) 

CRS: Chronic Rcs1r11ln1 S1�, 
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�.11. EFFECT OF !\IORIN HYDRA TE ON CHRONIC RESTRAINT STRESS-INDUCED 

HYPERGLYCEMIA 

Chronic resll'ilmt stress caused a rise in scrum gluccm le\el. One-way ANOV ;\ ind1aued 3

significant dilTcmicc .imongst ucatmc:nt groups. Chronic restraint streSS induced glucose 

upsurge significantly (p < O.OS) relative 10 VEH uns�scd group. A. significant (p < O.OS)

reversal of this chronic rcstroint stn:ss-inducc:d hypcrgl)taemie was obscr\'cd upon treatment 

with t-lH (S, IO and 20mg/kg) (Figure 26) . 

• 
• 

• 
• 
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.t.Jl. EFFECT OF �lORIN HYDRATE ON CHRONIC RESTRAINT STRBSS-rNDUCED 

HYPERGLYCEMIA 

Chronic restn11n1 suc.ss caused a riSc: in serum glucose level. One-way A,'JOVA indicated 11 

significant difference lll11on1:51 lfeatmcnl groups. Chronic restraint strcSS induced glucose 

upsurse significantly (p < O.OS) rcl111ivc 10 VEH u.nstro.scd i;roup. A significMl (p < O.OS) 

reversal of this chronic restraint stress-induced h)'pcrglycacmia was observed upon 1rca1mcn1 

with MH (S, 10 ond 20mgllcs) (Fii;ure 26) . 

• 
• 

87 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



200 

150 

• 

• • 

• 

';-100 

50 

VEH VEH 5 10 20 

MH (mg/kg, l.p.) 

CRS 

GIN 

Figures 26: The effect of morin hydrate on l(lucose concentration 1n chronic 

rc.,tr:1lnt stressed mice 

&Ith column indicates mc311 :t: SE/Ill, 6 animals/ group. 

# p < O.OS relative to VEI I unstressed group 

• p < O.OS relative 10 VEIi CRS 11roup (Onc-woy /\NOVA followed by Studenl·

Ncwmnn-Kculs post-hoc test) 

VCII: Vehicle (nonnnl saline 10 ml.A:g) 

MH. Morin hydrate 

GIN; Ginseng (2S mgll;g. i.p.) 

CRS· Chronic Restraint Stress 
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-tll. EFFECT OF l\lORL� IIYDRATE ON CHRONIC RESTRAJ1\'T STRESS-li\'DUCED

ALTERATIONS JN SERillot LIPIDS 
• 

The im�ct or chronic rcs1rnint stress on chnngcs in scrum lipids levels is presented in Tnblc 2. 

Chronic restraint stress triggers the mobilization of lipids � seen by the signific.int (p < 0.05) 

eleva1ion of 1nglyceridcs and cholesterol relative 10 VEH unslreSSed group. This obscr"cd 

elevation was upturned by Ml I (5, 10. lllld 20 m�g) 1reaunen1 significantly (p < 0.05) 

Furthennore, chronic restraint stress produced a signific3nt (p < 0.05) decline in HDL cholesterol 

which ,vos potentioted by prc•t.rt:iuncnt with �lorin hydrate. Serum arteriosclero1ic index was 

noted 10 be significantly (p < 0.0S) diminished on t.rtatment with l\{H relative to VEI I chronic 

restraint Sll'C$S group (Tobit 2). This is ouributed mainly to the suppression of total chol�ero I 

nnd increase in 1 IDL chole.sterol concen1rntions 

• 
• 
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Table 2: EITttl or �Iorio hydrate oo chronic rcs1ruio1 slrcss-induccd changes in s,rum 

lipids 

Trc:ilmcnt Tri1:lyccridC$ 
(mg/kg) (mg/di) 

VEH(UNS) 72.3 ± 2.-1 

VEH1as1 107.0:: 2.9' 

t.lH S ms/kg 93.7 :1: 2.9• 

t.111 lOmg/kg 897:t:J.2• 

t.lH 20 ms/kg 82.3:: 3.8" 

GIN 72.7 :t: 2.)• 

To1�1 • cholcslcrol 
(mg/di) 

SS.3 :z: 1.8 

76.3 * 3.s·

66.3 :I: t.8• 

64.7 :1: 1.s·

58.0± 1.s·

56.0 :I: :?. I• 

BDL cholcslcrol 
(mg/di) 

36.0 :1: 2.3

25.0 :z: 0.6' 

34.0 :1: 1.2· 

34.3 :!: 0.9• 

35.7 ± 1.2• 

36.0±1.0· 

�ch result rcprcscnl.S the mean :I: SEM, 6 onimals I group. 

It p < 0.05 rclo1ivc 10 VEI I unstressed i;rollp 

Alhcro5clcrolic 
index 

o.ss ± 0.07 

2.06±0.20' 

0.96±0.IO• 

0.89 ± 0.10• 

o.63 ± o.os·

0.56 :I: 0.09· 

• p < O.OS rcln1ivc to VEIi CRS group (One-way ANOVA follo\\cd by Student-Newmon-Kculs

post-hoc ICSI),

VEll(VMsi: V chicle uMlrCSSCd group 

VEI l(cu1: Vehicle Chronic Res1r.1in1 Stress group 

fvll t • Morin hydr:uc 

QIN: Ginseng (25 mc,'1-i;. i.p.) 
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.S.13. EFFECT OF !\IORrN n,�oRATE ON CHRONIC RESTRAINT STRESS-r!lfOUC[D 

CHANGES IN OXIDATrVE STRESS BIO�L\RKERS IN !\tlCE 

Chronic resuuint Slll:ss reduced brain GSH concentrauoo signilicanlly (p < 0.001) in com113rison 

to VEH unstressed group. Upon MH (5, 10, 20 mg/kg) �tmcnt. a signilicant (p < 0.001) rise in 

GSH concentr.nion wo.s noted (Figure 27} Concentration of t.lDA tn bniin tissues wo.s found to 

be signific.intly (p < 0.001) clevntcd b) chronic rcstroint slr\:ss comJ)3rcd "ith VEIi unstressed 

group, and upon MH (S, 10. 20 mg/kg) treatment, lipid peroxld.llion wo.s signifiClUltly (p < 

0.001) anenl13ted (Figure 28). Fwthcnnorc:, chronic restraint stress signific:1111ly (p < 0.001) 

raises brain nitrite levels in the VEIi chronic rcstroint stress group relative to VEH unstressed 

group as sho\\'n in Figure 29. Tn::iuncnt 11ilh MIi (S, 10, 20 mg/k&) was also round to reverse 

this effect signilicnntly (p < 0.001). 

• 
' 

• • 
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Figure 27: Effect or 1\1orln h)dratc on hn1ln GSII levels In mice follo\\ini: chronic 

rcstrnint stress c�posurc. 

Each column indicates mc:in :I: SEM. 6 animals/ group. 

II p < 0.00 I relative 10 VEI I unstressed group 

• p < 0.001 rclathc to VEIi CRS group (Onc-woy ANOVA followed by Studcnt

Newmon-Kculs post-hoc test), 

VEIi: Vehicle (normal saline 10 ml.Jkg) 

NII I: Morin hydrate 

OIN. Ginseng (25 mg/kg. i.p.) 

CRS: Chronic Restraint Stress 

' 
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Figure 28: Efrcc1 or l\lorln hydnilc on bmln l\lDA lc,•cb In mice rollowini:: chronic 

rtllrolnl )Ires, exposure. 

Eoch column indiC4lCS mean± SE�I. 6 animals/ group. 

II p < 0.001 n:lolhc to VEIi Ul\$lrCSSed group 

• p < 0.001 rcl011vc 10 VEH CRS group (One-way ANOVA followed by Studcnt

Ncwmon-Kculs post-hoc test). 

Vl:11 Vehicle (normal saline 10 ml.Ag) 

Mt I: Morin hldrolc 

GIN· Ginseng (25 mg/kg, i,p.) 

CRS Chronic Rcstminl Strt.ss 
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Figure 29: Effect or l\lorin hydn11c on bmln nitrite levels in mice ro110,.ing chronic: 

res1r:1in1 s1rw exposure.-. 

Each column ind1cotcs mc.lll :!:: SEM. 6 animals/ group. 

Hp< 0.001 relative 10 VEH unstressed group 

• p < 0.001 relative to VEH CRS group (Onc-wa) ANOVA rollowcd by Studcnt

Nc\,mon-Kculs post-hoc tesL 

VEI I Vehicle (nom,ol saline 10 ml.Ag) 

MH: tvlorin hydrate 

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

CRS: Chronic Restraint Stress 
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• 

• 

.$.14. EFFECT OF i\10RIN HYDRATE ON CURONlC RESTRAINT STRESS-INDUCED 

NEURONAL DEGENERATION IN i\lOUSE DRATN 

I lis1ologic:il srudics of lhc pn:frontal cortex and hippocampal neurons of mice t'(poscd 10 

chronic restraint stress revealed rcmnrk11btc morphological changes in each group (Pla1es I ond 

2). Chronic restraint stress induced some abnonnalitics and significant!) (p < 0.001) reduced 

total vrnble prefrontal cortex neurons nnd lhc hippocampal CA) neurons n:huivc 10 lhe VEH 

unstressed group (Figures 30 and 31 ). llowcvcr, the numbc:r o f  viable neurons w45 s1i;nificanll) 

(p < 0.001) increased by MH (.5, 10, and 20 mg/kg. i.p.) trcnuncnt. These results sugses1 thot 

morin hydrate demonstrated significonl protective effects on chronic suess-induced neuronal 

damage. 
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• 

• 

,ti-I. EFFECT OF I\IORIN HYDRATE ON CIIRONIC RES'TRA"''T STRESS-INDUCED 

NEURONAL DEGENERATION I.N I\IOUSE DR,\IN 

llis1ological sllldics of lhc pn::frontal concx and hippocampal neurons of mice exposed 10 

chronic restr.unt stress revealed rcmarknblc morphological changes in each group (Plates I ond 

2). Chronic restraint stress induced some abnormalities and significantly (p < 0.001) reduced 

101.il v1:iblc prcfronllll cortex neurons nnd lhe hippocam1>3I CA) neurons rclali,e 10 lhe VElt 

unstressed group (Figures 30 and 31 ). However, the number of viable neurons WIIS signific:nnily 

(p < 0.001) incrc11Scd by MH (S, 10, and 20 mg/kg. i.p.) trcauncnl. These rcsullS suggest that 

morin hydrate demonstrated significnnl protective clTttlS on chronic suess-,nduced neuronal 

d:unngc. 
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Plate 1: Effect or 1\lorin hydrnlc on morpholoi::y of prcJrontnl cortex neurons of 

n1icc exposed to chronic reslrnint stress

(A) Vehicle only (normQI prefront:il cortex with normal neurons)

(B) Vehicle+ CRS (signifiCllllt loss of neurons nnd n,ild necrosis)

(C) Ml I 5 mg/kg+ CRS (nonnal prcfrontol cortex, clcnn stromo, significont increase

in vinble neurons)

(D) M H IO mg/kg + CRS (nom1al cortex, signific:int increase in viable neurons)

(E) MH 20 nig/kg + CRS (normnl cortex. wilh viable but fe,v dnn,nged neuron�)

(F) G LN + CRS (normal cortex, significant increase 10 viable neurons)

Blue nrro,vs ,ndicntc normal neurons ,vhilc red rurows indicate indicates damaged

neuron�. (Original magnification X400). 

MH: Morin hydrate 

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

CRS Chronic Restraint Stress
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Plnte l: Effect of l'\lorin hydrnte on morphology of prcfrontnl c,orlex neurons of 

n,icc e.,posed to chronic restrnint stress 

(A) Vehicle only (nonn:il prcfrontnl conex with norn1al neurons)

(8) Vehicle+ CRS (significllnt loss of neuron� nnd mild necrosis)

(C) Ml I 5 rng/kg + CRS (norn1nl prefrontnl concx, clct1n �tromn, significant increase

in vinblc neurons)

(D) M H IO mg/kg+ CRS (nom,al concx, significnnt increase in viable neurons)

(E) MH 20 mg/kg+ CRS (nom1nl conex. with vlnble but rc,v dan,nged neurons)

(F) G lN + CRS (nonnal conex, signifiCllllt 1ncreose 1n viable neuroru.)

Blue nrro,vs indicnte nonnol neurons ,vhile red arrows indicate indicates d:imnged

neurons. (Original magnificntion X400). 

MH: Morin hydnue 

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

CRS: Chronic Restraint Stress 
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FiJ:urc 30: Effect or �lorin hydmlc on ,·ioblc prcfrontnl cortex ncu rons rollo\\ Ing 

chronic rcslruint stress c:tposurc. 

Each column 1ndicn1cs menn % SE�!, 3 nnimnls / group. 

It p < 0.001 relative 10 VEH unstressed group 

• p < 0.001 rclo1ivc to VEIi CRS group (Onc•\\AY ANOVA followed b) S1udcn1-

Ncwm11n-Kculs poSl·hoc ICSI

VEH: Vehicle (normal saline 10 mLAc) 

�111 f,.,lorin hydrate 

GIN: Ginscns (2S ms/ks, 1.p.) 

