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ABSTRACT 

Spo,ulla1 nu,111hf11 is UJCd lrudi11onally in Ni11crus for the management or m:lla.na.. 1.hllrrhoca and 
microbiul lnfcc11on, bu1 there is 1nsufficicn1 dnl4 from ph:umxolog,cnl in\c:.llglltions on '"' 
pmpcnic,. Ilic c:ITc:cl! of the Mcthanolic Extn1e1 or ",)111ndlttr ,nomhin er.IFS) lca,c:s on 
1schcmio-induced cardrnc ond ccrcbml domo11es in ruts \\ffl: in,cs11g111cd The an110,1d:t11,c ond 
onliprolifcnuhc properties oft-.lLS ond h.s fr.iclion.s "ere also 1n\"cstigllled 

Inc r.tES ,vns prepared by moccmting Spondla1 n1omhln IC11\"CS in mcth:inol and conccnlr11ting 
the lihm1c ohtoincd ond then ph)'lochcmicolly screened occonl1.ng to sl4ndntd procedures. To1;1I 
phenolic content (ll'C), 1010! llovonoid c-0n1cnt (frC), radical sal\-cnging OC11\t1i� lipid 
pcroxidotion inhibitory oc1ivl1y (LPIA) and l'l'tluc1ivc potcotiol (RP) \\cte determined 
spcc1ropho1omc1ricolly. l?ITec, or Ml!S on cnnlit1c con1mc1ilh> "11S C\'OIU3ted a ,,,-o in nu hearts

subjected 10 ischcmio using u OR.ASS polysmph Bnd comp.-ired ,,i1h tluit or o standiird. romipril. 
In o scporotc l11 1'11'0 study, mts \\'tl'C trc111ed \\Ith curbo11ymc1hyl cellulose(, ehicle) or 85 mgll.g 
isoprotcn:nol (ISP) ,v11h or ,vl1hou1 t-1ES ( 100 and 250 111(1/\:11). TI1iny cb)S oner trcnlmcnt. scru.
plasma nnd tissue hon1011c1101c:1; \\'CIC pn:pru-«I. Level! or n1olondialdch)dc (r.10A), ghuru.hionc 
(OSI I), cholesterol, phosphntc nnd nitrite as ,..,ell ns the ac1ivl1ies or supcro,idc dismuusc 

(SOD), catnln.� ond l11c101c dchydroscnnsc (LOI I) were c,-olll.lted spcctropho1omclricnlly. In 11

ncurophnm,acoloslcol �111dy, mts \\ere subjected 10 l',liddlc Cerebral Anery Occlusion (l'-1CAO) 
ond 1rcn1cd \\ilh velucle or MES Nc:urologicnl dcfic11 (ND) \\'OS cslinmted fron, obscrv:ition or 
Oc�1on. circlins, hc1nipnre,is und non-sponlJlncou, mo,cn,cnl lnfnrct StlC. r.tOA and G 11

level, \\CIC nl50 cvuluntcd. Protein cxpn:S!!lorui or ap91 ""°' nnd p22'*'' c�ubunits of nicolinamidc 

odcnlnc d1nuc:lco1idc phospluuc oxidnsc). cNOS nnd nNOS (1soforms of nitric o�idc ::ynth:isc) 
llfld SOD \\ere C\'11luo1cd by \Vcs1cm blouln11. 111c MhS \\11.S fn1c:lionc:d Into \\':Iler. n·buUtn.)I. 
ethyl occlJltc, dichloron1c1hnnc 1111t.1 hc�onc. An11oxidnn1 ru1d nn1ipr1'1lfcn11hc �)s \\-Cr\' c::uri,'ll

out by 1pcc1roscopy on 1hc rructlon,. l>n1n \\'tre onolyzcd 11,inQ ,\NO\l i\ 11nJ Shll.lcnt'!I t·t�t 111 I'

.. o.os. 

l'hy1Q1:hcrnh.:11I 14;rccnlnH conllm,c1I the 1,ni�011cc 111 1n1111l11�, l<'l'flCn11l1I, 11nd l\n�''™'lil-. lhc: I\'<.

11nd 11 C \\1:rt 32'> IJ , 11 4 111Hfl 11111II� mihl c1111h11k111 111111 '1211,11 t , � I'll 1111 q\l\'f\ct,n 
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equivolcnt respectively. Rodicol scavenging octivitics ranged from 43.0 ± 0.9% to 88.6 ± 3.0"/o 

,vhile LPIA ond RP were 54.0 ± 1.3% nnd 0.6 ± 0.0 respectively. Tiie MES stimulated 

significnnt cordine contractile activities similar to that of ran1ipril. The MES olso reduced ISP­

induced elevation of LOI I activity and MDA. phosphate, cholesterol and nitrite levels and 

reversed the decreased GSH level ond SOD and catalnsc activities in the ISP-challenged group. It 

reduced ND and infarct size by 43.0% and 75.0% respectively and significantly amclior:ued 

MCAO-induced elevation of MDA ond decrease in GSH levels. It supprcssL-d the expressions of 

gp9 I p1,a.' and nNOS but enhnnc-cd tJiose of p22p1,a.'. eNOS and SOD. The et11yl ocetnte and n­

but:inol fractions sho,ved the highest ontioxidnnt nctivity ,vhile the dichloromctJ1nne fraction hod 

the highest antiprolifcrntive activity. Quercetin-3-0-B-D-i;lucopymnosidc ond undec-1-enc \\-ere 

characterized from the ethyl oceune nnd n-butonol fractions. 

Methonolic extract of Spo11dlas 111on1bi11 !coves exhibited remarkable antioxidant property that 

could protect rots from isoprotcrcnol-induccd cnrdiotoxicity, ischcmio-induccd curdioc nnd 

cerebral donlages. 

Keywords: Spo11dltis 1110111bin, Antioxidant property, Conliac do,nogc, Ncuroprot�tion. 

Antiprolifc:ralivc activity 

\Vorll count: 497 

'i\ll 
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CBA.PTERONE 

INTRODUCTION 

Generation of free radicals in the body beyond its antioxidant capacity leads to 

oxidative and nitrosative stresses which have been implicated in the etiology of many 

diseases (Tshibangu et al., 2002, Nicol�u et al., 2004). fn particular, reactive 

oxygen species (ROS) such as superoxide radical (O:i ,, hydroxyl radical (OH.), and 

H20:i together with l'Cllclivc nitrogen species (RNS) like peroxynitrite (ONOO"), 

nitroxyl (NO"), nitrosyl chloride (NOCI) and nitrogen dioxide (NO:i) arc importAnt 

factors in the etiology of several pathological conditions such IIS lipid pcroxidation, 

protein pcroxidation, DNA dan1agc and cellular degeneration related to 

cardiovn.scular, ccrebrovn.scular and ncurodegcncralive disea� diabetes, ischcmia­

reperfusion injury, local and systemic ioflnmllllltion, cancer, and many other disorders 

(Cloyson et al, 1994, Pocber et al., 2007). 'Inc obcm1n1 reactions of ROS, produced 

from oxygen contribute to oxidntive stress whereas rcoctions of RNS, produced from 

reaction of NO arc proposed to contribute to nitrosotive stress. In consonance ,vith 

this, mitigation of oxidative stress vio scavenging of free radicals and ougmentotion of 

antioxidant dcfenses in living sy:s1cms has been advanced to be a co111mon roure 
through which ID4ny drugs and Ollturnl products exercise their health-promoting 

effects. 

Plants contain many antloxldativo components whleh a.et as major defensc against 

radlcal-mec:Ueled toxlclty by pravcnting or anenwuing the deleterious effects of free 

nidical.s. Inhibition of frco rndlcel 11cncration can serve 115 11 f11Cllc syste.m for 

Identifying cenc:er preventive, chemothmipcutic and prophylacllc Ollcnts {talaJliwell 

and Gutteridge, 1992; Ooum>va and D=k, 1999: Farombl et al., 1997; Farombi et 

al., 1998; Farombl, 2000: Finkel and llolbrook, 2000), A systcmollo SClltCh for useful 

bloocdvltlcs from medicinal plants Is now considered to be a rational approach in 

nutnec:ullcol and drug l"C1Cll/'Ch. According lo II conscrv111lvc cstlma1e, JOO, 000 co 
400,000 plant spc,c:lcs srow on cll/th, only • small pcrc:entaac have hlld their 
phytochcmiruy and bloloaJcal function lnvcstlptf(J (Klranl ff/ al., 200 I), Despite the 

UPIW'ac In phytochc:mlcal �h. rclailwly llnle lnform11lon IJ avallablc 

I 
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concerning the ondoxldant potential and biological activity of plant species, especially 

in Africa which cont41ns one of the richest biodiversity in the world and abounds in 

plants of economic and mcdlcinol lmpor14ncc (Farombl. 2003). According to Hoa,uu 

and Dnsllvo (1999), interest in mcdicilllll plont.s as a re-emerging health aid has been 

fuelled by the rising cost o f  prescription drugs in the maintenance of personal heaJth 

and well-being, nnd the bioprospec:Ling of new plont-<lerivcd drugs. It was opined that

bnscd on current rcscnrch nnd financial Investments, medicinal plants would continue 

to ploy o lending role in the global quest for a healthier world. Possible toxicity and 

gcnerol consumer rejection of synthetic additives hllvc also spurred the search for 

plont-bascd ollcmativcs (Namiki, 1990). 

Over 80% of lhc developing world's population still depends on lhc complemcn1.11ty 

and oltematlvc systems of medicine (CAM) while about hlllf of the popurolioo in the 

industrialized countries uses CAM (Docleker and Kronenberg. 2002). JI has always 

been on "invisible moinstrcan1" within lhe healrh care delivery s)'Stem (Penson et at. 

2001). The Alma-Ato dccl11n11Jon in 1978 sllUed lhllr moblllmtion of tmditiOllAI 

medicine sysrcms is on lmport4111 \VBY to make hcalth for all a rcaliry (Shaikh and 

H111chcr, 2005). The WHO in 1970 �ommcnd«t thllt proven lnlditionnl remedies 

should bo lneorponllcd within notional drua pollclcs (Wonde'itm rt al., 1989). 

l!thnobotnnital studies carried out throughout Africa confirm that native plants arc the 

lllQin constituent of lnldhionol AfriC411 medicines (Oliver-Dever, 1986). These pl1111ts 

have 10 be subJcc1cd 10 phytochcmieal lnvcsllg111ions and bioaetivity studies in onltT 

to wlidato pu1n1lvo cloinu for them as pn:>\'Cn remedies 1111d 10 � problems 

ar!Jlna from their unonhodox UliO for mcdielnol and allied purp0SC$. 

A, pharmaccuclcaJ 1111d nutroceu1fe4J lntc:rcs1 In nah.lrDI antloddonts has slQTodcced 

In the put few )UQ, o plclhora of methods ha\·e como ln10 common use for scrcc:n1118
an1lo.1ddln1 activity or vorlouJ clatscs or compoum.r,. TIICSC lncludo o�)l?ffl rad"*! 

� copoc;hy (OllAC), trolox cqulV11lcn1 11n1loxldi1111 cap.,elty (rnAC), rcmc

rcducln1 ondoxldallt Power (Plv\l'), IOtll oxldan11'CU\'C11Qlna taJ'Achy CTOSC). local 

radital•trapplna an1loddant poromcccr (lllAr), 2,2-dlphcn)'l•l-plc') 1-1\)'II� I 

(Drl'II) rcacdvfly, 1or.J phcnollc content 011111)'1111 amona others. 1)11lcalb•, the 

method 1elcctcd dcflClltlJ on co:, or u10 anJ nvallobllhy or lru1rumcn111tlon, anJ \�• 

oil.en there Is lack of wml11lon he1wccn acclvhy IWAYJ 1ml flht'nollc et,,,11�1. 
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between activities detennined on the same material by different assays and between 

activities detennined by the same assay in different laboratories (Schaich, 2006). 

Environmental influences such as temperature, grades of reagents employed in assays 

and source of samples used may be contributory factors 10 these discrepnncies. 

Besides these, antioxidant assays do not all measure the same chemicaJ action. Some 

assays measure hydrogen atom transfer capability (classical radicaJ quenching), some 

measure electron transfer propensity. Therefore 10 adequately and fairly compare the 

antioxidant potentials of plant products, a series of methods should be utilized. Plants 

differ in the types and combinations of phytochcmicals and antioxidant compounds 

they conLain and therefore, mechanism of antioxidant ac1ion ,viii not a.hvays be the 

same for all samples (McDonald-Wicks et oL, 2006; Kaur and Geetho, 2006).

Cardiovascular dise:ises include cororuiry heart disease (hCllrt a11Dcks), 

ccrcbrovasculo.r disease, raised blood pressure (hypertension), peripheral artery 

disease, rheumatic heart disease, congenital hen.rt disease and heart failure. Tobacco 

use, physical inactivity, and an unhcaJthy diet can lead to CVD. Globally, 

cardiovascular diseases ore the number one cause of death and are projected to remain 

so into the fo=ble fulure. An esrimnrcd 17.5 million people died from 

cardiovascul111 diSC4SC in 2005, representing 30% ofoll  global deaths. Of these deaths. 

7.6 million were due ro heart 011J1cks and 5.1 million due to stroke (WHO, 2007). 

A stroke or ccrebrovo.scular occident occurs when the blood supply to pa11 of the brain 

i.s suddenly inrerruplcd or whc:n o blood vessel in  the brain bursts, spilling blood inro 

the spaces SUITOundlng brain cells. Neurons die ,vhcn they no longer receive oxygen 

and nutrients from the blood or there is sudden hc:morrhoge Into or a.round the brain. 

Jn 1999, stroke WAS the cause of death In 5.S million people ,vorld\vidc (\VI ro. 2003). 

At prcsc:nt, strok.c i.s tl1C tl1lrd leading COU$C of death, oner cordlovasculor diseases 1111d 

cancer, In most developed countries And the lcadlna cawe or dlsabiliry In odulis 

(Ikeda�, al., 2003, DbnC1Jr er al., 2007). l'roJcctlons 10 lhc year 2020 indicate that the 

number of people sulTmna from Cc:rtbtovucul111 disease each year will fncru.sc 

substontlolly. and tlllll 1110 majority or rhesc will be In developing countries (WHO, 

2003). 1l1c:rc arc. 10 dare:. no effective cura1lvo treooucnts for w-oke bu1 plant d1:rh·cd 

anlloxldants arc very promising drup In the n1JIN8c:mcn1 or lschenllo strol.c. 

(M.arplll et al., 2005; Btmcut et al, 2007), 
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The present study has been designed to investigate the antioxidant, cardioprotectivc 

and neuroprotcctive potential of Spondias momhln. Ten widely used indigenous 

Nigerian medicinal plants were evaluated for antioxidant and free radical scavenging 

activities which formed the basis for the selection of Spondlas momhln for the 

cardioprolcctive and neuroprotcctive studies. 
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CHAPTER TWO 

LITERATURE REVlEW 

2.1 FREE RADICALS AND OXIDATIVE STR£ss

Free rodicals llrC chemlcolly nctive atoms or molecular fragments that have a single 

unpaired electron in nn outer orbit. This unsuible configuration creates cneli)' which 

is released through reactions with adjoccnt molecules. Examples of  Cree radicals are 

supcroxidc radical, hydroxyl 111dlcaJ, trichloromethyl radical ('CCb), Ions of  transition 

metols like iron and copper, nitric oxide and ozone. The prcscnc:c of an unpaired 

electron mokcs free mdlcals highly unsmble and consequently highly reactive since 

they abstract electron from odjoccnt molecules In order to anain a Stobie �le. Oxygen 

free radicals or more gcncmlly, reactive oxygen species (ROS) as "-ell a.s reactive 

nitrogen species (RNS) arc subsets of Crec radicals ,vhlch ore of spcclol intcrc:SI to

scientists. Radicals derived from oxygen represent the most impor1An1 class of radic:aJ 

species gcncn1led in living systems. 

l. I. I RHctlve oicygcn apttlcs

Rc:ll(lllve oxygen species lll'C either fl-cc mdlcab, reactive anions contaJnlng oxyscn 

atoms or molecule, cont.alning oxygen atoms that can cllhc::r produce free radicals or 

arc chcmlcally acllvatcd by them. TI1cy Include: supcroxJdc radical (OJ,. 1\)-droxyt 

radical (OH), alnglct oxygen (10,) 1111d hydropc�I n1dlcal (HOO). Other non. 

radical rcacclvc O;{)'llcn specie, Include hydrogen peroxide (I IJOJ), hypoc.ltforous acid 

(I IOCI) and Oi,Onc (0,). ROS on: acncn11cd throuah a number of mcam lncJudina 

ulll'llvlolc:1 and lonltlna nwlatloni. chemical l'Cl!Cllons and metabolic p�sses, � 

producdoo of ROS b accually a nom11I pon of life, orbing from lhc Inhalation or 

oxy�n Pr� rudlail chain rcactlOf\J 11n: UJually produced In the mltochondnaJ 

rcspl.ratoty chain. fiver mixed fllncclon OJChl1UC$, by bftc1tt11I lcUCOC:)1CS. th�h 

unthlnc oxldue Kllvhy, 1tmosphcrlo JIC)llulAntJ. lrorn tranilll0n.1I mccal catalysts, 
dn,p and llCIIOblollcs. In addlllon. chcmk.tl moblll,,allon or lac Slota under \'MOu) 

c:ondlllOftl 111eh u lac1atlon. ncrclw, Rive,, Infection and e\lffl laitlna cu �h In 

' 
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incn:ascd rodical oc1Jvlty ond damage to the immune and nervous systems. Stress 

hormones (odrcnolin ond norodrcnolin) secreted by the odrenoJ glands under 

conditions of conlinuing ond excessive emotional stress, arc mCUlbollscd in10 simpler, 

olbcil. free radical molecules (Atawodl 2005). The complcu: reduction of oxygen is

sun1mnri1cd by the following cquo1ions (Clorkson ond Thompson, 2000):

0,+c OJ -(Supcroxidc radical) 

--+ llOJ. + 011 (hydtopcro.xyl radical)

1-1oo·+e 

lbO,+e --+·OH + HO- (hydroxyl radical) 

Hydrogen peroxide is not o fn:e nidical but ii Is considered o reactive oxygen species 

bccllusc of ilS obilily 10 generolc lhc: highly rcDctive hydroxyl mdieal lhrough its 

intcrnction \Vilh uunsition meUtls (Aruom11 et al� 1991). In c:cllulor oitid4tion 

l'C3Ctions, thc supcroxide rodicnl Is  normally formed fim ond is thcrcforc considered 

the "'primory" ROS. nnd can further interact ,vilh other molcc:ules 10 gcncrn1c other 

kinds of cell domoging free rndicols ond oxidizing agents, "scc:ondllry" ROS. either 

dln:etly or prcv11lently lhrough cll%)'mc- or mcuil-ca111lyzed proc-esses (Valko et al� 

2005). Various pathways of ROS forrM1ion a.re sho1vn in Figure I. 'The dnmogina

action oflhc: hydroxyl nwicol iJ Lhc suoni:cst nn1ona free mdlcals (Liu and Ng. 2000). 

l.1,.2 Rcacllvc altrogcn apcclo

The potholoalcally and ph)' .. loloiilcally lmportAnt n:ac1ivc nhrogcn s�ics (RNS) 

have been pining Increasing prominence In tl1c l)Q)I fc1v � NO caJ\ t,,c

n:ptdcd u tho primary RNS. No· 1, acncnucd In blologlcal tissues by SflCl:lfio nitric 

oddc synllwct (NOS1), which mclllbolb.c oratnlnc to chn1lllne "'llh the fi'ffllntlM of 
NO' via a Ovc: c:lcc:tn)n o,chlAll•c rcacllon (vhalourilbr anll Cocknai, 2005). Nltri,; 

<ntldc: (NO) i, an abundanc raccl�e radical lhat aces u an h11pon11111 0-,ldatl,o 

bloloalcal ,tpalln1 nv1lccule In  • larac vulecy or di'""° phy,lah1afoat fll\'-,:c � 

l,icludln1 ncurocnuumt.iM and •>11apllo plalllchy In 1ho CNs, hi� �\We
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rcgulotion, defence mechonlsrns. smooth muscle rclAJC.Btion and immune regulation 

{O«gcndl et al., 1999). Due to Its cxtmordiJWY properties, NO' wns acclaimed as the 

"molecule of the ycor' in 1992 by Science A-faga::ltte (Koshlond, 1992). In the 

cxtroccllulor milieu. NO' react.s with oxygen and �111cr to focm nitrate and nitrite 

onions. Overproduction of rcnctlve nitrogen species ls called nitrosativo stress (Klan 

nnd l..amas. 2000; Ridnour tt al, 2004). This may occur when tbc grocntioo of RNS 

In o system exceeds the system's ability to neutralise and elimllllllc them. Nitrosoti\.C 

SlrCSs moy lend to nlLrOSylo1lon reactions lhot aan allc-r the structure of proteins and so 

inhibit their normal function. Cells of the immune system produce both lhc �upcroxidc 

anion and nitric oxide during the oxid4tivc burst triggered during innamrru1tory 
processes. Under these conditions. nitric o,ddc o.nd the supcroxide anion may reac1 

logcthcr 10 produce significnnl amounlS of o much mon:, oxidatlvcly active molecule; 

pcroxynilri1c onion (ON001, which is a poiau oxidWng ogau !hot can cause DNA 

frogmentollon and lipid oxldollon (Carr"' al., 2000): 

Thus NO' 10:<ichy is predominantly linked 10 its ability 10 combine with supc:roxide 

onions (Flguo:.s l aruJ 2). Nllrlc oxide rcadll.r binds cc.nain lnlnSilion mcllll ions; in 

foci many physlologlcol cffccis o f  NO' arc excncd 11S a result of its initilll binding 10 

Fe'•I 11cm groups In the enzyme soluble gwinylatc crclAsc (Arc.her, 199.J). 'fhc NO 

derived chemical species mos1 routinely implico1cd in to.'licity hove been pcro.'l(ynllrilc 

(ON001, nltroxyl (NO), nill'OS)'I chloride (NOCI) and niuogcn dioxide (N�). 

Myclopcroxl<IAsc Cj!IDlyLCS the formation of 3-nltrolyrosinc_ nnothcr RNS, from lhc 

mrictlon of nltrhc with pro1elru. 1'he reaction of N01 with phenols (lncludln5: tyrosi�) 

ylcld.t nltrophcnols, in pCll'llculAr. nltro1)'1"0Sinc (Reher et o/� 2000), Both pcr0.'Q1lilritc 

and NOi have been f)f'Of)OKd 10 lnl1la1e llpld pcn,xlda1lon and dcgrudRtlon or othc,­

blomolcculc:s (Oyun �, al� 1999), Nhrotyroslnc Is us«! IIS a coo1mon n1arkcr of 

nlllOSllllve 11rcss. Nltro1yroslnc radlly ll«omp05cJ 10 tyrosine and nitrite. I fence 

mlrOMllve 11rns produca r,roducu such 1; nllf0j01hlolJ and nl�incs but 

nhro4)'rotlne and nltro4')111ophan •rc � ,._blo producu and lndlca11\·c of I more 

lnlcnto ollklall�c tvett (l'Khcr et al,, 2007), 
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2.1.3. ROS: The Pros 1nd Ilic Cou

ROS, os well os rcnelive RNS, on: products of nonnal cellular metabolism. ROS and 

RNS arc well recognized for playing o dual role as both deleterious and beneficial 

species, since they C4ll be either honnful or beneficial to living systems (Valko�, al., 

2006). The nberront n:octlons of ROS, produced from o,cygen conlrlbute to oxidative 

stress, whereas reactions of nitric oxide arc proposed to conlrlbute to nitrosotivc stress 

(Wink nnd Mitchell, 1998). Generally, RNS could be considered as a subsc:t of ROS 

since they usually contain oxygen and ore ossochucd with reactions producing the 

liutcr (Figu� I). Simllorly, oxidative stress could be considered to be inclusive of 

nitrosative SIJ'CSS. 

Beneficial clTccts of ROS occur ot low/moderate conccntnuions and inYOlvc 

physiological roles In ccllulur responses to noxla, os for CXAmple in defence Ggllinst 

infectious agents and in the function of o nun1ber of cellular slgnolling systems. ROS 

at low/modcnue conccntn11ions ore also Involved in the Induction of II mitogcnic 

response., the conLrol of blood flow through the Merles IIDd in moint:tining CNS 

health. Some free radicals a t  low levels lll'C sign.,Jlng molecules responsible for 

turning genes on ond olT. Others, such IIS nitric oxide and supcroxidc, lll'C produced in 

very bJgh 11mounts by lmn1une oclls to destroy viruses ond bxtcrio. Some free 

radicals kill cancer cells. M11ny cancer drugs 11re ocruolly designed to lncrc:isc the 

production of me mdlcob in the body. The 1998 Nobel Prize In Physiology and 

Medicine was o,YD.rded to the scientists who discovered nitric oxide's role as a 

1lgnallna molecule In the c:o.rdloviucular system (Packer and Colman. 1999). 

The harmn,1 clTcct or &cc radlcals causlna po1cn1l11I bloloaic:al dAmoi;c, o:ddath-c 

1t1n1 Ind nillOl&tlvc llrcsl (Kovoclc and Joclnlho, 2001; Vall.o et al., 2001; Rldnour 

et al., ZOOS), rc-sullJ from a shin In lhe b41Aneo or the pl'O<Uldan1 and ant� )d:w 

homooitatlc phCl'lomcnon In lhe body. l'rooxlllant condhlo,u don1ln11e either due 10 

the lncttaJCd ICIIC,.11011 ortho rrco radlcal1 or due lo the 11QOf SCD\'C118l""QIK'1K'hina 
or 1ho fl'\lO radical• In tile body due to dcplcllun of the dlclat) 1n110.,ldants (Ori� 

2000, Oiddatlvo ICIUt occun �hen Ote l'lldlcal1 Mao on r.n1,-ac" aoo 1, IWC\Clat'-' 

Wflh the �lopfsMnt of chronk> Ind dc11Cnera1lve tll" 1K� II has bclcn lm11lk-a"-' In 

•loloo or en .. 1 jlllholotlc:al wl ...._ .. , .. onndhloo, auch u C&nlk\,·u.:ui. 
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diseases {CVO), cancer and can:inogencsls-induccd mu1a1jon and rumour promotion, 

arthrlli.s, diabetes, ocquircd Immune deficiency syndrome (AIDS), Alzheimer's 

disca.sc, lnOommotion and the ogeing process; arising from their involvement in lipid 

pcroxidalion, pro1eln pcroxlda1lon and DNA damoge (Halliwell and Gutteridge, 1992; 

Cloyson et al.., 1994; Knight, 1995; Bouerovo and Bczck, 1999; Visioli et al., 2000; 

Ollnski et al., 2003; Pcuchonl et al., 2004 and Nccrghecn et al ... 2006). As Jong as the 

body's 11n1ioxidon1 dercnsc mechonism Is still oble to conlAin or curtail the 11Clivi1ies

of rrce radicals, oxidative stress ond nitrosarlvc StreSS will nor occur. The delicate 

b:iloncc between bcncficiol and hannrut eO-ccts or free radicals is a very importanl 

aspect or living organisms and i s  achieved by mechanisms called "redo." regulation". 

The process of ''rcdox n:gulotion" protects living organisms from various oxidative 

Sln:sscs ond moinllllns "n:dox homCOSUISl.s" by controlling the rcdox Slatus in vivo

(DrOgc, 2002). 
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f'ltt•rt. l. CrllulAtr mel•boll>• or •llrlc olltl• •od �ro,,-..11rur. C2007 Scol \Vrldo., llrlc O,lde olld
Prro,)allrft• la I lollh and Olw-•� (l'1rhrr tf •1� 2007). 

2.IA, 01ltla1lve Oam111c to ONA, Llplth •nll l'rotclnJ 

°"idll1lve ,cm, Cfl/1 WlmlllJC blomolcculc, 111.c llr,ldJ, r,rotclruJ. cnl)n1cs, carboh.>dt1rcs and 

DNA In cell, And 11.u�s TI1l1 CAn n:1ulr In 111cn1hron0 drunnsc, fmgmcn1a1lon or rundom cros, 
llnklna or molecule, like DNA, enzyme, rind •tructuml 11ro1cln, and C\ en 10 cell dc-ath lnduecJ 

by IJNA f111a,nanu11lon and lipid J1Cn>1Cld11tlo11 (R.111nom "' t1/. 2006). The hydrol()·I mdlc-ol rc:icu 
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with nil components of the DNA molecule, damaging both the purine and pyrimidine bases and 

the deoxyribose backbone (HalliwcU and Gutteridge, 1999). Permanent modification o f  genetic 

matcrinl resulting from these "oxidative damage" incidents represents the first step involved in 

rnutngencsis, carcinogenesis, an d  ageing (Vnlko et al., 2007). ROS nlso attacks polyunsaturated 

fatty acid residues of phospholipids, which are ex1remely sensitive to oxidation (Siems et al.,

1995). Once formed, peroxyl radicals (ROO') can be rearranged via a cyclization reaction to 

endopcroxidcs (precursors of mnlondinldehydc) with the final product of the peroxidation 

process being mnlondinldebyde (M'DA) (Fedtke et al., 1990; Wang et al., I 996; Fink et al., 1991; 

Moo et al., 1999; Marnell, 1999). MDA is mutogenic in bocrcriol and mammalian cells and 

cnrcinogcnic in rots. Mechnnisms involved in the oxidation of proteins by ROS were elucidated 

by studies in ,vhich amino ocids, simple peptides and proteins ,,-erc exposed 10 ionizing 

radiations under conditions where hydroxyl radicals or o mixture of hydroxyUsuperoxide rndicols 

nrc formed (Stadtmon, 2004). The side chains of nil omino ocid residues of proteins, in pnniculor 

cysteine and meth,ioninc residues of proteins a.re: susceptible lo oxidation by the action of 

ROS/RNS (Stodlman, 2004). Oxidation of cysreine residues moy lead 10 the rcver.iiblc formation 

of mixed disulphidcs bct,vccn protein lhiol groups (-SH) ond lo,v molecular ,veight thiols, in 

pllrticulor OSI I (S-glutnthiolntion). The eonccntrat.ion of rorbonyl groups, gcnernled by mnny 

different mcchnnisms is o good measure of ROS-medinled protein oxidation. 

2.2. lscl1cmla. Rcpcrfuslon Injury 

Rc:pcrfusion injury rcfer.i to damage to tissue caused \\'hen blood supply returns 10 the tissue after 

o period of ischemio. The absence of oxygen ond nutrients from blood creates o oondirion in

which lhe rcstorntion of circulnlion results in inflo.mmnLioo 11.Dd ox.idntivc drunagc through lhc

induction of oxidative srress mlJ1cr lJ1n n reslomtlon of normal function. Reperfusion injwy is lhc

lcoo.ing cause of !is.sue domt1gc occwriog in conditions such o.s my0Cllrdi11I infarction. stroke.

orgllll tmnspllllltntion, and cardiopulmonary bypnss, as \\'CII ns o mnjor n1cchonism or cnd-orgM

d4nuige complicating the cowsc of clrculn1ory shock of various ctiologics. In oil thc;sc

condition.,, lhc initinl trigger oflJ1.c domAge i, lJ1c transient disrupt.ion of lJ1c normol blood supply
to tarKe1 or(llll\S followed by n:perfuslon. No effective lhcmpy Is currently ovuiloblc 10 limit
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cpcrfusion injury, which emphasizes the importance of o better undc:rstanding of its underlying 

>nthologicnl mechanisms, to devise potential future therapeutic strategics (Pochar et al .. 2007). 

2.2.1. MccbaniJms or Rcperruslon Injury 

An imbalo.ncc bet\vccn oxygen supply ond demo.nd due to compromised vnsculnr Oo,v results in 

ischcmin. In theory, the process is very simple; lock of odcqW1te oxygen nnd mewbolic subs1rn1es 

rapidly decreases the energy ovo.iloblc to the cell o.nd I cods to cell injury that is of reversible or 

irreversible nature. In practice, the process is very complex. The extent of injury is dctcnnined 

by vnrious factors; the severity of ischcmio (lo,v-Oow vs. zero-flow ischemio), the durntion of 

ischcmin, the temporal sequence of ischemio (e.g. short ischemio follo\vcd by long ischcmio), 

changes in mctobolie ond physical environment (hypothermia vs. oormotherntio., prcischemic 

myocordinl glycogen coa1ent, perfusnte composition) as ,veil os the inOommatory response. 

