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ABSTRACT 

Adenopus brevijlor,u is n perennial climber used locally ns on anll-convulsnnt, 

sedative and pain-killer in \Vest Africa. Several studies have reported gastrointestinal, 

reproductive and anti-microbial effects of extracts of Adenopus brevljlor11s, but there is dearth 

of information on its neurological effect. This study \YnS therefore designed 10 investig:ue 

effect of Ethanol Extract of Adenop11s brevljlorru (EEAB) on central nervous system in mice. 

Three hundred gram or air-dried Adenop11s brevijlorus fruits ,vere cold macerated rn 

70% ethanol and conccnlrnted using rotnry evaporator. One hundred and ninety-two S\viss 

male albino mice (20-25 g) ,vcre divided into control (dis(iUcd \voter), EEAB-treated (62.5, 

125, 250, 500, I 000, 2000 mg/kg, p.o.) and diazeprun-treated (2.0 mg/kg) groups (8 per 

group) for neurobebnvioural studies; fifty-six mice(20-2S g) (8 per group) \\•ere used to 

evnluotc mechanisms of action using different antagonists (O.S mg/kg ntropmc, 0.5 mg/kg 
• 

cyprobeptndinc, 0.2 mg/kg hnloperidol, 2.0 mg/kg nnloxone, 0.2 mg/kg proprnnolol and 1.0 

mg/kg yohimbinc). Sixty-four mice (20-25 g) were djvided into control and EEAB-trtnlcd 

groups (62.5, 125, 250, 500, I 000, 2000 mg/kg, p.o.) (8 per group) for Y-nillize lCSL One 

hundred and sixty mice (20-25 g) (8 per group) ,vcre divided into control and EEAB-trented 

groups (250, 500, I 000, 2000 mg/kg, p.o.) for noolgcsic stu,dy; 32 mice (8 per group) Y.-cre 

used to evaluate mechanism or action using naloxonc (2 mg/kg). Neurobchn,•ioural sn1dies 

,verc earned out using novelty-induced rearing, grooming and locomotor activity in opcn­

field. Hend dips rate was determined using hole-board. Effect on memory \\'US performed 

using Y-mau test. Arutlgesic activity ,vns carried out using hot plnte, tail immersion, formalin 

and acetic acid-induced ,vrithing tests. Data \vcrc analysed using descriptive statistics and 

ANOV A at p-0.05. 

The EEAB (250-2000 mg/kg) significantly decreased rearing (86.6±2 1, 84.6±2 7, 

62.8±2,4, 23,6±2.8, relative lo control 131.2±2.9). DiaztP3Jn nlso signHicnnUy decttnsed 

rearing (I 1.0:!;2.6 relative to control 131.2±2,9). The EEAB (62.S·2000 mg/kg) slgn1fican1ly 

decreased grpoming, locomotor activity Md head dips relotivo to controls (32 8·8.0 versus 
• 

36.2±2,6, 77.8-29.8 vemis 121.0:!;3.4 and 15.0·6.8 vcrs11.9 32.6±1.8 rcsp;:ctivc:1)'). 010:t.:pan, 

also significantly decreased grooming, locomotor nctivity nod head dip� relative tu controls 

(14.4±1.7 vcr5US 36.2±2.6, 49,6±1.3 versus 121.0:!;3.4 11nd 6.2+1 I ,·crsu! 32 6+1.8 
-
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• 

respectively). Three nntngooJsts (2 mg/kg nnloxone, 0.2 mg/kg proprnnolol, 1.0 mg/kg 

yohin1bine) reversed effect ofEEAB (2000 n1�g) on rearing relative to controls (I 12.4_t2.9 

versus 131.2±2.9, 113.8±2.8 versus 131.2±2,7 and 110.4±1.3 versus 131.2±2.7 respectively). 

The EEAB {62.5-2000 mg/kg) significantly increased memory {65.4±1.8, 66,0±2.9, 66.6:!;l.6, 

68.4±2.3, 74.2±2.1, 77.6±2.9 relative to control 58.2±2,7). The EEAO (250-2000 mg/kg) 

significantly increased reaction time (min) to thermal stimulus of hot plate (2.2:!;0.2, 2.8_t0.4, 

2.80±0.4, 3,6±0,3 relative to control 1.0±().0) and hot \\'Dier (2.8±0.3, 2.8_t0.3, 3.4_t0.4, 

20.0±0.1 relative to control 1.0:tO.O). The EEAB {2S0-2000 mg/kg) also significantly reduced 

acetic acid-induced writhes (33.6±1.1, 15.8± I. I, 13.8±0.9, 4.0_tO.S relative to control 

41.4±1.8) and dec,:eascd pa,v-lickiog time {sec) in formalin-induced ncurogeoic pnin 

{44.0±2.6, 38.2±2.8, 27.6±2.8, 4.6:£0.6 relative to coolrOI 76.0±3.7) ,vhich were nil reversed 

by naloxooe (2 mg/kg). 

Adenopus breviflor11s had central nervous system depressant nnd analgesic effects 

,vhich could be mediated via µ-receptor, � nnd a1- adrencrgic receptors. 

Kc)'ll'Onls: Adenopus brevljlorus, Neurobchnviourol effects, Naloxone, Analgesia, t.lice. 

\Vord count,: 497 
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CIIAPTER ONE 

1.0 INTRODUCTION 

An estimated 400 million inhabitants of the ,vorld, that is about 80% of ,vorld's 

population, are thought to rely chiefly on traditional medicine, which is lnrgely of plant origin, for 

their primnry healthcare needs (Norman et al., 1985). 1--lo,,-ever, ii is ,vidcly bclic,od thnt these 

vnlll3blc medicinal resources in plants nrc lnrgely untapped bec:lusc of inodcquotc scientific 

technical and commercial infrastructures in developing countries (Olnyi,,-oln, I ?93) 

ln �nt ycnrs, there is a gro,ving interest in herb:il therapy. Data on scientific screening 

of plant cxtr:icts, ,vbcthcr crude or purified, nppcnrs to be occumuloting grnduall) but steadily 

Literatures on antidinrrboeal (Meile et al., 2009), antimnlllrin (N,,·azue et of., 2013), antidinbctic 

(Shetti el al., 2012) and contrnccptive (Oycdcji ti al, 2013) activities of plo.nt - b3scd products 

support this claim. The major contributory factors to this gro,ving interest include. rising co�ts of 

orthodo:< mcdicntions, lo,v therapeutic indC'< of synthetic compounds nnd the gro,�1h incidence of 

drug rcsistrulce (Seed, 2000) among the pathogens especially in developing countries ,,ith very 

,,i:ak economic indices. It is thought thnt the use of plMt - derived active principles ,viii offer 

people access to safe and effective products for the prevention and trc.itmcnt of diseases through 

self -mcdicntion. 

Medicinal plants nrc of great importance to the health of individUlls· and communities. 

The advent of science into tl,c search for nntibiotics l:!r£cly depends on some of these medicinal 

plants as row mntcrinls. 11,c medicinal vnluc of these plants lies 1n sonic chemical .icti, c 

subStJlDCCS tlult produce a definite physiologicnl action on the human body. The most important of 

these chcmicnlly active constituents of plants ore nlkllloid, tannin, Onvono1d nnd phenolic 

compounds. (Edeogru, 2005). 

For 11l411Y years, medicine hnd depended exclusively on ICllves, llo\\,:is o.nd barks of 

plllnt.s; only recently have syntllttic drugs come into use. At present, nearly 30¾ or n,orc of the 

modem pb:u:uulcologjcnl drugs � dcri\'cd directly or tndil\.-ctly from pl:uits Md 1n homcop.1thic 

or oyur,cdic medicines, mcdicinnl plnnts, their pons and cxtrnc1s dominate the scenes (lb.wn ti 

al, 2013). 

Drugs ncllng on the Central Nervous System (CNS) \\'Cre M\Ong the fi�t to be

discovered by the primitive hUll\llJl nnd on: still the most ,vtdcl) U$Cd group of 
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phannncological agents. The CNS acting drugs nre invaluable thcrnpcuticolly. because lhey 

c;in produce specific physiologicnl and psychological effects. From the ,,nst array of n,areria

r11edlco of the' indigenous system, so many plants hove been reported 10 have activity against 

CNS disorders and thus act as very useful remedies for tl1e allevintion of humnn suffering 

(Sub:i et al., 2002). 

• 

Among the medicinal plants that are in current use in Nigeria 1s the pl:int called 

Adenopus brevlj1onis. The plnnt is used medicinally as n purgative in Tanganyika and os o 

vcrmifuge In Nigcrit1 (Ainslie, 1937). A decoction from the plant is said to be used in Nigeria 

for hc:idnche (Ainslie, 1937). It is used in \Vest Africa for a ,vide rnnge of gostrointcsllnnl 

disorders and measles in man. It is also used os an anti - convuls:int, sedative nnd pain killer 

(BurkiU, 1985). 

The objectives of this study \\'ere to cvnlunte the ph)'tochcn11col co111poncnts, 

ncurobchovio11ral effect, nnolgcsic and Mticonvuls.1111 octiv1t1cs of ethanohc extract of 

Adenopus bre11Jj1or1is fruit in mice . 

• 

• 

• 

2 
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· CHAPTER T\VO

2.0 LITERATURE REVlE\V

2.1 Herbalism 

Herbalism ("Herbology• or "Herbal Medicine") is use of plants for medicinal 

purposes, ll!ld the study of such use. Plants hnve been the bnsis for mcdicnl treatments through 

much of human history, and such traditional medicine is still ,videly practiced todny. Modem 

n,edicioe recognizes herbalism os a fonn or alternative medicine, os the practice of herbnlism 

is not strictly based on evidence gntl1crcd using the scientific mcthod. !'.1odcm 1ncd1c1ne, docs, 

110,vever, make use of many plant-derived con,pounds os the basis for cv1dcncc-1cs1ed 

pharrnaceuticnl drugs, ll!ld phytotheropy ,vorks to apply n,odem standards of effccti, cncss 

testing to bcrbs o.nd medicines thot o.rc derived from natuml sources. The scope of herbal 

medicine is sometimes extended to include fungnl and bee products. os \\'ell o.s nuncmls, 

shells o.nd certain animal p3rtS (Anonymous, 2013). 

2.1.l fllitory 

Archaeological evidence indicates that the use of n,edicinal plants dotes nt lcnst to the 

Paleolithic, approximately 60,000 years ago. \Vritten evidence of herbal rcn1cdics dlltes back 

over 5,000 years, to ilie Sumerinns, ,vho created lists of plnnts. A number of ancient culture.s 

,vrote on plants and their medical uses. In Mcient Egypt, herbs nrc mcn11oned in EgypllM 

medical p:ipyri, depicted in tomb illuslmtions, or on rare occo.sions found in medico.I j:in 

containing trace a.mounts of herbs (Nunn, 2002). The earliest kno,vn Grttk herbnls "-ere those 

of Diocles of Co.rystus, vmtten during the 3rd ccn111ry B.C, o.nd one by Kmteuu from the I �t 

century B.C. Only o fe,v frngments of these \\Orks have survived 1ntnct, but from \\b.nt

remairts scholars have noted thnt there is n large runount of overlap ,vith me 'Egyptian herbal� 

(Robson and B:iek, 2009). Seeds likely used for herbalism hove been found in the 

areh:ieological sites of Bronze Age China doting from the Shong O)MSty (Fronc,s, 200-4). 

Over 11 hundred of the 224 drugs mention.xi 1n the Huangtll Nelj1ng, an cJJl) Cluncse mcJicnl 

text, arc herbs (Unschuld, 200)). Herbs ,veJe also common m the medicine o{ ancient India, 

\vhere the principal trc4lmcnl for dlsell.Ses ,�-as dicl (Ackcrknecht a, 1982). De �totcrio �tcdica 

by Pedonius Dioscoridcs, o Roman physicia.n, is a p:u1icularly imponunt exl\mple or such 

.,..Tillngs The documentation of herbs and their uses ,,-as o ctntrnl Jl')rt of both \\'cstem nnd 
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wlcm medical scholarship lhrough to the 1600s, Md these ,vorks plnyed an in,portnnl role in 

the development of the science ofbolJlny. 

2.1.2 �lodem herbal medicine 

The \Vorld Hcnlth Organization (\VHO) estimo1cs 1.hat 80 percent of the population of 

some Asion and African countries presently use bcrbol medicine for son,e nspccl of pnmary 

health care. PhonnaceuticaJs nre prohibitively expensive for n10s1 of the \\"orld's popuJouon, 

half of ,vhich lives on less than S2 U.S. per dny (Edgor et al, 2002). In comparison, herbal 

medicines can be gro,vn from seed or gotJ1ered from nature for lillle or no cost 

Many of the pho.rmoceuticals currently ovailoble to physicians hnvc a long history of 

use os hcrbnl remedies, including opium, aspirin, digitalis, and quinine, According to the 

\VHO, approximately 25% of modern drugs used in the United States hove been derived from 

plonts. At lc:ist 7,000 medical compounds in the modem pho.rmac:opocio ar.: den,cd from 

plonts 1\mong tJ1c 120 oc:1ivc compounds cum:ntly isolntc:d from the higher plants nnd ,v,del)' 

used in modem medicine today, 80 percent sho,v n positive correlation bet,vccn tlictr modem 

tJtcrapeutic use and the troditionnl use of the plants from ,vhic:h they a.re derived (Fabricanl 

and FllmS\\'Orth, 2001). 

2.1.3 Clinical tests

In o 2010 survey of tJ1e most common 1000 plont-<lerivcd compounds, only I 56 hod 

chrucal trials published. Preelinic:nl studies (tis�uc-euhurc and nn,mol studies) ,verc �poncd 

for about one-half of the plant products, ,vbile 12% of the pl:ints, nlthough available 1n the 

\Vestem mnrkel, had "no substantial studies• of tlteir propenics. Strong evidence ,vns found 

1h111 five were toxic or allergenic, so that their use ought 10 be discouraged or forbidden Nine 

phwts had considerable evidence of therapeutic effect (Cmvotto ct al. 20 I 0) According 10 

C11ncer Research UK, "there is currently no strong evidence from studies 1n people that herb31 

remedies can treat, prevent or cure ct111eer". 

The U.S. Nationa.l Center for Complcmentnry and t\ltema11vo �led1c1nc ol the 

National Institutes of Hcallh funds clinical trials of the cffec:1,,..enc:.s of herbal med1c1ncs and 

provides "fact sheets" SW1Urulrizina tJte cffceti\.cncss and side effects of n,any plnnt-dcnvcd 

prcp:iratioru 
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2.2 Herbs affecting the ccntTal ocrvow system 

The fo11owings are some of the specific herbs tllllt o.!Tect the ccntrnl nervous sys1cn1· 

2.2.1 Epbcdra or Ma Huang (Ephtdra spp.) 

Ephedra is n medicinal prcparntion from the plnnt Epl,cdra sin/ca (Gurley ti nl. 

I 998). A wide variety nlkaloid nnd non-alknloid compounds have been identified 1n vnnous 

species of ephcdrn. Ephcdrn hns been reponed 10 hnve stimulant and thennogenetic effects 

due 10 the presence of its nlkaloids (ephedrine nnd pscudocphcdrine) (Abounuheed ti al.

2003). It hos olso been reporled to stimulate the brain, increll.SC hean rote, constrict blood 

vessels, expand bronchial tubes ns well os used by athletes os pcrfonnancc enhancing drug 

(Bents nnd Mnrch, 2006). 

2.2.2 Ginkgo (Ginkgo biloba L.) 

Ginkgo is o unique species of ttce ,vith no living relotives nnd its extracts hove been 

rcporlcd 10 contain Onvonoid. glycosidcs (Myricetin nnd quercetin) (Oyan10 ti. al., 1994) nnd 

tcrpcnoids. 

Its extracts arc sbo,vn to exhibit reversible, nonsclcctive mono:im1ne oxido.sc 

inhjbilion. ns well os inhibition of rcuptakc at the serotonin, do(lJmine, and norepinephrinc 

1ronspor1ers, with nll but the norcpinephrine reuptake inhibition fading in chronic exposure 

(\Vintcr nnd Timincri, I 999). Ginkgo hos been rcponcd to be effective in improving cognition 

in dcmcntio pnticnts (\Vcinmann ti al, 2010). It is used in the treatment of sebizophrcn1a 

(Zhang ct. al., 2011 ). It is believed to hove nootropic proper11cs, nnd 1 s  rnrunly used ns 

men1ory nnd concentrntion enhancer os ,veil os an nntivcrtigo agent (�tahadc,an 11nd Park, 

2007). 

2.2.3 St. John's \\Ion (llyptrlc111n ptrforat11n1 L.) 

flyptrlcum perforation is  a Oo\\-ering pl11nt ond n medicinal plnnt 1h01 is sold over -

the - counter os o trcotment for -depression (Nathnn, 2001). Its mojor chemical constituent, 

hypcrforin, may be used for lhc trcotn1ent of olcohohsm (Rcutero ti al • 2008). I l)'J)erforin ha, 

been reported to posses nntib3Cteriol properties agmnst Grom - positive bacteria (Cecchini, 
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2007). Hypcricum ptrforotum cxtJ'llct is used ns tropical remedy for ,vounds, obmsions, bums 

o.nd muscle pain (Reutera ct. al., 2008). 

2.2.4 K11v11 (Piper 111elhysllcu111 G. Font.) 

Kavo is o crop of the ,vestem pacific ,vhosc roots ore used to produce a drinl \\llh

seda1ive 1111d 111U1csthctic properties; ii is olso used in the lrc:itn1ent of short - 1erm social 

anxiety (Teschkc, 2010). It has also been reported 10 produce n,itd euphoria and rclaxouoo ns

,veil ns o deep dreamless sleep (McDonald, 2000). 

2.2.S Volcriqn (Valeria11a ofjlci11a/is L.) 

Volcrian is n pcrcnniol no,vcriog plonl ,vhose consun1p1ion h3S been reported 10 

produce sedative and onxiolytio effects ,vhich ,vere suspected to be mcdioled through the 

GABA recep1or. Valerian is most often used in the treotmco1 of i11s01nn1n :ind Dn'<iety 

disorders (Hadley o.nd Petry, 2003). 

2.2.6 l\liscclloncous CNS-Depressant 1-lcrbs 

There arc several botnnic:als ,vilh a folkloric rcpu1.11tioo for utility in the 1rea1mcnt of 

restlessness and sleep disrurbruiccs ,vhose efficacy is largely unproven by scientific n1ethods. 

Some of them ore frequcnlly used in combin:uion ,vith other CNS deprcsson1s in propric1ory 

hcrb:il products. 

Hops, the dried strobilcs of/ lum11l11s l11p11l11s L., is one of these. ,\hhough very sm:ill 

amounts of mcthylbutonol, a compound ,vi1h scdntive cfTccts, have been dctccled in hops, 

clinical studies hove not verified any such oc1h ity of the herb 1n huml\n subJCCts (Franco cl 

al, 2012) 

Ponfon jlowtr, the dried above-ground p3Jts of Passljlora lncarnata L., hns nn 

oncicnt rcpu1.11tion as a sleep old. Ho\\,:ver, no controlled clin1cal trials ha,e ever �n 

conducted on single-herb preparations, so preliminory poslthe result!> 1n the fc\\ nn111,:1I 

Jtudies bnvc nol been vcnCicd (Nogon ond Condult,2011) 

Lavender, the dried no\vers of Lavanduta a11g11stffotla t.-1111., yield a vololilc oil. the 

Clllmiog ood rclwng effccl.S of which ore better doeumenlcd b y  both e1np1ncal meJicine ;ind 

�xpcnmenl41 studies. App;in:ntly, its actions 1u-c mcdioleJ by olfnctory receptors, but it n1oy 
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possibly net directly on the CNS follo,ving systemic odministrotion. Suitnblc rcsC11rch 1n 

human subjects is required to verify prclimiMr)' observations (Chcvollier, 2013). 

2.3 Adl!nopus brevifloru.s 

2.3.l Taxonomy 

Adtnopus brevljlonu (Lagcnarla brcvijlora) belongs to the family of CucurbitoCCJle. It 

is commonly called \Vild colocynth in English hmguage, in Ibo language: Ogbcn\\'ll ond 1n 

Yoruba lnngunge: Tngiri (Ainslie, 1937) os reported by BurkilJ (198S). 

Its family is moderately ln.rgc consisting of about one hundred ond ten genera nnd six 

hundred and forty species (Evans, 2002) and is  represented in Nigeria by t,venty-one general 

Certain genera, such os Telfaira, Cucurbitn nnd Citrullus ore euluvoted In Southern Nigeria 

(Okoli, 1984). 

Domain: 

Kingdom: 

Subkingdom: 

Phylum: 

E11knryoto 

Plantat 

V-trldacplonrae 

Trncheopl1}1a 

Subpbylum: EuplryllophJtino 

Infraphylum: Rndiatopses 

Alagnollopsida 

Rosidat 
• 

2.3.2 Ocacriptlon 

Oass: 

Subclnss: 

Supcrordcr: 

Onlcr: 

V1o/annc 

C11curb//altJ 

Family: C11c11rbitnccn,: 

Gcnu_s: Adtnop1Lf 

Specific epithet: brt!Vijlonu 

Dotnnknl nnrnc: Aclenop,u bre,·,jlor,u 

It is o perennial tendril climber. It ,,'Ould usunlly lie on the ground for \\u.Ot of 

something to climb and climbs over shrubs and herbs by means of axillnry tendrils. The 

leaves nrc simple, alterruuc nnd 1)31motely veined (Dutta, 199S). The fntit 1s o sxpo ond appear 

green \\ith crellffl-eolourcd n.orro,v blotches measunng 1-S cm 1n length and its pulp i\ bitter 
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(!<Ar, 2007). The seeds number up to four hundred in nn overage - size fruit. The nowcrs ore 

oclinomorphic nnd nenrly always unisexunl (Burkill, 1985). 

2.3.3 Geographic distribution 

The fo.mily is n diverse fnrnily of plnnts in Ilic temperate zones but nlso thrives 1n hot 

arid regions of the \\"Orld (\Veihrauch 11nd Teter, 1994). It occurs from Seoegol 10 \Ve�tcm 

Cnmeroons nnd generally ,videsprcad in tropicnl Afric.a (Ainslie, 1937) . 

• 

• 

• 

• 
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Plate 2.1: Adenopus brevlflorl,lj· fruit specimen {Oycdcj� 2014) 
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2.3.4 Chemical compounds and nulrilional value 

Some members or the Cucwbitaccae family ore gro,vn for their cnrbohydrate rich fruitS, 

,vhich contain many oil lllld protein rich seeds thnt are discnrJcd ns \\'tlStc durint the 

processing of the fruit. A few examples include ,,-atennelon (cltru/11s vulgaris). muskmelon 

(C11c11,nfs n1elo), pumpkin (C11c11rbita pepo). sponge gourd (Luffn 1:yli11drica) (\Vcihrauch and 

Teter, 1994). TI1e seed of Adenopus brevljlonis is a good source of most of the essential 

amino acid (Oshodi, 1996). 

Phytochemicru nnnlysis of the plant sho\\'Cd !hat it contains \'ruiety of cbemiau 

compounds ranging from saponins, phenolic acids (Elujobn ct al, 1991) and cucorb1t11c1ns 

(\Vakimoto, 2008). TI1crc arc several types of cucorbitacins th:it hove been discovered in plMts of 

cucurbitnccac family, ,vith profound phnrmacological actions. The prim:uy cucurb1tac:ins are 

types B Md E and they have also been fowtd outside the Cucubilllccac fi1mily (Momm:i ct of, 

2008). 

2.3.S Medicinal use,

The plant is used as a purgative in Tanganyika as ,veil as a vcrmifuge Md cnthartic in

Nigeria (Ainslie, 1937) as described by Durkill (1985). A decoction from the plant is S31d to 

be used in Nigeria for headache (Ainslie, 1937) ns described by Bwkill (1985). It is used in  

\Vest Africa for n ,vide range of gastrointestinal disorders and 01cnslcs in man In southern 

Nigeria its sced-decoction is reportedly given to pregnant ,vomcn but the purpose is not stated 

(DruLicl, 1937) as described by Dwkill (198S). It is used as nn nnliconvulsant, scdati-.c Md 

pain killer (Burki II, 1985). 

They arc cornn1only used in Nigeria for depilnting hides. The fruits nre cul up. pul in 

\\'liter \\ith lye of \\'000 - ashes and in this hide, arc lcfi to soak for one or 1,vo dn} s. Ahcm..t,vcly 

the hides arc Stretched nnd the inner surface scraped cle;m, llDd lhcn the fruit pulp IS rubbed ,n 

follo\\cd by n free npplicotion of dty ,vood - ash. Depilttllng is done after the folded hide h:l.s 

been steeped for a funhcr day in tbc lye of,,'Ood- n.sh (D;ilzicl, 1937) n_s descnbcd by Bwkill 

(198S). The seeds nre used in some places lo stupefy fish, nnd in Sudan the sctds � Stl.ld to be 

cbC\YCd while smoking tobocco to induce II sort of lnto'.'Cicelion (DJlncl, 1937) ns dcsc:ri� by 

Burki II ( 198S). 
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It is used ,vith other mcd.icinDJ plants as c:oncoc:tions 10 aid panurilion in humnru (Son3iya. 