CRS: Chronic Rcstr11in1 SU'CSS 

• 
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Plate 2: lrnpact of i\1lorin hydrate on morphology CA3 hippocnn1pol cells of n1icc exposed 

to chronic restraint stress 

(A) Vehicle only (normol loycr ,vith intact neurons)
(B) Vehicle+ CRS (itTCgulor layer ond loLS of dnmoged neurons)
(C) MH 5 mg/kg+ CRS (norn1al layer nnd significant incrcnse in vinble neurons)

{O)MH 10 mg/kg+ CRS (rcgulnr layer ,vith significnn1 increase in viable neurons) 
(E) �IH 20 mg/kg+ CRS (nom1al layer ,vilh intact neurons)
CF) GIN+ CRS (regular Joycr ,vith significont incrcosc in viable neurons)

Blue arrows indicate normol neurons ,vhile red OJTO,vs indicate indic:11cs damaged neurons.

(Ongin3l mognilicn1ion X400). 

�1H: �lorin hydrate 

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

CRS: Chronic Restraint Stress 
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Figure 31: EITccl or l\1orio hydnitc on C,\J bippoc11mp11l neurons nflcr exposure to 

chronic restraint stress. 

El!ch column indicates mean± SEM, 3 animals/ group. 

Ii p < 0.001 relative to VEIi U/\Strcsscd group 

• p < 0.001 relntivc 10 chronic r�traint stress group (Onc-wny ANOVA rollowcd by

Studen1-Ne11mon-Kculs post-hoc tcsl.

VEIi Vehicle (normol saline 10 ml.llcg) 

�II 1: Monn hydrate 

GIN: Ginseng (2S m�g. 1.p.) 

CRS. Chronic Restraint Stress 
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Figure JI: Effect of Morin bydrute on CAJ hippoellmp11I neurons 11ftcr exposure 10 

chronic rcstrnint slres5. 

Each column indica1es mean¼ SEM, 3 ruiimals / group. 

# p < 0.001 relative 10 VEH unsllCS5cd group 

• p < 0.001 n:lolive 10 chronic r�1rainl stress group (One-wn)' ANOVA followed by

S1udent-Ncwman-Kculs post-hoc test. 

VEH. Vehicle (normlll saline 10 mUkg) 

�II I. Morin hydrote 

GIN: Ginseng (25 m�g. l.p.) 

CRS; Chronic Rcstr0int Stress 
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-I.IS. i\lORlN HYDRATE ENHANCES i\lEi\lOR\' FUNCTION 11'/ SLEEP DEPRl\'ED 

i\llCE 

Forty cigh1 (48) ho� RE}.! sleep deprivation signiftcanll} (p < 0.001) 1mp;1ircd mcmol') 

perfonnt1J1c� as 1ndiciued by !he decrease in perccniagc altc111J11on obsel"cd in VEH PSD group 

rtl.itivc to VEH unstressed group. Ho11cvcr. MH treatment (5 and 10 mg/kg, i.p.) induced 11 

significant (p < 0,05) improvement in pcrccn1agc alternation rtlati\'c to VEH PSD group. 

indicating rnemoi; enhancement (Fii;urc 32) . 

• 

• 
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Figure 32: tffocts of i\torin bydrntc on memo!) performance following PSD 

Enth column india11cs mean :t: SEt--1, 6 Mimals / group 

II p < 0.001 relative to VEIi unsltCSScd group 

• p < 0.05 rclali\'c 10 VllH PSD group (One-way ANOVA followed by Student

Ne,vrnon-Keuls post-hoc test. 

VEH: Vehicle (normal saline 10 mUkg) 

MH: Morin hydrate 

QIN· Ginseng (25 mg/Kg, i.p.) 
• 

• 

PSD. P11rado1<1cnl Sleep Dcpri,•ation 
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J,16. :\IOIUI' IIYDltAT•: I\IITIGATES ANXIETY-LIKE BEIIAVIOUR rN l\flCE 

FOLLO\VING l'SO 

RC�t sleep deprivation for 48 h significantly n:duced the durath>n (p < 0.001) and frequency of 

open arms explorouon (p < 0.05), and consequently enhanced the duration and frequency of 

closed orms t)Cploration in the EP�I in a significant manner as sho1�11 in Figures 33, 34. JS and

36. Howc\"cr, n significant (p < 0.01) elongation of duration and frcqucnc) of open ann.s

exploration wn.s noted upon treatment with MIi (S, 10, 20 mg/kg, i.p.) comp.i.rcd lo VEH PSD

group. This demonstrntcs the protective effect of Ml I ogninst en,icl)-likc bchnvioun after sleep

depriv:ilion. MH (S, 10, 20 mglkg.1.p.) also signific11ntly (p <0.001) reversed the rncrc.uc in the

inde..,c of open arm nvoidoncc compared with VEH PSD croup (Figure 37) .
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Figure 33: Effect or lllorin hydrate on time spent in the open arms or the EPlll 

follo"'ing PSD. 

Each column indicates mean± S.E.M, 6 onimols / group 

II p < 0.00 I relative to VEI I uns� group 

• p < 0.01 rclntivc 10 VEH PSD group (Onc·"DY ANOVA follo1\cd by Student·

Ncwman-Kculs post-hoc test). 

VEIi. Vehicle (normol solinc 10 mllkg) 

!11111. Monn hydnuc 

GIN: Ginseng (25 mg.,\g. l.p.) 

PSD: Pnrndoxlcnl Sleep Dcpri�au�n 
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Figure 34: Effect of i\lorln hydr.ue on lime spent in the close arms of lhe EPl\1 

following PSD. 

Each column indicates mC311 ± S.E.�1. 6 t111lm11ls / group 

II p < 0.00 I relntivc to VEH unstreSSed g,oup 

• p < 0.01 rclntivc to VEI I PSD group (Onc,way A NOVA followed by Student-

Ncwmnn,Kculs post-hoc test). 

VEH: Vehicle (nonnnl saline 10 ml..lkg) 

MM· Morin hydrntc 

GIN: Ginseng (2S mg/kg. i.p.) 

PSO: Pnrndoxicol Sleep Dcprivntion 

• 
• 
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Fii:urc 35: Effect or i\lorin hydrate on the frequency or open arms cxplora1ion in lhc 

EPi\1 folloning PSD. 

Values represcn1 the mc:11\S :I: SEt-1, 6 1111imals / group . 
• ' 

It p < 0.05 relative to VEli unsucs.scd group 

• p < 0.01 relo1ive 10 VEH PSD group (Onc-wo} ANOVA follO\\Cd by S1udcn1-

Ncwmnn-Kculs pos1-hoc tesL 

VEH: Vehicle (normal saline 10 mUkg) 

MH: t.lorin hydrnte 

GIN. Ginseng (2S rng/ki;. i.p.) 

PSD: Paradoxical Sleep Deprivn1ion 

• 

• 
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Figure 36: Effect of l\1orin hydrnlc on the rrcqucncy or dose arms c.tplorntion In the 

EPl\t following rso.

Values n:pn:scnt the means* SE�1. 6 Mimllls / group. 

# p < 0.05 relauvc 10 VEH unstressed group 

• p < 0.01 n:l:uive 10 VEH PSD group (Onc-,1ny ANOVA

Ncwmllll-Keuls post-hoc !CSL

VEH: Vehicle (nonnal saline 10 mLlks) 

Mil: 1'>1orin hydrate 

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

PSO: Pnrndoxic�l Sleep Depriv�tion 

• • 

rot101,ed by Student-
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Figure 37: Effccl of t\lorin bydrntc on lhc indc.x of open 11nns 11,·oidancc in the EPt\1 

following PSD. 

Vo.lues represent 1he mell.ns :I: SE/\1, 6 l!llimo.1s / group. 

# p < 0.00 I rcla1i\•c 10 YEH uns1rcsscd group 

• p < 0.001 rel:11ive 10 YEH PSD group (One-way ANOVA follo\\Cd by S1udcn1-

Newman-Kculs post-ho<: test. 

VEH: Vehicle (normal saline IO ml.Jk&) 

MH: �lorin hydro.le 

GIN: Ginseng (2S mg,A.g. i.p.) 

PSD: Porndo:1.ical Sleep Ocprivauon 
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4.17. 1',IORIN IIYDlv\TE l\llTICATES SPONTANEOUS l',IOTOR ACTIVITT IN l\llCE 

fOLLO\VlNC PA!v\DOXICAL SLEEP OEl'RJVATION 

111c impact of48 h sleep depri\ation on motor acuvity ofm,te is as sho"n in Figure 38. Sleep 

deprivation enhanced motor activiry s1gnific1111lly (p < 0.01) relative to VEH unruesscd group. 

Howe�er, )l,IH (5, 10, 20 mg/kg, i.p.) lre.!tment upturned lhc obstt"cd cfTcct significantly (p <

0.01 ). 

• 

• 
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Figure 38: Errcct or �lorln bydr111c on spon111ncouJ molor aclh•liy rollowlng rso.

Each column indicates mcnn ± S e.�1. 6 ammals / group 

# p < 0.0S n:lntivc to VEI I unstressed group

• p < 0.01 n:lathc 10 VEIi PSD group (One-way ANOVA followed by S1udcn1-

Nc" mtlll-Kculs post-hoe 1cs1. 

VEH: Vclucle (nonnnl saline 10 ml..Jkg)

MH. Morin hydra1c 

GIN· Ginseng (25 m�g. i.p.) 

PSO Parado�ic.,J Sleep DcpriVllllon 
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• 
• 

4.18. I\IOIUN IIVl>R,\TE �IITIGATES OXlflATIV�; Sl'ltESS IN l\1ICE DRAINSFOLLO\VING l'AltAl>OX ICAL SLE��,· 1>�:1•1uv ATION

rony clgh1 hour, ,lccp dcprivn1io11 reduced brain GSII lc\cl� slynlOcan1ly rcln1lvc 10 VRII 

uns1n:�\cd sroup. I rc;i11ncn1 with MIi (S, 10, 20 mg.11,.g, Ip.) ho\\cvcr, ovcnumcd 1hi� reduction 

In brain OSll tcvcls slgnlOcan1ly (p < 0.001) (Figure 39), Ornin r-.1DA levels, on lndc:< or lipid 

pcroxldo1lon lncn::ucd sl11nlOcon1ly (p < 0.00 I) In lhc Vl!I I PSD group relative to VEI I 

un�ln:sscd group nnd \\M slgmOcon1ly reversed by �Ill (l'igurc 40). flunhcrmorc, PSD 

slgniticnnll)' (p < 0.00 I) rohcd nhnlc conccntrinlon In 1hc vehicle PSD group rclo1lvc 10 Vl!II 

un\trcsscd group (Figure 41) The �II I (S, 10, and 20 mgik11, i.p.) 1rca1mcn1 olso 1ignllicon1ly (p 

< 0.001) rcvcncd lhls cfTcct.,
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Figure 39: Errcct or l\lorin hydrate on brain GSH lc,·cls follol\ing rso.

Each column ind,cntes mcnn :!:: S.EJ.l, 61111imals / group 

II p < 0.00 I relative to VEH unstressed group 
• 

• p < 0.001 relative 10 VfH PSD group (One-way ANOVA followed by Student

Newmnn-Keuls post-hoc test) 

VEH: Vehicle (normal saline 10 ml.Ag) 

NlH: Morin hydrate 

GIN· Ginseng (2S mg/1:g, i.p.) 

PSO: Pnrndoxicol Sleep Ocprivotion 
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Fii:urc 40: Effect of �1orin hydrate on brain l\lDA levels rollo\\int: PSD 

Each column indiClltcs mcnn ± S.E.M. 6 animals/ group 

# p < 0.001 rclotive to VEH unstresffll group 

• p < 0.001 relative to VEH PSO group (Onc-woy ANOVA followed by Studcn1-

Ncwman-Keuls post-hoc test). 

YEH: Vehicle (nonnal saline 10 ml/kg) 

Mil· Morin hydrate 

GIN: Ginsenc (25 mg/leg, i.p.) 

PSO: Porodoxical Slctp Ocprivotion 
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Figure 41: ErTcct of lltorln hydr:ue on brnin nitritr concrntrntlon rollowing rso 

t!ach column indicates mean* S.E.M, 6 animals I group 

II p < 0.001 n:llltivc to VEH unstressed group 

• p < 0.01 n:lotivc to VCH PSD group (One-way ANOVA follo\,cd by Student·

Ncwmnn-Kculs post-hoc test). 

VEH: Vehicle (normal saline 10 mU\:g) 

MH: Morin hydrate 

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

PSD: Poradoxico.l Sleep Deprivation 
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,tl9. EFFECT 01" \IORIJ� IJ\'DRATE ON THE OENSITI' OF HJPrOCA�rPAL CAI 

PYR,\�1JDAL NEURON IN SLEEP DEPRIVED �tlCE 

I listologitlll studies of the hippoc3mp.tl CA I pyramidal neurons or mice exposed 10 48 h sleep 

deprivouon revealed rcmorkoblc ncurop;ithological chnngcs in the rcpre.scnl.at ivc in each group 

(Plate 3). Fony eight hours sleep dcprh-alion induced some irregularities in the pyramidol lo)cr 

and sign1ficanlly (p < 0.05) reduced viable neurons popul:uion rclo.1ivc lO VEH unstrcs.sod group 

(Figure 42). I lowevcr, the population or ,iablc neurons was significantl)· (p < 0.001) incrco.scd 

upon �U I (5, 10, o.nd 20 mg/kg, i.p.) trutmcnt. These results funher buttress the sugges1ion that 

the anti•strcss action or�torin hydrate might be linked to its ncuroprote<tivc propeny. 
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Plole 3: Effect of �Torin hydrate on morphology of neurons in the CAI pyrnn1idnl layer of 

mice hippocampus following PSD 

(A) Vehicle only (normnl laycr ,Yith in1:ic1 neurons devoid of any lesion)
(B) Vehicle+ PSD (irrcgulnr lnyer and seYere necrosis of neurons)

(C) MH 5 mg/kg+ PSD (nom1oJ lnyer ,vith very mild diffuse glio.�is)

(D) 10 mg/kg+ PSD (normal layer ,vilh significant incrense in v1nble neuron�)

(E) 20 mg/kg+ PSD (normnl layer with significnnt increase in viable neurons)

{F) GIN+ PSD (normal layer ,vith significant incrcllSc 1n viable neurons)

Blue arro,vs mdicotc normoJ neurons while red nrrows indicote indicates damaged neurons.

