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• 

ADSTRACT 

0/ax s11bscorp1olclco is used in the manngement of mcninl illness, fe,er und p.un 1n 

e1hnon,edicine. Ho,\'ever, there is scanty infonnotion on the ncurophonnocological ocuvhics that 

suppons its use. The srudy ,vas designed to investigate the neurophrumacologicol propenies of 

Ethanol E.xtract of Ola.t subscorpioidea Leaves (EEOSL) in n111lc mice. 

Air-dried leaves (ISO g) ,,ecre pulverized end soaked in 50% ethanol ( 1.5 L) for -18 hour.; The 

fillmte \\'3.S conccn1ro1ed ond evaporated 10 dryness (8.7 g). T,1c:n1y-livc S \\iss male albino mice 

(20-22 g) ,vere nlJ011ed into live treatment groups viz; control (distilled ,voter). nnd EEOSL (J I. 

6.3, 12.S, 25 mg/kg) wilh five onimoJs in each group. They \\·ere pretreated thirt) minutes 

intraperit.ooeally (i.p.), before ncurobehoviourol effects of EEOSL on novelty-induced 

behaviours (rearing and grooming) end frequency of head dips \\'ere investigated using open­

field and bole-bo:ird tests rcspcc1ivcly. Another 111-cnl} mole mice (22-25 g) di,idcd into four 

t�tmenl groups: control (distilled ,wtcr) nnd EEOSL ( 12.5, 25. 50 mg/kg). Thirty minutes after 

i.p. tn:n.tment, pentobarbitonc-induccd sleeping lime \\11S investigated. For analgesic srudy. 

eighty mrue mice (22-25 g) \\ere allocated into four treatment groups: control (distilled "atcr). 

and EEOSL (12.5, 25, SO mg/kg) ,vith five nnimaJs in each group Thirty minutes nftcr i.p. 

treatment they \\'CTC subjected to acetic-ncid induced ,vrithing, formalin, t.nil immersion and hot 

piste tests Simil111ly. for antidepressant stud), another set of eight) mole mice (22-25 g) \\'l:CC

randomly alloucd into four trentmc:nt groups· control (distilled ,,oter). ond EEOSL (6 3, 12.5. 25 

mg/kg) "ith fi,·c animols ,n each group. Thirty minutes after 1.p. treatment. o.nim11ls \\Cre

subjected to despair, tall suspension, n:scrpine-,nduced depression. nnd yoh,mbine lclhnlit} tests. 

031.ll \1nc a.nalyscd using descriptive statistics o.nd ANOVA at p 0.05 

The EEOSL Cl 1, 6.J, 12 S, 2S mg/kg) significontl> inhibited rcanng (99.8!2 8. 76 2;t:?.9, 

37.4±1 .2, S.8±().8) and grooming (48.0!J 6, 338+2 9, 25 -1±1 6. 7 6�.8) compared \\lth controls 

(185.8±5.1; 63.8±4.3) rcspe-ctivcly. Trentment \\ilh EfOSL (3 125, 6.25, 12 5. 2S mg,\g) 

significantly decrc:iscd the frequency of he.1d dips on hole-bo:ird (10 62.I 9, 8 8,tl.�. 7 �!,0.9 

6.0!1 I) comp:ircd With con11ol (27.8±1.S). The EEOSL (12.S, :?S, SO mg/kg) sigrulicantl) 

prolonged pcntob3rbitonc-induccd sleeping time ( 43.0+ I 4 SI O+ I 2. 61 O• I 8) compared \\ilh 
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control (3 I.O;t0.7). 1l1e EEOSL {12.S, 25, SO mg/kg) signHiclUltly inhibited acetic acid-induced 

p:un by 66.90/o, 72.7% and 81.5% respectively. In formnlin test, EESOL {12.S. 25, SO mg/kg) 

inhibited neurogenic {41.1%, 63.1%. 66.0%) nnd innommotory (57.1%, 75.3%. 79.4%) pains 

Reaction times \\"ere prolonged only by EEOSL (SO mg/kg) in hot plntc (0.9:t(). I) and toil 

immersion (2.1:t().2) compared \Ylth controls (0.6±0.1: 0.5±0.0) rcspcclively. The EEOSI (6.), 
• 

12.5 mg/kg) sigruficontly reduced immobility periods in despair {124.2+4.5, 85.2±6.0) and tail 

suspension tests (110.4;!:6.8, 68.0±1S.9) compared \\ilth controls (190.2±15.3; 155.6+8.9) 

respectively. In reserpine-induced depression, EEOSL (6.3, 12.5, 2S mg/kg) reduced significantly 

the fe.ienl mnner (2 4:t().9, 1.2±0.6, 1.2±0 . .J) comp:ired \\ith control (8.2±_0.9). Ho\ve,,er, EEOSL 

did not potc:ntiatc yohimbine-induccd letl1nlity. 

0/az subscorpioidc:o possessed sedative, antidepressant and anolgesie properties. These therefore 

support its traditional claims in the manogen1ent of mental illness 1111d pnin. 

Ktyl,'ords: 0/ax si1bscorpfoidea, Neurobchnvioural, Anolgesic, Antidepressant. 

\Vord rount: 479 

• 

• 

•
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control (31.0±0.7). TI1e EEOSL (12.5, 25, 50 mg/kg) significnntly inhibited acetic acid-induced 

pain by 66.9"/o, 72.7% and 81.5% respectively. In formalin tcs1, EESOL (12.5. 25. 50 mg/kg) 

inhibiled ncurogenic (41.1%, 63.1%, 66.0%) and inflammatory (57. I%, 75.3%. 79.4%) pains. 

Re.ic1ion limes \\Cre prolonged only by EEOSL (50 mg/kg) in ho1 plate (0.9:tO. I) and toil 

immersion (2.1±<).2) compared ,vith controls (0.6±<).t; 0.5±0.0) rcspec1i\•cly. The EEOSI (6.3, 
• 

12.5 mg/kg) significantly reduced imrnobilily periods in despair (124.2±4.5, 85.2±6.0) and 1ail 

suspension tests (110.4±6.8, 68.0± 15.9) con1parcd \\•ilh controls (190.2± 15.3; I 55.6+8.9) 

respectively. In rcsc:rpinc-induccd depression, EEOSL (6.3, 12.5, 25 mg/kg) reduced significon1ly 

the: fcncaJ mailer (2 4±0.9, 1.2:t0.6, 1.2±<).4) compared ,,�1h control (8.2±0.9). Ho\\cver, EEOSL 

did not polentiote yohimbine-induccd le1hali1y. 

0/ar subscorpioidea possessed sedative, on1idcpressan1 ond analgesic propcnies. These therefore 

support its lmditionnl claims in the manogen1cnt of mentnl illness and pain. 

Kcy"\'Onis: 0/ax .r11bscorploidta, Ncurobchovioural, Anolgesic, An1idcprcssnnt. 

\\lord rount: 479 

• 

• 

•
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CHAPTER ONE 

1.0 INTRODUCTION 

For c:cnrucics, plants hnve provided man ,vith nn array of products crucinl to social-economic life. 

l',ledicinal plnnts in pnrticulor hove been highly ,•alucd and used regularly for thousands of years 

by the people of the \\'Orld as the medicine of the n1asses. 1' fan has ahvoy:. senrched for that herb 

that heals the body nnd soothes the mind ond there has never been u shonage of  vegelDtion to 

investigate ,vith some 20,000 species tbot have been used by vnrious cultures. Medicinal plants 

have been used 10 treat psychiatric and behaviorol conditions such as onxiet), depression, 

seizures, dementia and insomnia (Klemens, 2006). 

HO\\'CYer. as ,,-cstcm medicine evolved through the t,vc:nticth ccntur), people ,�11n11:d to :.,,allo" 

pill of o conccnlnltcd •active ingredient," or. perhaps o S)•nthetic phormoceuticol c:quivolent. As a 

result, potentially va!Wlblc herbal formulation may nol have been in\lCSligatcd and lltl! forever 

lost o\\ing to o dramatic substitution of herbs for onhodox drugs. The stigma auochcd 10

substance use and abuse also con1ribu1es to insufficient documen101ion nnd scicn11fie 

investigation of African psychotropic plants. thus resulting to lo\\ priority ascribed to medicinal 

plants and hence silence and loss of research in1crcs1 in ps)choactivc plants (Carlini. 1003) 

Ciulini (2003) rcponcd thot "most psychoactive plants first used b> the so-called primiu,c 

cultures ,�-ere rclegnted by European occidenlDI culture to a second plan and considered them as 

sorcerer's thcrapeutic.s and ofien viewed In a negative light" This impression has led 10 the 

abandonment _of the endoY.ment of nature for therapeutic remedies 

Although c�nt drugs used for the lrcatnll:nt of these disorders hove gained populilrity among 

the user,, there 1s still a scnous and gro\\ ing concern on their thcropeuuc cncc11vcncs� The 

prevalence of mental illness is on the rise ,vlth the quality of hfe of the vicurru pcrpcturuly 

declining. The drugs and synthetic cquivalcntJ M\C been said to be 5>mptomatic 1n acuon 

,vithout alTccling or oddress1ng the pothologlcnl basis of the cond11ions (Klemcn1,, 2006) 

This is a serious threat to the qualily of life and \\ellncss as the \Vorld I lcalth Orgaru.z..uion in 

2003. prcdlctc:J that one in four people 1n the \\OrlJ \\ill be anC\;tcJ b) mcnt.tl d1wrdcr. 111 t.omc 

point in their lives and that I 0-/e of the \\Orld's popula11on sulTcn. fron, dcprcs.sion S1ud1c� hA,t 

, 
AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



sho,\!ll Lhnt nboul 7% of An1ericans \\'ill suffer from schizophrcnin 01 some poinl in their lifetimes 

nnd nbout 2.S million \\ill suffer from bipolar disorder (Klcn1cns. 2006). 

lntcreslingly, some psychonc1ive plnnls ha,-e provided valuoble insighl into lhe neurochemistry 

of many ccn1raJ nervous system disorders (Le,\•in, 1924; Nichols, 2004). Lyscrgic acid 

diethylnmidc (LSD) is the analogue of ergot olkaloids produced by Clm•iceps p11rp11rea. The 

observation !hat sero1onin and lyscrgic ocid diethylrunide (LSD) share s1ruc1ural and 

pharmacological properties has led 10 1hc suggcs1ion thOl biogcnic amines. like serotonin. o.rc 

involved in menial disorders such o.s schizophrcnin (Gaddum and llomc:cd. 195�; \\loolcy and 

Sha,v, 19S4). Also, the discovery lhal lhc depiction of biogenic amines by the nc1hc ingredient 

in Ra1111•0/jia serpt!ntina (rescrpinc) induce depression, \\•hich suggests that lack of serotonin 

lllld/or noradrcnaHn as lhe underlying fnc1or(s) in the pathophysiology of depn:ssion (Vertulnni 

and Sulser, 1975), hos couscd rebirth of inlcrcst in invcstigoting psychoactive planLS. Cum:nt 

basic understanding of mental illness as ncurochcmical diseases, as ,veil as science's abilhy to, 

I.real these disorders has been greatly enhanced through the s1ud)' of psychonc1ivc plants (Gal) 

2009). These· observations and shortcon1ings of lhc currcnl drugs have provided b:isis for 

exploring lhe nature for more pron1ising and novel drugs. 

As orthodox medicine docs not offer 10101 thempculic solulion to v11rious health ch11Jlengcs, 

se:m:h for oltcmntive to lhe trealmcnl of some psychiolric conditions becomes incvi1ablc. 

Prcsenlly there is a resurgence of herbal medicine os people "'ant more con1rol in their personal 

hcolthcare. 

The World Health Organizntion in 200 I cstima1ed that cighly percent of lhe world population 

use medicinal planlS in the 1rea1ment of diseases. In African countries. 1his role is said 10 be 

much higher. It was also estima1cd !hat up to 90% of lhc population in de, eloping countries rcl) 

on 1he use of medicinal planlS to help meet their primary health core needs (\VliO, 2002). As 

noted by Okafor and Ham (1999), dependence on indigenous plnnts ns medicine is due to 

unnvoilobility of\\·estem medicine or high cost of it. Available report sho\\ed lhut more 1hnn 300 

distinct ethnic groups making up lhc Nigerian socict) hos hs O\\!ll unique indigenous benling 

herilllge, ,vhich hos evolved in response to 1hc specific expcnenees and needs of Its people 

Currcn1ly, it 1s estimated that troditionnl medicine 1s 1he only henlthcorc resource occcss1blc to n 

third of oil Nigerians (Ogunbodedc, 1997) 
, 
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1ltc Uni1cd Slate herbal nta.rket is gro,ving 1remendously ,vith consumer demand ,,·oy ohcod or 

rcgulo1ory agencies. It is interesting 10 note that four (Ginkgo, St. John's \Von. Valerian, Kava) 

of lhc top ten herbs purchased in the U.S. (occording 10 1999 \Vholc foods Sun-ey) have 

psychotropic activity. Nntun: hos blessed Africa continent ,vith herbs 10 meet their primnry 

health care. According lo Klemens (2006), medicinal plants hove been used 10 Ire.it bchoviouml 

conditions like anxiety, depression. seizures, dcmcn1ia, inson1nin, and drug intoxication and may 

\vell provide on alternative to the treatment or son1c psychiatric conditions. Among 1he notable 

ones (l1crbs) used in psychiatric condition in African folkloric medicine is O s11bscorpioitlea. 

0. subscorpiolden locally called 'ifon· belongs to family olaccacco. II i s  a shrub distributed in

Nigeria nnd some pans of Africa. Ol<LT subscorpioidea is used 1n the n1onagemcn1 or mental 

illness, fever, convulsion and pnin in troditionol medicine. I to,vcvcr, there i s  scanty informnlion 

on the neuropharmncologicnl activities that suppons its use. The s1udy \VO.S designed to 

investigate the aeurophnrmacologicnl propcnics of clhonol extract of O s11bscorplofdeu leaves 

(EEOSL) in mice. 

I.I OilJECTr\'ES

The specific objectives of the srudy on: 10: 

• determine the acute 1oxici1y profile of1hc cxtroct:

• evoJuote ncurobehaviournl propcnics or 0/nx s11bscorploldea;

• cxa.minc onnlgesic propcny of 0/tix s11bjcorplo/dea,

• cvolua1c. on11dcpressnn1 pro pen) of 0/trc s11bscorploldea, and

• o.sscss nn1iconvulsan1 property of Otar s11bscorploldl!n.

3 
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LITERATURE REVIE\V 

2.0 MENTAL ILLNESS 

Mcnllll illness is a psychological, neurological or behnviouml disorder pattern that occurs in an 

individuol that is not expected ns pon of normal development. Although, the definition. 

assessment and classification � vary ond there is no single accepted or consistent cause of 

mental disorders. Ho,vevcr, they ore explained in terms of a Diathesis-stress model an 

Biopsychosocial model. Services for mental disorders moy be based in hospital� or in 

community. 

Mcnllll health professionals diagnose individuals using different methodologies: oncn relying on 

case: history ond intervie,v. Any of these disorders can arise from a combination of 

environmental. biological and psychological sources. Some biological factors include genetics: it 
• 

is often found that people \\•ho hove or hod a mental disorder ,vithin their family ore rnore 

su.sccptiblc to developing o mental disorder. Other factors include. infections. p�nntal domugc 

lock of oxygen to the brain. Subs111nce abuse can lead to addiction or dcpc:ndcncc \\'hich is  the 

disorder characterized by a pattern of continued pathological use of a medication. on-mcdicnll) 

indicated drug or toxin results in repented adverse social consequences related to drug use. such 

as failure to meet ,vork, family or school obligations, interpersonal connic:ts or legal prohlem� 

11tc:re are ongoing debates as 10 the exact distinction bct,vccn substance: abuse and subslllltcc 

dependence, but cunent practice standard distinguishes the l\vo by defining substance 

dependence in terms of physiological and behavioural symptonts of substance use, and substance 

abuse in term.s of the social consequences (Phrun-Kontcrct c:t nl., 2001) lvledlc:nlly, ph)s1ologic: 

dependence requires the development of tolcmncc leading to ,vithdrn,vol symptoms. Both abuse 

and dependence arc distinct from odd1ct1on which involves o compulsion to  continue using lhe 

substance despite the negative consequences, and mny or moy not Involve chem,clll dependency . 
• 

Dependence 0Jmos1 ohvoys implies abuse. but abuse frequently occurs \\ithou1 dependence, 

porticulorly ,vheo an individual first begins to abuse a substance. Dependence 1n,olves 

physiological processes while substance abuse renects o comptc, in1eroction bet,\'Cen 

individuols, the abused substonce nnd society (Blakemore et al , 2007). Ps) cholog,cal and 

d 
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environmental cnuses are found ,vhen the person concerned hns experienced o lroum:i or abuse. 

Psychotherapy ond psychiatric mcdicntion DIC two major treolment options, ns ,veil os supportive 

intervention and self help (Blakemore cl nl. 2007). 

2.1 T\'PES OF �1E TAL DISORDERS 

TI1erc ore many dilTcrent cotegories of mcntol disorder ond mony different focets of hurnon 

behaviour and personnlity 1h01 con become disordered. Some of these cotegorics include: 

Obsessi,·t Co,npulsl\•e Disorders: Constant stressful thoughts (obsession) and a po,verful urge to 

perform repetitive acts, such as hand ,vashing (compulsion). 

Depression: The person concerned is  no longer inter.:�tcd in nnd does not enjo) previous 

activities that he got plcasun: fro111. There nrc extreme or prolonged periods of sadness. 

Anxiety. The sufferer hos a severe fear \\•hich is linked to certain objects or situation. Nlost 

people ,vith this disorder \viii try to  ovoid exposure to ,.,hotcvcr triggers their anxiety. 

Posr Tra11n1a1/c Srress: This can occur :ifler some bod) has been o trnumotic c, cnt: something 

horrible and scary th3t the person sees or that happens. During this t) pc of C\'Cnt, the person 

thinks that he or other people's lives nre in danger. The sufTcrcr moy feel afraid or feel that there 

is control over what is happening. 

Dysr/remla: The patient hns n mild chronic depression. A chronic feeling of ill being ond/or lock 

of interest in activities that the patient once enjoyed 

Bipolar Disorder Also kno,vn as monioc-dcprcssivc illness. The sufTcrer oscillates from 

episodes of cuphorio (monio) and depression (dcsp:iir). 

Epilepsy: It is a major neurological disorder choroctcriu:d by recurrent, spontaneous brain 

seizures 
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2.2 DEPRESSION 

Depression is nn oITcctivc disorder chnroc1crized by change in mood, loss of interest or plea.sure, 

feelings of guilt or IO\V self-v,orth, disturbed sleep or appetile. lo\v energy. psychomotor 

rctnrdolion, melancholin, intense sndness ond despair, mcnull slo\ving ond loss or conccnlrotion. 

pessimistic ,vorry, nnd vorioble agitation or hostilit)'. Physical changes olso occur. ponicularly in 

severe, vitol, or melancholic depression. These include insomnia or hypcr.;omnio; altered eating 

pauems, ,vith anorexia nnd \\1:ight loss or somctin1es ovcrc.iting: decreased energy and libido; 

and disruption of the normol circadian ond ultradion rhythn,s of activity, body tempera1ure, ond 

many endocrine functions (Tondo et ol., 2003). Dys1hymic disorder. olso called dysthymio, 

psychotic depression, pos1panum depression (Altshuler c:1 al., 1998) and seasonal aITective 

disorder ore also kinds of depression (Rohnn et ol., 2004). It is a 111ajor health condition \Vith life 

time prevalence in the range of I 0-I 5% (Ll!pinc nnd Brilc}. 20 I I). \Vorld 1-leolth Organ1z.:11ion 

(1998) and Richclson et al .. (2001) cslirnutcd thot 5.8o/o of n1cn and 9.5% Of\\Omen undergoing o 

depressive episode in their life Lime mostly end up con11ni11ing suicide. Its nego1ivc social 

impact ond impairing clTect on doily activities and \\'ellbeing hos led 10 incnpability nnd loss of 

productivity (Ebmeicr et ol., 2006). 

Depression is an heterogeneous disorder \\'ith a highly vQfloblc course, on incon�btent response 

to treatment, and no established mechanism. Some feoturc5 of dcprcssi,c disorder overlap those 

of the nnxiety disorders, including severe phobias, generalized anxiety disorder, social nnxiet) 

disorder, post troumatic stress disorder, and obscssi\'c-compulsive disorder (An1erica Psychiatric 

Association, 2000). The major disorders of n1ood or aITect include the syndromes of major 

depression (formerly termed melancholia) and bipolar disorder (formerly tem,cd manic­

depressive disorder). There is no single known cause of depression Rnthcr, it Iii.cl) results from 

a combino1jon of genetic, biochemical, environmental, nnd psychological factors. Some types of 

depression tend to run in families, suggesting a genetic link Ho\\ever. depression con occur in 

people ,vithout family rustorics of depression as \\'ell (Tsunng nnd Faraone, 1990). 

Studies comparing concordance rates for major depression bet,\'Ccn monoZ) gotic ond d1zygo1ic 

t\vins suggest o heritability of about 37%, \\hich i� much IO\\er thnn the hcri1ab1ht) of bipolGr 

disorder or schizophrenia Some aspects of lhc nom,ol personality, such ns a, oidoncc of hom1, 

o.nxiousness, and pcssin1ism. ore olso pnnly heritable. Kendlcr ct ol., (2006) sho\\-ed that 
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allhough depression is due in part 10 heritoble depression prone pc�onali1y 1mits, ii i s  also lhe 

result of heritable factors thal arc independent of pcrsonnli1y. Early-onsc1, severe, and recurrent 

depression may hnve n higher heri1obili1y than olher forms of depression (Kcndlcr c1 al., 2006). 11 

is clcnr from studies of families lhal major depression is not caused by any single gene but is  a 

disease \\ilh complex genetic features. 

Studies of pedigrees ,vilh multiple cases of major depression ha\'C idcntilic<l chron1osomol 

regions ,vilh linkage 10 the disorder. and some of lhcse loci hove been rcplico1cd in more than 

one S'IUdy, although no single chromosomal region hns been replicated in every fnn1ily study of  

gene1ic linkage in depression. 

2.2.1 l\10NOAl\lL'lES AND TLU:IR ROLE lN DEPRESSION 

The mono:unine deficiency hypo1hcsis posilS that depressive symptoms nrise fron1 insufficient 

levels of mono:unine neurotron.srnine� 5-HT, NE, and/or OA. This hypothesis gre,v out of 

observations that an1idepressnn1 therapies raise neurolronsmission tone depending on one or 

more of these neurotronsmiue�. Considerable cxpcrimenUll and clinic.ii evidence suppo11 the 

fundamental role of NA and 5-HT in lhc e1iology of depression (Elh,,'Ucgi, 2004). There nrc four 

classes of standard antid�prcssnnlS, monoamine oxidnse (sub1ypc-A) inhibilo� (�1A01s), 

1ricyelic an1ideprcssan1S (TCAs), scrolonin rcuptnke inhibitors (SSRls) and noradrenaline (NA)­

serolonin rcupui.kc inhibi10�. All lhcsc ontideprcssnnl drugs increase acu1cly the nvoilobilil) of 

these monoamincs 01 the S)1Ulpse (Boldessarini, 1989). II is well cstoblishc<l 1h01 ncurotronsmiucr 

IJ'al\spo11e� hove roles in several ncurologicnl ond psychiatric diseases. 1l1is is directly supponed 

by several examples of noturolly occumng mutations in the 1mnsponer genes 1h01 cuuse or 

incren.se the risk of developing ccnnin disenscs. Examples include mutations in lhe gene 

encoding SERT lhnt nrc nssociotc:d \\ilh symptoms of obscssi\ e-<ompulsl\ e disorder, 

Aspcrgcr's syndrome, anorexia nnd outlsm (Kilic et nl., 2003). 

2.2.21\tONOAl,UNE 'fltANSPORTERS 

The trons-mcn1brnnc trnnspo11 of neurotransmitters is of primary importance for proper signoling 

bct,veen neurons. 1l1c lrnnspo11 processes ore mediotcd by distinct closscs of men1brun0 tmnspo11 

protein thnt hove key roles in controlling lhc: ncurotmnsm111cr concentration in the synnptic clcfi 

(Gclhcr et nl., 2006). These 1ronspo11ers con be clwed ns intrncel1�1lor ves,culnr transporters tht11 

ore responsible for sequestering tmnsmiue� from the C)1oplBSm into synoptic vesicle!>, and 
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plasma membrane transporters that are responsible for sequestering released transmitter from the 

extracellular space. There arc three subclasses of introccllular transporter· the vesicular amine 

transporters (SLCl8) gene family. the vesicular inhibitory amino ocad transporter family 
(SLC32) and the vesicular glutamate transporters (SLC 17) gene fa,nily. 