1999). Livestock rwmcrs employ the frui1 c:xtroc1 or lhe plnnt for the trc,1tmc:nt of Ney.castle 

discnse nnd c:oc:cidiosi.s in animnls (Sonlliya, 1999). 

2.3.6 Pbarmacologlc:al propcrllcs 

It hBS been reported thot the methanol cxtroct of its whole fruit hns t111ti-implontation 

activity (Elujob:i et al., 1985) and nbortifo.cicnt activity (Elujob:i nnd Hymc1c. 1986) The 

cthoool extract of  its ,.,.hole fruit hos been reported to hove o brood spectrum ontiboc1e.nol 

activity (Tomori er al., 2007) BS \\'C:ll BS nnti-ox1dnnt nnd nnti-ulccrogcn,c cffccb (Onosanwo 

ti al, 2011). 

The et.hnnol cxtroct of  its ,vhole fruit hns been reported to cause: incrcnse 1n RBC, 

T\VBC, PCV vnlucs os \\'ell os caused electrolytes imbnl:inces (S:iba et nl., 2009.i) :ind 

spcrrnototoxic effect in rats (Soba ti al .• 2009b) . 

• 
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T11ble 2.1: Common Neurotransmillen 

' Cat,cory N••• Abbrnbtloa llhtabotrorlc lo11otroplc 
SmU: Amino acid• (Ara) Ac,natlnc o, adrmqlc receptor m !DA 1rcq,tor

lmidu.olioc rcttplOr 
Small: Amino acid• AJparWc Alp • 1'"1DA rcttptnr 
S1111II Amino adds Olut&Nte (aluwnic Glu Meubotrop,c 1''\IDA m:ertor (co-ai;<>ni1t 

acid) atutsnulc lt<><plOr K• 11.ie racepror, A"-IPA r«<ftO< 
S1111tl: Amino acids Gamma· GABA OABA1 rcccr1or GABA., OADA.11 r«crtM 

amlnobutyric acid 
Small: Amioo acids Olycino 01)' . Glycine recop1or, N\IDA nxcptat 

(co-osonlll) I
'
I S1111II: Amino acids D-scrinc Sa . 1'.,_IDA m:cptor (co-a1onh1) I' I Small: Acct) lchollne Acctylcboline Ach Miueatinic Nlcollnlc accet) khohne rcccpl< r · 

acct) !choline receptor
Small: Mooo:imine Dopamine DA Dopamine receptor • 

(Phcflyr) 
. I 

Small Monoamlno Noteplncphrlnc NE Adrmeritc receptor • 

I (Phcfl)r) (nondrcnallnc) 
'; 

Smalt r,.fonoamlnc Epinephrine Epl Adrcna;lc receptor . 

I 
(Phcflyr) (adrcnsllne) 

I 
S,ull: Monoamine (Trp) Scrotonln (5· S-KT Stn,1onln receptor, 111 S-Hf.

I h) dn>X)'tl)'ptamlno) bul 5-trT1

'
' Small t.lOCIOlmlnc (Trp) 1-leblonln Md Mcl�tonin r«<plor . 

I Small Trace lllllnc (PM) Phmclhylamlne PEA Trace amine- . 

wodatcd rccq,tort· 
hTAARI, hTAAR2 

Small. Trac,: amine (Phc) N· mll'EA hTAARI . 

mclhylphcnclhyl.aml 

I 
nc 

1 Small: Trace • lmlllC 'fyramlnc TYR hTAARI, hTAARl • 

(Phcflyr) 
Small: Trace emlne Oclopamlne Oc1 hT'AARI • 

(Phdt)l) 
Small Trace amine Syncpbrlne Syn hTAARI • 

(Phc/1)1) 
Small Trace amine l•mdhoxyt)Tanllnc l·MT hTAAIU . 

(Phc/T)r) 
. 
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Small: Tn,cc amine (Trp) Tryp11111inc hTAARI, ,1riou1 5.

HT receptors 

Small: Trace amlnc (Trp) OlmcthylllyplAminc O�IT hTAARI, va,ious s-

I IT receptors, 

Small: Olarninc (His) Hi1wnlne H Hbtnmlnc receptor . 

Ncuropcptidcs N· NAAO t.lclQbotropic . 

I-
Ace1yhup411ylalut1 aluwnmto reccpton:

mm 1clec1ive agonist of 

mOluRJ 

PP: O:utrins Oastrln . 
. 

rP: G:ulrins Cholocy11olcinin CCK OlolccystoLinln • 

receptor 
• 

PP: Ncwohypophyscals Vasoprculn AVP Vasoprwin receptor • 

PP: Ncurohypophysc:ili Oxytocin OT Oxytocln r«CplOI . 

PP: Ncurohypopbysws Ncwopby1in I • . 

PP· Ncurohypophysals Ncurophysln II . • 

PP: Ncuropcplidc Y Ncuropcptidc Y. NY Ncuropcptldc y . 

rtceplor 

PP: Ncuropcptidc Y P11m:na1Jc pp . • 

polypeptide 

PP: Ncuropcptlde Y Peptide VY PYY • . 

PP: Opiolds Conlcotropln ACTli Conlcotropln ,�-cptor . 

(ldmioconlcotroplc 

hormone) 

PP; Oplolds l!nkcphallno 6-oplold rttcpCor 

PP: Oplolds Dynorpllln �--opioid n:ccptor . 

PP: Opioids Endorphln 11-()plold rtceptor . 

PP: Sccmlns Sccrctin Sccietin m:q,ror . 

l'P: Sccmln1 Motllln Morllln receptor . 

PP: Sccn:tins Olucaaon Olucteon receptor . 

PP: SccrctlM Vuooctlve VIP Vasomlve tn1cs1in3l . 

Intestinal peptide p<plld• receptor 

PP: S<CtCIIM 0,0 ... 111 hOITllono- ORI' . • 

n:lcaslna (actor

PP: Somal011t1IM Somatosltlin Somi1os111ln n:ecp1or . 

SS: TllchyUnlM Ncurold.nln A . • 

l SS; TachyklniM N,uroklnln 0 . . 
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SS: Tllcltykinins Subs11ncc P • • 

PP: Olhet Cocaine 111d CART Unknown 010 •• 

amphcwnine coupled rc�plo�111

rcgulll!Cd ttanJcripl 

' PP: Other Bombcsln • • 

rr: Other • Oasuin rcle3Siog 

pcplldc 

O:is Nitric oxide 

O:is Carbon monoxide 

01hcr Anandamldc 

Other 2· 

Anchidonoylglycu 
• ol 

01hcr 2-Arachldonyl
glyecryl ether

Other "N°•Am:hidonoyl
dop4!11lnc

O\h<r Vlrodllamlnc 

Olh« AdcnoJ!nc 
triphOlplatC 

Olhn Adcnoilnc 
. . 

Adopted from \V1k1pcdin 

ORP • 

NO Soluble guanylyl 

cycluc 

co . 

AEA Cannllbinoid rcccplor 

2-AG CanMbfnoid n:ccplor 

2-AOE C&nnabinold rcccpcor 

NADA Cann�binoid rttcplor 

CanMbfnold receptor 

ATP P2Yl2 

Ado Adcno1lnc rcccplor 

2.4 Explorativc bcbnvior of rodcnu in novel environment 
• 

• 

. 

Heme bound 10

ehMncls 
. 

. 

. 

TRP\11 

. 

P2X rcctplor 

. 

The movement nnd bcboviour of first colonists in novel environments have importont 

implit4tlons for their survival nnd long term population establishment (Hoh,ay ond Sunrez, 

1999; Taylor and Hastings, 2005). lndividWlls in unfnmilinr locations must become fumiliar 

with their environment before establishing home mnges, nllo,ving efficient resource 

utilizntion and prcdQtor avoidance (Dcnhnrnou 1994; Bums 2005). Invasive species continue 

10 colonlzc new cnvironmcnLS (Vitousck el al 1997), and preventing ne,v invllSions 1s  o 

priority (Puth nod Post, 2005). Detecting and intercepting the first invndcrs remains difficult 

because of bchaviournl changes nt lo,v density such ns enhanced ncophobin (e.g. Thorsen ti 
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al., 2000), and a bcucr understanding o f  invader behaviour ,vould assis1 managers in 

· preventing invasions (Rohvay and SU3rez, 1999; Pulh and Post, 2005).

Laboratory studies of exploration in novel environments hypothesize Uint nnin1nls ,viii 

(i) initially prioritiu: a systematic exploration (avoiding sites previously \lisited) nnd (ii)

subsequently seule into regular patterns of patrolling (rcgulo.rly visiting previously used sites) 

about a home range. Computer simulations hypothesize that released 1ndi,•iduals (iii) lirsl 

explore around and return to their release site, before es1ablishing ne,v den si1es nbout ,vhich 

they forage, and (iv) choose nearly uncorrelated rnndom-,vnlk search s1rotegics in the absence 

of specific cues in n homogeneous landscape (Zollner and Lima, I 999). 

Unfor1uoa1cly, there is a lock of daln outside the loborntory on nnimnl behaviour in 

no\lel environments (Birkc and Archer, 198); Gosling, 2001) and on behavioural changes lhat 

occur follo,ving relocation from high- 10 lo,v-dcnsily populations ond familiar lo novel 

environments (Smith and Morrell, 2007). Such data ore noloriously difficull lo collect in 

noturnl systems, o.lmosl exclusively requiring an experimental approach (e.g. Durns 2005). 

Nonetheless, chnroctcrization of poslarrivol movement and behaviour is critical for 

undcrs1nnding processes of species dispersal ond coloni:zalion (Pulh and Post, 2005), ond 

results from field experiments ,vould provide a meaningful tesl of hypo1hescs de, eloped in 

the laborn1ory (i and ii) nnd by compulcr simula1ion (iii and iv). 

2.5 Loromolor activity in rodcnls 

The assessment of rodent unconditioned locon1otor behaviour has bccon1c one of lhc 

rnosl ,vidcly used behavioral paradigms to de1ennine the effects of various expcrin1en1nl 

manipulations ranging from genetic changes, e.g. knockou1 mice, 10 phom1ncologicol 

chollengcs, e.g. nmphc1nminc-induced locomotor octivi1y. This ,vide rnnge of opplico1ions 1s 

based on the foci thol unconditioned motor oc1ivi1y probes a vnnety of behn\•iors, c.m be 

recorded au1omotically, nnd can quickly generate on effect profile (Geyer, 1990). In rotS, 

locomo1or activity hos been used 10 discriminate drug effectS, to elucid:ue the functional roles 

of specific ncurobiologicol systems, nnd to screen drugs for po1cntiol psychonclivity. 

More reccnlly, locomo1or oc1ivhy hos been used as a critical nssny 10 cs1ablish the 

phenotype for various gcnclic monipulotions of mice. Nevertheless, as pointed out by olhcrs, 

the increased use of lnUlSgcnic and null mulJuion techniques in lhe dc,·clopmenr of animal 
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models of disorders underlines the importance of selecting the approprinte genetic background 

due to large strain-depcodeot differences in behavioral measures. For example, significant 

inter-strain dilTercnccs have been demonstrated across t\velvc sl.nlins of inbr<d nuce nod 

seven FI hybrids that \Yere tested in multiple behoviornl wks including open field locon,otor 

activity, Y-mnu activity, auditory and tactile stnrlle reactivity, and prepulse inhibition of 

startle (Logue el al .• 1997). Similarly, large individual diITen:nces exist among n1icc in their 

bchnviornl responses to drugs of nbuse. 

Comparing C57BLr6J nod 129rSvJ, and their outcrossed Fl offspring using 

conditioned ·place preference, mice of the I 29rSvJ slroin ,vere found to be hypoactive ond 

very sensitive to the locomotor nctivnting effects of cocaine {Miner cl nl., 1995). 

Nevertheless, 129/SvJ did not develop cocaine-conditioned pince preference under conditions 

that yielded significnnt place preference in C578U6J mice. Finally, L11csc strain-dependent 

behoviornl 'cho.rocteristics con be inl1eri1ed in a non-ndditive manner. Such results emphasize 

the importance of investigating the underlying behavioral dimensions in different strains of 

mice ond support the notion of using detailed assessment procedures 10 ndequotcly qu.inufy 

the st.min-dependent behaviornl phenotype. 

\Vhilc locomotor activity hos been a ,videly used bebavioml nssny, its conceptual basis 

is complex. A variety of different concepts hove been opplicd 10 the intcrpretotion of aspects 

of unconditioned motor behavior of rodents in no open field, 111cluding orous.:il, novelty 

seeking, diversivc o.nd inspective cxplorotion, wi.'Cicty, stereotypy, ond pcrscvcrntion. 

Numerous investigators have recognized the necessity for nnalyses of multivorinte pro61es 

nnd/or sp.itio-tempornl potlems of motor activity ond proposed different approaches 10

qunntify the various components of open field behavior {Eilnm o.nd Got.mi, 1988). Some of 

these oppronchcs ,vcrc based on observer ratings, ,,hilc others hove nttcmplcd 10 outomote the 

entire measurement process. The measurement opproochcs developed in studies in rats nrc 

no,v being applied 10 phcnotypic assessments of n1icc. Multivarintc chnrnctcri1..1tions of rot 

locomotor activity, typically including measures of crossings, disto.nee traveled, time in the 

center vs. the periphery, rcarings, ond sometimes holcpokes, hove mw1y odvontoges over 

univariote nsscssments limited to measures of I.be runount of activity (Paulus cl al 1998). 

Nevertheless, studies in rots also elcnrly dcmon1trnle the ndditionnl utility of assessments of 
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sequential patterns of locomotor activity in pharmacological and ncurobiolo[lical studies • 
• 

insofar as these measures of the ori;nnization of U1e behavior provide further infonno1ion 

regarding the differcatinl effects of various mnnipulolions. The present report describes initinl 

efforts to extend these measures of the orgnnizalion of locomotor behavior, as developed ond 

validated in studies of rats, to studies of 1he behavior of mice in nn open field. 

2.6 Pain 

Pain is an unpleasant feeling often caused by intense or dnn1oging stimuli, such ns 

stubbing n toe, burning a finger, putting alcohol on a cul, ond bumping the "funny bone". The 

lntcmotionnl Association for the Study of Pain's ,videly used definition s1otcs: "Pain 1s on 

unplensont sensory and cmotioool experience associated ,vilh actual or potential tissue 

damage, or described in terms of such dnmogc" (IASP, 1979). 

Pain motivates the individual to ,vitbdraw from dnmngu1g situations, 10 protect n 

d:imoged body part \\
1hile it heals, and to ovoid similar experiences in the future (Lynn, 1984). 

Most pain resolves promptly once the poinful stimulus is removed and the body hos henlcd, 

but sometimes p:iin persists despite removal of tbe stimulus and oppnrcnt healing of the body; 

and sometimes pain arises in the absence of nny detectable stin1ulus, damage or disease (Raj, 

2007). 

Pain is the most common reason for physician consultation in the United Stoles (Twk 

and O\\·orkin, 2004). It is a major symptom in ninny medical conditions. ond can significantly 

interfere ,vith a person's quality of life ond general functioning (Brcivik ti of. 2008). 

Psychological foctors such as social suppon, hypnotic suggestion, exc1ten1en1, or distraction 

can significantly modulate pain's intensity or unpleasantness (Eisenberger and Licbem1nn, 

2005). .. 

2.6.1 Pntbopbysiology or Pnln 

Enormous strides hove been mode in undcrstandini; the neurophysiology and 

ncurocbemistry of the systems that trnnsmit nnd modulate informnlion about noxious C\'tnts 

(Stein rt al .. 2009). Much nlso is kno\vn about ocute inflnmmotion, ,vhicb com1nonly dri\'es 

these neural processes. ln conU11.SI, relatively little is knov;n about the pathophysiolOg)' 
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• 

underlying most persistent pain syndromes not\vithslllnding increasing kn<l'Yledge of the long-

tenn chMges that can occur in the nervous systen1 in response to injury. 

It is no\v \videly accepted that persistent pain may be sustained by different types of 

mcchnn.isms. Although the various mechanisms associated \Vith specific syndromes probobly 

overlap, it is likely that there ore mechanisms that tend to cluster and beeon1e ossociatcd \vilh 

o recognizable constellntion of symptoms. Based on elinienl observations nnd therapeutic

responses, experts have adopted a classification that broadly divides pain syndromes into
.

noeiceptive, neuropathic, psychogenic, mixed, or idiopathic. Although this classification is

clearly on oversimplifiention, it has·becn found useful in nssess1ncnl and therapeutic decision

rnaking.

2.6.1.1 Nociceptivc Pain and Its l\tccbanisnu 

Clinienlly, pain con be labeled "noeiceptive" if it is inferred that the pain is due to 

ongoing activation of the nociccptivc systen1 by tissue injury. Although neuroplostic changes 

(such as those underlying tissue sensitization) arc clearly involved, nociceptivc pain is 

presumed 10 occur as o resu lt of the octivntion of the sensory systen1 by persistent noxious 

stimuli, a process that involves transduction, Lrnnsmission, modulation nnd perception 

Tissue injury activates primary nffcrcnt neurons cnlled nociceptors, \\hich nre small 

di11metcr nJTercnt neurons (A-dehn and C-fibers) thnt respond to noxious stimuli nnd ore found 

in skin, muscle, joints, nnd some visceral tissues (\Villis, 2007). Cell bodies of pnmary 

afferent neurons ore located in dorsal root ganglia (ORO) situated outside th� ccntrnl nervous 

system (CNS) Jllld the spino.1 sensory nucleus of croniol nerve V. Thi:se pseudounipolnr 

neurons hove bifurcated o.xono.l processes, one innervating peripheral cells, tissues, and organs 

for detection of noxious stimuli, and one thnt enter.; the spinal cord to tnmsfer information to

the CNS. These fibers have specific receptors thot n1ny be responsible for no:,.1ous 

mechanical, chen1ienl or thermal stimuli. Functionally, they tmnsduce tc1nperoturc, chemic4l, 

or mechanical forces via volLDge-goted No chnnnels (Nov) and transient receptor potenlio.l 

channels (TRPV I, TRP A I). The TRP receptors h:ivo undergone intensive investigation 1n the 

hope of ultimately yielding new therapies for pain (Devon and Andersson, 2009). The 1 RPV I 

receptor, for example, ho.s been fQund to be the specific site for renction to copsaicin, .i

compound that activates C-fibcr nociceptors. Presumably, nocicepll\ e proccs.ses linked to 
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noxious events involving somotic or visccrnl structures begin ,vit11 octi,':ltion of these specific 

receptors, ,vhich lends to transduction, the process by ,vhich exposure t o o  sufficient stimulus 

produces depolarization of the peripheral ner:ve. 

Nociceptive primory afferent neurons ore voried. Most are "silent", active only ,vhen 

suprothrcsbold stimuli impinge. Some ore specific to one type of stimulus, such as meehonicnl 

or thermal, but most arc polymodnl. The number ond size of the receptive fields served by 

eoch fiber moy be small or large, respectively. The meaning of lhis vnnobility in terms of 

physiology or disease is not yet kno,vn, ond research linking different iypes of nociceptors to 

disease states, or potentiol therapeutic targets, is still rudimentory. 

Dcpolorwition of the primory afferent involves a complex ncurochemistry, in ,vhich 

substnnces produced by tissues, ioflommatory cells and the neuron itself influence 

transduction. The role of prostoglandins, bradykinin, protons, nerve gro,,1h lbctor, nnd other 

compounds provide opportunities for the development of nc,v onolgesic drugs . 
• 

Once depolarization occurs, 1ronsmission of information proceeds proximnlly nlong 

1hc o.xon 10 the spinnl cord ond then on to higher centers. Complex systems that n1odulntc this 

input occur ot nil levels of the neurnxis ond arc best chnraeterizcd in the spinal cord. TI1e 

neurolllllltomy, neurophysiology ond neurochemistry of these processes nre very complex 

(Apkorion el al., 2005). Transmission across the first central synapse may be influenced by 

activity in the primory afferent itself and modulotory neurnl patl,,vays 111111 originnte 

segmentolly or at suprospinol levels; further modulation results from processes initiated by 

gliol cells (Apkorion et al., 2005). The neurochemistry of these processes involves on 

extraordinary llrTIIY of compounds, including endorphins, ncurokinins, prost.:iglandins, 

biogenic amines, OADA, ncurotensin, cnnnabinoids, purines, and ,nony others. 

TI1c cndorphinergic pnin modulotory pt1th,vays nrc chor:1cterized by multiple

endogenous ligands and different types of opioid receptors: mu, delta, and kappa Endorphins 

nnd their receptors are present in various tissues (e.g., in1munc cells and the gastroin1c.stinol 

t111et), on nerve endings, nnd in multiple nrcns of the CNS TI1ey nre involved in ,nany 

neuroregulotory processes apart from p:iin control, including the �tn:ss response and motor 

control systems. Opioid drugs mimic the action of endogenous opioid ligands. � lost of the 

drugs used for pnin arc full mu receptor agonists. 
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Other pain moduloling systems, such as those that usc mononminc-, (serotonin, 

norcpincphrinc and dopamine), histruninc, acetylcholine, cnnnab1noids, gro\vth factors ond 

other compounds, ore targets for nontroditional anlllgcsics, such ns specific antidepres�IJ 

nnd nnticonvulsants. It is Ukcly that entirely novel nnnlgcsie con1pou,nds \viii become 

conm,crcinlly available in the future as drug development programs target thcs..: systems. 

Ch:1r:ictcristic., of Noclccptive rain 

Nociceptivc pain can be acute (short-lived, rcmining) or persistent (long-lived, 

chronic), and may primarily involve injury to somatic or visceral tissues. Pnin that is inferred 

to be related to ongoing nctivotion of noeiceptors that innervntc somatic structures, such as 

bone, joint, muscle and connective tissues, is termed "somatic pain." This pain is r..:cognized 

by identification of n lesion and chnmeteristics that typically include n \\'ell locahzed she and 

an experience described ns aching, squeezing, stllbbing, or throbbing. Acute pain due to tissue 

injury and chronic pnin due to nrthritis ore commonly used as examples of  somatic pain. 

Nociccptive pain arising from noxious events in the viscera is referred to ns \ isccrnl pain. 

Visceral pnin caused by obstruction of hollo\v viscus is poorly locnlized and is often described 

as cramping and gna\ving, \vith n doily pattern of vllr)'ing intensity. \Vhen organ capsules or 

other structureS such ns myocardium, arc involved, ho\vever, the poin usually 1 s  , ... ell localized 

and described as shnrp, stabbing or throbbing, descriptors similar 10 those nssoc1ntod \vilh 

somatic pain (Helm, 2014). 

Nociccptivc pa.in of any type con be referred nod some referral p:inems ore clinically 

relevant For example, injury 10 the hip joint may be referred to the knee nnd bile duct 

blockage may produce pain near the right shoulder blodc (Arendt-Nielsen and Svensson, 

2001). 

Nociccptivc pain may involve ncu10 or chronic tnflnmmotion The ph) siolog} of 

inflammation is  complex. With tissue injury sufficient to provoke on inflammatory response, 

various medintors (c,g., cytokines, chen1okines, kinins, tumor necrosis fnc1or-11) can directly 

activate nociccptors nod trigger both peripheral scnsitiz.ntion of noc1ccp1ors and ccntra.l 

sensiti7..lltion of dorsnl hom neurons. \Vith periphcra.1 and ccnu-n.l scnsi11zn11on, lo,,· threshold 

stimuli thnt nre nonnnJly Innocuous become painful, o.nd noxious stimuli trigger 1norc intense 

and prolonged pain responses. Heightened pain sensitivity nlso n,ay develop 1n adjacent 
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uninjun.-d nrco.,. These processes involve the production of substMces fron1 tissue and 

immune cells, and retrograde release of subsu111ces from C polymodnl nocieeptors. The lotter 

process, kno,vn as "neurogenie inflrunmation," may lead to increased ussue levels of 

subslllncc P. serotonin, histruninc, occtylcholine, nnd brodykinin. These subst3Jlces then 

activate and sensitize other nociceptors. Prostaglnndins produced by inJurcd ussucs also n1oy 

enhnnce the nocieeptive response to inflammation by lo,vering the: threshold to noxious 

stimulation (Prisk nnd HUllt'd, 2003).

2.6.J.2 Neuropathic Pain and Its i\1eehanis,ns 

Neuropathle pain is the label applied to pain syndromes inferred to result fron1 injury 

to the pcripherul or central nervous system. Although so,ne patients '"ith syndronu:s lubeleJ 

neuropathic developed pain follo\\mg injury to non-neural tis.sues (nil of ,vhich ore, ho,vcver, 

innervated ,viU1 small fiber nerves or nerve terminals), n1ost folio\\' direct injury 10 peripheral 

nerves, roots or CNS structures. Although neuropothie p3in may be strongly influenced by 

ongoing tissue injury, there is nn 8$SUmption tho1 tJ1e fundamental mechanisms sustninini; the 

p:iin have become independent of any ongoing tissue injury (Jarvis and BO) ce-Rustoy, 2009). 