(Original magnification X400). 

MH: Morin hydrate 

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

PSD: Paradoxical Sleep Deprivation
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Figure -'2: Eff�l or i\lorin hydr.He on density ofvillblc CAI pyr.amidnl neurons of mice 

following PSD. 

Each column indic:1tes mean :1: S.E.1'1, 3 o.nimnls I 11roup 

II p < 0.001 relative to VEH unstressed group 

• p < 0.001 rdntivc to VEH PSD group (Onc·WII)' ANOVA 

Ncwmon-Keuls post-hoc test). 

VEH: Vehicle (normnl s:ilinc 10 mUkg) 

MH: Morin hydrate 

GIN: Ginseng (25 mg/kg, i.p.) 
• 
• 

PSD: Paradoxical Sleep Deprivation 

followed by Student-
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�.20. l�FFECT OF i\lOIUN IIYDllA TF ON ANXIET\'-LIKE OE II AVIOR IN r.llCE 

FOLL0\\
1ING CIIRONIC UNl'REDICTAOLF. STRESS EXl'OSUrtt: 

The effect of� lorin hydmtc on fn:qucncy nnd duration of c:.plorotlon in both onns of the PPM 

arc llS shown in Figun:s 43, 44, 4S and 46 Chronic unprcdlctoblc stress sii:nillc.1ntl) (p < O.OS)

n:duccd the frequency of open onns c�plom1ion nnd ns n re.suit lncn:nscd c�plorn1ion In the 

closed orms The CUS nlso cnhnnccd the duration of closed nnns exploration significantly (p <

0.05) rclathc to 1he ve11 unsruscd iiroup. �lorin hydm1c (S, 10, nnd 20 m(Vl.g. i .p) Increased 

the frequent) (p < 0 .05) nnd duration (p < 0.001) of open anns cxpiorollon slgnlllC4111ly rcla11ve 

to the VEH CUS group. l\lon:ovcr, t.-111 (S, 10, 20 mi;/l(g, l,p.) slgnillcnn1ly (p < 0.001) reversed 

the increase In the lndc;,. of open onn nvoldnncc compared with VFII PSD group (Figure 47), 

fur1hcr bu1n:ssin& the pro1cctivc clTcct of MIi ogolns1 onxlc1y-llkc behaviours ancr s1rcssful 

c,po,ure 
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Figure 43: Erreel or r>torln hydra le on lhc frequency or open nrms cxplonatlon In 1hc 

EPr>t follo" Ing CUS Clpo,urc. 

Each column indicates mean± S.E.M, 6 animals I group 

# p < O.OS rclnuvc to VEIi unstressed group

• p < O.OS rclati\'e 10 VEH CUS group (Onc·\\IY ANOVA (ollowcd by Studcnt

Newmon-Keuls post-hoe test). 

VEH: Vehicle (nonnal saline 10 ml.As) 

t.111. Morin hydrate 

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

CUS: Chronic Unprcdiclllble Stress 
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Flgurt' 4-1: £rrcc1 of l\1orln hydrate on the frequency of clo�c arm, cxploratlon In 1hc 

El'�t folio" Ing CUS c1posurc. 

Each column ind1ct11cs mean± S.E �I, 6 animals/ group 

# p < O.OS rclotivc 10 VEI I unstressed 11roup 

• p < O.OS rclo1ivc 10 VEH CUS group (One-wa) ANOVA followed by S1udcn1-

Ncl\mon-Kculs post-hoc 1cs1).

VEll: Vehicle (normal S11hnc 10 mLA:g) 

1-ofl I �!Orin h)dr.llC 

••• 
-

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

CUS Chronic Unprcdic11blc SU'C1S 
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Flgurr 4S: ltfrcct or i\.torln hydrntc on time spent In open arms of the EP�l followlni:; 

CUS c�rosurc. 

Each column indicates mClln :t S.EJ•I, 6 animals/ group 

II p < O.OS relo1lve to VEIi unstrcs.scd group 

• p < 0.001 relative 10 VEH CUS group (One-way /\NOV/\ followed by Student

Newnu1n-Keuls post-hoc: 1es1). 

VEH Vehicle (nonnal saline 10 mlJkg) 

MH �1onn hydrate 

GIN. Ginseng (2S ms,'1-g, i.p.) 

CUS: Chronic Unprediclllblc SUC$S UNIV
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Figure 46: Errcc1 or l\lorln hydrate on llmr spcnl In 1hc dose 1rms or 1hc Ef'l\f 

rollowlng CUS 11x11osurr. 

Each column indicates mcnn ± S.E.M, 6 animftls / group

II p < O.OS n:lalive to VEI I unstressed group 

• p < 0.001 relative to VEH CUS group (One-way ANOVA follo11c:d by S1udcn1-

Ncwmnn-Kculs post-hoc test). 

VEH: Vehicle (nonnal saline 10 mUl:g) 

\tH t,.lorin hydrate 

GrN Ginseng (25 mg/kg. i.p.) 

CUS Chronic Unprediclllble Stress 
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Figure -17: EITcct or �lorln h)dr111c on lhc Inlier or open arms .,•oldancc In 1hc EPt.1 

rollO\\ lni: CUS.

Eoch column indica1cs me.in :t: S.EJ,I, 6 animals/ group

# p < 0.001 relaliYC lO VEIi UOSll'C$SCd group 

• p < 0.001 relntive to VFH CUS group (Onc-woy ANOVA followed by S1udc:n1-

Ncwman-Kculs post-hoc 1cs1). 

VEIi Vch,clc (normal saline 10 ml.Ag) 

�II I J\lonn hydrate 

GIN· Ginseng (25 mg/kg, i.p.)
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-4.21. EFFECT OF l\10RIN IIYDRATE ON l\1£1\IORY FUNCTION SUOJF.CTEO TO
CHRONIC UNPREDICTABLE STRESS-EXPOSF.D l\llCE

Stress ho.s been l.no,vn lO imp:ilr memory functions ond in 1hls sludy, CUS "'RS observed 10 

im�ir working memory in lhc Y maze p;imdii:m 11s dcpicled by lhc rcduc1ion in p crcenlllgc 

allcn1111ion (Pigurc 48). 1 lo,,cvcr, l\111 (S, 10 ond 20 mg.A:i;) 1rc111mcn1 enhanced memory 

pcrronnnncc sli;nificnmly (p < O.OS) ns seen by lhc lncrcMc In percentage ohcmation in the 

1rc.11mcnt i:roups cornp:ircd to  1hc Vel I CUS croup . 
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Figure -18: Errccl or l\lorln hydra le on memory runcllon In CU�ipo1ccl mice. 

Each column 1ndic:ucs mcM * S.E.t.1, 6 animals/ group

Ip< 0.0S relo1ivc 10 VEH unstressed group 

• p < 0.001 rcloti\c to VEIi CUS group (Onc·\\&y A'NOV A follo\\ocd by Studcnt

Ncwman-Kculs post-hoc test).

VEIi: Vehicle (nonnnl saline 10 ml.Ag)

�1H Morin h)drotc 

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

CUS. Chronic Unpredictable StrCS, 
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4.22. EFFECT OF l\lORIN IIYORATE ON SPONTANEOUS l\10TOR ACTIVITY IN 

CIIRONIC UNPREOICTAOLE STRESS 

CITccl of t.lorin hydro1c on lhc spon1oncous m01or oc1ivhy of mice following CUS exposure is M 

shown in Figure 49 Chronic unprcdic1oble slrcss signlficon1ly (p < 0,001) reduced spon1nncou, 

molar oc1ivhy ns seen in Vl!I I CUS group rclouvc 10 vr.11 un\trcsscd uroup. llowcvcr, chronic 

�1H (S, 10, ond 20 mg/kg) 1rca1mcn1 reversed this oblcrvcd rcduclion sii:nifiun1ly (p < 0.00 I) 

rcloli\'c 10 VEIi CUS group. 
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Flgurr �9: Errcct or �lorln hydrutc: on spontaneous motor nc1lvlty follo"lng CUS.

Each column indic::11es mean :t: S.EJ,I. 6 Mimals / group

# p < 0.0S rchuivc 10 VEH unsin:sscd group

• p < 0.00 I relative: 10 VEIi CUS group (Onc:-,�oy ANO VA followed by S1udcn1-

Nc\\man-Keuls post-hoc test). 

VEH. Vehicle (nonnnl snlinc 10 mL/kg)

MH �Iorio hydrate

GIN· Ginseng (25 mg/kc, l.p.) 

CUS. Chronic Unpredictable Stress UNIV
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,.2J. EFFECT 017 MORIN IIYORATE ON BLOOD GLUCOSE IN l\llCI! EXl'OSED TO 

CllllONIC UNl'REDICTADLE STRESS

Chronic unprcdiclllblc slrcss signlficontly (p < 0 001) hci11h1cncd blood glucose level BS noted m

VEIi CUS group compnrcd to VEI I unstressed group. A &ignific11nt (p < 0.001) ovcnurn or 1hls 

chronic unprcdic1oblc slrcss-induccd hypcrglycocmio wo� observed uf10n long-1crm 1rcatmcn1 

11ith �111 (S, 10 ond 20mglkg) (Fii;urc 50) . 
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tlJ, F.FFECT OF I\IORIN IIYDRATE ON ULOOD GLUCOSE IN l\11CI� f:.Xl'OSF.ll TO 

CIIRONIC UNf'REDICTAOLE STRESS 

Chronic unprcdicloblc stress signilicantly (p < 0.001) heightened blood glucose level as noted in 

Vl:H CUS group compared to VBI I umircsscd group. A sianificnnl (p < 0.001) overturn of !his 

chronic unpredictable stress-induced hypcrglyt11cmio WM obscl'cd upon long•lcrm 1rca1mcn1 

1,ith �Ill (S. 10 ond 20rnglkg} (Figure SO} . 
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figure SO: Effect or l\lorin hydrate on blood glucose lc,•el following CUS. 

Ellch column indica1es menn :I:: S.E.M. 6 onimols / group 

ii p < 0.001 rela1i, e 10 VEI I unstn:s5cd group 

• p < 0.001 relative 10 YEH CUS group (One-w.3)' ANOVA followed by Student·

Nc,vmnn-Keuls post-hoc 1cs1).

VEH: Vehicle (nonnnl solinc 10 ml.A:&) 

�IH: Morin hydmte • 

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

CUS: Chronic Unprcdic1.11ble S1rcss 
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4.?4. �!ORIN IIYDRATE INFLUENCES SERU!\1 LU'IDS CONCENTRATIONS IN

�IICE EXPOSED TO CHRONIC UNPREDICTABLE STRESS

Chronic unprcdic1able stress lriggers lipids mobilization llS observed by lhc sigmliCllnt incl'C45C 

in toLll cholesterol (p < 0.001) ond scrum triglyceride (p < 0.01) relative to ihc VEH unstrCSScd

group (Tobie 3). tvlorin hydrate treauncnt (.S, 10, and 20 mg/kg) 011cnuatcd this observed increase 

in scrum cholesterol and triglyceride signilicontly (p < 0.0.S). Fur1hcm1orc, CUS reduced HDL 

cholesterol (good cholesterol) levels signiliCllntl} (p < 0.0.S), on effect which WIIS ovcr1umcd by 

trtatmcnt with Morin hydmtc Scrum or1cnosclcrotic index was also reduced in n significant 

manner (p < 0.00 I) in the treatment groups relative 10 the VEI I CUS group . 
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Table 3: Effect or l\'lorin hydrotc on sc 1· ·., 1 rum 1p1us n chronic unpredictable stress -CJflOSCd
mice 

TrClltment 

(mg/ki:) 

VEl�ws, 

VEH tCUSJ 

l>1H Smg/kg 

Mil JOmg/kg 

Mii 20 mg/kg 

GIN 

Triglycerides 
(mg/di) 

36.67 ± 1.86 

SS.33 :t: 1.76,. 