Reperfusion, generally o pre-requisite for tissue survival, may also increase injury over nnd 

obove that sustained during ischen,in. 111is phenomenon lends in tum to cell death (Po.n10s et al.,

2006). 1bc damage of reperfusion injury is due in part to the inOnmmatory response of damaged 

tissues. \Vhite blood cells carried to the orco by the newly returning blood n:lcosc a host of 

inOnmmotory foc1ors such DS interleukins DS ,vcll DS free rodienls in response to tissue domogc. 

The restored blood no,v reintroduces oxygen within ceUs that dnmnges cellulnr proteins. DNA, 

ond the plnsnlD mcmbrune. Dnmnge to the cell's membrane moy In tum cause the release of more 

free rodicnls. Such reactive species moy nlso oct indirectly in rcdox signaling to tum on 

opop1osis. Leukocytes may nlso build up in smoll capillnrics, obstructing them ond leading to

more ischcnun. Ncutrophils nre the princip:11 cfTcctor cells of rcperfuslon injury. Under the 

conditlon.s of ischcmio.lrcpc:rfusioa, xonthiac dcbydrogcnosc i.s converted into xonthiac oxidasc 

which uses oxygen DS o substr0lc. During lschcmio, ovcrsiz.cd A TP consun,ption I cods to 

occumulntion or the purine cat.oboli1cs bypoxonthinc ood xonthinc, ,vh.icl! upon subsequent 

n:pt'rfusion ond influx of oxygen ore mctnboliud by xonthlnc oxidosc to produce cnonnous 

11moun13 of supcroxldc rodienl, hydrogen perox.ide ond hydroxyl rodienl (Granger 1:1 al .• 200 I). 

Xnnthinc oxidosc also prod� uric ncid, which DlDY net n.� botl1 a prooxldont and DS n sc:a\lcngcr 

or n:ru:tivc species 1Ucb a., peroxynilrite, Exccs,ivc nJlric oxide produced during n:pc:rfusion 

rcncts with supcroxidc to produce the potent n:nctivc species pcroxynitritc. Such rodlcoJs ond 
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-eactive oxygen species attru:k cell membrane lipids, proteins, and glyoosaminoglycans, causing 

further damage. They may o1so initiate specific biological processes by redox signaling. 

2.2.2 Myocardial lschcmla 

Acute myocardial ischcmio (ischemie hcan disease) accounts for the highest percentage of 

morbidity and mortality in the \Vestcm world (Lopez and Murray, 1998). Persistent ischemia crut 

result in cardiomyocytc death and lead to congestive hcnrt failure. I t  is choroctcrized by reduced 

blood supply to the heart muscle. usually due to coronory ortcry disease (atherosclerosis of the 

coronn.ry arteries). Its risk increases with oge, smoking, hypen:holcsteroloemia (high cholesterol 

levels), diabetes, hypertension (high blood pressure) and is more common in men and those ,vho 

hove close relatives ,vilh ischoemic hcan discosc. Coronary reperfusion utilizing thrombolytics 

nnd coronary angioplasty con partially rescue the ischcmic 01yocnrdium and limit the 

development of on infnrct. Ho,vever, rcperfusion, though a prerequisite for tissue snlvogc, might 

also lend to incrco.sed cell mortnlity, possibly o.s o result of the inOo.mmotory rcsporusc, a burst or

oxygen free rodicol production and calcium overload (Bognnr et al .• 2006). In response to the 

increasing toll of ischocmic heart dlscnsc, the lost 50 )'CMS hove seen on enormous amount or

rcsen.rch aimed ot undcrstMding the biology of ischoernio and developing methods to control it 

(llcarsc, 2001). Myococdinl ischemln results in ATP depiction and occun1ulotion of toxic 

mctobolitcs, whel'CllS rcperf\Jsion lends to the production of reactive oxygen intermediates ond 

calcium ovcrlood. The nlterotions in ccllulor metabolism and generation of toxic molecules 

contribute 10 myococdinl ischemlo/repcrfusion injury (Mnrczin et al., 2003). Myocardinl 

lschemiB-rcpcrfusion injury may occur o.s darnoac to 1hc myOC41'diun, follo,ving blood 

rc:stonllioo nficr 11 criticnl period of coronary occlusion (Goldhaber and Weiss, 1992, Dhlllla �, 

af., 2000). It is nO\Y rccogni_zcd thol there ore o spectrum of responses of lhc myocrutlium to 

reduced coronary perfusion and Lhnt I.he response of the myocrudium to ischcmic injury con be 

moduloied by n number or p�. particularly rcpcrfuslon and preconditioning (Baja, 2005) 

There ore two main hypothc:scs. llllOlcly oxidotivc stress and Co-ovcrlolld, ,Yhich hAve been
proposed 10 explain the p31hogcnesi, of myocnrdlol lschcmio-n:pcrfuslon injury (Figure 3). 
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Oxidative strCM, ,vhich is usunlly o.ssocio1cd with incrcnscd formation of reoctive oxygen

species (ROS). modifies phospholipids and pro1cins lending to lipid pcroitidntion ond ox.idat.ion

of thlol groups; these changes nre considered 10 al1cr mcmbrnnc pcrmenblli1y ond configurotion 

in addition 10 producing functionnl modification of vnrious ccllulnr prolcin.s. Ox.idlllivc stress 

mny �sull in ccllulnr defcclS Including 11 depression in the snreolcmmnl (SL) Cn-pump A TPnsc

nod No-K ATPosc octlvi1lcs: these chnnges lcod to decreased Cn-cmux nod increased Ca-inOux, 

l'C$J)CCtivcly ond the inhlbilion of Cn sc:qucstrotion from the cyiophism in crudiomyocy1cs. Tiic 

oxldalive wcu-induccd chnngcs in the SR Co-pump os well as SL No-K pump llR! not lin,itcd 10

cardlom)'OC:ylcs but have alJo been obscr,,cd ln the cororwy Artery smooth muscle cells. Thrsc
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alterations were markedly reduced by antioxidants such as catalase and superoxide dismutase. 

The depression in Ca-regulatory mechanism by ROS ullirnately results in intracellular Ca2
•

([Ca};) overload and cell death. On the other hand, an increase in [Ca]1 during iscbemia induces 

the conversion of xanlhine dehydrogenase to xanthine oxidase and subsequently results in 

generating superoxide radicals (DhaUa et al., 2000). 

Another mechanism to explain myocardial ischaemia injury is from the energy perspective. With 

loss of oxygen. mitochondrial oxidative phosphorylntion rapidJy stops, with 11 resullllnt Joss of 

the major source of A TP production for energy metabolism. This engenders a compensatory 

increase in anaerobic glycolysis for A TP production which leads to I.be accumulation of 

hydrogen ions and lactate, resulting in introce!Julor ncidosis and inhibition of glycolysis. as well 

ns mitochondrial fatty acid and residual energy metabolism. Impaired contraction with persistent 

electrical activity (excitation contraction uncoupling) develops in association with alterations in 

ion transpon systems in the sarcolcmma nnd orgnncllnr membranes. 111is establishes a milieu for 

ventriculor 81Thythmias. lnitioJly, there is increased � cffiux related to nn increased osmotic 

load due to the accumulation of metabolites and inorganic phospluuc. An increase in free Mg2 .. is 
followed by a decrease in total Mg2+. With o substllntial decline in ATP. the No•. K•-ATPase is

inhibited, resulting in o further decline of� nnd on incrcnsc in No•. The influ.,c ofNo._ Cl-. and 

water leads to cc:IJ swelling. An early increase in cytosolic Co2.. also develops due to 

multifoctori41 changes in ltllJlSPOrl systems in the sareolcmmo and sorcoplasmie reticulum. eai•_

induced activation of protCZLSCS "8USCS altcru1ions in contractile protcins. tlccraiscd sensitivity to 

ea
1•• and sustllined impa.i,:mcnt of contractlllty despite the elevnl0d cytosolie ea2• (Figure 4).

1ne necrosis of myocytcs 1111d nonmyocytcs triggCTI1 on lnOrunmntory reaction ,vith subsequent 

orp.nizAtion and healing. The progrc,.sion to an advanced stage of cardion1yocytc IJ'\iury is 

mcdi11c:d by progressive mcmbronc damage Involving scvcrol mcchnnlsnu. The llltcrcd 

metabolic milieu with o IU$&4lned increase In eyto,ollc Cal' leads to phosphollpasc acU\'nlion 

and phospholipid dc&J1l,da1Jon with rclcu.sc of lyaophospboliplds anti free fbtt) acids. tmp.-tln:d 
mitochtoodrial fouy acid metabolism �uh, 1n the 11CCumulo1ion of free f11ty acids, Iona-chain 

IIC)'I CoA. and ncyl carrut.Loc. aod thcae arnphJphlUc molecules, lO{lcthcr wilh rn>ducll of 

phosphollpid degJlldJation, Incorporate lnJo membranes and 1mraJr thdr f'unation To,1c O't)icn 

apccics and me nidlc:a1J arc gcnrn.tcd from lschcmlc m)'OC)'tC:S. ltchcmlc cndo1hcllaJ c-clls. and
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f'l&are -4: Pottulat� MqUtatt or all,,..tlon� lnvolvrd In lhe pachoe<ne,b or lrttverslblc myocardial brbtmk 
laJury. Osyico dtr1<kncy IJ1dutt1 mttabollr ch•n&a. Including dccru-'td •d••o.tlne lripbo.tpbatc, (ATP). 
dttl'TaKCI pll. aad lacutc a«umulallon, In IJC:hemlt m)'oc,ytc,s.. The alleral mrtabollr mlllta ludt co 
bapalral mrmb,..oe t,..0pon with rr-sultant dc,..ncrmcnu In lnlrardlular tltctrolylrs. An lncna� In 
qto,oUc c.•· 1nacr1 u,., ac,clvatloa or protttift aad pho.tphollpa1n wllh raultaal C)'lo.tk:dctal damacc- and

lmpalrtd mt111bra•• pllOlpllollpld blllaote. Allrrallo•• or ffl)'OObrUlar coatnctlle proldaJ le-ad 10 dttl"C:&Hd 
C.,. KnJlll'>'IIY aod drcreas,rd coatrarlloo dnpll<' the larl"<aKd C)'lowllc- C.1'. Upld allrnllonJ lncludc­

lacrow,d photpllollpld (PL) d,v.dat.loa wltb rdcue or rru fa11y add, (FFA) a.ad 1,-�pJio.phollpld.t (LPL) 
aad dttruM:d plloepbollpld -,.u.uts.. Tllo a«umulatloa or ampblpalhk llpldt alters ••mbnae nuldll). 
Upld paoddatloa occun u • ra•II or anat11 by rru nullcab prod•ttd, at ka,1 I.a p•n. b)' lbe cc-•tnlloa or 
nc- c.1,c1rou (e') la o•ll••d•prl•cd mltocboadrla. Prtt ndlcab •ho arc dcrhrd rram llle m,t.abolbm or 
•ndlldoalc add aJld ttlttltola•l•n. lb• ••••bolltm or •d.r.nlae ••tltotklce by u•tbl•e o,lda.,e I•
udotbril.w• (tp«lft d.rpradnl). ••d lllt ae1Jnlloa or 1n1roplllu ••d ••tropllac..._ The lrrn,nlbl. pll­
or laJ•I')' 1, mftllaltd lly ..,.,,... m.r.mhnH d•••1e prodvttd b)' plllWpllollf!ld loM, llpld iwro,ldello, Hd 

C')'IOIMldal d•••a« ea.Ja. 2AI05). 
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lCtivated leukocytes, and they induce pcroxidative damage to the fatty acids of membrane 

phospholipids. Activated proteases cleave cytoskeletal filaments, which nonnally anchor the 

sarcolemmo to myofibrils, and their anchoring and stabilizing effect is lost. These changes 

collectively lead to a progressive increase in membrane permeability, progressively severe 

derangements of intracellular electrolytes, and A TP exhaustion. The terminal event is  physical 

disruption of the sarcolcmma of the swollen myocyte (Buja, 2005). 

2.2.3 Cerebral lschemia 

Cerebral ischcmia results from o loss of blood supply to a region of the brain due to ar1erial 

blockage or hemorrhage. It is a condition in which there is insufficient blood flow to the brain to 

meet metabolic demand. This leads to poor oxygen supply or  cerebral hypoxia and thus to the 

death of brain tissu.e. The most common and familiar manifestation is ischemic stroke (Flynn et 

al., 2008) also known as cerebral infarction or cercbrovasculor accident. Cerebral ischacmia or 
brain iscbcmia is a major couse of disability and death globally and hos a profoundly negative 

impact on the individuals it alTects., tJ1ose that can: for them and society ns o whole. There ore 

very few trC!ltments for stroke and tJ1e development of new lr'Catments requires a comprehensive 
understanding of the diverse mechanisms of ischcmic bruin dlllllllgc that ore responsible for 

neuronal death (Doyle et al., 2008). 

Stroke Cllll be subdivided into 2 co10gorics, ischcmic and hemorrhogic. lschemic strokes n1okc up 
approxinuuc:ly 87% of 1111 cnscs. and have been the lllrgct of most drug trillls (Rosamond, 2007).

A thrombosis, an embolism or systemic hypo-perfusion, all of \vhich =II in a restriction of  
blOOd llow to the brain .• c:.on CIIUSC an ischemic stroke. which results in insufficient oxygen and 

glucose delivery to support ccllulor homcoStASis. Ora.Jn injury, followins stroke, results from the 

complex interplay of multiple pntJ1wnys including cxcltot.oxicity, acido1oxlcity, ionic Imbalance, 

peri.infarct dcpo!Arization, oxida1ive and nitrolive stress, inOarnmn1ion and opoptosis (Oonnlcl 

"' al., 2006). Each of tJ1e above pothophyaiologlcAI procc.5SC.S l1AS o distinct tlme fmmc, some
OCcurring over minutes, others over hours llllcJ days, cousins injury to neurons, sUo and 

cndothclilll cells. Within the core of the ischcmic �11, where blood no,v is most scvcre.ly 

rcatriCI.Cd, cxcitotoxJc and necrotic cell cJcoth occurs within mlnul�. In the �riphny of the 

18 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



ischemic area. where collateral blood flow can buffer the full effects of the stroke, the degree of 

ischemia and the timing of reperfusion detennine the outcome for individual cells. In this 

ischemic penumbra, cell death occurs less rapidly via mechanisms such ns apoptosis and 

inflammation (Gonzalez et al., 2006). The mechno.isrn of iscbemia rcperfusion injury in the heart 

and brain are basically similar. 

The human brain requires more oxygen (20% of total oxygen consumption) relative to its size 

(2% of body weight) (Edvinsson and Krause, 2002). This large amount of energy is needed by 

the brain to generate sufficient A TP by oxidative phosphorylation to maintain nnd restore ionic 

gradients. One cstimntc suggests that the Nn + /K.+ ATPnsc found on the plasma membrane of 

neurons, consumes 700/4 of the energy supplied to the brain (Edvinsson and Krause, 2002). This 

ion pump maintains the high intracellulur K+ concentration nnd the low intracellular Na• 

concentration necessary for the propagation of action potentials. Afte.r global ischemin, 

mitochondrial inhlbition of ATP srnthesis leads to the residual A TP being consumed ,vithin 2 
min., this causes aeurooal plasma membrane depolarization, release of potassium into the 

extracellular space nnd entry of sodium into cells (Cnplan, 2000). Energy failure also prevents 

the plasma membrnne ea2
• ATPBSC from muintaining the very lo,v concentrations of calcium

that arc nonnally present within each cell. The cxt.racellular calcium concentnition is 

approximately J.2 mM and most cellular processes regulated by calcium hove II K,.. voluc in the 

range of 0.1 to I µM. During ischc:rnio intracellular calcium levels rise to SO • I 00 µ�{. octivuting 
many, if not a.JI calcium dependent prolcasc:s, lipase, nnd DNascs (Edvinsson nnd Krause, 2002).

ThiJ leads to nuiny cells in the �ie core dying from simple catobolism. Since no A TP is 
•Vllilable for the re-synthesis of cellular consthucnts these anabolic enzymes cause the necrosis

of essential �lluJar stNCtureS. Mcmbrunc dcpolllrii.ation lllso leads to ncurouun.unittc.r relc:uc,
with the release of tbc cxcillltOry neurolnlnSmillcr aJulllmntc playing o critiClll role in lschcmic

pathology. A 1a.r&c cooccntnUlon gnidlcnt or &Ju1Am11tc Is mnlntalned across the plll.m\ll

membrane by sodtwn-depeodcnt &Jul.lmllle tnlnsporters located on pn:synoptic lllld J!OSlS)'Nlpllc
mcmbnines. TilC syOApllc &JuWNUC eonccntnu.lon Is in the micromoh1r mn11c. "hc-rco..s � 

cytosollc concmt:ration of a,lutamlilc 11 approxl1N1tely I O mt.1 (lltu. 1998) �1t'rnbranc 

dq,olarizat.ion and IICCUlllulatlon of sodium Inside c:clb durina lschcmaa CllbCS m·cnat or 

&IU!NNlc ll"IDSpOrtffl and lllo"-. aluwna&c to olt cclla aJo111 ha con«ntn1tion gnadicnt. The 
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:ffect of an increase in synaptic glutamate concentration is the activation of N-methyl-D-

3Spartate (NMDA) and a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) 

receptors. NMDA receptors are calcium permeable and the opening of these channels leads to 

further membrane depolarization and greater calcium influx, exacerbating intracellulnr calcium 

overload (cxcitotoxicity) (Olney, 1969). Concurrent to the induction of cxcitotox.icity, calcium 

overload is further exacerbated by acidosis, one of the hallmark neurochemical elements of the 

anaerobic metabolism of ischemia. l·lypcrglyccmia increases lactate in the ischcmic environment 

further depressing pH. Dissociated protons activate sodium-selective acid-sensing ion channels 

(ASlCs) that are permeable to calcium leading to further calcium entry into the cell 

(acidotox:icity) (Simon, 2006). 

Apan from cxcitotoxcity, ocidotoxicity and ionic imbalonce, pcri-infarct depolarizations also

contribute to neuronal death in cerebral iscbemio. Conical spreading depression (CSD) is a self­

propagating wave of elcctrochcmico.l activity that progresses through cortical tissue in intact 

brain. CSD causes sus!Jlincd (1-5 min) cellular depolarization, depressed ncuro-electricnl 
activity, increased glutamate n:lc:asc ond loss of mcmbrono ionic gradients (Gonznlez et al., 

1992). Peri-infarct depolarizations (PlDs) nrc sponUUlcous wnves of dcpolarizntion with all of the 

cluu-acteristie feotwcs ofCSD that prop:igate through the penumbra folto,ving focnl stroke. PlDs 
m.ay be caused by the n:lcasc of powsium and cxci1a1ory amino acids from rhe ischcmic core. 

Although CSD in the normally perfused bruin docs not lend to cell death. rccum:nt PIDs in the 

ischcmlc brain ore 11SSOCi.lllcd with increased isc:hcmic injury. Repeated dcpolarizntion in the 
penumbra mAY mcdi.lllc tissue damage by allowing calcium 10 oceumulote ,vithin neurons. A 

critical thrcsbold ofcaldum could be raschcd In the case of PID due to the compromised cncr&Y 

supply of the Lissuc, thus coUJlng domnge In the case of PIO but ,vithout evidence of lllSling 
dllmagc in the case or CSD. PIDs 1110 known to occur in Mirna.I stroke modclll, "'here the 

incidence And dut111ion of ,prc:Mling depression com:14tcs with inflll'Ct nuuunuion (Gill cl al�

1992; Strong et of� 2000). Roocnlly Jl'obrioius nnd collcoaucs dc:monstmtcd the existence of PIDs
in the acutcly wjwcd hu.mAn brain, "hlch suriaes1a th:11 lnhlhhlon of l]ln:Adlng dcprcs,ion uslna

a tbcnpcuLic approech such u bypothcnnlo or &Jullllnlltc receptor llll�onlsru could � 1\1\

Important 1t1111.CIJY t.o llmll development of lschc:mlc 11\lury within the penumbra (Chrn cl ul., 

1993, Pllbricius c1 al
,. 2006). 
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Oxidative and nitrative stress is another key contributor to brain damage in ischemia. High levels 

of intracellular Ca2
\ Na+ and ADP cause mitochondria to produce deleterious levels of reactive 

oxygen species. Unlike other organs the brain is especially vulnerable to reactive oxygen species
due to neurons having relatively low levels of endogenous antioxidants (Coyle and Puttforcken. 
1993). Overly abundant oxygen radicals cause the destruction of cellular macromolecules and 
participate in signaling mechanisms that result in apoptotic cell death (Halliwell, 1994; SugoWDJU 
and Chan, 2003). Nitric oxide synthase (NOS) is activuted in ischernia and increases the 
generation of nitric oxide (NO), which combines with superoxide to produce peroxynitrite. TI1c 
Production of NO and oxidative sucss is also linked to over-activation of poly (ADP­
ribosc)polymerase- I (PARP-1), o DNA repair enzyme. In response to DNA slrllnd breaks 
PARP-1 caUl.lyzes the tranSformntion of IJ-nicotinamide ndenine dinucleotide (NAD"') into 
nicotinamidc (NA) ond tong polymers of poly(ADP-ribose). \Vhen PARP-1 is over-activated ii
depletes cells of NAD•, impairing NAD• dependent processes such ns anaerobic glycolysis and 
rnitocbondrial respiration, which leads 10 ATP s14J"Vlltion, energy failure nnd neuronal death 
(Gooza1c-z et al., 2006). Follo,ving reperfusion there is o surge in production of superoxide, NO 
and pcroxynitritc. Fonnntion of these radicals in the vicinity of blood ves.�els ploys an important 
role in rcpcrfusion-induccd injury. TI1csc radicals activate matrix mctalloproteases (MMPs),
Which degrnde collagen nnd taminios in the basal lamina, ,vhich disrupts the integrity of  the 
Yasculor wutl ond iocrco.ses blood bra.in bonier (8138) permeability. Oxidative nnd nilrntive 
S1tcss also triggers recruitment and migration of neutrophils 11nd other leukocytes 10 the cerebral 
V&sculnture, which rclc:asc enzymes I.hot further inereose b.'lSDI lan1ina dcgradntion and vnsculnr 
Ptn'neability. These events can lcod 10 pnrcnchynuil hcn,orrlmgc, vo.sogcnic brain edcmn and
nCUlrophll infihrntion into the br11in (Crock and Taylor, 2005). The surge in production of free
radicals imocintcd with delayed rcperfu.sion brings u second wove of oxidative nod nitnnive
'1rCS$ that increases the risk of bra.in hemorrhogc: and cdcmn (Doyle l!t al., 2008). The oxidative
burst CDU.scd by rcpcrfusion oner 8 period of oercb111I l:,ehcn1iu c."<cccrb:uc these injuries. 

Another critica1 mct.obolic event in ccrcbrol ischemin is the nctivotion of phosphollpnsc Al(Pt.A,> occasioned by excess gluwnatc rc_lco.sc and the stimulation or its rccqltor, ,vhlch rcsull.3
In the actlvatioo of phoSJ)holipnsc:1, hydrolysis of mcmbrnnc phosphollpid., nnd rclCIL\e or rrcc
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ratty acids including nrachidonic acid, a metabolic precursor for important cell-signaling 
eicosenoids (Figure 5). Ultimately these processes lead to apoptotic or necrotic cell death 
(Adibhatlo and Hatcher, 2006).

Inflammation contributes to stroke-related brain injwy. J--lowcver, the effect or individWll 
components or the ioOommotory cascade can be bcocliciaJ depending on the stage of tissue 
• • 
1nJury, the mogojtudc or the response ond whether the inflommatory component also aetivotcs 
ncuroprotcctive pat.hwoys (Bruce et al� 1996; Nowoshiro et al .. 2000; Zhang et al., 2000). The 

inflommotory response is a composite process that involves mooy different celJ types, 

lnflommo1ory mediators ond cxtroccllulnr receptors (Doyle et al., 2008)

l.J. An1loxjdants

According to l·lnllhvell (I 990), on antioxidonl is o substro10 that ,vhen present 01 o IO\V

conccntrntion eomporcd to thol or un oxldisoblc substrolc. significantly delays or prevents 
oxidation or thot substrotc. Jn rcccnl ycnrs. ontio:<idants hove snined o lot of importance bccouse

or their polcntiaJ 05 prophyloctlc ond t.hcropcutie agents in many diseases. Extensive research is
being carried out globolly on these agents, Md most or them hove been proven
llhannocologicnlly active. Traditionally, herbal medicines ,vith antioxidant properties hove been 
U3ed for vnrious pwposcs and epidemiologicaJ daln aJso points ot \vidcsprcad occcpto.nce and use 
of these ogcnlS. Presently, the oetive phytochcmicals from these hcrb:i.l SOUI'ClC3 nrc extmcted,
JlUr ificd and tested for their activities ond the results nrc promising (Ralrulm et al., 200G). 
Aritioxid4nt. constituents o f  plant motcriols hnve been proved to be important in tl1c mainte1UU1ce
Of heaJth and protection from ogcing-rclotcd ond other free mdlcol mediated diSCASes.

l.J.1. Classlncatloo of Antlo11danP

A11tloxiW111t.s � clossificd chiefly into enzyn1atic nnd non�nzymotie (Table I). Th
ey an: also

CL\saific<J with rcprd 10 their :;owce o., endogenous (produced within the body) or exogenous
<Produc«I outside the body) and \vllh regard to their mechanism or oction as 1>rim11ry (inhibitoxidation via chain te,mU1.DLing rcAClions throuQh proton uun,fcr to the free mdicll! �ics) or
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secondary (decompose hydroperoxides into non-radical, n o n -reactive; and thennally stable 
Products). Many non-enzymatic antioxidants arc obtained from dietary sources and could be 
refe rred to as dietary or nutritionnl antioxidants. The main dietary antioxidants are the 
phytochcmicals called polyphenols. 

2.J.2. Mechanism of Action of A.ntiox.ldaots

AJlhough the cxac1 mechnnisms nnd interactions among various anti-oxidllJlts are not fully 
Uodcrstood, it is possible that one nntioxidan1 moy equilibrate \vilh nnother to estoblish o celluJor
tcdox potential Md thus all endogenous onti-oxidants moy net in concer1 to protect against 
oxidative insulL Nonelhclcss, it  has been suggested that nnlioxidants can act through several 
lncthanisms such as: (a) scavenging ROS or their precursors, (b) inhibiting the formation of
Ros, (e} ancnuoting the catalysis of ROS generation via binding to mctnls ions, (d) enhancing 
Cndogcnous anti-lipoprooxidant generation ru1d (e) reducing opoptotic cell death by uprcgulating 
the Dnti-deoth gene (Bc/-2) (Ohalla et al., 2000).

SOD catoJ}'Zes the dismutation or superoxidc onion (OJ J to H1CJ, Subsequently l·h02 is 
reduced 10 H2o and o2 by pcroxidoses such as gluuuhione peroxidase or catalase. SOO is prcsc:nt
i11 the C)'toplnsm as \Vell as on the endothelial cell surface \vith either copper or zinc (CuSOD,
2nsOD) and in the milochondria \vith maognncsc (MnSOD). Glutalhionc peroxidase cntaJYLCs
the l>Croxidntion of 1110

1 in the presence or reduced glulllthione (OSH) 10 form 1 '
2
0 and

oxidized glutolhionc (OSSO). The OSSO is recycled to give GSI I by glul8tbione rcducta.sc,
which requires NADPI I from the bcxosc monophosphnre shun1. Cotalnsc is o mcmbmne bound
�c which is present in peroxisomC3 bul its activity luls n1so been observed in the
lllilochondrioJ matrix. Vit11min E is o fot soluble subsmncc and is lllllinly associated \vich PlllSrno
ll1>opro1cin,, It nets ns O potenl pcroxyl radical scavenger via bn:nlcing the llpid pcrox.idationci..,_ 
'"'111 f'Cnclioo (Dhllllo et al .• 2000). 
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Tiblc I: lml)Ortaal cnzym1Llc and non-enzymatic pbysiologicaJ andoxidaats 

Anllolldanc. 

Su�roxidc dismutasc (SOD)
radttllls 

Olulathionc peroxidase (OSH) 

Cotal1Ue (CAT) 

Noa�nzymallc 

Vitamin C 

Vit4min e

Uric acid 

Olulalhlonc 

clro!A:nolds

llblquinoncs

l'rtturcni11, fcrritin, lac:1ofcrrin 

�Oplaamln

LocalJon 

Mitochondria, cytosol 

Mitochondria and cytosol

Mitochondria and cytosol 

Aqueous phnsc of cell 

Cell Mcn1b11111e 

Properties 

Oismuta1c supcroxide 

Removes hydrogen 
pcro.�de orgnnic 
hydropcroxidc. 

Removes hydrogen 
peroxide 

AclS 115 free radical 
scavenger and recycles
vitornin E 

Major chain-breaking
an1loxidan1 in cell 
membrane 

Product of purine melllbolism Scavenger of 011 radicals 

Nonprotcln llllol in cell

Endogcncous lhiol

Lipid soluble an1ioxjdnnts, 
focalcd In membrane tissue 

rroducl of heme melllboflsm
In blood 

,-,11tochondri11

Serves rnufliple roles in 
ccllulor anrioxidnnt defcnsc

Effective in n:cycfing 
vitan1ln C. may also be on 
crroc1ivc glu1.11thiono 
substitute 

Scavengers of renetivc 
oxygen species, singlet
oxygen q ucnehcr 

Extracellular o,11ioxldaru 

Reduced forms 11re 
cfficlcn1 nn1lo"Cidants 

Chcfaring ofmc141 Ions 
responsible for Pcnton·s
rcac1lon 

Chelalfna COJ>pcr Ion 
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Table I: lmportaal enzym11lc 111d non-enzymatic physlologiaJ utioxid1.n1S 

Antlosldant., 

Eniymallc 

Supcroxidc dismutn.sc (SOD) 
radicals 

Gluta1hionc peroxidase (GSH)

CalallUc (CA 1) 

Noq�•l)'mallc 

Vitamin C 

Vitamin E 

Uric acid 

Olulathionc 

O.·lipollc acid 

llillrubJn

l'"1ttfc-rnn, fcrrilln, lactorcrrin 

Loc:allon 

M i1ochondrin, cytosol 

Mit.ochondrin and cytosOI 

M i1ochondrio and cytosol 

Aqueous phase or cell 

Cell Membrane 

Properties 

Dismuuuc supcrox.ide 

Removes hydrogen 
peroxide or81l"ic 
hydropcroxidc. 

Removes hydrogen 
peroxide 

Acts AS frco mdical 
SCll\'Cnger 1111d recycles 
vitamin E 

Major chain-breaking 
an1loxld11nt In cell 
membrane 

Product of purine melabolism Scavenger of OH rndicals 

Nonprotcin thiol In cell 

Endogeneou5 thiol 

Lipid soluble antio�ldrults,
locotcd In mffllbrnne tissue 

Product ofhcmc met.obolism
In blood 

t.1 ltodlondria 
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Serves mulliplc roles in 
cellular 1111tloxidant dcfcnse 

EITcclivc io recycling 
villmin C, moy nlso be an 
effective glut11thionc 
subS1i1u1c 

Scavengers or reactive

oxygen species, singlet 
oxygen quencher 

f!xttllccllular anrloxidant 

Reduced forms ore 
efficient nntloxldants 

Chclatin11 of metal Ions 
responsible for Fenton• s 
reaction 

Chcl11lng Ccippcr Ion 
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2.3.J. Metbodt for 1uasmco1 of 101lo.1ld101 1e11¥lty 

Then: arc numerous nntloxidn.nt assay mcthod.J and their modifiClllioos for C'\raluation of 
lllllio1tidan1 octlvity These Include oxyam radical o.bsorbo.ncc capacity (ORAC). Trolo't 

cquiY11Jcn1 o.nlioxldn.nt copocity TEAC), ferric n:ducma anllox,danr poY.-cr (FRAP). total oxidAnt 
acavcnglna capacity (TOSC), tollll nidie11J-tn1pplng anlloxidanr petllmCtCr (TRAP). DPPI I 

N:acthity, croton blc:o.ching, LDI I oxidation., liposome oxidation and total phenolic o.nalysis 
(Schaich. 2006). Of thc:sc, tolllJ onuox,dnnt activity, ttducti\c potcn_Llal, DPPIJ assay, mclllJ 
chelation. nctivc oxygen species qucnchlng o.rc most commonly used (Chang rt al .• 2002, GuJcin 
tt al., 2002). Por the most part, ns.,ay select.ion iJ bCLscd on ease of u,c and l\'llil.ability of 
• 

lnstnuncnuuion. ond very oflen there ls 1:icL. of eom:lation bclY<'tttl Kti\itJcs dctcnniocd on the 
lan1lc material by diOcrcnt tWOys. and between octi\iUcs dc1cnniocd by the amc assay In 
difT�nt lnbomtoric., (Schnlch, 2006). This I, because assays do not all measure the so.me
chctnica1 action. Somo nssoys mCll!Urc h)dro(im atom tnnsfcr CDpabiliry (clwlcaJ radical
qlltnching), some: mcnsurc electron tnn.1rcr proprosicy \\hlle some C'\11.l�e lhc chcloling ability. 