Neuropalhie pain hos varied ehornctcrislics. Some syndron1es, such JS pain due to 

nerve cntropmcnt (e.g., carpal tunnel syndrome) or nerve root trau,nn (e.g., from an ncute 

hcmiotc:d disk) ore ehornctcrizcd by pain 1h01 mimics the quohty of somatic rain. Others nrc 

associated ,yjth "dysesthcsio," uncomfortable or overtly painful, unfM1ilior sensauons such llS

burning, shock-hke or tingling. Neuropothic pain syndromes moy be associated \V'llh referred 

p:iin, allodynio (pain induced by non-noxious stimuli, e.g., light touch), hyperulgesio 

(increased response to a noxious stimuli), or hyperpaUlio (cxn1;gcrnted pain responses 

folJo, ... ing n stimulus, oficn ,Yith ofter sensation ond intense c:n1otioMI reaction). 

Although a further simplification of very cornplex processes, II n1ay be valu:ible 10 

subclcwify neuropathic pain syndromes based on 11ddJtioruil mfcrcnccs about the prim.uy 

location of the sustaining mechnnisms (Truini nnd Cruccu, 2006). Sonic neuropathic pain 

syndromes are presumed to involve a predominating peripheral gcncmtor (cg., entnipmcnt 

neuropathies, plexop3thies, radiculopathies and polyncuropJthi�) Olhcr S) ndromes appc:ir to 

depend on processes that prcdorninnnlly reside In the sp11111J cord, br11111 or both (e.g., porn due 

to spinal cord injury or post-stroke pain). Peripheral injuncs arc kno,vn 10 rc5uh in profound 
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CNS cbang�. and some syndromes that ore presumed to hove centml gencrnlors hnve been 

initialed by a peripheral injury (e.g., phnnlon, pain). The shifting of the susuuning 

mechanisms for the po.in to a locus in the'CNS is sometimes coiled "cenll'llliZDtion." The 

clinical relevance of on inference concerning o pcripherol vs. cenll'81 localion for 1nech:misms 

sus1oining pain relates primarily to decisions about invasive interventions. If there is o 

relatively high likelihood that the pain is related 10 a correctable pcriphernl process, then on

intervention to ameliorate this (e.g., release of entrapment, or injection or rcseelion of a 

ncuromo) should be considered; if there is o high likelihood 1h01 the genera tor 1s central, 

further pcripbcrol intervention should be avoided. 

Son1e of the ncuropbysiologie and neuroona1on1ic changes that mny occur in

peripherally-generated neuropatbic pain arc understood (Dickinson er al., 20 I 0). Injury to a 

peripheral nerve n.xon can result in obnonnal nerve morphology. The damngcd axon n1ay 

gro\v multiple nerve sprouts, some of ,vhich form ncuromas . 
• 

11,ese nerve sprouts, including those forming ncuromas, can generate sp ontw,eous

activity, ,vhich peaks in intensity several ,vceks aflcr injury. These areas of increased 

sensitivity are nssociatcd ,vith a change in sodium receptor concentration w,d other processes, 

and also can occur 01 sites of dcmyelinotion or nerve fiber injury 001 o.ssociotcd ,\'ith the 

severing of axons (Cummins et al., 2007). Unlike normal nerve fibers, these injured regions

ore more sensitive to physical stimuli, ,vhich is clinically associated \1/ilh tenderness and the 

oppcornnce ofTinel's sign (i.e., pain or tingling ,vhen the area over a nerve is topped). After a 

period of time, atypical connections may develop bet,veen nerve sprouts or dcn1yclinn1cd 

nxons in the region of tl1c nerve damage, pennining "cross-talk'' bet,vccn somntic or 

s)mpntl1ctic efferent nerves and nociceptors. Dorsal root fibers mny nlso sprout follo,ving 

injury to peripheral nerve.s. 

Other cbnnges occur in periphcrol nerve fibers that nrc related to pain nnd rc1nn1n

poorly chnrncterizcd. Anterogradc and retrograde transport of compounds ma)' shift and 

messngcs that arc received in cell bodies may tum on specific genes. Tmns-synuptic 

communication may resul t in functionnl changes in neurons near those direct!} oO'i/ctcd by un 
. . 

lnJUry. 
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Changes in peripheral nerve morphology and function can result in ptriphc-ral 

sen_sihmlion, \\hlch m411ifest., as a lo�-cr thsnhold for signaling, an expansion in rc:ccp11,-e 

fields, and spontaneous acllvity in prilllM)' afferents (ectopic activity). Sccondllry neuroplJS11c 

changes in the spinal cord 14rgel! of tJ1esc pcnpheml afferent nerves may generate central 

scnsi1l1.1tion, ,vhich itself con result In a lo�ned tlirc$hold to subsequent oflcrent inputs in 

dorsal horn neurons, sponUUleou, activity, and cxparuion of rcccpllve fields. One clinical 

manifcstatlon of ccnlnll scnsitiutlon is hcigJuencd pain sensitivity beyond the site of t1s1ue 

Injury, n phenomenon thnt is kno,Yn n, secondary hypcralge�iii. 

The pathophysiologlc re.,ponse to neural injury also in,ol\C) :a complex set of 

potcntlnl 1ntemctlons among neurons, unmune cells, and glial cells. \Vitb ncr\c d4mage, 

several mechnnisms arc triggered I.hot oITecl primary afferent recq,tors, theu axons and cell 

bodies, components of the inflllmmlltoryfunmunc response, ccntr:al neurons and their 

connections, and gliol cells (Diclinson tf al, 2010). Mony of these processes are :,d3pth-c, 

such os removnl of ccllul11r debris, neumJ ch11ngcs 10 counteract a loss of input. :and 

ntechnnisms thnt promole survival of neurons, synaptic remodeling, and rcmyclin:ition. 

I lo,,·ever, many responses nrc clc11rly mah1dnptlvc, including those that \\'Orscn pcriph.cr.JJ or 

central scnsi1i:znllon, ectopic impulse gc:ncnilion, phcootypic switching in p:ain-a.rrying fibers, 

neuronal loss, and disinhibition; these processes � nltcr gene expression and dnve long­

lasting ncurophulic chnngcs partly determined by app:ircnt structural rcorprul.lltion m the 

bro1n (Costigan et al., 2009). 

lo conl.n!.St to the still rudimenwy understanding of tho mechanisms in the pcnphl'f)· 

and spinal cord tJwt moy be involved 1n neuropathic p:ain states, there is almost no 1nform:ilioo 

about the processes in the bnun that induce or sustOJn ccntrnlly-gcncratcd p;iin :,·ynd.romes. 

Functional ncuro-imagios hns demonstrated the c.\:tmorditury ncuropla.stiCJIY of the br.un in 

the acuins of both peripheral nnd ccntrol nc:uropothic p.11ns, but the n1ec:banisms th4t these 

changes represent ore unknown (Dingel nnd Tracey, 2008). 

2.6.1.J P1ychologlc11l and "Idiopathic" l'Rln l\lccl111nh1111 

There Is an cxcccdlngly complex relationship bcl'l,ttn the p�ychc and p.1111 rcm:Jll1'10 

(Oanuo, t 994), In 10m0 p:itlenl!, 1ho e�rcricnco of persistent pain 11p� to inJu�� 

dlaturbancc1 In rnood (rcoctlvc dcpre.�slon or nn.�lcty), intpn,rtJ copin, (,,ftcn ,,ith 
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c:itastrophization), and other processes, ,vhich in tum, appear 10 ,,orsen p:11n ond pain-relotcd 

distress. Other patients hove. premorbid or comorbid psycbosociol concerns or psychiatric 

disorders that are best understood as evolving in parallel to the p11JJ1. These disturbances also 

con contribute to the pain experience and drive poin-rclotcd distress. Patients ,vith personality 

disorders, substance use disorders, or mood disorders often ore best sen cd by primary 

treatment for the psychiatric problem at the some time that poin-rclotcd inten•entions nrc 

olTcrcd. This army of prcmorbid, comorbid and rc:ictivc psychosocial disturbances is 

individual, complex and moy occur in a shifting mix of primary ond secondary concerns. 

This complexity highlights the impor1ance of psychosocial nnd psychiatric evaluation 

as a fundwncnlol aspect of the pain assessment All patients ,vith persistent pnin and all 

patients ,vith acute pnin that has been chn.Jlcnging to control should be evaluated for mood, 

slalu.9 of coping and adaptation, family ond socio! support, :u1d a range of psychiatric 

disorders lhot may influence the experience of pnin or pose targets for tl1cropy. 

On occ11Sion, the psychological evaluation yields evidence thnt the poin itself is 

prcdominnntly sustained by psychologiC4l factors. This phenomenon is kno,vn generically as 

"psychogenic" pain and is subject to the specific diagnoses codified under the Somatofonn 

Disorders 1n the Diagnostic and StatistiC4l Manual of the Amcric;in Psychiatric Association 

(Frances er al., 2003). The evidence for a somotofom1 disorder must b.: 1norc than the mere 

lock of an identifiable physical etiology for the pnin. It is very importnnl tli:u patients Yiho 

hove acute or persistent pain ,vithout a kno\\n physical source not be inoppropriotely labeled. 

This rnoy le:id to inndeqwitc assessment in Ilic future and therapeutic decisions that ore 

inappropriately skewed; unfortunately, in ninny qu.,rters, ii nlso lends to s11gmouzation of the 

patient ond the potentiol for grc:iter suffering on this bnsis. When reasonable inferences about 

the sustaining pathophysiology of o pain syndrome cannot be mode, and there is no pos1tl\ c 

evidence that the etiology is psychiotric, it  is best 10 label the pain as "idiop:ilhie." 

In summary, chronic prun is often a multidimcnsionnl experience 1ho1, like other 

chronic conditions such 115 dlnbelcs, hypertension and o�lhrna, may have multiple 

contributors, including both pathophysiological mcchnnlsn1s both nocicep11, e and/or 

ncuropalhic • as well as psycho-behavioral ooes. Effec1ive management often demands a 
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mulLidimensionnl o.sscssment 11nd treaonen1 plan that identifies and addresses all the 

components of the individual's pain. 

2.6.2 Pnin and Inflammatory m«liators 

Pain receptors, kno\vn as nociceplol'll, arc electrical cells thnt nonnnll) respond to 

painful stimuli. Follo\Yiog ltaumo or tissue injury, these stimuli nrc produced by pain signals 

and inOan1ma1ory mcdinlol'll released by peripheral sensory fibres. TI1is "pain infonno1ion" ,s 

then trnnsmillcd lo the centroJ nervous system, \\'hieh defines Lhe locolion, nature and intensity 

of the pain (Kandel ct al., 2000). 11rolooged or intense release of these n1cdia1ors may result ,n 

"hypcrcxcitt1blc" neurons, causing 11n exaggerated pnin (hypernlgesic) response, or 

hypersensitivity to pnin (K11ndel et al., 2000). This hypcrnlgcsic response is  often encountered 

in patients with significant tissue daniage, such as thnt seen in bum p:itients (Sum,ncr ti al.,

2007). Aside from Lhe cx.nsgerntcd 1>3in response thnt is precipilllted by mediators, o host of 

sequential physiologieaJ responses occurs bCCllusc of mediator rclense \Vhich mny have 11 

direct effect on \\'Ound healing nod SCIIJ'Ting. 

Onmnged endolhelinl cells nod platelets release the pnin response n1cd1111ors, ndenosine 

1riphospha1e (ATP), 11ce1ylcholinc and serotonin. Local tissue injury induces the release of 

chemical factors, such o.s bmdykinin, substance P and prostoglandin E2 (PGE2) Ma.st cell 

dcgmnulntion \vith local injury results in the release of bistnmine, cytokines and serotonin. 

Additionally, tumour necrosis fnctor-a (TNF-a) and olhc:r cytokincs, calci1onin gene-related 

peptide (CORP), nitric oxide (NO), plntelel-activating factor and neurotrophic gro\\'th factor 

(NGF) arc mediators that arc all involved in 1110 transmission of pain. This "orchcstrn" of 

pain-mediating lnlnSminers has varying effects on angiogenesis, inOommotion and 

fibrogcnesis. Exaggeration or prolongation of these effects can re�ult ,n outcon1es that vary 

from non-healing to fibrotic healing nod hypennO.immation. The individU.11 effects of Lhcsc 

trunsmincrs arc elnbomted ur>9n in the Tobie bclo\V 

Normally, when p:i..in fibrcJ orc activated by brief high-intensity stin1uh in situations of 

limited tissue dnmagc, pain mediators ore released and have little c£recL or :1 minor pos1ll\ c 

impact on \vound healing (Ko,vnmoto and Matsuda, 2004). This response is considered to be 11 

protective physiological response, where �n mediators contribute to reflexive ncti\'ity O\\llY 
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from the pnin-cliciting cause, and where mediators such os PGE2, serotonin and CGF 

contribute to controlling nod decreasing infl:unma1ion nnd further n1cdiator rclcosc. 

Table 2.2: Tbe A cl ions and Effect of Pain t.fedlalors on \Vound Healing 

rain mtdlator 

Acctylchollnc/A TP 

S<roconin 

(S·ln) 

Subuaacc P' 

P(j£2 

Sbort - term pby,loloalal action Effect or croe,cratcd or prorracttd rclc�,c 
on uound hc�llnc 

Is the lnll\Smiucr at the neuromuscular junction No obvious clTcclJ hove b«n dc.scnb.:d 
that COMcct.s motor ncn cs 10 the m11JClcs. 
Induces pain. 

Regulates appctllc, sleep, memory and le.tming. Canes a slgnilicant iocre.uc In fibroblut 
tcmperalUlc, mood, behaviour, muscle proliferation High woronin lt\'th, in 

conlrXtion and the functions of tho conjunction with lipid peroxid.Juoo in the 
c:an:liovaJCuw system and endocrine system. cell membranes, IS well IS the rdcas.: ilf

Afftcts pa1n perccp1ion. Couo1crAC1J the cffcct.s other inO.tmlll,llOI) mcdiJ&on. dluurus 
of subs1111cc P. Jnacasc, 1ype IV collaacn ond va.scular penncablhry and few ro oc.!=• 11 
librobl.ut prolifc:nation. Induces TOF-p. also dururbs collJ&cn synthesis and prolooi;s 
UprqulAlcs O cells and recruilJ T-ccll innamm111on 
lymph0C)1CS. 

Transmits pain from the �nso,y neu,on, to the The enhanced rclcw: of subsunce P lc\cu n 
central ncNOUJ system and con\erts the m�ge the lunp 11/ld blood could be a cn1,.al 1�1,r 
Into a scruotion of l»ffl, excrlJ a mi101cnic 
effect on the cndothcll.il cells and fibrobiasu 
Induces ncoVAKULviDJlon and va.sodiJ11ion by 
stimulaling histamine rclcw: from the mast 
tells, lcukOC)'1c release, the rtle>.SO of C)1oUncs 
by maaoph11cs and NO by endothelial cells 

Primarily causa fc1er and valOd,btion 
Stunulatlon occun durina 1nlllmnu11oa by 
COX-2. POE2 an Induce an&loacncsls anJ 
,o,OUAd hcaJln& by enhancing the Clfp,qJIOII or 
bulc rlbrobwa irov,111 factor. 
lJ I poc.tnt val0d1l11.0r, causa contraction of 
11011vucul.lt amootb mwc:lc, lncrc.uc, v1JoCUlar 
pnmeabUJiy and u lnvoh eJ In tho mcdwusm 
of pah lwpoase Is mediated by Ill l'Kfl'!Dr

c,1prcacd wl&h 1wu1 Injury and lnfl.wnrr.auon, 
lhou&)it 1,0 play I role in ch1u11e pain Tho Ill
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that le:ids 10 the dc\clopmcnt of S>11ffl11C

lnftammotlon and p.uho1cncs1J or foul lxlm 
lnjwy-lnductd disun1 lung otJllll dam�c 
d�e 10 0V<rstimul1!10n of the C-librts 
Altered ,ubstonce P le, els may conu1bu:e to
Imp.tiled culll\cous hcal,n1 rc•poiucs 
usoc111cd will! d11bclc, melhtus or 
b)'Jlffll'Ophlc _, formation 
l'GCl 1w bttn sho11n 10 dccrr= ribrobl.u1 
proli!cntion. illh1bn colJ.iccn l)-nlltc1is.. ., d 
cnh.!.nte t1'e urressfoa of M\!Ps. lnac.ik'd 
lncb dccnast tcodoa COlllTIClloll and 
hnhng 
St11!11'1Alts the rel� or Olbcr mcd1a1on, IL­
i ,  Th'F-G, PAF Ill.I subsuD-c P Coll�ni 
conlrl(tJon Is mc,Ji.arcd by the ft! m:cplolSc 
Brad)klnln aui-au fibroblMt·mcd�'d 
coll.aj:cn COlltraelloa la ClCCSS, 11 h I ltl) 
lb.al brldyklnln 1M) phy ,111 :npo,unl role m 
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' HISlsm,nc 

I TNF-G 

-
'Cylotincs 

I 
I 
I ICGRP 

I 
I 

>-O 

I 

rteep«>r J)¥ticip11es bndyklnln'J n1>ro1ic processes. 
vasodll1to,y role. 
Is rtlnsed from masc cells I n  n:sponsc 10 L4Tgc-dose hlslil/llinc rtleuc from the m1s1 
subsuncc P. Ir dlllccs pos!•C11pll!uy venulcs, cells may pl3) a role m 1bnonn1I col11;, n 
activa1es !he cndolhclium and Increases blood fom1aclon. II cnh�ccs che fonnauon Jf 
Yes.Kl pm11eabillry. This IQds co loc:iJ oedema collagen by fibrobl.uu, clevared in rhc 
(swelling), Wltllllh, rtdness and lhc 11tr.acllon of plaima of pacicnr., who dc.,clop h)-pertrophic 
ocher inllamm.ttory cells 10 !he sice of rele4SC. It scars. 
also irric.ccs nerve mdings, lcadina co l1chin& or 
pain. 
Is produced by mmcrophlges, and silmulalcs EleYlllu le\'cls In  nonl1cahng wound nu1ds, 
anglogcnesls and the synthesis of collagen and in com�rison to Ou1ds from hulinJ nound, 
collaacnasc. TNA-G is o m11ogen for fibroblasts. Aff«1s the depo11Uon of connecn,c c�uc 
The primlll)' role of TNF Is co regulace lbc Stlmulare, I.be synrhcs1J of MMP 1,hrle 
immune cells. TNF i, able co mducc apoplotlc simul1.1ncously dccl'QJing the S)'11tl1e,1, oJf 
cell death, induce inll&mmatlon, and inhibit TIMPs l.c1·cls dccr=c sub,canrlally a !he 
11.fmorigcncsi, and viral repllca!lon. It induce, 
overall ncuronal hypmxcltablliry, lcadin1 co 
ncuropo11J1ic p.,in. 
Act as lnrcrccllulv med,acor, rhal reeulalc !ho
funclions and dlJTcrcnriation of ncl&hbourioi 
c:elh Ate produced in rcspo111C 10 duuso, 
lnflvrun11ion, or wsue cbmage Include ll.s, 
lnrerferoos, TNFs. i'0"1h f1cton and 
chcmoldacs 

wound hals. There 1J comlatlan bcrwun 
nonhcaling \\OUnds and in� levels of 
Thf-o. 
Arc IIL'llnly prc>-inOJmmJtOC') in ucc1,5 .\1-.o 
tnc�c QCll13lt00 of comp1cma I,

neutrophil chcmouchc factor, a,,d 
flbrino�ptidc:s, 1JI ind Jc in&
promO.lfflmJ!Ot)' rcsponRS, 

Proposed 10 contnbule 10 p&ln 1111/WTlwlon and Hli:fl lei els of subsuncc P or CGRP la tars 
inll.vnm11ion. J>romo1c, "OWld haling and have been woc11ted ,,uh the scar bcu I 
lhO!UnJ hul1n1 duration lnJuccs 1u,ep11on hypcnrophic C31"n blu1hma. mt� ms, 
of cp11hcl11l 11an cells to1vardJ the "aund sy11cm1c bypo1enslon, plum, lcab,c and DD

border or mla,allon to the pul.uJon rluues. overall proinlllmmatory clfca. 
CORP·P form Is fOW!d in the ltra1IIIOC)'lc etlls 
o( alin and may au.sc palA. CORP Is I poccnc 
artmal and venous vuodib1or, 
NO cnhanus the UIIIStn�haJ cell ml&flllon Lat;o llllOWII.S of NO l)n1hcsu. u 1tco n
ofmonocytcs and lmpro�o Ille prohfcr.atlon and ,1cnle lnlta,nm.auon, can unp;ur "llll' d
migruion of vaKUllr amooch muscle cells In he1lm1 by lmr,lrine col�en producoon ,\I

tho early ,1.1,cs of w01111d hcalinl, NO Is hliher co,,«acrarlons, NO Is t) io,u11c 10 !ht 
invoh,ed In Ille uprt111llllon a( the cyiokine clldolhell.tl ccll1, smooch mi.-clt eel ., 

cascade. IC1VUII IS I chcm01wl.lllt for hef\l!OC)1CI and fibrot,b.sts 
Immune rtplataty cell• Later, ii h in1'0l•ed In 
the UMSl!lon from the lnO&lllJIIIIM)' phue IO 
11w prollfmu�e phau of"OIUld hu!1111-
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'PAF 

I 
I NOP 

• 

PAF Is produced in !Issues aller lnjwy lllld can Jncrcmd k•·cb or P/IF may scl:cti�el) 
Increase expression of mc1.1llopro1e1nuc:s-J Md enlwice 1he mponsc 10 P/lf and CJUJC'

·9 and Ille urokln.ue plumlnoacn octiVllor, as ncusi\c cxuaullub.rm:itri� ckpdatlo"
well u protease, Involved in Ille dc&fK1tion of
Ille clflrleellulu matrix, Jading 10 a fac1li1a1ion
of 1111giogencsls.
NOP slimul11cs dcgranulalion and C)10kinc Is fow,d 10 be elevated In 1iuuc 
release from Ille skin mast cells and thereby inOammt11011 c II 111hri1ls 1111d p.1ncrcJ111,s, 
promolcs ncurogenic lnlwnmadon fl 11Jo l\hkh presumably Increase nociccpuon 
increases vasaalu pcrmclbilil), follol\td by NGF srlmufl11es dca,.anuL1tion and cytokinc 
tissue oedema via Slimuwion of CGRP rclc.uc rclcasc from Ille skill m:is! cells and thereby 
from the sensory nerve cndipgs and vb promorcs ncurogcnlc lnOasnmalion. h 11,o 
lnduclion of mast cell dtgranul,llon. In addi1ion incn:llScs vucular pcrme.1blhty, follo" cJ hy 
10 the regul11ioo of these Inell immune tissue oedema. 
rcsponscs, NGF u in,·oh'Cd In the 1c1h �lion. 
mlgrallon and proliferation of lcratinocytcs, 
endolhclial cells, lymphocytes, fibrobw1 o.nd 
rnacrophqc.s m lhc um, mdlc111ln1 11141 NOP 
regulates Yllriow processes d�rin� cutaneous 
wound rq,alr. 

Ad�plc<l from \Vound Healing Southtrn African, 2009, vol. 6, No I

2.7 Analgesic 

An 4Jllllgesic is MY n1cmbcr of the group of drugs used 10 achieve nnolgcsin, relief 

from pain. The \VOrd lllllllgcsic derives from Greek (''\vithout") Md ("pain") (Harper, 2001). 

Commonly known llS painkillers, Dll41gcsic clruis ocl in vorious \voys on the periphcrnJ 

and ccnrral nervous syslcm.s. They ore d1stinc1 from anesthetics, which reversibly elimiru:uc 

stl1S3tion, Md include po.rocc1amol (kno\vn in rhc US os occlominophcn or simpl) APAP). the 

non-s1eroidal ·nnti-in.flommatory drugs (NSAJDs) such os !he solicylo1c:s, onJ op101d drugs 

such os morphine Md opium. 

In choosing QllllJgesics, the sevcri1y Md resporue 10 other n1cdica1ion determines !he 

choice of agent; !he \Vorld Health Orgonizotion (\VJ 10) pain ladder (Anonymous, 1990) 

specifies mild analgesics os its first s1cp. 

Analgesic choice is olso determined by lhe type of pain: for neurop.1thic pain, 

lnld1 1ionnl analgesics ore Jess c!Tecllve, o.n<l there is oncn benefit from el.isses of drugs !hat 
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• 

ore not normolly coruidercd nnnlgc.sics, such as 11icychc ontidepressanu and un1icon\1Jlsant.s

(D,,-orkin et al., 2003). 