44.33 :I: 2.40• 

44.00 :I: 3.05 • 

4S.67 :l: 2JJ• 

45.67 :t: 2.73· 

Totol 
cholesterol 
(mg/di) 

•16.00 :!: 4.16

77.33 :!: 1.861 
•

65.00 :t: 0.58 

60.67 * 3.48' 

S9.00 * 2.65• 

57.67:1:2.19°

Each result indicates mean± S.E.�l. 6 nnimals I group 

lll>L 
cholesterol 

(mg/di) 

36.67 :!: I. 76 

2S.33 :!: I. 76' 

32.00 * 0.58 • 

34.67 ± 3.67· 

J4.00 ± o.ss· 

J4.33 ± o.ss• 

It p < 0.05, II# p < 0.0 I and ### p < 0.00 I rclauvc to VEIi unstressed group 

Athcrosclcrotic 
index 

0.2S :t: 0.07 

I .S9 :!: 0.201"

1.03 * o.os·· 

o.11 :i: 0.09• •• 

o.1J ±o.os··· 

o.68 ::1: o.oJ·· • 

• p < O.O.S. •• p < 0.01 and ••• p < 0.001 rcloll\'C to VEH CUS group (One-wa} ANOVA 

followed by Studcn1-Newmt111-Keuls post-hoe test). 

VEllttNSI: Vehicle unstressed group 

VEHtcus,: Vehicle chronic unprcdictnble s!rcss group

�1U: Monn hydrate 

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

• 

• 

4.25. EFFECT OF PRETREATi\rENT \VITH i\lORlN HYDRATE ON CURONIC 

UNPREOICTA RLE STRESS-INDUCED ADRENAL 11\'PERTROPII\'

Exposure of mice 10 CUS increased adrelllll glnnds weights in a signilic-an1 m11111Kr (p < 0.0 I) a.s

seen in the YEH CUS group relative 10 VEH unsll'CS5ed group. Morin hydrate (5, 10, :?0 mg/kg

i.p.) 1rca1men1 sisnilican1ly (p < 0.01) inhibited CUS-induccd adrcm1l hypcnroph) a.s comp:ired

10 the VEH CUS group (Figure 51 ). 
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Figure SI: Effccl of l\1orln hytlr:11c on atlrcnol i:lond \lcighl of mice following CUS. 

l!Dch column indicalcs mean :I: S.E.M, 6 animals/ GJOUP 

# p < 0.0 I rclo1ive 10 VEI I unstressed group 

• p < 0.01 rclotivc 10 VEIi CUS group (One-wa) ANOVA (ollowcd by Studenl·

Ncwman-Kculs pos1-hoc tCSI). 

VEIi: Vehicle (normal saline 10 mLlkg) 

MH: Morin hydrote 

GIN: Ginseng (2S mg/kg. i.p.) 

CUS: Chronic Unprcdic1oble SUCS$ 
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-1.26. EFFECT OF l\10RJN lfYDRAT£ ON BLOOD CORTICOSTERONE LEVELS 

fOLLO\VTNG CHRONIC UNPREDICTABLE STRESS E,\'.POSURE

The effect of CUS on HPA a.xis activation as represented by corticostcronc lc,·cls is as shown in

figure 52. One-way ANO VA revealed that serum corucostcronc ''"as s1gnificruitly (p < 0.001)

increased following CUS e;1.posure as seen in VEH CUS group n:la1i""e 10 the VEH unstressed 

group. Morin hydrate treatment {S, 10 20 mg/kg, i.p.) oncnu.-ucd this increase in scrum 

cort1costcrone in a significant manner (p < 0.0S). This shows that CUS oc1ivn1cd the Hl'A B\IS

ond treatment with Morin hydrate suppresses the ncti\"ation, demonstrating its anti -strcsS 

potential. 
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4.26. EFFECT OF l\'tORlN ITYDRATE ON BLOOD CORTICOSTERONE LEVEL.$ 

fOLLO\VING CII RONIC UNPREDICTABLE STRESS EXPOSURE 

The effect of CUS on HPA nxis acllvntion as represented by conicosterone levels is as sho,,n in

figure 52. One-way A NOVA revealed that scrum corucosteronc was significantly (p < 0.001)

iocrcascd following CUS exposure as seen in VEH CUS group relative to the VEH unsu-c:sscd 

group. t-,lorin hydrate treatment (S, 10 20 mg/kg, i.p.) ancnU31ed this increase in serum 

corticostcronc in o significont manner (p < 0.05). This shows that CUS acuvated the HPA iuis 

Md treatment with �lorin hydrate suppresses the activation. dcmonsll'llting its anti -stress 

potential. 
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tl6, EFFECT OF �IORIN HYDRATE ON BLOOD CORTICOSTERONE LEVELS 

FOLLO\VING CARON IC UNPREDICTABLE STRESS EXPOSURE 

The effcc:1 or CUS on HPA axis ac11va1ion as represented by conicosteronc levels is as sho\\O in 

figure 52. One-way ANOVA revealed 1h01 scrum conicosterone \\llS sign1licanlly (p < 0.001)

increased following CUS exposure as seen 1n VEH CUS group rclalhc 10 the VEI I unstressed 

group. �lorin hydralc treatment (S, 10 20 mg/kg, i.p.) anenua1ed this incn:ase in scrum 

conicos1cronc: in a sign1fican1 manner (p < 0.0S). This shows th.11 CUS ac1ivntcd the HPA BAls 

i1nd 1n:a1mcn1 with Morin hydra1c suppresses 1he ac1iva1ion. dcmonstr31ing its an1i-sU'C$S 

potential. 
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Fii:urc 52: Errccl or morin hydmlc on scrum corticosrcronc lc,•cl in CUS mice 

Ench column indicates mean:!: S.E.M, 6 Mimols / sroup 

II p < 0.001 relative 10 VEIi unstressed sroup 

• p < 0.05 rclntivc 10 VEIi CUS group (One-WI\) ANOVA followed by Student-

Ncwman·Kculs post-hoc test). 

VEI I: Vehicle (nonnal saline 10 ml.ll.g) 

MH: Morin hydrate 

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

CUS: Chronic Unpredictable Stress 
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4.27. J\IORIN HYDRATE ALTERS THE LEVEL OF OXIDATIVE STRESS 

OIOJ\tARKERS TN J\11CE SUBJECTED TO CUS

Chronic unprcdictllblc stress significantly (p < 0.001) reduced brain GSH concentmuon as seen 

in the VEIi CUS group rclollvc to VEH unstressed group. Morin hydr.uc treatment (S, 10. 20

m&J};g i.p.) upturned the decrc.ise in GSA concentration significantly (p < 0.001) compared to

VEH CUS group (Figure 53). Also, brain MOA level was clcvnted by CUS comp3fcd with the 

VEH unstressed group. Morin hydrate treatment (S, 10, 20 mg/kg l.p.) oucnuated lipid

pcroxidation by reducing brain 1-,ll)A lc\·cls signifitllntly (p < 0.001) n.s seen in the treatment 

groups relative to VEIi CUS group (Figure S4). Funhcnnore, CUS significantly (p < 0.001) 

elevated brain nitrite level but prtlrcatmcnt with 1'1H (5, 10, 20 mg/kg) reversed this increase in 

nitrite concentration in o signilicant manner (p < 0.001) as s«n in the treatment groups 

comt>Jn:d to VEIi CUS group (Figure 55). 
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Figure SJ: Effcc1 or ll-1orin hyclro1c on bruin CSII IC\•tl following CUS exrosurt•

Each column indit111cs mt11n :t: S.E.1\1, 6 o.mmnls I group 

Ii p < 0.00 I reln11vc 10 VEIi unslrcsscd group 

• p < 0.001 relative 10 Vl:11 CUS group (One-WO> /\NOVA followed by S1udcnt

Ncwman-Kculs post-hoo lcst). 

VEI I. Vehicle (nonnal saline 10 ml.Jlq;) 

M H · Morin hydrate 

OfN; Ginseng (25 mg/kg, i.p.) 

CUS: Chronic Unpredictable S1rc.ss 
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f,lgurc 5�: F,(fcc1 of �torin hydrnrc on bnaln �IDA lc\'rl following CUS exposure 

Each column indicates me.in :I: S.E.M, 6 animals I sroup 

# p < 0.00 I rclarivc 10 VEH unsrrcssed group 

• p < 0.001 rclarivc 10 VEH CUS group (One-way ANOVA follO\\Cd b) Studcnt

Ncwmon-Kculs post-hoc rest). 

VEH. Vehicle (nonnol saline 10 ml.Ag) 

MH: Morin hydrntc 

GIN: Ginseng (2S mg.lkg, i.p.) 

CUS· Chronic Unprcdiclllblc Stress 
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Figure 55: Errcct or �Iorio hydn1te on bniin nitrite level In CUS-c.1po5cd mice 

fnch column indicates mean :i: S.E.t.t. 6 animals I group 

# p < 0.00 I rclntive to VEI I unscrcsscd group 

• p < 0.00 I relative to VEIi CUS group (Onc-wny A NOVA rollowed by S111dcn1-

Newmnn-Keuls post-hoc tcsl). 

VEH: Vehicle (normal sahnc 10 m!As) 

�II I: Morin hydrate 

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

CUS: Chronic Unpredictable Stress 
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�.28 EFFECT Of �10RJN HYDRATE ON PROINFLAl\11\IATORY C\'TOKINES 

LEVELS FOLLO\VINC CHRONIC �'PREDICT ADLE STRESS EXl'OSURE 

The expn:ssion of TNF-ci and IL-IP in mice brains following CUS exposure and 1he modul31ory

cO"ccl of Morin hydrnle is as shown in Figures S611nd S7 Chronic unpn:dictablc stress c.,posun: 

significantly (p < 0.001) enhanced TNF-a nnd IL-IP conccn1ra1ions in mice bnuns o.s no1cd in 

lhe VEH CUS group relative to the YEH unstressed group. �lorin hydrate Lrea1men1 (5, 10, 20

m&')(g) however, signific.-intly (p < 0.001) up1umcd 1hc observed elevations suggcsiing nn1i

ncuroinOammatory activity. 
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Figure 56: Erfccl of !\lorln hyclnllc on TNF-a level in mice c)11osrcl 10 CUS 

Each column indica1cs mc:in ± S.E:M, 6 animals/ group 

# p < 0.00 I rclali\lc 10 VEIi unslrc5scd group 

• p < 0.00 I rclo11vc 10 VEH CUS group (Onc-,1.iy A NOVA followed by S1udcn1-

Newmon-Kculs post-hoc 1cs1). 

VEIi: Vehicle (normal saline 10 ml.Ag) 

11,IH: l\,lorin hydrate 

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

CUS. Chronic Unpredictable Stress 
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Figure 57: Effccl of i\1orln hytlnlle on I L-1 p lc,·cl in mice exposed 10 CUS 

Each column indicates mean± S.E.M, 6 animnh / group 

II p < 0.00 I relative to VEI I uns�sed group' • 

• p < 0.001 relative to VEIi CUS &fOUP (One-way ANOVA follo,,ed by Student•

Ncwman-Kculs post-hoc test). 

VEH: Vehicle (nonnal snlinc 10 m!As) 

MIi: Morin hydrolc 

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

CUS· Chronic Unpredic1nblc StJCSS 
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�.29. EFFECT Of i\10RrN frYDRATE ON CHRONIC UNrREDICTABLE STRESS

INDUCED NEURONAL DEGENERATION L� i\lOUSE BRAIN 

The effect of �lorin hydrate on CUS-mduced structural changes in hippoampal comu ammonis J 

(CAJ) pyramidal layer and dcntnle gyru.s neurons in mice brains a,c shown in Plott.\ -l and S.

Chronic unpredictable stress exposure induced some ncuropathological chllllgcs in the hippoc4mpus. 

fur1hcnnorc, CUS significantly (p < 0.001) cause o reduction m the population of viable CAJ 

pyramidal Md dentnle gyrus neurons when comp:ircd 10 VEH sucsscd group, suggesting 

ncurodcgcncro1ion (Figures 58 Md 59). Administration of �lorin hydr111e (S, 10, 20 mg/kg i.p.) 

mi11gotcd the loss of viable neurons "hich funhcrsuggests neuropro1ec1ivc effect. 
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Plale4: EITect or i\lorin hydrate on morphology orhippocnrnpnl C,.\3 pyrnn,idnl neurons in 

mice following CUS exposure 

(A)Vchic le only (normol pnttem of neurons ond cellular layers) 

ID) Vehicle+ CUS (irrcgulnr toyer ond necrosis of neurons) 
(C)MH 5 mg/kg+ CUS (normal neurona l cells \\•ilh no \'isible lesion) 
!DJ�fH 10 mg/kg+ CUS (relatively nonnnl neurons)
(E)�fH 20 mg/kg+ CUS (reln1ively normal neurons)
/f)OtN + CUS (normal ncuronnl cells. moderate increase 1n glial cells: osuocytosis)

Bhic . h'le red arrows 1ndica1e ind1co1es damngcd neurons.nrrows 1nd1co1e normal neurons \Y 1 
(Onginal magnifica11on X400).

�II: �Iorio hydra1e 

GIN-G' rnscng (25 mg/kg. 1.p)

C\Js; Cltronic Unpredictable Stress
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Fl::ur(' SR: EIT«I or :-Olona ll)dBt(' OD tbt dta<II) or \iablt C\l bippoa•IIJII 

nruroo, In mice rollo•iai: CUC. tiJIO'•n-. 

Each column indicate, man s S E. \I, ) IMNb / sroup 

II p < 0.001 n:lati\e 10 VEIi un,trcsc.:d � 

• p < 0.01 Dnd •• p < 0.001 n:bu,c 10 VEIi Cl S P'O'IP (OM·"'*>' ANOVA follo"'cJ b)

Sludcnt•NC\�m1111-Kculs po,t,hoc ll)I).