2.4. Phyrochcn1lcal1 

Pt.i11s •how enonno11.1 vcrsotlllty in syntbcsizina c:omplc.'t matcrwJ "hich have no immcdiiuc 
ob'Viou, 810\\lth or mcuibollc function.,. Thc$c complc.'t m111erio.ls o.rc rcrffl'Cd LO as SCCOnd41')' 
"'ctahoihcs. Some bloloaiclll roles or plont .scc:ondary mctAbolitcs include ability 10 ea as 

Ph)'loloxlns, phytonJexlns (defensive chcmico.ls produced by plllllt). animllt l'C'J)Cltants, Mirna.I 
lllriiciants (ror polllnallon am.I sc:ctf dispcrso..l) and in.scc:t hormones (to coordino.tc 8TO"'\h or lhc
1
� wfth I.hot or lhc pl.nnt). Plant seconJIII)' n1e1nbolitcs can o.lso be used by hurnan.s IIS dru

gs

111d l?lcdlc:lnc:, (for cardloVt1SCulor Md nc:uroloa,ical disorders. nnd as ant11umor aacnts).

llltttot1c:a, IIJmulMll, hnlluclnoacns 1111d pol,on., (ln,cctlcJdes, rotlendc:ulc.,) Sccondaf)
""'-bo111ca an, 000 lmportMt for devclopn1cn1 or tmltJ such 11.'1 now�r colour, flnw or r00c.t 

and
'Iii lllanco apt nst pc,IJ and cJ I ,ell.'ICI
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PIJtochaltlll 

C......,w. f"t•olla A:Drehlh Hit.+ -HMCtlN11 0,1 I ... 
ca;nNf Cl .... ••

...,_, __
� 

lndol. 
... ,.MW, Fb,1111• Sell C c--- T ...... A!l)1kllllb 

«I!, ,· °'"'= ..
Acer w,

t1eoe • 

. ,.,..,. "1*a1- f'lar,1 • n., ... b llt...:W, daa1.L.acWa 
f,.._., ...... HN � ............. 
tc ... ,.:.,, 

a.. 
p,.c-.ic � � c-Ho � C)aidia ,_ GrelP!?u 

YlllliJic

I k Cdrdc Ku r ol � Epn,om "'iptrll!a � CWd:nia 
"'* Myricml L•ollo � Naia..ui.. °'�-.. Q)ci, .. s,... 
Saplc o-,.. £pl,•<Mo ,_._ Form: --fldl pl1* 

q,lplh--lu 
plla 

flt•re 6: Clanltk:alloo or dkiary pbytocbtmlab (Uu, 2004).

l>llot lecondary mctnboliies bllvc rcccotJy been rcfcJTCd to a.s pbytocbcmiCll.ls which hnvc .._,,,,.,....
�fi . . -�

1l'ICd as bioncuvc noMulricol p!Ant compounds 1n fruits, vcgctoblcs. gnlins and other pll\llt
food. Uw have been Jinked 10 i,:ducina the risk of major disc:4sn (Liu. 2004). New
�hcmicais arc being disc:ovcn:d on o doily ba.sls, lllld It Is C51imoted that plnnl3 conwn
� or lhouands of di!Tcrcnt Phytochc:rulCllll (Liu, 2004). RC'Klll'Chcra have long t--
� �11Q\\�

phYtochcmiai.lJ provide health bcncnr. for plants, but II 11 only recently INI CCflAin
Pb>1ochctnrc:&1a have been rccom,ncndcd Cor the purpose or r.rcadna Vllrious d� In h

l:l.llllw!.It  la be l
bti, 

II� that pbytochcmlcals may be cfTccr.lvc for �
n1blltlna or p�vcntlng disciuc lluc to

11\tioKictani effect (l·arombl and Ori110n. 199911, l·DtOmbl and llnuon, 1999b, ro.rombL:::o�- Tbc ll'ICdJcuw vAJucs of plants Uc In Lhclr compontnt phytoc:hcmcals. "'hlch J\ffl<luc:c •
lli.� llh>siol<>&Jcal action on the human body Phytochcn1lcal1 C4l1 he clASl!Ocd as
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carotcnoids, phcnolics, alkaloids, nitrogen-containing compounds nnd orgnnosulphur compounds 

(Figure 6). The phcnolics ore compounds possessing one or more aromatic rings with one or 
more hydroxyl groups nod ore generally cntegorized ns phenolic acids, Oavonoids, stilbenes, 

coumanns and tannins. It is estimated that flavonoids account for approximately two thirds of the 

pbcnolics in our diet and the remaining one third arc from phenolic acids. The most widely 
studied of these pbytocbemicals are the carolenoids and phenolic compounds (Liu, 2004).

2.5. Study Plants 

2.5.L Psidium guaja,-a (Local names: English: guava; Yoruba: guafa; HaUS.Q: gwnaba; Igbo: 

Ugwoba) 

The Plant is used in cthnomedicinc os on ontimolruiol. Infusions of lhc leaves arc u� for 

lrtating fevers, for diarrhoc:i and os o tonic in psychiatry (Oliver-Bever, 1986; lwu. 1993). lhc 

bydroa!coho!ic extract was shO\\'ll to decrease motor activity in mice (lwu. 1993). lhc leaves 
� an �·ial oil rich in cincol, to.nnins and t.rirerpencs. Three flavoooids have been 
iJobued &om lhc leaves (Khadem and Mohammed, 1958; Oliver-Bever, 1986). The anti­
�ry. aoa.lgcsic, antipyrelic and antidiarrhocnl activities of the metha.nolic C.'<tnlct oflhc
lea\'cs have been ,q,or1Cd. Its CNS depressant ac1iviry ha., also been reported (Olojidc �, al�

1999).

l.s.2. C.Sslo a/Olli (l...oall names: English rlngwonn plAnt, candJc bush, Yoruba. tlSUnV.'t'Q.

l&bo. op.Ja) 
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hypoglycaemic, analgesic and aotifungal properties as well as antibacterial, antimjcrobiaJ, 

diuretic and choleretic activities. Anthrnquinoncs, anthraccne derivatives, flavonoids, tanruns, 

saponins, sesquiterpenes and phenolic compounds have been discovered in extracts from leaves 

and fruits of Cassia a/ata (Rai, 1978; Elujoba, 1989). A probable antimicrobial agent, 

chrysophanol has also been detected in the leaf extract (Ibrahim and Osmon, 1995). 

l.S.J. Newbouldia /aevis (Local names: Yoruba: Akoko; Hausa.: aduruku; Jgbo: ogbu) 

It is used for the treatment of various diseases including epilepsy, convulsions, rheumatism• 
anbritis and fever. The bark and leaves are used for the treatment of breast tumors. Extracts of
lhc leaf, stem bark and root exhibited antimicrobial activities. The plant has bee.n reported lo
P<>5.5ess anti-inflammatory, analgesic, onti pyretic and onticonvulsant activities. The leaf extract

� shown to possess antimalarial activity against Plasrnodiun falclpan,m in vitro (Dalzi el,1937; Ogunlana and Ramstad 197S; Burkill. 1985: LeGrand et al., 1988; Gbeas.sor et al.,. 1990).
PhYtoche micaJ screening gave positive tests for flavonoids (Olajide et al., 1997). 

2.s.4, Alstonia hoonel (Local names: Yoruba: awun. ahun; Others: cghu. nkpi) 

The Pl4nt has been reported to possess anti-venom, anti-inflnmmo1ory, nntibYJ>Crtcnsivc., 
"1til>Yrttic and an.algesic properties (Kweifo-OkoJ, 199111. b; K\\,:if-Okoi et al., 1995). Ojcv,'t>fe
(l98-4) and l\s10,1 and AnllB4 (1991) reported lhol the stem bark is u.sc:d for trcnting llilmcnts 

IUcb 
13 malaria, painful mictwition and rheumatic condhions. l!xtrocts of the pl011t hos also been 

� to possess a.ntimiaobiaJ property n,(IAinst E. coll, Salmonella parol),phl and Shfg�lla
"ntnrerfac. Kwcifo-Oluii 6 

al. (199S) l'Cl1'Ullked I.Ml 1he an1l-inflammo1ory activity of A booncl
Co!tld be due to aJpha-llJl'lyrin palmllllte as tJ1e acllvc ingrcdirnt. llo"cvcr, Olqjldc et oJ. <2000)
lllbtiiitlcd I.bot 

00 report 00 phytoehcmicaJ studies on A boont1I has shown the p� of lhls

toii,Pound. PhytocbcmJcaJs cstablhJ1cd to be prcs.cnt in tho ctlnlel of the plant include 
::1'-nioe, All alka.loid (Ojewolc. 19841); soponlns GIid allalolds. trl1crpcncs and indolc alkaloids

�Pie, IWOnlnc. prorpbrinc 1111d asionldine. 
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l.S.S. Cltromo/aena odorata (Local names: English: siam ,veed; Yoruba: akintola, nwolowo;
Igbo: obinrakara. nhihia eliz.a) 

The antispasmodic, antiprotozoal, antititrypanosomnl, antibacterial, aotidjnrrhoeaJ, 
antihYPCrtensive, anti-inflammatory, astringent. diuretic and hepatotropic propc.rties of the plant 
have been reported (Watt and Breyer-Brand,vijik, 1962; Feng et al., 1964; Weniger and 
Robineau, 1988, lwu, 1993). It is used elhnomedically in \VOWld dressing, l.o treat skin infection 
and to stop bleeding. Phytochemicals sho,vn to be present in the plant include the flavonoids 
quercctin, isosakuronetin and sakura.nctio (Mcl\vally and Ekejuba. 1981), limonenc found in the 
leaves and flo,vers, phenolic compowids found in extracts from the leaves, flavonols (flavones 
and cbalcoaes), linoleic acid, camosine and pyrroloquinolinc quinoac (from the leaves). c

Odorato causes skin irritations nod rashes in people with allergic reactions lo it. Toxin from it 
has allclopnthic effect on tomatoes (Lycopersic11n1 csc11/e11111m Mill). 

l.S.6. Ciobimetu/a cupu/ata (Local names: English: mistletoe; Yoruba: afoma; Hausn; knuchi;
lgbo; apari, 8W\UUSC)

Ciob,,,,e,u/a cupu/ata iJ used for erc:ating hypenelUion. Cennin componmLJ of the plant  n1so 
"-'c llnticancer oc:tivity but the vnJuc oflhe ,vholc plnnt in cancer trenllnent is not fully OCCcpted 
Cl3rown, 198S; Cbevallier, 1996). 1110 leaves and young twig., arc nntispasmodic, cytosuuic,
dhuttic Ind hypotcnsive. Globlmetulo cupulota hns a rcpu1t11ion for curing epilepsy and other 
�ivc ncrvou, di$ordet,. II tw also been employed in cheeking internal hemorrhn&cs and 10

� 11\hriti.1, rbeunw.ism, c:hilbliuns. lea ulcers a.ad wriCOJC vcuu (Drown, 198S). 

2.s.
7
• Securldaco longq,cdunculata (Locel names: English: violet tree; Yorubll: l

pctn; I IA�
UWarnJ4&ungWlA, sanya; Jgbo: c:uogwu. lShi-vc:ndll. mpcsu)

h 
l
a 11.k:d as trwiltional medicine in many f)4lU or Africa and ophut o number of ,nvntebf-atcPtata of llOrcd &ra1m Mein voletllc component Lt meth}I allqleu-. The root bin: hAJ 2_

li>dtoiry-6-mctho
xy 

bcoz.olc acid �th)I n1er The llAlllhonc:a 1,7.(ljmclholf)•l•h
)dt-rut)'­

� Ind 1,4 -<fihydro1t)'•7-mc'l110X)'•xalllhonc lsol11C\I from the l'OOI ha\'C IICllVII) �J\Sl 
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ttccltlc dysf unction (RAkurunbo et al., 2004). The pllllll is used 10 lrclll erectile dysfunction. 
coughs, cold,, fever, blwk.ochc, 1oothachc, slc:q,ing sickness, \'CIJCr=.I disease. malaria. 
inlwnrruulon, rhc.urru:uJsm, snnlcc bite, 1ubcn:ulo,i1, ulcer, and pocumorua and as a 
controcc:ptivc. 

l.5.8. Oclmum grotlsslmum (Locnl name,: English; basil; YoruhiL cftruin. cftnrin-nla,
oromobo; l lnuso: Do1doya; lgbo: Nchnnwu) 

The Plllllt is used for the trcotmcnl of rheumatism. pwulysiJ, epilepsy, high fever, dianhoca, and 
l'llcnta) Illness. Extracts from the plant have been found to posses, Mtipyrc1jc; anudinrrhoeal and 
bq,aioprotcctive propcnics (Dhnwnn. et al., 1977; Abdulruhmnn, 1992; Sofo""Om, 1993). 
Esscnlial oil from the plant inhibited prolozoan growth. The c:sscn1jaJ oil contain, Eugcnol,
1�00� mclhyl cinnrunnte, camphor o.nd lhymol. The cugenol content has antib:lctcrinJ and
lnlihcminthic octivilics O·lolets, 2003). The plant also contains phenolic acids with antibactcr ill.l
111d rnolluscicidol properties. The essential oils Nl\"c an1Hungol activity. The plnnt C."<1racts is 
� DSJ1lns1 gastrointestinal helminths of animnls and l1lllll ond inhibits glutnth.ionc-S­
ltansrCl'asc$ from parasitic ncmnrodcs. II is also used as an anctic and for the trcatmCl'Jt of
hactnOTThoid,, stornoch problcrns and cyc/lhron1 inOommlltion. 

l.s.9. /tfor/nda Juclda (Loclll nrunes: English: brimstone plant: Yorub3: oruwo, cru"'O; lgbo:
nuke, c-u ogu. njlsi) 

�Or/flda /ucfda is used for the u-entmcnl of mnJnria and typhoid fever. CUrrcn1ly, Japan impons 
°"" nny million doll� worth of }.forlnda Jucfdo per year 10 treat people ,Yilh chronic mnlnria 

"1d lYJ>boid. Although the modem community hos given Ilic hcollh bcnc01 or Aforlnda lucfda
I
Jll'IJ1cc.1 official standing. Then: have been nun,croUJ \\'Orld,vidc scicnulic studies by nullioritotivc

"1d 'ttl)CetccJ medicinal rescQl'Chcm regarding the ubiquitous hrolll1 bcnclits for J'ICOplc IUld
�la III well. 11 wu noted that whole lcor cxtrncts could bring com11lc10 resolution or the 

1'}
1
lowina, typhoid, malaria and Jaundice. 1,/urlnda l11c/d11 IJ hypollllc�nic but ha..1 side eff

ect 

"""'1 tak� I 1 1 11 IIIO U5Cd In trcotlns \\'Ound lnfcclionJ, obsc� nnd ch:intr\'If · n oraio dose. 1 o 1
111\.ill, I ?117). 11 hllJ been dlscovem.1 al.o llllll 1rcn1n,cn1 or cxpcrimcnllll 11nlrn11ls \\"ilh �nllal

JI 
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oil or A1orinda lucid lower the plasma level of dienic conjugates ond ketones. The 

hypoglycaemic effect or Morinda luclda bns been reported. 

l.5,10. Spondias mombin (Local names: hog plum; Yoruba: iyeye; Hausa: IJ11dar 
lamarudu; lgbo: ijlkara)

SpotJdias rnombln is a tree thot is native lo Africa (DuvnJI, 2006) ond nJso found in other 
COntincots or the ,vorld. ft is o lropicnl genus of the family Anacardiaceae ,vith about 14 species

World\t,ide. Spondias mon1bi11 is tlic only widespread species in Africa. 

Various medicinal properties of the plant hove been described. These include antioxidant, 
llltimic:robiaJ, antitumour, abortifocicnt, onlidiabctic, sedative, ontiepileptic ond ontipsycbotic
Plopcnjcs (Ayoko et al, 2006). Tiic fruit juice is drunk as a diuretic ond febrifuge. The dccoction 
of the astrigent bark serves as on emetic, n remedy for diarrhoea. dysentery, hemorrhoids,
&0Dorrbca and fcucarrbca Spondlas mo111bi11 leaf extract bas ,vidc spectrum ontibactcrinJ effect
ConiJI.Uable to those of ampicillin and gcntnmycio. It is used as on anti-infective agent inl
laditiooat medicine. Aqueous cxtrnct of the leaves possesses abortifncient property. E.Ytracts

&orn the bark have onritumour property and ore used for the lrelllmcnt of malignancies. The
PLln1 C:Ontain., antibact.eriaJ and molluscicidJll phenolic acids Md a sizeable amount of vitamin c.

)l 
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I 
'llire 7 1 .Qves 1111d fruha of .\j),(J1u/fa, mombln
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2.6. Aims and objectives of the study 

Plant extracts and plant-based foods are important sources of antioxidants. Antioxidants help 

protect cells from oxidative stress, a potentially damaging physiological process, \Yhlch has been
&ssociated with the development of chronic diseases such as cancer, myocardiaJ infarction and 

ctn:brovascular accident or stroke (Farombi, 2000; Liu, 2004).

Pbytochemicals are responsible for the antioxidant and free radical scavenging activities of 
Plants. Other biological properties of many phytochemicals from different plants have been

d<>cumented. There are also standard tests for eval1.1.1ting bioactivitics of novel phytochemicals
CFarombi, 2000; Farombi, 2003; Sun et nl., 2008; Akiru:nolodun et al., 2009). Kno\vledgc of the
t;'J)Cs of phytochemicals present i.o a given plant could therefore be a useful guide to,vards
elucidating the basis for their cthnoniedical or troditionol use and also offer insight i.nro new
tbcrai>cutic applications. Phcnolics, especially flovonoids, hove been mostJy credited with the 
lntloJtidaot property demonstrated by plant cxtrocts. A direct proportional relJltionship ber�-ecn 
Phenolic content and antioxidant activity of plant cxuncts hos been reported. Accordingly, it will
be llCCcssary lO screen the study plants for pbytocbcmicnl constituents, dctennine their phenolic
Contents and invcstign1e rcllltionships among phenolic contents and other antioxidant indices. 

ControvC?ly currently exists GS 10 the reproducibility and reliability of results oblAincd from 
'-YI for antioxidant octivity (German, 1999; Schaich, 2006). Different o.ssny methods ,viu be

tltiplO)cd for the a.sscssmcnl of the o.ntioxldant and free rndical scavenging activities of lbc
� A COmJ)3rison of the VIIIIOUS assiy prolOCOls will be cnmed out to dctcnnine whether or
!lot lhcrc b • basi, for such controvcrs)'·

�ta or the fir5t pl:wc of thlJ in,'CStigndon showed that Spondla.r mombln Pos.tcsscd 1

�le lll'ltlo.xidant and free ra,dicaJ scavcngjna activity among the ten st\Mly plants. It �..,

�Ore 1Clcct.oc1 ror furthttr siudlcs. Spo11d/4t momhtn Is popula.,ly and �idcly U,c,d tn 
tOi...._,· l _.,, rhllrm.ocoloafcaJ pn>pcT1lct lh:11 ha,-o been �Ported for •'-­�""'led c 11c all over the �'O,.... 11K' 

� lncfU!Jc aruimk:robW, 1111tlrwnour, abottlflicicnt. Mlid1Abct11; ICWlll\-c. antlcpil�,c and 
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antipsycbotic properties (Ayoka et al., 2006). Its antioxidant, antiprolifcrativc, cardioprotectivc 

and ncuroprotective properties have not been investigated to any significant extent. 

These properties have been examined in this sudy. Antioxidant and antilipoproHfemtive octivities 
or the crude extract and fractions from the leaves of the plant will be further evaluated with a
view lO knowing the most active fraction nnd isolating some bioactivc components. Furthermore,
the cardioprotectivc and neuroprotective properties of the lcof extracts ,viii be investigated. 

The objectives of the present study are: 

I. To qualitatively confinn the pbytochemicoJ groups present in extracts from the ten plnnts
under investigation

2. To examine the correlation behvecn tollll phenolic content ond other nntioxidnnt indices
3. To asceruun from results of the various ontioxidnnt o.ssoy methods ,vhethcr or not then: is

a basis for the present controversy rcgurdiog the reliability and reproducibility of results

from lllltioxidant studies
4. To evalwuc the eardioproteetive property of the crude C.'<lnlel of Spondlas n,omb/

11 using
ex v/1'0 and In vi1'0 model systcmS

S. To evaluate the newoproteetive property of the crude cxlr11c:1 from Spondlas mombln

using the middle ccrcbrnl ancry occ:lu.slon induce focoJ cerebral ischemiA mode l
6. To cvAJwuc the ontioxid4nt and ontiprolifcn11ivc activities of the crude e'«nlet 4nd

fmctlons from the leaves of Sporullas mon,bln with n view to cluuuctcrizina bioacti,e
COlllPoUnd, from the most active fniction(s). 

35 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



CHAPTER THREE 

MATERIALS AND METHODS 

(A). Antioxidant and free radical scavenging activities of extracts from ten selected

Nigerian medicinal plants 

3.1. Chemicals

Folin-ciocaJtcu rcagenL, sodium carbonate, gnllic acid, aluminium chloride hexahydratc, sodium
ni� quercetin, oscorbic acid, 2,2-<lipbenyl-1-picryl hydmzyl (DPPH) radical, methanol, 
ethanol. lhiobarbituric acid (IBA), lricholoroacctic acid (TCA), Iron (rll) Chloride, Iron (JI)
1111Pbate, acetic acid, sodium dodccyl sulphate. ni1roblue tetrnzolium (NBT). potassium
fCfJiC)'anide (K1Fe(CN)6), ethylene diominc tctnwcctic ocid (EDTA), riboOavin. deoxyribosc, 
I.Scorbic acid, sodium cyanide, hydrogen peroxide (l-hO.t), buton-1-ol, sodium nitroprusside,
leldium chloride., Griess reagent. butylatcd hydroxyl to luene (BI-IT), potassium DCCtate,
rifarnpicin, nifcdJpin. dithiobis nitroben.zcnc (DTNB), reduced glultllhione (GSH), �ucc(!
�de adenine dinuclcotide (NADH), lriphcnyl lctmzolium chloride fITC),
llll�icylic acid, 1,1,3,3-telnlCthoxypropnne (TEP), bovine serum albumin (BSA), socliurn
Polii.s.sil.lln lartarate, sodium pyruvore, N-(1-rusphthyl) cthylcncdiamine dihydrochloride CNED), 
'-illllianilainidc, orthophospboric acid, sllic:11 gel (2JO - 400 mesh), ond a.JI other rcagenis used 
"'ctt or 11/lalytiCAJ gmdc lllld oblllincd from stMdonl suppliers such as Si&ma-AJdrich (USA.),hou ClJK) and Spc,c1rochcm Pvt Ltd.. Mumbai, India.

3-2. St lldy Pla111J and p1ru uKd

l'lic Plll!ta 111d the spec
llJc puts ln�c1tJptcd arc lined In fable 2. Aulhcntication "'"' done

11 

Git �1 r C So.I ond Pest Mllllll&cmcnt, Federal Unhcrshy or T«hnoloa>, Al�
�, . 

O ,op, I •
� 11\d the 'kpat11nc:nl of Pllam*Y• Obofcm1 A"-olo"1l Unhcr1II}', llc-lfo, Nl

i:
cria. 

)6 
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Table 2: Study plaats and paru used

SCJENTIF1c NAME LOCAL NAME PART USED VOUCHER 
- NUMBER 
Ps/dium guajava Guava Leaves PG-L-001-06 Cassia alara Asuu,von Leaves CA-L-001-06 
Newbo11/d/a laevis Akoko Stem bark NL-SB-001-06 ,(/sronia boonei Ahun Siem bark AB-SB-001-06 Giobimet11/a cupulata Afomo Leaves GC-L-001-06 
Chromo/aena odorota Akintoln Leaves CO-L-001-06 Secu,,idaca longepcdunc11/ota lpcln Root SL-R-001-06 
Spondias mombin lycyc Leaves St.l-L-001-06 
Ocimum gra1issim11m Elinrin Leaves OG-L-001-06 Af'1rinda lucida Qruwo Leaves ML-L-001-06

J.z,I. Ettt'lction or plant parts

Pt.nt ltllltcriaJs were obl4incd from fannJond.s in Akurc, Ondo Stn1c, Nigcrio.. They ,vcrc dried 
� &c:tivc VCDIJlat.ion 01 room 1cmpc1111un:. packed lo paper bllgs orul stored. The materillls 
""'nl later pulvcri.zed lllld cxtroclcd in 80% mctlumol by moccm1ion for n h. The mclhanotic
�ltact W1J.'I Coru:c:ntnll.cd in 8 rolnl)' cvupo1111or, lyophillzcd ond pre$Crvcd for funhcr use, Pans
or the Pulveri7.ed Amplcs "'fft also cxunctcd In wu1er for 1hc purpose of eomPAnltivc
Ph>'lochcm,QtJ SCTccning. 

3,J, flby1 b 0c t111lcal Sc_n�nlng

'llie toqUcous and lllC1JU1110lle cxtnlCU "'n-c 11Crccncd for 1hc � of allolol<b, l>Onins
,� PhlobaJannin.1 anthnlquiJ10ncs. stcroldJ, 1crpcnolds 01\.<t>nolds llnd canlu1c il)'C<>sldc:5. 
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JJ.J. Tut for alkaloids 

Extract (5 ml) wns added to 5 ml of aqueous 1-ICI (I%) in a steam balh. The solution was filtered 
and the filtrnte treated ,vith a few drops of DrogcndorlT's reagent. Turbidity or precipitate 

showed the presence of alkaloids (Trease and Evans, 2002).

JJ.l Tut/or saponins

Extract (I ml) ,vas mixed wilh 5 mJ of ,vn1cr in o lest tube and Wllltlled. Frothing indicated the
P!'tscnce of snponins. 

JJJ. Tut/or tannins

Extract (5 ml) ,vns stim:d ,vilh I o mJ of distilled \Ylltcr. The mixture was filtered and the fihrnte 
lreatcd With ferric chloride. A blue-green - block-green p.recipltate indicated the presence of

laanins (Trease o.nd Evnns, 2002).

JJ.4• Tut for phlobaJannin

� (S ml) was boiled \vith s 011 of 1% aqueous I-ICI. A red prccipit:nte showed the Presence
or Pblobaui.nru

ns (Trease o.nd Evnns 2002).

JJ.s
· Tl!SI fer Anthroqulrrorra

�trac, (S ml) wu, mixed wilh I O n1I of bcrt1.cne ond filtered. Fi\'c ml of I 0'"/4 41nmonio SQ)
u

ti
oo

� lddc:d to lhc filllDte. 1110 mixture wau vorte:<c<l. The presence of pink. red or violet colour in
Oie .... _ _  I I di tcd the presence off� nnthmqulnonC>. 

-·,.11on acaJ Iowa ph115C n ea 
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J.J.6. Ttstfor steroids

A f · cc IC acid (2 ml) was added to 0.5 ml of extract. Two mJ of H2S04 \V8S thereafter added. A
violet to blue-green colour showed the presence of steroids (Edeoga et al., 2005). 

J,J.7• Ttst/or lerpenoids

Extract (5 ml) \YaS mixed with 2 ml of chloroform. Three m.l of concentrated H2S04 ,vas then 
tal'efully added to fonn a thin layer. A reddish brown colorotion at the int.erfacc indicated 
l>Ositive result for terpenoids (Edeoga et al., 2005).

JJ.a, Tut/or flavonoids

Dilute 81Jlmooia solution was added to the extract foUo,ved by the addition of e-0nccntrated
liiSo •. A yellow coloration which disappcnrcd on struJdiog indicnted the presence of flovoooids
(Sorowora, 1993).

JJ9 r. • • ests for cardiac glycosldes 

J.J.? I. SalkowskJ lest

lhe tx1ract wu, dissolved in chJorofonn and I ml of I '1SQ4 was =fully added to from O lo\\-cr
'«>·er. I\ rt.ddlJh brown colour 01 lbc: interface shoYicd the presence of C41'd.Jne glycosidcs ,vith
llcro(daJ ring (Trease and Evans.. 2002). 

J,J91 v • · "tller-Kf/1/onl 1ut

r� wu added 10 2 ml &J.aciul acetic echl conuuning o drop of ferric chloride aolutlon ln.lJ,.la �laycd wllh I ml cooccnltlltcd 11iso. A hrown rina 11 lho lntcrlicc, lDdi
c..tcd 1

�&ar chanictcristlc of c:ardfflOlldo. A violet rina may •1..-r helnw the hro�"I\ rina �hllc
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in the acetic acid layer and a greenish ring moy fonn just gradua!Jy throughout a thin loyer 

<Trease and Evans, 2002). 

3.4. Estimation of total phenolic content 

Th e  assay is bnsed on the reduction of Folin-Ciocalteu reagent (pbospbomolybdate and 

Pbospbotungstate) by the phenolic compounds. The reduced Folin-Ciocaltcu reagent is blue and 
tbus detectable ,vith a spectrophotometer in the range of 5 0 0 -750 nm (Singleton et al., 1999;
McDonald er al., 200 I).

Re11gents 

I. Ethanol
2. Polin -Ciocaltcu reagent (Sigma-Aldrich)
3· Gallic acid SU1ndnrd (5 g/L) 

1'bis was prepared by dissolving 0.5 g of dry gnllic acid in 10 mJ etluu!ol in a 100 ml

Volumetric 08.$k and then owcios up the volume 10 mork \vilh distilled wotcr.

4 Sodi · um carbollllle (IS¾) 
This was prepared by dissolving 15 g of sodium co.rborulle in distilled \V&ter nnd making up the

Volume to I 00 ml. 

,.,�dure 

ScriaJ dilutions of SO m&IL, 100 mg/L 150 mg/L ond 250 mg/L "-ere prcp:u-cd from the g11llic

lcid na..A._, .d € .. lutlon (O. l ml) or solution of the c:xlnlet.s (0.1 ml, 20 ma/ml)·--.uu 10lulion. G11lllc ac1 -

_._. ldd-ed::a 10 0.2 mJ F'olin-Ciocolteu rc:ogcnt (diluted ten-fold) ond 2 ml of distilled "'"Dier Aficr 1

few .... CO wu.s thoroughly mlxcd wilh the tolutlon. The solutions "�
'"lllutc:a, 1 ml of I 5,-. N•> ' 

inaitie . "- ·"luch the ol)JOrt,onc:e wa, mid at 760 nm. To141 content orled Ill 40 °C (or 30 mm IJ\ICI .., 

Phcnor �i.-nnllc ciccncu was cxprcsscd In mivL aiallio ocld cquh•alent
IC compounds In plant m�u--

(OAJ.;)
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3.S. Estim atton of total flavonoid content

Tota) flavonoid cont t f . . . . co o ex'trnct \YnS esllmatcd using the ulum,nium chloride colorimetriclllelhod of Chang et al. (2002).

I. �tetho.oo1
2..Atum: mrum chloride (10%)

Ten Gram of aluminium chloride wns dissolved in distilled \Yater and made up to 100 ml.
3 Sodi . um 110Ctate (I M)

lbis was prepared by dissolving 9.3 g ofsodiwn nccuue in distilled wuter o.nd making it up 10
I
OO cn1.. Sodium acetate was used in pince of pot.ossiwn ncet.ote in the original method.

4' � (100 µg/mJ)
lbis "'us prepared by dissolving I mg of qucrcelin in mc:thnnol to get a final volume of I o ml.

� Plant CXlmct (O.S ml, 1 mg/ml) in methanol were: scpa.rotely nuxcd with 0.1 mJ of IQ¾

.\lcil-6Hl(), 0.1 ml o f I M sodium accw1e and 2.8 mJ of distlllcd ,vatcT Ind lcn 11 room

� for 30 min. The at,sorban" of the reaction mixture \\-as measured Ill 4 IS run. lbc

� curve was plotted by prc-pannS qucrcctin solutions 01 concc:olrDtion., Jl.S.100 l'a/ml
.

Ola.I Jlav,-.....,d red AS unlml, qucrcctln eqw,'&lcnl (QE).
vuv, COlllcnl WU Qpiw r-111' 

34 0 • PPfl free radial acav<11sh1g activity

�II free radjcaJ tcaVC'IIIPDI acuv11y uf c-<t,'ICU 11o-u determinal "'1f18 I.be DPPU

a,.q,� mdhod (Mcn,1)1 tt ul. 2001 ). 
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Prine/pit 

When DPPH reacts with an antioxidant compound which can donate hydrogen it is reduced. The 

cbange in colour from deep violet to golden/Ugh! yello\v can be measured at 518 nm. 