2.7.1 Major classes 

2.7.1.1 P1racolamol and NSAJDs 

TI,c exact mcchruiism of oction of paroccton10Vacc11rminophen is uncertain but oppe.irs 

to act centrally in the brain rather than peripherally in nerve endings. Aspirin and the other 

non-steroidal anti-lnflommotory drugs {NSAIDs) inhibit cyclooxygenJSes, leading io o 

dccrcllle in prostoglandin production. In contrllSt to paracetan1ol ond the opio,ds, this not only 

reduces pnin but inflammation as ,veil. 

Paracetamol hos fe,v side effects and is regarded as generally safe, although e"<cess or 

suslllined use con lead to potentially lifc-thrcotening li\•er damage and occnsionally kidney 

d11rnoge. \Vhile pamcctomol is usually token orully or rccllllly, rut introvenous prcparolion 

introduced in 2002 has been sho,vn to improve pain relief and reduce opioid eoruumptton in 

the pcriopcrative selling. 

NSAJDs predispose lo peptic ulcers, rclUII failure, allergic reactions, and ocCllSionelly 

hearing loss, and they can increase the risk of hemorrhage by nJTcc1ing platelet function The 

use of aspirin in children under 16 suffering fron, viral illness has been linked to Reyc's 

syndrome, a rare but severe liver disorder 

2.7.1.2 Cox-2 inhibitors 

These drugs hove been derived from NSAIDs. The C)clooxygcn,isc cllZ)mc inhibued 

by NSAIDs \Y'ilJ discovered 10 hove 01 kost 2 different versions: COXI nod COX2 Research 

suggested thot most of the adverse effects of NSAJDs ,vcrc mediated by blocking the COX I 

(constitutive) enzyme, with the onolgesie effects bcmg mediated by 1he COX2 (inducible) 

enzyme. The COX2 inhibitors were thus developed to inhibit only the COX:? tRZ}mc

{uuditionnl NSA[Ds block both versioOJ in general). These drugs (such as rofccox1b, 

cclccoxib and etoricoxib) ore equally elTcctive nnolgcsics when comporcd ,vi1h \JSAIDs, but 

cousc less gostrointestina.1 haemorrhage in particular (Conaghan, 2012). 

After \vidcspreod adoption of the COX-2 inhibitors, it \Yl\S discovered thot most of the 

drugs In thJ.s class increased the risk of cordiova.sculor events by 40 % on 11, er:igc 111is led to
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the withdrawal of rofecoxib and vnldecoxib, and 1vnmings on others E1oricoxib seems 

relatively safe, 1vith the risk of thrombotic el'cnts similar to lhot of non-coxib NSAID

diclofcnoe (Conaghan, 2012). 

2.7.1.3 Opi1tcs and morpblnomlmctics 

Morphine, the nrcbc1yp:il opioid, ond various olher subs1nnccs (e.g codeine. 

oxycodone, hydrocodone, dihydromorphine, pelhidine) aJJ exer1 o similnr influence on lhc 

ccrebrol opioid rcccp1or system. Buprenorphine is thought 10 be o partial ngon1s1 of the opioid 

receptor, nod trnmadol is on opiate ogonist 1vith serotonin-norcpincphrine rcuptake inhibi1or 

(SNRJ) properties. Tramadol is structurolly closer 10 venlafaxine 1hnn 10 codeine nnd deliver 

onalgcsio by not only delivering "opiate-like" effects (through mild agonism of 1he mu, µ,

receptor) bul nlso by acting ns a 11-cnlc but fast-acting scrolonin relcosing agent nnd 

norcpincphrinc rcuplkc inhibitor (Gobbi ti al., 2004). Dosing of all opioids moy be  limited by 

opioid toxicity (confusion, respiratory depression. myoclonic jerki. nnd pinpoin1 pupils), 

seizures (trnmadol), but lhcrc is no dose ceiling in patients 1vho occumulo1c rolcronce. 

Opioids, 1vhile very cfTcctivc analgesics, moy hove some unpleasant side-effects. 

Patients starting morphine moy experience n:iusca nnd l'Omiting (gencr:illy relieved by o shon 

course of nnticmetics such as Phcocrgnn). Pruritus (i1ching) may rc:qu1rc SI\ ilching 10 a 

different opioid. Constipation occurs in almosl all p:11icnts on opioids, and ln.,auvcs 

(l:ic1ulose, macrogol-conu1ining or co-dnnthromcr) arc typiCll!ly co-prescribed (Doyle et al,

2004). 

\Vbcn used appropria1ely, opoids Md silnilar narco1ic onalgcs1cs ore 01her1visc s;ife 

and cfTecti vc, ho1vcvcr risks such os addiction and lhc body becoming use 10 the drug 

(lolcroocc) cnn occur. The effect of 1olcronce means lhnl frequcnl use of the drug may result 

in its diminished effect so, when safe 10 do so, lhe dosage n1oy need to be incrc:ucd to 

moinlai.o effectiveness. This mny be of particular concern rcgo.rdlng pnlicnts suffering 1v1th 

chronic pain. 

2. 7.1.4 Fluplr1ine

flupir1inc is O centrally acting K• chnnnel opener 1vilh w·ea.k mIDA ontogorust 

propenles. ft is used In Europe for moderote 10 s1rong pain and migraine anti its ,nuscle 
' 
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relnxanr properties. Ir has no anticbolinergic properties o.nd is believed 10 be de\'oid of nny

activity on dopamine, serotonin or histrunine receptors. It is nor oddicrtve and tolerance 

usuolly does nor develop. ffo\•lcver, rolcroncc moy develop in single coses (Stoessel ct al. 

2010). 

2.7.1.S Specific agcnc., 

In patients ,vilh chronic or neuropalhic p:un, vnrious other subsrnnces 1noy hove 

analgesic properties. Tricyclic onlldepresSIIJlts, especially omilripryline, hove been sho1vn 10 

improve pain in ,vhol nppcrus 10 be n ccnun.l manner. Ncfoprun is used in f-uropc for p:iin 

relief 1vilh concurrent opioids. The exact mechanism of c:ir�1nupinc, gabnpcn1111 ond 

pregnbalin is similarly unclear, but these llllllconvulsnnts arc used 10 rre.ll ncurop.1thic p:un 

1vilh differing degrees of success. Anriconvulsants nn: 1nos1 comn1only used for ncuropalh,c 

p:un as their mccluutism of action tends to inhibit p:un sens:uion. 

2.8 �femory 

In psychology, memory is the process by 1vhich infom1otion 1s encoded, stored, nnd 

retrieved. Encoding ollo,vs informarton tJ1ot is frpn1 the outside 11-orld 10 reoch our senses 1n 

the forms of chemical ond pbysicnl stimuli. In this first stage ,ve must change the information 

so thnt 11'C may put the memory into the encoding process. 

Storage is the second memory stage or process. TI1is enrolls tbo1 ,vc mainrnin 

information over periods of time. Finally the third process is the n:1ric111I of informorion rhot 

11·c hnve stored. \Ve musr locate it 1111d rc1un1 it 10 our consciousness Some retrieval attempts 

1noy be cfforrless due 10 the type of infom1alion. 

Prom nn information proec.1.1ing perspective there arc three mo.in stages in the formation 

nnd retrieval of memory: 

• Encoding or registration· receiving, processing and combining of received 1nfonno1ion

• Storage creation of o permnnenl record of the encoded informorion

• Retrlei•ol, recoil or recollection rolling bock the stored infom1ation in response 10 �ome

cue for use in o process or oclivily

The los.s of memory is described as foractfulness, or as o medical disorder, runnes10
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2.8.1 Sensory memory 

Sensory memory holds sensory information for a fe\v seconds or  lrss after an atem 

is perceived. The ability to look ot on item, ond remen1bcr \vhat ii looked like \vilh just D 

second of obscrvotion. or memorisation, is on cxDJnple of sensory memory. \Vith very 

short prescntDtions, portieiponts ollen report that they seem to "see" more lh1111 !hey can 

nctuD.lly report. 

There ore mony types of sensory memories. Iconic memory is o fast dcc.1y1ng Store 

of visunl information, a type of sensory mcn1ory that briefly stores an 101nge \Yhicb hn.s 

been perceived for o small duration. Echoic mcmoly is a fast decoying store of .,uditory 

information, onother type of  sensory memory that briefly stores sounds \Yhich has been 

perceived for a smoJI duration (Carlson, 2010). 

2.8.2 Short-term memory 

Short-term memory D.IJov.-s recall for n period of se�'mll seconds to a minute \\ill1011t 
rthc:irsnl. Its cnp:icity is n1so ''ttY limited, ho\vcvcr, memory cnpacity cnn be incrcnscd through 

o process cD.IJcd chunking. f'or example, in recalling a ten-digit telephone number, a person

could chunk the digits into three g10ups: first, the nrca code (such as 123), then n tlirce-digit

chwtk (456) ru:id lastly n four-digit chwtk (7890). Tius method of remembering telephone
numbers is far more effective lhM o"cmpting to rcn1cmber o string of IO digits; tltis is because

we ore oble to chunk the info111UJtion into mc:mingful g10ups of numbers This 01:iy be
rrOccted in some countries in the tendency 10 display telephone numbers as scvenil chunks
of tlvcc numbers, with the fuUl.l four-number g10up gcncnilly broJ..en dov.11 into two groups
of tv.o.

Short-term memory is believed to rely mostly on on acoustic code for stonng 

infonnntion, and to a lcs.scr extent II visual code. Conmd ( l  964) found tltnt t�t subjects h:ld 
more difficulty recalling collections of letters t1uu \VCrc ocousticnlly similar (e.� E, P, D) 
Confusion ,vith recalling ocousticolly similar lencrs rolhcr lhM visually similar lcuers unpJjc, 

ll1Jt the letters \\'Cl'C cnc:odcd ocoustically. Conrod's (196-1) srudy howc\'cr, dC."lls \\ith the 

encoding of ,vritten text, thus ,vhile memo,y of \\Tittcn longu11ge may rely on ncoustic 
compoocn1.5, generalisations to D.IJ Corms of memory c:innot be mode 
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2.8.3 Lone-term memory 

The storage in sensory memory and short-term memory gcncrnlly have n strictly 

limited capacity and dwution, ,vtuch means that iofonnnrion is not rel.Dined indefinitely. Dr 

contrast, long-term memory can store much larger quantities of informntion for potenlio.lly 

unlin1itcd duration (sometimes n \Vhole life span). Its cap.,city is in1mensumbl} lnrge. For

example, given n random seven-digit number W'C mDY remember it for only n fc,v seconds 

before forgetting. suggesting it ,vns ston:d in our short-tc,m memory. On the other hand, ,,e 

can remember telephone numbers for mony )'C31'S through T"Cpctitioo; this infonnnlion is Sllid 

10 be stored in long-tenn memory. 

\Vhilc short-tenn memory encodes iofom1.1tion ocoustical.ly, long-1em1 mernol') 

encodes it scrllD.lltical.Jy: Baddeley (1966) discovered that oiler 20 m1oulcs, tesl s11b;ccts hnd 

the most difficulty T"Ccal.ling o collection of \\'Ords thnt hnd sin1ilnr meanings (e.g. big, large, 

i:rc.it. huge) long-tenn. Another pnrt of long-tcnn memory is episodic memory ''lvhich 

attempts to cnpture infomui.tioo such QS ",vh.ot", ",vhen" and "\vherc•. \Vith episodic memol} 

individunls nre able to rccal.l specific events such os birthday �ics Md \\'Cdclings 

Short-term memory is supported by unnsicnt pa11cms of neuronal conunuruc:1tion 

dependent on T"Cgions of the frontal lobe (especially dorsolatcrol prefrontnl cortex) and 

the parietal lobe. Long-term memories, on the other hand, nn: maintained by more stable 

ond pennonen1 chMgcs in newnl coMections ,vidcly spread throughout the brain. The 

hippoc::unpus is csscntinl (for learning nc,v inform:ition) to the consolid:ition of infonnotion 

1iom short-term to long-term memory, although it does not seem 10 store infom1at1on itself 

\Vithout the hippocrunpus, new memories DT"C wuble.10 be SIOT"Cd into long-1enn men1ory, ns 
learned from HM oiler removal of his hipJ)OCllfflpus, nnd there a very short n11ention SJ>M

Fwthcrmorc. 11 may be involved in chnnging neurnl COM«lions for o period of three 
months or more oiler the initio.l lelltnlng. One of the primruy funclions of sleep is lhou�t to 
be in1proving consolidation of information, DS several studies h..1ve demorufmtcd thJt 

memory depends on getting sufficient sleep bcl\\"CCn trainina and test (Ellenbogen ,., al,

2006). Additionally, data oblllincd from nc:uroiJDllging studies h..,ve shO\\n oc1ivn11on �Items 

In the sleeping brain which mirror those rcconlcd during the lcnm.tng of lllSl.s fro,n the 

�ious d:iy, suggesting thal IIC\V memories may be solidified through .such rchcorsal 
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Rcscarch hos suggested that long-term memory storage in humans lllll)' be nuint.lined b) 

DNA mcthylntion, or prions (Pnpassotiropoulous et al.. 2005). 

2.8.4 \Vorking memory 

In 1974 Bnddclcy nnd Hitch proposed n \\'Oricing memory model '"ttlch n:ploccd the 

general concept of short term memory with on active maintennncc of information 10 the short tcnn 

s1omgc. In thiJ model, \\'Orking mernory consists of three basic stores: the ccntroJ execuri\ c, the 

phonological loop nod the visu�spnti:il skctcl1pild. In 2000 this model ,vas expanded ,virh the 

n1ultimodnl ep/sodic buffer (Baddeley, 2000). 

The central executive csscntinlly acts os auention. It chonnels information 10 the three 

component processes: the phonogical loop, the visuo-spaliol skctehp;id, nnd the die bu/fer. 

The phonological loop stores auditory informntion by silently rehearsing !i<>Unds or ,,'Ords 

in a continuous loop: lhe articulatory process (for example the n:pclition of a telephone nwnber 

over and over again). A short Hst of <Iota is c:nsicr to rcmernber 

The visuosp;1tiaJ sketchp:id stores visual nod spotinl infom1ntion. It is engaged ,,hen 

performing spnlinl tosk., (such ns judging distances) or visunl ones (such ns counting Ilic ,vindo,vs 

on o house or imtlgining images). 

The episodic bufTc:r is dcdiaucd to finking information across tlonuuns 10 form 1n1egr.11ed 

units of visual, spotinl, nod verbal information nod chronologicnl onJcring (e.g , Ilic memory of a 

story or a movie scene). 1l1e episodic bulTcr is also o.ssumcd to h4vc finks to long-term memory 

and semnntical mcnnlng. 

The \\'Otking memory model c:<plnins many procticnl observn1ions, such ns ,,hy ii is e;uicr 

10 do nvo different lllSks (one verb.1.1 nod one visual) than h\'O similnr taSks (e.g., 1,vo visunl), and 

Ille llforcmcntioned ,vord-lengtJ1 cfTccL I lo,vc,cr, the conccpl of o ecntrol c�ecu1ivc os nolcd here 

lus been criticised as inadcqunte and vogue. \Vorking memory iJ also the prcmlSC for \\ll.'.11 0ll01,-s 

us to do cver)day activities involving ll1oughL II is the section of n1cmor) ,�here ,1c CM!)' out 

thought processes nod use them to Jew and rc.:ison about topics. 

2.8.S �lcmory And SlrcsJ 

SlttSS has O signifiCAnl efTeci on memory fonn111ion and learning In response 10 stressful 

si111.11ions, the brain releases hormones and ncurotrnnsrnincrs (c�. glucocorucoid.s 1111d 
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c:itccholnmincs) \\ilich affcc1 memory encoding proccsscs in the hippocampus Dehllviouml 

rese:irch on llllimals sho,YS lhat chronic stress produces adrenal honnones ,vhich impact lhe 

hippocnmpal structure in the brains of rots (Conrad, 2010). An experimcntru study by German 

cognitive psychologists L. Sch\,-abc and 0. \Volf dcmonstnues ho\\ learning under �t� also 

decreases memory recall in humans (Sch\vabc and Wolf, 2010). In 1.his study, 48 lu:allhy female 

and male university students pnrtieip:ued in either a stress rest or o conl101 group. I hose 

randomly assigned to lhe stress test group h.ad a hand immersed in ice cold \\'!lier (I.be reputable 

SECPT or 'Socially Evaluated Cold Prcssor Tcsl) for up 10 three minutes, ,vbile being moni1orcd 

and videotaped. Both lhe stress and control groups \\'ere then presented ,vil.b 32 ,,"Ords to 

mcn1orize. T,vcnty-four hours Inter, both groups \\'Cl\! tested 10 sec ho,v man) ,,-ords I.hey could 

remerrbcr (free recall) as ,,-ell ns ho,v lll30Y they could recognize from u lnrgcr Jist of ,,"Ords 

(recognition performance). The results sho,,"Cd a clear in1pni.rment of memo!)· performance in the 

stress test group, \\hO recalled 30 % fl:\\-er words th:in the control group The rtscNCbers suggest 

that sticss experienced during learning distroclS people by diverting their aucntion during lhc 

ntcmOI)' encoding process. 

Ho,vcvcr, memory performance can be enhanced ,..,hen nu1cnaJ is link((! to the learning 

contc.xt. even '"hen learning occurs under stress. A scpnrole study by cognithe ps)chologists 

Sch,vabc nnd \Volf sho,vs thnt ,vhcn retention testing is done in a contcxl s1milnr 10 or congruent 

\\ith the original learning tnsk (i.e., in the snme roon1), memory in1paim1en1 and the detrimcntru 

effects of stress on learning can be aucnuated. Sevcnty-1\vo heallh>• female wtd male university 

students, randomly assigned to the SECPT sm:ss test or to a control youp, \\�re Mked to 

remember I.be locations of I 5 pairs of picture: c.uds • o computcri1.ed ,·ers,on of the card same 

"Conccnlrolion" or "Memory.• The room in ,vhich I.be C\l)Cnmcnt 100k place ,,-as infused \\ilh the: 

scent of vonilJn, as odour is n strong cue for memory. Retention tcsung took pbcc the follo\\ing 

day, either in the some room ,vith the vnnilln scent ocoin present, or in n different room \\ithout 

the fragrnncc. The memory perfonnooce of subjects who e.xpcricnc(d strus during the obJcct­

loc:ition tnsk decrc.lSCd significantly \Yhen they ".en: tested in M unfamiliar room \,ithout the 
,'31l.i1J3 scent (:in incongruent context); ho,,ever, the memory pcrfonnnnc.: of M.r'l's�cd subJcct:. 

showed 00 imp:tlnncnt ,vhcn they ,vcro tested in the oniiinaJ room ,vith the ,anill.i scent (a 
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conarucnt conlt'Xt). All participants in lhe expcruncnt, both S1tCSScd and unsu-cueJ. paformed 

(II.Sier \\hen the learning and retrieval contexts \\'ere iimibr (Sch\\11be a al., 2009) 

This research on the eITccts of Sll'CSS on memory may h.lve pracucal ,mphrauons for 

cducotion, for eyewitness testimony and for psycholbcn,py stucJ�11ts m11y pcrfonn bcucr ,,hen 

tested In their rcgulor cla.s.sroon1 rather lhnn llll c.um room, C)'C\Yitnc&scs m:1y l"CC4JI dcuulJ better

01 the scene of nn evcnl lhnn in a courtroom. and pcr$01\S su!Terina from post-1r.1WNllic stress may 

in1pro\'C ,vhcn helped to sitUlltc their memories of a tmwruuic event in nn appropri�c contot 

2.9 Anxiety 

An..'<iety (also called o.ngst or \\'Orry) iJ a psycholoaic.tl 3/ld rhrs101ogiC41 swc 

clulrocterizod by somatic, emotional, cognitive, and behavioural componcnlJ It is the displcasina 

feeling of fCllI and concern (D:ivison, 2008) The root mc:irung of the \\1lrd IIAAiety 1s 'to , � or 

trouble'; in either presence or absence of psychologiC41 stress, aruucty can ac:itc fcclin8$ or fc:1r,

,,1>rry, uneasiness, and dread (Bol.ll'IIS and Holt, 2007) It IS also ossoc1otcd "1111 fcclini;s of 

rcstl� fatigue, conccnlnltion problems, and muscle tension. I lo,,-ever, an'(Je1y should not be

confused with fCM, ,,hich is more of a dreaded fccllng about something ,,hicb appc:irs 

intimidating and can overcome an individ�. Anxiety IS considered to be o nonnAI re.1c11on to a 

strcssor. It moy help on indhidual to deal ,,ith I dcmM<ling siru:ttion by prompting thL"ffl to cope 

with iL I lowcvcr, ,,hen nnxicty becomes ovCl\,nclming. it nuy ull Wlder the cl1SS1fication of an 

1111Xic1y disorder. An.\.icty c:in be confused \\ith fc:u-. Ho\\,:vcr, fc.v is concrele, (a rclll dai1[!cr) 

whel'Cll.S onx1ety is the pruunoio of something out there lhAt 5CCnU mcn:icing but may not be

menacing, and, indeed, may not even be out there (Henig, 2012) . 

. 

2.9.1 Slgru nntJ S) mp tom, 
Anxiety is o gcncmhud mood 1h41 can occur \\ithout an identifiable triggering stimulus 

As such, it lJ distinguil!icd from fcnr, \\hich IS an appropriate cognitive and cn1c,tiorul rcsronsc 

to a perceived tJucaL AdditioMlly, fc:ir is rcl:itcd to lhc SJ)Ccific bch;i\iours of CSCllf'C � 

avoidance, whcrcns anxiety i, related to sitwtlons pcrcd\'cd M un.:ontrollablc or WlA\'Oi<bble 
(Ohman, 2000). AnotJicr vlc,v defines on.,1ety as "a futurc-oncntcd mood stlltc 1n \\hlcli one is
ready or prepared to oucmpl 10 cope ,vitJ1 upcon11ng ncgn11vc e\'cnu, • suggc51Jng th;it 1t 1s a

distinction bet\\CCO future and present d1111gcr.1 \\hicb divides Dll\icl> and fclU. In a 2011 
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revic,v of the literarure, (Sylvm er al, 20 I 1) fear ond onxicty \\Tn: snid 10 be diflcrcntiorcd in 

four domnins: (1) duration of emotional experience, (2) 1emporul focu,, (3) specificity of the 

lhrclll, and (4) motivated direction. Fear is defined a.s short Jivctl, pre.sen! focused, gc.ircd 

10,vords o specific threat , and facilitoting csaipc from threat; ,vhile anxict)· is denned as long 

acting, future focused, broadly focused to,Yards a diffuse thrcoi. ond promoting caution "iule 

opproochlng o potcntlal lhrcaL \Vhilc most everyone hos an cxpcncncc ,vith on."<iety nr some point 

in their lives, os it  is  a common reaction lO real or pcrccivctl threats of all kinds, most do not 

develop long-term problems ,Yith on."<.icty. \Vhcn someone docs develop chronic or severe 

problems with llllXicty, such problems nrc usually cl ossified as being one or more of the specific 

types of Anxiety Disorders. 

Anxiety takes scvcrul fonns: phobin, social onxicty, obsesslvc-compulshe, ond post­

traumlllic stress. The physicol effects of llll"<iety ouy include hC311 palpillltions, tochycardto, 

muscle ,,-ailcness and tension, fatigue, llilll.SC1, chest pain. shortness of bre:11h, htadnchc, stornoch 

aches, or tension headaches. As the body prepares to deal ,Yith a � blood pre:.surc, heart rote, 

perspiration, blood Oo,v to the major muscle groups arc increased, ,vhile immune Md digestive 

functions arc inhibited (tho fight or flight response). External signs of onxicry may include pallor, 

S\\'C:lling, trembling, ond pupiUory dilotion. For someone ,vbo suffers onxtel)· this cnn Jc.>d to n 

1)311ic attack. Sir Aubrey Le,Yis even suggests th.it "anxiety" could be defined as agony, dtead, 

terror, or even apprehension. 

Although panic attacks nrc not experienced by every person \\ho suffers from on.xiety, they 

nrc n cornmon symptom. Panic ottocks USUlllly come ,.,,ithout ,vaming and although the ftar is 

generally irrnliol'llll, the subjective perception of dllngcr is very real. A person cxpcricnc,ng o 

panic attack will often feel 11S if he or she is about to die or lose consciousness Bcl\,'ttn p.,ruc 

llllllck.s, people ,vith p.inic disorder tend lO sulTer from nnticiP3t.ed anxiety- a fcnr of hnv,ng o 

1)311ic allack may Jc:id to the development of phobfos (Neil o.nd Donuld, 2010) Anxiety is the 

most common mentol illness in America os npproxinutcly 40 million ,1Jults lll'C nfTcctcd by iL
Not only is anxiety common in odulls, but it h.:ls also been found to be more conunon m fcn1nles 

rather thnn males. 

Tue cmouol'llll effects of o.nxiety may include "feelings of npprehc�ion or drc:id, trouble 

COnccntmting, feeling t.cnsc or jwnpy, o.ntic1p:1ting the \\'OISI, urit.1bility, restlessness, \\-at,hing
• 
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(and \wiling) for signs (and occurrcnccs) of danger, and, feeling like your mind's gone blank" 

(Smilh, 2008) as \\'Cll as "nightmarcslb3d dreams, nhsessions about sensations, deja w, a trnpped 

111 your ntind feeling, and feeling like everything is scnry. 