Vl:11 Vehicle (normal saline 10 ml Ag) 

M II: ,\lorln hyd111tc 

GIN 01nscng (25 mF \i;. i r l 

CUS, Chronic l nprcdicl4blc Stm• 
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Pio le S: Effect or l\ lorin hydrntc on morphology or the hippocnrupnl dcntnte gyms neurons 
In mice rollowlng CUS exposure 

(A) Vehicle only (normnl cellulnr lnycrs nnd intact neuron,)

(B) Vehicle+ CUS (irregular layer a.nd severe necrosis or neurons)

(C) IYIH 5 mg/kg+ CUS (normal neurons, few foci or vncuolntion 1vith no visible lesion)

(D)t.1H 10 mg/kg+ CUS (regular layer 1v11h rclath•cly normnl neurons) 

CE) t.11120 mg/kg+ CUS (relntivcly ordered loycr and normal neurons)

CF) GIN+ CUS (nom1al neurona l cells. moderate incrcosc in i;liol cell�: os1rocy1osis)

Blue nrroivs indicate normal neurons while red arrows 1ndicn1e indicates damaged ncuro�.

(Onginal magn1fico11on X400). 

Ml I: Morin hydrate 

GIN: Gin.seng (25 mg/kg, i.p.) ' 

CUS: Chronic Unpredictable Stress
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Fi1turc 59: Effect of Morin hydrate on hlppoeampal dcntalc gyrus neurons density In 

mice uposcd 10 CUS. 

Each column indicates meru, = S.E.�1. J Mimols / group 

II p < 0.001 relative 10 VEH unsu-csscd group 

• p < 0.001 relative to VEH CUS i;roup (One-way ANOVA foi1011cd b) Student·

Ncwman-Kculs post-hoc test).

VEH: Vehicle (normal s3linc IO mLJkg) 

�IH: Morin hydnllc 

GIN· Ginseng (25 mg/kg, i.p.)

CUS: Chronic Unprcdic111blc Stress

• •
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JJO. ffFfCT OF \10RI" II\ DRAT£ 0\ TIIF EXPRFSSJO:-. Of \f.ltlJ A'D 1\0\ II\

TIil' IIIPPOCA \IPL<, FOL LO" I\C CU"i f\POSURF

nic cllcct of motin h)'Jraic on immunohutochcm1cal altmtions ull5Cd by CUS and the 

c.,rrcu1ons of iNOS and Nf-118 pos1ti\1: cells 1n thc hippocampi of mice is 1,"°'""n n the 

�1uog,aplu 1n Plates 6 lllld 7 Rclatilc to \Chide onl) group, CUS augmffllcd iNOS and 

:o-F-wB expressions in the hippoc:ampus as indicated b) thc ,mens it} of i,ro.ll co!Ol'llian 1n !ht 

shdcs iU shown in Plates 6 and 7, which was funher buttre.ucd by !ht nwnbcr of post1i\1: cells as 

sho\ln in ligurcs 60 and 61 1'1orin h;drate adminrSU'ltion (.S, 10, and lO ms,'lg i p.) h!mC\'CI',

decreased both INOS and NF-wB c,-;pressions. This funha SllB,gats Iha! !ht anti•stms 1ct1ons of 

\lonn hydrate could be u a rcsull of its neuropro1ect1\1: efTccu. 
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Plate 6: Photo,nicrogroph rcprcsenling the effect of n1orin hydrolc on 

lmmunohistochc111icnl nltcrntions nnd expression of INOS posilhc cells in the hippoCDn1pus 

following CUS exposure 

k Vehicle only 

B: Vehicle + CUS 

C: MIi 5 mg/kg+ CUS 

D; �Iii 10 n1g/kg + CUS 
E: IIIH 20 mg/kg + CUS 

f:GIN +CUS 

(Ongmol mogni!ic.ition X400) 

All-I: Morin hydrate 

GIN· Ginseng (25 mg/kg. i.p.) 
CUs: Chronic Unprcdictoblc StreSS
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Figure 60: Effect of i\lorin hydnllc on cxprwion or !NOS p0$itivc cells in the 

hippocumpus following CUS c�posurc. 

Eoch column Indicates mean :I: S.E.M, 2 animals/ group 

Np< 0.001 rclouvc to YEH unstressed group 

• p < 0.001 n:lotivc 10 VEIi CUS group (Onc-wo} ANOVA follo,,cd by S1udcnt

Ncwmnn-Kculs post-hoc test).

VEIi: Vehicle (nonnnl saline 10 mUks)

MIi: t-1orin hydrate 

GIN· Ginseng (2S mfV'kg, i.p.)

CUS: Chronic Unpredictable Stress

iNOS: Inducible nitric oxide synthase
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Plale 7: Photon1icrogrnph representing the elTecl or morin hydrtite on

lmmunohis1ochcn1icol chnnges nnd c,'(prcssion or l\'F·KB positive cells in the hippocnn1pus

follo11ing CUS exposure 

A: \/chicle only 

8: \lch1clc + CUS 

C; t.ill 5 mg/kg + CUS

D: �IH 10 mg/kg+ CUS

E: MH 20 mg/kg+ CUS

�GIN+ CUS

IOrigin3( magnification X400) 

\Iii. �lonn hydrate 

GL'i: Ginseng (25 mg/kg. 1.p.)

Clls: Chronic Unprcdictnble Stress

\'f,l(b N B · uclcor factor kappa
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Figure 61: Effect of l\lorin bydrulc on Nf-i.B poslti\'e cells cxprwion In the 
• 

hippoc.1mpus follo"·ini: CUS exposure. 

Each column indicates mellll ± S.E�I. 2 animnls I group 

ii p < 0.00 I rclaLivc to VEH unstressed group 

• p < 0.00 I relative 10 VEIi CUS group (Onc-w11y A NOVA followed by Student

Ne,, m.in-Kculs post-hoc tC5t). 

VEIi: Vehicle (normal saline 10 mlAg) 

MIi: Morin hydrate 

GIN: Ginseng (2S ms/ks, i.p.) 

CUS: Chronic Unprcdfc111blc Stress 
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CIIAM'ER FIVE

DISCUSSION

The physiological changes induced by stress are d 
. 

un er normal c,rcumstonces self-limiting and
adapuvc, but when the stressful event overrides it's 'tluc I Id' 1. , • • s 10 1mlls or mnintamcd for extended
periods of tilnc, i t  becomes irreversible and most h · I · I • P )'Sro og,co systems become ncgotlvdy
olfccted (Huang et al .. 2015). Therefore 1he knowled"e f d · L.. • o o n op1011on ,,..,. emerged wh,ch 
centres on explicating the mechanisms lhnt aid ,n countcm�t·,n" tr d • 0 ex cmc nn excess, vc responses
10 stress while augmenting the coping mechanism (Roi c, al., 2003).

Adaplogcns ore substances 1h01 ore meant 10 produce o ·non-specific' resis1once s1n1us 10 various

strCSsors in Of1!0nisms while normalizing the ovcmll physiological function of the body by 

promoting homeostMis, strengthening ond prolc:cting the body against diverse strcs.sors which 

compromise body sys1cn1s ond functions (Lnkshmi and Sudhwr. 2009). Thus. the nn1l-s1rcss 

acth•ity of on adaptogcn is 011ribu1cd 10 its capability to boost odap1a1ion during stressful 

exposure (Roshan et al .. 2010). 

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

10 swim in o confined space initially begin by s1n1ggling vigorously in order 10 escape and

cvcn1unlly become immobile, indicating stress. In the swimming endurance model conducted, it

11as observed that morin hydrate prolonged struggling time. This increase in endurance is

probJbly due 10 normalization of blood ca1ccholami ne a.nd monoaminc 01,.idasc levels or by

increase in ulilization of the odcnosinc 1riphospha1c (ATP) pathway. lncrc.uc in endurance could

also be due diminished muscle gl) cogcnolysis or reduced conecnLrntions of muscle lac11c acid

··"' · h' h 
· by products of muscular work (Debnoth ti al .. 20 I I). Lit..c

.,.., ammon,o; ,v 1c oro poisonous 

morin hydrutc ihe flavonoids rutin ond qucrcctin hove been shown 10 incl'C4Sc ph)'StC4I
' 

· . · · ng endurance modd The po1cn1ials of
tndW1lllCe ond overall perfom1onc c  of mice in s111mm1 

. b'I' to normalize pl1UmB ca1ceholamine and

lhcsc two flavonoids is ascribed 10 their a 1 11Y 

m0003minc oxidasc level (Lotanko r ct al., 2016)

• 
• 
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o.,) gen is o vital element, on which all bodv fu • . . • ncuons includrng cellular respimtlon arc
dependent. Anox1c stress tolerance i s  charncterizcd b . h 

. 
) s ortage of oxygen supply which depicts

an env1ronmen1al strcssor and any drug wh· h · 
, 

ic ,ncrcMcs adaptarion under ano.�ic condition b)
incrcosrng tolerance can Ott OS an anti •stress aocnt ($' h d y • o rng on ndav, 2014). The Onvonoids
rutin and quercctin have been shown to increase SIICSs tol b bl d · · emnce pro a y uc Io their ability to 
reduce cerebral oxygen consumption or confer resistance to anoxio. effects t l1at  ore quite
beneficial in the protection of neuronal cells against oxidative stress. It hM also been slated that
the ability of rhe two Oavonoids to incrcosc srrcss rolcmncc could be due to incrcosc in succinatc
dchydrogcnasc level in the brain. Succirullc dchydrogcnnsc is concerned wirh the use and
pccscrvotion of  cellular energy which supports the ndap11vc processes in the course of stussful
e.,posure (Lotnnk:ir l.!r al., 2016). In this srudy, morln hydrnre also incrc45cd stress tolerance,
indicaring anti-stress activity 

Restraint model of stress in mice dcpicLS o combinnuon of physicnl and emotional streM leading 

to both restricted movement and aggressiveness with evident anxiety and depressive disorders 

(KulJCllmi and Juvekar, 2009). Consitltrablc evidences showing an association between markers 

of stress and these psychological disorders have accumulated (Gautam et al. 2012). The EPM 

p;iradigm has been ,videly used for assessing anxiety responses and the typ1eol manifestations of

on.�iety behavior are reduced frequency and durntion of open orms c:<plomtion. \Vhcn rodents ore

exposed to the new environment, they tend 10 ovoid entering the open nrm ond prefer to s toy in

lhe closed arm, which indiClltCS anxiety or feor. An'<iolytic drugs have the characteristics of

mlucing an'<iety reactions of rodents in nn elevated plus maze. Animals treated with an

anxiolytic tend 10 explore and stay longer in the opc:n nrm relative to their unlrCllt.cd coun1crpruu.

Several plants nnd Oavonoids have demonstrated 11/1.\iolytic effects 11S demonstrated by their

· d so arc lorgcly used BS an;,.1olytics in
ab1li1y to increase exploration in the open arms an 

G . .t btlobo and the na,·onoids hnalool, ond o·
lrlditional medicine. Typitlll c.'<o.mples arc ,n go 

. d revealed a reduc1ion in the duniuon 11S well
tocophcrol ( Almeida ct al., 2009) This present 51u > 

• • ll'Cf'C re,·crsed b) ucatmcnt w 1th monn hydrate
as frequency of open arm cxplorauon which

n I
d . ty experienced aRor c,posurc to 1trcst u 

Indica ting that the tc.st drog could reduce fear an an.(ic 

conditioll).
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The: FST model, like the s,vimming c:ndurnncc test is based
. 

. 
on bchav,oural desp.iir in respo11-� 1o 

an inescnp.ible circumstance and/or confinement Th I . 
. . . 

· c O terauon obscncd in acute stress-induced
immob1hty 1n the FST suggests 1h:11 Morin h)drate alien t . d . . 

• . . . 
ua cs stress-in utcd dcpn:ss,ve-hkc 

symptoms ,n mice. The pnnc1ple on "hich the swim · d . mmg en umntc model ,s b11Sc:d Is that 
rodents, when compelled to swim in 3 confined sn.•cc inlt·inlly '-•·n b t 1· • I · r- ""o' Y s rugg 1ng vigorous y in 
ortler to escape nnd then e\•Cntun.lly become immobile, indic.oung stress 

• 
• 

1\cutc restr.unt stress wo.s earlier reported· to induce hyperglycemia in rodents (Sugimoto er al.,

1998). Stressful stimuli oct.ivate the sympathetic nervous system with concomilllllt adrenaline 

sccre11on from the odrcnol medulla. Elevated adrcnollne level ancrwJrds inhibits the p cells of

the p3nerc.l5 from secreting insulin, resulting in elevated blood glucose concentration. 111c

hypcrglyccmic consequence of epinephrine and eo11icostcrone is nt1ribu1ablc to enhanced liver

glycogenotysis all through ncute stress {Kioukin-Fougio ,, ol., 2002). Adrtnolinc could also

stimulole ndenyl eyclMc in the muscle and adipose tissue, Cllusing an cnh:lnccmcnt in

intracellular cyclic AMP (ci\MP) levels, with the responsibility of focilitating the mob1lizn1ion of

lllucosc nnd fnny ncid reserves in  tissues. In this present study, morin h)drate rcvcr,c:d the

hypcrglyccmic effect observed oner acute rest.mint stress The reference drug ginseng also

rc1crscd the acute restraint streSs-induccd hyperglycemia. Gin�cng lw prcviousl)' been Indicated

to lower hyperglycemia caused by ocutc stress (Roi t!I al., 2003).