There are 1,vo major subclasses of plasma n1cmbronc transporter: the high-affinity glutamate 

transporters (SLCI) gene family and the No+/Cl-couplcd transporters (SLC6) gene family. The 
loner subclass is the largest and includes transponcrs of dopan,inc. serotonin. noradrenaline. 
glycine and GABA. 

As mentioned previously the monoomine transponers ore of therapeutic significance os targets of 

antidepressants. Classical tricyclic antidepressants target primarily NAT and/or SERT; selective 

5-HTrcupuike inhibitors (SSRJs) ore specific inhibitors of SERT. and 5-I IT-norodrcnolinc­
rcuptnke inhibitors (SNRls) ore octi\'e ot both SERT and NAT (Leonard. 1997)

2.2.3 LINK BET\VEEN Tl-1£ SEROTONERCIC Al�D OR.ADRE ERGIC SVS'fEl\1S 

Chronic odminiruation of antidepressants enhances the inhibitory response of fore brain neurons 

to microiontophoreticolly applied 5-IIT. This enhanced response is blocked by lesions of the 

noradrcncrgic projections to the cortex. This dual effect could help to explain enhanced 
scrotonergic function that arises afler chronic administrotion of antidepressants. Conversely, 

impairment of scrotonergic function by means of sclccthe ncurotoxins (e.g. 5, 7-

dihydroxytr)'pl.rulline) or a 5-IIT S) nthesis inhibitor (c.g pnmchlorophenylnlonine) lnrgely 

prevents the decrease in functional acll\fity of cortical P-odrcnoccptors that usually arises 

follo,\ing chronic antidepressant trentmcnl. 5-IIT1b receptors arc located on serotonergic ner'\'e 

terminals and net as outoreceptors; stimulation by serotonin decreases the further release of this 
amine. Chronic adm1n1s1ra1ion of  selective SSRls slowl) desensitize!> the inhibitory 5-HT 1• 

outorcceptors.ond thereby cnl1anccs serotonin rclcosc (Tome cl nl , 1997). 

Likc,visc, the 5-IIT,, somotodcndritic receptors inhibit the n:lcnse of serotonin and it 1s 

postulated thnt the enhanced release of the 1ronsm1ucr follo\\ing chronic administration of SSRls 

is a consequence of adoptive do\vn-rcgulotion of the inhibitory 5-H r11 receptors (Blier et  al, 

1990). The validity of this hypothesis is supported by the phnrmocologleo.l effect of 5-!--IT1, 
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nntngonists. Thus, the beta-blocker ond S-HT11 antagonist pindolol. in co1nbination ,vith 

Ouoxctinc or poroxctinc, may cnhoncc: the therapeutic cfficocy or the SSRI ond. in some studies. 

reduce the time of onset of the pcnk thcrnpcutic effect (Ton1e et ol.. 1997). I IO\\'Cver, several 

investigators have not been-able to replicate such findings (McAskill et nl., 1998). 

Serotonin con also rcgulntc dopamine turnover. Slimulntion or the 5-HT cell bodies in the 

median rophc causes reduced firing of the subs1nn1ia nigra, \\/here dopamine is the mnin 

ncurotronsmiucr. Serotonin ploys on imponnn1 role in modulating dopaminergic function in 

many regions or the brnin, including the n1esolimbic system. The effects of some on1idepresson1S 

1h01 sho,v an app3rent seleelivi1y for the serotonergic system could be nscribed 10 secondory 

changes in dopaminergic pnth,vays (McAskill et nl., 1998). 

2.2..t. ROLE OF TIT£ GLUTAI\-IATERGIC S\'STE!\'I IN TllE ACTION OF 

ANTIDEPRESSANTS 

The glutamntergic system is the moin excitatory neurotronsminer po1h,vny in the brnin. Tricyclic 

ontidcpresssants (TCAs) inhibit the binding of dizokipine 10 the ion chnnncl of the main 

glutamate m:eptor, the NMDA-receptor in the brnin (Reynolds and l'vlillcr. 1988). Nc\\-Cr 

nntidcprcs.sants hove a quali101ivcly similor effect (Ki1oynn10 et ol .. 1997). \Vhcthcr this is due 10 

din:1:1 action on glul3Jnatc receptor sites or indirect oction via the glycine receptor site is 

un�rtain Glycine and drugs modulnting tht: glycine sue sho,v antidcprcssont-like octi, it) in 

animal models or depression. TI1us, antidepressants moy act os functional I tvlDA receptor 

antagonists. 

2.2.S. I ITRACELLULAR CllANGES TIIA'I' OCCllR FOLLO\Vl'IC: C'IIRO'IIC' 

ANTIDEPRESSAN"l'TREATr.lE ''I' 

The coupling of the NOMA-receptor on the cell surface to the 1ntrncellulnr second messenger is 

brought about by o mcn1bcr of  the 0-protcin fon1ily. Bcta-ndrcnoceptors ore linked to ndcnylotc 

eye Ill.SC and, depending on the subtype of receptors, 5-1 IT is linked to either odenylatc cyclase (5-

IIT11, 5-IIT1b) or phospholiposc (S-IIT1,, S-HT1,), Activation of phospholipnsc results in an 

introccllulor incrcnsc in the secondary n1essengcrs diacylglyccrol nnd inositol triphosphote (IP)). 
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the IPJ lhen mobilising intraneuronnl calcium. The net result of the octivotion of the secondnry 

messenger systems is to increase lhe activity of the various introccllular protein k1nnses (termed 

third messengers) that phosphorylate cell proteins 10 produce a physiological rcSJ>OnsC. Roeogni 

et al ( 1991) hove investigated the effect of chronic 11Dtidcprcssan1 trcotmenl on the 

phosphorylotion of proteins associated \vith the cytoskektal s1.ructure of the nerve cell. 

Antidcpressllllts could affect the fw1c1ion of the cytoskeleton by changing the component of the 

associated protein phosphorylation system. Thus, both typical (e.g. desipromine) nnd atypical 

nntidcprcssonts (e.g. (+) oxaprotiline, a specific nomdrenoline reuptake inhibitor, and fluoxetine, 

nn SSRJ) increased the synthesis or D microtubule fraction These changes occurred onl) afier 

chronic antidepressant trca1n1ents. Antidepressants might thereby change neuronal signal 

transduclion processes distal to the receptor (Racngni et al., 1991 ) . 

2.2.6. GLUCOCORTICOID RECEPTORS: ADAPTIVE CHA GES FOLLO\VING 

ANTIDEPRESSANT TREA"fl\lENT 

Glucocorticoid receptors have been identified in the nuclei of ca1echolQminc and 5-111'­

conlllining cell bodies in the brain. Glucocorticoid receptors act1vote deoxyribonucleic acid­

binding proteins, which can modify the transcription of genes. Chronic administration of 

imiprominc increases glucocorticoid receptors in rot brain, particularly the norodrcncrgic and 

scrotoncrgic cell body regions (Mansbach et al., 1997). 

Lymphocyte glucocorticoid receptors are subscnsuhe in patients \Vith depression. The failure or 

the negative feedback mechanism that regulates the secretion of adrenal glucocorticoids further 

suggcslS that the cenunl glucocorticoid receptors arc subscnsitivc. ll)'J)Crsccrction of cortisol ls a 

characteristic. feature of many patients \villi major depression (Dinn.n, I 99-1). Cen1rnt 

neurolrtlJ\Smission occurring in depression mny, in pan, result from the effects of chronic 

glucocorticoids. Glucorticoid synthesis inhibitors (c g. mct)ruponc) 1111,y be nhlc 10 n:ducc the 

abnormality in neurotronsmillcr function by decreasing the cortisol conccn1rn1ion. 
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Typical antidepressants increase the density of glucocorticoid receptors in rats. Such nn effect 

could increase the ncgati\•c fecdbnck n1cchonism lllld thcrcb} reduce the rclcru,c of corti$ol. In 

support of this hypothesis, there is preliminary clinical evidence that metyrapone (and the steroid 

synthesis inhibitor ketoconbzole) mny hnvc antidepressant effects. Recently. several lipophilic 

lllltngonisls of corticorophin-rclCtlSing factor (CRF) type I receptor. ,,h,ch nppenrs 10 bt: 

hyperactive in the brain of pnticnis ,vith depression. hove been sho,,11 to be active in onimal 

models of depression. Clearly, this is o potentially important oren for antidepressant development 

(Mnnsbnch et ol., 1997). 

Olucocorticoid receptors are present in high densit) in the amygdnln. and neuroimoging studies 

hove sho,vn that the amygdaln is the only structure in which the regional blood no"' and glucose 

metabolism consistently correlate positively ,vith the severity of depression (Lesser cl al., 1994). 

This hypcnnetabolism appears to renect on underlying pothologicol process as it also occurs in 

asymptomatic patients and in the close relatives or pntienis. 

2.2.7 EFFECT OF A ITIOEPRESSANTS O 'ENDOCIUNE-l�li\lU R l�UNC'flO S 

Stress is fr"-quently o trigger factor for depression in vulnerable patients. Corticotrophin-relcnsing 

factor is  clcvn1cd in the CSF of untreated patients ,vith depression, which presumably lends to the 

hypcrconisolocmio that usually nccompnnies the condition. One of the consequences of elevated 

plosn1n glucoconicoids is o suppression of some aspects of cellular immunity. lony osix-cts of 

both cellulor (for example, natural killer cell activity, T-ccll replication) 1111d non-cellular (for 

example, raised aeule phase proteins) in1mun11y ore obnom,nl in untrcah:J patient:. "ith 

depression (Song nnd Leonard, 1995). This may contribute to the susccptibilit> of patients "ilh 

depression to physical ill health. 

A link bct,vccn CRF, the cyto�ines that orchcslmlc mon> D}pec� or cellular 1n1n1un1t) and the 

prostaglond1ns of the E series hos been the subJcCt of eon�idcrnble resclrch in n.-ccnt > car, 

Pros111elandin E2 (POE2) conccntrotions ore raised 1n the plnsn1n of untrentcd patients ",th

depression and ore normalised follo,,ing effective treatment ,vith TCAs. R1uscd POE2 

• 
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concentrations reflect increased proinflammntory cytokines (pnniculnrly interleukins I nnd 6 ond 

tumour necrosis f:lctor), \\hich occur as o consequence of incrcnscd macrophage activity in the 

blood and brain. ln the brain, the microglin function ns macrophages ond produce such cytokines 

loc.illy. Thus, the increased synthesis of PGE2 may contribute 10 the reduction in amine release 

in the bruin that nppco.rs 10 underlie the pathology of depression. It has recently been postulated 

thot nntidepn:ssnnts nom,alisc central ncurotransmission by reducing brain conccntrotions of 

both the cytokincs and PGE2 by inhibiting central and peripheral rnacrophagc activity together 

,vith eyclooxygcnasc type 2 activity in the brain. Cyclooxygenose is the key enzyme in the 

synthesis of the prostaglnndins. The usefulness of TCAs in severe rhcurnatoid anhritis may 

reflect the inhibitory action of such drugs on cyelooxygenase activity. These effects of TCAs, 

together ,vit11 those in glucocorticoid receptor function, may thus nom,olisc defective centrol 

neurolrnnsmission (Song and Leonard, 1995). 

2.2.8 1\NTIDEPRESSANTS AND CHANGES IN NEtJRONAL STRUCTURE 

Another possible mechanism ,vhcreby antidepressants inn} change the physicnl relationship 

bct\\'CCn neurons in the brain is by inhibiting neurite outgro,vth from nerve cells Amitriptyline 

inl1ibits ncuritc outgro\\1h from chick embryonic cerebral explants /11 l'/l·o (\Vong et al., 1991 ). A 

common mode of action of all antidepressants could be to n1odify the octuol structure of nerve 

cells and possibly eliminate inoppropri:11e synaptic contacts that are responsible for behaviouro.l 

and psychological changes associated ,vith depression. 

It is also possible that chronic antidepressant treatment may nffect pnth\,a) s that involve receptor 

interactions ,vith protein tyrosine kinases, b} increasing specific gro,\llh factor S) nthcsis or b}' 

rcguh11ing th� 11cti\lity of proinflommotory eytokines (Duman et ol., 1997). These poth\\11)'5 

control many aspects of neuronal function that uhimntely underlie the ability of the brain 10 

odapl ond respond 10 environmental s1in1uli. The infusion of one of 1hcse transcription foc1ors 

(brain-derived neu1rophic foc1or) into the mid-brain of rots results 1n on1idcpresson1-likc octl\ 11y 

(Siuciak et ol , 1996), an action associated "ith an 1ncrca.sc In th..: synth�-s,� of  lr) ptophon 

hydroxylosc, the rote: lim111ng enzyme in the syn1hcsis of serotonin. 
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2.3 PAJN 

Pnin is one of the common sy1nptoms in medicine nnd i� suid to be the prime cause of one third 

of all first consultations. \\lhilc curing the causntive condition usunll) relieves the pain. it  may on

the other hnnd continue beyond its diagnostic usefulness, either because the disease is  itself 

incurable, or because irTCvcrsiblc nna1omical chnnges lead to continuing noxious stin1ulation 

(Bowsher, 1987). Acute and chronic pain control is no,v n major concern �pccinlly ,vith 

population aging nnd associated pain of the chronic degenerative conditions of the elderly such 

as ostcoanhritis, post-herpetic neuralgias, trigeminnl neuralgia, renex sympathetic dystroph)'. 

'thalnmic pain syndrome' and molignon1 diseases. Thus in nn aging population the medical, 

social, and economic consequences of chronic pain may be expected to increase (Bowsher. 

1987). 

2.3.1 PAIN AND THRESllOLDS 

Pain is not a simple, strnigh1fol"\vard sensory experience, in the mann�r of seeing or hearing, as it 

hos both emotional nnd physical components (Baldry, 1993). TI1e definition of pain 

recommended by the International Association for the Study of Pain is  that it is nn unpleasant 

sensory and emotional experience associated ,vi1h nc1unl or potential tissue damage (r\ l�·r-.1..e, 

1979). For n given noxious stimulus the intensity ,,�th v,hich pain is felt varies from person 10 

person, nnd ,,ith regard to this a distinction hos to be made bt1,veen an individual's pain 

threshold and pain tolerance (Baldry, 1993). The pain threshold, like other sensory thresholds, is 

fairly constant, but pain tolerance level defined as the runoun1 of pnin o subject is  prepared to put 

up ,vith, varies enormously and clinically patients do not usually seek medical ndvice unul the) 

are beyond pain tolerance level, that is the degree of pain ,vithin \\hich an individual can usefully 

be measured by using o visual nnalogue pain scnle (80\\)her. 1987). There m, ho,vcvcr. several 

methods used to measure pain including the McGill Pn1n Qucs11onnn1rc - a , crbal sclcc11un 

method; the Submnximal EITon Tourniquet Test - n comparative physical 1cs1 method; the Visual 

Analogue Scnlc - n progressive method using n I O cm line anchored by 2 extremes of pain; lhe 

IOI-point Numencal Rnting Scale (NRS-101) - n progressive nun1crical scaling method from 1-

100; nnd several bchavioml nnd verbal rating scnlcs. A compmson of methods of measuring 

clinical pnin intensity fnvoured the NRS-101 numcncal rating scale ns the most practical inde:-., 

to the degree tha1 n sLandord measure of pain intensity 1s needed to fncihtute eon1parisons of 
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treatment outcome, nod to index chronic patient's pain intensity levels at difTen:nt times in their 

lives (Jensen. 1986). 

2.3.2 ·rvPES OF P,\lN 

Pain is occnsionally purely psychogenic, though this is some,vhat rare. but more oflt:n (\\ hen 

seen from a ,vcs1cm neurophysiologic vie,vpoint) i t  is an organic physio-emotional experience 

occurring either as a result of the primnry octivotion of ,•isceml or somatic nociccptors, by 

di sense, tmuma or fron1 potentially damaging stin1uli, (nocigcnic or nociccpth e p:iin), or as a 

result of actuol damage to the peripheral or centrol ncn ous system (ncurogcnic or neuropathic 

poin) (Bnldry, l 99J}. Referred pain is pain felt in a site or zone some distD.nee from the primnry 

site. There is much evidence to support several explanatory mechanisms for this phenomenon. 

ond there arc variations by case too, but it remains unclear ,vhich of these mechanisms are 

significoot at this tin1c. Toe slructures identified, so for. in the complex processes of pain and 

pain relief include the sensory receptors. their ossociotcd afferent nen c fibers. the dorsnl horns. 

ascending and descending path\\'Bys, the rctlculor fomiation in the midbro1n and n1cdulln. the 

thnlrunus, the limbic system and the cerebral cortex (Baldry. l 993). 

2.3.3 NOCIGENIC P,\JN, l',\JN R£CEl'1'0R.S, 1\NO TIIEIR 1\PFEltENT NERVE 

FIDERS 

Although the experience of nocigenic pain ultimotcly depends on interpretative processes in  the 

neurons of the cerebral cortc'C, it occurs primaril) as o result of o noxious s11mulus octivnung 

myclirulted and unn1yelinotcd nociceptors (Baldry, l 993). T,vo distinct types of receptor nnd 

peripheral nerve fibcrs subservc 1,vo distinct sensory e>q>ericnccs; A-d nociccptors. ,vith n 

multipllnc1111e receptive field, tronsducc pricking or stabbing sensations (fllSt or first pain) ,vhich 

cause organisms to withdro,v, ,vhilst C-polymodol nociccptors, usually in a single receptive orca, 

convey mesSllges gcncn11cd by tissue damage, (slo,v or second pain), \\h1ch cow.c the orgDr1ism 

to immobilize. A-d nociccpto�. ore connected to the sp1nol cord's dorsal horns , i11 mcdiun, 

diameter myelinotcd A-d nerve fibcrs, nnd ore found mainly 1n nnd just under the skin. They are 

octiVllted by noxious stimuli such ns pressure, surgery, ischemi11, �hnrps nnd nre kn0\\1\ ns high­

threshold mcchnnorcceptors. Some ruso respond to heat nnd ntt kno\',in as mechnnothcrmal 

nociceptors (Boldry, I 99J}. 
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1l1e pain impulses, as afferent information, pass :llong the A-d libers and C libcrs to the central 

nervous system. A-b mcchanoreccptors are also present in the skin, muscles, tendons and joints 

ond ore not responsive 10 noxious stimuli but ore activated by innocuous ones such as light touch 

and hrur movement. A-b proprioceptors in muscle are present in the form of Type I muscle 

spindles, and in tendons as tendon organs. 1l1cy arc connected to lhe spinal cord's dorsal horn via 

lnrge diameter A-b myelinotcd nerve fibers. 

C-pol)'modnl nociceptors: are connected to the spinal cord's dorsal horns via smoll diameter

unmyelinated C ofTercnt nerve libers. The)' ore called pol)'lllodal because of their ability to

respond to a mechonicol. thermal or chen1i�I stimulus. Ho,,-e,er, such octivntion is invoriobly

only produced by chemicals released as o result of the ensuing tissue d'1mnge. The C nerve libers

connected to those present in muscle are called Group rv libers. It is the stimulation of C

polymodal nociceptors in any deeply situoted tissue such as n1uscle that leads to the development

of slo,v onset pa.in, characterized by a ,videspreod, ill-defined, deep seated and dull aching

sensation. This octivntion is due to the cITects of substnnces released and triggered by lhe

damaged cells, ,vhich include bradykinin, his1nn1inc, leukotrienes, prostnglondins, platelet

activating factor ond subsequently substance P released from sensitized C-sensory efferents

There arc 31so a certain number of A-d (Groups II and Ill) nerve libers in muscle. (Nen·c libers

are clnssilied by size and according to ,vhether they originate in skin or n1uscle· large diameter

myelinnted nerves A b [skin] or type I [muscle) cnrry 'touch' and proprioception, rcspecti,el>··

Small diameter myelinoted A d (skin) or types II and Ill [muscle) carry 'pain'; the smallest

unmyelinoted C (skin] ond type I\/ [muscle! also cnrry 'pain' Types II, Ill, I\/, and C also Clln') 

nonpainful messages (Stux ond Pon1crnnz, 1991 ),

2.JA NEUROGE!'l'lC P1\f' 

Burning and/or stabbing neurogcnic pain is caused by lesions of the nervous system, resulting in 

structurnl dnmage to the peripheral or central nervous units, rather than by receptor stimulation 

as described abo\'e. Ncurogcnic poin is much less n:sponsivo: thnn nocigcnic pnin 10 the 

eleclroWllllgesio techniques of evoking activity in endogenous opioid peptide and non-opioid 

peptide mediated pain modulating mechanisms. It is also mostly resistant to nnrcolic annlgcsics. 

as ,vell as the endogenous opioid peptides, but con sometimes be relic, cd by sympathcti� 

blockade, lricyclics (which facilitate norodrcnergic inhibition) and nnticon, ulsants (80\\'Shcr, 
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1987). However, some elderly patients with ncwogenic pain respond very "ell clinic111ly to 

electrical stimulntion. 

2.3.5 TIIE DORSAL IIORN ANO SEG!\IENT1\L rECllANIS!\1S

TI1e cells of 1lu: spinal cord arc arranged in lo>e� or lw111nuc. )i>. 1n lln: dor...il hl)nt l 1-V I), thn:c 

in the vcntrnl horn (Vil-IX) nnd n_n nddi11onal column of cells clustered nround the cent ml ennui 

ns Lomino X (Onldry, 1993). Titc lllin unmyeliru11cd C nociccp1ivc oifcrents u:rn,inate mainly in 

Laminae I and II ,vhcrc their nxons secrete Subs111ncc P (SP) or Vasooetivc Intestinal Polypeptide 

(VIP), according 10 whether they a.rise from somatic structures or visccrnl ones respectively. The 

medium size myelinoted A-d affcrcnts 1emina1e chiefly in Laminae I II ond V. 111c A -b affcrcnts • 

on entering the spinal cord. give off branches ,vhich ntnkc con1uc1 \\Ith i:.im,nu-wninobut)ric 

ocid (GABA)_ ,ncdiatcd intcmcurons but n10s1 pllSS directly up the dorsal colurnn 10 the mcdulln 

oblongato's grocilc nnd cuncntc nuclei. Axons fron1 these nuclei fon11 the mcdiul lcminiscus 

\\'hich tcnninatcs in the 1holomus. 11,e medial leminiscus is connected, vio the nntcrior prctcctol 

nucleus, 10 the perioqucduc1nl grey 11rco in the midbroin at the upper end of the opioid peptide 

mediated serotinergic descending inhibitory S)'Stcn1 (Oaldry, 1993). As o result of these 

coMections. A-beta afferent ac1ivit) 1s enabled to bloc!,. the C afferent input 10 the spinal cord h> 

promoting nc1ivily in this descending system (Bo,vshcr, 1991). 

It lllercforc follo\\'S 1h01 the high-frequency TransculllJlcous Elcctricol Nerve Stimulation 

(TENS), \\•hieh exens its pain modulating effect by recruiting A-b nerve libers. could be seen 10 

achieve this effect portly by these libcrs ,vhen stimulated evoking activity in the opioid peptide 

mediated desccndtng inhibitory system and portly by llicm evoking activity in dorsal horn 

GABA-ergic intcmcurons (Baldi). 1993). 

There arc lliroe main types of dorsal horn transmission neurons - lo,.,,-tnrcshold mechonorcccp1or 

cells, nociceptive-specilic cells, and \\ide dynamic range cells ,vhich nrc responsible for 

transmitting sensory oifercn1 infon11a1ion 10 the bmin. 'The dorsal horn excitatory nnd inhibitory 

neurons modify the C oITcrcnt nociccptive lnfon11a1ion before reception and projection by llu: 

dorsal horn transmission cells. 
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2.3.6 P llYSIOLOGY OF PAIN: PATII\VAY OF PAIN 

The sense orgruu for pain ore the naked nerve endings found 1n ahnost every tissue of the body. 

Pain impulses ore transnlilled 10 the central nervous system by l\\'O fibre systems. One nociccptor 

system is made up of small myclinoted A6 fibres 2-5µm in diameter, \\hich conducts nt rates of 

12-JOm/s. The other consists of unmyelinated C fibres 0.4-1.2 µm. these loner fibr.:s ore found 1n

the lateral division of the dorsal roots nnd ore onen called dorsal root C fibres. The) conduct 111 

the lo,v rote ofO.S-2 m/s. Both fibre groups end in the dorsal horn. A6 firbres u�nninate primarily 

on neurons in lam inns I ond V, ,vhcrens the dorsal root C fibres tenninote on neurons in laminas I 

and II. There is obundMt c,ridence that the synaptic mmsmiuer secreted by primlll')' afTerent 

fibres subserving pain in subsUJnce P (Melzack end \Vall. 1965). 