The cognitive effects of anxiety may include thoughts about suspected dnngcrs, such o.s 

fear of dying. "You may ... fear th:11 the chest p:uns arc II dcooly heart 01t11ek or !hot the shootrng 

pains in your head o.rc the result of o IUmor or anewysm. You feel an intense feor \WO you think 

of dying, or you may think of it  more often thno nonnal, or can't get it out of your mind." 

The l!chovioural effects of nnxiety nuy include \\ithdr.iYo'il.l from situntions \\hich hove 

pro\ okcd anxiety in the past (Barker, 2003). Anxiety can also be c'<pcricnccd in \\'ll)'S \\ hich 

include changes in sleeping p;illems, nervous hobits, nod incrcas.:d n1otor tension like fool 

topping (Barker, 2003). 

The symptoms of nnxiety include c.xccssive and ongoing \VOIT) and tension, an unrealistic 

vie\v of problems, rcsllessncss or o feeling of being "edgy", irritability, muscle tension, 

he.idachcs, S\\"C.iling, difficulty concentroting, nausea, the need to go to the b.1lhroo1n frequently, 

tiredness, trouble foiling or staying osleep, trembling, and being cn.sily stlll1led 

2.9.2 Cnuscs 

An C\'Olutionnry psychology c.xp!IIJllltion is tJ1111 incrcnscd nnxicty serves tJ,e purpose or 

increased vigilance rcgnrding potentiol lhrcots in tJ,c environment os \Veil os increased tendency to 
take pronctive actions rcgording such possible thrc:lts This mny cause false positive rcnctions but 

OJl individual suffering from nnxiety n,ay olso a\-oid rcoJ tJ1.CCnts. This n,oy C'<plnin \,hy 111\."-IOUS 

people arc less likely to die due to accidents (Andrc,,s and Thomson, 2009). 

The psychologist David 11. Barlov,• of Boston University conducted n study tJull sho\\'Cd 

lhrcc common CM111Ctcristics of people suffering from chronic nnxicty, ,vhich he chnroctcntcd os 

•a gc:neralitcd biologicnl vulncrobility," "o gcncrali7..cd psychologicol ,'Ulncrobility," and "a specific
psychological vulncmbili1y (Dnrlo,v 1111d Dur.Ind, 2008)0 \Vhile cbcnucal issues 1n the bnun that
result in anxiety (cspccinlly resulting from genetics) rue \\ell docwncntcd, this study highlights nn
additional enviroruncnlDl factor th:11 moy result from being rniscd parents suffering from chronic

• anx1e1y.
Other contcxtUll.l factors thnt ore tJ10ugh1 10 contribute to on.xicty include gender

socjlllizntion Md lenming experiences. In p;irticul11r, lwning mnstel') (the d.:i;rtt to \\hich people
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perceive !heir lives IO be under 0\\'11 control) and instrwnentlllity, \\luch includes �uch traits o.s 

sclf�nfidcncc, independence, and compctitivcncs.s fully mcdia1e tJic relation beh,-ecn gender a.nd 

anxiety. Thal is. though gender diffm:nc:c in anxiety exist, ,vith higher levels of nnxiciy in \\'Omen 

comp.vcd IO men, gender socialir.ntion and l�g mastery e.,-ploi.n the.c.e gender diffcm,ces. 

Research b.a.s danoosuntcd the \\'llys in ,vhich facial prominence phologrophic imogcs differs 

bct,,'CCn men and \\'Omen. More specifically, in official onlinc photogrnphs of polilicio.ns nround 

the '"orld, ,vomcn's faces arc less prominent tlun men's. Interestingly enough, the difference 1n 

these imngcs octuttlly tended to be greater in culll.ln!S ,vith gre.itcr instJtullonnl gender equality 

(Zalto ond Cbnn1bless, 2012). 

Research upon adolescents ,vho as infunts had been highly apprchcnsh c, v1Gilnnt, and 

fc:irful finds that tllcir nucleus accumbens is more sensitive tJuin that in otJ,cr people \\hen 

deciding to make an action tJwt determined \\'hetJicr they received o rc,,.ud. This suggests o link 

bct\\'CCJl circuits responsible for fear and also re\\urd in anxious people. As researchers note, "o 

sense of'rcsponsibility,' or self ogency, in o conte."<t of uncertninty (probnbil,suc outconies) dri,cs 

the neural system underlying oppctiti,c motivotion (i.e., nucleus accumbens) more sU'Ongly in 

tcmpemmentally inhibited tllan noninhibited adolescents "Anxiety is also linked and perpcluatcd 

by Ille person's own pessimistic outcome expcctnncy and ho,v tJiey cope ,vith fcedrock nega1ivity 

(Gu et al., 20 I 0). 

Neural eircwtry in,'Olving the amygdala and hippoc.impus is thought to underlie a1\.\icty 

\Vbcn people are confronted ,vitll unpleoS3/1t and potentially hrumful stiniuti such o.s foul odours 

or la.Stcs, PET-SCtlos stio,v increased blood flo,v in the amygdala (Zald et nl, 2002). In these 

stuJ1cs, the panicip.lllts nlso reported moderate nn."<icty. This might indicate that anxiety is n 

protective mcchnnism designed to prevent the organism from cngnginii in polcntinlly h3rmful 

behaviours. 

Altllough single genes have little effect on con1plcx units and interact hcnvily both bet\\'CCll 
themselves and ,vitll the c:xtem:11 fnctors, research is undcr\YUY to WUU\'CI possible mole<:ular 

mechanisms underlying anxiety and comorbid conditions. One candidate gene \\itll 

polymorphisms thnt influence anxicly is PLXNA2 0Vro.y d Ill, 'JJX11). 
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Caffeine may cause or cxacetbate anxiety disorders. A number of clinical studies hn\'C 

sho\\1\ o positive ossociation bcl\\,:en caffeine ond anxiogenic effects wxl/or p.lllic disorder (Vilnnm 

ti al., 2011 ). Anxiety sufferers a1n have high cntrcine sensitivity. 

2.10 Sedative 

A scdntive or tro.nquiliur (or tranquilliser) is o substincc lh:11 induces scdauon by reducing 

irritllbility or cxcilcmcnt. 

Al higher doses it mny n:.sult In slurred speech, s!Dggcring gnit, poor judgn,cnt, and slo,v, 

uncertain reflexes. Doses of sodnlivcs such os bcll2.0di:iupi11es, \\'hen used os o hypnotic to induce 

sleep, tend to be higher thlln amounts used to rcUcve nnxicry, whcrc.i.s only lo\\' doses nrc needed to 

provide o pcnccful nnd calming sedative effect (Montc:ncgJO cl ol., 2005). 

Scdnlivcs can be misused to produce an ovcrly-ailming efTecl (nlcohol bci{ig the cl:issic 

ond most common sedating drug). In the event of on overdose or if combined \\ith another 

sed ative, lllllllY of these drug., can cause unconsciousness (sec hypnotic) and even death • 

• 

• 
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I 

Typa or sedatives 

• Barbitumtcs

• nwbarbital (Amyta))

• 

• 

• 

• Benzodinz.cpin� (trade onmes) 

• Clonazcpam

• dinzcpam (Valiwn)

• estawlnm (Prosom)

• flunitrazepam (Rohypnol)

• Lonw:pam (Ativan)

• midazola.m (Versed)

• nitrazcpam (Mogadon)

• oxazcpam(Scrax)

• triazolam (Halcion)

• tcnurz.ep.vn (Rcstoril, Nonnison, Pl1111un1, Tcnox, and Temaze)

• chlordiazcpoxide (Libriwn)

• nl praz.o I am (XIIJUIX)

• (Mogadon)

• Noobcnzodiazcpine "z.drugs" sedatives

• eszopiclooc (Lunesta)

• zaleplon (Soru11t1)

• zolpidem (Ambicn)

• zopiclone (lmovanc, Ziroov.i.ne)

A ntiJ1istamiocs 

• diphcnhydromine

• dimcnhydrin:ilc

• doxylom1ne
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• 

• 

• 

• 

• 

• 

• 

• mirtaz.npinc 

• pro,nethazinc

Herml sedatives 

• Ashwogondlui

• Duboisio hop\voodii

• Prostonthcra striotiOora

• Catnip

• k.ovn (Piper methysticwn)

• v:ilcrion

• connobis

• µ,wfbaspp.(passillora inc:amnto)

Other 

chloral hydrate 

olcohol 

lroZoclonc 

opiotcs ond opioids 

glutcthimidc 

2.10.11ncl':lpCullc U$C

Doctors often odminister scdotives to p:iticnts in order to dull the potient"s M.\rcty rchucd 

to prunful or anxiety-provoking procedures Although sedatives do not relic\·e pain in themselves, 

they can be o useful adjunct to onolgcsics In prq»ring p;1ticnts for surgery, and rue con1monly 

given to p;11ients before they nrc OllllCSLheti1.cd, or before other highly uncomfortable and 1nv,1.She 

rroecdurcs like cardiac c.ithctcrizntion, colonoscopy or t.iR.I. They increase trnclllbility and 

complinnce of children or troublesome or dcnl:lllding �tients. 

Poticnts in intensive core units lll"C nlnlOSt cil\\'llY, sedated (unless they arc W1COnscious 

from their condition M)'\\Uy). 

' 
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2.11 An1iolytlc 

An aruciolytic (also antipanic or notinruciety ageot is a drug used for the treatment of 

anxiety a.nd its related psychological and physical syinptom.s. Anxiolytics have been shO\\ll to be 

useful in the treatment of anxiety dlsorders. 

Dct.n-rcccptor blockers such as propranolol and oxpn:nolol , nlthough not nn.\iol)11CS, c.in be 

used to con,bat the somatic symptoms of anxiety. 

Aruciolytics nrc also known as minor lranquiliurs. The term 1� I� common 1n modem 

texts, ond \VOS originally derived from a dichot.omy ,vith major tranquilizers, also kno,\n o.s 

ncuroleptics or anti psychotics. 

2.11. I 'I'ypcs of ooxiolytics/ontl-11nx:lety drugs 

2.11.l.J Dcnzodinzcpincs 

Benzodiazc:pincs are prescribed for short-term relief of severe onJ disnbling on.xicty. 

Bcnmdinzepines may also be indicated to cover the Intent periods nssociotcd ,vith the mcdit11tions 

prescribed to treat on underlying anxiety disorder. They nrc used to treat o ,vide variety of 

conditions and symptoms and nrc usu.lily o first choice ,vhcn short-tern, CNS sednuon is needed. 

Longer-term uses include tre:ltment for SC\'tl'C no.\iety. There is o risk of o bcl12'.0dinzepinc 

,,ilhdrawal and rebound syndrome oJler continuous us:ige for longer lhon l\\'O \\'CW, ond tolernncc 

and dependence may occur if pntients stay under this trc:ltment for longer (Gelder ti al, 2005). 

There is also the added problem of the ac.cwnulatioo of drug metabolites nod adverse elTecis. 

Ilenzo<unzepincs include: 

• Alpr:11.0lmn (Xan4.x)

• Chlordiazepoxide (Librium)

• ClolUl1.Cpllm (Klonopin, Rivolril)

• Diazcpam (Valium)

• Etizol:un (Etilanm)

• Loraupam {Ativun)

• Ox:rr.ep:un (Smx)

BcDZOdiazepincs exert their onxiolytic properties ot modero1e do .:igc At higher dOs:1gc

h>'J>notic properties OOCll' (MonfalCWO ti ti... 200S)
, 
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• Tofisopam (Emandaxin and Grandax.in) is o drug that is a benzodinzepine derivntivc. Like

other benzodiaupines, it po� nnxiolytic properties, but, unlike other

benzodia:r.cpines, it docs not have nnticoowlsnnt, sedntivc, skclctnl n1ustle rchu,ant, mo1or

skill-im_pairing, or amncstic properties.

2.12 Anxiogcoic 

An nnxiogcnic substance is one lhal causes on.xiety. Anxiogcnic effects con be measured by, 

for c.'lo.mplc, the hole-board test in rots and mice (Takeda er al., I 998). A number of agents nrc 

used to provoke anxiety (anxiogens) or panic (panicogens) in cxperi1ncntnl models. Some of the 

most com1non substruJces are: sodiwn loc1atc, carbon dioxide (os cnrbogen), L-DOPA, caffeine, 

modafinil, OABA ontogonislS such as DMCM, FG-7142 nnd ZK-93426, serotonergic ogcnts such 

as mCPP nnd L Y-293,284, adrencrgic ngcnts such os yohlmbinc, antipsrcho1ics/dopamine

nolllgonists such as ccopipam nnd reserpine, and cholecys1okinin (CCK) (especially the 

lctmpcptide nnd octapeplide fragments CCK-4 and CCK-8). Studies ht1vc sho\vn that IO mL/kg of 

0.5 molar sodium lnclllte infused lnttnvenously over n 20-minulc period \\ill provoke n panic 

attack in n10st patients ,vith panic disorder but not healthy control subjects (Eric nnd Daphne, 

2003). 

Antibiotics drull,S such ns fluoroquin oloncs con cause fron, short-term 10 long-term 

anxiety and panic disorders os o side elJ'ecL This is due 10 n possible antagonism of the GA BAA 
receptor and toxicity of the central navous system. This effect is po1cntioted ,vith the combined 

use of non-steroidal nnti-inflammalory drugs. 
The GABAA receptor negntivc nllostaic modulator fiWJ\l2Cnil can cause panic otlocks in 

paticnlS \vith panic disorder. 

Anxiolytic substanccS have the opposite effect, they reduce an.'licty. The mosl con,mon

class of anxiolytic drug., ore the benz.odinzcpincs. 

• 

' 
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CHAPTER TlillEE 
3.0 MATERJ.J\LS AND METEIODS 

3.1 Experimental Animals 

Adult mole mice ,veighing bcc,veen 20-2S g bred in the Pre-Clinical.Anin1al House of 

the College of Medicine, University of lbndnn ,vere used. They ,vere housed under standard 

laboratory conditions with a 12 hours daylight cycle nnd bod free access to feed (Ladokun 

Feeds Limited, Ibadan, Nigeria) and ,vatcr; they ,vere acclimatized for 1,,0 weeks to 

loborntory conditions before the commencement of the experiments. All experiments ,, ere 

carried out in compliance with the recommendations of Helsinki's declaration on guiding 

principles on core ond use of onimnls. 

3.2 Plant !Vlnlcrinl 

Fresh samples of Adenopus breviflorus [ruit ,vere bought in Bodijo �1nrkcl, Ibadan, 

and were nuthcnticoted in the Taxonomy Unit of the Forestry Research Institute of Nigeria 

(PRIN), Jericho, Ibadan ,vhere n voucher specimen; FHI 108336, \\'tlS. deposited in tltcir 

Hcrbarium. 

3.3 Prcpnrolion of Crude Elhnnol Extract 
Large quanlity (7.5 kg) of fresh specimens of the ,vhole fruit of Ade11op11S bre11ijloru.s

were washed free of  debris and pulverished using moruir and pestle nnd air-dried for eight 

weeks. The resultant dried spccinlens (300 g) \\'ere maccrntcd nod extracted "ith 70 ¾

cthnnol for 72 hours 01 room tempcrnture (26 • 28 °C). The resulting solution "·as then filtered

using n ,virc-gnuz.e and O sieve ,vitlt tiny pores (0.25 mm). The 70 % ethanol \\'as lotcr

evaporated using steam bath (40 - 45 °c) to give a perccntoge yield of 8.6 % of the starting

sample. The dried sample ,vus rceonstitutcd in distilled ,vater to mnke up test solutions of

known conecntration. 

3-� Phytochcn1icnl Screening

Standard phytochemicnl mctllods ,vcrc used to test for the presence or alk:iloids,

cardcnol·d · 11 ·ds on·'--quinones and suponins (Sofo,vorn, 1993; EvMs, 1989;
1 es, tanrus, nvono1 . , uuu 

I lasbone, 1973).
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J,4.1 Alklll�ids te..t 

Few drops of Drogeodorff's, Mnyer's nnd \Vagocr's reagent ,,ere added sepnrolely to
the extroct in the lest tube. A reddish bro\vn, crerun and reddish bro,vn preeipitote rcspcclivcly
indicates n positive test. 

J.4.2 Keller Killlilni test 

The extract ,vns evaporated lo dryness nod 3 rnL of ferric chloride reagent ,vas added 10

the cooled residue in a clean test tube. Concentrated sulphuric acid (2 rnL) ,vns gently poured 

down the side of the test tube. A purple or reddish bro,,n ring 01 the interface and green 

colour in acetic acid layer indicates n positive test for 2-dc-oxy sugnr (cardenolidcs' test). 

J.4.3 Tannins test 

Fc,v drops of ferric chloride reagent \Vere added 10 the extract in the test tube. A red 

colouration indicates n positive lesL 

3.4.4 Fl:ivooolds test 

A small quantity of the extract ,vas dissolved in dilute sodiun1 hydroxide nnd 

hydrochloric acid \\'IIS added to the mixture. A yello,v solution that turns colourless on 

nddition of hydrochloric acid indicates the presence offlovonoids. 

3.4.S Antbnquioonc, (Borntrngcr's) test 
few drops of chloroform ,vcre added to the e)l.'trocl in the test tube, I mL of dilute (IO%) 

ammonia! ,w.s added an d  the mixture ,vas shnkcn. A pink-red colour in the amn1onincnl 

Oowcr) layer sho\\'S anthnlccne derivatcs. 

3.4.6 Sapanln, (Froth) test 

To o.s g of the extract in the ,.est tube ,Yil.S added IO mL of distilled \\1lter Md this ,vns
well shaken and left to stand for Io minutes. A thick persistent froth indicated the presence of
saponins.

46 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



• 
J.5 Toxicity lesl 

The method described by Lorke ( 1983) v1as used to deteonine the LD!o, ,,1 hich is the
index ofocuto toxicity. Mnle albino mice (20-25 g) ,vere used. This method 1n,olvcd an initial
dose finding procedure, in which the onimnls ,verc divided into three groups of three onimt1ls 
per group. Doses of IO mg/kg, I 00 mg/kg and I 000 mg/kg ,vere administered orally, one 
doses for cncb group. The treated onimals ,vere monitored for 1,venty-four hours for mortnlity 
ond general l;>ehoviour. After t\venty - four hoUIS, based on a record of uro death front the 
results of the above step, seven different doses (2000 mg/kg, 3000 mg/kg, 4000 mg/kg. 5000 
mg/kg, 6000 mg/kg, 7000 n1g/kg, 8000 n1g/kg) ,vere chosen nod administered orally to s1:vcn 
&rOUPS of animals of one mouse per  group respectively. The treated a.oin1als ,vere n1onitored 
for t,vcnty-four hours. The LO.so ,vas then calculated as the geometric mean of the lo,vcst dose 
sho,,ing death nod the highest dose showing n? death. 

The LO.so of the crude extract ,vas found to be 7000 mg/kg. The ,vorking dose V.'OS holf 
of the LDso i.e 3500 mg/kg, ,vhich is no,v scaled do,vn 10 2000 mg/kg, I 000 mg/kg, 500 
mg/kg, 250 mg/kg, 125 mg/kg and 62.5 rng/kg. 

3.5.J Prcp11r11tion of Stock Solution ofEEAB 
Ten grammes of EEAB ,verc dissolved in I 00 mL of distilled \\'liter to give o 

concentration of 0.1 g/mL. 
The dosage of the experimental group ,vos ealculotcd using: 

• \Veight of anjmol (g) x Dose to be ndminlstcrcd (mg/kg)
I 000 :< Concentration of extract (mg/1nL). 

The dosages of EEAB administered in these studies ,vcre obtained from the rcsu!LS of 
the acute toxicity tcsL 

• 

3.6 Ocbaviourol Study 
3,6,1 Novelty-induced rearing and grooming 

Th be . fil f alb" mlcc under the influence of the cxuuct ,vcn:: assessede j1av1oural pro 1 es o too 

in the Open Field Box (OFB) (45 cm x 25cm x 25 cm). Sixty-four ,nice ,vcrc rnndomly

divid d . . S) 0 1 ,vas given distilled ,voter (0.2 mU20 g, p.o.), groupsc into eight groups (n"' . roup 
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II -VII were given EEAB (62.S - 2000 mg/kg, p.o.), ,vhile group VIII \I'll$ gi\'cn diozcpnm 

(2.0 mg/kg, i.p.) .  

Thirty minutes after treatmem1 ,vith the c>.tr.1c1 behavioural measurements ,,ere cnrried 

out for n period of thiny minutes. The anin1nls ,veic removed directly from the home cage and 

placed inside the OFB. Each animal was used only once, ,vith the box clC411cd ,vith 70 % 

cthnnol after coch assessment to remove olfactory cue from previous oninial to the other. 

The time of the experiment ,vas kepi constant (8.00 a.m.-1.00 p.111.) doily to ovoid 

changes in biologic clock. The behavioural components en1ploycd in this obscrvat1011nl 
1111nlysis ,vere rearing nnd grooming (Ajayi and Ukponn\\vn, 1994). Tht frequency of rearing 
episodes ,vas quantified by using a manual counter nnd n stop wntch. The total frequency ,ws 

summed up for each animal and totalled for the thiny minutes of observation time. 
Rearing \VOS token as the number of limes the mouse ,vas standing on its hind limb or 

,1ith its forelimbs against tl1e ,vull of the box or in the free nir. Grooming ,vns token as the 
number of body cleaning ,vitJ, moutJ, and face " 'ashing ,vith forelin1bs. 

3.6.2 Locomotor activity 
Motor activity ,vos measured in on OFB (45 cm x 25 cm x 25 crn) ,vith painted black 

grids dividing tlle floor into 16 (7 cm x 7 cm) equal squares. Sixty-four mice ,vcrc randomly 

divided into eight groups (n"'8). Group I ,vas given distilled ,vnter (0.2 mU20 g, p.o.), groups

11-vn \\'ere given EEAD (62.5 - 2000 mg/kg, p.o.), ,vhile group VIII ,vas gi\'cn d1o.zepnm

(2.0 mg/kg, i.p.). 
• • 

One hour after treatment ,vith the extract, Cl!Ch mouse \VOS placed in one of tJ1c comers

of the box and the number of squares crossed ,vith nil four po,YS ,vcrc counted for 5 minutes.

The cage ,vas cicaocd ,vitll 70 % ethanol at intervals ,vhen each animal \\'llS removed (Brocco

fl al., 2002). 

3•7 Anxiolytic Study
3.7.1 llole board test 

Th th I Of head dipping ,vas dctcnnincd in tho bole bo:ird
c effect of the extract on e ro e 

�hi h · 
' 

f 1 1 (usually 16) through which the anin1ol can pol..--e itsc 1s mode up of a number o 10 es 
head s· . 1 di · dcd into eight groups (n•8). Group I \\115 given• 1xty-four rruce were random Y V1 

' 
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distilled ,vater (0.2 minO 8, p.o.), groups IT - Vil ,vere given EEAB (62.5 - 2000 mg/kg, 

p.o.), while group YIU wns given diazcpam (2.0 mg/kg, i.p.).
One hour after treatment with the ex:troct, each mouse ,vns placed on the hole board and 

the nwnber of limes that eoch MimaJ dipped (poked) its head into the holes in 5 minutes were 

counted (Dorr e/ al., 1971 ) .  The hole board ,vns clean.ed ,vith 70 % ethanol at intervnls ,vhcn 

each animal ,vas removed. 

J.7.2 Elevated Plus Maze test

The elevated plus mll7.A: (E.PM) test \YDS used to evaluate the animal on.xiety (Pillo,v nnd 

File, 1986; Lister, 1987). The EPM for mice consisted of l\vo open arms (30 cm x 5 ctn) and 
two closed nnµs (30 cm x 5 cm x I 5 cm) that extended from o common ccntrnl plot form (5 c1n 
x S cm) ,vith nn open roof, arranged such that the 1,vo anns of each type ,verc opposite lo encb 
other. The floor and the walls of each orm ,verc ,vooden ond pointed ,vhitc. TI1c tna.ze 1vas 
elevated to a height of 38.5cm above the floor level. Testing ,vas conducted in o quiet room 
that ,vas illun1inated by light. 

Each anin,al ,vas placed in the centre of the EPM facing one of the open nrms. An entry 
into an rum \l'llS defined os the anintol plncing all four po,vs over the line marking that nreo. 
The number of entries nnd time spent in the open ond closed arms ,vere recorded during o 5 
minutes test period. The percentages of open nrm entries (I 00 x open/totol entries) 1verc 
calculated for each onimol. Sixty-four mice ,vcrc mndonlly divided into eight. groups (n=S). 
Group I was given distilled ,vatcr (0.2 ml.120 g, p.o.), groups n -VU were given EEAB (62.5 
-2000 mg/kg: p.o.), ,vhile group VIII ,vos given din.zepnm (2.0 mg/kg, 1.p.).