Stress-induced alternlions in specific lipid levels have been documented although the models nnd

W'CSs st.imuli producing these altcrntions hni•e been inconsistcnL The depiction of slycogcn store

n th f Ii I I, •nd c
0

orticostcronc rclellSc Instigates gluconcogcncsis nnd
1 e course o stress u sumu 1 .... 

, ou�e This dccreD.Ses triglycerides and
mobilization of fot n:scrvcs ns oltcrnotlvc cncrg) res 

· · s rum triglyceride, which act a.s a rapid
cholesterol levels (Kioukin et al., 2002). Rcducuon in c 

Id 1 0 be as O result of c:atccholammcs acuons

sourte of energy during stressful conditions cou 8 5 

. • .h I ol ,oo I). Acute rc51r31nt stress 1011 er,

on triglyceride lipase activity 1n fat ussucs (SIRt;0• e ·• • . . . 

. d This could be os a result of mob1hza11on

serum cholesterol and triglyccndc levels in this stu Y· 
th . h .,_ 

d d �loreovcr u,::UJllCnl w1 monn ywutc

of energy substrates 10 the pruticulor sites o f  emilll · 
_ ' 

. h !Teet on triglycendcs 
normali1.ed the cholesterol level bul wit no e 

.... hinh 0,yi:en pressure and hM lo�

The f d·zablc subs11a1cs. ,..., " 

nervous system tms lots o oxi 1 

.d f ·c domagc (�lc1odic,11 and .._�I.a.

I sensitive to o:1:1 n ,� 
an11oxid.:int capacity mal.ing ii extreme Y 1� 
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2000), StrCSS has been well-documented lo enhance free radicals gcnero1ion which 1w also beenlinked to HPA axis hyperactivation with rcsuhan1 rise in conicoslerone discharge (Liu ti al ..l996). Also, sympothe1ic oe1ivo1ion in lhc course of stress cl 1 , · · 1 cvo cs rcsp1rn11on rare wn 1concomiton1 scnerniion or more oxygen for tissues, rcsulling in oddilional free radicalsproduction, lcodins 10 reactive oxygen spccic/on1ioxidan1 system imbalance (Hollil\ell, 1994),These free radicals trigger oxidative stress 11101 ca115c dnmogcs to hippocampal neurons whichuphold the homeostatic condition or1he I-IPA oxis via negative feed bock mechanisms, leading toincrease in conicostcrone secretion (1 lnllh\ell, 1994). Studies have shown 1h01 rcstrninl stress
induced o,idotivc damage to the lipid, protein, and ONA in the brains of rodcnu ond natural
onrioxidant supplcmcnlS mitigate this effect and increase body pcrfonnance during exposure 10
suessful stimuli (Snmorghnndinn el al,, 201J). In this s1udy, ncute rcs1rnm1 stress provoked lipid
pcroxidotion (as depicted by elevated MDA levels), clcvarcd nitric oxide levels and ca11Sed
�uction in 1he glu101hionc con1cn1 or the brain These effects were significru11ly reversed by
morin hydrate basically due 10 its radical Sta\cnging effects as on occounr of the free rodic.il
scavenging nc1ivi1ics or morin hydrate h11vc been previously suucd (Venu Gopal el of., 2013).

The outcome or chronic stress which represents on 11ll0s101lt phase in humnns or animals is seen 
in endocrine oltc:rations (Von Couter et of., 2007), disruption of sleep poncms (Pap�Je ti al.,

200S) and bchnviourol ond memory deficits (Stickgold and Wolker, 2007), It's an aflcrmolh of 
· , ·e1y of stressors of different frequencythe inability of the adoptive sucss response to SUfVI\ e a  von 

• . 
I od encroiive diseases hove been hoked with or intensity (Saraswothi el al, 2010). Severn ncur cg 

chronic stress (Pincngcr and Duman, 2008). 

h . ,_,, affects blood sugar levels have beenVari d' t' poru on how c romc su� 0115 contra re 1ng re 
• • 1 d'obcres mcllirus inolcd rhot:chronic stress might induce type documented. Several studies reve 
. 1 2015) Con,costcrone 1 • mol model (Mrrshekor ti a .. · · 

humans. nnd in difl"crcnl experimenLD 110' 

• • th r resulting In glucose . . . duccs glycogcnolysrs in e ,,er.
"'C4Sed dunng chronic srress  in  

. d (Kioukia-Fougia cl of., 2002). , , . . h h pcrglyccmro observe: mob1h2111on which con1nbutcs to I c Y 
f h \'oilobihly of ATP 10 the br Ill.I\,• 

U1I fi the maintenance o I e o 
Thu elevntcd glucose level rs v1 or 

. 
1 200,) An elevation 1n i;lucose lc,·cl 

d (K 'oukia-fougia tin ' - . 
muscles ond other orgnns of dcmrul I 

d b �lorin hydrnlc. �loreo•cr, }.forw
. jfica,IIIY 011cnUlltC Y 1 

-.., noted 1n 1h15 study ,vhrch was sign 

1SS 

-
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2000)
. 
Suess has been \\'ell-documen ted lo enhance free rodicols gencrauon which has also beenlin�ed to HPA nxis hypcractivo1ion wilh resultant rise in corticos1cronc dlsch111 {L. I gc tu 111 a .,1996). Also, sympalhc1ic ac1ivo1ion in 1hc course of stress elcvo1cs rcspir:ition raic wilhconcomilant generation of more oxygen for tissues, resulting in addilional free radicalsproduc1ion, lcodjng 10 reactive oxygen spccic/antioxidon1 sys1cm imbalance (Halliwell, 1994).These free radicals !rigger oxid1111vc s1rcss lha1 cause damag es 10 hippocnmpol neurons whichuphold the homeostatic condilion oflhe !IPA a.�is via nego1ivc feed b3ck mechanisms. leading 10

mcrta.se in corticos1cronc secrclion (Halliwell, 1994), Studies hnve shown thnt rcs1mint stress 
induced oxidouvc domogc to the lipid, pro1cin, nnd DNA In the brains of rodenls ond Miura!
anlioxidnnt supplements mitigate this effect ond incrc.uc body pcrfonnoncc during exposure LO
s11tssful stimuli (Snmorghnndion cl al., 2013). In lhis study, acu1c rcsLrnint s1rcss provoked lipid
peroxid31ion (ns depic1ed by elcvo1ed �IDA levels), elevated nitric oxide levels nnd caused
reduction in 1he glu101hionc contenl of lhe brain. These effects were signllicon1ly reversed by
monn hydrn1e bnsicolly due to its rndicnl scavenging effects ns an occoun1 of the free radical
scavenging octivi1ies ofmorin hydrn1e have been previously slated (Vcn u Gopal cl al., 2013). 

The ou1come of chronic stress which represents on ollosuuie ph:ise in humans or nnimals is seen 
in endocrine ohcnuions (Van Coutcr el al., 2007), disruption or sleep pauems (Papale el al .•

200S) nnd behavioural ond memory dclicilS (S1ickgold and \V�rncr. 2007). It's on oncnnnlh of 

lhc inabilily of the adaplivc stress response 10 survive a varicly of sl!CsSors of different frequency 

od ralivc disc:iscs have been linked with or in1ensi1y (Soraswn1hi el al .. 20 I 0). Several neur cgcnc 
chronic s1rcss (Pincngcr and Duman, 2008). 

. ofTects blood sugar levels hove beenV:irious con1rodic1ing rcportS on how chronic st/'CSS 
• • 

• LrcSS might induce 1ypc I d1obc1es mclhtus tn doc d S I I d' cs revealed thorchromc s umcnlc . evcro s u 1 
. . 1 .,OIS) Cortlcostcronc 1 • mol model �hrshckar er a .• -humo.ns, and in dilTcrcnl experimcnlo am 

. 1h 1. resuluno In glucose• I cogcnol)SIS 1n e ,vcr, • 
released during chronic stress ,nduccs g '/ 

. ·ed (K'oukia-Fougio el al. 2002). 
. . . . 

. h hypcrglycem10 obscl'\ ' mob1hlAIJon \vh1ch con111bu1es lo I c 
. fth vnilobihly of ATP 10 the brain, 

. . I fi lhe ma1n1cm1ncc o c " 
This eleva1cd glucose level 1s vtUl or 

. 1 2002) An cleva11on in glucose level
d (Kiouki3-Fougto et a ., n11.1scle3 and other organs of deman 

d b Morin hydroic. Moreover, J.forw
. fiC31111)' 011cnU31C Y 

1'a, noted 1n this s1udy \Vh1ch \VOJ stgn1 1 
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olbo, from which Morin hydrate \\IDS originally isolat d h L- r nd e a.s =en ,ou to possess Mlld1abc tlcaciivity by increasing insulin production (Bagachi et of., 2013).

StrCSs-inducc d  elevations of circulatory lipids and lipoprotcins arc biologically and cliniCllll)'slgnilicanl as considerable evidences showing an 11Ssocintion bet,, ccn circulatory lipid clevolions, cardiovosculor diseases and markers of strtss hove been dcmonstralcd (Anham el al.,
2008). Chronic s tress raises triglyceride levels prob3bly due 10 "stress c.,ting" (Porker, 201 J) and
cholesterol levels vin mechanisms assocln1cd wi1h enhanced If PA o,�is activity wi1h subsequent
increase in ca techolamine nnd cholesterol concen1tations (Lakshmi and Sudhnkllf, 2009:
t-fayan:11nrn et of .. 2012). Cn1ccholnmines arc known 10 ac1ivatc lfpolysls via s11mulat1on of �3
adrcnocep1ors in adipose tissues, nnd suppress insulin secretion (Shablr ct of, 2013). Similnrly,
glU(ocorticoids and free fouy acids i�ru.sc HMG-CoA reducta.se octivi1y in hcp:uoeyrcs,
promoting cholesterol synthesis (Niiiura cl of., I 992), Additionally, catccholomlncs suppress
hCf)Jtic lipase activity, raising blood LDL, IDL and VLDL concentrations (Niaurn el al., I 992).
Research hiive revealed that chronic restraint stress elevates triglyceride and cholesterol levels i n  
rodents (Kulkarni and Juvckar. 2008; Shabir et al., 2013). In this s1udy, Morin hydrate 
signilicruuly reversed chronic restraint slJ'CSS-induced increase in triglyceride and cholesterol 

fc\clS. Furthennorc. chronic restraint stress lowered HDL level which mediates cholesterol 

homeosl3.Sis and is highly inversely com:loted with heart diseo.ses (Tan cl al., 2006). HDL 
• • 11 by promot ing the efflux of cellular cholcsrcrol ond reversing possesses anu-arterogcmc propc y 

HDL holesierol possc.sscs anu-innamma1ory, ontio�id4nt cholesterol transport. Furthcnnorc, c 
. 

d Bri 2004) In this study, r.tonn hydrate ndm1n1stmllon and an11coagulant effects (\Vang on SSS, 
. traint sr.res.s nnd consequently lowered therncrscd the reduction ofHDL induced by chrome res ' 

oiect agains t strcSs -induced clevauon 
anhcrosctcrotic index indicating tha t Morin hydrate may pr 

of cardiovasculor risk indicators. 

. , radicals product ion, instigating hp1dc•- . . I ·nners excessive ,rec
111on1c n:stra1nt stress a so tn..., 

h . d'cated that chronic rcsuuint
cs scvcml rcscon: cs '" 1 

Jl'n>lidation, particulorly rn cell mcmbron · 
. d de lcted GSII level (Ahmatl ti al ..

. . d . ·1c produc11on, an p 
w-cs, causes lipid pcrox1dat1on an nlln . · n  this stud)' via 1nCT'CllS1ng

. . nduccd o,1dauve stress r 
2012). Similarly, chronic rcstr01nt sircss 1 

1 However odmioistnition of t.1onn
brain �IDA and nitrite levels 1111d decreasing 

h,dnit amclioraled mese effects. 

OSII lcvc • 
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\'curon.s are the basic func1ionnl and s1ruc1ural com f . poncn1 o lhc nervous s ys1em. Various rac1ors
such as streSS a lier the structural makeup of ntu . . , . . . 