Rtagtnts 

I. DPPH (0.3 mM)
Prepared by dissolving 0.03 g of DPPH in methanol and making up the volume to 250 ml.

2· Gallic acid (300 µg/ml) 
This \YaS prepared by dissolving 3 mg of gallic acid in methanol to get o finnl volume of I o 
1111. 

3• IUC:orbic acid (300 µg/ml)

This wo.s prepared by dissolving 3 mg of nscorbic acid in methnnol to get o finoJ volume of I o 
llll. 

Dppli methanol solution (I nll, 0.3 mM) \VllS added to I ml of extract. gnllie acid or ascorb ic
llcid and allowed to ruct at room tempenuurc. Tue absorbo.ncc values \VCrc read nJ\cr 30 min nod
� ............ l . •dnnt ac:tivitv using the fonnulo•• ....., In O percentage o.nUOXI .... ., 

AA% • JOO-((Ab5pn,p1o-Absblri.) x IOOJ

�r11,__ _ 1 served cs blllltlc. DPPl-1 ( I ml. 0.3 mM) oddcd 10 1 ml of--.....riol {I ml) addc:d to I ml of eJCtrllC . 

lllfot1._ • 1 The positive controb \\'Cl'Cl &0lutlons ascorbic acid llOd-"'ill\OJ 1Crvcd o.s ncgauve conuo • 
llllic Gcht
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3•7• Nitric oxide ndlcal scavenging aciivlcy

Nitric oxide rodicn.l scnvenging oclivity wos determined o.s described by Babu nnd Padik:ka.Ja 
(2001). 

Prinr/p/1

lf 
. 
llric oxide, generated from sodium nitr oprusside in aqueous solution at pbysiologicn.l pH,

lllla-acts 'Ylth oxygen 10 produce nitrite ions ,vhicb ,vcrc mC4S\JJ'l:d by Griess reaction. 

I.Sodium nitroprussidc (10 mM)
Sodium nitroprussidc (0.66 g) ,vns dissolved in phosphate buffered saHne nod mode up 1o 200
llll. 

2. Griess rcogent (Sigmn-Aldrich)
3· Phosphate buffered saline (pH 7.4)

1\
is 

\11115 pn:pnn:d by dissolving g g orNoCI, 0.2 g or KCI, 0.2 g of Kl '2P0c nod 1.06 g or
Na111PQ4 in distilled wnter ond making up Lhc volume 10 I I.

l'ht r....,.., • . Ing 50<1ium nitroprussldc ( I O ntM} in phosphate buffeted--uon rrux1un: (3 ml) conro1n 
lllillc CPOS g/ J) YIU incub111cd ot 25 °C ror I SO min. Anc:r lncub.1tion, 0.5) and the cxtmct (I m m ' 
1111 of,L- • cd d o.s ml of Orie$! rcogcnt ,\'1\S ftddcd. lne absorbnnc:e 

uic: reaction mlxtw-c wo, rcmov nn 
or the L. _ 1 tcd 01 S46 nm nnd expressed In pc:rccnt11gc.turomophorc formed wu, evo 114 

lJJ II 1 (OeoJyriboJe 1uay)· 
Ydro1yl radlc:al ,c:avc:nJIPJ 1c:II� I)' 

·11ie h ,._ I lly WIii dctemilncd u deterihNI by Nett&hca, tt ul,)'..,uicyl nadlcal tc0vcnai)n1 AQl v 

<�,. 
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Priltclplt 

The method is based on studying the competition between dcoxyribose o.nd the test compounds 
(cxtmcts) for hydroxyl radicals generated from the re'•tnscoroote/EDTAIH20, sys�m.

Rtagtnts 

I. Dcoxyribosc (IS ntM)
Pleparcd by dissolving 0.2 g of deoxyribose in distilled water o.nd mnldng up the volume
tolOO ml.

2.Fee1J (SOO µM) 

� by dissolving 0.008 g FeCI, in distilled water lllld ma.king up the volume to  I 00 ml.

l. EDTA (I mM) 

Pn:txu-c<l by dissolving 0.3 g ofEOTA in distilled "-'Iller 11nd rruwng up the volume to JOO mJ.

4· H101(IO mM) 
pteparcd by diluting 1.13 ml of JO% H2Ch 10 1000 ml with distilled WIiler.

5· l\scorbic acid ( I mM). 
� by dissolving 0.18 g of ascorbic ncid in ,wtcr 11nd making up the volume to 100ml.

6· T'BA (1%) 

Pl'CpQrcd by adding I g of TOA to distilled ,voter 11nd mAkina up the volume to I 00 ml.

7 TCA (2.8%) 

� by adding 2,8 8 ofTCA to distilled ,vo1cr ond mJlking up the volume to 100 ml.

I. Ou1.an.2-01 9 �U1POc·KOII buffer (100 mM, pll ?.4) 

A 100 mM solution ofKlliPO, ,vos prepared Md the pi I ,vn., ndjustcd to 7.4 ,Yith IM KOH

IIOlutlon 

llic ,-.. I I _ _  , 200 111 KJhPO, . KOii. 200 11L dca�bo,c. 200 µt. F'cCti
--1 na mhuun, conlA ncu 1 · • 

1
0() Ill l:l>rA. 100 µL aa,nplc (1500 µafml), 100111, lhOJ and 10011L ucorblc acid. Rc.c:1lon
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mi�urcs were incubated al 37 °C for I h. At tbc end of the incubation period, I mJ 1% (wlv)

TBA \\115 nddcd to each ntixturc follo,vcd by the addition of I ml 2.8% (wlv) TCA. The 
SOiutions \\'Cre heated in o ,voter both ot 80 °C for 20 min lo develop the pink coloured MDA­
(TI3Ah odduet ,vhich ,vas extracted into 2 ml butan-1-ol and the absorbanec measured at 532 
nm. 

l.9. Lipid pcroxldation inhibitory activity

A lnodfficd TBA.RS assny ,vas used to measure the lipid peroxide formed using egg yolk 
baaiogenate as lipid-rich mcdio (Ruberto et al., 2000). 
�ltnJ:s 

I FeS(), (0.07 mM)

� by dissolving O.OOI 8 of FcSO, in distilled water and making up lhc volume 10 100
1111. 

2
. 
� acid (pH 3.5, 20 %) 

This V."IS � by mixlng 20 ml of IOO¾ acetic acid ,vith distilled water and making up

lbc \'Oh.rme to I 00 mL The pi I was adjusted to 3.5.

l SDs(t I%)
'l',.c • • 1 1 g of SOS in distilled wou:r 111\d then making up the'11&1 was prcpan,d by d1ssolVU1i
�l.tmeto 100ml. 

4
• TBA (0.8 % •tv) 

'h., . O g of ·roA in SOS (I.'") llnd ma.kln11 U(l the ,ot� to
"IQ WU prepmc:d by cbl:JOIY1Dg • 8 
I 00 mJ wi:lb amc

5
·8-n I ol

,., __ ---,11,,

I t,kd u, 0.1 ,nJ uf c,1,-1 (I m ml) The ,ut11mo v.�
f&t1r J()%'/w)"'aJIL, JIJIO&cnato (O.S rnl, 

J\ O OS ,nl ,,f fcSt>• "'u eJ.kJ lod lho m1,1ur. � ..., �n 11�m er. up w I ml -.Ith dlsull� ,., "., •f:t,p.l fullu"'..J b) I S 1nl ut 11\J\ 111,. 1<rnJt1flNli'""' � '"' 30 ,nl,t lllCfl, oJ 
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SDS. The resulting mixture was vortexed and heated at 95 °C for 60 min. After cooling, 5 ml of 

butan - I - o I was added and the mixture was centrifuged at 3000 rpm for I O min. The 
absorbance of the organic upper layer was measured at 532 nm and converted to percentage lipid 
IICl'Ollidation inhibition using the fonnu!a 

(I- PJC) x 100 

Where C =- obsorbonce of fully oxidized control. and 

E = obsorbance in the presence of extract. 

3.to. Evaluation of the reductive potential 

The method of Oyaizu ( 1986) \WS employed in determining lhe reducing power of the extracts. 

I. Pbospbntc buffer (0.2 mM, pH 6.6) . . . 
1n· . . 

5 2 ml of IM Na1HP04 ,VJth 64.8 m l  ofNnJl1J'04 and d1lut1ngis was pn:parcd by m1xU)g 3 
the combined volume to 500 ml ,Yilh disiilled ,voter.

2· Po14.ssium ferricyunidc ( I o/o) 
p . rerricynnldc in distilled \\'Iller and making up the 
l"tJ>arcd by dissolving lg of powsiwn

Volume to I 00 ml will, so.me.
3. TCft. (100/.)• 

.. nd mo.kino up the volume to I 00 ml.
p,.._ __ , rTCA In water.... D · -.,....<lll by dissolving I O go 

4. PcCJi (lo/e)
, istlllcd ,w.tcr rind making up the volume to

"''Pared by dissolving I 8 of FeCI., 10 d 
100 rnt. 
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Proc:tdure 

Extract (ISO µg/ml) in I ml distilled water was mixed ,vith 2.5 mJ ea.eh of phosphate buffer and 

J>Otassium rerricyanidc. The mixture was incubated at 50°C for 20 min. TCA (2.5 ml) was then 
added and the mixture was centrifuged at I 000 g for I O min. Thereafter, 2.5 ml of the upper
layer or solution was mixed with 2.5 ml or distilled ,vater and 0.5 ml FeCl3• The nbsorbnncc was 

read at 700 run. Higher absorbancc of reaction mixture indicates greater reductive potenLial. 

CB). Studies on extract of Spondias mombin

3·11. Experimental Animals

Adult male Sprague-Dawley (SO) rats ,vcighing 150-200 g for cardioprotective studies nod 250
i 20 g for neuroprotective studies were procured from Nntioool Animnl Laboratory Centre 
<NALC) of Central Drug Research [ostitutc (CORI), Lucknow. Animnl experiments were
COnducted a.ftc:r approval and in accordance wilh the guidelines of the lns1in11ionnl Animnl Ethics 
Conunincc ClAEC). Rats "-ere housed in on air - conditioned room and kept in slllndard
�I'll-Ory conditions under 12 h light-dark cycle. 

3'11· Preparation or atnct of Spond/as mombln

SPolldt �--1 o.s described in section J.2.1. lllld ,w.s used ror the az mombln lc:af exvnet WllS pn;..,...-
h.__ 

. 
pcrtles.

�1 or canUoprol.CClivc and nc:uroproteeUvc pro 

l.13 C • •rdioprotcctlvc ,1udJcs

l.13 1 d tl-udlunlc cffrcu or Spondla mombln extract 00· · lnotro plc. chronotroplc an an 

lao1ii ltd rat heart prcpanclon 

M-L • hi �ffiS) "" (n\'CSIIIJllted for ptr se (tntnnlfc) and anti _ 

�llllnohc extract of S(IQndltJJ 1111),n n ., 
i...-.. • of male Spniauc-D.a�ley nlJ (ISO .oo g) lb1n& tho
�c cfT«� on isolaicd fl(1IIU 
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LangendortTnon-recirculoting technique. Ramipril (10 µM) ond Nifedipine (1 µ1,1) were used oscontrol standard drugs.

Rtogtnts

NormnJ HEPES Tyrodc (NI.fr) Buffer

1bc composition of the physiological salt solution NHT buffer in mM \VOS: NnCI 137 KCI s 4 
Hl!P • 

• . • 

I.O
ES {N-[2-Iiydroxyethyl] pipcrozioc-N'-2-ethllncsulphonic ncid) buffer J.O, CoC)z 1.8, Mgc11

lllld glucose 11.1. For the prcpnrotion of I L of NHT buffer, CoCl1 nnd MgCl1 \lt'Cre dissolved 
fq>amtcly in distilled ,wter. The remaining reagents \\'Crc dissolved separately n1so in distilled
\\'lltcr. The two solutions ,vcre mixed and the volume wns mode up to I L. The pH ,vns adjusted
I07<1

us
· · 1ng I M NnOH. Fresh buffer ,vns prepared on eoeh dny of  the expcnmcoL BotJ1 buffer

Ind SOiution of cxtrnct ,vcre filtered through n 0.22 µm Milllpore filter before use.

�trlnttntal Procedure

1'hc llnimats were nnncsthcliz.cd ,vilh chloml hydmte nnd cxsanguinnted. Hearts were ropidly
� -

Clfed, rinsed in ice cold perfusion buffer nod perfused n:trogrodely through an oortJc canuJu in
lhc langcmdorfT mode in n non-recirculating monner at o constont pressure of 80-90 mmHg with
ConUnuous1y oxygennu.'CI NHT buffer ot a constont rempcmtun: of37 oc. The pcrfiJSing solutions

"'ere led through ghw coils enclosed ,vithin gloss jackets through ,vbieh ,vnnn \\'lltcr 'VllS

PllliipCd by O '-uJ . ._ft111 Spon1.0Dcously beating hc:nru were given a resting tension�"" oung ,wter .,.. · 
0ri g tlnd . 

rdcd thr<>ugh O force disploc:cmcnt tronsduccr (FT OJ, GRASS1 contrncttoos Y.-ete rcco 
113l(u111 .... cs p 1.,nmpb. For the cvaJwuion of inotropic ond chroootropicen13 Company) on o Giv"' 0 , , .. -
'lt

ctts. al\ • • • • in ,yhich perfusion wos done ,vilb the NlIT buffer, tJic"'tcr 30 m1n of c:quihbmuoo
l>trfusi • • .. ,1 IT buffer conUJining tJ1c cxlnlct or stondnrds. Values of00 mcd1wn wos switched 10 the,, 
"'iplj, ... ,. compounds ,\'Cf'C measured ond com� ,vith the voJues._ and heart rote (HR) for test · . , • 
fo, lbc N . ....rd!nltlgC wJue. For tJ10 GDU•ischcm10 study, 30 mio of1 IT buffer ond c.'Cprcssed os �--
'qllJJii...__ • , f global j5ehcmin.. RepcrfUSJon W1l5 done for 30 min withlo{ uruuon WU folloY.cd by 45 m1n o 

I 11 L. ,.,. 
.. · 8)uu.,cr with or \vithout MES (J·iaure 
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A 

PNfu,lon for 105 min �ilh NlfT Owl'cr ------

R 

__ �crfusioo ,\ith
NllTDufTer 

(JO mlo) 

c. 

• 

Perfusion"'"" ICSl subslance

(45 mlo) 

._ �libndon
(JO min) 

---- Olobal IJchcmia----- Rt'00"---

(4S mln) (JO mln) 

"''"' 81 [ 
. 

i.r, 
•i,rrtmenlal 1,roioc:ol ror a ,.,.,_ c:anlloprol«tln 11adla ula1 die t..a,:uclorf'I'

W lllq9e. A. Ptr M tlTC'CI or NJ rr b111Ter; 0. Per� tlf«t or lnl 1ahU.1uttttl C. AatJ.bdicmk tlrtc:t

._, ••tt.•-.... «a

l.13.2,. Prot«tlve crrcel of SpondlV momb/11 k•f t�ll"lltl aphu1 boproltrt,no._lndu�

llt)-'<.,dlal lnrart:llon

:'ltllq, "'<>mh/n WIU lnvesllilllcd Cur In ,•//NI c:nl\llopro1cctive propcny uslnt the nlOJct or

-=::cool (ISI') loouccd myO(ltAllal lnfutCllon RnrnlprU (1.25 mafl.11) \\'11.1 w«l a.• the COl'\ll\11 

'""'" 
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I. boprotcrcnol (ISP) (85 mg/kg)

2· RAm1pril ( 1.25 mg/kg)

E:x,,trim,nta/ J>rottdure

�lalc s Pf88UC•Dnwlcy rota "'cighlng 150 - 200 g \li'ffC nmdomly a!Joaucd to lh-c main groups
{�). 

Oroup I Control: Rn!! received cqU4l volumes of �-chicle end no other special ll'Catrnml other 

'htii lhc nol1l\4) free occcss 10 sw.ndrud pellet diet and \li'alct for o month. 

Group 2 ISP control: The nnlo,nls \\'CJ"C treated a, m Group I for o month and ,n addition 
� .. cd ISP on the 29th and 30th day ot on Interval of:?4 h.

Group 3. MES ln:alcd: This \\-U.S 5Ul>-dividcd Into t\\'O groups 

Oroup Jo (SM I 00), administered I OO ffilVl.ll MES 
Group Jb (SM 250), ndmW5tcmi 25o mg/1,.g MES 

'Ilic rts, 1 ndcd in 0.2 % carboxy methyl c:cllu.slosc (0.1C) and l)Cc1 vc do,c of MES \\111 SUSJ!C-
llr\11)' fed to U1c cnimoh once dally for o n,onth

�4 ISP _, aroup· This IJl'OUP also hnd two S1Jbgrour,schallmgcd, Ml!S-trcnt= ... -

+ ISP) adntlnl1tcrcd 100 mg/1,:g MliS anJ ISPOroup 4a (St,.t 100 rn»fkll • 
I J crcd 250 n,ii,4.g t.tCS ftJld ISP Group 4b (SM 250 m!V°kll t ISP). adln n .51 

so 
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In addition to receiving the treatment given to oniJDllls in Group 3, anirools in this group received 

ISP (85 mg/kg) on the 29th ond 30th day. 

Group 5: ISP - challenged, Rnmipril treated group: Animals in this group ,vere administered 

Ramipril (1.25 mg/kg) for two weeks ond 111so ISP on the 29th and 30th doy. 

Twenty four h after the second dose of ISP, onimols were anaesthetized. Blood ,vas ,vithdrown
by rctr.oorbital vein puncture ond used for the cstimolion of glucose ond for scrum cholesterol,
Phosphate, MDA, LDH ond plnsmo GSH levels. Rnts were sacrificed, hearts excised, frozen In 
liquid nitrogen ond stored ot -85 °c until used for biochemical onnlysis.

11e:uts stored in liquid nitrogen ,verc ,veighed. A I 0% bomogennte �ws prepared in phosphate 
burrcr (SO mM, pH ?.4). An aliquot wos used for the nssay of MDA. The homogenote ,vas
Ctntrifugcd nl 15 OOO x 

8 01 4 oc for 15 min ond the supernnlllnt ,vns used for the estimation of
son 'CAT ond protein. 

l.tJ.l.l. Diocbcmlcal p11ramcten evaluated

I. 8100d Glucose

n10od gl • . 1 comcter (Accu-checke Active) ,vitb strips supplied byucosc wns csunuucd usLng o Su 
the "'·- 1 ur change on opplicotion of o drop of blood by� .... ,ufocturcr. TI,c test strip govc 11 co 0 

&IUCosc dye oxidoreductnsc mediated rcoction.

2·St, 11"' Cholesterol ar,d Phosphate 

, olyzc<i using the Beckmon Coulter Synchron CX9 ProCholesterol and phospbote were 00 

t1J111 1 th mD11ufac1urcr. ea 'Ystcm with lcit.s supplied by c 

SI 
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J. Pleslnil/ftssue G/utaJ/rlone

Glutahionc wns estimated nccording to the method of Ellmnn (1959) nnd Anderson, (1985). The 
assay is bnsed on the reaction of GSH with 5, 5'- djthiobis (2-njtrobcnzoic acid) (DTNB) (also
known as Ellmnn's reagent) that produces the 2-nHro-5-thiobenzoic acid (TNB) chromophore 
"'hicb is measured nt 412 nm .

• 
I. Sodium citrntc (3.8% \V/v) _ Thjs \YllS prcpnred by dissolving 3.8 g of sodium citrate in
distiucd water and making up the volume to I 00 ml. 

ll. Acetic acid (6% v/v) _ This \YDS prepared by mixing 6 ml of acetic ocid with distil.led wutcr
llld .... 1.,_ ··�g up the volume to I 00 ml.

•
ii. 

Su!phosa.licylic acid (IO¾ w/v)- Sulphosolicylic ncid (10 g) \Yll.S dissolved in distilled Willer

llld lhc volume wus mnde up to 100 ml.

iw_ in,,._ [ 
,.._ • oc"id)] (1 98 m"'ml)- OTNB (19.8 mg) \\'llS dissolved • -'l'fl:J 5.S'-Dithio-bis(2-nitro.,..nzo1c • tv 

111 CiSH burr -·" up to I O ml."er 1111d the volume wns nuwC 

�- Pt...._, 14) (homogenizing buffer) - 77.4 ml of IM N�l CPO,·�O-'"""P'latc buffer (SO mM, pH 
fs-,b,.,_. , 'lied ",itcr nnd moJdng up the volume 10 I 00 ml) "'ll.S-.... � by dissolving 17 8 g In di.sll 
!Iii... 

· 
0 (p po.red by dissolving 6.9 g In distilled \\'Utc:r and� 1¥ith 22 6 mJ f IM Nnl '1.PO, 1 h re 

llb.l, 
• 0 

1 c ,vos rnndc up to I I... Appropna1c ,-otun,cs ,,-a-c._,.oi up the volume to SO ml) nnd the vo uni 
fu,,1.__ SO mM conccn11111lon. -.. .II:? djfule(J with dlitlllcd W11tcr to 11lve •

.. 
rr. ) 93 2 rnl or I �f Noll 11•0 .. 21 bO (pre� b••••. lfihor (OSII Uu11cr • �

.ta .  pllAtc buffer (0.1 M, pi I 8) 
11 0 volun,a 10 I 00 1nl) \\1\J n,l\cJ \\'ith 6.8 n,t-.,JIVJ ond rnoli:1011 up 1 

fJf II& 17 8 K In dl1tlllcd wuter 
6 C) In dlstllltJ \\'ltltr 11ntl 11�1n11 ur the ,,1l11tll<-lt.1 Nllt ,.0 --• by Jrp01vln11 • a 

It 
lr ••lliO (pn:.-�-� $(J 1'11 __ ,, up to I I.. ) 111d tho volume wa, n.-e 
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Pt 111 ltt'IS PttParcd b) collecting 0.5 mJ of blood into 2 mJ cppmdorf tubes containing
QlnSc (0.1 mll Ac:dlc acid (0.1 ml. 6% \ ) anJ sulpbogliC}hc (0 '1 mJ. 10,. 9, ,,,

� edded and &he tubQ .. UC ccncn� Cl IJ.000 rpm for 10 min. llc:art IJUUC wu �Plgbc:d 
llld hc:J...io riillld in 10 \�,a.,a of pt,,,5ph,te buffer (50 rMI. pi I 7.4). lmmaliarcly, lo 100 f,IJ of

aa eqa.aJ mbmx o( sufpbou.llcJlic acid �..., -.!Jed llnJ lho mi.,,w-e "' centrifugal 
1pm tar 10 mm To O.J mJ ofpanv.4100 µI of supcnat,101 "u •ddcd 2 mJ/-'00 J,J of 

fc� b) the o;\:::uon or 20 µL � µJ or D nm anJ " o f.11,"6 µJ of cnplc ctiaillcd 
Tlic lftiqar cs-, c.t .-o,,-, .;o,t 111d then iocu.tccd ur 37°C for 10 min Tho •beothuxe -

II 412 - at I Sli:=a;Sm U\' - \�bfe, ,ptttrOphot.omctcr. 01111 CWICcntnwon:s '-CIC

��lladuum • s::a=:dard Clill't pc,-.:d •uiq wnbcntic G tf (S,pi,Aklrichl(� ml).

''••--1,- ,I'-. ..,..•Ml«v 

IJ 

.. 
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iv. NAOH (780 M) Thi µ - s \WS prepared by dissolving 30 mg ofNADH in TOW ond making upthe volume to t O ml. 

\ n-Buta.oo1

\'i. Accti c acid (AR grade)- glocio.J.

� (l00 µI) and 300 µI of NBT wi:rc scqucntiolly oddcd to 1.4 ml of pyropbosphnie bulT
cr.

� I ml of sample was oddcd to the sys1cm and it wos incubnlCd 01 37°C for S min. The
ltaQioo "11S SWtcd by the addition of 200 µI of NADH o.nd the mixture was voncxcd. The
ltactiaaa lJUXl1l:rc v.-as U'ICllbatcd 11-1 37°C for 90 s. The reaction Wll.5 stopped by the addition of J 1111 rb--•II 11:aic acid. To this sysian v.'aS added 4 ml of n-buto.nol and the fflL"<turc wo.s \'Ottcxcd.

1'lae '>'11cm w., centrifuged 11 4000 rpm for 20 min. The absorbancc of the buianol - rich layer
"''tld 11 560 am.

laoi) ICliVity (uni\/mln/q proca.o) �.., ca1culatcd uslna the fonnuJa

1 
�ccofblanl. ample
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i. Phosphate buffer {50 mM, pH 7.0) - Disodium hydrogen phosphate (2.8392 g) and 2.72 g of
P<>tassium dihydrogen phosphate  were separately dissolved in TDW. The combined volume of
lhc solutions was made up to 200 ml \vith TDW.

ii. Buffered substrnte - Hydrogen peroxide (34 µI, 30% \V/v) was mixed with n few mJ ofTDW
Ind the volume \\lllS mode up to I O ml \vilh phosphate buffer.

8
utrenxi substrate (2.95 mJ) was pipetted into a 3 ml cuvctte. The reaction \YllS started 111 37°C

by tht addition of so I of sample. Absorbnocc \Yas follO\Vcd for S min ot 240 nm. The change inAbso 
µ 

rlxincc per minute was cnlculotcd. 

Cbaiige in absorb · te/0 04 J (coefficient factor)• Zance per m,nu . 

Cala)ase activity• (Z / mg protein in SO µI enzyme source) x 3

"L.ci . · "'r drhydrogrnase(LD/1)

, LQ11 lhe method of Seth et al. (1994). 
n was estimated according to 

1 .  
� I f O I �-1 Nol r1r04 wns p�pnrcd b} dtuolvln.a 0.J9

1 or 
buffer (50 mM, pll 7•4)-25 m O 

� by dlnolvlns I SB ll of llllt In TO\\• 19tlit lll1 In TOW I 00 ml of NoJI 11'04 wn., p 
Ill r,fN1111> 

• 
with 81 ml or Na1flf'04

04 wu uic:n mixed 

� � f aodhun pytUYIIC �'U diuolved '" I O ml of 
Nirr......'l.tb Pm,v110 (10 mM •tod) - 11 ma 0 

�buffer.

SS 
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iii. NADH-3mg ofNADH wns ctissolved in I ml ofTDW.

Proctdure. 

Sodium PYTUvate (1.44 ml) was added to I O µI oflhe snmple and the mixture \Yas incubated at 37 
0 C for 10 min. Then 50 µI ofNADH was added and the change in absorbance was foUo\ved for 3
lllin at 340 nm. 

Lou (llmolc/minfml) • Change in OD/minx dilution factor x volume of assay
6.22 x enzyme aliquot uscd/OSS4y 

7, Alo/ond/aldthyde (A£DA)

l.ll)A Wns estimated according 10 the mclhod ofColodo er al. (1997). 

l Pbosphot b m 7 4) This ,vns prepared as described in section J.13.2.1. c u er (50 mM, pH . - · 

il 1'richlo •') 30 g ofTCA ,vns dissolved in TD\V lll1d the volume ,vns roOCclJc acid (TCA) (30 ,. -
llladc Up to I 00 ml. 

liL liCI ( ·ate dilulion of the 11 M stock I ICI \vith TD\V.S N)-This was prep.ired by oppropn 

1�- lbi i...J. 
• S N NaOl 1)-2 8 of TBA \YIIS dissolved lo 0.5 N Naon0""1l>rturic acid (TBA) (2 % '" O. 

lofllti J on lllld the volume wns mode up lo I OO m ·
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Proctd11rt 

Strum was prepared by the centrifuging 1.5 ml of blood at 13,000 rpm for JO min. A 10% tissue 

homogenate ,vas also prepared in phosphate buffer. To 500 µI of the serum/homogenate was 

added 300 µI of TCA and the mixture was vortexed. Then I 50 µI of HCI was added and the 

lllixturc was vortexcd. This was followed by the addition of 300 µI of TBA and then 1750 µl of 
ll>W. The mixture was boiled al 90 °c for 20 min. 1.5 ml of the pink upper layer ,vas
lltotrifuged at 3000 rpm for 1 o min and the obsorbnnce of the supernatant obtained was read Ill
Sli nm. The values obtained were read on a standard curve prepared ,vith an MDA stondllrd (0-
0.4 mg/ml). 

�Irie oxide (NO) is a molecular mediator of many physiological procc:sscs including
'lsodllation. in&mmation, thrombosis, immunity and neurotranSmission. A number of methods 

� r0r mcasunng NO in biological systems. One of lhese methods involves the USC or the

<lncs. di•,ftu· . . '""photometrically detect nitrite formed by the spontaneous -zauoo n:acuon to specuv 
�00 or No under physiological condition.,. 

, I) thylcncdiamlnc dlhydrochloridc (NED) dlssoh� inl'tli&cnt: To 0.04 a of N-(1-n.aphthY c 11111 or . added O 4 or sulplwlilanudc. llic volun,e "11S mlldc up to 40
1111 0!1bos>hosphonc acid "" · a 

"'ilh Tow and stored away from liab'-

,. ,,.,,c 

, _ In 1 1 1 nalio and tneubotcd for JO mln 11 37 °c �
"-... 111d Oricss raiacoJ "-ere ,n1,u:d 

·-•loo.s "ere e'ClnaflOlllcd from a Aandan1
._.llllicc __ ,4 ,..__ nltnlC conccnu-

� 
"-U read II 548 nm ..,... .,.. 

'JJrn......... 
-,._..., by using NaNOi 

S7 
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J.tJ.l.2 Ristopatbology

Myocardi I a tissue was perfused with saline and then 4 % paraformoJdebyde. It was then fixed in4 % parar, al 0nn debyde for 24 b. The tissues ,verc routinely processed and embedded in paraffin Sc. =· naJ sections were cut end each section ,vas stained with hematoxylin and eosin. The stainedSCtlions ,vere exnmined under o microscope end photomjcrograpbs were ID.ken.

3-14 Ne11ro protectJVe Studies

3.14 l lu•d • "11 die Cerebral Artery Occlusion (MCAO)

FOQil CCrcbraJ iscbemia was induced in mole SD ruts by occlusion of the middle cerebral artery
£MCA) USing a modification of the intrnluminal technique of Longa tt al ( 1989). Animals were
� with chloral hydrate (3S0 mg/kg i.p.). T11c body temperature of the arumals was
lllliolaincd at 37°C during and aJler surgery by the use of a thcnnorcgulatcd dissecting 

surgical

� lbc lefi common carotid anery (CCA) ,\111.S cicposcd through a midline incision in the neck
�ll. 1bc neck muscles were can:fuJly scJ)Mlled further 10 expose the int�I carotid artery
C;,) llld extcm.a.1 carotid artery (ECA). A J--0 monofil11111en1 nylon suture (Elhieon. Johnso

ns 
&

� Ltd. Mumb:u') wn., introduced into the ECA lumen through a sm.oll nick 11.nd gently
� from the ECA 10 the ICA lumen (about 20-22 mm from the CCA blfurcnrion) to block

� IUpPly lo the MCA. The ECA nick was tightened by thrc4d lll"Ou.nd the inlnl.lumlnaJ nylon

'to J>revent bleeding. RccirCUlation of cerebral blood no,v was aJlo\\'Cd by rcmovina the
,n,- b ( i--'-•mla follo\\-cd by 24h of rcperfusion. In &lwn-opcrutcd_,aent «:anfully aftc-r I o ...,_... 
'Ill, .. _ ,. ,L. iosatlon of the nylon flllmfflt \\11.1 carried out. Arlimau"""' procedure cxccpC ,or""' 
'-!he ""' .. '-I . , CMC whlle the treated g:,ou,- \\'ml lll!minlJlcn:d 100 m�af.,,.,_ • "'UC e ltOuJ) rcicc1vcd 0.2 % 

r"'111Ja, 1'1C'11b/n extr111:1 IUSJ)COded in 0.2 % CMC
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Table 3. Seo · no.g for oeourologi-' A•• "'"-essmcot

N etuologica] Deficit Neurological Score 

No neurological deficit 0 
Flcxion 
Cin:ling 

I 

Hcnu Pllres' 

2 

IS 3 
No11.SJ>ontan cous movement 4 

J.14.3 Q UIOtifi-t' f. .... 100 o infarct sac 

Description 

Normal 

Mild 

Moderate 
Severe 
Severe 

� "'� llnacsthetii.cd ,vith ether o.nd the brains ,vere tnken ouL Each bruin was cut i 1 

"llltl lhick Ii 

n o seven 

3,.,,_ 
s CCS and incubated \vith I¾ TIC (dissolved in O.IM pbospluitc bu!Tercd sa1· ) 

' 1,; f0r 30 . 