One hour after treatment ,vith the extract, each mouse ,vos placed in the central square

of the mnzc facing o.n open am, and its behaviours ,vcrc recorded for 5 minutes. The

frequency of each of the follo\ving behaviours was scored and the durntion 'of cnch bchnvtour

W.Urccodcd:
I, 
.. 

IL 

iii, 

IV, 

, 

Open arm entries. 
Closed onn entries. 
Tm,c spent in open nnns. 

lime spent in closed onns. 
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The index of open arm avoidance ,vru h · · c as interpreted ns level of o.nxaety (Pello,,• and
File, 1986) is calculated ns: 

I 00 - (% time spent in open @nns +%entries into open arms) 
2 

J.8 i\fccbonism or Action 

In nnother set of experiments, mice were pretreated i.p. for IS minutes 1vith 

ncurotrnnSn1itter blockers to evaluate the mode of action of the extract on novelty-induced 

rearing and grooming behaviours, bead dips and locomotor activity. The follo,ving receptor 

blockers \Vere used: atropine (muscnrinic blocker, O.S mg/kg), cyprohcpflldine (S-HT blocker, 

•O.S mg/kg), hnloperidol (dopa,nincrgic blocker, 0.2 mg/kg), nnloxone (µ-opoid antagonist, 2
.

mg/kg), propronolol (P-adrcnergic blocker, 0.2 mg/kg) and yohimbine (arndrcnergic blocker,

1.0 mg/kg). The doses administered are the doses that have been found not to jnducc

bclmviouro.l effects of their o,vn in experimental nnimnls nnd ns such they only block the

receptors involved. The mice ,vcre then treated for another JO minutes ,vith 1nnxin1al close of

the extract (2000 mg/kg). The animals were observed for behavioural responses as previously

explained.

3.9 Sedative Study 
3.9.1 Pentobarbitol-induced Sleeping Tin1c nod Sleep lntcncy 

The effect o f  cxlrtlct on pentobarbital-induced sleeping time and sleep latency in mice

\\';U measured as described by Erden et al., (2001). Forty-eight nuce ,vere randomly divided

into six groups (n--8). Group I ,vas given distilled ,voter (0.2 mU20 g,  p.o.), groups 11 - V

were given EEAB (250 _ 2000 mg/kg, p.o.), while QrOUP VI wns given diazep.1m (2.0 n1g/kg,

i.p.).

Thi r. II d h later by i p ndministrt1tion of pentobarbital sodiun1 (40s ,vas ,o owe one our · · · 

IJln/1,g) Th 1 1 d I e ·ng u ·  me ,vcre recorded. The sleep lntency \\'OS mca.sured"'" . c s eep atcncy nn s e p, 
as t'am · 

. 
fl . ·u, peotob:ubitol sodium and the loss Qf right n:ncx.c in minutes n er treatment \VI 

V.'hitc th · . • 
be tosses and regaining of righuns rene:,. ,vos tnkcn ase ume an minutes t'\\'Cen 

sleeping time.
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J,9.2 Effect' on Rectal Body Tcmpcralurc 

The recording of the rectal body temperature \YllS carried out using O lhcnnoprobo 

inserted 1.5 cm inlo the rectum of each mouse. Fony-eigh1 mice were nindomly divided into 

six groups (n=8). Group I was given distilled \Wier (0.2 rnL/20 g, p.o.), groups IL - V \Ycrc 

given EEAB (250-2000 mg/kg, p.o.), \vhile group VI \YllS given diazep:11n (2.0 n1g/kg, i.p.). 
The temperatures of the animllls \\Cre recorded immediately before tre.1tmcnt (0 

minute) nnd 30, 60, 90, 120 and 180 minutes after treatment. The pre-treauncnl r.:sulLS served 

as the reference point for the determination of temperature changes (Parin111ladevi ti t1l,

2003). 

3.10 Skelclal Muscle Rclaxanl Aclh•ity 

3.10.l Traction Te.st 
The ability of o mouse hanging \\,jth its fore paws on o smoll 1,visted ,vire rigidly 

supported above the bench top and placing at lenst one hind fool on the \\•ire ,v1thin 5 seconds 
was determined (Rudzik et al., 1973). Fony-cight mice \Vere {lllldo1nly divided into six groups 
(n"'S). Group J ,vns given distilled \\'Iller (0.2 011./20 g, p.o.), groups n - V ,vcre given EEAB 
(250-2000 mg/kg, p.o.), ,vhile group VI ,vns given diazcparn (2.0 mg/kg, i.p.). 

One hour oiler treatment, each nnimal Y.'llS suspended by means of their fore pa\\"S nnd 
the time of holding the ,vire ,vns recorded. The number of animals in each group that could 
not touch the ,virc with their hind pn\VS ,vithin 5 seconds ofter placement \\'ere nlso recorded. 

3.11 Errcct on �1cn1ory 
J.lJ.I Y-Maze lest 

The Y-mnze test can be used as n mensurc for short term ,vorking memory and
locomotor nctivity. Spontaneous nJternntion is o measure spntiol ,vorking memory To

alternate among spatinl location, 0 mouse must ren1cmber its previous location. Spon14ncous

alternation pcrformnncc was assessed using n Y-mnzc coniposcd of three cquo.l sp:iccd 1111DS

(120° 38 cm x 33 cm x 13 cm). This test ,vas earned out us10g this npp:imtus to obtain results

for •po tan al . rfionnancc (memory) and locomotor ncti,•lty (total o.nn• n eous tcm11t1on pe 
entcri�•) s· r: 

• domly divided into eight groups (n•S), Group I '"".is given.... . 1x1y-,our mice ,vcre rnn 
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distilled ,vater (0,2 mU20 8, p.o.), groups 11 - Vil ,vcrc given EEAB (62.5 - 2000 mg/kg, 

p.o.), ,vhilc group YID ,vas given diazcpam (2.0 mg/kg, i.p.). 
One hour after treatment ,vith the extract, each mouse wns plnced in one of the arm 

compartments usually arm A for consistency nnd \\'llS ollo\\·cd to move freely for 5 minutes 

An arm entry is defined os the body of o mouse ,(except for its tnil) completely entering into 

an lll1Tl compactment The sequence of arm cntcrics is monunlly n:corded. An o.ltc�tion 1s 

defined as an entry into all three anns on consecutive devices. The percentage altcmatioo ,va.s 

c.'(J)rcssed os the rotio of actual altcrn:itioos to possible alternations (defined as the total 

numbcr ofann entries minus l\vo) multiplied by 100. Elhllnol (70 ¾) ,vas used 10 clenn the Y­
mue :u interval ,vhcn each o.nimllJ ,vas removed (Akanmu er at., 2007). 

3.12 Anticonvuls:int Activity 

3.12.1 Effect on pcntylenctctrazol (PTZ)-lnduccd convulsions 

Pcntylcnctetruzol {PTZ) et 85 mg/kg (i.p.) ,vas used to induce cloruc-tonie convulsions 
in mice acconling to S,vinyard et al. (1983). Forty-eight mice were rnndomly divided mto six 
six groups (n=8). Group I \YaS given distilled "'liter (0.2 mL/lO g, p.o.). groups II V ,,-ere 
gi\'m EEAB (250-2000 mg/kg, p.o.), ,vhilc group VI \\'115 given diozepam (2.0 mg/kg, 1 p.). 

Pcntylcnetctraz.0I (85 mg/ks) wns administered i.p 10 the control and c..xtnlct trc:.:itcd

croups a.ft.er one hour and to the diaupam trc:lltcd group ofter 30 minutes The mu:e ,�'Cf'C then 
obscn'Cd for latency and duration o f  convulsions Md monitored for mortality for 24 hours. 

3.11.2 Effect on strycbnlne•lnduccd convulJlons 
The method dCSC"ribcd by Elish3 ti al (1988) ",u used Fort)-ci11ht n1icc \\'CCC 

l'LDdomly divided into six groups (n•8). Group I was gi,-cn distilled ,,-ater (0.2 ml.120 g, p o.),

croups 11 _ v "·ere gi\en EEAD (250 _ 2000 1ng/kg, p .o .), ,11hilc: grollp VI ,,.u 11hc:n

diaupam (2.0 mg/kg, l.p.). 
Sll)'chnine (2 .0  mg/kg) ",u administered rp.  to lhc contr0I onJ c,tr.icl in::iu:J i;rl)ups

a&r one hour and 10 the dioxpam 1.re:ucd group al\cr 30 minutes Th¢ mice were then

obser\cd for latency and du.rauon of convulsions anJ monitoreJ for mortali1y foJr �4 hours 

• 
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3, t 2.3 Effect on plcrotoxln-lnduccd convulsion,

Por this model, Stone nnd Jnvid (1979) method ,vas e.mployed. Forty-eight mice were 

randomly divided into six groups (n•8). Group J ,vns given distilled ,voter (0.2 ml../20 g, p.o.), 

groups II - V were given EEAB (250 - 2000 mg/kg, p.o.), while group VI ,vas given 

diazcpom (2.0 mg/kg, i.p.). 
Picrotoxin (7.0 mg/kg) ,vns administered i.p. to the control nnd cxtroct treated groups 

after one hour nnd to the diau:pnm treated group after 30 nlinutes. The nlice \\'ere !hen 

observed for loteocy nnd durotioo of convulsions nnd monitored for mortality for 24 ho� 

3.13 Annlgcsic Activity

3.13.1 Hot plnle test 
The apparatus comprised o ,vntcr b:lth filled ,vith hot ,vnter containing a mcl.11 plnle in 

which each animal wns placed for the testing time. The temperature of the ,v111er ,va.s 
maintb.ined nt ·ss±o,s0c in order to cause the nnimal lo lick its forclunbs and/or to produce 
jumping responses. Forty mice ,vere ran<lon1ly dh idcd into five groups (n=8). Group I ,vas 

Biven distilled ,voter (0.2 mL/20 I!, p.o.), ,vbile sroups II - V ,vcrc given £EAB (:?SO - 2000 
mg/kg, p.o.). 

Each mouse ,vas dropped gently on the hot plate and the time (in seconds) taken for the

mice to lick its pa,vs nnd/or produce jumping responses ,vas recorded 01 time O minute (before 
treatment) and at time 30, 60, 90 nnd 120 minutes ofter o-eaunent 1l1c cu1-orr tin1c ,,-as set ot 
IS seconds to avoid tissue dornose. 

In another set of experiments, the animals were divided into three groups (n•S). The 
lint group received morphine (10 ms/kl!, i.p.), tho second group ,vns prclrt4ted ,vith iwoxone 

(2 mgll-g, i.p.) IS minutes prior to treatment ,vith morphine (10 mg/kg, i.p.); tho third croup

WIIS prttreaied ,vilh noloxone (2 mg/kg, i.p.) IS n1inutes prior 10 •�anent \\ith 1000 ms'kg

(111b-maximnJ dose) of the extrnct Tiie mice ,verc then tested os earlier Jcscribcd (\li:inn11 ,,

a/, 2000). 

3·13,2 T11ll lr11n1cnloo test 
Th. r d d scribed by Se1vcll nnd Spencer (I 979) nnd os 01od1ficd b)'

1s test wns pcr,onnc as e 

Funt et al., (I993). Porty mice were ron<lornly divided into fi"" l:lrours (n•S). Group I \\lS

SJ 
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given distilled water (0.2 mLJ20 8, p.o.), ,,·hile groups LI - V were given EEAB (250 - 2000

mg/kg, p.o.).

The tail of each-mouse (up to 5cm) \\11S dipped in  n \\'Iller-bath contnining bot ,vnler 

maintained at 55 ± O.S°C and the time (in seconds) for the mouse 10 ,vithdra,,• the tail clearly

out of the ,vater ,vns recorded at lime O minute (before treatment) nncl nt time JO, 60, 90 and 

120 IJlinutcs after treatment was taken 113 the reaction 1ime. The cut-off Lime ,vas set at I 0 
seconds to avoid tissue dnmage. 

ln another set of experiments, the animals ,verc divided into three groups (n=8). The 

first group received morphine ( 10 mg/kg, i.p.), the second group ,vas prctrclltcd ,vilh naloxone 

(2 mg/kg, i.p.) 15 minutes prior to trentment ,vith morphine (10 mg/kg, i.p.); the third group 

was pretreated ,vith naloxone (2 mg/kg, i.p.) 15 minutes prior 10 1rea1mcn1 with 1000 mg/kg 

(sub-maximal dose) of the extrnet. The mice ,verc then tested as earlier described. 

3.13.3 Acetic acid-induced "'ritblng test 
This n1odcl ,vns performed as described by Yin 111 of., (2003). Forty-eight mice \\'Crc 

randomly divided into groups (n=8). Group 1 ,vns given distilled wnter (0.2 mU'20 g, p.o.), 

groups D - V ,vere given EEAB (250 - 2000 mg/kg, p.o.), ,vhilc group VI ,vns given aspirin 

(150 mg/kg, p.o.). 
This was fol.lowed one hour later by i.p. odministralion of 10 ml/kg of0.6% acetic acid. 

The animals were allowed O 5 minutes observation period in a plcxigloss cage (25 cm x 25 cm 
x 30 cm) �fore assessment (counting). Nociccption ,vos evalUAtcd by counting the nun1bc!r of 

wrilhings (Bhdominnl constrictions) displayed by each mouse for 15 minutes. AnLinoccptive 

activity wns expressed as the perccntllgc reduction or inhibition of the nun1bcr abdominal 

Writhes.

The pcrccnt.oge inhibition of writhing ,vas colculotcd as follo\\'S: 

% inhibition • 

Mean no of writhes in control group-Mun no of ,,nihes 10 \rtil\cd groupJ

Mean no of ,vrithcs in control group

x 100 
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3,tJ.4 Formalin test 

This iest wns performed as described by .Hunskaar and Hole (1997). Fony mice ,vcre

Jtll]domly divided into five groups (ns8). Group I ,vas given distilled \\'liter (0.2 mL/20 g, 

p.o.), while groups TI - V were given EEAB (2S0- 2000 mg/kg, p.o.).

This ,vns followed 30 minutes later by the administration of SO µL (0.0S mL) of I% 

fonnalin into the sub-planter space of the right hind pa,v. TI1c duration (in seconds) of pa,v 

licking ,vns determined 0-5 minutes (1st phnse or neurogcnie phnse) and 20-30 minutes (2nd 

phase or inflammatory phase) after formalin administration. 

Jo nnother set of experiments, the animals ,vere divided into three groups (o=8). The 

first group received morphine (10 mg/kg, i.p.), the second group ,vos prctrc:oted with naloxooe 

(2 mg/kg, i.p.) 15 minutes prior to trc.itmcot ,vith morphine (10 mg/kg, i.p.), the third group 

wllS pretreated \vith oaloxone (2 mg/kg, i.p.) 15 minutes prior to treatment ,vith I 000 mg/kg 
• 

(sub-maximal dose) of the extroct. The mice ,vere then tested ns earlier described. 

3.14 St.atislicol Analysis 
The mean and stondord error of mean (S.E.M) ,vcrc cclculoted for oil \'Blues. 

Comparison bet,veen the control ond experimental groups wns done using one - ,voy analysis 

of variance (ANOV A) ,vith Duncan's multiple range tcsL Differences ,,-ere considered 

stntistically signilicruit at p<0.05. 

' 

• 

• 
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CHAPTER FOUR 

4.0 llESULTS 

4.1 Pbytocbcn1icoJ Screening 

Phytochemical analyses of the crude extract revealed the presence of olkaloid, 

wdenolidcs, tannins ond tlnvoooids, \\'bile nolhrnquinones nnd soponins \VCre absent 

(Tnble 4.1). 

• 

• 

• 

• 

• 

• 
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• 

Table 4.1: Pbytocbcmicol constituents or EEAD 

Phylochcmlcals 

Alk1loids 

(Ardenolides 

Tannins 

Ffavonoids 

Anlhn1quinoncs 

Saponins 

•e P�scnt

-• Absent 

• 

• 

EEAD

+

+ 

+

+ 
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4.l Acute Toxicity

The LDso of the crude exlract \Vas found to be 7000 mg/kg p.o. 

4J Effect of EEAB OD Bcb11vior11I Responses 

4.3.1 Effect of EEAB OD novelty-induced rearing, groon1lng and locomoror aclil'ily 

The effect of EEAB at various doses on novelty-induced rearing, grooming, nnd 

locomolor activity are sbo,vn in Figure 4.1, Figure 4.2 and Figure 4.3. 

The administration ofrcatmcnl EEAB (2S0 mg/kg 8\V, 500 mg/kg B\V, 1000 mg/kg, 
' 

2000 mg/kg) and dinzcpom (2.0 mg/kg) to mice caused significruit (p<0.05) reductions in 

novclly-induced rearing relative to the control. Trcntmcnl o f  mice ,,•ith nil the trcotmcnl doses 

of EEAB (62.S mg/kg, 12S mg/kg, 2S0 mg/kg, S00 mg/kg,1000 mg/kg, 2000 mg/kg) ond 

diaz.cpam (2.0 mg/kg) caused significant (p<O.OS) reductions in groorning relative to the 

eonlrOI. Also,treatmcnt of mice ,vith nil the trcatmen1 doses of 1hc e�11;1c1 and diazcpom 

caused significanl (p<0.05) reductions in locomotor activity relative to rite control. 

• 
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Bars llrC m� values± S.E.M. (n•8). One ,wy /\NOVA revcrucd significnnt difference

between vo.rious trcnunent groups. • indicates significant difference from control p<0.05 .
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Figure 4.3: Effect ofEEAD on locomolor nclivily in mice

CON·C · ootrol, DIZ: Di11zcpom (2.0 mg/kg, 1.p.)

Oars arc mean values± S.E.M. (n•B). One ,voy ANOV A rcvcaleJ significant difference

between vnrious treatment groups. • tndicoles significnnt difference from control p<0.05.
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IJ,2 Effect of EEAB on novelty-induced rcnring, grooming and l ocomotor octiviry in

the prCJcncc or antagonists 

The effect of EEAB ot various doses on novelty-induced rearing, grooming ond 

locomotor octivity in the presence of atropine, cyprohcpladine, haloperidol, naloxonc,

propronolol nnd yohimbine is shown respectively in Table 4.2. 

Pretreatment of mice ,vith atropine, cyproheptadine and halopcridol did not rcvcnc the 

decrease in novelty-induced rearing, groon1ing and locomotor activity induced by EEAD 

(2000 mg/kg) relative to the control. The o.ntagonists poientiated the decrease in no,·elty­

induced rearing and grooming induced by the extrocL 

Pretreatment of n1ice with naloxonc, propro.nolol ond yohimbine reverse the decrease in 

novchy-induced rearing induced by the extract (2000 n1g/kg) relotivc 10 the control but did 

not reverse th� dccrcose in novelty-induced grooming ond locomotor activity induced by 

EEAD (2000 mg/kg) relative to the conti:ol. 
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• 

Table 4.2: Effect orEEAB on novelty-ind ., · . . uceu rearing, grooming nntl locon1olor :1clh•11y
in prelcncc or nnlagonl.sts

Tn1tmenl NlR/30 min NIG/30 min LAIS min 
CMtn>I (0.2 ml/20 g) 131.20 :!: 2.9 36.20,tl.6 12100:!:34 
EEAB (2000 mg/kg) 23.60 ± 2 s• 8.00 :!: 1.4· 29.80 :!: I s• 
AUOpillc (O.S mg/lei,:) 119.80 :!: 2.7 32 60 ;!:2.6· 93.20 :!: 0.9' 
Atropine (0.5 mg/kg)+ EEAB (2000 mg/kg) 4.20 :!: 0.6" 7.80 :!: 1.4• 31.40:!: 1.3' 
Cyprohep1adinc (O.S mg/kg) 109.80 :!: 3.2 24.00 :!: I I' 94.00:!; 2.s• 
Cyprohept4dinc (0.5 mrJ.kg) + EEAO (2000 mg/kg) 4.So± o.s• 2.60±04' 27.20 :!: I 7• 
Halopcridol (0.2 mg/kg) 101.80 ± 2..S· 24.60 ± 0.1• 66.00 + 2.9' 
Halopcridol (0.2 mg/kg) + llEAD (2000 mg/kg) 19.80 + 1.1• 6.oo ± o.s· 30.80 ± 2.0· 
NaloxMc (0.2 mg/kg) 114,60 :!: 2.6 15.60 :!: 1.0· 63.60 ± I 7' 

N1loxonc (0.2 mg/kg) + llEAD (2000 mg/kg) 112.40 :!: 2.9 10 ao ± o.s• 42.20 i 2 7' 

l'loprunolol (0.2 mg/kg) 120.00 ± 2.6 26,80 ± 2 o• 60 80 :!:2.3' 

Propranolol (0.2 mg/kg)+ llEAD (2000 mg/kg) 113.80 ± 2 8 23.80 ± 0 g• 59.00 :!: 2.7· 

Yohimbinc (0.1 ms,'lcg) 112.8 :!: 1.9 29.40 ± 1.4' 67.20 ±2.7' 

Yohbnblnc (0.1 mg/kg)+ llEAD (2000 ms,'lcg) 110.40 ± 1.3 24.40 ± 1.7· 5900±2 1• 

The results are expresses as mco.n :!: S.E.M. (n=8). One ,vny ANOVA rcvenled significnnl 

difference bet,vcen various treatment groups. • lndicn1cs significant dilTerencc from control. 

•p<0.0S.
NlR: Novelty induced rearing, NIO: Novelty induced grooming,

LA: Locomotor activity

• 
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4.4 Aoxiolytlc Effect ofEEAB 

4.4.1 Effect of EEAB on head dips 

Treatment of mice with nil the treatment doses of EEAB (62.S mg/kg, 12S mgll:g, 250 

mg/kg, 500 mg/kg, I 000 mg/kg, 2000 mg/kg) and dinzcpam (2.0 mg/kg) caused sigrufic:int

(p<0.05) reductions in hend dips relative to the control (Figure 4.-1). 
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Figure 4,4; Effect of EEAB on head dips in mice

CON: Control, DIZ: Oinzepnm (2.0 n1g/kg, i.p.)

Bars 
11rC mean values± S.E.M. (n=S). One ,wy /\NOVA revealed significant dilTcrcnc:e

betwcc:n varibus ireatmcnl groups. • Indicates significant dUTcrcoce from control p<0.05.
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�.4.l Erfecl of EEAB on head dips in the presence of ontugonisls

The effect of EEAB at various doses on head dips in the pn:sencc of atropine, 

cyproheptadine, bo.lopcridol, naloxonc, propranolol and yohimbine is sho\vn respectively in

Table 4.3. 

J>retrcatn1ent of n1ice ,vith atropine, cyproheptndinc, halopcridol, naloxone. proprnnolol 

and y,ohimbinc did not reverse the decrease in head dips induced by EBAB (2000 rn&fkg)

relntive to the control.
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Tible 4.3: Effect or EEAB on bead dips lo presence or llntagonis!J
r,r11mral HD/ 5 min

c;onuol (0.2 mli2o g) 32.60 ± 1.a
we (2000 mg/kg) 6.80 ± o.s•

AIIOplnc (O.S mg/kg) 

Acropinc (O.S mg/kg)+ EEAD (2000 mg/kg) 
C)'prohepl3dinc (0.S mg/kg) 

Cyprohctadlnc (O.S mg/kg)+ El!AD (2000 mglk&) 
1Woptrldol (0.2 mg/kg) 

lf.llopcridol (0.2 mg/ks)+ EEAB (2000 mwJcg) 
Nllloxonc (0.2 mg/kg) 

1/ilo�onc (0.2 mg/kg)+ EEA 8 (2000 mg/kg) 

l'ropl\lllOIOI (0.2 mg/kg) 

Prvpranolol (0.2 mg/kg)+ EEAB (2000 mg/leg) 
Yohimbine (1.0. mg/leg) 

Yoolmblnc ( 1.0 mg/kg)+ EEAB (2000 mg/leg) 

20.20 ± 1.2• 
740 ±0.6' 
10.80 ± 0.6· 
3.40 ±0.6· 
10.00±0.S• 
4.00 ± o.s•

10.20 ± 0.4 • 
4.20 :!: 0.6' 
9.80 ±0,4· 
9.80 :!: 0.6· 
9.80 :!;0.4· 
8.20 :!: 0.4' 

The results nre expresses ns mean± S.E.M. (n•S). One ,vny ANOV A re,,�alcd significant 

difference bcl\vccn various trcntmeot groups. • Indicates significant dirfercncc fron1 control. 

'p<0.05. 