. 
rons, rn pn.nrcular dendn11c 11rbonso11on, sy�plic

junc1ions, neurochemicol componenis and func1ions (llemamolini, 2013). Chronic s1rcss
c.,posurc dynrunicolly controls the complcxi1y of dendn'i•• These.,_, · d __ _. a l  · I -· ou...,S•ln U,..;u tcnuron.s n 
dendritic struc1urcs nre observed in neurons of1hc prefronlol concv om . dal d h" I"• ) i; o, o.n rppocampo 
CAJ pyramidal neurons (Krugers et of., 2010). Dcndri11e DIIOph) In these regions is obser\cd

during prolong stress exposure which mny nfTect 1hcir \'arious func1ions, Thrs could be due to

reduced brain derived ncuro1ropic factor (BDNF) expression, opoplosis of the neurons, 

glucocorticoid toxicily, reduced func1ionalh> or 1hc GABA-crgle nc1worl., glutomo1e-induced 

c.,ci101oxicity or increased in1rocellular levels or Ca1
' (1-temomalini, 2013). Enhanced Ca1

' levels 

11/C known 10 collnpsc n1icro1ubulcs and nc1lvo1c c.ilcium-nc1ivn1ed neural pro1ein115c, on enzyme 

p1tdominan1ly found in neurons which conlrols cytoskcletol pro1cins disinlcllflltion 

(Hcmnmalinl, 20 I 3). TI1is rcsull3 in retrnclion ond collopsc of dendrite bn:inchcs, as structural

in1cgrily of neuronal processes requires slllblc microlubules (llcmomnlini, 2013). Se\'eral nn1i

sucss agenlS hove been shown to rescue neurons from dcnth and reduce dcndritic a1rophy in

JllCSS condi1ions 1hrough several mechanisms and rcctn1ly, 1he ncuroprotec1h·c activities of

navonoids ho"e bcco,ne the poinl of  focus (Hemnmolini, 2013). The mcchnnums of novonoids

ottion could be lhrough induclion of ncurogenesis, formo1ion of new dcndri1cs (ncuros1irnuloting

• • t • fi 1· ulolion which may in tum c3usc on
cff«1), or 1hrough cortrcotrophin re easing nc1or s 1m , 

inmasc in hippocampal synoptic efficacy ( Hcmamruioi, 2013). Flavonoids could olso protect 

· · 1h ugh free radicals sca\'cnging nnd neuron
neuronal cells ngainsl strcSs induced neuronal 1nJU')' ro 

d b ·cess .,,uiamole rclC3Sc (lee cl al., 2000). A

protection against oxido1ivc domogc evoke >' ex o 

. . h. h enhanced survival of hippoc3mpal CAJ
typical example is the Oovonoid M)'nccun 11 re 

1 . lh Alzhcrmcr's disease (RomcZ411r ti a .,

neurons and inhibited cogni1ive impoimicnts '" rats w, 
. roduccd 

Ii ed thol chronic restllltnl su,:ss P severe 

2016). The ou1comc of this study further con irm 
us ond prefronu1l corte�.

• rat damoge in the h1pp0C4l11P 
neuronal cell necrosis nnd siructu 

• {donl aciivit}, ii is hereby
. h vn 10 possess anuo. 1 

Accordingly, since morin hydmle 15 s 01 

. . iroiion of morin h)·drolc might be

. l,st/'\ltd o n  odmrnrs 
hypothes11.cd 1h11L the ncuroproiccuon ° 

. rtcd that ,\forus alba; the
Moreo1·tr 11 11 as rtpo 

"d • sUCSS 
' 

through its protccllon against oxt a111•c
css ncuroptotecuvc property i·ia us

. inollY isololcd poss 

i>lan1 from which morin hydrale ivas ong 

. . chi ti ol, 2013) .

free r.ldicals scavenging copabthl)' (Dog.a 
IS1 
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p3rndoxic11J sleep deprivntion; a condition not us II , 1 • WI > exp o� in most resenrch on stress -inducc:d 1rnnsfonnot1ons as o s11Cssor is included as a od 1 ,, __ ,._ . n, c 10 , u, u1er strengthen the obscl"\ledanti-stress cfTcct or l\llorin hydrate. Sleep dcprivnuon 1 ... • ca� to vanous ncurobchnv1oral cfTecu411d produce gradual changes in specinc neurocndocrinc sys1ems in ,1ays akin 10 wha1 is seen insome stress-related conditions explained in cruiptcr 2 er·,·�· 1 I 20,2) Th' h · ,..., e a ., . IS suppons l e VICWth:u insufficient sleep may sensitize individuals to stress -n:lntcd disorders, by acung on stresssystems (1\-leerlo et al., 2008). Also, these mnrked behavioral ch110gcs may be due 10 structuralrcmodeling that could 11ggrovo1e onxict> as well ns memory dysfunction and aggression in the
hippocnmpus, prcfrontol concx ond nrnygdnlo. Funhermorc, repons ho\'e shown thnt sleep
deprivation innuences motor behaviour (Vollert et al., 2011 ), causes oxidative stress
(Gopalakrishnan et of. 2004), impair cognitive functions (McE,1cn 2007) and eventually results
in br:1in cells dnmage. Results from pre11ious studies show that slttp deprivation impairs memory
runctlon via ini1lo1ion or oxidailvc stress as well as IIPA axis modulation, "luch can cause some
detrimental physiological effects (l\llccrlo et al., 2008). The Y ·muc as o model ror evaluating
11orking memory is  centred on the rodent's abilily 10 enlcr into as many difTercnt nnns ns
possible and 01 che same tirnc oncmpting 10 recall the prcdsc order of llllllS ahcmation (Rothban,
1007) This i� usuolly com:lotcd to spotfol working memory nnd il is expected that n mouse

prefers exploring II ne1v arm while nvoiding n previous one; a mCMurc of memory usually called 

'spontaneous 31tcma1ion' (Rothban. 2007; Lee ti al., 2010). In this study, sleep deprivation 
• I • 10 the unsu-csscd control suggesting mluccd pen:cnlage spontaneous ollemauons re ouvc 

· � h ns prcviom s1udics showing th:u sleep mcmol)' impairments. This obscrvouon ,un er suppo 

d . . � e .0 rodents (�lcEwen, 2007). llowevcr, the capability cpnvauon 1mpa1rcd memory pcriormanc 1 

th d r c in memory performance caused by sleepof morin hydrate 10 significoncly counceract c cc 111 
. . 

toge spontaneous ahemations suggests its Anti·deprivauon. as indicaccd by the increase pcrcen 
• . • . 'th• 

0 remedy for nrnnes1e eond111ons hnJ.cd w1 amnesic property 1h01 might make It opphcablc 05

sleq, deprivation.
• nn«CSSM) panic lllld ncl"\loUSnC$$ wasA . . . , h · d · order that 1nggcrs u m:1e1y-hkc behaviour whtc IS n is 

1 1 tllity ies1 is  founded on the
ch' model as a bchav ouro u 

ttscss«t wing EPM. The usefulness of 15 

d d.lli .011 environments. which include
. . lore ne11 on I en 

� !NI rodents arc naturally 1ncllncd 10 exp 
(Crayan and llolmes. 2005) This

. II dangerous open arms
the •�o closc:d arms and the potcnua Y 

pounds as 0n.,iol)tics 1ncrca,c, 
ropcstics of nc\\ com 

lett ,, \'Cry useful in tc:51lng for anxtofyuc P 
1sa 
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!he rodcni's 1nchna11on lO\vards cxplonog ihc 0 pen nrms th11n the closed arms Sleep deprivation
caused a significant decline in open arm explorat'o h. 1 
t,el\3, iour in this study, This funher buttressed lh 

1 n, w 1c, suggcslS incre.ue in anxiety-like
e outcome of on earlier study which indicated

th;lt anxiety-like behaviour increases with sleep deprivauon (Pires tt al., 2012), Morin hydra1c
l,o\\CVcr exhibited onxiolytic property as it significantly increased open onns exploration, which
agrees \\ ith previous studies (Nlangaiorkkarnsi et of., 2012).

Research demonstrated that the neurobiologicol consequences of sleep deprivation ore akin to
those of psychosiimulants like cocaine and omphctominc which ore cop;iblc of elevating

dopamine function nnd increasing dopnminergic neuron Ii ring, resuhlng In hypcrlocomoiion

(Koob and Le�lool, 2008). Indeed, ,1ud1cs In animals h11vc linked sleep deprivation wilh
dop:uninergic system hypemctivity as a consequence of increase in dopamine relcnse and

clev,ued dopan1incrgic neurons firing (Zant ct o/,, 2011). Funhennorc, it was rcponcd 1h01 acute
in1akc of  cocaine-induced hypcrlocomorion in mice was aggralllltcd when the animals were sleep
deprived for 6 hours (Berro el of .. 2014). Accordingly in this study, sleep dcprivo1ion for 48
hours provoked bchnviours related to hypcrlocomotion. Tom, the capabilily of morin hydr.ue lo

rtversc hyperlocomotion aiuscd by sleep deprivotion, os demonstrated by the reduction in line
crossing in the automated activity cage indiCllles its c:ilming and n:laxing elTccts.

It's been U1eorizcd that lhc cffccuvencss of the brain's anuoxida.nt mechanism 15 tnhaneed by

L .  • d I d' · 1-p deprived ralS have showed on elevation in thnlamie and
,w,mg a equate s cep as stu 1es ms�� 

hypoth41am1c oxidative stress (O'Almcida Cl of., 2000). Accordingly, as.saying for oxidative

d. r the d3maces induced by sleep deprivation
S1n:5.s markers \VIII provide a good underston ing o 

· · , led thDt sleep deprivation by the
(Gug and Kumar, 2008). A study conducted '" mice re ca 

h' pnl oxidau,c stress (Volfcn cl al., 201 I) 

plalfonn method for 72 hours inc(cased ippocom . . d d cd. 
r . d pcroxidation raised nitnte an cerelLS 

Likewise, sleep depnvation for 48 hours triggers •P• 
h• .... r, nher supporu the

2007) The result oft ,s stuuy u 
eatala.sc illld GSH levels (Kolonia 0nd Kumnr, · 

,1 d Ming GSH activity This
. d nitrite levels, wh1 st c:cn: 

rcpon as sleep deprivation raises MDA on . b d 05 there are evidences thot
. d mor)' imp:11.nncnt o serve 

COUid participate 1n lhe nnx ,ety nn me 
. . tcs impairment of copuuve

. . . fi sleep dcpnwuon promo 
OX1datJve stn:ss markers resulting rom 

• • ''DA levels, and odd1tion:illy restored
ted mtntc and ,v, 

function. �fonn hydrntc however 011cnU.1 

• 

• 
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OSll levels in mice brains. This suggests th3t 311 d 1 . 
. . • . . 

un er ymg mechanism of the stn:s5•protcctivc
effects of monn hydrate 1s v10 its ont1oxidont property

Sleep ploys o very villll function in promotin . . . & synapuc plnsllcll}, neuronal recovery nnd
maintenance of proper brain funclion (Mccrlo cl al 2009) SI d ·• . ccp cprivouon 1s bellcvcd to 
e.,usc damages 10 brain funclions and in oddi1ion oecclc-t th d r : ,we e o voncemcnt o neuropothy os 
several studies hove demonstrated that various adult neurogencsis rnorkers ore mltigoJcd by sleep
deprivation which also hasten ncuroinOnmmolion and conscquenrly the ncurodegcnenllive
process through either nhcrcd levels of ncuroproteclive markers, heightened sensitivity to
neuron.ii c:-.citotory polhways, increased hippocompol glu1omotc rcccptol'5 expression or c01,.

induced e:<ci1otoxichy (Tombi-Nnml e1 al., 2013). Reports hove olso Indicated 1hal sleep 

deprivotion Clio hinder neurogc:ncsis in rnts through eorticoslcrone surge (Mirescu cl al,, 2006; 

MirC$CU and Guold, 2006 ). Analysing the outcome of sleep deprivation on cognilion revealed 

thot the bmin region especially susceptible 10 sleep deprivot1on Is the hippocampus. This brain 

rcgron participa1cs crucially in emo1ion 1ogcthcr with cognhion rcgulation o.nd llll inlerrelotion 

bc1wecn hippoc11111p31 volume reduction ond the origin and symptom of depression and 01hcr

cmolionnl disorders hove been established (Luco.ssen et al., 2010). S1udics carried out in  rats

rc,cnlcd 1ha1 sleep deprivation reduces neurogenesis in the dcn1a1e gyrus Md initio1es neuronal

cell death (Hairston et al., 2005). This could be due 10 diminished an1ioxidnn1 pro1cclion (Czch

wt Lucasscn. 2007). Moreover in this s1udy, sleep dcpri,•otion raised the magnitude of CA I 

neurons damage 115 revealed by H&E staining Md M o consequence decreased the populouon of

· ·th ·n h)drDIC signllicantly reduced ncu ronol
viable ncuronnl cells. I lowcvcr, pre1rca1men1 w1 mon 

· h h nnrnmpus suggC$ling ncwprolcctivc crrcct
damage and rescued viable neuronal cells in t c 1Pr--·· 

_., rtlculor 1ypc of srrcssor for prolong
Sludics revcolcd tha1 when roden1s arc c.�posa;i to one pa 

1 2009). Thus. in order to rule out the
l)Criod, they lend to adapt 10 1hc strcssor (Zheng ti 11 ·• 

d cc of sucss-rclared consequences. 1h1s stud}
PIOCCSs of odnp1otion, and to i ncrcosc the cgr 

. d ,Ions in rhc chronic unpredictable su,:ss
sub;ec1cd animals to dilTercnt stressors al varying um 

·d life. The protocol
. . f srrcssol'5 encountered 1n every oy 

(CUS) protocol, m1micl..1ng the vanability O 

h • s underlying the anu-strcss
. b3ble molecular mcc an1sm 
"" also em ployed to explore the pro 

. 1 d ond applicable strCM model in
d gm is a wide y use 

itlions of Nlonn hydrorc. The CUS p3ra 1 
1 lncfvidU,11s with depression. an.,lcl)'

. _, features noted n i 
� which mimic several bchaviOUfllJ 

• 
• 
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and mood disorders and �uses immunological ch . d D 2008) 
3ngcs symbolic of chronic stress response(P111cngcr an uman, 

E,,posure to CUS can intensify anxiety symptoms· h . 
. • '" umons and onimals (Mc E.wen, 2000). Thism�1e1y symptom either appears oner the stressful st' 11 h L--

• • rmu BS ua:I) 1crmrn,11cd ,n humllJ\l orcould be delayed OS seen in some rodents (Pandey ct al 20IO) Th d 1 , . c re uet on observed 1n f,...,ucncy as well os duration o f  open o I • . .. ., m;u exp orauon In 1h1s study Is indicative of a.nxiogeniceffect of CUS. This result further agrees with those obtained in the chronic restraint and PSD
models. Also, treatment with Morin hydrate reversed the effect of GUS, as observed in 01hcr
models. This funher confirms that Morin hydrate possess protective effect agoiru1 stress-Induced
an�icty. 