Some of the axons of the dorsal horn neurons end in the spinal cord and bro in s-tem Others enter 

the a.nterolateral system, including the lateral spino1halam1c troct. A fe,v ascend in  the 

posterolnteral ponion of the cord. Some of the ascending fibres proJect 10 the specific sensor) 

relay nuclei of the thalamus and from there 10 the cerebral conex. Positron Emission 

Tomography and �1agnetic Resonance Imaging (tvlRI) studies in nonnal humnns 1ndico1e that 

p;lin activates lhree conical erens: SI, SIi nod the cingulnted gyrus on the side opposite the 

sumulus. The cingulated S)TUS is invohcd in emotion, and cingulated gyrcctom) hos been 

reported 10 lessen the distress associoted ,,ith chronic pain. 

Pain is produced by excitation of nociccptor. Sensation is carried b) ofTercnt fibres of  Lh.: dors;il 

root ganglia to the substantial gel,uinos:i of the spinnl cord or by the croniol nen•c V to the bruin 

stem lrigeminal nuclc:,.r complex. from these sites, the sp1no1holamic neurons cnrry sensory 

impulses 10 the thalamus ond then 10 the scnsory-discnmint1llve inipulse� to higher centres of 

p;un pcrcepuon Another S)'Stcm is concerned \\'lth the unplctbllllt and o,cn.1\:c nspc<:b ot pain 

scns3tion., and 1nvol\'CS the lbCcnding re1icular-ac11vnllng system thnt projects 10 the concx , 1:i 

mcdilll thalamie nuclei and 10 the limbic nrc:is This system Lhlb p:irt1cipa1es in the cmotioiul 

aspect of p�n and Is concerned with the suffenng aspect arousing the desire 10 cscopc pain 

2.3.7 TI!£ GATE CON"rROL THEORY 

Melzack and Wall (1965), de"cloped their no\\-famou) th�-ol') on pain mcchmllsms. \\h1ch 

postulated thot in each dor&1I horn of the spinal cord there 11 LI gato-lil..e n,cch.lnism ,vhich 

inhibits or fa.cilillllCS the now of afferent Impulses into the spirul cord before it c,oL.es p.un 
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perception and response. Their theory ,vns proposed as on ohc:mnlhc 10 the spceilieity theory of 

pain, ,vhich holds lhnt p.1in is o specific modality "ill, its o,vn specialized sensors, neuronal 

path,,'tlys ond centcrs ond ll1e pnnem lheory which maintains lhat stimulus intensity of  

nonspecific receptors and centrnl summation ,vere the critical detenninnnts of pain. TI,e theory, 

as originally propounded, stnted that the opening or closing of the 'gnte' is dependent on the 

relati\1e activity in the la.rge dia.rneter (A-b ) ond small diameter fibcrs (A-d ond C). \Ylth activity 

in the lnrge dia.rnctcr fibers tending to close the 'gate', and activity in the small diameter fibcrs 

tending to open it (Ba.ldry, 1993). Research by Ganison ond Foreman (1994) supports this theory 

insofnr as their study sho,vs that dorsal horn neurons \\•hich con potentiolly tronsmit noxious 

information to supruspinnl levels. con have tl1eir cell activity decreased during TENS application 

to somatic receptive fields. These findings ore consistent ,,ith the concept or the 'gate control 

theory .of pain' in tlult less noxious infonnntion would be invoh cd in the pain perception process 

(Gmnson ood Foreman, I 994). They nJso sho,ved that there is n difTcrcntiol efTcct in that more 

cells respond 10 conventional high frequency, lo,v intensity (TENS) vnrinbles than the) do 10 lo,v 

frequency, high intensity (TENS) vnriables. 

The g.ate control theory proposes that the subs1on1i11 gelatinosn. '"hich cops the grey rnaner of the 

spinal horn in the spinal cord, is the essentinJ site of control. The control mechanism is referred 

to os a 'gate' and is operated by external ond inu:mal influences. Pain impulses cnn only pnss 

through when the gate 1s open, and not ,vhcn it is closed (Davis, 1993). So if nociccpth e input 

exceeds A -b libcr input, then the gate is open and the pain impulse 11Scends the sp1na.l cord to the 

bruin. If A-b libcr input exueds nociceptive input then the gate is closed and the pain 1mpuJse IJJ 

stopped or diminished due to the action of the inhibitory neurotransmitters and, therefore. docs 

not p3SS up lhe spilllll cord (Davis, 1993) An esscn111ll pan of the theory e,er since the time 11

V.'llS first put fol'\,utd 1s tlut the pos1uon of the 'gate' is in odd111on influenced b> the brain's 

descending inhlbnory system (llaldry, 1993) 

2.J.8 NON-OPIOID PEPTIDE I\IEDIATED DF..SCENDI G YSiEl\t

It is now accepted that there a.re several descending control S)�tcrM. Clnd thnt, ,vhcrco.s one of

these is op101d pepude mediated, others must be mcd1Gted by , nriollS other troJUm1ltc� /1. to�t of

these lulve )'Cl to be discovacd and their ln1Jl.Smi11crs 1dcn11f'icd llo\\e\ er, �lelzacl.. onJ \\'all in

1988, describe one such system 11131 1s l..no\\ll to ha"e its origin In the dorsollucral pons ,,.here
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nor:idrenalin-contnining cells projec1 into the spinal cord (Baldry. 1993). It is also possible thal 

there is n1ore than one system active nt nny given lime. 

2.3.9 CHDtlCAL t\lEDl1\TORS OF PAIN 

In most cases, acute pain resulting from excessive mechnnicol or thermol s1imuli persists even 

after lhe removal of the stimuli. This continuous feeling of pain in the absence of stimulus 

indico1es the role of inflnmmo1ory ogcnlS 01 lhc site of injury, ac1ing os pain mediators. This 

therefore confirms the fnct that apart from mcchnnicol or thermal origin; pnin cnn be of chemical 

origin. Chemicol (inflornmo1ory subslllnces) thol mediate poin ore: prostoglnndin. subslllnce P, 

kinins, histnmioe nnd scro1onin. 

2.3.9.1 Kinins 

The kinins arc po,verful nlgesic agents lho1 couse nn intense, burning pain ,vhen applied to lhe 

exposed base of a blister. They nre of '"'O types: brudykinin and kallidin. Brod}kinin excites 

prilll!l1) sensory neurons and pro\'okes lhe release of ncuropc:ptidcs such ns substance P, 

ncurokinin A and cnlcitonin gene-related peptide (Gcppc:lti, 1993). In acute prun, 82 receptors 

mediate bradykinin nlgesio. This pain is sign1ficantly rcductcd b} 01 nntngonist but not by 81

nnlllgonists (Nancy et a.I., 2001). 81 receptor is a G- prolein-couplcd-7-ll1ln.Smcmbro1ne-domnin 

receptor that Dctivates phospholip:ise A1 and phospholipase C, opp:1rCntl} vio in1cruction \\1th 

distinc1 G proteins. Brodykinin complexes ,vith ii and produces its cellulor crfc:1:ts through 

producuon of VOllous 1n1r:icellular messengers. 

2.3.9.2 Pros111gl1ndlns 

Prost.:1glandins are produru of cyclooxygenllSC p:uhwuy They ore formed from polyuns:itunucd 

fauy acid; ar.ichidonic acids 1ha1 nre released in response to physiological insults and play an 

impol'lllnt role ns p31n mcdio1or Prostoglondins ore a.ssocio1cd pnn1cult11ly ,vith the de,elopment 

of pain that occomp31lies injury or 1nOornmi11ion. Pro.51.llglnndiru cause pain "hen injected 

intn1dcrmally; lhese effects arc general!� not u immediate or intense as lhosc cnuscd by 

brodyldnin or hist.amine, but they outlast those caused by the other autoco1ds (Nanc) et al , 

2001). 

Proswglandings themselves do not induced pain cxcepl at , er) hi&h d o  ,es, but they can 

pot.cntinte pain Induced by olhcr algcs,c substances. The) arc thought to scns111.2e the 
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nociceptors. The cap3city of prostaglandins to sensitize pain receptors to mech11nical and 

chemical stimulation hllS been confirmed by electrophysiological meBSuremcnts and appears to 

result from a lo,vcring of the threshold of the polymadal nociceptors of C fibres. This \\'3S funhcr 

demonstrated by Nancy et al. (2001 ), who rcponcd that PGE.s and PGI scnsiti,e the nrrcn:nt 

nerve endings to the erfccts of chemicnl or mechnnical sumuli by lo\\cring the threshold of the 

noclceptors. Hyperolgcsin nlso is produced by Lcukotricnc B4 (L TB�). The rcle<1Se of these 

prostnglnndins nnd L TB• during the inflammatory process thus serves as nn amplification system 

for the pain mechanism (Mone.ado et  al., 1978). 

2.3.9.3 Substnncc P 

Substance P is present predominnntly in the neurons composing the dorsnl horn of the spinnl 

cord. Substance P (SP) nn undecapeptide is present in the sensory neurons. lnls peptide is found 

in association \\'ith pain fibres llS in the skin or dental pulp. The central branch of the sensory 

fibres containing substance P tcnnirullcs mainly in the dorsnl horn of the spinal cord. Strong 

nrrerent stimulation releases substance P from the perfused cord, indicating that substance P is an 

excitatory neurotransmitter of the first arrcrent synapse of the pain path,vny (811ldr)', 1993). 

Ho,\'ever, since excitation produced by substance P 1s markedly slo,ver thnn that induced by 

natural stimulation, substance P hos been proposed instead 10 net llS a ncuron,odulntor that 

modifies neuronal excitability. Substonce P is also ,videly distnbuted in the central nervous 

system and has been sho\\11 to produce algesic and analgesic action depending on the species, the 

dose and the route of ndn1inistration (Boldry, 1993). 

2.3.10 RELIEF OF PAI \\111'11 A ALGE IC 

Analgesics ore the drugs of choice in poin n1nnagcmcnt They act on nervous system to relieve 

pain nnd distress ,vithout loss of consciousness. Analgesics constitute the most \\idcly used 

mc:dicotion, since p:iin occon1panlcs injury ond most diseases. 

Poin n1ay be relieved by: 

1. Eliminating painful stimuli at their point of origin;

2 The npplicntion of physical measures or ancsthetics to the point to ,vhich the 1>3in is 

referred or to the hyperirrltoble scgn1ent of the cord; and 

3. Interrupting the impulses which convey the pain by anncsthcuzing or destroying the

nerve tracks.
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2.3.11 ANALGESIC AGENTS 

Titese ore the drugs thnt produce analgesia ,vithout rendering the patient unconscious. They nre 

grouped into 1,vo diO'crcnt chisses based on their mechanism of actions. 

o. N11rcotie onolgcslcs: they arc also called opiotc nnd opioids. Examples ore morphine, heroin

etc. TI1cy oct Centrally ond hence coiled ccnunlly acting onolgcs1cs 

b. Non-n11rcolic nnnlgesics: They arc also kno,,n o.s non-steroidal onti-inflommotory ogcnts.

Examples nrc o.spirin, indomcthncin, ibuprofen etc. They h11vc ontipyrctic ond in sonic instances 

on1inflomn1otol')' activities. Unlike nnrcotic nnnlgcsics, their nctions nrc prcdominontly 

peripherally. 

2.3.12 J\1ECHANIS�t OF ANALGESIC J\CTIO 'S 

Morphine depresses polysynnptic reflexes in the oociccptivc system; this includes the psychic 

correlates ,,·hich ore also nctlvotcd by the oociccp1ivc system (Rong et al.. 2005). Due 10 the 

large number of opiate receptors in the central nervous system, n comprehensive understanding 

of the mechnnlsm of net ion of morphine in the various regions of the central nervous system hns

so for eluded us. Morphine c:-.cns ils effects not only in the brain {suprnspinal sites of net ion), but 

olso in the spinal cord (spinal sites of action). II is evidently by ii action on opiate receptors in the 

substnnlia gclotinoso of the spinal cord that the latency of polysynaptic reflexes in this orcn 

(Oigh1 reflex) is prolonged {Davis, 1993). This holds good even in spinoliz.cd onimols. a foci 

,,1hich suggests 1ha1 the nsccnding axons in the spinothalnmic tract possess opiale rcccplors 

,vhich must be n:gnrdcd ns possible silcs of ac1ion for pcplidcs ,vith opiate-like cfl'cc1s ond may 

be connecied ,,ith descending pa1h,voys front the rcuculor formation. The analgesic action of 

morphine in the spinnl cord 1s utilized in the procedure kno,,11 ns spinal nnnl1:csiu. 1\n

intralhcccal or cpidurol injection or morphine produces nnalgcsia '"hich diITcrs its c:ITcct is 

confined 10 pain sensations ond fight nnd Oight rcOc:-.cs. these and only these arc abolished. 

2.4 EPILEPSY 

Epilepsy is a major neurological disorder chamc1crizcd by recurrcn1, spontaneous brain seizures 

or convulsions and its prevalence in de"cloping countries is  generally higher 1han in developed 

countries (Sander cl nl., 1996). Epilepsy is the second mosl common neurological disorder nfier 

suokc ond it is estimnted that approximately 0.8% or lhc populntion is oITc:cled by some form of 

epilepsy (Pitkoncn et al., 2009). Recent studies suggest on increased risk or dying ond a greater 
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proportion of dcoths that ore cpih:ps)·reln1ed in Africa as high o., a ,ix-fold increase in mortalhy 

in people ,vith epilepsy. This is higher than the two-10-lhrec fold increase reported 1n developed 

coun1rles (Chris1ionson et al., 2000; Diop cl al., 2005). Though not clear, the reasons for lhis gap 

might be due 10 sociol depriva1ion (Sander, 2003). Recen1 doto suggest that people from soc10-

ecooomicnlly deprived bnckgrounds in developed counlrics nre more likely to develop epilep�y 

(Henney et nl., 2002). This neurological disorder is  vie,ved os a shameful disorder and hos severe 

socinl implico1ions in Afncan communi1ics os it ea.mes n s1ign1u Sufferers 01\! often shunned nnd 

discriminn1cd against \\ilh respecl 10 cducntion, cmploymen1 nod ma.niage (Baskind et ol., 2005). 

Drug therapy of cpih:psy ,vilh currently ovailoble An1iepilep1ic Drugs (AEDs) is associated ,vi1h 

side erreclS, dose-rcla1ed and chronic toxicity 1h31 involve virtually every organ system. 

Moreover, air the curren1ly avnilnble AEDs have po1en1ial for adverse eITeclS on cogni1ion and 

behaviour (Somren e1111., 1997; Duncan, 2002). 11,c practice of pol)pharmuc) in lhc therapy of 

epilepsy has increased lhe risk of side errec1s and drug in1eroc1ions. It cnn be snid 1ha1 oil 

problcn1s ,vii.I, the current AED therapy of epilepsy nrc more prevolcn1 in underdeveloped 

counlrics due to lack of fncili1ics for proper diagnosis, treatment and monitoring of scrum levels 

of  AEDs. Another critical issue associated \\ilh currently nvoilnble AEDs is recent clinical and

cxpcrimcn1nl do1n that strongly suggest that AED therapy does not alter the course or  natural 

history of epilepsy and 1hough ArDs suppress the seizures, 1hey moy not affect the underlying 

disorder (Chnd,Yick, 1995; Shinnnr and Berg., 1996; Loscher, 2002). Only n few AEOs have 

been sho,\'11 to be an1iepilep1ogenic including valproate ond phenoborbnone (Silver et nl., 1991; 

Duncan, 2002) ond levctirocctnrn (Loschcr cl nl., 1998; Duncan, 2002} bu1 these ore not \\'ell 

subs1an1ia1ed. llicrc is pressing need for funher research especially in the field of 

phnnnncotheropy of epilepsy 10 find drugs \\hich are not only anticonvulsnnL but also 

onticpilcptogenics 1h01 ci1her preven1 epilepsy or alter its nn1urol course. No1urol produclS and 

plants for lli111 matter, used in trudilional medicine con be on invaluable source for scorch for 

novel antiepilcptic compounds (Meldrum, 1997). 

2.-tl PATnornYSIOLOGY OF EPILEPSY 

A variety of different electrical or chemical stimuli con easily give rise 10 a seizure in any normal 

brain. The epileptic seizure al\\O)S reOccts abnormal hypersynchronous elc:ctncal oc1ivily of 

neurones caused by an imbalance bcl\\'Cen excitation and inhibition in the brain. Neurones nre 
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interconnected in II complex net,vork in ,vhich each individual neurone is linked through 

synopses ,Yith hundreds of others. A small elcctric.tl current is discharged b} neurones to release 

ncurotrnnsmiuers of synoptic levels to permit communico11on ,vith each other. Nlorc than 

hundred neuro1ransmi11ers or neuromodulotors bnve been sho\\'ll to play a role in neuronal 

cxcitotion. I lo,vcver. the major exci101ory ncuro1rnnsmi11er in the bmin is L-glutrunate and the 

major inhibitory neurotronsmiuer in the brain is gamma-amino bu1yric acid (Gt\BA). An 

nbnormal function of either of these could result in a seizure. An excited neurone ,viii activnte 

the next neurone \\•hcrens an inhibitory neurone ,viii no1. A normal neurone dischO"RCS 

repetitively 01 o lo,v b3Sclinc frequency, Md it is the integrated clectricoJ activity genemted by 

the neurones of the supcrficiol loyers of the cortex that is recorded in a normal 

elec1roencephnlogmm. If neurones nrc dan1agcd, injured o r  suffer electrical or metabolic insult, n 

change in the discharge p;1ltem mny develop. In the case of epilepsy, reguJnr lo,v-frequency 

discharges ore replaced by bursts of high-frequency discharges usually follo,,-cd by periods of 

inactivity. An epileptic seizure is triggered when a ,,hole population of neurons discharges 

S}'llchronously in on obnonnol "'llY, This obnonnnl discharge may remain localized or it may 

spread to adjacent nreas, recruiting more neurons ns it spreads. 

2.-t2 ROLE OF CADA AND GLU'rA�l,\TE IN TIIE PATIIOGENESIS OF EPILEPSY 

It is important to eniphosizc the role of ncurolnlJ\smillcrs especially, r-amino bu1yric acid 

(OADA) and glu1amnte 1n epilcptogcnesis, since they nre the 1nnjor inhibitory and excitatory 

tronsmittcrs in 1J1c central nervous system, respectively, and the fact that generation of seizures 

has been nllributed lo imbalnnce bcl\\'een excitatory and inhibitory ncuro1ransm1ssion in epileptic 

bruins. 

The GAl3A ploys nn important role in regulation of neuronal cxci1abilit) and impairment of 

GABA function produces seizures (Olsen cl al , 1997). Conipounds thol enhance GAl3A­

medinted inhibition nrc an1iconvulsan1s (SicghM, 1992: Scholze et nl.. 1996). GABA exerts its 

major inhibitory crfec1 vio OABAA receptor (,\hich is o ligand-gated ion channel) by increasing 

ncuronoJ membrane conductance for chlondc ions causing membrane hyperpolnrization resulting 

in reduced neuronal cxci1abili1y and most rapid inhibition in  brain (Sieghan, 1992). OABAA 

receptor Is torgc1 for many important ncuroac1ivc drugs including nnticpilcptic drugs 

bcnzodiozcpincs and barbiturn1cs (Sicghort, 1992; Scholze et al., 1996). OADAA receptor 
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consists of live subunits that form a chloride ion chnnncl (�1ocdono.ld nnd Olsen, 1994) The 

subunits consist of various subtypes and pho.rmocolog,cal studies hn-.c sho,,TI !hot individual 

subunits and sub1ypcs confer different scnsi1ivitics to ogcnb ncung on GABAA receptors 

(Neelonds cl ol., 1998). It is posrulotcd !hot exposure of GABA to postsynop1ic receptors for o 

brief period of time resuhs in gcncrotion of Inhibitory Post•Synoplic Currcn1s {IPSCs) (Hill et ol., 

1998). GABAA receplor-mcdiotcd miniature LPSCs ploy important physiological role in 

prevcn1ing lhe de\'elopmcnt of ncwonol hypcrcxcilObility {Snlln et ol., 1996). Decrease in 

GA BAA from recep1or-medio1ed IPSCs is observed in cells from hippocompi of animals ,vilh 

chronic experimenlol epileptic seizures nnd hurnnns ,vilh chronic 1ntroctnble 1empoml lope 

epilepsy (lsoka\\'ll, 1996) . 

• 

GluLDmotc is the n1os1 irnponont cxcillllory ncurotronsmincr in oJI rapidly conducting reloy 

pnthwuys of the n1otor nnd sensory systems of lhe outer tube of the ccnlrol nervous system. It 

produces fnsl or prolonged S) noptic excillltion nnd triggers various cnlciun, dcpendcnl processes 

in the target cells, including produclion of nitric oxide {Bienvenu cl ol .. 2002). Glutomotc is a 

tmnsmincr in the conicospinal, conicostriotol palh,vnys, introhcm1sphcric and interhemispheric 

association pnth,voys, hippoeompal circuits, primary ofTcn:nts, nnd somntoscnsory ond special 

sensory path,voys, ccrcbcllnr olTerents nnd cxcitolory inter-neurones. Glutamate nets via tv.•o 

types of receptors, ionotropic gluiomotc receptors (iGluR) ,vhich on: ligand-goted cot ion specific 

channels nnd rnetnbotropic glutnmntc reccp1ors (mGluR) ,vhich arc O-pro1cin-coupled receptors. 

lonotropic glut.1n1u1c receptors ore classified according lo their prototype ogonists: NMDA CN· 

mclhyl·D·aspnnnic), kninite nnd AMP/\ (olpho-omino-J-hydroxy-5-methyl-4-isoxazolc 

propionic ocid). Pmcticolly all ogonists are able to induce cpilcp1ic seizures and bruin domage 

,vhcrcas nntogonists have been shO\\'D 10 be nnticonvulsant (Mores et nl., 2004a; !vlorcs et o.J .. 

2004b). n,e role played by metobotropic glu1nmo1c receptors depends on lhe type of receptors: 

activation or lypc I is proconvulsnn1 nnd convulsonts, ,vhc:n:a.s activation of type II Oild Ill is 

nn1iconvulsnn1 (!vtoldrich et nl., 2003). 

Epilepsy mny arise ns o consequence of o drornotic release of glutnmntc from ccnuul nerve 

terminals. Sustained seizures of the limbic system in experimental nnimnls resuh in brain dnmagc 

that resembles glutnma1e toxicity. Similar changes nrc seen 01 autopsy in patients ,vith intractable 

epilepsy. In animals such seizure-n:loted brain damage n1ny be reduced by 1he administration of 
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non-competitive NMDA receptor antagonists. but it \\'Ould nppcnr thnt not oil seizure 11c11vit) is 

suppressed by drugs (Leonard, 2003). The precise mechnnism \Vhercby persistent seizure octivity 

results in neuronal degeneration is not completely understood. It seems possible that repetitive 

depolarization nnd rcpolnriwtion of the nerve membrane cvcntunll) lends to nn energy-deprived 

state \vilhin the cell, thereby pre\ en ting the n:storation of the cell membrane potential. Each 

dcpolnri7..ntion \viii nlso lend to nn infllL'< of c.nlciwn ions Md cffiu.-< of potassium ions, \Vhich if 

prolonged, CM result in cell death. The reduced efficiency of glial cells to remove potassium 

ions, and the ability of high extracellular concentration of potassium ions to dcpolnriz.c neurons 

and cnuse ncurodegencrativc chMgcs also piny a critical role in causing the degenerative 

changes 1h01 arc II feature of stnlus c:pilcpticus and intractable epilepsy (Leonard, 2003). Recent 

advances have indicated that OADAA receptors \VOrk synergisticoll) ,vith NtvlDA receptors to 

incrense lhe infl\L'< of calciun1 ions Into ncuroblnsts and immature neurons. This is essential for 

the modulation of early CNS devclopn,cnl (Delorey et ol., 1999). It is evident that GABA is a 

critical inhibitory trnnsmillcr nnd seizures can rapidl) be elicited by pharmacological disruption 

of GABAergic mechanism {Feldman nnd Felder, 1991 ). Drugs hove also been developed to 

moduliite gluto.rnic ncid function Reduction of cxciuuory gluto.rninergic ncurotransmission is 

potenliolly imponnnt; A�1PA rcccptor blockade prob:ibly contributes to the nn1icpilcp1ic effect 

of drugs such as lomotrig1nc (Lee et ol. 2008). 

2.,t3 TYPES OF EPILEPSY 

TI1e clinic:il classi!ic111ion of epilepsy recognizes I\\O categories, namely; paninl seizures nnd 

generalized seizures, although there arc some overlaps and many varieties of each. A seizure is 

said to be p1u1ial ifil is restricted too regional distwboncc. Partiol seizures nre those in \vhich the 

discharge begins locally and often remains loc:ulizc:d. These moy produce relatively simple 

syrnptorns \\1thout loss of consciousnesses, such as involuntary muscle contractions, abnormal 

sensory experiences or autonomic discharge or they mny cause more complex effects on 

consciousness, mood and behaviour, often tcnncd psyc:homoior epilepsy {Rang et ol .. 2003). 