1ne a t  

""'- . 
mm. The slices were sco.nncd nnd o.nolyzed by using computerized image nnlll .

'-n) CB10 • • • • 
)'SIS 

,ir. VJs Image Plus). The mfarct o.rcn of oll brrun shces of cocb rot ,vas multiplied b th 

-CWckn 

Y c 

CSS to give the infarct volume. 

3'14-4 CS I{ •od MDA estlmallon In the bnilo

� 
"'"re cstinuucd 115 dc,cribcd under the aitdioprotcctive studies.

l.14,5 w tat,n:, blot aaalyaa

1'ht 
'-c:tir, � OJ>cro.ted ,au lllld na.lS subjc:c:ted 10 I b ofMCAO follo"'Cd by 24 h ofrepcrf\isjon, '''t'rc

'1 l(.cd by overdose of  oncsthctlC ether, The lpsillltcral pcrtlon of brain tlssuc subjected 
10

� 
l
atrtprrfUSioo wu qwckly e,cdsc:d end bomoacn!r,cd in um \'olumc, of lc:c cold l)ute 

� UOo nunol/1 Hr rES (pit 7 S), 250 mmol/1 1UCTOse. I mmol/1 dithlo�hot,t 5

'A.t111:12.10mmol/l t{CI. 1rnmol COTA. tnunol t·OTA. tmmol rhm)'I 11lCUl)I sulfon)I

• '°"atml lcupcptJn. sµivml pepsaadn. 2µpl apocinln> uttna • •�flon � 

•
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Sub cellular fractionation was performed as follows. The homogenates ,vere spun at 800 x g for 
10 mm. The 800 x g supemataots were spun at 20000 x g for 20 min. The resultant supematants 

""Crc USed for the evaluation of gp9Jphox, p22phos, eNOS, nNOS and SOD. The protein 
concentration of each sample was determined using lbe Lowry method (Lo,vry et al., 1951 ). An 
aliquot of20 µg of protein was subjected to 10% or 12% Sodium dodccylsulfate polyacrylwnide
&cl electrophoresis. The separated proteins ,vcre transferred onlo nitrocellulose membrane. For
iinmunoblotting, goat polyclonaJ pri.mary antibodies \Yere used. The secondary antibodies used
Were HRP coojugated anti-lgG. The immunorcactive bands \Yere visualized by enhanced
cbclll.i!UJninjscence (ECL) detection. The band intensity \Vas measured using spot densitometry 
lnalysjs software of Alphamnger TM 2200.

(C). Studies 00 fractioru from Spondias mon1bin and the isolatjon of bioactive
'-llpou11d,

l.15 p reparation or Fractioru 

, r.. . d DS described in section J.2.1. The crude melhanolic
0 "/10nd1as mombln was prcpnn: 

, ... . 11 · to woter buUlllol, ethyl aceUltc, dichloromelhane nnd
"'IIS then finctioocd scq ucnllo Y LD ' 

r..... .  (F· . rrerotive tests ,..,ere C41Tlcd out on the crude extract � 1gure 9). Antioxidant and onupro 1 
'11d tbc rractions.

l.1, 1,. vlJro ,� radical ,cavcogfng acth•lcles or (rac1hu1s

J,14,, D /11/!VPPJ/ fru radical sa•�nglng ad ·I 

Opp1 IS WILS dc:tc:rmincd wing the DPPI I photometricI free l'lldlcaJ .scavenglna a,ctlvily of cxtniC 
, __ -1t,cd In ,ccuon 3 6.

or Mc-raor C/ al (200 I) u dc:::,o.;.fl 

60 
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J,/6.2 Nilri c oxide scavenging activily

Nitric oxide sea · . . vcnging acovuy \YllS carried out as desc ribed in section 3. 7. 

o· ncss reagent ,vns prepared os described in section 3.13.2.1 .

J,/6.J Su 'Ptro:r/de radical scavenging act/vily

Sul>Croxidc · . . 
Iii 

nruons were gcncrotcd non • mzymnt1cally by phcn11Z1ne melbosulphate andl
lobluc IClrnzolium in lbc absence or presence of compounds in I 00 mM phosphate bulTcr (pH

·�Th · 0 . · • 

Ide!
' c rcac11on mixtures were incubated 111 37 C and ruler 30 mln lhc reaction ,vns stopped by
tng O.S ml glncioJ acetic acid. The on1ount of formaz.onc fonned ,vo.s mCASurcd at 560 run on

'SJ>cc lrophotomctcr.

J./6,.4 H i01sca1,enging activity

lliiJ 
Wus assessed by tJie nicthod of Ruch er al. (1989). H202 (2 nWL) ,vn., pn:J)Qred in

::Phiuc buITcrcd saline (POS, pfl 7.4). Ono ml of e."Ctroct �vns odd� '.o H202 solution (0.6 ml)

lbc abso,1.h_ __.., 240 m against O blank soluuon conwrung cxlroct (I ml) in PBS
\i 

uuncc ,vos '""" 111 n 
ll10u1 H2o l,

J.16.s 1,,1t1bfrlon of lipid ptro.r/datlon In rot brain

.\ lllodifi....i I ((979) \\'115 used 10 cvo.JWIIC lipid pcroxidntion inhlbiton.
'ctl 

"" method of Ohkll,vn er a · . .,
"II)-, Ii , S 1 1 o ¾ v/v) Jn phosphate buffered snlinc (SO mM, pll

l-i 
0mogcna1e of rot bnun (0. m • 

) ""- . tioM of cxtJ'IICI or rniclions. The \'Olwnc wus mode
� 

llddecf to 0.1 ml of vanous conccn1t11 
lo 11111 ..., • 

n O OS ml of0.07 mM FcSO. wu added and the mixturo
i..._, ·-· .. ,th dislilled water 'fhcn:4 er, 
� ,.. 

• 
., Id add (20%, pll 3.S) wu added followtct by I.S ml

'f •or 30mins. ·111en I.S mJ ,ccuc ac 
O.a %

' 
-·"'"'" rnbtnue wu vortC'JCcd and haled II 9S"C for 60

lli/v TBA In 1.1 % SOS. The _.._ 
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min. After coor 5ml f b ing. o Ulrul - I -o I wns odded and lhc mixture ccnlrifuged ot 3000 rpm for10 rnln The b ..&..-- f · 0 SO,wnce o lhe orgruuc upper layer was measured ot 532 run and convened lollCn:cntage inhibition using the formula ( 1- F/C) x I 00, where C is the obsocbance of fully0 "d" XJ lUd control nnd E is the obsorbancc in the presence of extrnct. fractions or s1andards.

3.17&:
rtt • n1ng for Antlprolifcntllvc Activity

A COiorimetric sulphorhodomioe B ($RB) (Sigma) IISSDY wus used for measurement of ccU
Pll>lifcnuion (Houghton et al., 2007). Briefly, I 04 cells (in I 80 µ]) ,,-ere added to each \.\'C.II of a
96.w,u plate incubated overnight to nllo,v for cell nttochmcnt. Cells \\'Cl'C then treated with SO

� or MES or its fractions. Untreated cells, receiving the same volume of medium SCTVed ns
COoaiot After 48 h exposure lime, cells \\'Crc fixed ,vith ,c�ld SO% TCA follo,,-ed by stllining
"'

th 0.4% (w/v) SRD in I% occlic acid, washed and air dried. Bound dye \\'OS solubilizcd with150 Id of 10 mM Tri, ba.�. The plates ,vcre read at 540 run nbsorbnncc. TI1c cytotoxic effect of

the txtnict and 6-nctions \VOS assessed a., the pcrccntDge of inhibition of cell 8J'Owth. ,vhcrc

� cell, were taken 115 100 % viable. Perccnlllgc cell gro,vth inhibition \\'OS determined

� the formula [I 00 _ (Absorboncc of l.rCllted cclh/Absorboncc or untrcnted control cells)) x

Oo Po11r ec:11 lines were used: KB (Oral concer), C - 33A (Cervlcru cancer). �!CF - 7 CDreast
') llld A ) NJI-IJTJ (Mouse fibroblast) ,�-a.s used as control cell line."� - S49 (Lung cancer • 
'<II I 

'lies\\� sourced from ATCC. 

l.13 r-.. t.l ... ,..,..cltrb.atlon or Olo1c1lvc Conipoun s

llia Protocol rollowcd 1, shown in Figure 9•

C'ot,,,,,,. I, · c ro,na101tr11phy

&iJL 
1 ,.1,ro,norogrnphy. l11e '10l,cnt S)"Sten, USil:d ror� ICI (2 UJCd for co un1n .. 

' 
JO - 40() mCJh) W'BS tJW,Ol'.\VOICr (65:25:20) The IOh�ts \\'tn) mi,cJ

i_ n. 'hromatoa,aphy wu Chlorofonn'.mc 
�,, ant.I ,ho rcmalnt� n,l,1uro \\-U clariRt\l.. ,. •·-·· I r wu rcnlo\-

'-" -- ratio, the upper oqcout aye 

"'hie ""1hanol.
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TAu, lt1J•tr chromatography

ltc was run on precoated silico gel 60 P254 nod RP - l 8 P (Sigma - Aldrich). Detection \VllS
doDC UOder W light, by iodine vapour, spraying either witJ1 cerric sulphate in IM H2S04 or
5Pra)'ing with 10% methnnolic sulphuric acid followed by healing ot 110 °c. The TLC profiles 
or hcxnnc nod dichloromctbonc fractions were obtained using the solvent system 
bcxanc:cthylncelll(c (70:JO) \vhile those of the ethyl occtatc o.od n-butanol fractions were 
obtaJllCd using the solvent system Ethyl occtatc:melhnnol:,vnlcr (8: I: I). The solve.or system used 
for lhc TLC of fractions obtained from column chromatography wus chJoroform:melhonol
(80:20). 

Ill 'lit �rfornumu liquid chromatograpl,y 

Jfl>1.e was run 00 Shimadzu, UV SPD-1 o A VP sys1cm, using RP-18 (Sh.im-Paclc RRCODS 20

1111n x 25 cm) columns.

llit UV p lei Elmer ). - IS UVNisible spcc110pho1omc1cr usingSJ>cctra were recorded on er O 

111,,,,._I r h novoooids \VCl'C obllllllcd OS mctho.nol o.s \\'Cl.I l1S by-__,_, as 50lvcnt The UV spectra o l e 
• . 'di!:.. . 

· 
. hJ rid and sodium o�io10 os d111snosuc reagents.

� IOdium mclbox.ide, aJwnJn1um e O 0 

IJl.__ . RX·I spcciroplol usln11 cltMr Knr pcllc13 or ,n I\CllL
.._,,.. Were recorded on a Pen:in•l!lmc:r 

.,,f. 114 N1,,1R

Jlit JOO ,_wphotonielc:r 1170 cV \\ilh illrttt inlet11�, J 1-JMS-D •,-
.,.,_- ..,.ere recorded on • co 

r ,\()JOII (2·1 oV) um Jcol SX I Ol'l>l\-600()-� f1 . ... ...f...t u,iDIJ I beam I) '9 le f AOMS were rown,.... 
......,. on .. A VANCI! lll'X 200, finaCJ Uk.�

"'llll�llh,,ilOffle1er NMR '1*119 ,..c,v run 

, nw 

6)
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300 FTNMR and 600 MHz Varian Inova spectrophotometer. The chemical shifts are reported in 

6 (ppm) downfield from TMS which was used as internal standard. The optical rotation was 

dctcnnincd on an Autopol m automatic polarimeter using sodium D-line (c in g/100 ml).

Elerncnta1 llllalyses were obtained in a Carlo-Erba-1 I 08 CJ.IN elemental analyzer.
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Spondias mombin + 80% methanol 

I 

Filtration 

Crude metltanolic extract 

I 

Fractionation of crude extract 

r l l 

Dichloromethanc Ethyl O.CCllllC n-Butnnol Aqueous 

Fraction Fraction fraction Fraction 

\ 
y 

I 

I 
Column chromntogrophy

p� compouiub from 111b • fractions

� '-,, P f coapeeacb ,,_ Sf"H"'I- __ ._
· ""-ol for lllolatio• orb,a•Cf '1 

6S 
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3•19 Statistical Analysis

Resuits were expressed as mean ± SEM or SO. One-\vay analysis of variance (ANOV A) \VBS

Used for data analysis. Significant differences bet\veen groups were detected in th.e ANOVA
Using D11J1can's multiple range test at p < 0.05. Statistical differences benveen mCllll values of
UldividuaJ tests \Vere detected using independent-sample Student's /-lest ..
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CHAPTERFOUR 

EXPERIMENTS AND RESULTS 

INvts-rJGATIONONE

�-1. Anti 
N. 

OXJdaot and free d' I ra 1ca scavenging activities of extracts from r 1 
lltrian rn d' . 

en se «led 
e 1e1nal plants 

�onucr10N

� contain man b' . 
11,..... • 

Y 1oacuvc compounds ,vb1ch countcroc1 f.rcc radical medio1ed to · · 
-vug/1 lh 

XICl(y 

� 
e P�ventioo or attenuation of druua.ges caused by the radical species. rnhibilion of free

� &encrauon is now being employed os a facile system to cony out the primary screening

is �0thcrapcutic a.gents. A systematic scnrcb for useful biooctivitics from mcdicinnJ plants

��� a rational approach in nutt11c�utical Bll� drug rcscnrch. Bioprospccting for nc,v

, cd drugs bas been on the increase in recent umes because these drugs hove fc\\'Cr side

discov 
than the synthetic ones (Forombi, 2003) and many important leads ore continuousl y  being

� �egj er al., 2008). Despite the upsurge in mcdi�iMl plant �h. rclotivcJy little

� 
0o IJ. 

available concerning the tu1tioxidllnt potcnuol ond
. 
bl

.
olog'.cal

. 
activity or PiAnt

'�ly in Africa �rutb cootAins ODC Of the richest b1od1vcrs1ty ID the �'Orld Wld

lll PIAnts or economic 4Dd mcd.lcinal lmportnncc (FIU"Omhi, 2003). 

4.1,,. tx., ER.IM£NT I: Phytochtmlcal Strtenln,:

1�0ouC'TJ ON

�i�s an: plant aecoodAIY ,oc1at,oUte1 with medicinal and heal1h hcnl!Ots. It is brlln«i

Pllnn..L_ . 
fot combellna o, lff"'Cndna dl-se due 10 thri 

• '"""ICffllcalJ may be efTcctJVO . 
r 

C.. •ffi 1..,..,... ,, __ 1.1 and Dntion. 1999b; f1110mbl "000>.
� • ea Cfarombl and Hrition. Y77ao �...,.,,... • • 

� ba"1 been .,� for .... .,.,,.,.. or ln*i.na varioua di...,,. In
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humans. Phytocbcmical s · · I creerung mvo vcs performing simple qualitative chemical tests on planttxbacts for the pnrnn f d . g/i . 
. -pvse o etectin 1dentify10g the ddferent che.mical groups present in th lllant. . e 

1bc aqueous d an methanolic extracts were screened for the presence of alkaloids sapo_,;.,�
� 

. . ........ 
. ns, Phlobatannins anthrnquinoncs, steroids, tcrpcnoids navoooids and cardiac glycosidcsIISing lhe methods described in section 3.3.

l'ii)1ochemjcaJ • h · I I · th . . SCrccning gives an overvie\v of the maJor c cm1ca e asses 1n e extracts lllld an

�
0

_0 of their potential medicinal properties. Phytochcmical screening gave positive results
Slcroi<ls, tcrpcnoids, and cardiac glycosides in oil extracts. Alkaloids, lllnnins, lllld lJavoooids

� also detected in many of the extracts (Table S). Some ebcm.ica! groups \Vhich \\'et'C not
' in one solvent were detected in the oilier. This c.xpl11ins ,vhy bydroalcoholic solvents arc
:� C1llploycd in prcpwg herbal cxtroets, The results sho,v �nt th� �died pl�ts on: rich in

� PhYtoc:hcmiculs, which lll'C probably responsible for thetr med1c1nal propcrtics (Tnblc 4).

� CXlracts of\en dcmonstnUe multiple blooctivitics bc:cousc of the praencc of vllried

'hernicat. with distinct or  ovcrloppins modicinnl properties. This synergistic or
'1,iltic inL • pb :h--icals hove been shown to modul�cc the bioefficacy of
� 

erucuon among ytoc .., .. 
� 
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,.,, •• ptl/4VO

Hrwwtt'l lanu 

c-.,, 

-�

Gut\'a 

Aswl\\Ul 

IJ.oko 

Ahlm 

� (1flldara Momo 

Oircz»fa..., ocbuto AkinlOla 

S«wrl4om lpd& 

la c,p,Jercvlmo 

�.,,,.,._,, -bi1 I)�� 

Oci- rrrzw:tiloan Etiain 

Alorilflla hctdo ()nn,.'O 

Parr 

urd 

l>odJtlonol we 

W\'CS Used for treating fe\-ers and dinrrhca and as a tonic in psychiatry 

Lca\'cs Laxative, mncdy for parasitic skin diseases, ulce.rs, asthma, and bronchitis 

Slcm Febrifugc, used for the treatment of epilepsy, convulsion, rheumatism, and arthritis 

bar\: 

Su:m 

ban. 

For trctUing malaria. pninful micturotion, and rheumatic conditions, antivenom, and 

anuhypcncnsivc 

Leaves Antibypcncnsive, for treating epilepsy, internal hemorrhages, arthritis, rheumatism, chilblains, leg 

ulcers. and varicose ,1eins 

Leaves For \\'Ound dressing. to treat skin infection and stop bleeding 

ROOl For erectile dysfunction, coughs, colds, fever, backache, toothache, sleeping sickness, and 

,-enc:rcal disease 

Lca\"CS Diuretic, emetic, fcbrifuge, and abortifacient; also used for dinrrhca, dysentery, hemorrhoids, and 

gooorrbea 

Leaves Used for the lrCallDent of rheumatism, paralysis, epilepsy, high fever, diarrhea, and mental illness; 

as an emetic and for hcmorrhoids, stomach problems, and eye/throat inflammation 

Leaves Used for malaria. typhoid fever, and jaundice and for treating ,vound infections, abscesses, and 

chancre 
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., ..... 111,:ont A.!s4 ,,. .... _,.,ft .. & ..,..,,,ao, ,,...,,

DZ •s ,\fethanolic cxtrncr Aqueous extrocl 

Alk Sap Tan Phi Anth Ster Tc,p Flav COi CG2 All: Sap Tnn Phi Anth Ster Terp Flav CGJ CG2 

A bocmel 

]'..'.lanb 

P.gvajava

. 

0. p-ati.a"ilfflDII

C. olen

s -bin 

·"-·l�lda

G.Olplda111

KEY 

+- • pracm 

+ • • • • + + + + + + + • . . + + + ... • 

+ • + • • + + + + + + . • . + + . + .

• + + • + + + . + + • + + + + + + + + 

+ + • • • + ... • + + + + . . . + + . + 

+ • • • . + + + + + . . + + . + + + + 

+ - + ...- • + + + + . . . + + + + + + +

+ • + .... + + + . + + . . + + • + + . + 

. ... + ... ... + + + + + • . + + + + . + .

- • + + • + + + + + . + + + + + + + + 

. • + + + + + + + + . + + + + + + + + 

Alk • tlblc,ids, Sap• saponim, Tan "' tannin$, PhJ "' Phlobataruuns, Anth"' aothraquinones, Ster= steroids, 

Terp• topc:noids, flav • flavonoidJ, CG I .. Cardine glycoside ,,1tb steroidal ring, CG2 =- Cardiac 

al>'COSi� �ilh dioxy sugar 
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4-l.2. EXPERIMENT TWO· Eval ti r · · . ua on o antio11dant and free radical 
scavenging activities. 

INTRODUCTION

Numerous assays exist for the in vitro evaluation of antiox idant and free radical 
scavenging capacity of extracts from plants. The total antioxidant activity, reductive

Potential, DPPH scaveng ing activity. mcllll chelation ability and active ox-ygcn 
SJlCcics quenching activity are ofien evaluated (Chang et al., 2002; Gulcin et al ..

2002). Evaluation is usually done using multiple a.ssoys bc:cousc each o.ssny evaluates
a different aspect of the antioxidnnt action. In this c,,cpcrimcnt, seven tests for
antioxidnnt and free radicnl scavenging capucity oftho study plants were carried out.

PROCEDURES 

Total phenolic content and total navonoid con1cnt were estimated os described in

SCQions 3 4 d · I DPPI-I free radieal, nitric oxide rodical and hydroxyl
• an 3.S �pccuvc y. 

fldi-• . . dcrcnnincd o.s described in sections 3.6, 3.7 and 3.8
...., scavenging octiviues were • . 

--· . . inh"b'tory octivity and rcducuvc potcnti:tl were
· -.-.1vcly. Lipid pcrox1dll11on 1 1 

dcttnnincd as described in section 3.9 and 3. I O respectively,

R.P'.sULTS 

__ ·'-own In Plaurc: I O to 16. r s,,o/t1\'0

The · Jd,ant u::SLS "' - ><' 

rcsutu of the In vitro anuox x�t NO (21.68 :1: 1.51 %) 
iuUCS In all D.SSOY' e. ·•· •

Qlraa showed consistently high " 
udled pllllllS. II hAIJ the highest volucs fOI'

"'�. __ , omona 111 lhc 51 
it had 1bc lc:ast v.,uc 82 * 0 90%), 1111d RP (0. 79 £ 0.04 ). In the

1'Pc < o.-.m LPV. c10. � 
380.08 ± 4AO m&fl� ' • 

I• IOcantly dilTc�t from those of the

DPPI llud �ere no« I &11 
I and TFC assays, IIS v 

__ ,. C o1a1a (27$ 16 * 1.61 µafmL Qti),

CX1r-=u JI j: J.04") .,.., 
or S mombln (88 

d,;cly (fable 6).
,..1lkb roconlcd the hl&hc,t valuC:S. ,espcc 

1111'1 third .  rc:Jpc!Ctl\cly, bchlnJ I'. pa/ll'I� In

5 
1'1ombtn and G Cll,rpu/1110 "d'C � 1.� hl\O blah \-..IIICI of 1n1lo,ldaot

.-,1(.JJIJn&olll ..... 

Qrdct or ,.n1n111 C o/atD and O ,,- •• .i oJSt-) \-.lUO [or A houtttt ,,
· ni.: NO (4A

llldlcc:a In many of the �>"
71 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



l'CIIUlritobly higher lhlln the values for the other pllllll cxtracL C. odoro1a sho"'Cd a 
rtmorkobly high value for TFC (272.12 * 2.32 µg/mL QE) and hydrox-yl nidical 
sca�cngin t' · ( 8 oc 1v11y 56.SJ * 0.86%). The NO value for S. longt�dw1e11/ara was high 
(43.90 * O 04'¼) 0 I / • 0 • n Y !YI. 11clda appears to hove consistcn1ly low values In the 
essays. 

Theco I • rrc 01100 coefficients confinn thol there is a high level of agreement bct\\'CCn

pairs or some of  the l\SSDys (Fig., 17-20). DPPI I ossay hod on extremely significont

COrrclotion with 101111 phenolic content (r • 0.16, P • .00 I) wid RP (r  • 0.81, P < .OS)

{Fia, 17) and a signiflco nl com:lotion with LPIA (r • 0.41, P < .OS) (Figure I 9A).

There wo.s also M excellent significant com:l11tion bctwcc:n TPC and RP (r • 0.19, P

• 0.0006) (Figure 18A) and o slgnlfiCMI com:l111ion between TPC and LPIA (r •

O.ss, P • .01) (Figure t 88). A significant com:l11tion ,vas also observed between TPC

and TFC content (r • 0.43, p < O.OS) (Table 7). A fair com:hnlon ,..,us observed

between LP lllld DPPl-1 (r • O.SO, p <O .OS) and LPIA and RP (r • 0.40, P < 0.05)

{Figure 19). when:M the level of com:lntlon observed between OOR and LPIA (r •

0.) I) ond DOR and TPC (r • 0.33: p > .OS) "11.S ,omc,11hlll low (Figure 20). The 

value, of P rj S b,·n o cupu/ota.. C o/010, and 0. gratlsslmum for DPPH
• gua Q\'O, • n1on1 • 

free l"ldical scavenging cnpnchy, TPC. LPIA. and RP �Ocet these obscrvluions. The

11'1\d or the n:suh.s in the four assoys for 1hc five plllnlS Is app;ucnlly the SMIC.

llowcvcr, the levels of egreemcnl be""Cdl son1e other pairs of ass:iy mdhods an: 

liuignlfie.1111 (Table 7), 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



c,,· 

-P gua,ava
082:IC. 81818
-N la8VIS 

-A. boone,
-G. cupulata
-c Odorata
15111 S longepedunculala
-S mombin
-0 gratJsslmum
,..M luctda

P-ap� 10: Total phc:nollc content or ulnic:t.s. Rcsulb arc pl't!Ualc:d llJ mc:an :I:
5�1 (••J). Bars wllb dtrfc:rcnl lowc:r cue lctlc:rs arc: slgnlOcaally dllfcrc:nl
cP<O.OS) 

G, 
� 300 a a 

"' 
.! 
! 200

l 

�-

a -p gua,8\/0
i!8S9 C olala
-N la8111S

-A boonel
-0 cupulota
-C octorata
ams longel)edunculata
-S mombln
-0 graussmum
-M luclda

p. Rnallt are pn:Naled •• •a• -"

Ill.. alr•I of c:atrac 
• -.•� 11: Toe.I Ra•o•old Cii 

kften 1,.. �alftoatly dllrcrtac
" ,,._,,o,c .. EM <••J). 0an1 wit• c11,r,rc11 
a-�..,,

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



f 100 
ag 

g 
a

-
-
.. 

< 
CIII 
C 
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CIII 
C 

i 
"' 

.. 

Cl) 

� 
:r
�
� 
0 

75 

50 

25 

0 

;c 

-�

�'l.ft!f,1,1/.S§:J 
-g.;;;/�;;�EtfS " 
.:i; c.,• ""' -o R l> c, O ';; � 
� � i]o§S;,g� 

q, � � ()' � c,:,· g
s- 0

f::o, 
� 

r,,· 

IBBP. gua,ava 
li060C. alata 

N la8V1S 
_,A. boone, 
-G. cupulala
-c. odorala
E!l!!DS longepedunculata
-S momb1n
ma o gralissimum
i'JZil M. lucida 

Figure ll: DPPB scavenging activity or utracts. Results arc presented as mcaJl

* SEM (o•J}. Bars with dlJfercnt lower case tellers arc signincaally dlffenenl

(P<0.05) 
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f 
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-P guaiava
Ql:881C alata
-N laevis
-A. boonel
-G cupulata
-C odorata
lillll S longepedunculata
-S momb1n
a110 gra1tss1mum
r.a.llM luc1da

Fig.re 14: Rydroiyl radical scaveagiag activity of eilracts. Results are
Prtseatcd u mcaa * SEM (-3). Oars wllb dlfTc:nial lower csse leller, are 
'1C•IOcaauy dlffc:rc:_al (P<0.05).

-P guaJ8V8
� C elal.11
-N 180YIS
-A boOno•
-0 cupuiata
-c odorall

1111111 S fOnOepedunct*lli 
-S mom1>1n
-0 gretissmum
-M IUClda

•lbllOI')' adl•IIY or "11ractL Maalb are
flea,. 15: UpW pcro1&d••lo•

I
• rt .. u• dlffctOI '°""' cue ldl•n ara

p,_.led u ••
• 

s Sf>f (a-J). 0a 

atrlfmady 41ffcfflll (1"4.15).
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Figure 16: Reducing propcr1Y of utracts: Ban with different lower case letters

&rt 1lg:11lncaatly diffcre,at (P<0.05), 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



t 
I 
t 

1 
•"
I 

I 

� 

� 

()<. 

i I I • 1 
.! � 
� � 

1 fr 
l 

• .. 
6 

-...... ... 
... • 
I!! 
.. 

;Ii 
C, 

1:i • •
0 O ... « 
� 

5i 
... 
i 

.. 

8 • ... ...... 
"1 
C, 

'I 

� -•
t•
-... 

.. • • • - - ... 8... 0 ... ... C, ... ..... « ... ...... 
� 

... ... ., ., � 0 0 

1; 1;; 
1 I "' -
"I ., 0 .. 0 •• ... • • ... 

.i 
� 

... 
"I 

� � ... 

����\\
• 

- 0 • ..: - •-• • ... ii ... • •

�
- ... q 

... 
a � 

-
:.I 

.. 

-
� ; ::i ... .. 

.,, s 

::i ... -... ... • 
a .. .. 

� 
- ... 
.,; ::i

1 t
.. d • 

" 
"' 
0 

I\ 

Q,, 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



100 

90 

IO 

� 10 

1 eo
• 
! 

i &o 
! 40

t )0 
20 

10 

• 
• 

• • 

r•o.21:11.1 • ._.,1., 
ri. 0.."*'7 

• 

o�;-so �-:;;--::-----=-----
100 150 200 2� 300 

Toul pllonoOca lmoJI. GAEi 

3SO 

Fi '&llrt 17 A

120 

100 

0 

0 01 

�rt 17 D

01 

� 

• 

• 

o� 
o-' 

o,& 
oo 

R.ct� poe.endal t•tieTOOl

0.7 

78 

oa 00 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



350 

• 

100 
• 

50 • 

•

• 

• 

• 

• 

• 

• 

o����
......---

0.1 02 0 3 0.4 0.6 0.8 

Reductlv• po1'tntlal (abe700) 

0 ,7 08 0.11 

�30c, 

1� 

) ISO I
IOQ 

0 10 

• 

• , • ._,r,11.z,'1.» 
... 0...-1 

• 

• 

• 

• 

• 

• 

20 
,0 

40 IIO 00 

UP" �
1Nfl w,lbftll'Y a'11w41Y �)

70 IO 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



100 

• 

• 

• 
• 

•• 

o�-;;--;;--;--:-:;;--;:-�-
10 20 30 40 50 60 

DPPH acavenglng activity (�) 

70 80 

Fi 'lllre 19A

IO 

: 

• 

• 

• 

!�
10 

-

01 0.2 
OS 

- .-
06 

IO 

,.,,..,,.. 41,ml

,t.o. .... 

• 

oo 
01 oa 01 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



eo 

• 

0:---
0 10 

;r 30o 

12:.o 

too • 

o __

10 

• 

• 

• 

• 

• 

40 50 

Hydroxyl radical aeavonglng activity (%) 20 30 

• 

60 

• 

• 

,., ...... •I0-20I 
,.. . 