HD: Head dips 
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4.4.3 Effccl or EEAD on elevated plus maze

Treatment of mice with nil the treatment doses of EEAB (62.S • 2000 1ng/kg) did not 

alter the frequency of open nnn entries rel:itivc to the control, but diuzcpn1n �used n

significant (p<0.05) increase in the frequency of open ann entries relative to the control. The

extract ot nll the trentment doses induced significant (p<0.05) incrense in tin1c spent in the 

closed orms 'rclnlive to the open rums, \vhilc diozcpllrn (1.0 mg/kg) induced :i signi!icnnt 

(p<0.05) increase in time spent in the open arms rclntivc to the closed rums. The e"<lrOCt 01 oll 

the treatment doses and the control produced significantly higher index of open nnn 

avoidance ,vhcn compnred to dinzcpam ,vith n significnntly lower index of open arm 

-avoidance (fable 4.4)
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Table 4.4: Effect or EEAB OD frcquenrv or 1 · • ·, nrm co rics and tune sp�nt 10 tile arms of an

Trtalrntnl 

Control (0.2 mlf20 g) 

EEAB (62.5 m&'kG) 

EEAB (125 mg/kg) 

El!AD (250 mgkg) 

EEAB (500 m&'kg) 

EEAB (1000 mg/leg) 

EEAO (2000 mg/kg) 

Diaup,1111 ( 1.0 m&'k&)

elevated pluJ rnaic

No or catrlr, 

Into arms 
Time spcn1 In each ¾ Time lndu or 

Drm (uc) ''""' In ap<n 1m1 

________ ...:...:.:.�--
op•n 

1rn.u 

1,oldJnce • 
• 

Open Close o,,,n Close 

4.80 ± 0.2 7.60 ± 0.8 98.40±_ 3.6 223.40 ± s.s J0.6 6S.4 

4.20 ±_ 0.4 6.60 :t 0.7 76.60�2.7 167.60 ± 4.7' 31.4 6-1. !) 

4.80 ± 0.3 6.40 ±_0.7 87.80 ± 3.9 160.20 ±_3 2' 35 4 60.9 

4.80 ± 0.4 6.20 ± 0.7 34.80 ± 3.7 152.60 ,t4.8' )5.7 60 3 

S.00 ± 0.4 6.20 ± 0.5 10S.OO :!; 3.8 144.80 :!; 4.7' 42.0 S6.1 

S.00 :!: O.S 6.20 ± o.s 106.60 ± 4.3 126.20 :!; 4.7' 45.8 S4,8 

S.00 ::t O.S 6.20 :!; 0.3 121.8 ± 4.8 187.20 :t 4.2' 39.4 58,0 

7.80 :!; 0.7' 3.20+0.3' 
-

183.40 ::t S.8 • 97 80±3.2 65.2' 32.0' 

The results nrc expresses ns mean± S.E.M. (n•8). One ,vny ANO VA revealed signilicnnl 

difference bcl\vccn various trclltment groups. • Indicates signilicnnt difference fron1 control. 

'p<0.05. 
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4.S Sedative Effect of EEAB

4.S.I Effect of EEAB on pcntobnrbital-induccd sleep lntcncy nnd sleeping tin1c

Treatment of mice with all the treatmcnl doses of EEAB (250 - 2000 mg/kg) nnd 

di11Zepam (2.0 mg/kg) caused significant (p<0.05) rcduclions in sleep latenc) relative 10 Lbe

control (Figure 4.5) as well as significo.nt (p<0.05) increase in sleeping tirne relative to the

control (Figure 4.6) . 
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llar, arc mean values± S.E.M. (o=-8). One ,voy ANOVA rc,-enled sign1ficnnt difTcrcncc

vanous treatment groups. • Jndicotcs significant difference fron1 control p<0.05.
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Figure 4.6: EITccl of EEAD on pcoloborbilnl- induced slccplng thuo in ruicc

CON: Control, DIZ: Dhtzcp111u (2.0 mg/kl:, l.p.)

Oars ore mcll!l values± S.E.M. (n•8). One ,vny A NOVA revealed signifiCDnl difference

between various treatment groups. • lodicalcs significant difference fron1 control. p<O.OS .
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I.S,2 £(feet ofEEAB on rectal body temperature

Trcntmcnt of mice ,vith a l l  the treatn1cnt doses of EEAB (250-2000 mg/kg) did not 

produce significant (p>0.05) changes in rectal body temperature relative to the control, ,vhilc

diazcparo (2.0 mg/kg) induced significruit (p<0.05) reduction in rectal boy temperoture

relative to the control (Tobie 4.5).
• 
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Table 4,S: Effect of EEAB on rectal body temperature in mite

frunntnt

eonuol (0.2 ml/20 g)

E.EAB (lSO mc/ka) 

EEAB (500 mg/kg) 

E.EAB (I 000 me/kg} 

EEAD (2000 me/kg) 

Olm1)3111 (2.0 mg/kg) 

Omln 

37.64 ;!:0.2 
37.46 :!:0.S 
37.12:!:0.l 
37.36 :!: OA 
37.30 :!: 0.2 
37,62;!:0.I 

30mla 60 min 90 min 
37J4 :!: 0,1 37.24 ;!:0.1 37.34 :!: 0,2 
36.82 :!: 0.1 37.2.6 :!: 0.2 37.06:!:0,I 
37.00 :!: 0.8 37.34 ;±0.J 37,0S;t0.2 
37.16 :!: 0.1 37.34 :!:0.1 37.38:!:02 
37.34 ±0.2 37.60 :!:OJ 37.42!;0.2 
35.40 ±0..6' 35.S4 :!: 0.2' JS.SO:!: 0 I'

120 min 180 min 

37.38 :!. 0.1 37.J:? ± 0.2

37 13 :!: 0.2 )7.10 .!:0,1

37.4? :!: 0.1 37.62 .t 02

37.42 i 0.2 37.16 !0,1

37.42 :!: 0.2 37.�4 .:!: 2 0

JS.34 :!: 0.1 • 35.56 :!: 0.2" 

The results ore e,cpresses ns meon ± S.E.M. (n•8). One ,vny ANOVA revealed signilican1 

difference bct,veeo various (rcatmcnt groups. • Indicates signific:nn1 difference from control. 

•p<0.05.
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• 

.a.6 Effect or EEAD on skeletal muscle relllxaot aclivity

TCClltment of mice ,vith all the treatment doses of EEAB (250 • 2000 mg/kg) did 1101 

produce significant chnnges (p>0.05) in muscle coordinJlion nc1ivity relo1ive 10 the control,

while dinzepam (4.0 mg/kg) caused significant (p<0.05) decrease in muscle coordinn1ion 

activity relative to the control (Figure 4.7). 
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Figure4.7: Effect or EEAB on skclclol muscle rch1:<nnl oc1il·l1y in ,nice

CON: Control, DIZ: Oinzcpom (4.0 n1g/kc, i.p.)

Bars� mean values :t S.E.M. (n=8). One ,vny ANOVA revenlcd s1gniliCllllt dtffcrcncc

between various treo1ment groups. • Jndicales significnnl difference from control. p<0.05.

76 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



4, 7 Effect of EEAB oo learning nod memory
Treatmenl of mice with all tlte tre:itroeot doses of E� (62.S - 2000 mg/kg) nnd

dil!Ztp:lffi (2.0 mg/kg) caused reductions i n  total arm entries (locomotor activily) relalivc to

the control. Treatmcnl of mice ,vith I 000 mg/kg nnd 2000 mg/kg of EEAB �used significant

(p<0.05) increase in percentage alternation relative to the control, ,vhile diozcp:im (2.0 mg/kg)

�used significant decrease in percentage altcn111tion relative to tho conrol (Figure 4.8 nnd

Figure 4.9). 
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• Indit:4ICS significant difference from control p<0.05
between vanous treatment groups . 
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Figure 4.9: Effect of EEAB on n1cmory in mice(% Altcrontlon)

CON·C • ontrol, DIZ: Diozcpom (2.0 01g/kg, l.p.) 

Bars nre mean values± S.E.M. (n=8). One way ANOVA revealed significant difference

vnnous trealmcnl groups. • Jndicotcs signllicaol difference fron1 c:001rol p<0.05
bttween 
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.8 Aoticonvulsant Effect

.8.1 Effect of EEAB on PTZ-ioduced convulsions 

Treatment of mice with nil the treatment doses of EEAB (2S0 • 2000 mg/kg) caused 

nsignificont (p>0.05) increase in the onset of convulsions relative to the control as ,veil ns

;ignificnnl (p<0.05) increase in death time rclntivc to control ,vith I 00 % monnlity, ,vhile

Jiozepam (2.0 mg/kg) inhibited the onset of convulsion ,vilh O % mortality (Table 4.6). 
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Table 4.6: Effect of EEAD on Pcntylcnclelrazol (PTZ)-induc:cd coo,•ulsion� in  n,icc

-rrcatmcot Onset of Dcnlh lime (sec) % rrotcctlou •1. l\lonnllty

-eonuol (0.2 m 1/20 g)

EEAD (250 mg/kg) 

EEAD (500 mg/kg)

EE.AD ( I 000 mg/kg} 

EE.AD (2000 mg/kg)

Dia?CplllTI (2.0 mg/kg) 

convulsion {1cc) 

44.80 + 3.0 
-

48.20 + 2.2 
-

49.40 ± 4.0 

50.60 ± 2.2 

51.60± 1.2 
• 

124.56 ± 6.S 0.0 100.0 

188.28 ± 8.s• 0.0 100.0 

217.20±8,8' 0.0 100.0 

261.60 ± 9.3' 0.0 100.0 

268.92 ± 9.8· 0.0 100.0 

100 0.0 

The results nrc expresses os mean± S.E.M. (n=8). One ,vny ANOVA revealed signific:ruit 

difference bct,vccn various trentment groups. • lndict1tcs significant di!Tcrcncc fro1n control. 

•p<0.05.

• 

• 
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.f.B,2 Efftct of EEAD on strychnine-induced convubions

Treatment of mice ,vith all the trcotmcnt doses of EEAB (250 • 2000 mg/kg) ond 

diw:pam (2.0 mg/kg) couscd significant (p<0.05) increnscs in the onset of convulsions nnd

death time relotivc to the control (foble 4. 7). 

• 

• 

• 

• 
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fable 4.7: Effect of EEAil on strychnine-induced con,·ublons in mice
-TrctlnltDI Onset or convublon (sec) Dcatb limc(scc)
-eo,,1t0I (0.2 ml/20 g) 129.00 ± 5.8 137.40 ± 6.0 
EEAD (250 mg/kg) 138.00 ± 6.o• 1s1.20 ± 1.0•

EEAB (SOO mg/kg) 163.80 ± 6.2" 222.60 ± 7.9• 
EJ:AB(IOOO mg/kg) 

EEAB (2000 mg/kg)

Diu.tp3m (2.0 mg/kg) 
• 

17S.20 ± 6.9• 
211.20 ± 7.S• 
320.4±12.6· 

2S2.00 ± 8.4 • 
2ss.60 ± 9.s•

334.8±13 4 • 

The results nre expresses os mean± S.E.M. (n=8). One ,vny ANOVA revcnlcd significant

difference between various treatment groups. • Indicates significant dilTercnce from control.

•p<0.05.

• 

• 

• 

• 
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,.sJ Effect of EEAB on picroloxin-induccd con,,ulsions

Treatment of mice \vith EEAB (I 000 mg/kg, 2000 mg/kg) induced significnnt (p<O.OS)

uiaease in the onset of convulsions rcliuivc to the control, �·hile 1111 the treotmcnt doses of

EEJ\D (2SO - 2000 mg/kg) caused significilllt (p<O.OS) increase in death time relnth.e to the 

control ,vith I 00 % 11\0rtalily. Diazepam (2.0 mg/kg) inhibited the onset of convulsion ,vith 0

,� mortality (fnblc 4.8).

• 

• 

• 
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Table 4.8: Effect of EEAB on picrotoxin-intluced convulsions in ntice
Trtalmtol On.1et of Dcnlb lime (sec) •;. Pro1cclion -;. 

convulslon(sec) 

-ContrOI (0.2 m!J20 g) 307.80 ± 12.0

E£AB (2S0 mg/kg) 310.20 + 12.2 
-

EEAB (S00 mg/kg) 337.20 ± 12.S 

EEAB (1000 mg/kg) 374.40±"13.1°

EEAB (2000 mg/kg) 766.80± 14.7• 

Oiucp.1m (2.0 mg/kg)

n1.20± 14.3 

775.80 ± I S.9• 

867.60 + 16.6· 
-

1005.00 + 17.6• 

1308.601 :t 18.2°

0.0 

0.0 

0 0

0.0 

0.0 

100.0 

i\lorlnlll) 

100.0 

100.0 

100.0 

100.0 

100.0 

0.0 

The results ore expresses as mean± S.E.M. (n=8). One \\'ny ANOVA revealed significant 

·difference bct,vccn various treatment groups. • lodicntes significnnt difference from control.

•p<0.05.

• 
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,.9 Analgesic Effect

4,9.l Effect of EEAB on hot plate test

11ic odministrntion of EEAB (250 n1g/kg, 500 mg/kg, 1000 mg/kg, 2000 mg/kg) nnd 

morphine (JO mg/kg} lo mjce significantly (p<0.05) reduced the pain response to the thermnl 

stimulus of hot plate as indicated by the increase in reaction tune when compared 10 the

control. Prctreotment wilh nnloxooe (2 mg/kg) reversed the ano.lgcsio induced b} morphine 

(JO mg/kg) and the sub-moximol dose of EEAD (1000 mg/kg) (Tobie 4.9). 

• 

• 

• 

• 
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Table 4.9: Analgesic activity of EEAB (Hot plate test)

frttl111tnl 

ConlJOI (0.2'ml/20 g) 

EEAD l2.SO mrJ\(g) 

EEAB (SOO mrJ\(g) 

EEAB (1000 mrJ\(g) 

El!AD (2000 mrJ\(g) 

Mor (10 mg/kg) 

NA!.+ EEAB (1000) 

NA!.+ Mor 

0 min 

1.00 + 0.0 
1.00 ;tO.O

1.00 ;tO.O 

1.00 ± 0.0 

1.00 ±0,0 
1.00 ± o.o

1.00 ± 0.0 
1.00 ± 0.0 

JO min GO min 
1.00 ± 0.0 1.00 ;t o.o
1.00±0,0 1.20 + 0.2 

-

1.40 ± 0.2• 2.00 ±0,1 • 
2.00 ±0.S• :?.00 + 0.1 • 

-

2.20 ± O.J• 2.80 ± OJ• 
2.20 + 0.2• 

-
2.n;t OJ•

1.00 ± 0.0 1.00 ! 0.4
1.00 ±0,0 1.00 :!;0.0

90 n1ln 120 min 

1.00±0 0 1.00 :± 0 0 
I.SO! 0.1 2.20 ! 0.2' 

2.80 ± O.J• 2 80 ± 0.4 
2.80 ± 0.5• 2.80: 0 4•

3.20 ± 0.4· ).60 ! 0.3 

3.00 ! 0 )• 3.20 ± 0.3 

1.00 ± 0.0 1.00 ± 0.0 

1.36±0,I 1.62 ± 0.2 

The resuhs ore expresses ns mcnn ± S.E.M. (n•8). One ,�11y ANOV A revealed significanl 

difference between vnrious trcatrncnl groups. • lndicntcs significant difference fron, control. 

•p<0.0S.

�lor. Morphine (10 mg/kg), NAL: Nnloxooe (2 mg/kg), 

• 

• 

• 

• 
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,.9.l Effect of EEAB on tail immersion test

The administration of all the treatment doses of EEAB (250 • 2000 mg/kg) and

morphine (IO mg/kg) to mice (p<0.05) indu�d annlgesia by causing on 1nc1cnsc in the

1C3Ction lime to the tl1cnnal stimulus of hot water relative to the control. Prctrea1.men1 ,vi1b 

naxolone (2 mg/kg) reversed th!! analgesia induced by morphine (IO mg/kg) and the sub­

ma.ximal dose of EEAB ( 1000 mg/kg) (Table 4.10). 

• 

• 

• 

• 

• 

• 

88 

•

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Table 4.10: Analgesic activity ofEEAB (Tnil imiucrsion te-1t)

rrcauaral 0 min JO Dlln 60 min 90 min. 120 min 

-eoauol (0.2 mlllO g) 1 .00 :!: 0.0 1.00 :!: 0.0 1.00 ± 0.0 1.00 i 0.0 1.00 :!: 0 0  
EJiAB {250 mg/kg) 1.00 ± 0.0 1.60 :!: 0.3 2.00 ± O.J• 2.00 ± 0.2• 2.80 ;t0.3• 

EEAD (SOO mg.lies) 1.00 ± 0.0 2.00 ± 0.3' 2.40 ± 0.4 • 2.SO ± 0.4' 2.80 ± O.J• 

E£A8 (1000 rng.llc11) 1.00 :!: 0.0 2.00 ± 0.3' 2.40 ±OJ• 2.80 ± O.)• 3.40 :!: 0.4' 

EEAB (2000 mg.lies) 1.00 +0.0 2.20:!;0.4· 5.40 ± 1.s• 10.00 :!;0.6' 10.00 :!: 0.1' 

Mor(lOmg/lcg) 1.00 ± 0.0 2.20 ±..0.2' 4.20 + 0.5' 
-

10.00:!;0.5' 10.00 !04' 

NAL + EEAO (1000) 1.00 ± 0.0 1.00 ± 0.0 1.00 ± 0.0 1.00 ± 0.0 1.00 :! 0 0  

NAL + t.for 1.00 :!: 0.0 1.00 :!: 0.0 1.00 ± 0.0 1.56 :!: 0.2 1.60 :!: 0.3 

The results nre expresses as mean± S.E.!IIL (n=-8). One ,vny ANOV A revealed significant 

difference bet\veen various treaunent groups. • Indicates significant diO-crcncc frorn control. 

•p<0.05.

Mor: Morphine {IO mg/kg), NAL: Nnloxooe (2 mg/kg),

' 

• 

• 

• 
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'-'.3 EIJcct of EEAB on acetic acid-induced n•rithing test

Treatment of mice ,vith all the trcallnent doses of EEAB (250 - 2000 mg/kg) ond osp1rin

(ISO mg.lkg) caused a significant (p<0.05) reduction in the nu1nbcr of acetic 11cid-inJuccd 

abdorninal·writhes when compare to the control (Table 4.1 J). 

' 
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Table 4.11: Analgesic activity or EEAB (Acetic acid induccc.l . I . ) · ,vru ung test 

1'rc11tmeot No of ,vrithcs/ 15 min % 

c;011uol (0.2 mtnO g)

EEAB (250 m'g/kg)

EEAB (500 mg/kg)

EEAB (1000 mg/kg) 

EEAB (2000 mg/kg)

Aspirin ( I 50 mg/kg) 

Inhibition 

41.40 ± 1.8 0.0 
33.60 ±I.I• 18.8 
IS.SO+ I.I" 

- 61.8 
13.80 ± 0.9• 66.7 
4.oo ± o.s• 90.3 

S.40 ± 0.3• 87.0 • 

The results are expresses ns mcnn ± S.E.M. (11=8). One \\'llY ANOV A revealed significant

difference bc�veen various treatment groups. • Indicates significant difference front control.

•p<0.05.
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4_9_4 Effect or EEAD on formalin test

Treatment of mice ,vith all the trentmeot doses of EEAD (2S0 • 2000 n1g/kg) and

1110fPhine (10 mg/kg) induced n dose-dependent inhibition i,n pa,,•-licking 1imc in both phases

of Ille test relntive to the control. Prctreotmcn1 ,vith naloxooe (2 mg/kg) reversed 1he analgesia

induced by moll)hine (10 mg/kg) and the sub-mlllCimnl dose of EEAB (1000 mg/kg) in both 

phases of the test (f ablc 4.12).

• 

• 
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Ttblc4.12! Anolguic activity ofEEAB and mcchan· r . um o 11claon (Fonualin lrsl)

f �atmtat Licking tin1c (sec) rcrccnlui,:l Inhibition 

-Control (0.2 ml/20 g) 

EE.AB (2S0 mg/kg) 

EE.AB (SOO,mg/kg) 

EEAB(l000 mg/leg) 

EEAB (2000 mg/leg) 

Mor(IO mg/kg) 

NAL+ EEAD (1000) 

NAL+�1or 

I" Phase

76.00 ± 3.7 
44.00 + 2.6• 

-

38.20 ± 2.8· 
27.60 ± 2.8• 
4.60 ± 0.6• 
J6.20 ± o.s•
73.80 ± 2.4 
77.20±2.J 

• 

2 .. Pbuc I" Pb11.sc 
179.60 + 3.8 

-

69.00 ± 2 4• 42 I 61.6 
S8.00 ± 3.0• 49.7 67 7 
49.40 ± 2.1 • 63 7 72.S 

1.20 ±0,J• 93.9 99.3 
11.40 ± o.8• S2.-1 90.3 

174 .60 ± 3.9 2.9 2.8 

188.40 ± 2.9 • 

The results :ire expresses as mean :t S.E.M. (n=8). o·ne ,,ay ANOV A rc,cnlcd sisn1fican1

difTercocc bct,vccn vnrious trcnunent groups. • Indicates sisnificant difTcrcncc from con1rol

·p<0.05.

ifor. �1orphinc (IO mg/kg), NAL: Nnloxonc (2 mg/kg), 
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s.o 

CI-IAPTER FIVE 
DISCUSSION

Phytochcm.ical nruilysis is  on important t J • 
• 

• oo to 1dcnt1ry nnd screen planlS for their use

($0dhU ti al., 2007). 1l1e phytochemical analysis of the extract · di ed th • 111 cnt c presence of tannins,

and it has been reported that herbs thnt have tannins 05 their maior compo IS 
• • 

, ncn nrc nstnngcnt 111

n.11UJC QJJd a.re used for treating intestinal disorders such as diarrhea nod dysentery (Dhnnnana.ndll 

2003). Therefore, these observations could suppon the use of this plant in \Vest Africa for tre.iting

a \\ide range of gostrointestinal disorders (Bwkill, 1985). The analyses also revealed the presence

of alkaloids and flavonoids ,vhich have been reported to posses, various importnnl

pb:umnCOlogical activities including inflammatory, nntioxidant and antinodcepu,e activities

(Duke, 1992; Gectha and Varalakshmi, 2001) ,vhich justify the use or this plnnt in herbal cure

ranedies. 

Acute toxicity test gives clues on the range of doses that could be toxic to lhe lll1ima1. it

could also be. used to estimate the thcropcutic index (LD.dEDso) of drugs nnd xenobiotics (Rnng

,1 al, 2001). L050 is the dose at ,vhieh mortality occurs in 50 % populotion of the cxpcrimenUII

ciimals. The higher the vnluc o( the LDso for II substance, the relatively safer the substnncc is

mumcd to be. The LD50 deteanination for the cxtr.1ct in mice via the oral route ,vas 7000 mg/kg ,

v.bich w:i.s oot toxic to  the animals, IIOd since the recommended single high dose by OECD

guidelines 423 (OECD, 2002) for testing acute toxicity is 2000 mg/leg, this probnbly ind1cntcs the

txll.-:t has ,vide safety margins (low toxicity). Similar result ,vas i,:portrcd by Ali et al. (2009) i n

DcMomta crosslpu extraet uuctcd mice.

The cxtraC-t wns examined for novelty - induced rearing (NIR) 1n mice N[R is 11

tdiaviour of rodents in novel environments. The behaviour is cn1ploycd by rodents as one of the

lllrvival ... _,_ • • . th • .:-nmcnt for food, protcetion nnd possibly cscopes

ouw.;gJCS Ul o.sscs,s1og e Cflvuv 

(B1.__ f rearing in rodents nnd the modi lie.Ilion
••odurd et al .• 2001). Mcasun:ment of the frequency O 

Clli A- d :<tracts for both s:dau,·e proptn> .ind

u�forc be employed in a.sscssing test drugs nn Cl 

·n hn.s t,cen dCS1:ribcd o.s the ,·cru�

CQJtill nervous system stimulation (Vogel, 2002). Rean & . • 

ti.... _  . • ' • • ·--.1� • hind leg ,Yhile ril!Sing up us fore-um ,n the OU'

�uon BCUVJty when the animal SWJ� on 'ts
000) Oru&S that stimulate the CNS increase

4ll' Placed on the wnll of the c.oge (Onigbogl ct al. 2 · . 
. NS Inhibit re311JlS bch.:lv1our The c:..troct

l?aririg behaviour, while those thl11 depress the C, 
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WubitcJ NIR in mice which prob.ibly indJc111c 11 scdnt.i ve or dcpre$S311t property. Sinular result\\2.1 reported by Akorunu t!t al, (2011) in Nigeria I loney tre.lltd mice ll>c: crude C."<lroCI \\'llS CXDJnined fi I or novc ty - induced aroornlng (NIG) 111 mice 
Grooming Is an import.nnt bchoviourol component in nnimws and is nssocintcd with dc-lll'Ousol of
lhc ccntrnl nervous system (CNS). De - nroUSII.I indicates -'--- f · 1 · 0 · · �cc o stunu auon. roomJng ISdescribed in 41lirnnls (rat or mice) ns fncc or head \\ushing ,vith forearm or bod} grooming \\ith
mou�i (Ukponm,vnn ct al., 1985). Drugs that h11vc depressant cfTcct inhibit grooming bcho, 1our.
The e.xtroct reduced NIG in mice \\lhich suggest that the cxtr:ict have depressant effect 00 the
CNS. Similnr result ,vns reported by de Aroujo et al, {2009) in Afpln,a :cn,mhtt c .cntt..tl oil
11ta1ed mice. 