Gcnernli1.ed seizures involve the \vholc brain, including the reticular system, thus producing 

abnormol electrical activicy throughout both hemispheres. Immediate loss or consciousnesses 1s 

chnrncteristic: of generalized seizures (13ienvcnu et al., 2002). The n1ain cotegorics arc 

gcner:ilized tonic-clonic seizures (grt111d run{) and absences seizures (petlt 111a{). A generalized 

tonic-clonic seizure consists of an initiol strong contraction of the \\•hole n,usculoture, causing a 
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rigid extensor spnsm. Respiration slops and dcfoccotion, mic1uri1ion ond snliv::11ion oncn occur. 

This tonic phase lasts for obout I minute ond is followed by a series of violent, S) nchronous 

jerks, ,vhich gradually dies out in 2-4 minu1es. Most types or epilepsy ore cboroc1crizcd by more 

lhan one type of seizure. Patients ,vilh focal (or �inl) epilepsy may have simple �iciJ, 

complex partial and secondarily generalized tonic-clonic seizures (e g. �inl seizures ,vith 

secondary gcnemlization). Patients ,,ith generalized epilcps) ma) have one or n1ore o f  the 

follo,ving seizurc types: absence, myoclonie, and tonic, clonie, tonic-clonic and otonic. Thus, no 

seizure lypc is specific for o single type or epilepsy. Seizures ore symptoms, and patients should 

be treated for n type of epilepsy, not for n type of seizure (Benbndis et ol, 2001). 

2.4.4 CAUSES OF El'ILEPSV 

TI1c cause of convulsions must be clenrl) understood through some precise observations. TI1c 

type of seizure depends on the site or the focus in lhc brain. Epilcp1ic ottock con be cnused by 

biochemical insults to the bruin, such ns hypoglycaemia, onoxio, hypocolcaemin, 

hyperven1ilo1ion, ,vatcr intoxlc.otion and sudden ,vilhdm,val of certain drugs such os bnrbiturntcs 

or alcohol (Bienvenu et nl., 2002). Epilepsy can also be caused by previous active pathology, 

such us birth trnun10 to the brain, during or following n1en1n1111b, tr,1111110 to the :.l..ull w1d b1.iu1 

Inter in life, cerebral abscesses. cerebral infarction, cerebral hncmorrhnge or subnrachnoid 

haemorrhage (Bienvenu et al., 2002). further nnnlysis sho\\'S that the blockade of post-synoptic 

gnmmn-runino butyric acid receptors or nn inhibition or GABA S)nthesis is the principal origin 

of brain discharge. According to Bienvenu et nl. (2002). nn epileptic attack con be triggered by a 

sensory stin1ulus, ,vhich is specific for individuals. T o  date, there is no single unifying 

explanation as to ho,v these diverse factors cause seizures Hence. it is difficult to determine the 

exact cause of epilepsy, even though it hns been possible to invcs1ign1e the physiologicnl c,cnts 

,vhich pnrticipatc in the genesis of epilepsy. 

2.4.S �tECIIANIS�'I OF ACTION OF ,\NTIEPILEPTIC DRUGS 

\Vith the exception of volproate, the established AEOs tend 10 hove clearly defined, single 

mechanisms which faciliu11cs the prediction or effectiveness of treatment on the basis of 

phDITnocology. At the cellular level, three major mechanisms or action of nnticpilcptic drugs are 

m:ognizcd; modulation of ion channels, cnhMccmcnt of GABA inhibitory ncurotmnsmission, 

and attenuation or glutnmotc mediated cxcimtory transmission (K,vnn et nl., 2001). 
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2.-tS.11\IOOULATION OF ION CHANNELS 

The intrinsic cxcitnbility of the nervous syslem 1s uh1ma1cly controlled by vohage-gotcd ion 

channels ,vhich rcgulntc the no,v of cations across surfocc ond internal cell membranes. The 

sodium channel is nrguobly the most imporlllnt ond responsible for depolarization of the cell 

mcn1branes n�d the charnctcristic upstroke of the neuronal action potential. Blockode of voltogc­

goted sodium channels is the most common mcchonisn1 of action omongst currently nvniloble 

AEDs (Deckers ct ol., 200)), \\lell established AEDs. phcny1oin and corbrunnzepine ore 

prototype sodium chnrmel blockers and this mccluinisn1 is shored by the ne\\·cr drugs lomotrigine, 

felbnmate, 1opirama1e ond oxca.rbazcpine (Deckers et al., 200)). These drugs moinly bind to the 

inactivated stote of the sodium channel ond produce o vohagc- ond frequency-dependent 

reduction in chnnnel conductoncc, resuhlng in a limi101ion of repetitive neuronal firing ,vith liltlc 

or no elTect on the generation of single action potentials (K \\'llll ct ol., 200 I), Voltoge-gotcd 

calcium channels, likewise sodiun1 channels, ore in,ohed in dcpolM21111on. oflen recruited in 

response to initial sodium-dependent action potcntinl gener:11ion Colciun1 chw1ncls ore 

distributed throughout the nervous system on dendrites. cell bodies and nerve terminals. The t{.,

J>. and Q·type calcium channels hove been implicated in the control of neurotransmitter relensc 

at lhe synapse, ,vhcrens the T-type chnrmel. expressed pn:dominantly in the tholnmocorticnl relay 

neurones, is believed to ploy o role in the distinctive rhythmic discharges of generalised absence 

seizures (K \\'lln et al • 200 I) These chwincls represent a 1nAJOr 1nrge1 for AEDs. Ethosu.xirnidc 

cfficncy against generalised absence seizures is believed to be mcd101cd by blockade of the T­

typc calcium chwinel {Deckers et al .. 2003). E\'idc:nce suggests 1h01 volpro:nc n1ny hove similar 

e!Tccts {Deckers et al, 2003). Lomotrigine has also been reported to limit ncurotrnnsmitter 

release by blockade of the N- and J>- subtypes or voltage-sensitive calcium channel "'hile 

gobapenlin binds to the a26-subunit oflhc L-t)pe channel (K\\•on et al.. 2001).

2.4.S.2 ENIIANCEI\IENT OF 1Nl11BITORY 'EUROTRA SI\IISSION 

GAOA is the prcdominnnt inhibitory ncurotrnnsmittcr in the mnmmolian central ncr, ous system. 

Follo\ving synoptic rclcnse, GABA nets 01 three specific receptors, GABAA, GABAB, and 

GAOAC (Deckers et al., 200J). Titc GABA belongs to the ligand-gntcd ion chnnncl superfomily 

and responds lo GABA binding by intl'Cllsing chloride conductance, resulting in neuronal 

hyperpolarirotion. GABA is rcrnovcd from the �) nnptic clef\ into locoliscd nerve tcrm,nols ond 

glial cells by specilic transport molecules. TI1ercaf\er, GABA is either recycled 10 the readily 
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relensnble neurotrnnsrnincr pool or mctnbolizcd by the action of lhe mitochondriol enzyme 

OABA-lro.nsnminnsc, thereby completing the cycle {K\\'llll et Ill., 2001). Phenobarbillll nnd the 

benzodiazepincs bind to distinct sites on the OABAA receptor con1plcx and exen o.n allosteric 

influence on the opening of the chloride ion chn.nnel in response to GABA. Phcnobarb11nl 

increases the dumtion of chnnnel opening, ,vhile the ben20diazepinC3 increase the frequency of 

opening (Deckers et nl., 2003). Vigob:itrin and tiagnbin excn their ontiepilcptic actions by 

selective effects nt the OABA synnpse. Vigabntrin is on irreversible inhibitor of the enzyme 

GABA·lmnsnrninase, ,vhilc tiognbin prevents the uptake of  GABA from the synoptic cleft by 

blockade of the OAT-I transporter. 

2.4.S.3 AT
T
ENUATIO OF EXCITATOR,, NEUROTlv-\NSI\IISSION

Olutnmote is the principal cxcitntory neurotransmitter in the n1amn1nlinn brain. f-ollo,ving 

synoptic release, it exerts its effects on both ionotropic and mctobotropic receptor types. The 

ionotropie glutnmatc receptors arc arguably the best chnrocterized and ore classified into three 

subtypes, AMPA, kninite and NMDA, ,vhich form ligond-gntcd ion channels pcrmenblc to 

sodium and depending on subtype and subunit 15 composition, calcium ions. The AMPA ond 

koinite subtypes arc in1plicn1ed in f11St excitntory neurotmnsmission, \\hcrcas the N�tDA 

receptor, quiescent ot resting n1cmbmnc potential, 1s recruited during periods of prolonged 

dcpoloriz.ntion (K,von ct nl.. 2001 ). None of the current AEDs ovnilnblc exens its 

phormncologicol effects solely by on action on the i:lutomatcrgic system (Deckers et nl.. 2003). 

Ho\\-ever, bl<><:kndc of the NMDA subtype of glutanuuc receptor hns been reported 10 contribute 

to the onticpileplic cffcctS of fc:lbnmate (Deckers et ul., 2003). Topirnmote is similarly 

distinguished by on inhibitory ocuon on NvlPA receptors. Funhcrmore, several AEDs hli,c been 

reported to reduce glutamate rclcnsc, oltl1ough this effect moy be more indicntivc of their actions 

on calcium channels than o direct effect on tho glutamotc system (K,vnn et nl .. 2001). 

2.5 �tEOICINAL PLANTS ,\ND HEllOAL I\IEOICI E 

The term "herbs" n:fers to plants or pans of them, including grasses, no,\crs, berries, seeds. 

lcnves, nuts, stems, stalks and roois, "hich arc used for their therapeutic and hcnhh- enhancing 

properties. Generations of skilled herbal practitioners, researchers ond scholars hove refined nnd 

tested the vnst science of herbolog)'. producing thousands of plont-bnscd remedies lhnt ore snfe 

and effective. The proper nnd judicious use of hc:rbs is ofien successful in the treatment of illness 
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rele!!Snblc neurotronsmincr pool or metnbolizcd by the action or the mitochondrilll enzyme 

OABA-trunsruninasc, lhcreby completing lhc cycle (K,,-nn et ol., 2001). Phenob.lrbiml ond the 

benzodinzepincs bind to distinct sites on the OABAA receptor complex lllld exen o.n ollosteric 

influence on the opening of the chloride ion channel in response 10 GABA. Phenobarbitol 

increases the duration of chMncl opening, \\hile the benzodioz.cpines increase the frequency of 

opening (Deckers et ol., 2003). Vigobatrin nnd tiogobin cxcn their nntiepilcptio actions by 

selective cfTccts 01 the GABA synapse. Vigabauin is nn irreversible inhibitor of the enzyme 

GABA-tronsnminnse, ,vhile tiogabin prevents the uptake of OAOA fron1 the synoptic clcn by 

blockade of the OAT-I transponer. 

2.4.S.3 ATTENUATION OP EXCITATORY NEUROTRANSl\llSSION 

Ohnllmnle is the principnl cxci101ory neurotransmitter in the mammnlinn brain. Follo,ving 

synoptic relense, it cxens its cfTecls on both ionotropic Md me1obo1ropic receptor types. The 

ionotropic glu1nmn1e receptors nrc orguobly the best chnmctcrized nnd nre clnssilied into three 

subtypes, AMPA, kninite nnd NMDA, which form ligand-gnted ion chaMels permeable 10 

sodium nnd depending on subtype nnd subunit 15 composition, calcium ions. The AMPA 1111d 

kainite subtypes ore implicated in fns1 excilatol') ncuro1ransmission, ,, hcrens the N�1DA

receptor, quiescent 01 resting membrane potential, is recruited during periods of prolonged 

depolarizntion (K ,vnn et ol.. 200 I). None of the cumnt AEDs ovniloblc exerts its 

pharmocologicol effects solely b) on action on the glutnmatcrgic system (Deckers et nl.. 2003). 

However, blockade of the NMDA subtype of glu1nn101c receptor hns been reponed 10 contribute 

to the onticpileptic cfTccts of fclbnmatc (Deckers c:1 ul., 2003). Topirnmnte is similarly 

distinguished by nn inhibitory action on A�IPA receptors. Funhermorc, several AEDs ltn,e been 

reponcd to reduce glutnmotc release, nllhough this effect n,ny be more indicative or their actions 

on calcium channels than o direct effect on tho glutarnatc system (K,,'llll et a.I.. 2001). 

2.5 l\'IEOICINAL l'LANTS ,\ IJ IIEllllAL �IEDICINE 

11,e term "herbs" refers to plMts or pans of them, including grasses, Oo,vcrs, berries, seeds, 

leaves, nuts, stems, stalks and roolS, \\1hich a.re used for their therapeutic nnd health- enhancing 

propcnies. Generations of skilled herbal prnctilioners, researchers nnd scholars hove relined and 

tested the va.st science of hcrbolog)'. producing thousands of plnnt-boscd remedies that are safe 

and effective. The proper and judicious use of herbs is onen succcssrul in the trcatnu:nt of illness 
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\\'here other, more convcntionol medicines and methods foil. TopiClllly, herbs con repair 

dnmaged skin, soothe a ,vound, impro\lc complexion, heol bruises and relieve aching muscles. 

Herbs iicmonstrute gn:ol versatility for the tre:itment or o broad variety o f  health needs. People 

\\'Orld-ovcr long applied poultices ond imbibed infusions of thou.snnds of indigenous plants 

dating to prehistory. lluman disease management in Nigerian history also provides evidence of 

the relationship of plants and medicine (Ayondele and J\debiyi. 2007). The medicinal nora in the 

tropical cco-rcgion hos a preponderance of plants that provide ra,v moterinl for addressing a 

range of medical disorders and phormoccutical requirements. Collectively, plants produce a 

remarkably diverse array of over 500,000 lo,v molecular moss natural products also kno,,11 as 

secondllr)• melllbolitcs (F'otope et ol., 200 I). The medicinal value of these secondary metabolites 

i s  due to the presence of chemical substances that produce a definite physiologicol action on the 

human body. The most in1ponont of these include: lllknloids. glucosides. glycosidcs, steroids, 

flavonoids, fatty oils, phenols, resins, phosphorus nnd calcium for cell gro,vth. replacement, nnd 

body building (Chidmnbnro Cl ol., 2003). 

\Vhile medicinal plants ore the octunl plants themselves, plant/ herbnl medicines ore preparations 

mode from those plants Pinnt medicines ore the most ,vidcly used medicines in the ,vorld today. 

An cstimotcq ninety percent (90%) of the \\'Orld's population employs herbs os primary 

medicines (\VI 10, 2002). Drugstorc shelves in the United Stote ore stocked n1ostly ,vith synthetic 

remedies, in other ports of the \\Orld tltc situation is quite different. In ports of Europe, for 

cxomplc, pharmacies dispense herbs prescribed by physicians. Natural plon1-bosed remedies arc 

used for both ocutc and chronic health problems, front treaung cornmon colds to conlf'Olling 

blood pressure and cholesterol. Not so long ogo. this ,vos true in the United Stotc ns \\'CII. 

Plants ore the original source materials for os mony os 40% of the phormnceuticols in use in the 

United Stotes today. This is to soy thnt either the drugs currently contain plant-derived materials. 

or synthcsiud materials from agents originoll) derived fro1n plnnts. Some medicines. such os the 

cancer drug Tnxol (from Ttu11s bre1•ifo/ia) ond the nn1l-mnl11rinl quinine from Clnclrunu 

p11besce1is ore mnnufncturcd fron1 plants. 
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2.6 PSYCHOACl"IVE HERDAL l\1EDICINES 

St. John's \Vort (Hypcrlc11111 per/ora111m): Promoted for the treatment of mild to moderate 

depression (Hicks, 2011 ).

Kovn-knvo (Piper 111e1/rys1/c11111): Anxiety, insomnia (Hicks, 2011).

Vokrion (Valcria11a offlclnalls Mdtdulis). 1\n.'ticty, depression, insomnin. cnrdinc orrhythmitlS, 

sp:ismolytic (Hicks, 2011 ).

l\lnidcnhoir (Ginkgo blloba): Used mainly for memory deficits 1111d tinnitus (Hicks, 2011)

Asion ginseng (Panax gf,istng); Primarily marketed in the U.S. to improve energy 1111d physical 

or cognitive pcrform1111cc (I licks, 2011).

Chnn1omile: 'commonly used lbr insomnia nnd gostrointes1innl problen1s, ho,\'cver, no good 

do111 support either use. Receptor-binding studies hove found componenlS of chnmomile extract 

to bind 10 GABA receptors, hov,ever, there is no evidence confirming its cffcc1ivcness ns o sleep 

aid (Hicks, 2011 ).

Free ond Easy \Vnndcrcr Plus (lr£\VI'} Chinese nnme: Jio-\Vci-Xiao-Yoo-San}: Used for 

depression and onxicty. Cose studies hove reported bcneliciol cOcc1s in pnnic disorder. Li et. 111. 

(2008) report efficacy, sofe1y and tolcrabili1y in posl-stroke depression, in o nuoxe1ine nnd 

plnccbo-controllcd s1udy (Hicks, 2011 }.

Yokuknnsnn: A trnditionnl Joponcsc herbal medicine reported 10 in1provc behnviorol nnd 

psychological S)'lnptoms of dcn1en1in 

• Originally used for 1rc111men1 of insomnia, night 1errors;

• Cose ,:eports suggest th:11 it helps control oggrcssi\•c and impulsive beha, ior in patients

,vith borderline pcrsonolity disorder,

• Possible neuroprotcc1ive c1Tcc1s;

• Used in some hospitnls in Jopan for prcvcn1ion of pos1-operotive delirium: nnd

• Mechanism of nc1ion: pnrtinl ngon!s1 Dl 5-HT '" receptors, 5-HT 2..., nntogonis1, protects

against glutamotc-induced cxchn1ory ncuro1oxicity by amelioration of nstroc)•tc

dysfunction. (Hicks, 2011 ).
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Pap11vcr son1nifcru1n: the opium poppy yields a sap of narcotic opium, from \\hich the potent 

pain killer morphine is mndc. In the eighth century Pers,1111 caravans bore both opium lllld its 

methods of euphoric use 10 India nnd China. Simultnneously. opium nnd ilS products heroin lllld 

morphine established thcmscl\•cs nmong drug users nnd in the field of medicine. In modem 

medicine, morphine nnd its analogues remain unsurpassed poin killers. 

2.7 LESS COi\tr.tONLY USED HEflllAL i\lEDICINES 

• Ash,vngnndha (11'/tl,an/a so111nifera)

• Ba,u:la ho11p11

• Bmhmi (Bacopa 11101111/cra)

• Cnlifomio poppy (Escluo/t:/a cal(fornlca)

• Da11 :hi :ciao yao

• Gotu koln (Ce11tolla as/at/ea)

• Honge koboku-to

• Ho,vthom berry/leaf (Crntocgus spp.)

• Lovendcr(la\'a11cl11la spp.)

• Lemon bnlm (1\/ellssa offlc/1101/s)

• Lcmongmss (C;111bopogon c/1ra111s)

• Nclumbinus semen

• Poss ion no,vcr (Pass,jlora l11can1ata)

• Rose root (Rhocllola rosea)

• Saffron (Crocus satlv11s)

• Scullcop (Sc111ellar/o laterljloro)

• Sour date nut (Zi=;p!,us j11j11ba)

Herbal medicines remain indispcnsnble 10 modem phnm,ncology ond clinical practice. �luch or 

the cum:nt drug discovery and development process is plnnt-bnscd, and ne,v medicines derived 

from plants are inevitable . 

• 
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2.8 DESClllrTION o,� Out)( SUBSCORPIOID&I PL1-\NT 

0 s11bscorplo/den locnlly coiled ifon is a shrub tree or 10 m high. bole: 10 60 cm �irth ,,ith long 

thin, often drooping branches, but sometimes a mnn} ·Slemmed shrub; or deciduous forest nnd 

jungle os undergro,,'\h, nnd ns thickets in savunnn; across lhe Region from Senegal 10 \Ves1 

Cruncroons. It is nlso ,videly distributed in Nigerin. 

2.9 ETHNOJ\1EDICINAL USES OF Ol,,I){ SUBSCORP/0/DEA

Ethnomedicinal use or 0. �11bscorploidea varies ,vith people nnd 1mdi1ions. In Congo Republic 

ethnomedicine, decoction or stem nnd lcnves of 0. s11bscorploldea, is used 10 1rca1 rhcun1otis1n 

nnd anicular pains (Bouquet, 1969). Ethno-botnnical survey sho\\cd 1h01 ()lax lllbscorpioideo 

hos been indicated in the managemenl of nsthma in South \Ve.sl Nigeria nnd cancer (Soni bare and 

Gbile, 2008; fvlikc cl al., 2010). Its use in combination \\ith another planl in 1hc lrelllmcnl or 

anxiety and mental illness disorders hos been n:poned (lbmhim cl ol .. 2007). Adjnnohouo cl al. 

(1986) listed lhe leaves ns one of recipes used in the mnnogcment of convulsion. In some pnn.s of 

Africa, it used os nn1ido1cs, fcbrifuges and genital stimulnnts/deprcssan1s. It hos also been 

indicated in the n1nnogcn1en1 of vencl"Clll discnses. cutaneous. subcutaneous parasitic infcc1ion. 

2.10 PIIARJ\1ACOLOGICAL PROPERTIES OF Oul,"< SUBSCORP/0/DEA

Aynndelc and Adebi) i (2007) demons1m1cd its an1imicrobial activity Previous study hos sho,vn 

that stem of O s11bscorplolr/ea contains alkaloids, steroids, nnd llovonoids 1oge1hcr \\�th other 

netivc ingredients in 1hc cthnnoic ex1mc1 ,vith the exception of saponins ,,hich is present in the 

nqucous extract alone (Ayondcle and Adebiyi, 2007). Roots of O subscorploiden hos also been 

sho,,11 lo possess nnliulccr nctivity in experimcnt:11 mts as claimed by tmditionnl users (Uk,vc et 

nl., 20 I 0). 

2.1 I PIIYTOCIIEJ\tl TRY 

Phylochcmistry revealed presence of nlknloids, steroids, glycosides, snponins, navonoids nnd 

lcrpcnoids (Aynndclc nnd Adcbi)•i, 2007; Uk,,·c: cl nl, 2010) 
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2.12 TAXONOMJCAL CLASSIFICATION OF OLAX SUBSCORPIOIDEA 

Domllln: E11lwryota 

Kingdom: Plantae 

SubkJngdom: Virldneplantae 

Phylurn: Tra,:l,eophyta 

Subphyluru: Euphyllopl1ytl11a 

lnfrnphylum: Radiutopse:, 

Class: /11og110/iopsida 

Subchus: Rosidne 

Supcrordcr: Sa11tala11ae 

Order: Santalalts 

F11111 lly: Olncaceae 

Subf11n1ily: 0/acoldclle 

Genus: Olax 

Specific cpilhcl: s11bscorpfolcfea 

Do1onicol nun1c: - Olax s11bscorploldea 

h11p://zipcodczoo.com(Plon1stO/Olnx subscomioidea/t I /04nO 14 

• 
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Figure I. LEA VE!) <>F OLt.\' Sl'IIS('f)RP/0/f)F.,I 
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CHAPTER THR.EE 

3.0 l\lATERJALS ANO l\lETIIOOS 

3.1 PLANT l\1ATERJALS 

'The lc:nves of 0 .  s11bscorplofdeo \\'ere eolh:cted in  Februnry 2012 al the G1UT1bori Forcsl Reserve, 

lbndo.n. the Oyo s1n1e cnpi10I, Nigc:rin. The tn.xonomicol iden1ifico1ion nnd ou1hentication of 1hc 

plont ,vns done 01 the herb:uium section of the Foresuy Resenrch Institute of Nigeria (FRlN), 

lbndnn, Nigeria. A voucher specimen \\<ilh idc:ntific41ion number I 09924 ,,us deposi1ed and 

compared ,vi1h lhe reference specimen. 

3.2 PREPJ\.RATION OF PLANT l\lATERlAL AND DRUGS 

Air-<lried leaves (ISO g) ,,c:rc pulverized nnd sonkcd in SO"/o e1hnnol (1.5 L) for 48 hours. TI1e 

filtrolc ,vo.s concc:n1ro1cd ,vi1h a rotary evaporator 10 give a semisolid residue and evaporated 10 

dryness to fonn solid residue (8.7 g), II ,vns kepi in the desiccator for further use. The dried 

extract ,vns then subsequc:rtlly rcconst11u1cd in distilled ,vn1er at oppropriote concen1n11ions for 

the ,•orious experiments. All drugs o.nd the ex1mc1 ,vere dissolved in distilled \\'lller and 

administered by intmpcritoncnl (i.p.) roulc 
• 

3.3 w\BORATORY ,\Nll\l,\L 

S,viss Albino mice (20 - 25 g) of either sex used in this study ,vcrc oblll.incd from the Loboratory 

Animal Centre of the College oftvledicinc, University of lbado.n, igcria. The ani,nals ,vere kepi 

in ,vcll-vcntilo1e:d and hygienic compartments, mnintaincd under standard c:nvironmentnl 

condi1ions nnd fed ,vith s1o.ndard rodent pellet (Livestock Feed PLC. uigos. Nigeria) ond ,vntc:r 

ad libiturn. The c:xpc:rimcnto.l procedures odopled in this s1udy ,,·ere in accordance ,vi1h the 

Uni1ed Sillies National Institutes of I lenhh Guidelines for Core and Use of Lobon11ory Animals 

in Oiomcdicnl Research (NIH, 198S). 