• 

• 

:lO 
,0 

"° 
60 

Hy� ,._.i auwneJnt .c·tl'tl"f ("Al 

II 

• 

• 

70 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



:iG. 17. Relationship between (A) DPPH scavenging activity(%) versus total phenolics (in 

DWl GAE) and (B) DPPH scavenging activity(%) versus RP (absorbance at 700 run [abs700J). 
FIG. 18. Relationship between (A) total phenolics (mg/L GAE) versus RP (absorbancc at 700 nm
llbs?OOl) and (B) total phenolics (mg/L GAE) versus LPlA (%).
FIG. 19. Relationship between (A) LPlA (%) versus DPPH scavenging activity(%) and (B)

lP(A (%) versus RP (absorbancc at 700 run [ abs700]).
FIG. 20. Relationship between (A) hydroxyl radical scavenging activity(%) versus LPIA (%)
111d CB) hydroxyl radical scavenging activity (%) versus total phcnolics (mg/L GAE).
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Table 7: Level of Correlation between assay methods

As.1ays 
Correlation Coefficient (r) 

ll>crrFc 0.43 
DPPH!rpc 0.76 

TPc/No 0.12 

TPcJnoR 0.34 

lPcit.PlA 0.55 

� 0.79 
DPt>lifrFc 0.21 
ltCJNo 0.29 
lt�R 0.03 
lrCil.plA 0.13 

l'ft'JJtp 0.22 
Dppll/No 

-s
3.0 x 10 

llppl IJDoR 0.27 

�PPJi 0.41 

l>ppliJIU, 0.81 

'R 0.01 
l�

0.10 

� 0.40 

'R 0.40 
.,/)/0 0.01 

�itlol{ 0.15 

IJ 
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lNV£snGA TION TWO

4l. laotropic, chronotropic and anti-uchcmic effects of Spondias n,ombin
iiolaled tat heart preparation using the Langendorff technique

L'O'Rooucr10N

extract on 

MlOCardiai · b uJ • r · bol' •sc cmia results in A TP depletion ond occum ouon o toxic meta 1tcs. ,vhercas
�on leads to the production of rea.ctive oxygen intermediates ond calcium overload. The
lhctations · · r · I I 'b __ 

A
_.. . •n cellular metabolism ond gcocrotion o toxte mo ecu es contn ute to my=uJaJ

l!chcniwrcpecfusion injury (Marczio et ol., 2003). The Longendorrf technique is n popular

� for studying the modulntory effects of drugs ond other variables on partial or global
IScbcinia and rcperfusjon in organs ex vil'o. In this experiment. the non-recirculating 1..nngcndorrf
�que was .. �_., to I th e ond on1i-ischemie effects of MES on excised rot hearts.� cvn ualc cpers · 

'lllcnts"- fi ed . uslydescribcd(scctionJ.13.1).·�, .. f)CT orm as prcYIO 

4-ti. £,O.£ 1 (force or heart conrracllon) and

Ill RrMENT 3: £valuation of lnolrop c 
'-101,,., I ES P c (heart rate) cfTttlS of M 

-.:Sul.'J'S

�,, �,n � of burTrr (Control) 
,, a lhudc B.Od hell1 nitc) of I.he Nl-lT hufTc-r on

� • a.1uo1cd os amp 
"-tr.. the l.n1nrutc cfTccu (ev 

_1 ,ubstlll\Ctct ("h1ch "-ould � diuol\ro. '"'led Uo lndlC"lllC thal , .... 
''-t � nu heart• The rcsull.l

fn,m the perfusion medium. The rnults�- ( intdfcrcnc-e"'-
� IOll mcdiwn) �-au.Id be fr« 0 

In the t.angmJorff nlOdc "'lh NllT t>utTc-r
, ,thai txcbcd hc:al1s rc11o�I)' � 

,. 
_,_ tban 90 mlnut� l'hlt Implies uw

u·11cuon ,or ...... -
., tbc II.Inc rorc:e and ,-JC of con 
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deviation from this pattern in subsequent t.ests may be attributed mainly to the modification of 
0J>Crimcntat conditions or the introduction of extracts/compounds into the perfusion medium. 

Table 8: Perfusion with NHT buffer for 90 min 

30 45 

>.nip(¾) 100±() 100±0 

Time(min) 

60 

98±0 

7S 90 

100±3 
l!Jt (%) I 00±0 99± I 99± I 
�--...:.=-�.:__ _______ _ 

102*2 

97*2 98±1 

.\itip: Ainplitude; HR: I !cart role. RcsullS nre present«I as mcnn ± SEM (n • 6)

"-'ropl .. 1c C,
c and cbronotroplc effect of JTU:,., 

latiit 9 . . or amplitude) o.nd the cbronotropie (henniliow, ,L - • • r f heart COOttDCIJOn 

'-t) 
we: tn0trop1e (,orcc O 

, cd t bClU'tS. The results lndiCAtc thatcfl"� r ---"'A...is on the ,solut m 
i.... . 0 the extroct nnd 5UJ.JlUAUU 

t ;de effect on the isolated mt hcluu. The"""'IIQJ lllo d I tc:rious or eyto o 
..__ mb/n had no significant c c 

f ro.mlpril ,..-bile nlfcdipinc on the other �la °"'·'- . blc to tbot o '1 -� for the cxll'/SCl is comp,3111 · 

llgnjr!Clu:ll)y dCMca.scd lhc o.mplitudc. 

8S 
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�------·--.---

-=��'kdiura 

(ffJIKa) 

SM (0.001 g!L) 

SM (O.OM a,1.) 

SM (C).0\ &(L) 

SM \0.0l g.'l.) 

J IH!!ipc i\ ( l O IL,\<) 

Conaol 

A.\{P 

\00 

\00 

\00 

\00 

\00 

\00 

HR 

100 

\00 

\00 

\00 

100 

\00 

IS' 

�lP 

87:1:9 

l\00 

\ \9=6 

&9±4· 

\0\*3 

47:14 

Test Compounds 

30' 45' 

HR AMP HR AMP HR 

9ll6 78±9 86±5 84::!: 11 86±1 

93:4 118::!: I 88±3• 

90:l:5 121±7 85±5 121±7 80:l:4· 

104:i::3 98±5 95:!:5 110:1:4 • 100:l:7 

92:!:6 105±5 86=5 107±9 80:l:S 

8\±10 57:!:\J• 83:1: 11 54::!:13 88±19 

AMP; Amplitude, HR. Rcart rttc; \S', 30', 45': \51h. 301h. 45th minute of n:pcrfusion; SM: Spondlas mombin. Results are presented as mean 

s SEM 1(0 • 6). • �JCa.ruy diffcson from control (p<t).OS). 

86 
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4JJ. EXPERIMENT 4: Evaluation of the anti-iscbemic effect of MES 

REsULts 

Fony five minutes of global ischemia followed by reflo\v resulted in the significant reduction of
lbclll)pljllJde of hearts perfused with the NJ-IT buffer nlooe (control) nl both 15 nod 30 min post 
lichcmia (fable I 0). MES \VSS effective in reversing the decline in the force of heart contraction 
('1)pJjlUd } • 

nil c produced by global ischemia espec1nlly nt 0.005 ""u.

labJc 10: Global ischcmia follo\Ved by rcOO\V \vith buffer or cxlrllcl

Compound used Pre-lscbemic vnlue Post-Jschcmic value 
forn:Oow 

Amp Rate 

NJ-rraurrcr

SM (0.00SglL) 
100±0 
100±0 

St-.t (0.0 I g/1..) I 00±0 

I O()i:.0 
I O()i,.O 
100*0 

15'

Amp Rate 

66±6• I 33± I 0

I 22.i:3 • I I ()i:.19 

87*28 105*4

30'

Amp Rote 

109:t:3 
122¼71 104±10 
100.:!:l 7 I 04:.t:7 

141±7 121*4. 112*9 �
..:_:

(0
:
.02

�
g/L

�
)
--�

IOO±O
�:_�

l
:
00*

=
0--8

-
4-t:2

_
1 

________ 
_

,Ire .51 ·ficlllltl)' dllTcrcnt from pre - ischcmie Ylll\14:;
� Pf°escnled as mean :t: SEM (n • 6>· gill 

llc.nt1y di1Teren1 from NIIT Buff� CP < O. OS) 

17 
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INVESTIGATION THREE

4J. Protective Eff«t of Spondias mombin extract against Jsoprotcn:ool-loduccd

Myoairdial Infarction

4J,t. EXPERIMENT 5: Modulatory effect of MES on antioxidant indices and markcn of
lilrtit damage i.o isoprotcrcool-cballcoged rats

l\"fRooucnoN

�fas mombin was investigated for in vivo cardioprotcctive property using the model of
�enol (lSP}-induccd myocardial infarction. R.amipril (1.25 mg/kg) wns used ns the
toiiltol standard dru 1 1 8 synthetic p..ndrenoceptor ngonist, has been found to. g. soprotcrcno , 
� my""ft-''al . fi . • 0 result of disturbance in physiological ho.lance between"""'w 1n ·arcuon 1n rat as 
�llction r free . . . .,_ · de"ensc system. ll is \Veil known to generate free0 radicals and anUoXJuauve " 
� .ft,. . . 

h' h is O ausotive factor for im:vcrsible damage to... .., stimulate lipid pcroxidnuon. ,v 1c 
It l!tyn,,.,..1, l f �--rum and myocrutliol lipids, which in tum lends
to --.wwn. It also increases the lcve s o .,.. 

Coronary bean disease (Nair and Oevi, 2006; Zhou et al., 2008).

� s 00 re rondomly allocated to five ma.in groups Pnlguc,.n • ni.:.. 150 • 2 g \t/C 
� . awley nits we11Y�·S 

cd described in section 3.13.2. On dav � .,.; __ ._ . ps 'A'Cte trdll 4' 'J

11 b --wau tn  each group. The grou 

d used for the estimation of glucose • loocs · ·uiJ vein puncture on 
(A,._ _  . 

Was Wlthdmwn by retroorb• 
holestcrol, phosphAto (Dcc\..mAn Coulter

. � * . or scrum c 
� 

· k Acuve glucomctcr) and Ii 

1 01 l997) LOIi (Seth et al, 1994) and·� DA (Colado e .. ' 

L CX9 Pro clinlail system), M n·ficed � cxebicd. frozen ln liquid. ""Ill
G R41S 'A-ere pc: 

• 
'iii Sit (Anderson, I 985) levels,

_,_, GOAlyiit 11earu 1torcd ln liquid oltrogm
� ..... 

. .• .-,1 r, r blochcnul;IU 
, :-' IIQ� 01 -8S 0c until U><-U O 

ln phOSrhato buffer (50 n,M. pll 7.4). An
l(j,,__ �&hcd. A 10-/4 homogc:oatc was � cc�,,., centrifupl 01 15 000 a a1 4 nc
� "' 11\ChOmOi� 
� 1 'ls USed ror the e,ssoy or MD"-

cst1niatlon of nltnte (Oricu dlazot1Z1UlanS ... : .. ..-.1 for the·•u11 Ind the 1Up(ffl4Ullll ".., �

••
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ltacti 
. 

on), SOD (Knkknr et al.,
9ttlion 3.13.2.1. 

1984), CAT wtd protein (Lowry et al 1951) d ·• 05 escnbed in 

R£sut1s

flai" 1t'ej ht/8 g ody weight ratio

:'iUte 2 I shows that . . . 
llldit-,__ 

ISP adnurustrnuon led to on u1crense in the heart weight/bod 'nh 

. 

---....ng that it possibl . 
y we,_, nilio 

111 l'CdUCe Y caused 1nflo.mn1ation of the heart MES extract and Rnm' ·1 
tbc elevated b . . 

ipn were able 

Iii.! 110 ... 
cart \VCtghtlbody \Ve1ght ratio. Administration of the plant extmc al 

.... verse cffi 
t one 

cct on the heart ,veigbt/body ratio. 

11.t�cal esthnations

� 
21 to 34 il lustrate the disruption caused by ISP odminislrtllion on the levels of.,,= 

� serum. 

Wllen:tll 

� Plasma and tissue metabolites ond endogenous systems. The endogenous

ls>� GSH was depicted (from 1.72 :te 0.09 for control group to 1.26 :1:: 0.01 µM for the

, groUp in the plasma and from 3.53 :1:: 0.16 for coolJ'OI group 10 2.85 ± 0.17 units/m 

�,the 
g 

� 1 
ISP-treated group in the henrt tissue) \Vhilc production of MDA Y.'IIS cxnccrlxited

.9J :l: 0.2 
'-d fiona 

I for the control g10up to J.00 :te 0.12 µM for the tSr-trcllted group in the scrum

, 
4
AS :l: 0.94 for the contrOI group to 8.52 :te 2.00 units/ms protein for the ISP-tre:ued 

111 the � heazt twue (Figures 22 11t1d 23), Adminlsttntlon of SM cxtrru:t IIDd Rmnipri_l

'23c, y reversed these deleterious uendJ In the scrum os \,ell a, the hC311 tissue. ln. the lSP

l-47 llla/'ta SM (VOUJ) pl asma 11/ld (is.sue levels o f OSII ,�ro Increased (0 1.73 z 0.12 µ?\I And

:t O I 
, 

.:.., l ""I Wms pro1dn ,_d,.IY '°"'"""' 10 "'"" ro, ISP<h•llm ... ""'"" whit,

' llJIUc IC\'ela of MDA were ,-educed 10 2. I I .l: O.OS 11M nnd S.77 * 0.28 unltsfma

\-It �vcJy compa.rc:d to the 1rs-chllllcngc:J aroup 1nr,c vnlucs \\�re comrwoblc lo

•ir., .�fled for the rumlprll•IIC4led i'1>upl Moreover, d� In 1lmio SOD actl,il) (lrom

f.&.._ CJ.1 lUli�m I trol to 3 S2 t 0,08 unltJ/n,11 11rot<'ln) ru\d c:atlll.uc aclh i"'-
"'41t , .A ll protc n for � con • • ., 

...._, -, 1 0 3 1 0� :1 o ()6) oceoslonc:J h)' 1sr ln10,letttlon ".__ 
�n.... · 7 for the cont.r01 to • 

, .... ,.

-.Jy <-Orr Ith c:,ctrucll on<J (lAllllpnl (l'IIJU!n 24 and 15) • OD 0,00
CX-tcd by llClllfflCOI � 

I') 
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Ol•lase activity for the ISP + 250 mg/kg SM group were 4.39 ± 0.09 and 2.05 ± 0.08 units/mgIIO!tin l'CSJ)cetively. The increase in tissue nitrite level observed in the ISP intoxicated group
"'IS ·m.,� 51euu•tantly decreased in the 250 mg/kg extract-treated group by about 33.3% which is
COalparal,1e lo the 36.1 % reduction in  the Ramipril-treated groups (Figure 26).

ISP ac1m·1ru· tra · · gJ b 1· uJ • · s llon probably caused disturbances ID ucose meta o ism res u.ng ID

�1Ycacmia (Figure 27). The SM extract seemed to offer protection against the ISP -
ilduced hyperglycaemia only at 250 mg/kg .. Blood glucose level was not lowered in anin,als

�
1ered SM extract alone. Ramipril seemed 10 correct the imbalance in blood glucose level 

� by trcaunent ,vith ISP. Scrum cholesterol level elevated as o result of ISP administration 
: redutcd by SM 81 the dose of 250 mg/kg (p<0.05) (Figure 28) ,vhile the elevated phosphate 

tl in ISP challenged group ,vas reduced by SM at the 1,vo doses employed (p<0.05) (Figure
29). 

ISp Ullollicau· 1 • r LOH into the serum (Figure 30). Botl1 SM extracton cd to the massive lcakni;c o 
'-ii R.ainipnl . . . . h lcvntcd LOH levels (p<0.00 I). The 250 mg/kg 
lb... 

were cfTecuve 111 decrcnsmg t e e 
-tet-•-

H I I by over 60%. w,...tcd aroup dccrcawi the elevated LO eve 
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.., 
.c 
a, 0,0055 
-

I 
o.ooso
0.0045 

� 0.0040 
o o.oo,�

i 0.0030
.C 0,0025 
� 0.0020

I 0.001s

t:: 0.0010
� o.ooos
! 0.0000

# 

* * 
* * 

I, 'ltlrt 21: Hcen • 
. ·-' __ , __ ,_ n--·I 

, � 
WC1ghl/body weight ratio of cxpenmcnuu ruuuu=, "-=" ts are presented as

, IS SE:M (n • 6). •significnntly different from ISP treated (p<0.001); 'significantly diO'crc:nt

p lrtated (p<0,05) 
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--na (J.LM) and tissue (JJmoVmg pro1cin) OSH levels. Rt;iUII.S arc presented as m 
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• Signlfican1ly dilTcrcnl from ISP trc:llcd jVOUP (p < O.OS). 
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3. 

3,0 

_ 2, 
* 

� 2. 

� 1. 

1. 

0, 

0. 

o' 
JS 
§' 

c.; 

tm Tissue MDA 

* 

� ..... 

10 

8 

6 
3 
0 

4 cc 

2 
0 
s--· 

r �23· i:....._. 
, · .,...um (JAM) Dnd tissue (>JmoVmg protein) �IDA lc,·cl, In scrum or con1rol nod lest

,,,.0 �Its nrc Prest"oicd o.s mean * SEM (n • 6). • Sig:riificon1ly different rrom ISP tr�llcd

,OS). 
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-
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·-

Q) 

o4 -
Q. 

0) 3

.e 
Cl) 

:t:=2 
C: 
::s 

-1
0
0 
U) 0

• 

• 

t l4: itasuc SOO activity. Resull.s Gtc presented o.s mCM :I: Sfilvf (n • S). • Significantly
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'� ' t28: Scrum ......... <ho1"1<n>I ,.,,.,. R<>ul• .,. ,.-,od u '""" • SEM (n • S).

Y dlfTcrt>nt from ISP ireoted group <P < O.OS) 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



9 

=-a 
l? 
1:1 7 

.§. 
s" 
.c 

i 3 
0 2
.c 

Q, 1

s°' g 
§ .,.,.., s°'

ff � 
� 

$ 

* 

Fi 'Oiit 29· Q..._. � 
' • ""''UJll phosphate levels. Results ore prescn1ed ns mean* S!Th-l (n .. 5). • Signiftc:uuly

frorn ISP treated group (p < 0.05) 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



6. 
6. 

=- 6 
.e s:o
.5 4. 
e 4. j 3.
:1. 3.0 
.._ 2. 
:Z: 2.0 
Q 1. 
..J 1. 

0. 
o. 

* 
* 

S
c,, I 

� .,. ""' s°'
$ c::, 

� 

$ 

* 
* 

• 

l'i 
::: 30: Scrum LOH levels. Results arc prcscnicd o.s mean :I: SEM (n • 6). • Significnnily

'111 fro IS m P treated group (p < 0.00 I)
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U.2.EXP 

• 
ERIMENT 6: AmeUorative effect or MES on histopathological alterations in ratarts •abjected to lsoproterenol-induced toxicity

INTRooucr10N

�ol is a synthetic catecholamine with increasing attention o,ving to its application in
�ology. Catecholamines ore important regulators of myocordinl cootroctility and metabolism.
·�-ever · L--• 11 was been known for a long time that excess catecholamines are responsible for
c:cl

l
uJar da

mage, observed in clinical conditions such as transient myocardinl ischemia, angina,
� Coronary insufficiency, and subendocardial infarct (Vclavnn er al., 2008). The excessive
�on of beta-ad reoergic receptors in the heart induces myocardial hypertrophy {BUSIUto er

• 1999) tt·gh __ _,, . d . � • • 1 . dosages of catecholamines induce ""''"omyocytc nccrostS nn interstitial

lllrticui Ill � (Grimm er al., 1998). Administrntio
� 

of large
. 
amount of ca

'.
cc:bolamines,

arty ISOprotercnol to cxnrrimentol animals cooslltutes a rop1d and reproducible means of
ho-.'o�:�- ,--

""'& OlYocardi.nl ischemia (Velavnn er al., 2008). Isoprotcrenol causes severe stn:ss in the

�i
um resulting in infarct like necrosis of the heart muscle. It also inc=cs the levels of

� Ind my<>c:ardi.nl lipids, which in tum leads to eoronll1Y heart discasc (Nair o.nd Devi, 2006:
tr al., 2008).

'1s Wtr • 3 13 2 The dose of Spondlas mornbfr, used for the
-.... . c 8roupc.d a, described in sec11on • • • ··qij

8llio 
· 

M c,cardloJ tlssuo wus pcrf uscd with S4line nnd then 4\ �n,,:� 250 mg.llcg body weigbL y 
,.,. --romui.Jdeh)'dc for 24 h. The tissues \\�

Iii.. .._hydc, It was then fu<cd In 4 ..., ,,..._. 
""'atl)' scriAl sections \\'t'.tc cut o.nd each s«Uon \\-U

'"- � and embedded in puramn.
� "'ilb dons "-ere e,camJncd under o microscope and

hetnaioxylin and cosln. The swned sec: 

were token. 

,01 
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IIESULTS 

There was a massive disruption and fragmentation of heart myofibrils in ISP administered 

lllima!s (Figure 31) but adn1inistration of SM (250 mg/kg) remarkably mitigated the ISP-induced 

darnagc {Figure 32). The myofibrillar structure of the benrt in the group treated ,vith 250 mg/kg 
�alone seemed to be enhanced (Figure 33). 
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(A) (B) 

•�JI (A llnd B): Representative sections from he.arts oflSP-odminis1ered group (Mag.

I'.\) (D) 

� 3 (I_ .... of St.I 250 + ISP SJ'OUJ' (�IAa '<10).
2 ("' tloflf o '""'-

� and B): Rcprc,cnl4UVC flCC 

JO) 
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(I\) 
r;illlt 3 

(B) 

3 
(A and B): Rcprcscnuitivc sections of hcorts of S�I 250 ll'Cnted group (Mag. x I O).

I 
f.\) 
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INVEsnGATION FOUR

4,4. EvaJuatio f h 8 o t e Neuroprotective property of Spondias mombin extract in rats usingIt •kldle cereb 1 • • • ra artery mduced focaJ cerebral i,chem,a model

�· ic brain damage is the major cause of permanent disability in young adults. It has been
�ed that up to 80% of all strokes result from iscbemic damage in the middle cerebrnJ artery-._ The potential for clinical application of phannaeological agents hos generated cnom1ouslllercst in identifying the underlying inLiaccllulor signnling path,vays and to develop therapeutic 
llralcgi� lhat can benefit ischemic stroke injury in patients (Tso.i et al., 2007). Gro,ving evidence

� the participation of oxidative strcsS in brain injury mediated by ccrcbrol iscbcmia and
� Clandcmmc:r and Harrison, 200 I). Reactive oxygen species (ROS) ond lipid peroxidation
. ) have been proposed to be important factors in reduction of ccrcbrol blood Oo,v and

�ia l'CJlerfUSion injury. Oxidative strcSS bll.S been regarded ll.S a subsLD.otiol underlying cause
d
amage and neuronal dysfunction after ccrcbrol 1/R (Chan 2001). The high dcmnnd for

� oxygen, the high levels of potyunsnturoted fatty acids in neurol membrane

'
li
pids, and the high iron content arc important factors rendering cells in the ccotroJ

� '>'stem (CNS) susceptible to oxidative suess (Sun et al., 2008). The polyphenolics 

�II 011vo ·.t. • d . ft"Y herbal exuucts bnve been sho,vn to be ruong
� 

no1-, which arc foun t.n m ... , 
leavcng-. . . 

d 1 _ of neurons from lel.bol damnge In 11/tro. Phenolic
�.. ... .. , ant10XJdants an protee o,.. 
. �� r- . . _, been cvllluated In \•fvo os ncuroprotccuve agents in1111.... . uu,n medicinal plants hove u,SO � °lOdcls (Yodium et al., 2002; Tak17.ll\VII tt al., 2003).

ofIJR i.ocJuccd ox.idlldvc: stress 

� ·I. £.icp.... 10,1cal dcfic:11 and quantification or tnra�1
lttt .-..IUAfENT 7A: A.,sestllltnl of nturo 

'0ucnoN
'lit!" · rf , I tcr,uplJ blood now to lbc vu:ular trnitory"

"' or the 11 itS o a,n n 
\a middle ccrcbrtl artc:tY 

and bf111n Infarction �ilh ,evcrity dcprndlng on
\...._�· Thl. �It, lo ocuroloafcal (k(lcll 

�� r ,cpcrl'usloo. 
Of the lsd\emlt and the period O 
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PROCEDURE

FocaJ cerebral ischemia \Yas i.nduced in male SO rats by occlusion of the middle cerebral artery

(!,ICA) using a modification of the intraluminal, technique of Longa er al. (1989) as described in 
Section 3.14.1. In sham-operated animals, all the procedure except for the insertion of the nylon 
&lainent was carried out. Animals in the vehicle group received 0.2 % CMC while the treated
IIOUps were administered I 00 mg/kg Spondias mombin extra.et suspended in 0.2 % CMC. On 
lttovery from anaesthesia, rots were examined for neW"Ological deficit on a ten - point scale as
�11 in Table 3. 

for the quantification of the infarct size, rots \Vere anaesthetized ,vith ether nod the brains ,verc 

� out Each brain was cut into seven 2mm thick slices
. 

nod ine
�
batcd ,vith 1% TTC

dtsto
lvc,d in O.IM phosphate buffered saline) 01 37•c for 30 min. The shccs were scanned and

�� by u.sing computerized image aniLlysis system (Biovis lmn�c Plus�. The infarct area of
brain sli,._ f h . 10- l"ed by slice thickness to give the infurct volume. ""'" o cac rat slice was mu . P • 

�"ro1o &!ta I dene11 

1\t lleutol • brol is,chernia follo\\"Cd by 24 h of rcpcrfusion '''11.9
"'--. O&ical deficit caused by I h o( cerc . . 'Rir

ic&n • h 100 msfkS S1\1 c-ctroet pnor to l\·ICAO (F,,urc
lsi

tly ttduced (43 %) by prc1rc:11mcn1 ,vtl 

,tt ,tq •nd volume 

'tar- cd -h-1 inflll'CI s,tt and Infarct ,olume
.... lltn 

. 
I rd!UC cc,� ' .. 

GIJi_ 1 With SM cxll'DCt �b Y 
r. 1 h follo\\'td b) 2-1 h or 1ercrfusion by-ta 36 r,,tCAO ,or 

lt-1- • 37 and 41) or roll subJected '°
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I 

* 

VEHICLE SM 100 mg/kg 

Group 

liiurtJS· N 
·�- · curological scores for oll groups. Results a.re prescn1cd ns mean :I: SBM (n - 7)

"'9U Ii l'4n lly different (p < 0.00 I)

� SHAM VEHICLE SM 1oo mg/kg

., 36: 'A"--_ Result• ore pl'C$Cnu:d tu mean * SE�! (n • S).
·� ""'AlCl siu in all ifOUl'f,

Uy different (p < O.OS). 
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Vehicle • J Q 
� -::,, -- ---

Vehicle 
� -

!4b��ent/ 
rfus1on - ea -

lb 
24��ent/ 

- � USIOD 

lb 

24 �trea�ent/ 

-
� rfUSion 

'

SHAM

- -
-----'--

I 

� 37: ReprCSCn14tlvc scc1ions ofbrniOS froni nil groups
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Figure 38: A section of rot brain subjected to I h MCAO and n.4 h reperfusion

,., I 00 ma/l-S pro-trCltcd 1Ubjectcd to I hMCAO And

Ftgurc 39: A sc:c&.100 afSrn 

24 h repcrfuSl0n
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-

e group 

Figure 40: A section of rot bruin from lhc shnm trent d 

7 • 

VEH CU: SM 100 mg/kG

J "-t 
41 

\.,..;..';'- .,.h..,. of ,JI .,..,.,_ Jl<SUI�"" .,-,.i" ""*" • SIM (n 

' •1rr'""'' <P < o.oSJ .,.,..1.�"' .,n<1• ,.r,m ""' ...
Sl 

..... 

.., .... . ..,

11Ccd by lhc a,droinl•�on a( 100 111�15,-t I b prior 10 ,-1CAO 

I 10 
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4.4·2· EXPERIMENT 78: Evnlu11tion of GSH and MDA levels in cortical and striatal 
rtgions 

1i,-rRooucr10N

Oxidative stress is implicntcd in the pathogenesis of ischem.ic brain injury. Levels of endogenous
antioxidants and activities of antioxidant enzy1ncs hnvc been found to decrease in ischcmic 
ltpcrfusion brain injury. Jo paniculnr, GSH nnd MDA levels are routinely used as rnnrkers of
<trebraJ damage and for the evaluation of potential ncuroprotectnnlS.

Os11 and MOA 1 1 • d ·n tlic cortex nnd striotum of the ipsilutcral portion of theeve s ,vcrc csnmate 1 
� of expe · ,_, . al d ''-�d in section 3.13.2.1. Anin1ols in the vehicle groupnmenw, 11111m s as escn= 
lttt

i
v� 0.2 ¾ CMC while the trellted groups ,vcrc odminis1ercd 100 mg/kg Spoudias mon,bfn

'SUsn-d tcd onin1nls undcnvcol all the procedure: cxcc:pl the 
� 

,� .. ed in 0.2 % CMC. Sruun-opcro 
100 of the nylon filamcnL 

ltr..�u1.:rs

fl\11 tnd d striniun, of tho nnilllJlls ,vcrc decrcuscd nnd 
IL t-.iDA levels in the broin conex on 
-� . J l4 h ofrcpcrfus1nn. In lhc cone.,. GSll lcvcl 
�
-. 

r�tivcly following I h of i!>Chcmio 
� ·red group con,p:arcd 10 sham Qroup but � . Juclc odin1n1stc 

"'t,.,._ by 37.5% 1n the vc 
_ ,....i to the ,-chiclc--odn1ini�tcrcd arour. In . -� by 28 6• . c:i1ed avoup comp, .. �-

' . , Y. •n the cxt111ct·lf 
d 31 J% rcspc:ctlvcl} r-.tDA level ,n the "'11at11ni ,,-c:n: 47 6¾ on 

�"lt\ 
• the com:sponding figure 

O h I dee� by 26 I•-. h> the c,1ruc1 Tht'
"'ll l ul1 of�tCA u 

� by 34 II¾ OS o tcs 

·'f"S' rc:,pccthcly 
•ni, figure, in the s1ri111unl "a-c 15• • IIIIU - • 

I I I 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



..... 4 . 
• 

i 
3.

;; 3 .  

i 2. 
:l 2. 

l: 1.

� 1.
0. 
O •. o-i... 

* 

VB-IICLE SM 100 mg/kg 

Fi&\ln: 42· 
, · GSH level in the brain cortex of all groups. Results ore presen1cd ns mean :l:: SEM (n ..
,.1. •si · Gnlficantly diffcn:nt from Sham nnd tre111cd groups

• 

VEHICLE SM 1oo mg/llO

I 
*t.r, 4] fl(S'Ult:. 111'0 prcscnn:d IL'l mc:tn Sl l'.1 lr\
11 • · A-ll)A level in tJu: bnun col1C'< of oll 1:1fUUP9

s,¥11lnC!lt11Jy dllTcmil from Sli.,lll unJ rrcatc:d iJ"
U

P1
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-

! 10.

; 7. 
ii 
� s. 
l: 
Cl) 
C) 

0. 
VBiICLE SM 100 mg/kg 

tfg!Jrc

( 
44: GSH level in the brnin striotum of all groups. Results ore presented n.s mean :1: SEM

Q,. 4). All sroups nrc significantly difTcrcnt (p <0.05). 

VEHICLE SM 100 mg/kO

� 4s � f II ifUUP, Resull� ore prcscnlcd llS n1� ... sr.�t

<., 1 · lJA lc.,,cl ,n lhe bruin stnaiurn ° 0 

J �II ( <O OS) 
8'0Up, an: si&11ifiC41lllY different P 

Ill 
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tt3. EXPERJMENT 8: Assessment of protein c�prcssion of gp91, p22, cNOS, nNOS and 
SOD in rau pretreated ,vith MES 110d subjected to MCAO 

INTRODUCTION

�ADPH oxidase (NOX) is a mnjor source of reactive oxygen species (ROS) ,vhich hns been
llTlplicated in ischc1nic  and other types of brain injury. NADPH oxidnse is a pro-oxjdnnt enzyme
that is expressed in various brain regions nnd its level is regulated by ischcn1ia. NOX is  a
ltlultisubunit complex \vhose functional subunits include gp9 I pita., and p22P"°' {Chen, 2009: Lo et
a/., 2007). It has been reported that gp9 I ""'1' KO mice sho,ved significantly improved 
tlclirologicaJ scores compared to controls (Lo er al., 2007). Ovcrexprcssioo of the p221'M' subunit
IQ ctrcbral ;•-hem· . . d" . f ncuroprotcclion NO, produced by NOS. is on important...... 1a 1s 1n 1ca11ve o 
l0css-cnger molecule involved in many physiological nnd pathologicnl processes (Moyer nnd
�ens, 1998) Th d""" . " mis ofNOS. During ischcmin rcpcrfusion injury, NOr • ere ore 111crent 1s0,0 
�llced · 1 • fli 15 thnt ,\'oultl be protective follo,vios ccrcbr.i.lmain y by cNOS) mediates e cc · 
lltlicniia. I . rod ·d ·niiinlly by nNOS. and Inter by iNOS) mediates n contrast, excessive NO (p ucc , 
fic llc\iro,- . . . (L. et al 20 JO). Transgenic mice ovcre.'(prcssing .... xu:uy effect of ccrcbrnl ischemia 1 " 
�I) ha, i... __ 

• • • • 1 less brain infarct and edcma (Chen. 2009). e u,;cn reported to cxlubll s1sn1 licnnt Y 

'llit 11.._ f •·ICf\0 followi.-d by 2-1 h of rcpcrfusion. ,, ere-""11 Opc b • tcd 10 I h O 1• 

,Ii 
rnled mts and rots SU �cc 

. .1 tcn'II nnrtlon ol brain tissue subjected lo � by thcr Tiu: ,psi o ,,-
..,.._ overdose of onesthc:lic c • 

_ _  , in ,en ,ohuncs of ice cold l}-..11e �i., . . 1111d ho1nogcn1Lcu 1..... l'Cpcrfus,on wn.s quicUy excised 
111 sucro)C 1 mn10Vl tllthio1hrcitol. I 5

""let {20() .5 2sonu110 • -.... mmoVI ll(l'ES (pll 7 ), 
1 1.0 l'A I nunol l'hcn} I methyl sulfunyl"""l\11\1 TA 1mn11, • 

, Ktl2.JOmmolll KCI. I mmol l•O ' 
1 ,oun,n) using • tenon ht,moicnt�r� IO wun 2•1sfm DP 11..ri..._ • '' Jl!Vml lc:upc:plin. Sµ(!/ml peps ' 3 15 5 OM: lmmuno�li\'C NnJ\ \\CTC

L � • d in sec1lon • 
\ CS \lo ere n-�-ssc:J llS Jcscnbe 

I he t,3nJ llllC'I\Sity \\lU Olc:.l\W"C\l
1 

···� 

f Cl..) JcLCl,:llOO, 

\:.. � by cnfl:lnecd chcmllumlni,ccncc C '"' :UOO, , � ol Afi,h;1Jn.tb"1'dcnsuumct,y an.n.l) ,, '°"�arc 
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Rf.SULTS

The studies on protein expression sho,ved that expression of gp9 l \\'aS decreased in the MES 
lttatcd &roup con1pared ,vilh the vehicle treated group (P<0.05) while the expression of the p22 
subunit was enhanced in SM treated animals compared ,vilh Lhe vehicle LreOted group (p<0.05). 
Tbc cxpn:ssions of eNOS and SOD ,vere also enhanced ,vhile that of nNOS ,vas decreased in 
\JES-treated animals compared ,vilh the vehicle-treated group (p<0.05) (Figure 46-50). 