Locomotor activity is considered ns on index of alertness ond 11 reduction iJ inJica1ive of
scdlti,-c activity (Lo,wy t!t al., 2005). The open field lest is o simpl" ossr:SS"1cnt used 10 es1ablish
ltJc gcncrol octivi1y levels, gross locomotor octivi1y and c.xploration habits of rodents (Prut l!nd 
Bc:lnmg. 2003). The cxtrocl caused reduction in locomotor activity which further coofl.lTIU the 
CNS depressant activity of  the extract. Sintilor result ,,'US reported by Sugo\'anrun t!t al (2012) in 
TttOmD stans OO\\'crs extracts treated mice. 

1bc hole boa.rd is o mctJ1od used to measure tJ1e onlntnl 's response to o no\'cl environment 
111d to assess rmotioruility, anxiety and/or responses to strcs.1 (Han t!t al 2009). In this test, bc:id 

dlpping behaviour mny chwlge in response to the emotionnl stllle of the onim.11 ard .m incrt:1SC in 

tlus behaviour could reflect the expression of on onxiol) tic l"Cllttion of the Mim:il (I'nkcdl tt al

1998i On the other hood, o dccrcnse in the number of � dipping l'e\'c:nls 8 scd:lli\e or

dcpess.vu bchnviour (FiJe and PeUo,v, 1985; Viola er al. 1995). S11,ce, the e�troct aiustd

deataSc: Ill hcod d ips, this probnbly indicntcs that the otraCI JlOSSC• n sedative: or OiS dcprcss;int

pOpcrty. Similar n:sult wn., reported by M3111nez - Vcwtutz tt nl (2012) in Dm,.."OC.:ph.1l11m

�co CX1r.lct treated mice. 
• min t,ctuivioUIIII response is  regulated b)' mul1Jple

Novelly - Induced rc411ng and groo S 
Ill',,,.,.___ • lude gomm.t - an11n11but) ri, "d lG,\a\),
-vuuumitter system such tr:uUm11ters inc 
..1... 

' 

d dop:uninc �-q>tor:. (\\Ill. ng. 199 ).
�lltltfgjc. edmlcrgie opioid, serotonin, glutomotc an 

lbc 
' 

00. d hruoptndol 10 1111cc did no n:vcrsc the
ldministro.tion of ouopinc, eyprohcpl ine 1111 • 

• h�d Jin< 000 loroinotNH.iu._ . ., d re.:inns sroon11ne, ,--� effect of the extract on  novelty uiuucc 
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�- chi, probably lnJiaa1C1 11w muac.wc, -..an.-i-
. 

-� ........ and dopaminagk � "'t're.,c i,i\d� Ill the tnhlblio,y effect of the CXtrlct aa lbc aJl • ortmcn1ioocd bc:hl\iourll tnpOIISCS. 
,-w:,. lhc ldminisl.rntJon of Nlloxonc, ,,._,,..,.,_, __, -1.1-L! _ _  ,..�.....,, .,., )unwWIJ'E 10 IIUCC mfl'JC the 
lab lr'orY effect or the c,ctract on novcl1y - lnd!Qd re.vi- lhb • ._ IUgClls lhc &n\'Ol',cnall ofµ • 
opold. fHdrt'nnlic and OJ odttncr;k rccq,co,, in the fnhibitocy dTcct of the ub.-.C on the
a(«crnmlioncd bchavioWlll raponsc, 

AJ\XJct), • alAtC of fear, I, dw-Dc:tcrizcd 1.u motor ,_1_ .,, __ ,....,r. h _ .,, .... WU, ... ,,u, ........ -. )'J'l'fllCll\11),
iffidlcntion and vlgHnncc l)"lldromc:, Cs.dock llld S>Jock, 200)) An.,acty imy inltrfcre ",lb
s!US(IICC, psychomotor f\Jnction mf memory (Pinc ti al.. 1999) Amon� the modch of lln'OCIY
dipda, lhal,an: u.1ed In dctcnninlng onxiolytic or�' p:opcrtjc, of subswlccs b dcv111eJ
pllS maz.c. The elcwtcd plus nwc (EP�f) rcprc,au oac oflhc ffl05t "idtlv u.-d animal modclJ• 

b smcning on.,iolytic nnd onx.iogcnic drop (Lurer, 19S7) TIUJ tot ls able to 1qiroJ110C

miol)1ic or rui.,iogcnic cfTccu in rodent, IIKh lhAs on:riolytia produce 1ncre.1.S1C in Lbc 111nc fJlffll

ii lbt opa1 cum of tJ1e clevolcd plus mozc, ,,bile anxloi:cnic sub$t4nccs ,-oducc tbi: opposite 
dJ'm (Pello,Y And File, 1986). The cxlnltl Induced reductions an the nwnbcr of aucncs inro open 
11'111 and time 'Spcol in the open orm as ,,'Clt u induced lignifiClllltly hither ind.:x of open Dlffl
� \\hen compared 10 dlazcJXlffi ,vith a slgniliClllltl)' low�r 1ndc:x of op:n ann l\-otlbncc 
,it.Ji J"fOOObly indicates th:JI the C.'<1111Ct IS IJ\.XiOl;CIUC This lnXiOIJl:n C ,-upaty Yalid.atcs the 
00 dtp,essant property of the c.,troc1 Similnr n:suh ,,11.J rcponcJ by Fclrpc �fclo tt al (2013)

ID Tabtrnacn10,ua11a solan{folla C.\tnlClS trc3.tcd nus. 
Pcnto�ilone _ induced (nnimnl.s) is used 10 lCSI 0011111lly DCtJng clTcct of •£ffll.S

(Citpcndo rt al' I 994). The in1crvnl bet,,"CCJ\ toss o.nd recovery ofrishtina rctlcx '''IS l.lkcn ll.i the

imdc,i orbypnollc effect (Snmu tt al, 2013). Two parameters ,,-ere nicas\lrcJ m this c,,xrimcnt.

lletp btcncy 1111d slccpmg lime Sleep lo1cncy i.s dc:lincd os the time in m1nu1e from 111;c-c:uon time 

to 1.._ _._ · t I ing time is def incJ AS the total lllnc m- of righting reflex (unconsciousness) "111 e s ccp 
• ) to rqoJn of righling l'Cflc., (rc:co,-cry ofltlnule from loss of righting reflex (loss of consciousness 

CllrH,.;___ _ _ . ... sho,,11 t.lut the potcntia\lon �,r b.uti'i,lflllc
�) (Ayoka tt al .. 2006) Studies ,,..,e 

.,__ _ _  , al 2012) The c.\tr.lCI could rntcrJcl \\ith the
"'l-'lU11J Is 1111 index of CNS depression (Dcl\31' tt ' 
O • c 11 tw t,«•1 rrponcJ th.u sc,-cmlltDA�c l}'llen1 lO Induce It, hypnoliC cOccl ,inc 

. 
en-__ I h°td In rcaullltlon or �k'(p cuid ,,ul.ctulnc
---arismh1m nnd endoacnoUJ n1olcculcs ore n,'O 
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�sleep-promoting neurons located in the anterior hypothal 1 • • amus re ease gamma Bmmobutync

�d (GABA) to suppress activity of \vakc - inducing areas of the brain (Datto, 2010).

pc:ntobarbitol·is kno\vn to act 01 GABA rcccplo1'3 ionophorc complex ond favour the biding of

GABA. Also beorodio.zcpine ogonists such OS dioupam cnhn.ncc the offinity of GABA for its
r«,ep1or nod hence prolong pcntobnrbitol -induced sleep duration (Gonesmann, 2002). Sinii lnr 
resu)I was reported by Chu et al. (2007) in Ganoderma lucidu,n cxtroct trct11cd mice ond rats.

Toennorcgulatioo is o complex physiologicnl process involving both centrnl and 

pcripherol autonomic mechanisms. The primoiy thcrmorcgulato1y centre resides in the preoptic

area of the hypothalomus and controls the balance bet,veen heal gain ond html loss GAOAergic

1cnninrus and GADAA receptors on the neurons of the preoptic aren of the bypothnlamus have

been reported to be involved in the process of thcrmorcgulotion (Gritti ct of. 1993). In addition,

snxlies hove o1so sbo,vn that systemic adminisuution of either GABA or GABA,. ogonist uswilly

produce hypothcmtlo (Frosini ct al., 2004). The cxtrocl did not induce significant changes in rc:ctnl
• 

body temperature ,vttlch probably indicates that it has no effect on the thermostnt regulatory

mmc in the brain. Contrary result ,vas reported by 13ullcf\,-eck ti al. (2007) in hop.s (Hun111lus

lllplllus) trcnted mice. 
A muscle rclo.xnnt is  a drug ,vbich affects skeletal ,nuscle function nnd decreases the

muscle tone. It may be used to ollevinte syn1ptoms such as muscle sp:i.m1s, p:lin, and

bypcrrcflexia.. The e.xtract did not produce skelctnl 1nuscle rclllXMI effect in mice "hich

airroborates the CNS activity of this cxtrncL ContrnrY result ,vo.s reported by Jbn et at. (20I I) in

Panhtnlum hysterophon,s extroct treated mice. 
ed be ____ ,. 05 8 measure of short 1cm1 n1en10T)', gcncrol

The Y - maze bas been report to w,<.-u 

i....... _. • 11. 1 2003- t-. loniiyn ti al., 2004). Le:1m1ng
o.wmotor activity and stercotypicol behaVJour v [co ct O • ' 

. f 11 b · ,vbich is associated "ith complex
aid memory Is one of the most iJnportnnt funcuons O ic rrun, 

neurotransmitters includinc ncccylchohne,

!Qlrophysiologic nnd neurochemicol chnn&CS, MnnY 

A....._. 
• im rtant role i.n the leanung nnd memory

�. norcpincphrinc ond serotonm ploy an po . . � or =atiol 
U1J\COUS oltcmnuon 1s n rnc ·r 

Poe� ('frond, 2003). It is ,vcll lcnOY.1l thlll spon 

( ouse) must reme111bcr

IIOr1dn ·.n1 locations n rodent rat or m 
& memory and to alternate aJllODS spnu ' 

11 mnlion ,vhich probably
its • • . rc!lSC in percentage n e 

P!'CVlous location .. The exunct mduced inc ' ult ,Yl!S reported by Yoha)'1l et

bi] . mof'/ Sirn1IDI res 
catcs an enhancement of spatial workiflS n,c 
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al. (20 I 3) in Parido biglobossa extract treated rats The · extract nlso caused decrease in totnl nrm 

(ddies ,vhich corroborate the sedative effect of this extro L s· .1 
. • 

· c 1m1 nr result was reported by

s,avani et al (2012) m Pergulana daem/a cxtrnct treated mice. 

currently available anticonvulsant drugs are able to efficient! 1 ·i · · · y contro ep1 ep\1c selZ\lft:S 1n 

atiout SO% of the patients, ono ther 25 % mny sho,v improvement ,vbcreas the remainder does not

benefit significantly. Furtbcnnorc, undesirable side cfTetts from lhc drugs used clinicnlly ofien

render ucntmcnt difficult so that a demand for nc,v rypcs of anticonvulsnnts exists. One of lbc

approaches to search for ne,v antiepileptic drugs is the investigation of naturally occurring

compounds, which may belong t o  new structural clnsses (Duraisnmi ti nl., 2009) The

anticonvulsant potential of a drug is not only determined by its ability to prevent a>nvulsion ond

mortality, but also by its ability to delay the onset of convulsion, shorten lhe frequency and

dlration of tonic - clonic seizur (Kendall et al.. 1981 ). PcotylcnctclJ1Wll (PTZ) - lnduc:td

corl\'ulsions represent the pctit - mnl type of seizures and this has been primarily utilized os

wmal model to evaluate anticpileptic drugs. PTZ is kno\vn to block the postsynnptic GABAA

RCCptor mediated er conductance and thus produces seizures (RamMjancyulu nnd Ticku, 1984).

Tho extract caused increase in the onset of convulsions os well as deoth tin1c in PTZ - induced

axi,'lllsions; this suggests t11nt  Its nntia>nvuls:int activity could be n1cdiotcd through the

GABAergic modulation.  GABA is on importrult cndogcrous inhibitory neurotrnnSm1ttcr \\1dely

distributed throughout the central nervous system. A reduction in GABA function in the brain is

associated with psychiatric and neurolo&ical disorders, including anxiety, depression, insomnia.

11W.! epilepsy (Kulkarni nnd Verma, I 993). Nwncrous natural ond synthetic compounds interact

"ilh GABAA receptor at distinct, yet incompletely defined sites (Dhir et al. 2006). These

CCCnpouods include barbiturates, benzodiozepines, neurosteroids and picrotoxin (Sicghrut, 1992).

'I\. _  • • od • the ·nbibitory mechanisms GABAA

•..: postsynnptic OABAA receptors ore unphcat Ill 1 

ttcq,lor agonists os ,veil os drugs, which allostericnllY modulate the GABAA n:ccptor ch:innel

. vul cnts (Dovid 200 I). Sin1ilar rcsull '-'':IS

CC!nplcx, arc therapeutically effective anucon snnt ag • 
. 

,_, ,m 1 /Is ci<tr11Ct trc:itcd mace.
-,..,rtcd by Nouri nnd Abad (20 J I) in Valeriano Op,c no • 

. . kno,vn that strychnine a potent spinnl cord

In the strychnine - induced seizure model, it is - th CNS

eon,'lllsan 
. )cctivcly t o  induce cxcitotoC)' n:sponse in e ' 

IAA-
t,. 

blocks glycmc receptor .sc 
• . the on.set of convulsion and death li1nc in

"-rcmi tt al., 2010). TI1e extr11Ct coused snc�nse 10 
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lll')dlnine . induced convulsions; thlJ suggests lhnt its anti vuJ .. con s:tnt ac11v11y could be through
,wic:aioo of the octlon of strychnine on gly�nc inhib'to ._ ___ _ • , • • 

1 ry mectw11W11 or through the Cf11Wttn1ent of glycine 1nlub11ory mecluuiism. Sintllo.r f-·'t d b . ... w wus rcportc y Nim� ti o/
C()I I} in Bc11/11casa hlsplda fruit cxtnlct trc11tcd mice. 

Picroto x.in. o potent selective GABAA receptor ontngonist produces seizures by blocking
the clfccl of GABA ot ccntml GABAA receptors wltlch b.ive been associ11ted with epilepsy (?\icol,
2007). Postsynoptic GABAA rcceplors arc funetiolllllly linked IO bcnzodi31.CJ>ine rccepcors,
bllbiturotc rcccplors nnd chloride ion chnMels to fonn GABA - chloride ionophore complex,
11bicb is inljmatcly involved in the modulotlon of GABAcrgic neurotnuumusion epilepsy (Gale,
1992i The c.xmicl induced increase in the onset of convulsion and de:ith umc in picrotoXlll -
imluocJ convulsions ,vhich suggests that its nntic.onvu.ls:u11 actJvity could be , ia lhc cn!WJcemcot
oi GADAcrgic ncurotronsmi.ssioo by increasing chloride ion flux through the chloride ion 
dimch 01 GADAA receptor sites. II hns been reported lh3t p1crotoxin, n GABA� receptor 
q-1ist, produces seizures by blocking the chloride ion chnnncls linked to GABAA rcct:ptors, 
l!l.is IR\'fflting the entry of chloride ions into the brain (Nicol, 2007) SimiJ:1r result "-as reported 
KIIIIU ti oL (2011) in Vita negu11do exlrnCt trentcd nucc. 

Pain as o real compluint in cJinicnl trni1tlng, hns different caus1nv f�ctol"Ss Although there 
rt m:my nnalgcsic drugs for prescription, but bcc:IUSI! of mnny con1p!c:xilics includulg broad side 
dl'ccts, different origins of pain and ,veal< po1ency of mMy coo,cntion:11 drui,S (Eisner, l990).

llledicina! plant substi1u1ion hns been recommended for tJ,is purpose (FOOS\,'Orth. 1989>·

The hot plate method has been found to be \'cry effecti,-c for C\'DJ�ting drugs pos-sc«ing

llllliesic property which oct centnilly (Sil\/n ti al .. 2003). The c.xa.ict caUStd incn:a:.c 10 �chon
,� . . . . uni analgesic cO«L Smul3r result \\l\S.._. Ill the hot plotc tesl which prob.1bly indicates lb ccn 

"POr1cd by Ch:lndro.shekD.r ti al. (2011) in P/ry{/antli1is /a11 II C.'<trllCt uc.iteJ m1c-c

I been used 10 $lu<ly centrSlly DClin8 The loJI immcr,ion ond hot plolc models 14\'C

od ls sensor) 0-:1'\<::. s.:n,5lti..C the11111i!Clia (Woolfc and t.-i11CDonnld, t 994) In these "' c • . • . , es 5Uch lb prostlsl:uxhns arc m1rumizcJ
� and the involvement of cndogCJious SUbstMC 

th t.'I 1 irunmion test m.... . r,:;iction on1e 1n c 1 IA'IQUav ti al 2009) The cxtroct induced mcrcnsc 111

•bich 
• . 

In I ntlvc ncthity Si1111l,u rc�11lt "· rcf')rtN b)
IUa&cst, Its ccntmlly mediated ant oc ex,. 

�Dlh:iri ti o/ (2010) in Trnpa ,wtnnr root cxtmct trc.1tcd nucc.
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Pain �ensation in acetic acid induced ,vrithinn mcth cl , 1. . 
• • 0 0 is e ,c,ted by triggering locoliud 

inf)anunatory response resulting 10 release of free nrachlclonic acid r 
. ho .. ,rom ussuc p sphol1p1d 

ll:SIS unttc fl a ., 1988). In(A)uncd el al., 2006) via cyclooxygenase and proSU1glandin b iosynll · (D 1 

"' \VI 1ncre eve! of POE.olher words, the acetic acid induced writhing test hos been assoc,·a,ad ·lh · ased 1 

1 and pOf20 in peritoneal fluids as ,veil as lipoxygenase products (Derardt ·et al., 1980). The

increase in prostaglnndin levels ,vithin the peritonenl cavity then enbllnccs inllMlllllltory pain by

inettaSing capillary permeability (Znknria Md Onru, 2008). 1l1c acetic ocid induced ,-.Tithing

method ,,-as found effective to evaluate peripherally active analgesics. The agent reducing the

number of ,vrithing will render nnnlgesic effect preferably by inhibition of prostaglonding

5>11lhcsis, a peripheral mechanism of pain inhibition (Ferdous et al., 2008). The e.xt.ract inhibited

,1,ithing responses induced by acetic acid ,vhlch suggests that its ontinociceptive effect could be

peripherally mediated via inhibition of  synthesis and/or release of prostaglandins. Sinlilar result

"as reported by lniaghe et al .• (2012) in Alstonia boonel C.'<tract treated mice.

The formalin - induced pain 1nodcl is very useful for elucidnting the mcc.h:inism of pain

m.1 analgesia (Y ongna et al., 2005). Drugs thot Bet mainly ccntnilly, such ns narcotics, inhibit

bolh phases of the formalin - induced pain, ,vhile pcriphcra11y acting drugs such as NSA!Ds only

iiiibit the late (second) phase (AID.Ill cl al., 2012). 1liis bipbnsic model is represented by

nearogcnic and inOamm.atory pain respectively (Hunsknar nod Hole , 1987). 1l1e c.wact inhibited

lwi phases offonnalin _ induced pain \Vhich suggests that it has ccntrol Mtinoctccptlvc action.

This probably implies that the cxtrnct enn be used to mnnagc acute ond chronic pain .  The

l!ledwiism by which formalin triggers c _ fiber activation rctnaincd unkno,,n for o relatively

laog time. Recently, however, McNIUJIJllU et al. (2007) demonsll1lted tlult formnhn octi\�lcs

. . · fTRPAI O member of the uuns1cnt
l¥IIIUry afferent neurons through a specific nod direct ocuon o • 

---�• b bsct of c - libel' noc1ccptors and
�r potential family of cation cJU1Mcls, exp� Y a su 

this ffi . . . _____ -,1 ,_n f Co:• ions. TRPAI ch:ll\nds 01 prin1:JI) sensory
c CCI u accomparucd by IJl� uu,UX o 

"'-=·-•- . . hnnicol stimul i  (Kerstein ti al• 2009). These

_,...,wu \\'ne also reported to mcdUltC noXJOUS mcc . . 

. . . . gh TRPAl c41ion chllllncls IS concom11nnt \\1th

Clpcrimcm.s suggest that 012• mobtliZIIIJOn lhtOU · tfc..,.,. the
• rod tl,cir 003igcS1c ocnon . ,,...,, 

llllious chemicals and mcchllnical stimuli as they P uce . 2 

• • C (nhibilion of 1nflu.'< of 1ntn1cclluJ31 Cl

�cq,tivc action of the cxtroCl could be due 10 th 
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joDS l
bn)Ugh TRPAl cation chnnncls. Similnr result ,vns reported by Pounno1t1bbcd ti al. (2010)

ill r,ualwn chan1aedrys extract trcntcd ralS.

The mcehnrusm of oction of tlu-ee onnlgesic models used revealed I.hot naloxonc, a potent

opoiJ an1t1go,nist, reversed the ontinociceptivc effect of the extract ,vluch suggests llut the

ana]gesic effect of the extract could be media1ed via interaction ,vith the opioid system.

• 

• 
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CHAPTER SIX • 

6,0 CONCLUSION AND RECOMMENDATIONS

6J CONCLUSION

It can be concluded that Adenopus brevijlorus fruit may possess cclllJ'al nervous system 

11cprcssant, anticonvulsnnt nnd lllllllgcsic effects ,vhich provides scientific bases to the folkloric

dJinu of the plant in the management of convulsion nnd pain. Its central nervous deprcss;int

effect could' be mediated via µ-opioid, l}-adrenergic and aradrenergic receptors; its

aruic:onvulsant activity vie GABAcrgic and glycine systems, and its OJtnlgcsic effect vfa µ • opioid 

rteq>1or and inhibition of prostaglru1dins synthesis or release. 

6.2 RECOMJ\IENDA TIONS 

The forkloric claim of Adenopus breviflonis o.s nn onticonvulsant, sedative aud pain killer 

Im been explored scientifically in anirnnl model in this study. Hence, it is hereby �ommcnded 

tl:11 people suffering from convulsion. irritability as ""II ns acute and ehroruc pains ,nay use the 

ali.,ct of Adenopus brevijlorus fruit in the nearest future nflcr isolation of the active 

componcnl(s} and clinical trials. 
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Acute Toxicity Test

1. Oral Method

111 PbllSC

10 mg/kg-0/3 

100 mg/kg-0/3 

I 000 mg/kg - 0/3 

2'1 Phase 

2000 mg/kg-0/1

3000 mg/kg -0/1

4000 1ng/kg-0/1

5000 mg/kg - 0/1

6000 mg/kg- 0/1

7000 mg/kg- 1/1

8000 mg/kg - 0/1

9000 mg/kg -1/1 

10,000 n1g/kg- 1/1 
• 

LDso = ,/7000 X 8000 

"7000 mg/kg 

' 

APPENDICES 

Appcotlix 1 

• 

• 

• 

The ,vorking dose will be holr or LDso which is JSOO mg/kg, but according to OECD.

lSOO mg/kg is too high, ond sinc.e 2000 mg/kg is the highesl dose acccptnble by the OECD, so

200o mg/kg \YaS chosen as the highest dose.

b. lotrapcriloncol Method 

I ,1 Ph11Jc 
10 mg/kg-O/J

100 kg-3/J 
I 000 mg/kg _ J/J
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2" rbase

20 mg/kg - 0/1 

40 mg/kg- 0/1 

40 mg/kg- 1/1 

60 mg/kg- 1/1 

LDso = '140 x 60 

"'49 mg/kg 

• 

• 

The ,vorking dose ,vill be half of the LD50 ,vbich is 25 mg/kg, ,vhich was sc.1lcd do,vn 

to 2S mg/kg-+ 12.5 mg/kg -+ 6.25 mg/kg . 

• 

• 
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APPENDIX2 

calculation of% Alteration from lhe Y - Maze Test Results

.. 

b. 

C 

BCABABACBACBAB (14 nlphabcts, 8 circles) . 

8 

14 _ z X 100 = 57 %

CBABCABCBACB (12 olphnbets, 8 cin:lcs) 

8 
12_2 x

100=73%

BCABACBACAB (11 alphabets, 7 circles) 

• 

• 

• 

7 
--x100=78% 
11-2 
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APPENDIX2 

CaJeulation of o/o Alteration from the Y - Maze Test Results

.. 

b. 

C, 

BCABABACBACBAD (14 alphabets, 8 circles) . 

8 

14 _ z X 100 = 57 %

CBABCABCBACB (12 olphnbcts, 8 circles) 

8 
lZ _ Z X 

100 = 73 % 

DCABACBACAB (11 alphabets, 7 circles) 

7 
-- x100=78% 
11-2

• 
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