3.4 DRUGS ,\ND CHEMICALS 

The chemicals used ,vcre· Ace1ic ocid (tvlay & Boker Lid., Dagenham, England), Fonnaldehyde 

(Griffin & George, Leics, l!nglnnd), Acctylsalicylic acid, (ASA) (Dispirin®: Reckin & Coleman 

Ltd., Pakistan). Morphine (Mortindolc Phormo®, Essex, Unilcd Kingdom), Nnloxone (Sigma, 
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• 

USA), Yohimbine (Sigma- Aldrich (St.Louis, MO. USA), rcscrpine (Pfiz.cr Inc., Nc,v York, NY, 

USA)., imiprnmine (Shnnghni Zhong.xi Phnrmoccu1ical Co., Ltd. Shanghai, Chino), 

Phenobarbitone (Sigma, USA), picrotoxin (Sigmu-Aldrieh, St. Louis, USA), strychnine (Sigma, 

USA) ond pcntylcnctctruzole (Sigma-Aldrich, St. Louis, USA) ,vere used in the current 

investigation, ciprohcptadine, proprnnolol, hnlopcridol nnd atropine 

3.5 ACUTE TOXICITY TEST 

The method described by Lorke {1983) \\'llS used to dctem1ine the LDso. \\hich is the index of 

acute toxicity. Albino mice {20 - 25 g) or either sex ,vero used. This method involved on iniliol 

dose finding procedure, in ,vhieh the animals \\'Crc divided into three groups or three animals. 

Doses or 10, I 00 and I 000 mg/kg ,vcrc administered intmpcritonc:nly (i.p.). one dose for each 

group. The treated animals ,vere monitored for 24 hours mortality nnd general bchuvior. From 

the results or the above step, four different doses of (SOO. 800. 2000 and 3000 mg/kg) ,vcre 

chosen o.nd administered i.p. respectively to four groups of one mouse per group. The treated 

animals \\'ere monitored for 24 ho�. The LD,o \\'IIS then eakuloted as the geometric ntcnn or the 

highest dose sho,ving no death and the lo,vcst dose sho\\ing death. 

3.6 NEUROBEHA VIOURAL ASSAY 

3.6.1 Novclty-i11d11c-ed rearing (l\1

/R) 011d groo111i11g (1V/C) i11111ic-e 

The bchovioral profiles of albino mice under the innuenee of the extract \\en: assessed singly in 

a ,vhitc plex1glns cage measuring (45 cm " 25 e1n x 25 cm). Beho,iouml measurements ,ven: 

conied out after i.p. odministrntion of vehicle (0.2 ml/20 g distilled ,vntcr) to group (I) and 

different doses of the extract (3.125, 6.25, 12.5 nnd 25 1ng/kg, i.p) to group (2-5) into mice (n • 

5). The onimnls ,vcrc placed directly from home cage into on opaque Plcxigl11S observation cage 

,vith only one side lrlll1Sparen1 for observation. Each nnimal \\US used only once. \\ith the 
• 

observation cage cleaned \vilh 70% ethanol oner each assessment 10 rcmo,c olfactory cue frorn 

previous animal to the other. The time of the cxpcnmcnt \\'OS kept constont (9.00 am-1.00 pm) 

doily to avoid changes in biological rhythm. The behavioural components employed in this 

obscrvntional analysis ,vcrc rearing and grooming (1\Joy1 et al.. 1994; Onigbogi et al., 2000). 

Diozcpnm (2 mg/kg, i.p.) administered to group (6) served os reference drug The frequency of 

rearing episode \VOS quanli lied by using a 1nanual counter onJ u Mop \\ Jtch I he tolUI trcqucnc > 

was summed up for each animal for the 30 m1n of observation tin1c. Rcnnng \\'l\S tal..en as the 
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number of times the mouse ,vas standing on its hind limbs or ,vith Its forelimbs against the \\'llll 

of the observalion cage or in  the f� air. Grooming ,,•os taken os the number of body cleaning 

,vith pa,vs, picking of the body and pubis ,vith mouth and face \\•ashing actions. In another set of 

experiments, mice were pretreated I 5 minutes prior \\ith neurot.rnn.smiuer blockers to evaluate 

the mode of actions of the extracts on novelty-induced behaviour in mice. The follo,ving receptor 

blockers ,vcrc used: atropine (0.5 mg/kg), naloxone (0.25), propanolol (0.2 mg/kg). holoperidol 

(0.2 mg/kg), ciproheptadine (0.5 mg/kg) and yohimbine {I mg/kg) (Aderibigbe et al., 2010). 

3.6.2 Exploratory be/1a11io11r 011 hole-bo11rd apparatus 

The effect of the cxunct on the frequency of head dipping ,vos determined in the hole-board ,,ith 

o number of boles (usually 16) in the noor through ,vhich the onin1al can poke its head. The test

is a measure of exploratory behavior tJ1a1 reveals sedative activity of agents. The animals ,vere

divided into six groups (n .. 5). Group (1) \\'!IS given distilled \\'3ter (0.2 mL/20 g. i.p). ,vhile

group (2-5) received 0. s11bscorp/oldell (3.125, 6.25, 12.S and 25 mg/kg, i.p) respecth1:ly ond

group (6) received dinz.cpam (2 mg/kg). TI1c animals ,vcre placed on top of the ,vooden board 30

minutes after administration of tJ1e extract at different doses. The number of times that each

o.nimal dipped its head into tJ1c holes ,vos counted for the period of 5 min (Dorr et al., 1971 ).

3.6.3 Loco111otor ncti11ity i11 I/rt optrr jic/1/ 

Motor activity ,vus measured in on open field oppnnnus consisting a ,vlute plcxiglos box (28 cm 

x 28 cm x 25 cm) ,,·ith o pointed block grid dividing the noor into 16 (7 " 7 cm) equal squnn:s. 

The o.nimllls ,vcrc divided into six groups (n • 5). Group (I) ,vns given the vehicle (0.2 mL/20 g 

distilled ,Vllter), "hilc group (2-5) ,verc given crude extract (3.125, 6.25, 12.S and 25 mg/kg, i.p) 

respectively and group (6) received dioz.cpnm (2 mg/kg). Thiny minutes oficr n single 1.p. 

injection of extract and control, the onilnols '"ere placed singly in one of the comers of the box; 

the number of squares crossed ,vith oll four pll\\'S \\'llS counted for 5 min. The c11gcs \\ere cleaned 

,vitl1 70% etl1onol at intervals when the onimtll 1s rc1novcd (Al.nnmu et ol , 2011). Dinzcp:un (2 

mg/kg, i.p.) administered 10 group (6), scr\'ed os reference drug. 

3.G • .f Tlrt >' 111nie tl!St

The Y-moz.c con be used o.s o measure for shon tenn ,vorking memory Spontaneous oltcmation

is o n1cosure 'of spatio! \\'Orking memory To ohemote an,ong spntial location, o mouse must

remember its previous location. Spontaneous nhcm111ion pcrfonnunce \\'OS assessed usin� a y.
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mnzc composed of three equally s�ced arms ( 120°, 41 cm tong x IS cm high). TI1c noors of 

ench nnn consisted of ,vood (5 cm ,vidc). The test \\'tlS carried ou1 using this apparolus 10 obLain 

resulls for sponlllncous nherruuion perfonnnnce (memory). The nnimols \\'Cre di\lided 1010 six 

groups. Group (1) ,vas given dis1illed ,voter (0.2 ml./20 g, i.p), group (2-S) received 0

subscorpioldea (3.125, 6.25, 12.S and 2S mg/kg, i.p) respeclivcly and group (6) received 

dio.zcpnm (2 mg/kg) 30 minu1es prior the observn1ion. Ench mouse \\'US placed in one of the orm 

compo.rtmcnlS usually tum C for consistency and ,vas allo,vcd to move freely for S min ,vithout 

rcinforccrs. An nnn entry is defined as the body of a mouse exccp1 for ilS toil complelely en1ering 

into on arm compartment The sequence of rum entries is mnnuolly recorded. An alternation is 

defined ns nn cnLry inlo all thn:c nnns on consecu1ive devices. The percen1nge nl1emn1ion ,vns 

expressed as the ratio of ac1ual nllemotions 10 possible nltemntions (defined as the lotaJ number 

of ann entries minus t,vo) muhiplied by I 00. Seven1y percen1 (70'Yo) ethanol ,vns used to clean 

the Y-mnzc at inlcrval (Aknnmu et ol., 2007). 

3.6.S Ele1·ated plus 111nie test 

The clcvlllcd plus maze 1cs1 \\11$ carried oul 10 assess for possible nnxiolytic effect of 1he ex1rac1. 

lt is a modification of the apparatus validated for mice by Lister (1987) consisting of 11vo open 

arms (30 x 5 x 0.25 cn1) nnd 1,vo closed anns (30 x 5 x 15 cm) emana1ing from a common cenlral 

phufonn (5 x 5 cm). TI1c apparatus is made: of ,,·ood, \\•ilh the 11vo pairs of identicoJ arms 

opposilc each other. The entire apparatus is c:levn1ed to a heigh1 of 50 cm above floor level. l11e 

animals \\ere divided inlo six groups or fi,c anin1ols each. Group (I) received distilled 1vn1cr (0.2 

mU 20 g, i.p). group (2-5) received O s11b.1corpfofd�a (3.125, 6.25, 12.5 ond 25 mg/kg, i.p) and 

group (6) received diazcpnnt (I mg/kg, i.p.) tlurty minu1e3 before observa1ion. At the st.art of the 

SCS5ion the mouse was placed at the edge of nn open onn, 1\'ilh ils head focing the center and 
• 

nJlo,,·ed to explore tl1c mazc for 5 min During this tcsl period, the fol101ving n1easuremen1S ,,-ere 

recorded: the to1al number or onn entries w1d the time spent in open and closed nnns. An cn1ry 

\\ilh all feel pul in10 one nrm is defined ns nn am1 cn1ry in lhis experiment. Seventy percent 

(704/e) ethanol was used to clean 1hc plus mn:z.c nOer c:nch nnimol 10 prevent odor bins. l'he Lndcx 

open :ums avoidance (IOAA) \\'OS dclennined i.e IOAA• 100 - ('Yo lime spent in open rums+ •10

en1ries into open arms)/2. 
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3.6.6 Pc11tobarblto11e i11d11ce<I J,yp11osls 

The experiment ,vns conducted follo\\ring the method described by Ferrini et ol. (1974). s,,,,ss

Albino mice (20-2S g) ,vcrc divided into live groups (n = S) in eoch group. Group (I) received 

the vehicle (distilled \\'Iller, 0.2 mU 20 g, i.p), groups (2-4) received extrnct (6.25, 12.5 and 2S 

mg/kg, i.p.). Group (5) received Diazep:1111 (2 mg/kg, i.p.) ns positive conuol. All the treatments 

,vcrc administered 30 min prior 10 the administration of pentobarbitone (40 n1g/kg, i.p.). The 

animals ,verc observed for the latent period (time between pentobarbitone odministrotions to loss 

of rig.l1tiog renex) nnd duration or sleep i.e. 1in1e bct,,ccn the loss and recovery of righting renex. 

3.6.7 1\Jo11itori11g of rl!cta/ hotly te111perat11re 

The recording or the rectal body temperature ,vns cnrried ou1 using a thermoprobe. The elTccl or 

the crude extract on the body temperature \\'RS performed in live groups of mole n1ice. Group (I) 

received the vehicle (distilled \\'Iller, 0.2 mU 20 g, i.p), groups (2-4) received extract (6.25. 12.5 

and 25 mg/kg i.p.). Oroup (5) received Dio.2Cpam (2 mg/kg. i.p.) os positive control. The probe 

of the thermometer ,vns inserted I.S cm into the rectum. The 1empera1ure of the animals ,vas 

recorded immediately before the ICSt and 30. 60, 90, 120 and 180 min oner the odministrntion of 

control and extract TI1e pre drug recording served M the: reference point for the de1em1ina11on of 

temperature change. 

3.7 ,\NALGESIC ASSAYS 

3.7.1 Acetic acld-l11t/11cecl writl,i11g test 

Acetic acid-mduccd \\'Tithing in mice ,vns carried ou1 according 10 the method described by 

Koster et al (1959). An11nals \\ere divided into live groups of li ,e mice each. Group (I) received 

distilled ,voter (10 mlJkg), group (2-4) received exuuct (12.5, 25, 50 mg/kg) rcspecu,ely \\h1lc 

group (5) received acctylsolicylic acid (150 mg/kg). Doth the standard drug and the C>,.tmct \\'ere 

odminis1crcd 30 min before induction or nociccplion ,\rith I O mlJkg of 0.6% acetic acid (i.p.). 

Five minutes aflcr 1hc odministmtion or occtic oc,d, numbers or ,vrithcs \\'Cre recorded ror 

duration of IS min. 
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3.7.2 For111ali11-i11d11ctd pa111 llcki11g test.

Formalin test ,vns carried out using the n1cthod of Snntos nnd CoJixto (1997). Animals \\ere

divided into five groups of  five n1icc eoch. Group (I) received distilled ,vnter (10 mL/kg), group 

(2-4) received extract (12.S, 25, SO mg/kg) respectively ,vhile group (S) received morphine (5 

mg/kg). Both the stnndllrd drug and the extrncl ,vere administered 30 mjn before induction of 

nociception ,vith 20 µL of lo/• formalin in the sub-plonter space of the right-hind pnw. The 

duration of pa,v licking as nn index of p:iinfut response ,vos determined 01 0-5 min (enrly phase, 

neurogenie) and 20.30 min (hlle phase, inflnmm:11ory) ofter the formnlin injection (Oyemitan et 

ol., 2008). 

3.7.3 Tail it11111trsio11 test

Hot ,,-nter-induced toil ,vithdnl\w] reflex os n model of nociception ,vos carried out according 10 

!he method of Jnnsscn et al (1963). Animals ,vere divided into five groups of five mice e�ch.

Group (I) received distilled ,vntcr (10 mL/kg), group (2-1) received extract (12.S, 25, SO mg/kg)

respectively ,vhile group (S) received ntorphine (S mg/kg). Thirty minutes later, the tail of each

onirnol (up to S cm) ,vos dipped in ,va1er at SS.O :t 0.2°C. The time (in seconds) ii took the onirnal

to ,vithdraw the tail clearly out of the ,v.11er ,vos token os the rc3ction time to pnin. The cut-off

time of 10 s ".is used 10 11vo1d tissue dt1J11oge. In ortlc:r 10 n.ssess possible invol\ement of opioid

n:ccptors. another 2 groups cont.tuning S mice each \\l!re randomly selected. o dose of e:<trnct (SO

mg/kg) and morphine (S mg/leg) \\ere ir11crac1cd ,,11h nolo"<one ( I mg/kg. i,p.). No.lo"<one \\'US

ndrninistcrcd IS min prior to administration of the extract (50 mg/kg) nnd morphine (S mg/kg,

i.p.) respectively. Thirty minutes later, the mic:e \\ere subjcc:led 10 the test ns described (Janssen

ctal., 1963). 

3.1.4 llot plate tut 

The bot plate test WD.S corned out 1n groups of mole mice acconling 10 Frunzo111 et al (2000) 

using a bot plate apparatus mnintnincd 111 SS :t: O.S •C Only mice 1h31 sbo\\ed init1ol nociecptive 

rcsponsa "ithin Is ,verc selected for the cxpcnmcnL The nnimals \\ere divided into fi,c groups 

of five mice cnc:h. Group (I) n:ccived distilled \\"Iller (10 mUkg), group (2-4) rttcived e�tnic:t 

(12.S, 2S, SO mg/kg) n:spccuvely while group (S) received morphine (S m1:11\.g) Thin) minute� 

after I.he 1re:itmen1, the rc:ictlon time of nnimals \\1lS rttorded A po 1-1rca1mcn1 C\11-oll u� of 

I O s \\-"IIS used 
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J.8 AN1'LDEPllESSANT ASSAYS

J.8.1 Forcetl Sll'l111t11l11g test (FS7)

l'vlnlc mice (20-24 g) \Vere used in  the forced S\vimming test (Porsoh et ol., 1977). �lice \\Crc 

nssigned to six different groups (n "' S for euch group). Group (1) received distilled \Wier (JO 

mUkg), grou'p (2-S) received cxtroct (6.2S 12.5, 25, SO mg/kg) respectively \Yhile group (6) 

received lmipnuninc (25 n1g/kg). TI1iny minuies lo1er. mice ,verc dropped one 01 a time inlo o 

Plexiglns cylinder (25 cm height, dinmcter 10 cm con1oining \\'Bier 10 o height of 10 cm 01 23· 

25°C) ond observed for 6 min. Aficr the first 2 min of the initial vigorous struggling, 1he onimols 

\\'ere immobile. A mouse \VII$ judged immobile if it f10111ed in the \VOler 10 on uprighl position 

nnd mode only slight movements 10 prevent sinking. The tollll durouon of immobility \WS

recorded during the Inst 4 min of the 6 min tesl 

J.8.2 Tail S11spe11sio11 Test

The totnl durouon of 1n1n1ob1lity follo,ving toil su:.pcnsion \\fiS mcasurc:d according to the 

method described for ovoluo11ng po1en1loJ an11dcprcssan1s (Rodn�ues. 2002) �1icc \\'Cl'C assigned 

to six difl'c:rcnt groups (n • S for each group). Group (1) rcce1\ed dislilled \\'Oler (10 mUkg), 

group (2-5) received exlnlcl (6.2S 12.S. 2S, SO mg/kg) rcspccrivcly \o,,h1le group (6) received 

imiprominc (2S mg/kg). 1luny minutes laler mice \\ere suspended on the edge of o table, 50 cm 

above the floor ,vith the help of on adhesive tape placed oppro'Cimotely I cm from the tip of the 

toil. lmmobilit) 11n1e \\'llS recorded during 6 m1nu1cs period in different groups. The :inimnl \\as 

considered 10 be immobile \\ hen ii did not shO\Y any movement of the bod) and hanged 

passively. 

3.8.J Ope11 field Test (OF1) 

In order to rule out ony unspecific locomotor effect of O s11bscorp101dea on antidcprcss:int-111..c 

effect or these compounds, ,nice \\Cn: od1ninis1cn:d \,ith the srunc regimen os in the FST or T T 

Their locomoror activities (crossing octh h)) \\Crc C\'t1lua1cd in the open field p:,.rndigm. Before 

each test, animals \Vere kepi in the test room 01 least I hour before the open-field test (017') for 

hnbi1u11Uon TI1e ambulatory bchnvior \\'OS assessed in open-field lest described by Rodrigues et 

ol. ( 1996). 1l1c main opp4ltllus consisted of square orcnn (SO cm " SO c,n '< .io cm) high \\ith 

a,cy surface covcnng every wnll The Ooor of the arena \\'OS dhidcd cqunll) Into t \\Cnt)-11\e 

ICJU4fes (10 cm • 10 cn1) morl..cd b) bloc!.. lines All onlmols \\'Cl"I! used onl) once in this l�t. 
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These anint11ls ,vcrc di1Tercn1 from those used in the FST nnd TST. Group (1) recci\'ed disulled

wn1er (10 nil/kg), group (2-5) received cxtroct (6.25 12.5, 25, 50 mg/kg) respectively ,vhile

group (6) received 1mipramine (25 mg/kg). Ttuny minutes after, each mouse ,,11s placed 

lndividunlly into the center of the nrcno nnd allowed to explore fr<.-CI). The number of squares 

crossed ,vith nil pa,vs (crossing) \\'ere observed and counted in S mmutcs. The squnre lll'Cna \\'ll.S

clcMcd ,,ith a solution of 70¾ alcohol bet,\'een tests nnd dried af\cr occupancy by each mouse 

in order to hide nnin1al clues nnd to prevent each mouse from being influenced by the odors 

present in Lhe urine and feees or the previous mouse. 

3.8.4 Yohi111bl11e l11tf1u:etf /ethnlity test 

To reveal ,vhcthcr the norodrcncrgic system is involved in the an1ideprcsson1-likc efTcct of the 

cxtroct, the yohimbinc induced lethality test ,,'!IS performed (Voger and Vogcr, 1997). �•lice ,vcre 

ossigncd to six dilTcrcnt groups (n = 5 for each group). Group (1) received distilled ,,11ter ( 10 

mUkg), group (2-5) received extract (6.25 12.5, 25, 50 mg/kg) respective I) ,, hilc group (6)

received imipraminc (25 mg/kg) 30 n1inu1es prior 10 yohimbinc administro1ion (35 mg/kg, i.p.). 

The number or dead n1ice ,,'l\S colculo1ed during o 24 h period oner 1hc injection of yohin1bine. 

3.8.S Rcserpi11e i11d11ce 1/ Depras/011 

Six groups of animal (Group 1 t o  6) ,vcrc n:scrpiniscd by odministrotion of rcscrpinc (2.5 mg/kg, 

i.p.) one hour oflcr the respective drug administration. Group (I) received distilled \\lllter ( I O

mUkg), group (2-5) rccci"cd c,1roc1 (6.25 12.5. 25. 50 mg/kg) n:spcc1ivcly ,vhilc group (6)

received imipraminc (25 mg/kg). The acute c1Tcc1s of Olllx .s11bscorploldea ond lmipramine on

rcserpinc induced diorrhca ,vcrc observed. �lice \\'l:rc observed for the: presence of diarrhen 01 I,

2, 3 and 4 hours oner rcserpinc injec1ion.

3.9 ANTlCONVULSANT ASSAYS 

3.9.1 Pe11tcle11ctetrniole (PTZ)· i11d11ced co11v11fsio11s i1111,ice 

S,\'lss Albino mice (20-25 g) ,vcrc di\ ided into 11vc groups (n • 5) in each group. Group (I) 

received distilled \Ytller (10 mUkg). Groups (2 • 4) n:cc1,cd cx1rac1 (12.5, 25. 50 mg/kg, i.p.) 

respectively. Group (5) received phenob.ibi1one (40 mg/kg). All the tn:otn1ents ,vere 

administered intraperitoncolly 30 n1in prior 10 odminislflltion of PTZ (85 mg/kg). Each animnl 

\\Ill$ observed for 30 min by placing in o scpnro1c eoge. 11,e onset of oc1ion and the time token for 
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death/recovery QS well ns the percentage of protection against mortality (Hosseinzadeh a.nd 

Po.rvnrdch, 2004) ,vcrc recorded. 

J.9.2 Stryc!,11i11e -induced co111'11/slo1,s /11 111/ce

s,,·iss Albino mice (20-25 g) were divided into live groups (n 5) in each group. Group (I) 

received distilled ,,111cr (I O ml/kg). Groups (2 • 4) received extroct ( 12.5, 25, 50 mg/kg, i.p.) 

respectively. Group (5) received phenobabilone (40 mg/kg), All treatments \\'l!l'C ndnlinisu:rcd 

introperitoneally 30 min prior to the ndministrotion of strychnine (2 mg/kg). &tch animal \\'US

observed for JO min by placing in a separate cage. The onset of action and the time token for 

dcnth/rccovcry as ,vcll as the percentage of protection against monality (HosseillZ.Ddeh and 

Pnrvnrdch, 2004) ,vcrc recorded. 

3.9.J Picrotoxi11-l11d11ccrl co11v11lsio11s i11 111icc 

S,viss albino mice (20-25 g) \\ere dhidcd into live groups (n • 5) in coch group. Group (I) 

received distilled \\'Iller ( I O ml/kg). Groups (2-4) received extract ( 12.5, 25, 50 mg/kg, i.p.) 

respectively. Group (5) received phcnobobitonc (40 mg/kg). 1\II treatments ,vere administered 

introperitoneolly JO nlin prior to the odministrntion of picrolol\in (7 mg/kg). Each ani,nal \\11S

observed for 30 min b)' placing in o scpomlc eoge. TI1c onset of oction o.nd the time token for 

death/recovery o.s ,veil as the pcreentngc of proteeuon ogninst monolity (llosseinzadch o.nd 

Po.rvordch, 2004) ,vcrc recorded. 

3.10 STATISTICAL ANALYSIS 

All data are presented as Mean ± SEM TI1e results ,vere anolyzed by One \\'llY nnnlysis of 

variance (ANOVA) ond post hoe tests (Student's-Ne\\mnn-Keuls) ,vere corned out to determine 

the source of significant moin effect using GrophPod lnStot® Bios1011s1ics son,vnrc. The level of 

significance for all tests ,vns set 01 p < O.OS. 
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• 

Ou\PTER FOUR 

4.0 RESULTS 

4.1 'rOXICITY TEST 

The LDso of 0/a'C .t11bscorplot,lea crude cxtroct in mice ,vns found 10 be 300 mg/kg i.p body 

weight. 