C 
-

c» 
... 

�5 
a. 

.E 4 
Ill 
c» 

� 3 
c» 
._ 

�2 
-

� 

QI 1 
> 
-

gp9l 

Actin 

! o...._ spondlas mombln
e1 Vehicle 

Ii... a: 

h. I o·'rninistcrc:d nnd l\trS treated group.
-lllft 46 · •n \C ICC u 

� .,,11.a : bpll:Ssion of lhc gp9 I subunrl I 
aiw,lficnnll)' dHTcn:nt (pc-0.05) Ire PfCScntcd as mean :t. Sl!t-1 (n • 3) V'1lue$ tllC 

, , .s 
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eNOS-­

Actin • :w
C
-

a, 
-

�6 
Q. 

.E 5 
Cl) 

t4 
C 
f3 
a, 

�2 
"'C 

�1 
-

-

!! o...__
a, 

Fi 
o:: Vehicle spondlas mombln

,gii!e 47· l"tsertlC(f · eNOS expression in vehicle administered nnd MES trcnted groups. Results arc

as mean :1: SEM (n = 3). Vnlucs OJ'O significantly different (p<0.05).
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. . -•mlnhtcrcd anJ t-11 s tre3tcJ 11rou1"
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-• ..... ,fgoillctntly J1f1'1Cfll f P O.OS) 
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llk.ut t SI M (n )). v..,uc, u,w 
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-
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� 2.0 
� 1.5 
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QI � 0.5 
-

p22 

Actin 

.!! o.o--

f· 
� Vehicle spondlas mombln

'Ctlrc 49: Express· 
· · I d 

. . d d 

�IS 
ion of the p22 subunit 1n vch1c c o m1nis1crc on MES treated groups.

nrc Presented as me.in :1: SEM (n = J). Vnlucs ore significantly difTcn::nt (p<0.05).
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l\'Vf�"TIGATION FIVE

tS. Atlivicy guilJ d ,. I . e .,.o uhon of Quercclln-3-0-ll--0-glucopyninoside and Undec:--1-ene f 0 

fllratt f ,. 
r 01 

0 <>po,11/ia.r 1110111bl11

l�iRODUCTION

BIOac:f 

'-1 
tvc nnturnl products hnvc on enormous ccono,nic importlll1cc ns speciol1y chemicals. TI1cy 

( 
be Used ns drugs. lead compounds, biological or pbnrmneological 1ools. f�-cdstock products

�" mar · 
• • • 

librao 
cnnls for Lhc production of drugs), exc1p1cnts ond nutraccuuc:nls. \Vhen compan.--d "'ilh

� of synthetic subswnccs, nnturol produeis offer the prospcclS of disco, cring n grc.ntcr
�bcr of I B' "d d . . 

con1pounds, ,vith stcricolly more comp ex structures. ,ogu, c ,solouon of

�ologicnlly active plant components is o valunblc strutcll,)' for finding nc,v tend
�Pound er· s 1e1ers ond Vlictinck, 200S) 

I.S,I EX r h 
t · l'ERll\1ENl' 9: Antioxidant uclh ii)' or fruclions rom mcl unollc cxlruct of

·�lld/ as 111011,b/,,

1\c 'ntio'tid • cl of SpondiflS 111n111bln bo.s been confirmed froni
� nnt activity of the methnnohc c.xtrn 

tirlicr t . ,. t" ons obtnined from SM hove he-en evnlu:ucd for

i.i�, 
s Ud1cs. In this cxpcrin1cnt. fi,,c ,me 1 

lro 11111' , 'dtu1t tests•ox.idnnt oclivity using selected OJlllOl<' 
•

�0ceD UR_£

� \'ati described in Section l. I 6. 11101 scn,-cngin"
� 

OUJ 
1111

• • ·cJ out ns
'll\i 

ho>udnnt tests \Vere corn 
1> "lls h t al ( I 989),

C\'llluatcd by the method of Rue t 

I 111 
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RF.SULT$ 

The results of lhe free radical scavenging activity for Spondias n10111bi11 and its fractions (Figure
51•56) showed that ethyl acetate and n - butnnol fractions have the highest activities in n,ost of
the assays while the dichlorometbnne fraction sho\ved the least activity. The lipid peroxidation
inhibitory activity of all the f:rnctions in rat brain \VllS generally high \vith the dichloron,clhnne
flaction sh • 

· · o,v,ng a particularly remarkable oc1tv1ty. 

-- -

120 
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80 

60 

40 

20 

0 

0 100 
200 

- -

(, .g/ml)
Concentration ,.. 

300 

--spondlas mombln 

--Olc:hlo<omethane 

Ethyl ace1.11e 

--n-Butaool 

--Aqeous 

--Ascoc1>1cadd 

-+-Gallic add 

I� fi t'ons rrorn t.1ES. RcsulL• ore pn:scntcd
rt SJ, 0 . pocity of me, 

''1 Pflf I free radical scavcnsins cu 

� SI) (n 3).
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•Si,ooclias mombin •Dichloromelhane OEthyt acetate on-Butanol •Aqeous •Ascort>lcacld 

i 120 

�
-

> 
;:i 
CJ 
• 

tit 
C: 
-

�

�

�
II) 

100 

80 

60 

40 

20 

0 

25 50 100 200 

Concentration (µg/ml)

t� 
s . r fractions fron1 Ml!S. Rcsulls nre presented

\ 
2: Suricroxidc radicol scavenging cnpucil)' 0 

lllcan :t SD (n 3).
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.. 

C 20 
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-40

-60 

Concentration (µg/ml)

I 'illrt 53: Ni . 
-., 

Irie oxide m<Jicul �uvcnglng c:ip:icil) of rmcuon� from t.11;S. Rcsulls ore presented

l SO (n 3). 
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""2.5 
E 
C: 

Q � 2 
"' 

.Q 

� 1.5 
-

-� 
� I 

�

� 0.5 
...� 
<.I
::i

� 0 

• Spondias mombin • Dichloromethane • Ethyl acetate

• n-Buta.nol • Aqueous • Gallic acid

5 50 200 500 1000 

Concentration (}tg/ml)

t� 56. MES Results nre pl\:Scnlcd as mcnn :I: SO
(• · Re<.1uc1ive polcntinl of fmciions from
·� l),
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Table 11: Phytochcmicals detected in fractions of MES

Dichloromethane n-Butanol 

Siiionins ++ 

't111nins ++ 
+++ 

.\nthmquinoncs I I I I 

1 �onoids 

++ 
+ 

Ethyl nce1a1c 

++ 

+++ 

+++ 

-

+ 

' 
•
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4.51. EXPERIMENT l . . . 
S,,Ondias mombi11 

O. Ant1prohfcr11tivc activity of fractions from mcthanolic extract of

�TRODUCTION 

fractio ns or Spondias b' 
111d 

111on1 111 \\'ere screened ror nntiprolifcrativc activity usinn "our II 1· 
a standard.

b " cc 1ncs 

,\�10rimct 
OlounL 

nc sulphorhodnminc D (SRD) ossoy ,,115 used for measurement of cell prolifer:nion

._,ton et al 20 
. • "the 

·• 07). 11,c cytotoxic cOoct of the extmc1 nnd fmcuons (50 µsfml) \\'OS assessed

P.:rcenwg f . . .• 
I,.� c o  1nh1b11100 of cell gro,vth. ,vhcrc un1rentcd cells \\'Crc 1oken os I 00 % viable 

... CCII I' 
� I\ IOCS \\ere used: KB (0ml cancer). C -33/\ (Cervical cancer). tvlCF - 7 (Breast cnnccr)

-s49 (Lung cancer). NIH3'1'3 (Mouse libroblost) ,ws used ns control cell line. 

��ULTs

f 
f., the: . 

• 

�bi llnt1prolifcrntivc activity. only the dichloron1e1hnne fmcuon shO\\'W >SO% gro\vth

lion a · 
d tl h' h 

'-liil,j . !ln1ns1 KB ond C-JJA Clll\Cer cell lines. 11 also ho 1e •S est pcrccnu1sc.: gro,vth

11011r, 
di · fi · 

hl Or lhe AS49 II 1. G 11 the crude c,'(tmCI on 11c ,,rnous mcuons did 001

"IJl,j1 
cc Inc. cnem Y. 

llrono · "anticnnccr activities.
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80 

70 
60 

so 

40 
30 
20 

10 

0 

• KB • C-33A • MCF-7 • A549 • NIH

I -----� 51: l\n1· · · fi . • 

�ls 
1Prohfcrotivc activity of MES nnd 1ts racuons ogo1ns1 some cancer cell lines.

arc presented ns mcnn :t: SO (n =- 3).
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tSJ. EXPERIMENT 11· · . lsolal100 of Qucrccho-3-0-l}-O-glucopyn100sidc and Undcc-1-
tlt from Spo11dias 11101t1bi1t 

L\TRooucr10N

Results obtnincd from the in vitro nntioxidant studies sho,vcd thnt tl1c ctJ1yl occtotc nnd n-Outonol
'3ctions demonstrated the highest activilies nnd seemed to be cquipotcot. TI1is is in line ,vith
Pltvious investigations ,vhich sho,vcd thot phenolics nre usually conccntrntcd in the ethyl occtotc
� D·lluto 1 r. 

no ,metions of plant extrocts (Zhou er al .. 2011).

lbc e
t
hyl acetate and n-Butanol fmctions ,vcrc pooled and subjected to repented column

'logropliy · lh I clilorofonn·mcthanol:\\'Dtcr (65:25:20). lsolo1ed pure using c so vent system 
'nd.s w» h . d 'LM, • Section J.18. TI1c only s101ionnry phase used \\'115

\! 
�re c nrnctcnzcd as cscnu,;u 111

ic:. &cl. 

'-", · IS (Tables 12 and 13) revenlcd the compounds
lo1.. tcnxotion combining UV. NMR nnd t,, • • "' l "4 . crcctin·J·O-fl-D-glucopymnos1dc (Figure 
!ti

� 
vono1 glycosidc, tentatively identified o.s qu 

a f11tcy ctuun. undc� I-enc (figure: 59). 
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s· 

o. -:7"' 4' 
OH 

HO 8 I 13' 

�9 
0 i'� 

61 I 3 
2' 

OH 

#to 
HH 

0 "
o-?-

OH 0 
2"0 

HO 

Ii 'tlut 58: s 
. . . 

cw.. lructurc of quercctin-J-0-P-D-i;lucopyrnnos,de. Glucose n101cty 1s ottochcd 10

,o0n.3 . 
'-dcJo '1118 established by I IMBC com:lotion. Coupling constant (ofonomcric proton) is 7.53 

11bJe1 so • 

i· 
'tit 

ll •s /3 glycoside. 

10 

I I 9 

8 

t S9 S • lructurc of undc:e-1-cnc 

6 

7 
s 
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3 

2 

�t
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Table 12. Values of parameters evaluated for the structural elucidation of quercetin-3-0-13-0-

dueopyranosidc 

; t>.o . 1
11 (mull., Jin "c COSY HSQC HMBC I 

L hem) 
I . 

. I 58.90 

. 135.88 

. 179.65 l 

f..._
. 163.11 I 

C8.CIO,C9.C7 
� 

6.407(s) 94.85 116-118

� 
. 166.17 

C5,C6,C7,CIO 
� 

6.204(s) 100.02 
. I SS.SS 

i.---- . I OS.74 

i(_ 
• 123.66 

Cl ,OI .C6

7.849(s) 117.90 112-116
l 

't 145.9-1 

t ISO.OS Cl .C3 ,C4 

6.1171 (d,8. 79) 116.23 
115,116 

Cl ,C2 .C4 

7.5&<,(cJ,8.64) 123.0.S C3 

t-�------- S.166(.cJ,? .53) I 03,9.S 111 -112 

112-IIJl.24m 73.31 

I� IIJ -114
l.llm 73.96 

� - l.26m 70.1 4 
JM 0II.S

I l.7,1rn 77.30 
11.S -116

11. S  .116
4 10m 6:Z.0-1 

4.JSm

-

1211 

I 

I I 
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Tillie 13: VoJucs of parameters evoluated for the structural elucidaLion of undec-1-ene

s.�
111(muhiplic.uion, UC IIMBC 

I 
coupling consuin1) 

S.024 1 1 4.29 11 l --C2.C3 
• 

l 
4.9SO(ddj"9.38,9.38) 

- S.820(m) 139.49 112- CI.C3.C4
l 

2.0SO{q) 34.60 1 IJ·C I ,C2,C4 
• 

- l.382(m) 29.86 114-C2,C6
I 

0.893(m) 29.7S IIS-C1,C3 
....... I 116-CS.CJ

'i'- 0.89J(m) 29.60 
H7-C9,CS

1'a- 0.89J(m) 29.40 
118-CIO,C6

0.893(m) 29.20 
H9.CI l,C7

0.893(m) 32.17 
10 1110-CI l,C8,C9
11 I.S92(m) 22.93 

11II-CIO,C9
0.84S(m)

1•1.33 

l 

IJO 
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CHAPTER FIVE 

DISCUSSION AND CONCLUSION 

o1scuss10N
foeus on the m d" 
Oil lhc. 

c ic,nal properties o f  naturnl products especially those o f  plant origin hove been
increase cil"

IC.lcy • 
i n  recent tilncs. In p!ll1icular, research on lbe therapeutic and chcmoprophylactic

t.'llkt· of 1ndividW1I and combined phytochen1icols ogninsl chronic and dcbili101ing diseases

l)��g man has been on the increase. The distinctive odvnnlngcs of plon1-bascd remedies over
!!it tic drugs such as reduced od\<erse or side effects, n.JTordnbilily nnd nvnilnbilily hnvo fi.1cllcd

%rg 
� ..

c in the rcscnrch. Another in1portont foc10r is the posi1ivc results confirming the
�thcs of h . . . 

'">' few 
P Y1ocons11tucnlS \Vhicb are en1nn11ung from loboraloncs nll over the \vorld. Only , 

of the kn . . -" TI . . . 

I
, · 0\\11 pion! species hove been 1nvcs11gnku. us nccess11n1cs increasing and

� 5Carch for bioactivc con,poncnls 1hnt n1igh1 s1ill be locked up nmong the thousands of
llotyetc I vn uatcd for their n1cdicinnl properties.

ll 
I 

•,\"" . 
. 

'-in °
11d11nt 11nd free rudicnl scu,·engini: nclivi1ic., or study plllnts 1111d corrclulion, , 0t� 

t 
s,y methods � 

, .. "'tll ......... 
. d d . . . 

It.. . ·-...,gn;.,_,, · 1 1 • ll ht tit" mode of prcpnrouon on o 1TI1n1s1rnuon of herbal�it:, � 1n  p nnl c u:m1stry 1.. v 

'\t_ :ire Of\cn ,.,., ·n1 . bi . dctcm,inin� c01ei1cy for phnnnncolog1cul cvoluntions
"'lllor ., .. et vono c s  1n 

to.. ri of 2001) 
• f these plants. dccoctions or infusions of the rclcvruu

·� 're ., . In the trodttlonol use o 
� · "-'11.illy • • 1 ohol 115 the solvent. 111c Mturc or solvent mny
. ·, 

ll'llldc \VJth c1l11cr ,vt11cr or o c 

·"-. them-• • 'b'i-·' by plwit.s t,cc111� sol\cnts c..xtmct nntioxidont
,� 

'-"1c 1naJ or  olllcr crTc:ct.s clth1 1 cu 
ta to d·n; 1 CTC'Ol dCifCCS,

��t • . t,ccn U)sotl111cd \�illt phenolic compowitb
� llctiv11y in hiw)1cr plant$ hus onc n . • 

It,.. � ,, uJ , 1 ID111.S, phenolic: can1Jlllunds 1n our d1c1 lllll)'

·"'St ·• I 9911) In oddition to t11cir wld n fl , , lqlth 
I,..._ 

ed risk of chronic diSCllS� (1 lu. .004) flo\On\,ld
�Ii� cwociotcd "Ill• rcduc 

I 3 I 
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ll'Cthc lugcst group of phenolics. They hnve been identified in fruits, vegetables, and other plant 
PlrU and linked to reducing the risk of major degenerative diseases. More than 4,000 distinct 
Ononoids hnve been identified (Liu, 2004). The antioxidant activity of plant extracts hos been 
"Ported to correlate ,viLh their phenolic content (llidalgo et al.. 1994; Jnyapmkoshn and
�hnn, 2000). Data from the present ,vork indicate lhnt this corJClation is dependent on the 
11111n of lhc nntioxidnnt nssny ernploycd. The results of this ,vork clearly illustm1c Lhnt difTereot 
lcthodologics can provide conipletely dilTercnt responses ,vilh respect to the antioxidant 
�IYofn pure con1pound or a n1ixture of co1npounds. 

Sipi
i
ficant correlations ,verc observed between sonic of the nssoy methods. DPPH free radical

� ·c-n . 
�t �na activity had an excellent correlation \\1th TPC and RP (Fig. 17). Th�e tl�ree met��s

1 s1rnila.r und 1 . h . f ct·ion. Tiie DPPI I assny cvnluntcs nnuoxrdnnt activny� . er y,ng mec a111sm o rcn 
lcsting the b· 1 • f d I as fr,:e radical scavengers or hydrogen donors '> a , ny o compoun s to oc 

. . . likasti, 2001) Th . . . . f phcnolics is mo1oly due to their redox propc.n,es, 
'liit 

• C nn11ox1clnnl OCIIV1ty 0 h tltow lh . 1 dronen donors. and singlet oxygen quenchers. 11.... em to net ns reducing ngcnts. iy o 
-� also ha . (' a • et al t 998). The RP nssay nlso hns 10 do ,vith lit vc O mclD.I chelating potenual .,._w,s .. 

'edoic . . d Each nssny or group of nssoys "ith a· Properties of  substances being 1nvcsugute · 
. . '1a, Ull<k,t . 'Ii r, 0 particulnr group of anlloxrdo.nt substnnccs, ltc! Ying mechanism may be spcc1 re or . . . "'hen: th' . uch tests ,v,11 yield hist, vnlucs, Excepuons 'lit 15 group occurs in a substnnunl nmount, 5 

, �- d I nding to their nondctecllon by the specified 111,._ "''"-TC these bound or maskc: e 
"'}b), ,.,_. 

groups are 
. . . plnnts, There nrc elements like: selenium. '--- 'JJCrc lire d'm r nn11ox1d1111LS ,n ...._,ilb 

I c:n:nt types O 

I h os corotcnoids. phcnolics.. orgwiosulfur IUch as :isco b' 'd d h)'1ochcn1iC11 s sue 
-� r 1c nc1 • an P , • and position of runctiorUII groups io  
..... ""'l1lclJ. lllld . . • p0unds. n,c nature 
"It� . 

n1trogcn-conto1n1n1t com 
f nnvonoids, inOucncc their renctivity i.. hoxid •d ""I groups o -. ant compounds. e.s: .. tl1c hy ro�J 

�Uclltly their activity.

,-. • no corrcllltlon bct,�'CCII nntloxidnnttt-
llon S) ,11111 ihc:re \�'II .. 

\it)' 

cd by Odaba.soglu et of .. (200 
tnidictlon to previous reporu {I lidnJ11o " loci n• �cics. a con . 

Ill I C uf cx1rnc1S of some lichen 5 
nt lnvcstig.itlon obo co11trodlcb tht-994. J 2oOO) n,c prcsc: 

1 • • llyaprnJuishtJ and Jngnnn1olmn. c0rrctoiions bcl\\'\.'Cn TI'C on tht- one l. "'ii1n \ ere �,ronlt '""'t
a.... 

ofC>ciah.uo�u et ul (200S) There' 
0 76, o.81, 1111d O S5, ln(lCtll\'c:I)). /\ • ., Opt tl 0 other (r · 

'I I, RP. nnd IJ'IA oSJD)-1> on t

1)2 

'•
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lllllng correlation bct,,ccn reducing po"'cr nod toUJI nntioxidnnt activity ,,'llS ho,, e,cr reported 
�glu Cl n/. (2005). In line with this, the present investigation also re,ealed significant 
�-auons bcl\vccn reducing po,vcr on one hund nnd OPPI I nnd TPC on the other. It '''!IS

IUUcstcd by then, that individunl phcnolics moy hove distinct nntioxidnnt activities.. and there
Ill)' be antagonistic or synergistic interactions bct,vccn phenolics lllld other oornpounds like
�>drotcs nnd proteins .

.\ COocl corrct:uion bcl\vccn llntimdicol activity (DPPI I) nod TPC ,,'US reported by Nliliouskas cl11 
f2004). Pindinw, rron, the present ,vork agree ,vith this. The results of the present \\"Ork also

(QQ/jl'lll lhcir findings thot there ,vns to,v corrclotion between TPC nod DPPI I o.ssny nod bct\\"CCn
l)t Ind TPc. The values for the correlation coefficients bcl\,cen TPC and DPPI I oss..,y nnd
�""1 TPc ft�d -rr.c . d ( o? t nod O 43 rcspecthely) "�re similar to those -· • ,. 1n our o,vn stu y r ·- · • 
� by �liliauskas et <JI. (2004) (O.J2 nod 0,43. respectively). lne results of the present� "'°"-'td onJ I I • be rr:c and TPC (f ablc 4) nod also bcl\,-ccn TPC andYD O\V corrc 011011 t\\CCn r 
'i SCavt · 

1 m:lotlon cocffic1cn1 bcl\,ecn the OPPI I assay and ll nging ossoys. For example, 1 1c co 
C '-"1 0.21 d' 1 ,,:nuing copocity and TfC \\.'11$ 0.03 (fable 7).lL , nnd that of hydroxyl m 1c11 sco o -� ltsuiis • d · , of �11liou.5kDS et (I/. (2004).an: also in ogn.-cmcnt ,vith the hn ,ngs 

l\t lll'tscn . OOR 1111d NO showed no stron11 com:lmion '"th 
1o.. 

t investigation funJ1cr rcv�lcd lhnt . . ..., or the •11 therefore be logic:1.1I to 1ncludc Lhcsc t\\o...._ othc:r assays that ,,-ere curried out. It \\'l 
�a .,.......__ LS ore being c,ulwitcd. i-\llhough previous ''Qt llllliox.idant U(;tivitics of l11:rt,al cxuuc 

• . . . &a 
r. the purpose or 1n\-CStllf.llin11 com:l01101�, ,n l. !ors U'ICd 11 rc,v plnnts ,or 

, , 
very cw ossoy<1 or  

t,cc:n employed 10 cnsuro. n,orc accunne 
l ''IIC.ly, �en ns..�11ys ond ten plnn'-' ho,-c

,.__ J.... 1 tnictun: 11nd, in particulu.r, 1h11 ll)Jl\l,\)I
� i.... f n «1'11'1 n 5 ' 0uter'1ed t11111 only nuvonoltl1 0 

rtl .1 hc..'\C rr,.1pcrtlc� In aicncml, depend 
\ "' 1n the ltl nt pn>Jll! � 

� rnolcculc de1cm1lnc uJttio" 11 
rudkol I', 11lln111�n., rl 11/ (3004) £olllld, in I. lhilit)' 

n 11) II f'rcc 
� .._ In don:ito hydro11cn or electro 

d 1111, 01"1,� In ,urron ol the 11�\'t'1 ...,, 
I t'C on 

\... ·· 
1
UtJ)' aomc ,orrclution between 

•lhtn 11r a po1rnth1l 11.ntl\1,lJ:101 \\ilh,. �� hnl the 1111�1\IC .,,, • C"hof c/ ul (2002n) r\:JIOr1ed 1 
1 thlt ,,n,ciun1l t'."<tul�mcnt 1� rom-lntc-J....__ 

1 Ion onJ lllll ·•'t'lltJ, on ltJ 1tn11:lun1I confunnu 

I J.l 

f 
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•itb the presence of hydroxyl groups on the nnvonoids. Cos et al. (2002) reponcd thnt
11'°Pwinol sho\ved remarkable :ictivity in inhibiting xonthioe o:<idnse ond scnvenging supcroxide
13dical, whereas taxifoline sho,ved relatively \veak activity. The dilfcrence in nctivities ,vas
lllributed to vnriation in the location of the hydroxyl groups ond double bonds.

Choi et al. (2002b) found thot the scavenging activity of navonoids on pcroxynitritc ,vus
IOl·etncd by the position of the hydroxyl group. o-1 lydroxyl structures increased the scavenging
ltti,;t., 

fl I . I . d d . 
' on pcroxynitritc. Structural comparison of the ovono s 10 t 1eu· stu y an their

ltlvenging activities clearly sho,vs that the C -3 hydroXYI group plays n pivotal role in the
�tll scavenging nctivity. These authors inferred that the higher scavenging potency of

:1111\
i
n compared ,vith galangin )-0-mctbyl ether may suggest that C-3 methoxylation reduced

SCnvcnn · lli 
.,ing c ect of flovonols.

"'itoc:1ten,icaJs a 1 • T1 cN·r.on: the nntioxidnnt nctivitic:s of plants extracts• re comp CX 1n nature. I ,vii • 

'1 be cvaf d . 1 d The nntioxidunt dcfcnse system of the body is
1c,,,,__ 

uatc by only a single met 10 · . . . . ··� of d.lli . . The ontioxidnnt capoc111es of these nnt1o'C1dant
'llili 

I ercnt W1t1ox1dunt con1poncnts.
Ponen1s d . 1 xidonts a.re produced in the body. The vnrious

�� -. tpcnd upon ,vltich free rod1cn s or o. . . ··IOCls IIScd . . . .d. 1 activity of sru11ples cnn give vnrymg results
...._ 1n evnluaung the nn11ox1 un ·K:lld1n8 . . used as o r,:.1ctont. T11e results of the present
\o.. 

on the specificity of the free rod1cnl b eing � hi�l' ni. • f I ytochcmicals present in plont c.-.:tructs ond the
"'-

· 1"''' lJ1c diversity and complexity O P 1 . . nqflcit:,, f . • 'Ii ntioxidont spcc11:s based on the n1cchnn1sml(r,.,,_. 0 different assay protocols for spcc• ,c 0 
�•on.

' • 'd • l)pp1 f rncusuring 10101 onllo\1 llnl cnpoc:11) orI ass:i I' ble 01cthod o 'I appears to be o n: 10 
• 1 bOut thn:c othcf n1ctJ1odJ used in tJtis

"-' or sy I tcd ,.,ell ,,111 n 
"'Tft 

stems. Its values com: 0 

• d inc.,pctlSh c, nnd 11s wluc npplics t o
a. 

Ible 7) • . rnriid sunplc. nn 

·• '-'\r,,.,, 
• As noted by l'mkash, 1115 • 

• .-:Ilic 10 nny partic:ulor nntio\idnnt , ··1111 Qn • le ond 1s not �...--
'l hoxidnn1 copac,ty of the snn1p 

\1L I l).UIJ, results obtained in thi• \\Ori..�IC frb, rt)' vnJud 05 I IC 
1'1. . ,ucncy of high onijoiudMI cDp:IC: 

111,11 Jemon•omtcJ cunslstcnt high� lli&i h/tl nnd a. ,·11pll 

c:,iirnc,, from p K1to/111•n, S 11111111 ' 

( 
I
: 

, 
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•ctllitics in the various assays, follo,vcd by C. alara and 0. grarissin111m. It should be noted lhnt
-.itc of the remaining plants have higher activities in some assnys than the plants listed above.
For txample, the NO radical scavenging activity of A. boonei (44.88 ± 0.55%) '''11.S higher than
llrat or P. guaja,•a (21.68 ± 1.51 %) and O. grarissi11111111 (J0.576 ± 1.61 %) (P < 0.05) buttressing
illC fact about the cornplexily of phytochemicnls and their mechnnism of action.

O,,'ttall, the results obtained indicated that Nigcrinn indigenous medicinal plants could be o
� of natural chenioprophylactic antioxidants against reactive oxygen species nnd os such
<OUfd be relevant in the treotment of cardiovascular disease. cnnccr. arthritis and otherlltlholnn· · · 1· d I . f I • I-,.acs •n ,vhich free radical mechanisms have been unp 1c:i1e . n v,c,v o t 1c po1en110 
�fi�iaJ properties of the studied plants, our results led to f�er investigations of �he

lj<fant, ""u·1·1 1·r: • d" rotcct,·vc ond ncuroprotecuve property of Spondtas�-· -• popro 11crnuve, car 1op """''11. 

lt,\ 
. b" 

n1ti.scl . · of S.po11tlias 111on1 111•cm1c and cnrdio(lrotccth•e propcrt1c5 

� �&end IT 1. ort1blt1 leaf cx1mc1 :ii 0.00S g/L in1provc� the
�k 

or studies revealed lhot Spa1u ,as 111 �ilit" __ ,, d by ischemin. Spondias 111on1bl11 shov,cd-,
. 
. ' or the hcort ,vhich hos been "'"""'enc U11c •no . 

. porison of tl1c per sc effect of the buffer '-II lroprc lllld onti-ischemic propcrtrcs. A com 
. . that r I did not exl11brl o<lvcrsc effect on tl1c--._ 0 Spondfas 1110111hl11 sho,vt.-d th01 the cxtrnc 

1 • c-.,,,,.d Lrcmcndously in the � fican. ulnr drugs mvc an ·-
llit r

ev,.
The voricty ond scope of cordlo vnsc ·cd QJ\l\unlly. \\fhilc u�otn,ent \\ith the.�dCC!ad being oppro\ t3. ond new drugs ore 

"d fTccts. For c.'(JUnplc. o.lphn blockers 111 dru , . ore onc:n s1 e c: "t °"''· GS nn: usually cfl'ccuve, there . 1 ypaicn�ion. nnuscn ont.l p:1lpito1ion� ... "<oSin or11tosu111c 1 
• llnd tcnv.osine may cousc

ril UJ1d cnnlnpril o,c less cfrc:cti,c in
•• 

Ill ' like et1ptOJl 'lli.... C-Onvcning cntynrc inhibitors 
I eking unprcdictoblc: cough. Some�-, cousc n 10 � C.UIS truin In Whites ond mUY
I Anticon{lul1111ts, antiph11c:lc1s nnd

'
• -��ic d xtrt:rnclY IOX c. . rug.s like un1iod01onc ore c. 

hlockcr1 rnuy c.iU.1C n1&htmnrc and'-· ''>tl 
. \\ hilc Octo . 

. 
� Cs Ol.ly cousc excessive bJc:cdrni; 

11 ,,,un,bln mc:thanohc lc:ut c"'tn1c1
� . '-tc 1992) �)lllfll '" 
� �Oirnn1ic attack (Cobcn l!I u/.,

l(J '1iQ ond satct).\Iii O t0mbiru11ion of cfTcctiv(ltC:.S

1JS 
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For the m· vivo cardioproteclive studies, isoproterenol ,vas used as the cardiotoxicant.�tcrenol, n synthetic l}-adrenoceptor ngonist, has been found to induce myocardiol infarction1 rat ilS a result of disturbance in physiological balance bct,vccn production of  free radicals and
llilio,idative dcfcnsc system. It is well kno,vn to generate free radicals and stimulate lipid 
�oxidalion, which is O causative factor for irreversible dan1agc to the n1yocardium. It causes
�lit stress in the myocardium resulting in infarct like necrosis of the heart muscle. It also
ltl;rt'ascs the levels of scrum and myocardinl lipids, \\•hich in tum le:ids to coronary hcon disease
(.\Qjr and D e,,1, 2006; Zhou et al., 2008).

r'ilut 
2
6 reveals that administration of the SM cxtroct alone hod no adverse cfTcct on the heart

�I/body rorio d 1 1 ·, n,ny possess on1i-inflon1mntory potcnliol since it '''USlfllc an a so suggests t 101 1 
lo signific 11 H ... htJBody ,vcight ratio ,vhich ,vas elevated by ISP an y reduce the earl ,vc1i; ... 