The mommolian hippocnn1pus is highly populated \\Ith glucoconicoid receptors which 1rii;gcr
the ahcration of synaptic terminal structures in response 10 high conicostcronc lcvc Is (us seen in
chronic stress) resulting in neuronal atrophy, hippocampal cell death and ultimairly memory
1mpoirments (Eiehcnbaum, 2000). Exposure of rodents 10 chronic unprcdicuible stress w115
rcponcd lo 11ltcr specific brain structures like the hippocam pus, thereby Cllusins dcficil5 in post
Sll'CSS ocquisition llfld retrieval memory in mice (Bhotio ti al., 2011). Rcscorch ind1cn1cd that 

rodents subjected to a vo.ricty of physical strcssors on o doily b.isis for 28 days experienced 

deficiencies in pcrformo.nce o.nd le.1ming in the Morris \Voter M11Ze. This was due to excessive 

fi?e nulicals production ,vhlch inOicts dctrimcntnl effects on neurons (Liu ond �tori, 1999). 

Fwthcrmon:, vo.rious nccounts suggcstivo, of the role of elevated cholesterol levels in memory

imP3irmcnt hove been documented Under physiological conditions, cholesterol panicipntes

I • · d --css but is linked with memory· impairments 1\hcn 1n mormous y ,n lcnm,ns an memory p,� 
d rv function os seen In the Y mue 1c.s1excess (Biondi, 2006). In this study. CUS 1mpn1rc memo., 

. duccd This chronic unpredictable stre:ss-whert percentogc altemntion o f  stre55Cd m,cc \\IS re 
. 

It of elevated lcH:ls of circulatory cholesterol
•nduud memory 1mpairmcnt could be as O resu . . h drnte This further bunress the findrns that
"h1ch was ameliorated by administrntion of tvlonn Y · 

d ory impairment 1n m,ce.
�!Orin hydrate ameliorates stress-induce mcm 

h'b tcd reduced locomotor activity \\hich
S ud posed 10 CUS C.� I I t 11:1 have shown th�t rodents c� 

1 ••rdalion· 1 symptom \1 hich
1 motormcnl4 re... 

COUid simulate some char.lctcrlslics of ,uman
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occompJ!liCS mnjor depression in humnns (Pandey ct al 2010) ·• . Also, when plnced in n novelenvironment, rodents gcnemlly show increased nmb 1 u Dlion. whc:rens, rodenis e;,.poscd 10 CUSe,thibit reduced ambulation in o new environment d. , 0 1screpi1ncy ,,h,eh could be c:ITcetlvely
upturned by the onti-dcprcssont drug eseitaloprom ·n d 1 nccor once \\ llh past research on the
clfectivencss of llllli-dcprcss.ints in rcvc�ing inesc.ip.ible st · d d h 1 . . • l'CSS·m ucc ypo ocomouon m mice
in the open field (Pol nnd Dondiyn, 1994), This study employed an automated activity cage to
check the outcome of CUS on locomotion and the role of Morin hydrate. In confirmauon of
previous studies, it ,vns observed that CUS reduced locomotor octivity, on event that w4S
upturned by morin hydmte treatment. Thi_s funher confirmed the suggestion thot Morin hydrate
auc_nuotes stress-induced depressive-like symptoms in mice.

Chronic unprediclllblc stress has been sU11cd 10 induce hypcrglycemin, and increD$C cholesterol 

ond triglycerides levels in rodents via HPA nxis hypcractivatlon (Bhatia tt al., 2010) This 

hyperglycemia ts mediated through circuloting conicostcrone, Likewise in this study, CUS

signifiC11J1tly increased the level of blood glucose, cholesterol and triglyceride. "h1c_h w45

aucnUJtcd by chronic administration of lvlorin hydrate. CUS reduced the level of HDL 

cholesterol, increasing the risk of  a cnrdiova.scular disorder as indicated by the anhcrosclcrotic 

index. Also, this wos attenunted by !\Iorio hydrate administr.11ion. 

Chronic unpn:dictablc stre.Ss is olso characterized by free radiC31S generation and HPA tL'l(is

hypcractivotion with consequent corticostcronc hypcrsecretion (Lill et al., 1996). Free radicals on

the other hand may be involved in IIPA tL�is hypcracti\oation and conicostcronc hypersecrction

Bh I I 20 II) Severn I oei:ounts on the anti-by triggering hippocampnl neuronal d.imagc ( at O tt a ·• · 
. . 

· · rriwnri tt al 201 S), c:urcum1n (Ohotto tt
stms effects of free radicals scavengers hke qucn:ttln , • ·• 

· 
. · c (Kelly 1999) ond v1wnin E (Al-

a/.
, 

2011), lriphalo (Sonkar and Mishra, 2011), valJIITlin ' 
• • • . 

. h d \"3S also round 10 m111gnte 01udn11ve stn:s.S
Ayadhi ct al., 2006) hove been stated. l\lonn Y rate ' 

, fi d . . d ele,atcd GSII conccntrouons These 1n ings
u observed via decline in MDA, mtntc on 

1 -..,.·ficant n.,11 in its 
ti of Morin hydrate p ays a s, •.. , • ,... 

lddit1onally indicate thot the antioxidant nc on 

anti-slr'3s effects. 
. hronic strc\S ATC glucoconicoid

h·ch occur during c 
Among the prominent changes w 1 

• ___ ..,. corticostcronc le�tls (�lal..ara
h 05 well as incr� 

hyptrsc:crc11on, adrenal glands hypcruop Y 

16l 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



and llallcr, 2001). Prolonged IIPA oxis ac1ivat • . ton gives nse 10 hypcnrophy of the ndn:nal 
st3nds. Adrenal gland hypcnrophy further revealed th 1 • . al 11c stress-responsive MPA nxls ,s
,.,,,cticall)' and ociivcly involved (Kcnjalc ct al 2007) Str � 1 , Ii 1 1 th r- ·  ·• . w,u sllmu s1 mu ates e 
3dtcnomcdullory response to rclC11Sc adrenaline which then slimulo1cs the pituitary P2 ndn:nergie
rcccpiors 10 release large runounis of odrcnocortico1ropin hormone (ACT! I) which upon n:lcnse,
stimulates the adrenal cortex as well as the adrennl medulla with concomitant secretion of 
conicosierone fron, the adrenal conex and further cpmcphnnc release from odn:nnl medulla nnd 
511 1ncrense in odrennl glnnd weight to a la.rgcr extent (Zofir nnd Onnu, 2009). Several 

adnplogenic substances such OS Curcumin (Bhnlio ct al., 2011 ), Panax gfllscng and Glngk"

biloba (Roi et al., 2003) nre indicotcd to possess nnti-slress erTcclS, owing to their ability 10 

decrease stress-induced ndrcnnl hypcnrophy and circulntlng conicosteronc. In this study, CUS 

11os found 10 significantly increase odrcmil gland weight wilh coocomitanl elevation of scrum 

conicostcrone level, indicoiing hypcroc1ivo1ion of 1hc IIPA rucis. This wns significnnHy 

t11eouotcd by long tenn administration of Nlorin h)'dmtc. 

Bish levels of glucocorticoids inhibit v inuolly all compom:nl5 or the inflammatory response. At

� cellulor level, glucocorticoids possess onli-inOommalory nnd immunosupprcssive 11c1ions

through alteration o f  the function 1111d circulation of leucoc)'lCS, dccrcnsing inflammatory

mediators and C) iokines production (Chormondan, 2005). Likewise 01 the Qrly stoge of chrome

stress, glucocorticoids downrcgulDlc proinOnmmalOI')' cytok,nes wlulc uprcgulating ant'.-

Th nd 5u,gc of chronic strCSS causes I IPA IIXIS

inOammotory cytokines (fian et al .• 2014). c seco . . 
. . h h b·r,y of glucoconicoids 10 curuul C) 10J..1ncs

f1ligue and i;lucocorticoid-rcsislll.nCC, m 1�h1c l e 11 1 1 

I 2012· Tinn ct al 2014 ). As a result, the
production becomes diminished (Cohen ct o ·· · 

. d and !he genes responsible for proinflamma1ory
inOammotion relo1cd pa1hwoys arc oc11vo1e 

. d !ting in upn:gulolion of the pro1n01mmo1ory
cytokine production are in tum oc11vo1e , rcsu 

C)tokmcs (Miller et al .• 2008). . 
vtokines production i1 h1ch then triggers

,..._ · prolnnomm0101Y c, · 
'-II/Onie unpredictable stress increases nscription factor needed for the

"'F ,d3 the proinOomm111ory tra 
lhe st1mula1ion or nuclear rocior 1" • ' 

999) N·mc o,ide s:)'nth3SC is concerned
(Lt nnd Konn. I . , 

PfOlnOammatory gene iNOS c:<prcs.sion 
><ldonl molecule in1'0hed \\llh

. ric oxide; a sirons o 
1t1th catalyzing che production of nil · 

d d TNF-<1 ovcrproducuon I!
I d thnt sue s.s-,n ucc 

l'ICllrodegcncralton Studies hove rci ca c 
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• 

in,plicatcd in lNOS c.,prcsslon through n NF-icD -dc,,..nd 1 1 , • ,.. en mcc rnnism (,,111driS11I cl of., 2002).
Acti1'll!Cd NF-icO In tun, cnu.scs funhcr lncrcnsc of  prolnllarnrnatory cyrokinct 10 o certain level
411J unlc.» the sustnincd 5trc5s exposure is removed, the proinnammntory C:)IOkincs funhcr
all(CC.Ut, inducing nn 1nllnnunn1ory response l'lavonolds arc rcnowncd for their nn11-

intl.unmotOI')' nctl vita cs vin inhibhmg the production of lhc transcription factor NF-KO, along

11i1h olhcr pro-inllon,matory mcdmtors (Serafini tt c,/,, 2010). Among these are lhc navonoids

qlltalcchin nnd isoquercit rin isolated from n,eobroma cacao, 11hich were: shown 10 inhibit

TNFo. and IL-6 mRNA expression ns well o.s nitric oxide secretion (Ramiro tt ul .. 200S). The

CUS clcvaled TNF-a and IL-IP level in n,lcc brains in this stud). Also NF-icO and iNOS were 

seen 10 be highly expressed, indicating ncuromOam motion. �lorin hydr111c 11Calmen1 however 

l'C'duccd IL-I I} and TNF-a, levels. lvlorcover, ii also reduced NF-icB ond iNOS expressions, 

dcmonslnlling the anri-neuroinllnmmatory efTccl oft>lorin hydmtc.

Elc�Ations in the circulating conicostcronc levels ns observed in CUS can also 1riggcr 

hippocampal in,painncnt in rodents by incrcnsing b:isal glu1a11101e lc1cls or cytosolic calcium 

11»11 m the hippocampus (tvlcEwcn, 1999). The resull of this study also confirmed 1h31 CUS 

r I I I •urons Morco•er morin hydrotA: uu1men1
causes structural dnmogcs and loss o , ppocompa n, · 

aucnuatcd these effects. 

• • 
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6.1 SUl\11\lARY 

Cl:lAPTER SIX

SUI\IMARY AND CONCLUSION

The study sought t o  evaluate the mechanisms of nmistrcss activity of Morin hydrate in mice. 

Different acute and chronic models of stress 11crc employed. 1'1orln hydrntc prolonged 

swimming time and onset of convulsion in the swimming endurance nnd nnoxic tolerance tcstS 

rup«tively. Morin hydrate signllicnntly nllcnuatcd both acute ond chronic stress-induced 

memory impairment, onxicty nnd deprc»ive like symptoms, nnd nonnolizcd blood glucose 

cholesterol and trii;lyccridcs which were incrc.ucd by stress. Additionnl rcsultS obtained from the 

s111dy revealed thot tvlorin hydrate possess antioxidant activity n.s it si&nilicontly reduced 1'1DA 

and nitrite le1·els, ond increased the endogenous antioxidant, GSII. Funhcnnore, Morin hydrate 

inhibits stress-induced adrenal hypertrophy ll/ld reduced corticosterone levels. indicating n 

rtduction in the f-lPA axis hypcrnclivntiol). reduced 11.--IP and TNF-a levels in mice brains and 

also signilicantly reduced the expressions of iNOS and NFkD, ll/ld altcnunrcd stress-induced 

neuronal atrophy. 

6.2 CONCLUSION 

. d tccts against some dctrimcnllll changes
The study hereby concludes that Monn hy rate pro 

"d ive streSS IIPA QJCis hyperoctil'ation.
induced by ncute and chronic sttcSS such 05 oxt 31 ' 

. 
f M . ot' on The m«han1sms of ncuon o onn 

h)'Jlerglyccmia, hyperlipidemia nnd ncuro1nnnrnm 1 • 

. roctivntion oxidative stress, hyperglycemia,
h)dra tc include inhibition of HPA ru(tS h)pc 

h)pcrlip,dem,n and ncuroinnnmmntion. 
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