4.2 EFFEC
T

OF THE OulX SUBSCORPIOIDEA ON NOVEL TY-INDUCED REARJNG 

(Nill) ,\ND GROOl\tJ G (NIG) DEIIAVIOUR IN i\llCE . 

• 

lntropcritoncnl odministrotion of the extract (3.12S - 2S.0 mg/kg) induced n dose dependent 

decrease in the novelty-induced rcnring and grooming neth ity in mice compared ,vith the 

control. J\ significant dose dependent reduction 111 the frequency of renring (P < 0.0S) and 

grooming (P < 0.05) episodes ,vns observed ,vhcn compnrcd ,vith the control Maximal inhibition 

ofNLR nnd NIG ,vns observed at 2S mg/kg (Fig. 2o & 2b) . 

• 
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Fig. 211: Effect or Olax subscorpfofden on novelty-induced re:iring (NIR) behnviour in mice. The 

results ore expressed ns Menn± SE/'.I (n"" S). One ,,oy J\NOVA re,cnlcd lhat there i� significant 

(f (S, 24) .. 387.8. p< 0.0001 (Renring) difference bct,vcen vnrious trcnllncnt groups. 

• indicn1es significanl dlffc!r.:nce from lhc conirol P < 0.05

VEIi: Vehicle; EOS: Ethnnol Ex1rnc1 or 0/ax susbscorpioldea: DIZ: Dinzcpnm (2 n1t:fkg, i.p.) 
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Fig. 2b: Effect of 0/a-c �11bscorplo/c/fa on no,elt}·induced grooming (NIG) behaviour 1n mice. 

TI1c results nn: expressed ns 1\lenn ± SEf\l (n= 5). One \\'DY ANOVA revealed thot there is 

significant F (5, 24) • 49. 78, p< 0.0001 (Grooming)) dirTcrcncc between various trcotmcnt 

groups. 

• indicates signilicnnt difference from the control P < 0.05

YEH: Vehicle: EOS: Ethanol Extract of 0/ax s11sbscorpioldea, DIZ: Dinzcpom (2 mg/kg. i.p.) 
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,.J EFFECT OF PRE-TllEATl\1ENT \VITI-I ANT>\GONLSTS ON TIIE INHIBITORY 

EFFECT OF TILE EXTRACT ON NOY£LTY f1''DUCED 13EFIAVIOURS IN I\TTCE 

lntrnpcriloneql administration of atropine. h11lopcridol. c:1prohep1Ddinc, propanolol, naloxonc, 

yohimbinc alone significantly reduced (P < O.OS) f'Cllring and grooming. Pretreatment ,,i1h 

atropine and hlllopcridol potentioted inhibitory effect of lhe extract (12.S n1g/kg) on rcoring and 

grooming, ,vhile ciproheptadine and propanolol only polcntioted inhibitory effect on grooming. 

llo,,·cvcr, pretreatment \\'lth yohimbine, significantly reverse inhibitory effect of 1he extrnct on 

rearing and grooming (P <O.OS). (Tobie I) 

• 

• 

• 
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Table I: EITcct of prc·lrcntmen1 'nilh nn1agonists on the inhibitol')
novelty induced bchllviours in mice. 

effect of  the exu11c1 on 

Croup Dose (mg/kg) Rcnriog Grooming 

VEH 10 mL/kg 185.80 ± 5.11 63.80 :1: 4.27 

EOS 12.5 37.40± 1.20 25.40 ± 1.63 
Atropine 0.5 128.80 :t: 8.42· 40.60 :t: 2.56' 

Atropine+ EOS 16.40 :t: I.OJ•• 16.40 ± 1.03 • • 

Holoperidol 0.2 107.06 :I: I 1.64" 46.00 ± 0. 70 

Haloperidol + EOS 15.40 :!: 1.96° • 7.80 :1: 0.48•· 

Ciproheplndinc o.s 103.00 ± 3.97· 17.20 :1: 1,39• 

Ciprobep1odine+ EOS 30.80 :1: 5 79 16.20 :1: 1.56° •

Proponolol 0.2 96.00±4.03° 42.60 ± 5.41' 

Proponolol + EOS 34.00± 6.16 12.00 ± 2.38• • 

Nnloxone 0.25 81 12±2.12° 29.5 :t: 2.33°

Nnloxonc+ EOS 44.00 ± 1.23 36.60 ± 5.23 

Yohimbine I 127 20 :t: 14.39• 38.20 :I: 7.94° 

Yohimbine + EOS 100.40±9.IO•• 50.20 ± 6.20° •

The results ore expressed llS mean :I: SEM (n• 5). One \VO} ANOV A revcnled tlu11 there is 

signilicnnt fF (3, 16) "' 16.86, p< 0.000 I; F (3. 16) = 29.96, p< 0.0001) difference bct\\'Ccn 

vnrious treatment groups. 

• indicates signilicnnt difference froni the control P < 0.05.

•• indicates signilicont dltTerencc from the extroc1 ot P< 0.05

VEI I: Vehicle; EOS: Ethonol Extract of 0/ax s11sbscorpio/dea:
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4.4 EFFECT OF 01.lt.,Y SUBSCORPIOIDEA OF ON TIIE FREQUENCY OF HEAD DIP 

ON llOLE-UOARD 

lntrapcritoncal ndminislrotion of the crude extract (3.125 • 25.0 mg/kg) induced sign1ficru,1 dose 

dependent reduction (p < 0.05) in the frequency of head-dip in mice t.1tt.'l(imnl reduction ,vns 

observed nt 25 n,w'kg, Similnrly, dio.zcpnm caused n significant (p < 0.05) dec�sc in the 

frequency ofhcud-dips (Fig. 3). 
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Fig. 3: EITcct or Oh1x s11bscorploidea or on the frequency of I-lend dips 

• 

DIZ 

The results are expressed as lvlenn * SE�I (n= 5). One ,voy ANOV A revealed that there is

significant (F (5, 24) • 29.86, p< 0.0001 J diITcrcncc bcl\,·ccn vnrious trco1n1cnt groups .• 

• indicates significant diITcrcncc front the control P < 0.0S

VEI I: Vehicle; EOS: Ethanol Extract of 01,rx susbscorpioidl!a, DIZ: Dinzcpom (2 mg/kg, i.p.) 
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Fig. 3: Effect of Oln.i: s11bscorplo/dea of on the frequency of I-lend dips 

• 

DIZ 

The re.suits are expressed os Mean * SEtvl {n= 5). One ,vny ANOVA rcvcnlcd that there is 

significnnt rF .(5, 24) • 29.86, p< 0.0001 I difference bct,,·ecn various treatment groups. 

• indicntcs significant difference fro111 the control P < 0.05

VEIi: Vehicle; EOS: EthDllol Extroct of 0/ax susbscorpioidca; OIZ: Dio.z.cpam {2 mg/kg, i.p.) 
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4.5 EFFECT OF E,XTRACT OF OLA)< SUBSCORPIOID/u-1 ON LEARNI G AND

r,tEl\lORV Ii\ TIIE V-l\lAZE 

lnlrllpcritoncnl ndministmtion of the crude extract {l.l2S - 25.0 mg/kg) sho,vcd no signifieo.nt 

reduction (p > O.OS) 1n pcrccnlll�c nltcmotion \\hen con1� to control DiOJ.cp:im caused 

significant (p < O.OS) reduction in pcrccntogc nltcmntton comp3rCJ to control (Fig. 4) 

• 

• 
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Fig. 4: EITcct of cxunct of 0/ax subscorpioidca on learning ond men1ory in the Y-mazc 

The re.suits arc expressed as �,fCllll ± SE�I (n= 5). One \\'DY /\NOV A revealed thot there is 

signiliaint [F (5. 24) "' 7.596, p = 0.0002] diITercncc between dinzcpo1n and control groups. 

• indicates significant difference from the control P < 0.05

VEIi: Vehicle; EOS: Ethnnol Extract of 0/ax susbscorploldea; DIZ: Diazcpam (2 mg/kg, i.p.) 
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4.6 EFFECT OF TlfE l'tXTR;\CT OF OLAX SUBSCORPJOIDEJI ON LOCOl\10TOR

ACTfVITY IN OPEN FIELD 

• 

lntropcritoncol ndminislmtion or Lhe crude cxLract (3.125-12.5 mg/kg) sho,v'--d no significant 

reduction (p > 0.05) in the number or line crossed except 01 25 mg/kg (p < 0.05) ,vhcn complll'Cd 

10 the control. Dio.zcpnm olso significantly (p<0.05) reduced locomo1or octivily (Fig. 5) . 

• 
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Fig. S: Errccl of lhc C:\lr11c1 or 0/a.r subscorploideo on locomoror nccivity in open field 

The rcsuhs ore expressed os Menn ± SE/\1 (n• S). One \\IOY ANOVA rcvcalc:d thnc there is 

significant [F (S, 24) • JS.98. p < 0.0001) dirfc:n:nc:e bcl\vcc:n various treatment groups. 

• indicates sign1ficru,1 difference from the control P < 0.0S

VEJ I: Vehicle; EOS: Ethnnol Exl111cl of 0/ax s11sbscorpioidea; DlZ: Dinzepam (2 mg/kg, i.p.) 
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1.7 EFFECT OF TIIE E>..'TRACT OF ON THE ELEVATEO-rLU l\l;\ZE (Erl\f) IN

\IICE 

fhe c'<lrnct (3.125 • 25 m&Jkg, i p.) sho\\cd no signilicont increase in the frequency of open nnn 

entries (p > 0.05), and pc�cntogc (o/e) of open 1111n durnlion (p > O 05), comp:u-cd 10 the conLrol. 
110,vevcr, dinzcpnm ( I mg/kg. i.p.) sho\\cd o signiliC4DI (p < 0.05) increase 1n the frequent) of 

open onn entries and % open onn duration compnrc:d 10 control (Tobie 2) . 

• 

• 
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TAblc 2: EITcct of the extract of on :inxiety in mice using the Elc,-atcd-Plus �fo.ze (EPt-,1) 

Group Dose OPEN CLOSED ¾OPEN INDEX OF 

(mg/kg) ;\Ri,t ;\RJ'\'I AM'I OPEN AMI 
ENTRY El\'TR\' DURA'rlON AVOIDANCE 

VEIi 10 mllkg 1.40 :I: 0.40 7.80 :1: 0.73 17.78 ± 3.23 88.28 ± 1.66 

EOS 3.125 2.20 :I: 0.48 6.40 :1: 0.67 39.41 ± 1.34 65.11 ±2.43 

6.25 3.60 ± 0.24 7.80 ± 0.58 31.97 ± 1.81 68.99± 1.10 

12.5 3.80 :I: 1.02 10.20 ± I.I I 34.98 :!: 3.12 72.81 ± 2.57 

25 3.20 ± I. 15 7.80± I.I I 34.96 ± S.36 70.48 ± 5.39 

DIZ I 8.20 :!:I .39• 1.80 ± 0.)7• 80.40 ± 4.57· 18 23 ± 2.59� 

The results ore expressed ns Menn ± SEM (n= 5). One ,,-ny ANOV A reve.ilcd that there Is 

significant [F (5, 24) co 35.98, p < 0.0001) difference bct\\ 'c:cn various t.n:otmcnt groups. 

• indicates significont difference from the control P < 0.05

VEIi: Vehicle; EOS: Ethanol Extrnct of Ola:c s11sbscorplolclta, DIZ: Dinupnm (I mg/kg, i.p.) 

• 
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4.8 EFFECT OF 01..AX SUBSCOH.PJOJDEA ON PEl\'T08ARBITONE INDUCED

H''PNOSIS

TI1e cx1.raet ( 12.5-50 mg/kg, i.p,) sho,vcd no significant (p<0.05) increase in the onset of sleep 

(Fig. 6a). Ho,vcver, there wns o significant ond dose dependent increase in the duration of sleep 

in mice compared to the conlrol (Fig.6b). 

S7 
AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



... 8 EFFECT OF OutX SUBSCORP/0/DEA ON PENTODAllDITONE INDUCED 

HYPNOSIS. 

The extrnc1 (12.5-50 mg/kg, i.p.) showed no signilican1 (p<0.05) increase 10 1he onse1 of sleep 

(Fig. 60). 1 low'Cvcr, there wos o signilicon1 nnd dose dcpcndcn1 1ncrcas1: in 1hc dun11ion of sleep 

in mice comp:ired lo lhc control (Fig.6b) . 

• 

• 

• 

• 
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Fig. 6a: Effect of Olnx s11bscorpioidta oo pcntooorbitonc induced Sleeping time 

1111: results nre c�prcsscd os "'Icon :I: SEM (n� 5). One \\'O} ANO\/ 1\ re, calcd 1l1111 there is 

significnnt F (4, 20) = 187.0 p<0.0001 (Duration)] difTcrcncc bct,,·ccn various trcatn1cnt groups. 

• indicates signiliC411t difTc�ncc from the control P < O.OS

VEIi: Vehicle; EOS: Ethanol Ext.met of 0/ax susbscorpioldco, DIZ: Diazepam (2 mg/kg. i p.) 
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Fig. 61>: EITccl of Ol<Lr s11bscorplofdeo on pcntobarbi1onc induced Sleeping lime 

• 

OIZ 

The resulls arc expressed as Nlean ± SE�I (n• 5). One \\11) ANOVA rc,cnlc:d 1h01 1here is 

significanl F (4, 20) = 187.0 p<0.0001 (Dunuion)) d1fTerencc: between various 1rea1men1 groups. 

• indicalcs significant difference rrom the control P < O.OS

VEIi: Vehicle; EOS: Elllanol ExlJ'llcl of 0/a.r susbscorplof<lea; DIZ: Dinz.epam (2 mg/kg. i.p.)
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-t9 EFFECT OF THE E.XTIUCT ON RECTAL BODY TEJ\lPERATURE

The extrnct ( 12.5-25 mg/kg i.p) sho,ved no effec1 on Lbe body temperature of ,nice ,vhile the dose of 50mg/kg signifiCMtly (p< 0.05) 

reduced mice body temperature comp:irc to control (fable 3). 

T:iblc 3: Effect of Lhc extract on recl31 body temperature 

Group Dose 
mg/kg 

VEA 10  ml.Jkg 

EOS 12 .5  

25 
50 

OIZ ? 

0 min 30 min 

38.30:t:0.19 37.76±0.18 

38.08 :t: 0.18 38.00 :t: 0.34 

38.62 :t: 0.13 38.02 :t: 0.27 
38.32 :t: 0.25 36.08 ::I: 0. I 9• 
38.12 :t: 0.15 35.08 :1: 0.29• 

60 min 

38.00 :t: 0.05 

37.90 ::t 0.23 

38.14 :t 0.20 
35.78 :t 0.11 • 
35.0 I ± 0.20• 

90 min 120 min 180 min 210 n1in 

37.94 :t: 0.12 37.94 :t: 0.17 37.78±019 37.98 ::t 0.05 

37.86 ::t 0.19 38.00 ::1: 0.34 37.90 ::t 0.23 37 78 ±0.20 

38.22 :t: 0.25 38.38 ::1: 0 .. 22 38.00 * 0. I 2 38.56 :t: 0.20 
36.02 :t: 0.20• 36j0 ::1: 0.16· 36.56 * 0 11 • 36.88 :t 0.12• 
35.00 :t 0.10• 35.63 :i: OJ6• 36. 78 :1: 0.53 • 36. 98 :.t: 0.01 •

The results 3ft expressed as me3ll::: SEtvl (n::. 5). One ,vny ANOVA revealed thoJ !here is significant (F (3, 16) ... 16.86. p< 0.0001; F 

(3, 16) • 29.96. p< 0.0001) difference bcl\\ttO various treatment groups. 

• indicntes signific311t difference from 1he control P < 0.05.

VEIi. Vehicle: EOS: Ethruiol Extract ofO/ax susbscorpioidta; OIZ: Dio.zcpam (2 mg/kg. i.p. )
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4.10 EFFECT OF OLllX SUBSCORPJOIDEA ON ACETIC ACID INDUCED 

ADDOl\llNAL CONSTRIC'TlON/ \VlllTIIINC

0/a:c subscorplolden produced o signilicnn1 (P< 0.05) tlnd dose-dc:pendc:nt reduction in the 

number of ,vrilhc:s compared lo control The: c!Tcct of the ex1roc1 01 12.5, 25 nnd 50 mQ/kg

(66.92%, 72.69% nnd 81.54% inhibition) ond lhat of ac:etyls:ilic) tote: ( 150 mQ/kg) (70o/o

inhibition) arc comporoble (Fig. 7) . 

• 

• 
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Fig. 7: Effcc1 of the Ulw: s11bscorplo1dea and Accl)'I Snlicylie Acid (,\SA) on nccue ncid· 

induced \\Tithing in mice 

The results nre expressed ns Mc.an ± SEM (n= 5). One ,vny ANOVA revenled thnt there is 
significant IF (4, 20) • 155.9, p< 0.0001) ditTerence bctv.een various ueatment groups.

• indicntes significnnt difference fro1n the control P < 0.05

VEIi: Vehicle; EOS: Ethnnol Extract of 0/ox s11sbscorplnldea; A A:ncetylsnlic) lie ncid ( t 50
mg/kg) 
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.-.11 EFFECT OF OJ.AX SUBSCORP/0/DEA ON FOIU\IALIN PA \\'-LICKl'IG T� I IN
l\llCE 

Olax s11bsc:orplotdca produced o si&,nificant and dosc-dcpcndcni inhibition of nociccp1i,·c 

rc�c1ion comporcd lo control in bolh phl\SCs Uov.c, er, the 1nh 1b11ion produced 01 50 mg/kg

(66%) in first phosc (ncurogcnic p:un) ,vn.s less ond sisnilic:nntly (p <. 0.05) different from thot of 

morphine (S7.6%) (Fig. Sa). The cxtroc1 olso 011cnu:itcd biting ond lid.ins response sign11icMtly 

in lhe second phnsc (inflommotory pain) in a dose dcpcnJenl n\allncr The pcrcentase 1nhibi11on 

offer ot 50 n1g/kg in lhis phosc is 79.4 % \\hilc that or morphine 01 5 mg/kg 1s 91 J�. (Fig. Sb) . 

• 
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Fig. 8a: Effect of 0/ax subscorpioideo and morphine on fonnnlin induced nociccption in mice. 

The results nre expressed us l'vlean ± SE�I (n= 5). One "">' ANOVA revCllled that there is 

significant IF (4, 20) • I I 6. 7(p < 0.0001)) difference bct,vccn various tre:11mcnt groups. 

• indicates significant difference from the control P < 0.05.

VEIi: Vehicle; EOS: Ethanol Extract of 0/ax s11sbscorpiofdea: !\IPH: Morphine (5 mg/kg, i.p.)
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Fig. 8q: Effect of 0/ax subscorploldca and morphine oo fonnalin induced nociception in mice. 

The results arc expressed as Menn ± SEM (n• 5). One \\'11)' ANOV A rcvcolcd thot there is 

significant [F ·(4, 20) = 40.05 (p < 0.000 I)] difT.:r.:nce bet\\e.:n various trcotment groups. 

• indicates significant difference fron1 I.he control P < 0.05.

VEIi: Vehicle; EOS: Ethanol  Extrnct of Ola.Y .rusbscorpioldea: t Pit: Morphine (5 mg/kg, i.p.) 
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,1.ll EFFECT OF OUX SUBSCORPIOIDEA ON TAIL lr.tAIERSION TEST IN i\llCE

J,lociccpli\'e responses ,vcrc not significnn1ly (p > O.OS) 01Tcc1cd by Olax subscorpioldca a l  12.S

mg/kg i.p compared 10 the control. Ho,vcvcr, al 25 mg/kg nnd so mg/kg the cxtrac1 signiliconll)

(p < 0.05) reduced pain 1hreshold ,vhcn comp:in:d \\1th the con1rol (Table 4) ',,.\orph1nc S mw, \.J

also s1gniticnn1ly reduccd plin response:: \Vhen u�cd olonc::. nalo,onc ( 1 m11, kg. 1 p). a non­

selecli"e opioid recep1or on1Agonis1 roiled to modif) the thcnnal-induccd nociccptivc rcspoMCs

in a significanl monner. Ho\\-cvcr, in the onlllgooism tcsl, nalo,-.onc Yo'llS oble 10 rc,cr..c lltc:

111unociceplive octivi1y of 0/ax subscorpioidca and morphine signilicanlly thus suggcst1n" 
111,-oh ement or opio1e mechanism . 

• 

• 
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Tiblc 4. Effect of 0/ax subscorpioidca on the tcil · . . . immersion test 1n mice 

Group 

VEIi 

[OS 

�IPII 
NAL 

NAL + EOS 
(SO msJl,:s) 
�AL+�IPH 

Dose 
(mg/kg) 
10 mllkg 

12 5 

25.0 
50.0 
5.0 
1.0 

30 min 
0.55:t0.08 

Renc1ion Tin1e (sec.) (�lcDn :1:: S.E.t\-1) 

0.56: 0.04 
1.39± 0 25• 
2.05:t 0.2) • 
).28:t 0.11•

0.67:t 0.04 
0.48:1::0.03" 

0.51±0.10· ..

60 n,in 90 n,ln 120 min 
0.61:t 0.06 0.61:1::0.06 O 6)+ 0 04 

-

1.0):1:: 0 19 0.87± 0.22 1 06±0 15 
I.SS± 0.)0• I 43± 0.22• 160+ 0 18°

2.04:t 0.21 • 1.65+ 0 21• I 89+ 0.26• 
2.99¼ 0 22• ).01± 0.11 • 2.37± 0 14• 
0.54:t0.35 04710.23 0.58±0.05 
0.81±0.11 .. 0 79±0.05" 0.89±0 21  .. 

0.51±0.10'" o.s2±0.1 o· .. 0.50±0 I o'"

The rcsulis nrc expressed as �lc:an ± SEt-.t (n= 5}. One \\'ll)' ANOVA rev�ed thal there 1s 

sigxuficanl (F (6. 28)-43 2 (p < 0.0001) ()0 m1n), F (6. 28) •19.49 (p < 0.0001} (60 m1n), F (6. 

28) •22.7 (p < 0.0001) (90 min); F (6, 28) =15.83 (p < 0.0001} (120 min}I d11Tcrcncc bct\\-cc:n

\"lnOUS tn::1tmcnt groups 

• indicates significant difference from the control P < 0.05, •• 1ndicn1es s1gn1ficn.nt di1Tem1ce

from the OS (SO mg/leg} p < O.OS, • • • indicn1cs significnnl difference from the morphine (5

mg/kg) P < 0.05 

VEIi: Vehicle; EO : Ethllnol E.,trncl of Olax subscorplofJru; �IPII: 1'-torphinc (5 m�\.g);

NAL: 1\31oxone ( I mglka) 
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_,,13 EFFECT OF OLA)( SUBSCORPJOJDEA ON TIIE HOT PLATF: TEST IN �IICE Oln:r s11bscorpioidea (12.5 lllld 25 mg/kg) did 001 prolong lotcnc) period significantl) (p > 0.05)comp:ired 10 control. Ho,vever, the effe<:1 of EOS (50 mg/kg) on lotcnc> ,,as s�1isticallysignificont 01 90 and 120 minutes eompartd to the control (Tobie 5), �lor .. -over. morphine (5 mg/kg) olso exhibited significant (P< 0.05) antinociceplive oc1h ity compilrcd to  control (Tobie5). 

• 
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Tables. Effect of Olax s-11bscorpioldet1 on lhc hot plate le�, in mice

Gro•P 
Dose Reaction Time (sec.) {l\ltan * S.£.'\I) 
(mg/kg) 30 min 60 mln 90 mln 120n1ln 

\'Ell 10 0.56 ±0.03 0.44 * 0.06 0.462: 004 0.46 ± 004 
mUkg 

EOS 
• 1 2 . 5 0.43 * 0.02 0.54 ± 0.06 0.452:0.02 065 * 0.04 

25 0.64 ± 0.05 0.62 ..t: 0 03 0.49:1 0.02 0 72 ± 0.04 
so 0.772:007 0.77 ± 0 04 o 93 :t o.os• o. 94 .t. 0.05 •

�,,11 5 2.10± 0.14· 2 .75 .t: 0.30· 3.02 0.2 4· 3.os *on·

The n:sulls nre cicprcsscd ns l-,1can :t SEt-.1 (n"' 5). One \\'ll) ANOV /\ rcvc:ilcd lhal 1he� 1s 

significant [F (4, 20) = 97.95 (p< 0.0001) (90 min), F (4, 20) = 104 7 (p < 00001) (120 min)l 

dJfcrcnce bct-.\-ccn ,arious tre:1tment groups 

• mdicatcs significnnt difference from lhe control P < 0.05.

\'£.H· Vehicle; EOS: Ethanol E.xtntct of Ola:c subscorploldta; �IPI I· l-,.l011>h1nc (5 mg.,'kg) 
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• 

4.14 EFFECT OF OLA.,y SUBSCORPJOJDE,1 ON ll\1�10BlLITY Tl�IE IN FORCEDS\\'l�f�IING TEST (FST) 

Olax subscorp;oidea nt 6.25 mg/kg nnd 12.S mg/kg signilican1Jy reduced (P < 0.05) immobilitytime of mice in FST compared to the control (vehicle) ,, hile doses 01 25 ,ng/kg and SOmglkg did
not reduce immobility time in mice. The elinicnHy eITcctivc an1idcprcss11nt im1prnminc at 2S
mg/kg produced a marked significant reduction (P < 0.0S) io lhc duration of immobili1y n.s
comp:ired ,vilh control. This is comp:irable to the 12.S mg/kg dose of the cxtroc:1 (Fig 9) .

• 
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fig. 9: EITec1 of 0/ax lttbscorploldtu on immobih1y 11me of forced \\ 1mm1ng T1..-:.1 (f Sl) 

The results arc expressed as Mean :t. SEl\1 (n S) One ,vny ANO\I A re\'eaJcd thn1 there 1s 

significan1 [F (5, 24) • 17.22, p< 0.000 I) difference bct,,ttn ,11rious �ntmcnt groups. 

• indic.itcs significnnt diffcn:ncc from lhc control P < 0 05.

YErt· Vehicle, EOS Ethllllol Extract of 0/ux 1111bJ,orp1t,1J .. ,1 11\11' 1m1pruminc (:?5 ms'l
ti
,

i.p.)

• 
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.... s EFFECT OF OLA)( SUBSCORPJOJDEA ON ·�-·�IODILrrv 1'1�1E IN TAIL SUSPENSION TEST (TS1) 

0/ax s11bscorpioidea 01 6.25 mg/kg and 12.5 mg/kg sii;n11icantl) rcduct.'CI (Pc; O.OS) 1mmob1ht)time of mice in TST co,npare<l to t.hc control ,vhilc doses 01 2S mg/lg and SOmg/kg did notreduce immobility ti1ne in mice. 111c clinicolly cffc:-ctive antideprcsSll(lt imipramine at 25 mg/kgproduced o marked significont reduction (P < 0.0S) in the durotion of immobility os compared,,ith control. This is comp11n1blc to the 12.5 mg/kg dose of the cxtroct (rig. 10) .

• 
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Fig. 10: Effect of OS on immobiljty time in Tail Suspension Test (TSl) 

The results an: expressed as mean ± SE�1 (n= 5 ). One 'Yll) ;\NOV•\ re, calcd lhn1 there is 

significant [F (5, 24) 14.94, p< 0.0001) difference bc1,,ccn vanous trc.itment groups 

• UldiC4tc, significant difference from the control P < 0.05

VEIi; Vehicle; EOS: Ethn.nol Extract of 0/ax s11sbscorploldto. ll\11' imiprum1nc (25 mg/\.g,

Lp,) 

• 
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.t.16 EFFECT OF OLA){ SUBSCORP/O/DEA ON LOCO�IOTOR �\C'f'IVITY IN orENFl£LD TEST (OFT)

Trc:itmcnt ,vith EOS 111 6.25 mg/kg nnd 12.S mg/kg ,,hich significantly reduced duration ofunniobility in FST nnd TST produced no significnn1 dirTcmicc in number of crossing activity ofmice i n  OFT HO\\'Cver, EOS (25 nnd SO mg/kg) significantly reduced number of line crossed.lmipraminc: (25 mg/kg) ,vhich reduced duration of immobility or mice: in FST nnd TST produced00 significant difference in number of crossing activity compared 10 control. This sho\\-s that thec<lt3CI at 6.25 mg/kg nnd 12.S mg/kg and imipramine did not nfTcct locomotor OCU\it) of thelllim41s (fig. 11 ) • 

• 
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Fig. 12 EfT«I of £OS on 1hc locomolor nclivit) of n1icc in OFT 

The results an: expressed as mc:in :i: SEt,.,t (n= S). One \\'tlY A OVA n:,•c:ilcd thot there 1s

sigrufican1 [F (S, 24) • JS 98, p< 0.0001) di/Terence bc1wecn ,orious 1rc.11mcn1 groups 

• 1nd1catcs signifiC4Jlt difference from the control P < 0.05
VEIi· Vehicle; E:OS Ethanol Extract of 0/ux s11sbscorp1old.:tJ, 1�11' 1m1pnun1nc (2S n1g '1..8,
ip.) 
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,.11 EFFECT OF OLAX SUBSCORPJOJDE:A ON YOHl�IBINE INDUCED LETIIALITYTEST 

Comp:uing ,vith the control, EOS (6.25, 12.5, 25, 50 mg/kg) did not significnntl} potcntiatc
himbine induced toxicity in mice. Clinically effective antidepressant. ilnipraminc (25 mg/kg)

)'O 

produced marked significant increase in the number of death (P < 0.05) us comporcd ,vith contr0I(fable 6). 

• 
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T•ble 6: Effect of 0/ax s11bscorpioldea on Yoh· b . •m 1nc-1nduccd lcthnlny Test

Grv•P Doic (m&{kg) No of death ¼ mor1alit) 

\'EH 10 ml.Jkg 2/10 20 

£0S 625 2110 20 

12.5 0110 0 

25 0110 0 

so 2/10 :?O 

,�,r 25 7/10 10 •

The results are expressed ns mean ± SEM (n• 5). One \\11) ANOVA rc\ealcd Lhnt there is

significant [F (5. 24) = 21 73, p< 0.0001) dilTc:rcnce bctv,ccn 1m1pmnunc: and lhe control 

' u:id1cates signilica.nt difference from the conuol P < 0.0S

\'EH; Vehicle; EOS: Ethanol E.,troct of Olea susb.scorplold�a. 11\tP: 1m1pruminc (25 mg/1.g. 

Lp.); 

• 
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-4,18 EFFECT OF CRUDE E..XTRACT OF 01.;Ly SUBSCORPIOJDEA IN R£SERPINEINDUCED DEPRESSION 

lo rescrpine induced depression lest in mice, EOS (6.25. 12.5. :?5, 50 mg/lg) producedsignilicnnt (p< 0.05) decrease in the mean fcncnJ droppings in all the groups compared to controlAnti--Oiaorrhcn effect of 0/qx subscorpfoidra ,vas comparable to thot of imipramine (Table 7) .

• 
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Tablt 7: Effect of crude extract of 0/ax subscorpfo • ., . R . 
luta 1n cscrp1nc induced diarrhoc.i 

-

Group Dose n1g/kg 60 mlo 120 min 180 n1in

-VEH 10 mUkg 4.80+ 0.80 7.60! 0.92 8.20! 0 86 -

[OS
6.25 1,60± o.so• I.SO! 0.66• 2.40± 0 92· 
12 S 1.20+ o.ss• 1 20! o.ss• 1 20:t o ss• -

25 0.40+ 0.24· 0.60! 0.40" I 20+ 0.37°
-

-

50 1.00:t 0.44 • 1.20.:t 0.37· 2 so± o ss· 

�•r 2S 0 71± 0.24" 0 82:t 0.28· 1.56:t 0.3.i • 

The rcsullS an: C.'Cprcs.scd ns mctll\ :i: SEl\lt (n• S). One ""Y ANOV A rc\'calcd 1h01 there is 

s,gnilicant [F(5, 24)• 10 p<0.0001; F(S. 24)•2I.S8 p<0.0001; F(S. 24)= l7AS p<0.0001) 

difTacncc bct,,ccn various treatment groups. 

• Uld.icatcs significant difference from the conuol P < 0.0S.

\'EH· Vehicle, EOS: Ethnnol Extract of 0/ax susbscorp,o,dta l�lr: imipramine (25 mg/kg. 

ip.); • 
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,.,, EFFECT OF OLAX SUDSCORPJOTDE;1 ON PENTELENETETrv\ZOLEINDUCED CONVULSIONS 

Pffl_telcnetetrazole (85 mg/kg) produced tonic seiZUrcs in oil the onimols. TI1c EOS ( 12 S & 25mg/\g i.p.} did not olter onset ond duration of scilllrcs. Ho\\cvcr, 111 50 mg/kg then: \YBS 11signifiCllllt proloogotion of the onset and Lotency to denth. The standard drug. phcnobarbi1one (40mg/kg} sho\\•cd nn1iconvulsan1 clTect b) offering full protection \\ithout seizure (Table 8).
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f -u. I: Effect of Otar subscorpioid�a on PTZ -Ind cd C - UC onvuls1ons 

_,Gro•P 
Dose (n,g/kG) Onset of tiLure (min) Latent) to Death 

(mln) 

\'Ell 10 mL/kg 054 ±0.02 2.00�0.44 

EOS 
12.5 0.49 * 0.05 4.00:t: 0.44 

25 0.68 :0.20 J.40:t: 1.28

50 2 72± 2.01• 9 20 :t: I 24°

Plicaobarbilonc 40 NC 'IC-

1lic results arc expressed as �lean :t: SE�i (n• 5). One "'>' 1\.i'IOVA rc,C3lcd th:n thCTc IS

51gnifiC31lt {F (J, 16) ,z I 064, p< 0 0001 (Onset); F (J, 16) .. I 1.00. p • 0.0004 (Latency)}

difference bct\\ttn various ucatmcnt groups. 

• indic:ucs s1gniCican1 d1ffercncc from the control P < 0.05

\"[II. Vehicle; EO : Ethanol Extract of 0/ax s11sbscorpio1dto '-C �o convulsion 
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UO EFFECT

cosVULSIONS

OF OLAX SUBSCORPJOIDEA ON �RVCHNIN�INDUCED 

SU)thninc produced tonic seizures in oil the onimals. The extract ( 12.5-50 mg/kg i p.} did not

affect the onset of seizures nnd latency to denth. The stondo.rd nnticpilcptic drug. phcnobnrbitonc

(.fO mg/kg i.p.) significantly (p< 0.05) prolonged both the onset or convulsions nnd latency to

ibth in the nnimnls (Toblc9) .

• 
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Tablt 9: Effect of 0/ax subscorpioidl!a on Stryc:l . 1 d ,n,ne- n uctd Con,•ubion

-
cro11r •

Dose (mg/kg) Onset or Sc:ii.urc (min) Latent) 10

(1nin) 

\'Ell 10 ml.Ag 2.17 ± 0.33 1 00 0.00 

£0S 12.S 2.14 :I: 0.19 0.99: 0.35 

25 2.96 :t: 0.80 0.77:t:0.13 

so 1.9:t:0.10 1.00 :t: 0.00 

Pbtnobarbiconc 40 4.0-1 :t: I 12° 4 23: 1.32°

Ocolh 

Toe results 11re expressed as �lean :t: SE�1 (n 5) One \\'IIY A.'-:OV "- rcvc�cd that then: 1s 

51pufiC3nt F (4, 20) • 29.97, p< 0.0001 (Lotc:nc)')l difference betY.i:cn ,-anous t.rc.itment groups. 

• indic:ucs significant difference from the control P < 0.05.

VEIi: Vehicle; EOS: Elhanol Extract of 0/a:c susbscorpioidl!a, 'C; No convuls,on 

• 
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.cJI EFFECT 

CONVULSION 

OF OLAX SUBSCORPJOJDE:A ON PICROTOXIN-INDUCEO

Piaoioxin produced tonic seizures in nil the nnimuls. The EOS (12.S • so mg/kg) neither ofTccttht onset of seizures, nor latency to denth. The standnrd drug, phcnobarbitone (40 mg/kg)sflo\i� nnticonvulsant effect by olTering full protection \1ithou1 seiZUie (Table l 0) •

• 

• 
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�JI EFFECT OF OLA)( SUBSC0RP/0/D£A

CONVULSION 
ON PICROTOXIN.JNDUCED 

• 

Picrotox.in produc-cd tonic seirurcs in oil the animals. TI1e EOS (12.5 . 50 mg/kg) neither ofTec:t� onset of seizures. nor lntcncy to denth. TI1e Slandnrd drug, phenob::ubitonc (40 mg/J..g)st,oi,ed anticonvulsruu effect by olTering full protection 11ithou1 seizure (Tnblc 10) .

• 
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tabk 10: COcct of Olea subscorpfofdta on Jlicroto><ln-lnductJ Conwlllons

creur Do1c(n1�� On1c1 or S,lzurc (mln) Lattncy 10 Outh 

(mln) 

,·FIi 10 ml..\a 3 49 .1 0 IS 2 o� 020

£0 12.S 3 79 :t O 19 3 40:i: 024 
25 3 56± 026 4.60s017 

so 3 96 :t 0.27 3 40:i: 0 60 

Pbe11ebarbilonc 40 NC NC 

sipificant [F 0, 16) • 0 9438, p • 0.4427 (Onset); F (l, 16) • 1.&69, p • 0 1756 (Lzsenc,))

dilicrmce bctv,"CCn ,11.nous trenlmcnl groups 

• indicates significant difference from the coouol P <O.OS.

\'EH \ chJclc EO Ethanol E.xlroCt of Otux l1ubscorplo1dco.1 '\C '-o con\-ulsion 
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CHAPTER FIVE: 

S.O DISCUSSION

ro,icologic:nl study for mc:dicinol pl11nts is dcsi-blc: •ftd rd 1 •u ... , neccsso.ry. 1n o er to appropnatc y
c-.'n111!lte the safety or noturnl products. The ocutc lcthnl dose (LDso) or clrulJlol lcnf cxtr.1ct or
Olax subscorpioidea for intraperitoacol odministr.1tion is JOO mg/kg.

Bcb3viourol effects of 0/ax s11bscorpioldea on no, eh) induced bcha, iour:. (NIB) (rc:inng, 

grooming nnd locomotor octivit)) i n  mice \\Cre obscr\ed. Rc.uing a \c:nic.il locomotor ae11vt1)' 

in,ohcs nn nnimol standing on its hind li1nbs ,, hilc raising up "ith 1b rorcanns 1n lt\c rur or

placed on the ,,-all or the cage (Onigbogi et al., 2000). It is an 1ndica1100 of C.'(plon11i"c bch:l,.iour 

which measures central ner\ous syS1cm excitation (Labella et al., 1979). This behaviour hns been 

used to classify test drugs/substances as sedatives or stimulants (Blnnchnn! cl al.. 200 l ).

Adcribigbc and Agboola (2011) rcponcd th:11 CNS stimulants increase rcnring ,1,hilc Hclhon· 
lbam>h1 et al., ( 1999) submiued that CNS dcprcssnnts inhibit this bcha, iour The abilit) of U\C 
extract to inhibit rearing suggests its sedo1i,c crree1 The e'(trac:t also produced 1111cou;suon of 
oo,·clty-induccd grooming (NIG). 

Grooming is a .. maintenance- bchnviour that is spcc:ificml) clic:11cd in situation in "hicb nn 
aru.rnnl is in stress-induced frustr.1t1on (Aknnmu et al • 2007) It 1s dcsenbcd QS fiicc or head 
washing ,vilh forearms or body cleaning ,,ilh mouth (UJ..ponm\\nn et al. 198S} It is l1l\

important bcrui, ,ournl component 10 :1n1mols 1h01 plo>� o dc:ocu, aung role in tt)tonng 

bo d r. 1 • tuotion '''ispcn 1981) lnhibllOr') tlTcct ol the c,tr01:t on �lGmcostas1s un er st.rcss,u .. 1 \u • 

suggests 1ts streu nttcnUllting role 10 no,el cnv1ronmcn1 

Studies have shown that rc:inng ond grooming ru-c reguh11c:J b) muh1plc neurotransmitter

I 
- stem� arc GABt\ncr111c, dopamincra1c. nd�nefi1c.

S)-stcm.s. Among the imp 1caung 5) 

.. ,_, · and Keith 1998) RcJu.:1100 or 1nh1b111on of n:11nngcholincr&1c and op1oids S) stems (" ... ung • 

th . h'b'ton. ocuon on S\Kh e,c:11.31or') o..:ural �> tcm� au adrenergic,
1111)' not be unconnected \\l 1n 1 1 ·� 

• 1111\006 othcn or flO 1blc ro1cn1ua11on of lh.- ccnlnll
&lutamincrgic o.nd dop:11111ncrgic ,)'�terns

• ·--id (GAllA) (Al.:onmu et al .. 2011) Groom1na·-L·b· h omlno bUl)TIC -,..,11 llory systems sue as 1· 
. d -1ors 1n the bram and ansoc:1atcd , .. ,th op:un1nc ·---r 

�haviour ,n rodents has Iona bcffl ns 86 
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jo\-olvemcnt or mesolimbic dop:unine s c 
....,, gly D 1 1·,kc

)'St m h!lS been �uggcs1cd (Gnc:bcl et al . 1994)
,\cco,u,n , receptors (DI and OS

. . rccep1or) 11gon1sts elicit an intense grooming
t,d\llVJOUr but not 02-hke (D2-4) rcce tors 

• • 
P ogon1sts. Drugs that block DI and OS receptors

111couote groommg behaviour. In this stud · Y, neural mechanism or action or the cxtrnct was
in\dtigated by interacting the extract \\ith th . . e antagonists of the sys1e1ns th:lt regulate 
ocwobchav1ours 1n rodents. Atropine ciproh d' • cpto 1ne, ho.lopcndol and proponolol did not rcveTSC
inhibitory effect the extract on  rearing and · 

grooming, but rather potenuotcd it, thus precluding 
in\'olvement or cholincrgic, histominergic, and dop:unincrg1c S)Stems in the inhibillon or NIB by
lhc extract. HO\\'CVcr prc�atment "·,ll, )'Oh b' · · · • 1m 1ne reversed 1nh1b11ory effect of the extract on 

rcmng and grooming This sho\\-s that the cxtmct ma> contain compound (s) that ho.s 11Jlin1ty for 

a,..nergic r«eptor. thus suggesting paruc1potion of noradrcnergic system 1n the: inhibitory 

cll'cct of the extracts on NIB.

The effect of the extract on spont.oneous motor activit) \\1\S � by considering number of 

lines crossed by animals in open field. Sponlllneous motor otti,ity is II po.ra.metcr used to 

measure of cent.ral excil.llbility o f  animals Ho,\'e\ er, this bch:i, iour (motor oetivity) hos been 

sho\\1l to be mainly governed by motor o.rea of frontol cortex, corpus striotum and bnunstem. 

Any morphologicnl chnng� or change in me le, cl or brain amines 1n th<�e :uca.s 1s eJtpceted 10

cause neurotox.ieity "hich may be in the form of motor deficit (Richard 198)) Dopamine 1s one

of the main anuncs found in mese �. and hos been ,mphcotcd in locomotor and e,ploratory

octivity. Studies ha,e sho\\n llult decn:3Sed acthit) m ccnuul dop3.nuncrg1c S):.tciru of lldult

animals produced hypoactivit) (DulaY.11 et al. 1999) \Vh1lc dopmunc receptor bloc\..ina cl.Np

such as h:ilopendol hllS imp:11rcd locomotor acll\ll)', the clc,;1rolyt1c lc�1on, of �.:ending

dopamine S)'1>tems � also been found 10 CDU)C II sim1h11 enc.cl on hx:omotur ocu, 11\ (C..rls.son.

l9S8) Drugs that enhance dopaminergic l1'111\>m1s.>1on pruducc:J 1ncn:ascJ hxomolor 11cti, 11)

(Fray, 1980, Aknrunu et ol., 2007) and arc said to be sttmullll\ts, "hilc agents th.11 reduce

do · 
· • locomotor aeti\·it). The c"<lrlltl 111 the hiahest dOJC d«rc�

panunerg1c lnlJ\sm1ss1on supprc::. ... 

loco . . . th ... d �, Jid not ha\ c any cOect on the locomotor act,, 1t) of the
motor ac11v1t) \\h1lc c ou,er o 

· . �,.ti, 1rv \\ith the highest dose of the c,tract ma) be
11\unals. The decrc3SC 1n locomotor .... ·� 

indic:iuve of us CNS dcprcs..nnl erf1.--ct

17 
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Also cxploro1ory octivily of onim:11s irc:ucd , · h h . vu I c cxtrnc1 was found 10 decline on hole bolU'd
ftftMIIIUS. The ICSI IS a measure of e I a.,..-- >.p Omlol)· behaviour in rodcnlS (File nnd Wardall 197;

Cl'O\\ Icy 1985) and has been emplo..,cd 1 � o screen scdall\ e ogcolS rite and \\rwd1II ( 1975)
submillcd lha1 reduced frequency of head dips rcn-15 CNS d • "" cpres�1on. 1111s mc1hod cnn also be 
used 10 measure nnxicty and 1es1 orut' ol 1• 1 Y 1c agents. In !.his rc1,1ord.s. the 1es1 Is b:iscd on
..... unption thnl head-dipping of nn:mnl . 

. . . --·· -u s 1s inversely propon1onnl 10 their anxlc1y stale in
moderoiely aversive enviroM1ent. Therefore increnscd number of hc:ld dips on the bowd means
reduced anxic:iy Slate (Bilkei-Gorzo and G)trt)on, 1996). In mon: nve�1ve s11u.111ons. ,,hen the
an.'<icty level of the animals is !ugh, the holes may reprcscnl O possible ,,11y 10 escape from the
a,-crsi,•c environment instc;id of an explorable object. In this cnsc the rclu1ionship bcl\\CCn
an,'(1c1y stale and hcad-<lipping activity is dirce1ly nnd not inversely proportional (Bilkei-Gorzo
111d Grcnyan, 1996). ln n modera1c condition. onxioly11cs incrc:isc 1hc frequency of he.id poking.
\\bile sedative agents decrease the frcquenc) of head poking. The redue1ion in the frequency of
bc3d dips in hole bon.rd by the extroc1 thus suggests its scda11vc effccL 

Funhcnnore, on.xiolytic potential of the extract ,,115 e,'ll!u31cd in elcv:11ed plus maze This lest 

Im been ,vidcly used for modcling nn.xie1y nnd it ho.s been de, eloped for prcd1cung the efficacy 

of clinically used compounds for trcoting on.xic1y. An.xic1y, D stlltc of cxccss1,·e fc:M, 1s 

cbactcrizcd by motor tension, symp:ithcuc h)'pcroctivity, apprehension and , 1g1lonce 

syndromes (Slldock and S:1dock, 2003) An.xiely mis) inlerfcrc \\1th 1ntcllisencc. ps)chomotor

function and memory (Pinc cl ol. 1999) The EP�I s11UJ11ion rests on the conflic1 bet\\«n the

wwc tendencies of the rodents 1o explore no,el environments nnd 11,01d open and brightly ht

ll'taS Gcncro.lly. onxious mice or rul) tend 10 )penJ liule time in the open arms Anx1ol) tic druas
. 

th th armc o.nd 1ncrcose lhc number or open arm enln� during the
mcn:asc e umc spcnl 10 c open .... � 

ttst. The extroct 31 a.II dos� did aher acll\ ny of mice in 1hc open :irmli 1hus su"est1ng th.11 the

t'Xlllct is ncnhcr onx1olyuc nor anxiogen1c 

S • . · 11-1 for mc:.uuring the ,\illinanc � of rodents to c,ptorc
pon1.11.neous ahcmauon 1s o bch3v1oura .... 

...... "od typ·,c·'ly prefer 10 explore • !IC\\ arm of Y -11\AZC ..-thcr lb.an
-.. environments. "' cnts .u . . • 

. . · · cd This test is u}Ct) 10 q1W11tf> eo'1'111vc dclic1ts 1n
munung to  one that "as prcvtously '1511 

1 hcmical cnutics for their clfccts on cosnluon. 1bc
lrlnsgcnic stnuns of  mice and cvalUAtc "°' c ' 

ta c ,11cm:i1ion in mice
txlract did not s1gru1icantl) affect pc�cn & 

18 
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1ltC c:,U'IICI potcnt,atcd hypnotu: effect induced b • • Y pcn10bab1tone an a dose dependent manner.
1111u SUillcsung Its scdau-.c proJ!Crty. This aua 'I 11 ,.Cf) scns1t1 .. c and has been rou11ncl) used 10
screen •llents ,,.1th CNS dcprcuan1 effect O • . :unma-am1no-bu1)T1c 1e1d (GABA) ,s I.he maJor
inhibitory ncuro1runsm111cr 1n the central ncT\ou, "' .. _ C .. ,., d -, .... ,., "'" c�1 drugs m.sanly c:,cn !hear oction tluoua}l OAOAA rttcptor Therefore ,L- -- • • uK c111r1e1 11\a) octs b) h) pe,polanuuon of
lhc CNS \ht GAOA receptor or bclU.Od111, .... -,,1 nc  rcccp1or located adJacmt 10 the GABA receptor.

Furthermorc in this study, cthllnol lcllf cxtn1c1 or O sub1corp1oluta dcmoiuuatC'd an1inociccp11,c 

ti:Uon 1n chcm1col 1tnd thcrmul models or noc1ccp11on in n,icc In cctic acid ,nJuccJ "'nthina 

test, obdominol con1mctions v.htch 1ndie11tc -.icc:rosom.it11; pain v.-c:rc 11ucnuatcJ b) () 
wbscorplot,lca 1n a dose dcpcndcnt manner. Pain proce15 1n tlus &SSa) is ISSOCiatcd \\ith I.he 
rclwc of pros111gl1tnd1ns, lcukotrimcs, S-IIT, hiswninc and ltnnc, tn the pcripbcnal lJS$UCS

(HJJ:ICC et al , 2000) Md the abdomin:ll \\Tithes \\hich charactcriz.c this DSS:IY llt'C though& 10 be 

mcdiotC'd by pcritoncoJ mnst cell, (Ribctr0 et al • 2000), ac,J �ing 10n channels. (Voillc). 
2Q0;i) itnd proi1oglond1n path\\U)S I e �iuatloo of the chcmoscns1u,c nocicq>tors by

prosmglnndlns (Sutrt1dhar et uJ • 2007) lnh1b111on or abdoaunsl conrui,uoru b) the extract is 
lhus suagcstive of its antinociccpti,e action v.h1ch msy be due 10 inhibitory action against the 
synthesis and release ol 1nnammu1ory mC'diators Ahhough. this test or nocic:cption h :u  been 
s.,cccurully employed 10 screen pcnphenlll> acung analacsics. ccnuull) acting analgesic such as 
op101d ogonasts \\1lhout pcnphcml action h:i,c: eITcctiv-c:1> attcnU3tcd nocicq,tion an lhis model, 
tkus sho,Vlng 115 lack of spcc11ic1I) bct\\ccn ccntr.\l and pcnpher.al c:O"ccts (S'1.irn:hc1.-Z..11t«> c:1 
tJ. 2006) llenec the n«J for O model lh:it d1scnmin:11es �ans tn the ccnual and pcnphcral 
componcnlS. 

Fomullin model or nociccptlon dc:i.cnbcd by TJolscn tt of (1992) coru,sts or t\\'0 disunct phases

.1..c _ _  b f - An � .. •Iv pho.sc: describing the ccntml component or the J»invqo;n 1ng l\-.o types o pain ..... , 
( .._ d 10 din'<:I chcmac:il s11mul.11ion or nocaccpto� The l11c ptw.c
nc:woacnlc pn1n) scent 10 "" uc 

,L. . 1 1 •anO:inim:itof) p,·unl h:u hccn sho\\n 10 1n,,,1,c rn,--1 dcxnbc the pcnphcm componcn , 

'-n._ , h I stDJl\inc prostnglitndins. n11nc oxide and brad) k1n10
1111wmrru11ory mcdautors sue as 11 • 

• • 

I _, l99.,) o�ausc of the ch:1111..:tc:n�uc b1ph:u1c n:llun: of thu
( h11m:o:1r et a l  1985 TJOl$cn et Ill , • 

. 
' ' 

1 cd I di cnnunnie pAin an 1b ccn\nll and /or pcnf\l,cnal
model, It has therefore been c111p O) 0 

. eh I\S mo11>hinc, Inhabit cqu:ill) both ptwc,,. "h,lc
CO!nponcnts. Ccntmlly acting an11lacsacs su 

89 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



peripherally actin g drugs, such as steroids (dex lh . · o.mc [1$()ne) o.nd non-steroidal anti-inOommotorydr\l&S (ac:ctylsoheylntc) suppress mainly the lot e h (T P nse rongsakul et al • 2003). In lhis stud). 0n,bscorpioldea dosc-dcpendcntl) 01tc:nua1cd hind Ii , : . . 
. . • . . . . p:i,v c:"'"11 responses chc:11cd 1n both phase�.

thus mdicnung its ont1noc1ccp11vc activity. lnhi bit'o f t1 . . 1 n o 1c h,o phases 1:. 1nd1c:iu,c ol centrul
and pcriphcml mechanism of actions p ...., · ronounc: .. " crTcet of O s11bscorploldea in I.he
in031TlmlltOI') phase (sec:ond phase) suggests greater 1n,·oh,cmcn1 of pcnphcral mechanism in I.he
ant l -nocic:cptivc action nnd thus gives credence to its nn1·1 ·1nn� ...... 

ft1 · I. .... · -,u, ... ory potcntta 

ln the bcha,iournl responses in tnil immersion and hot plate: tests, ,..-hic:h nrc c:onsidcrcJ to be

supraspin31I) 1ntcgrotcd, 0 \11hscorp1old�u ohcrc:d reocuonl 10 p,1in \limuh ot 12.S mg.1-g and SO 

mgil.g in lllil unmcrs,on and 50 mg/kg in hot plate tcslS. These l'C)uhs indicate plll1ie1p.1uon of

thmnDl stimulation associated ,vilb central ncuro-tmnsmission \ \hen I.he hcnt oell\'lllCS 

oociccptors (A6 and C fibers) by driving the impulse of the dorsal hom of I.he spill3! cord and 

subsequently  to corticnl ccntcrs (Chapman et :ii., 1985) The result funhcr confinns central 

am.lgcsic: effect since both tests an: predomin:,.ntly o spuul rcnc� and a.re considered 10 be 
KICC:Uvc for op101ds like nnd ccntr:ill) ac:ung an11lgcsics. \\hilc pcrirhcral nno.lgcs1c: ore kno,,n to 

be inactive o n  thcrmnl stimulus (Janssen et al • 1963; Srin,vuson et al • 2003 ) .. An1.11gonism tot 
v.ith naloxone ,,'llS earned to confirm invohcmenl of central opi111c mechanism The dose: of 
naloxone ( l mg/kg) used ,n the experiments ,vus h.igb enough 10 block opiate receptors. as 
danonstn11cd previously in the pain induc:c:d-functioruil impairment model (Yru..sh, I 997). In the 
Sll.ldy, na.loxonc olone did not nftcct noc:1c:cp11on. but abohshcd 11nunoc1c:cp11vc cO"cc:1 of the 
an-act and thus indicates p:iruc:ipauon of cndogenou� op101d pcpude:. ,n mcd1ouon of 

1111i.nOciccp11,·e rcspoMC of the c,u,1.c1. 

D..L- • ral d '-- '-� h 10 plfty an important p,lrt In the c,aluntion Md dc, clopmcnt
<KJa\ 10 SIU ICS n.a\ e "'"'n S 0\\11 " 

of anudcpres53nt drugs (Xu, 2008). Forced S\,imrn1n� test (FST) and uul suspm)ion
_ 
IC)l (TS I)

. . od 1 'd ly nnd rouiincly wed for icrccn1n.i nc" anudcp��tart l\\"O 1mporton1 bchov1ornl m c s \VI c 

Porwlt (19111) Md Stcru tt cJI. (1987) c�1"cnc\! ot
compounds (Cryo.n, 2005) Acc:ord1nii to

. . unJ po1c:nc:) ol Mthlcprcss.uus has tx.:n11g.o.ific.nt correlouon bct\\·ecn c:hruca.l potent)
. • 

· Is subj((led to an uiu,01dAblc nJ 1ncs..�blc
established The immobiht) displa)ed by nruma 

bee h pothesiud 10 rcOc .. t bcha,,oral despair \\h.ich
� that c:luracterizc) these moJcls has n 

) • . bll N\Stllon is reJu..-cJ b> \llnCt). 
rd . hUffill.l\S ThlS ,mmo c ,-

ID turn may reflect depressive diso en in · 
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o(thc111pcuticillly active ontidc:prcs53nts c: 1 • . .g. OC:)chcs, mononm1nc oxid1UC-inh1b11ors ond nc\\-cr
antidepressants (Cryan ond Lucki, 2000. Cryan et al • 2002).

forced S\Vim1ning test is based oo the nssu · . mpuon that nn1mols rorccd 10 S\Vlm in o restricted
sp:icc: \\ill ultimately cease to appan:nt attempts t , . . o �:ipc and bcco1ne 1mmob1lc mak1na only 
small movements necessary 10 keep their heQCU abo,c Lhe surface or,,111er (Porsolt c:1 al .. 1978).
In this present study. 0 srubscorpiofdea (615 d 12 · an .S mg/kg) produced o s,gnificant reduction
iD immobiJjty time in forced S\vimming test, \\hile O susbscorploldea (2S lllld 50 ms/l,g)
produced no cffcc1 on immobilit)' 1'1mc: Po 1· I · · · s, 1ve contro onL1tlepress:in1 drul 1m1prum1ne 
produced significant reduction in irnmob1lity llme. Therefore the obiht) or O susbscorpfolJta 10
reduce the immobihr) Lime in animals subJc:ctcd to this strc�ful si1u:i11on 1ndici,1cs 11.s
1111idc:prcSSl11lt Ii.kc ac:tivil). 

Similar!). in
. 

TST O s11sbscorplofden (6.25 and 12.S mg/kg) and imipramine produced 

51gnifiean1 r-cduction in immobility time ,vhllc: 0 susbscorpfoidca (25 a.nd SO mg/kg) did not 
arr�, immobility in these animals. The test having got an advantage of being able 10 de1ec1 

broad spectrum of antidepressants 1rrc:spcc1ivc of their mc:ch:in1sm of action is ho\\C\ er based on 
the observations that rodents mostl} mice oJlcr initi:il esc11pe bcha, ior. de, clop an 1rnmobile 

posiuon \\hen subjected to inescapable stressful si!Ulluoo (V1111y. 2003). Animnls arc col\Sldcr-cd 
u unmobile when they hang passi\cly and complc:1ely mouonlcss The development of
unmobilc: posture by the onimnls ,,hich disengages them from active form of coping ,,11h
�fuJ stimuli (Luck,. 2001) n:pr-cscnts beh11,1orol despair \\ruch in tum moy n:Occt dcr� l\e
disorders in humaru Clinitall) cllc:cti,c: .in11dtprc�anb d�rc.uc the 1mmobiht) lime: 1n l�T

The abi lity of lhc: cxtr.ict 10 reduce 1mmobilit) 1imc: sug11�ts th.11 it mll) po!>se� 11n11Jcpn:,s:m1

kti\'lty.

un., • . 1-, l1i I of wt)' lbl sulbt.incc bMcd on S\\ 1mming.. 111Jc 1ntcrpn:11ng llntideprcs53llt· ,.,e e cc 

-. be'-- · of rodents in either FST or T\ I, 11 1s notc\\-onh� that
.-,ormancc and cxploro1ory ,..,,,our 
'·•·- · • d r. •c:nts tlut s11mula1c locC1motor .ictl\ it) (Oounn. �001)
1-.x pos1uvc n:sults can be obuunc 1or 01,

TI....___ b e ,n baseline locomo11on 1n an,nul 1s of pnmc
•11m:fon: the ,nnucnce of the tc)I su stanc 

hle omphctMllne, convuls:tnts a.nu 11n11chohnc:rg1c
COnccm (Do1ssicr and Simon, 196S). AgcnlS

. • . h rkin�uu in open field trsl (OFl) proJucc false
�hicb enhnncc locomotor ocuvat) or c:iusc )pc 

. . 001 Ouncn,ccl et al, 2003, Talalwhl et al .. 2008)
PDtilJvc results In fST onJ TST (Oounn, 2 • 
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tkllCC the need of OFT OS O pamdiom t 1· . .,... o e tmlllQtc the b' ha 
---iatcd ,Yith hyperkincsio tv,, 

IQS 1 1 ant1-lmmob1lity effect could be 
_.,.. \" on et ol., 2009). A_s . . 

the result in FST and TST . 
psycho-Sllmulant ,,,11 ol\,.iys 111,c false 

pos1 • one ,,-ay to d1scc:m or d" . . 
ho-stimul:rnts is thilt ant" d 

tsenm,nnte bct\,·ccn ant1deprcssnnts and 
ps)'C • cprcssants \\1>uld not cnusc • 
m,_ ·ni and l'-1cli 1988) p l I 

general increase in motor oc11, 1 1y 
\..,.,rs1 • . otcn1 a on11dcprcsso t .. 

. • . 
n 3c11\•1uc::. or a select" c serotonin I A ogorust 

t,,ucd on an11-1 mn,ob1hty activil) in the forced . 
. 

s,vimroing test ,n rats ,,ithout cfTcc:1 on open-field 
acu,11y have been suggested (Cervo and s amarun. 1987). The o�nauon that Otar

n,.sbsrorpioldta (6.25 o.nd 12.5 mg/kg) did 
• . . 

not increase the number of line crossed ,n the open 
field test chm1na1cs cxcrt,on of psycho-stimulant l"k 

. 
• 1 c acuon and confirms the assumption tlult

11111dcprcss:in1-hkc effect of the cxtro.ct in the TST and FST · 'fi (S'-,s spcc1 IC 1111chcz-l'> lateo Cl al .. 
:?005). Conversely. 0 s11sbscorp1ouleo (25 and SO mftll n) prod -·• · 'Ii cd · i;,r.., u�� a s1gn1 1cnn1 r ucuon ,o the 
mmbcr of line crossed indicating gross scdotion 01 these doses \\•hich masls its 11J1t1dcpressani 
effect. Th.is prob3bly explains ,,hy the cxtrnct 111 higher doses could not exhibit anti-immobility 

effect seen at lo,,-cr doses. 

Yohimbinc induced lethnJity test is another animal model used to further screen nnudcprcssanl 

po1enuol of O subscorpioldea This model has been de, eloped not onl) 10 detect potcnti.il 

1t1tidcpress:,n1 properties of ne,v subsmnces, but also to idcnul°} ncurotronsn1111er systems lh3t 

may be involved 10 the mechanisms of actions or 11J1tidcp�l drugs (Lconrud, 1986).

Yohimbinc, no alphn 2 odrcnergic antagonist, causes increll.Scd sympothcuc discharge both in  the

peripheral and ccnlr:11 nervous system. The antagonism or olpho 2 receptors olso causes an

mc:rcasc in the level or seroton1n (Oller o.nd l'>lontign)', 1994) Antidepressant drugs b) enabling

DIOrc amines 10 reach the receptors potcntio1c yohimb1ne induced ktl\ollit) Thii occurs either b)

thcu rcuptake ,nlubiuon or reduced 1nac11 va11on b) monoam1ne o,1d.uc 1nhibiton '\ ohimb1nc

indllCCd lethaltty test rcvealj an adrc.nerg1c component or phannocolo1i1clll o.cu, 11) of

llllidcp�snnts o.nd 15 scnsiu, c to detect MAO inhibitor.I, uic)chc anudepn:»anlS, nollklrcnahne

CNA), and selective serotonin rcupuike inhibitors (MolicJ.., 1983) The (ln!)COt ,tud) sho,,"CJ tho.1

lbc extract did not potenuotc )Ohimbine induced lcthalil) at 1111 do.c) thus prccludmv

Ul\ohemcnt of the central adrrnerg 1c mcchan1sm in lb antidcptt,..ant u�uon 

St• .. • • deplete amioc stores anJ irrc, cn1bl> inh1b11 the , cs ,uw
.... 1es lu\c sho,,.n that n:scrp1nc cllll . . 

. cd I I r monoam1no in the bnun hob been 1mr1i� tcd to be
�c or monoarnincs Tius rcduc c,c 0 
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111 undcfhn& ractor ,n the p:uhoph> siolo&)' or de rt 
_ _._ 

• P ss1on In this parod1gm ph) i1olog1cal efTcclS
SIJ(h as d1a1111oca. ptos,s and hypothermia nrc ob . • • SCr\cd ond these hu"e been as�101ed \\ 1th the
clfcct or rcscrp,nc as signs or depression (Bouri 1 n et a ., 1983) These syndromes have been
inhibited or reversed by major classes or an ·d 11 cpn:.ssant drug.s In this study. like 1mipraminc
signific.;int reversal of dinrrhoea by the cxtrac1 ot oil four dose levels used ,v.u no1ic:cd and thus
uidiCAtin& its nntidcprcssant propcrt). 

Ptn1clcnc1ctrozolc induced convulsion represents O valid model for human gcncr.tlircd
myodonic nnd also absence scirurcs. 1l1c PTZ ass.,y has been used primanly 10 C\.-:tluaie
1011cpilc:ptic drugs. It exerts its convulsive cfTcc:1 by inhibiting 11ctjvi1y of grunma amino bu1yric
acid (GABA) at GABA,. receptors (De SOJTO et al., 1999). Enho.nccmcnt and inhibition of
ocurouansmission of GABAncrgic sySlcm ,\ill altcnUlltc nnd enh:mcc con, ulsion ttSpcClivcly
(Gale. 1992; \\lcstmorland et al , 1994) Anticonvulsant nc11vit)' or a no,el compound i� not only
measured by its abilit) to prc,ent convulsions but also to dcla) onset or seizure$ or 10 reduce 
de:ub rate and/or to decrease frequency of the episodes (Kcnd:i.11 et al • 1981 ). Compounds "hose 

lttions lll'C just to delay onset of seizures or reduce frequency of the episodes in c:-tpcnmcnllll 

11rum11Js have been sho,vn to arrest the sprcod or seizures in epileptic brams (Corda et al • 1982)

Although 0. subscop101dea did not prevent detith, but sisniliClllll dcla) 1n the onset of sc1nm::. 

llld latency 10 d�lb seen 1n mice treated \\1lh the highest dose portends its an11-sc1zurc J>Qlcnual

Toa action may be due to activotion of GABAncrgic neuro1ransm1ssion This mild

1111.iconvulsant activity may JU)lif) the dcc,s1on of the n:ill\CS 10 combine 11 \\lth other lc:i, cs 1n

m,rnging convulsion (AdJnnohoun cl al . 1986). Phenobarb11one anU1gon1sm on lhc

-1e1 I · d d vuls,ons 1 ·5 ouributcd 10 1\S abilil) 10 cnh:mcc G '\0-\ mcdio1cJ,.... cnctetn.2.0 c-i.n ucc con 

inhibition in the brwn (RAng et o1 , 2005) 

"-J · • • h on inhibitory ncurotrammitler 1n the ccnual nervous
v )c111e 1s a n  o.m,no oc1d \\'h1c acts as

be mphcatcd in con, uh1ons Slr) chn1nc, a po1cn1 ,p1nal
l)lltm, the 11\hibition o f  ,,h1ch tus en 1 

. bi k nlycinc rc,cpiors sch:�1,, cl) and an\Ai;on1z1n1, 11.s
eord convulsaru 1nducei. sc11urc by oc ing • 
• . 

' 
nsc in the ccn1ral ncr\ou.s S))ltm ( :l) '\ et

inhibitory spinal reflexes to provoke e�c,u1tory � 

. the alicr on5(t of sei1Ure anJ l111mc) 10 d�lh .hus
11, 1993). In this study, the C:\trnct did 

nhib1lOr) •)"itCffl 
Pl'Cclud1ng its intcrnc11on ,, 1th glycine 1 
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Ill undcrhng factor 10 lhc p:ilhophysiolonv f d o, o cprcss1on. In this "" J h I I n: 
h diarrhoea. ptosis and h h 

,...ro ,gm. P > �,o o11ct1 c ccts 
svt as YP0t cnn,a nrc obsc cd • . 

rv 1111d these hn,c been assoc101cd \\lth the
ctfcct of rcscrp,ne as signs or depression (Bou . nn et ol., 1983). These syndromes ha"e becn
inhibited or reversed by major classes of ont"d 

• . 
1 eprcssnn1 drugs. In this Sludy, like 1miprom1nc

$i&JUfiC31'11 reversal or di11nhoca by the CXlmct Ql al( r d ,our osc levels used \W3 nouced 111\d thus
indic:iting its nntidcpl'Cl>S:ml property. 

Pentclcnctetrozole induced convulsion represcnis a v�1·d od I r, h I -�
u I m e or um:in genera 1,.cu 

mroclonic and also absence seizures TI1e Prl os••y h�· bee d · -1 I 1 . 
.,.. .... n USC pnman y 10 C\11 UQ C

111ucpilcplic drugs. It cxcns its convulsive cfrce1 by inhibiting activity of gommo amino but)-Tic
acid (GABA) 01 GABA,. rttcptors (De Sarro cl ol., 1999). Enhnnccmcnt and inhibition of
oeurouunsmission of Gf\BAncrgic system \\ill oucnwlle ond enhance con\'ulsion respectively
(Cdlc, 1992; \Vcsunorlond et ol • 1994) AnticonvulSMt acti, ity of o no,cl compound is not only
measured by its obilit)· to pn:,ent convulsions bul also to dclo) onset of seizures or to reduce 

de!1b rate and/or to decrease frequency or the episodes (Kendall et o.1 • 1981 ). Compounds \\hose 

IC'tions llrC just to delay onset of seizures or reduce frequency of the episodes in expcnmenuil 

munals hn,e been sho,vn to arrest the spread of seizures in epileptic brwns (Corda et al • 1982). 

Although O subscop101dea did not prevent dc.ith, but signifieont dclB) in the onset of �c1z.un:s 

ad latency to dc:ilh seen 1n mice treated \\llh the h11:1hes1 dose portends 1LS an11-sc1zurc potential

This action 11UlY be due to nc1iv111ion of GABAnergic neuro1ronsm1ssion This mild

llllicon,'Ulsant activity mBy JUStif) 1hc dec1s1on of lhe n:ill\CS 10 combine ll \\ith other lc11,� 1n

ININl�ng convulsion (AdJMohoun et nl , 1986). Phenob:ub11one an111gon1sm on the

pm1clcnctc1ta2.0lc-induccd convulsions is 111lributeJ 10 its 11b1lll) to enhance 01\0 ·\ mcJi111cJ

iahibilion in the brwn (RD.ng cl a.I , lOOS) 

Gl · · · d h. h ""'ts ... on inhibitory ncuro1raru.mi11cr in the ccntrlll nel'\·ous
)CIIIC IS an amino llCI \\ IC .... -

be mplicotcd in con, uls,on\ Stl)chn1ne, a potent ,ptnal
l)llcm, the irthib11ion o f  ,,h1ch 1w en 1 

.. 
bi l. ,. nl)Cinc receptors s.:lc<:111..cl) anJ ant.a11un an., 1b

cord convulsant induces sc1rorc by oc in. • 
· , . 

• 
. re nsc 1n the central ncr1..o� S)!item (Si,,n et

inhibitory spinAI rcncxes 10 pro\'okc c�c,tatocy spo 

. h Iler oRS(l of Sc:i?Utc anJ l:11.:nc) 10 J.-alh h us
11, 1993). In  tlus study, the c,ltllct did I c 1 

• I . nh1bllol) ))-Stem
Jllliclud1ng its intcrocuon \\1th g )tine 1 
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pjc:rotoxin anlllgonizcs GAB.-\ inhibitory system b b 
I.zed scizurcs It prod 

Y loc:l.ing GABA11 rttcpton to inJuc:c 
scnc111 I UCCS 3 Slrong clonu:Jio 

. . nic convuh1ons \\llh 3 h11,1h moruilit> rate nnd 
• sigruficruit n:ducuon 1n GAOA corucni orb · th . 

nun nt c onset of convulsion (Loschcr o.nd Frey
19n· Abdul-Gho.ru et o.l.. 1987). This nnt · · 

• 
ngon,sm on GADAergie sys1em lll1s bc:cn nssoc101cd

11,lh ,1s potcnual to cause closure or chloride cbann I t·nk .... c s 1 = lo 0ABA11 receptor (Rnng et 111 •

2005), Agcn� thnt reverse the closure of, or reopen lhis chloride channels ,,,.;u nffec1 episode of
scil1ltC in this model. Failure of 1hc extrae1 to alTi""'l p'ic-roi · · d _ _, · h Iha · .... oxin-,n u� seizures s ows t II
doeS not affect chtoridc ion enll) 31 OABA11 rcccp1or si1es Phenobarbhone dcla)cd onset of 

acuon of convulsion o.nd time of denlh thus suggesting 1ntcroc11on ,, 1th chloride ion cho.nncls 

(Cordl et ctl., 1982: Zetlcr, 1981).

S.l CONCLUSION 

The srudy sbo\\'S lhot the elhonol leof e'WUcl of O subscorploldra possesses bioacti\e pnnciples 

tml havt> scd3tivc, antinocicep11,e. antidepressant and :in11con,1Jlsan1 acth ,ties Its inhibitory 

cffcct on rearing and grooming moy be due to 1nvol,emcn1 of noradrcncrgic S))tem The cenu·al 

mcchnnisms involving the opioid systems mll} be responsible for ils nnti.nociccptl\e activity 

EnbMcement of GABAergic ncurotransn1ission may be involved in the anticon\'ulsnnl 11c:11.,,,t)

of the extrneL Also, this GABAcrgic mechanism moy account for its effect on pcnlotwbitone 

mduced hypnosis in mice These findings 1hen:forc csubhshed scicnufic b.u1s for 11s uses in the 
rn,n;,gement of neurological disorder and pain. 
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