�lion Ab rt d that exirnct from the bark of SM sho"·ed \\'cnk .,., · ad et nl .. ( 1996) had n:po c 
..... ,nn� ... --,,,,intory activity.

l\c llltioxj,1__ . . i'vitics of Sl'vt ore also clearly dc1nonslratcd \ U<UJI nnd lipid pcroxidntion inh1b1tor)' nc 1 
. Ilic "sul 5 antioxidant GSI I ond tvlnlond11tldchydc 

\I.:_. 
15 obtnincd in this study. TI1e cndogcnou . 

. • . • . � b 11 
• • • biomnrkcrs of ox1dn11vc damage 1n hv,ng�- lllaJor product of lipid perox 1dn11on ate 

. � ci... OSI I . n rencc:tion of changes Ill the COZ)'lllCS"•Ul&Cs i th . C level Of IS · n c scrum or ussu . · dose. glutnlltionc rcduc1.11sc nndII.. .. With th . f OSI I such glutnth1one pcrox1 

�- c metabolism o d OSII 1e,•els caused by ISP \\'Crc IOtrc.s.trnn 
r. and tissue. decrcnsc s,emse. In both scrum 

.1 lcvotcd MDA ond nitrite lcvi:l1oly nu • . ·on of srvr \\hi e e 
' 8111.cntcd by the odnuniSLrtlll 

cd in bOth instnnccs, to n level by ISr • ·nc:ruttly 11t1en11al • 
'-- ·, odn1inistrotion ,vi:n: si&JU 

•. .,7_30 33). ·n,e in vivo Mtioxidativc
._._. 

�c With ril (Figures - · 
� the effect sh0\\11 by rum•P 

·n I lncn:11SC!i in the oc1iv11ics of the ) Of S�• _,, b)' the sigru CDJ1 
•vi WQ.S further dc:monstrJhau 

, .1.u,:otcd groups con1parcd \\ilh the ti. t SM nnd rwnrpn 
" �H.'S SOD ond c:t1U1IO.SC 111 th0 . 

�1C:a•-• . I d 32), 
""'Sroup (p<O.OS) (Figures 3 an 

\ d... f tie ndminisuntiun or ISP olrc11d> 
\_ � II ,csult O I 
t., Kc c:.tuSCd Lo Ulc cardiom)'OC) tes 05 ,!�UC nntlo'\id11ti�c Ind ice-JI \\US further 
"4,

'.
q

� b) deleterious nJtcrutions in the scn.nn und 
n1 (f,igurc 37) In the ISI' int<l,icntl'\.I

��- 101l1c•ru �, the maui vc lcnkoge of I 1)11 in 

I 36 
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PllUJl compared ,vith the remaining groups (p<0.00 I). The leakage of LDH \\'US significruitly 
-ro in the SM and Rarnipril treated groups (p<0.00 I). Since leakage of LDH into the blood
otturs when the plasn1a menlbl"'.tne is da1naged, SM could be said to restore membrarie integrity
COaipromised by ISP intoxication.

� scrum phosphate concentration has been linked ,vith cardiovascular and renal diseases.
�ficaJly, phosphate excess has been implicated in tl1e substantial cardiovascular morbidity
� "'.°nality observed among people ,vho receive chronic dialysis

: 
Hypcrphosphntcmio has 

IJldcpendently linked ,vith calcification of the coronary ortenes and aorta as ,veil ns
�':Ucular and U __ ,. · tlic setting of end stoge renal disease (ESRD)1 a -cause mo, u.uJty 1n 

. . . � et / 200 . . / 200,. Kesienbaum et al., 2005). ISP 1ntoxicouon led to a· 0 •• 0, Ragg1 et " ., -· 
'lllificant i- . 1 hi h ,,-.is dccrensed by treatment ,vitl1 MES (Figure 
1'l 

�, .. rcase 1n the pbosph:11e levc ,v c 

� &111co . ted \\-ith �IES alone comp31'Cd ,,-ith the LSP 
...._, 

SC level ,vas not lo"'C?Cd 111 groups tren . . -�led I level in the group odm111Jstered ISP and � . &n>up (p>0.05). Ho,vevcr. Ille blood g ucosc 
, , . � "'·

th I compared to the ISI 1n1oic1coted group"1 2So 
· ificnntlY o\\'Cr l'l"s mg/di of l\1ES ,vo.s sign 

.. Ad (Fred Jai)csimi and Kio ., ) (Fi • • 
f SM lt!IS b..--cn n:po,"' • '

� 
1&ure 34). The antidinbctic acuvily O 

• • bnSed on acute odrninistmlioo of·"'). l�'cv .d. belie ocUvtlY \\'11.5"4 ._ . CT, lhc cvnluation of the nnu 13 

• d ced diabc1cs. There appc:irs 10 be"-1\lch • onimab ,vltl.t in u 
It� °'i>osutt to SM w.lS < 2-' b ,n 

. 0 1 ·c(lcn,ic onim:ils. In the present study,11 .  on th h . • 
f SM 1n norm S > 

,.. -.._ c Ypoglycnemic oe11,·1ty O 
30 days s�t could be hypoRIYC4Cmic

• ldtntn· 
. I.Ill anin1als for�ill& 

ltle:rcd to the cxpcn:mcn 
c:aemlc follo\\in.i chroruc usc. J\150, the._,. · Gcutc :idnunistr1111on bul h)-ptrgl) • 1 )nr-rol)et10:mlc stoic. llow·c\cr, St.t'illltf)'1 c-<prcsscd 10 tl 1 r·" '\ a1.1 c Acti\•lty of SM mny onJ)' be 

11 h \\'lU c:lcvo1cd A! D mull of the- lo ,....ttl,05) \\ I C '-.. • ' l'ed11e:e the cholcsttn>I lc\lel u,-
ibl" nnuesscs h)'pocholci11:rolcm1c L _  �-

t,h:11 S�I poSS ' ,-...... 
. IOn of ISP (Figure JS) ThlJ sul!,idU

• tl h>pc>hplJcmlc pror,cny of dtc (IIAl'lt11. � p c.,bltlh IC -._� "1\hcr lludic-s "-ouJd be needed IO cs .... JiJOrpnl?Jlllon onJ fra�mmuatton�k 
O pre,cn1 t, ... If' �caJ lludies •how th:11 SM \\"llt able 
I 0)4)o:ancc \\ith 1hr ,auh.J of the LOIi -.),

lll)oObrils cnaun:s )8-41) \\tuch Is In co 

1)7 
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IDlht Presen1 sludy, SM sho,ved similar effects to that of Rrunipril, an angiotensin converting
GIZ)lllC (ACE) inhibitor, in most of the parameters evaluated. Experimental investigo1ions and 
-it clinical trials have sho\vn that ACE inhibitors prevenl deleterious events related to
llebtmia-reperfusion injury and atherosclerosis (Jugg.i et al. I 993: Heusch et al., 1997; Remme,
l997J.1n l)articulor, Ramipril has been demonstrated to be beneficial in o ,vide range of patients

'�ait 81 high risk of cardiovascular events and has been indico1cd for congestive hean failure,
tft 1·rn1nc I card' I · li · k u ar dysfunction and the prevention of myo 1a 1 n  o.rcuon, st.ro ·e nnd
�l'llscular death by the FDA (Annapurna and Kumar. 2000). Rrunipril has a higher
�licit dru . . I ACE inhib. Y nnd therefore pcnetrntes tissues better lhlln other gs m its c oss. nors 

� 
t
he degrndntion of bradykinins. possess vnsodilotory activity and hove oxygen free

� SCavenging property ,vhich has been postuJa1ed 10 contribu1e significantly lo tl1c reduction
11Y0cardiol infnrc( ( 1 2000) ,i1e c.:i<ccllcn1 on1ioxido1ive octivily sho,vn b}

l\j . . ion Annopumo et a .• · • • . • . 
111 this study nnd ·,� . . h . . oci·,v·,iy \\'hich is suggcsuve of a vasod1l01ory oc11v11y

i.... -· i.., an11-1sc cm1c · 
'ti:sts SOrnc s· .1 • • • • 1• and novonoids in foods and extracts fro,n plants
, 

11111 anues to ram1pnl. Pheno ,cs . , . 
� """' cd . E · ·,y (Actis-Gorcttn et ol., 2006, Park nnd Jhon.

�Q -�,,.,n to possess ru111 AC ac11v1 
I .  Pbc:noli 1 2006• fg,\'c et al., 2010).

CS are presen1 in SM (Ayoko et O •• 

'"- � "--- • • • 1 tioxidonts s1udicd in  clinical lri:11s do not
lh... 0�rvcd tluu taken alone. u1d1v1duo nn 

, '"'II lo 1. .  • 1 icd cornpound mny not beha, c the same
.._ 

,,.vc CO • 
• fTCCIS os the ISO 11 

.., Ill , 1 . .  
ns1s1cnt prcvenuvc c 

000· Liu 2004). Oioactivity may be
� �IC Co,n • (YUSUr Cl al .• 2 • • 

I �It i>Ound in extracts or rrucuons
d'vcrsc: phytochen1icols. For these l"C4501\S,

i. of syn.-rn; • • t' ns Q/TIOnl! 1 

1q,,11,_ •••• b'.suc Ulterac 10 obtolncd ,n 1his i;1udy �hould not be 
l "Q &ho _. · · 4J pJQSlt> OS
"'(,'-.. 

11,11 by cxt.roctS rrom m=•c•n 
ed ...nunds should be Juxtaposed ,,ith

L . �,"'1ccd . . . ··'id on iSolDI con•,·-
� or · Results of  bioae1.1V1tY siuu 

c0lol!lcal fom,11ln1lon:t �ill be most

��lntc13 or fractions 10 nsccrtain "hich phnrrno 

\� I ,Inn Ille canliopron:c1hc rro�nr ar
-. '-Ii . . studr c,r O ... 

, latio11 ·� to be the firs
t m:iJ0' ,.....> and In ,·/1-o pn,L«ll\e effect 

\... · llu., . ti-ltchcn•lc pro,-·· 

-� lllldy, S�1 dcmon.strot.ed t¥ ,·t•'O on --tJopro1ec11on .«nu to in\ohc
"' o( s�• c.»" 
)�iQJ damage 11,c 11tcC�1,mS ith,rfllnj or the CilNlX 11\)t\flbrils..

'or the COntractihl)' ofthC I� thtOUg
l
l 
the �ti,il.J. pic.Cl'\DIIOO 0r1hc intqpil) of

or o f t !� nl)oll 

� brcaJ.do\\-TI o.nd Jj ,orJPIII jtJ1lfOn 

1JI 
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lldiomvocy1 ' e membrane and d · 
�mcrol le I . 

re ucuon of oxidative stress. Moreover. the lo,vering of blood
ve s 10 SM tre d 

bmation 
ate animals suggests that inhibition of atherosclerotic plaque 

mny also be a "b 
�ar I 

contn utory mechnn1sm. Further investigations especially 01 the
evel are needed t I 

ltlpoasjbl � 
o unrave the precise mechanisms and bioactive principles 

c ,or the card· 
�I is attrib 

ioprotecllvc property of  SM and to ascertain ,vhether cardioprotection by 

an 111 1v1dual compound or a group of phytochemicals.utable to · d · . 

SJ. Ntu 

frl\ 
roprotcctive property of Spo11dias fl/Qf/1bi11 in middle cerebral artery occlusion

Oktd b . • ra,n •of:Arction

lliet-i Cllroprot . 
' CCIJve property of MES ,vns evaluated in 1.hc MCAO-induoed focal cerebral

�. 
ltlodcl. lschemia of cerebral tissue and cellular death underlie nil fonns of stroke

�g f; 
, <>ea) ischemia.. In  the ischemic brnin, cells die by means of 1.,..-0 major processes:

IIOd 8Popt . . . h th 
. 

111.lbc locif 
Osts. Cells in the ischemic core die ,Ylt e necro110 process and. depending

'(It •on "-ithin the pcownbrn. cells die by  menns of either mi:tJ1od (Smith. 2004). Salvage
ctlls and . . • \\i

tissue 111 the penumbra is a target for stroke 1.bernpy. A single dose of I 00 mg/kg

� 
. . d 

• 

,. "-"US chosen based 00 results Crom pilot studies an prcVIOUS \\-orl..s. Spo11dllls

� � lhowec:1 excellent ocuroprotection in the rnodcl cn1ploycd rcmnrkilbly n.-ducing infarct 

,�ologicnJ dcliciL This justifies the folkloric use of �e plnnt for �
c trcntmcnt or

' . d
150rders in some p:ttlS of the ,,orld. 

Since c.-ceCSSl\'C npoptos1s ,s n fc:iturc of

� Ucbcrni11 f t've mcchnnisn1 of Spo11dlos n10111bim may be

"""' 
-. one o the ncuroprou:c 1 

lonor 
0 l>Optotic cell deuth in the pc:numbru.

\' \
_ 

lmbaJ • • . burst rolfo,,ins rcpcrfus1on ol\cn mnnifest" ,n

-._, llllCC tngg.ercd by the o,c1dJUVC: . 
�OA I n nc'"1ti\'e 11lte1111tons 10 tile le,·cls or thc:sc

C\eli, tllld n:Jucc:d GSII le\ cls ic .- .. 

\. or O • .,_ 
• __ ,1 Ull rep.loris of the bnun 10110,�inQ I\Chmlln

� 

"'-t xi...,11vc si.n:s, i both coruc:al Ill"' 51"11 

\,,_ -, 1� 
n 

inJlc::itcd tJi:il anoL11cr lC) mechanism of �tf·..S·

\..
� llt\uo 

by Sp<>ntllas 1110,nbln nus
• I O or the rcJo, ,1. ·11us culm11w1lna ,n the-

' Prolccl,on ,s Lhroullh the norw11l11Jll o

or 01r acbll"e ,tress in the bruin 
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Mtric oxide {NO) generated by endothelial NO syolhase (eNOS) plays a cruciol role in vascular
!Qxiion and homeostasis. NO possesses vasodilatory, anli-inOammntory, antithrornbotic and
lllproliferativc properties. Several n1odali1ies thot upregulate eNOS expression and/or activity
ln? bctn sho1vn to enhance protection from ischen1ic stroke (Endres cl al .• 2004). Depending
<lllheccllular source and the stage of evolution of the iscbem.ic process. the role of NO might be
l!0tcaivc or destructive. This dual role of NO in brain ischemia underlines the necessity forIC:lo;ul't lh . . . NO TI . . L--· . 

cmpeutic approaches 10 inhibit nNOS and rNOS nnd augment e A. us rs u=ause�blc·· I · 1·t1 OIIJic oxide synthase (iNOS) have been found to p oy llil 1mportnnt ro e 1n 1c
�Lory process after ccrcbml ischeniin ,vhich contributes to increase cerebral cdcmo or t4iti Volume (lli· . d Sh rnio 2004) and nNOS have also been reported to1yagaroJan nn o , · 
�le lo neuronal damage after ischcniic or excitotoxic insult (Bayir Cl of .• 2005). The
�1-c upregul ·. f . d do,vnregulation of the expression of iNOS might� ation o eNOS expression an 
� m ,.. __ . MES ·ns1 cerebral ischcmio.ec,"'ll1sm of neuroprotcction by - agoi 

� 'XPress· . ·d nnimnls. Superoxide along ,1ith hydroxyl
11ie_. 

100 \\'aS also upregulated 1n tvlES-treolc 
• � Pll>d d tertiru)' structure and oggreguuon and/orIi... · Ucc modification in primnry. sccondnry OJ1 

• • �lali . SOD and peroxidase. Dysfunction or, on of cellulnr proteins including . . . lb,,, . .  , · • rectivc function 1� lueh mnrufcslcd as� -�on of SO I • loss of its pro . 
� . D m:iy resu 1 10 

. d SbnrmO. 2004). Superoxide nnionUlfatc • . . (fhiungnrtlJOn 011 

i,..._ . 
Lion rn ITUUlY s1ud1cs .,-

. r, roxinitrite which can produce� IS a . . tric o:iC1dc co omi pc 
,t l'Csult of IR injury rcncLS ,Vllh nr • 

. . cytosollc prolcins and producing' . dryl i;roup:. rn 
id... 

10 neurons by oiddiung the sullhY
_ OD by MES is another indiauion of its� fl' · --' rd$ion ofS 1P•ds. 'lnus the cnhan� eJCp 

us SOD I ITl\fl.\llC:nic mice (fivefold
\.. · . . thnt horno7)'S" . 
. " 

"- 1111s 1s confinned by reportS

. fClfCI ,oJun1c compnrcd ,111h control'-
Ill Soo at. dCCf'C3SC in Ill 

�- ' OCcivity) drmonstl1ltcd o J57• 

• frorn 25 10 S0--1. in  neuronal cell
L 

I 0-.
.. 

redUCli011 runs1nii 
• � , •• • """lllllcr,1 focaJ fschcmio model. A ed in sODl-01erc,p�nQ ml� h. ""�· nl t,ccn repOrl "'It 'tit .. _ lllg lransien1 MCA occlusion IWS so 

.. h the bloci..iic of the c:irl) n:lcnsc'( ""tlic, (i.1mllSC: thf'Ollr• 
• 'ho... -Ila Were linkd to decrc:iu:d DNA 

nuCC lll(l.1118 <,ODI ucmonstrotcd llll
\.. � e fro,n the toehondnlL /\ccori.hne.lY· 

� 1 c'°"bnrl isch1:n1la (TD) h1r nnJ�." •11 mr 
trafl••'"' 

,i)CII 

'. lt bou, Infarct si.t..c Qlld oedema f01101""11 
Xl4) 

, .. o
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S-K'O!inamidc ade · nine d1nuclcotide phosphate (NADPl-1) o:-cidnse (NOX) . II kn lllj<)r SO"- r 
' IS \VC ' 0\VO as a 

... ,e ,or superoxid d" I . . 
_,. c m. 1ca generation 1 n  leukocytes (Chen ?009) NADPH 0 .. "d · 
...,laubun· 

' - · .. 1 ase 1s a C) • 11 complex composed of  n1embrone-nssocin1ed gp91p1,o, and p22.,,.,. subun"ts d10solrc sub . . 

1 an 
lUlltS 1ncludi g p47P"°' 67P"°' d pho, 

lllliuni•- • n · , P • an p40 . As NOX 1s activated, cytosolic"'• p47Pbox 67pho' pho< 

� 
• P , and p40 , translocate into membranes and fuse ,vith the catalytic� gp9 I i>bo> Th 

fie · · c activated enzyn1c complex transports electrons 10 oxygen, thus producing 
SUpcroxidc 

11-: . anion (Ol J, 11 precursor of reactive oxygen species (Bedard and Krause. 2007). activation f I . "° � 
0 l 1e gp9 I" • subunit enhances cerebral damage ,vhilc the activntion of the 

subunit . . . • 
, 

15 neuroprotccuvc. Chen (2009) reportod thnt gp91� expression increased after 
a, and , ..... � Ii h . / . .d d" 

lltatio 
• ..., urt er oggrovntcd by gcncue coppe� z1nc-supcrox1 e 1smutose (S001) 

n. bu1 am 1• " "' ··· 
e 1oratcd in SOD 1-overexprcssing niicc. Tlus suggests that NOX plays a role in 

�'"' . 

,ld. Sllcss and inflammation. thus contributing to ischcn1ie bruin iajwy. MES-treated rats 

I( 'llCTtased expression ofp22""°' compared to vehicle u-eoted nnimnls ,,•hilc tJ1c expression
fl,91 .... 

'¼ lctin "''!Is suppressed. From these results, the mcchn11isn1s involved in ocuroprotcc tion by

' 
t
o include ottenu:11.ion of oxidative strCSS, incrcnsed expression of enzymes nnd other 

�t bolster neuronal preserwtion ond me decreased rex1>n;ssion oftJiosc tlmt promote or

nturona1 damDge 

"" �- lorn the b" • . • th r suouesl thnt augmcn1n11on of tlic endogenous
� 

1oac11v11y studies Ulken 1oge c oo 

'-i.. .. � nftd . f 1 ••. , pcro�idotion vin different routes a.re princip:il 
� 

-· a11enuo11on o 1p1u 
by v.hieh MES cxftjbilcd its rnedlcinal properties. 

I 
... l\ I.. '-'11t1, · r,inoshlt anJ undrc--1-t'nt rron, n-
'-1 11.r..alion of Quercerln-J-O-(l-D·i:111cnfl)' 

111d 'lh I '"> Dce1a1e fraerionJ of /\I�

lit� .A rudtCS "a' 1he t-;uls for its �lcctlon fnr 
... ,IJOlt l\!\IIOUS S 

, •dttnL profile of SM 1n our P 
111 .. 11 011tioxld.lnt inJkcs for lhc 0•

l\·e II I.ion. Tite II' 

" 
•� llnd ncuroproteciive invc:5 1111 

1 for clUt>fllJJIOgniphlc IIJl.11)� \\hlch 
, -,v rui I c:J ticlr 6elcel on 1c. 

� 
> IICttatc fru<:tions infonn 1 

. h 1"0 "ere ch3ractcnll'J Pnl, lou., 
ll(Jl.11.i· 01 of wh1C: 

•on or ,omc con1pound� o --·"'ls from 'f'C",J"" m,•111/11,, I� 
fla C I� et•l111"""-

L \e �rtcd the isolt1tlon of '°'11 
. ·nit J'f"pt111n anJ all,'fl) I rhcn,1b

">dr111 "Ith 111111\ 1 

>sable lllnnin, ond c:allto) I ,:stcf'J 

I-' I 
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'1th molluscicidal and insecticidal properties (Pieters nnd Vlictinck, 2005). Although phcnolics
lid many other compounds have been reported 10 be  isolated from SM leaves (Ayoka et al.,

!006; Fred-Jaiyesimi et al., 2009), to the best of our kno,vledge there is no previous record of the
lfOlation of the Oavonol glycoside Quercetin-3-0-P-D-glucopyranoside and the f1111y chain
�-l-cne from the leaves of the plant. The strong antioxidative property of Qucrcetin-3 -0-f)­

�
UCop)'ranoside has been reported (I lai-Lnn et al., 2007. Liu et al.. 2010). The relative ease of

!Solalion of this compound and the strong antioxidant and other bioactivc properties that hove
� alluded lo it in previous ,vorks suggest that it 01ay be abundant in MES as ,veil as be tl1e�vc "b th · "d d th . COmpaund in the extract. Undcc-1-ene 1nuy also 000111 ute to e an11ox1 ant nn o er
�

i
vc Propcny of MES. The relative case of the isolntion of the compound moy also be

::;
i
vt of its abundance in the plant. Along ,vitb other essential oils, undcc·l·cnc ,vns found

If bit LPS-induccd NO and PGE(i) production in RA \V 264.7 cells. These inhibitory effects
tbt Cs.sc:ntial o·ts . d b d se .cJepcndcnt decreases in the iNOS and COX-2

� 
1 were accompan1c y o • 

,\ Cli:p-�· . ....,,on (Kim et al., 2008).

�i\•tiprol't 1 ttath•c Activity
,._ Ilic lll\li . . 1 1 roniethanc fraction sl10,vcd >50% gro,vth
""- Prohfcr.uive activity only the die 1 0 

. ...,lion a , . 
' 

. 11 nlso hod the highest pcrccntngc gro,vth�- · ·i:ainst KO and C-33A cnnccr cell hncs, . . . 
� r d tttict and tl1c vnnous frocuons did notIll,. •or the I\.S . G rally tl1c cru e ex 
� 49 cell hnc. enc ' 

· rollfcrntivc nclivity of thellroo . . • . .. cs. 111c slrOng nnup II llntiprohfcl"llllvc OCIIVIII 
MES moy conlllin oihcr bioactlvc: . r rraeuons rro111

fr.icuon suggests thal otlte 
I the rhenohc rich n-bu1nnol o.nd11... ici.l entered on on > 

..,,
, 

1· � such, focus musl not be: c 
rrac11ons.
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CONCLUSION 

Tht Present investigation corroborated reports fron1 previous studies on tbe cardiotoxicity of 
�erenol and substantiated the role of oxidative stress and ischemia in the pathogenesis of 
ll)OCardiaJ and cerebra] infarctions. Results from this study indicated that mcthanolic extract
� lhe leaf of Spondias 111on,bin possessed antioxidant. notiproliferolive, cru-dioprotective Wld 
�mtcctive properties. The niediciool properties den1onstrnted by McS ore principally
lltdiatcd via · "I 

· 
d h b. · 1lS nn1eliorative effect on oxidative stress. I 1ese properucs are ue to t e 1oact1ve 

� Present in the plant. Quercetin-3-0-P-D-glucopyranoside and undec-1-enc 

::;.i� from MES may be l\\'0 of the biooctive compounds in 1\11ES responsible for the

� �la) rncdicinaJ effects. The present investigation sets the tone for further evaluation of 
'tdJ<U mon,b,·n fi I t of - ·-'iovnsculor discuses nnd stroke. Further 

, 
or t 1e manogemen o;;wu 

logical and mechanistic studies lltC needed.

1.a1 
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CONTRJOUTJON TO KNO\VLEDGE 

I. The phenolic content, total navonoid content and the antioxidant proliles of ten indigenous
\"1&triao medicinal plants \Vere presented in this study. Correlations among the different assay
� were nnalyzcd.

l The n-bu•�� I ., S d 
. 'd . . h" -,o anu ethyl acetate fractions of ME sho\\'c strong anllox1 ant :icuv1ty \V 1le the

iStbloromcthan ,._ · · · 1·" · · · · KB d C 
1 

e u1Jct1on exhibited significant anuhpopro 1,cra11vc ocllvlty oglllll.Sl nn •
1-'�II lines. 

1
�11:satooo 

· d "  • _,. • 
· 5 g/1 dcmonstrnted e;c 11;1,0 noti-ischem1c property nn in v1vo cn1u1opro1ecuve

�} DI IQ().. and 250 nil, m&"S· 
( �1£s at a dose f 100 d , ·nst middle ccrcbml rutcry induced focol cerebml 
'it..... . o mg/kg protccte oga1
""'liarnrais.

1 
\rts 'Upnr-•• � . .,,.,.. d NOS but cnhnnccd the expression ofp22�.

•-os r·---=u lhc expression of gp9 I nn n 

' 

111d SO d ?4 h ofrcpcrfus1on. 
Din rnt brain subjected to I h ofMCAO un -

��-3 1 lycosidc) Cllld undcc-1-cnc (o fott} chwn).
, ·O·P..D-glucopyranosidc (o flovono G 

�7.cd from MES. 
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... !) U l•\11111 C (lO< 
Pcnccr Jl'I Schroeter 11, I cc-

� 1 q 
,, 

' 1K1tS03 
JJ>ru1cc1nr11� I lloln1;1lc1tl C'hcntbll')' 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



\'1£1Uf, S, Dagenais. G., Pogue, J., Dosch, J. and Sleight, P. (2000) Villlmin E supplementntion 
and cardiovnsculor events in high-risk patients ·1nc I lean Outcomes Prevention 
Evuluo1ion Study lnvcsligotors N. Engl. J. Ml-d 342: l 54-160

lhing., 1-0., /hang. L., Jinn g. Q., Zhong, R., Davies, K .• PO\\'Cl'S. C .• Bruggen. N. V. Chopp. l\1.

(2000). VEGr enh ances nngiogencsis nnd promotes blood brnin barrier lcakogc in the 
1.SChcmie bmjn, Journal of Clinical lnvesligotion I 06:829-838.

lliou, R., Xu, Q., Zheng, r., Yon, L .• Zheng, J. u.nd Dai, G. (2008). C.ardiopro1ccth c clTcct of

Ou"nstn1in on isoprolercnol-induccd myocnrdinl 1nfnrc1ion in nu Furopcan Jounml of 
�y S86:244-250. 

lJ.out<. \Vong, JI. Mei, w .. Li, X .• Luo. Y. and Doi, II (2011). Anliox1dllnl octivi1yofp:1p11)11
ict.l ettrocis Molecules, 16:6179-6192

lbl 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



App,ndix I. G . allac acid standard cur
v

e 

--

l.g

1.6 

1.4 

04 

0 
-

APPENDlX 

-

150 

Y = 0.0061x 
R2

= 0.9797 

• 

-
' 

200 250 

50 100 

conccnrrurion (n1g/L)

16) 

-

300 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



Appendix II: Queccrtin standard curve 
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ApPfndix Ill: Protein stondord curve
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Apptadix IV: GSH standard curve
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Apptndix V: MDA standard curve
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ApPtndix VI: Nitrite standard cun-c 
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Appendix VII-XXII: Structural elucidation char1s
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I 
PROPllRTIES OP NIGERIAN MEDICINAl. PLANT'S 

Pli)'lochcmicals, especially phcnolics in frui15 Gild vcge>­
lables, are suggested to be the ll\lljor bioactlvc oompounds 
rtapon,ibk for their health bcneft11. Moll of these beneficial 
��- are due to the antioxidant ond metal chelating ubil­
,uca �r phenolic compound$, Phenolics hllve been shown to 
be highly errective scavengers or most type.a of oxidizing 
molecules, including 1inglc1 oxygen and other f= mdicals 
P<Oduced by lipid pcroxidation.�.a 

A plethora or methods h:lve come into common use for
ICnicnina anlloddant activity or various ctnsscs or oom­
P0unds. This is due to the search for novel nOUU'III anliod­
dant1 in mcdidnlll plMlJ Md vegetables that fflllY be 
�l ln P4thologic.s involving rcl!Ctive oxygen species. Ill 
� � P<t:lc:rvalion of food substAnccs aglUIIJI oxidation in 
(QI� 'These include 2.2-diphcnyl-1-piaylbydnlzyl 
:,1> �vity, lOlal phenolic analysis. Trolox cquivulcnt 
,,,.�� apidty, ferric n'd1dng anlloxid:1111 power. and

In �cal absorb.inoc capacity.' 
heal N

lccna numerous food plMts = u.scd as hc,bs ond 
1111d III fOOds and for lhcr1pcullc purposu. This is the fil'II 
� � its _kind 10 n:pon the Mlloxldanl cITcc:tivcocss or
'"-ila "•imon indigcnOUJ plMts (Psldium guajaw,. Al· 
� �I. Ca.u/a 0/010 N,:wboul,Jia latvls. Spondla.s
s, • Clol,/m�ndo cupuiotum, O,romo/.atM odarotn, 
At� Wflgt1Hdunculo1a Ocimum grotlulmwn. 1111d

1J11e"""° 1wdda) (Table J). Tl'lel'Cforc, lhc antioiddant and 
ljj�I icavcngii,a capacities or sclcc:1cd plMll from 
i., 1111� having mcdidoal properties. have bcco cvalwu.c<I 
in..i:".' � methods. nic level or com:lation lllllOng lhe 

�- ..... .ta<, c.umiocd. 

� 
�IA'll!RIALS AND �lETDOOS 

Prrporat/on ONI a1roC1ion 
� lllal<:riaJs Wen, obl.lJned from fann)and,s in AJn=

� Ni� in the l11tet pa11 or 200S. TIKy '"""'

dried under active ventilation Ill room tempenuu.rc. packed 
in paper bags. Md ston:d. Thc plant matcrWs were later 
pulvcriud wilh a RclSCh Muhlc (Hano, Gcnnany) blending 
machine. The powdered sam.plcs (200 &) wcn: cJtlrac:ted by 
iru,cenition in 500 mL of a aolution of ITlCUIAnOI and water 
(4:1 vol/vol) ror 72 hours. The mbnuu were liltucd, 
fil'lt wilh a muh and then ,.;lh Wlwman (11,faJdstone, UX)
No. I filter paper. The fillnltc wu conce ntrated wing a
rowy c_..poral« (Resona. Goss:iu, Switurland) o.nd then 
lyophiliud with a �lodulyo (Edwlll'ds. Cnwlcy, UK) S84

f=z.c,,.drycr. The lyophilysatc:s were prcse,vcd in dcssic:a­
tors Al -4 •c. 

Ph)1oditmlco/ scrttning 
E,ttncll were acn:cncd for the presmcc of IJ)Ceilic pby­

tochcmiC41s like olbloid.s. 111nnlns. airdh1c glycosidcs, tcr• 
pcnolds. llavonoid.s. and steroids u pn,viOlll!y dcscribcd.18

Test for o/J:ololds 
PIAnt cxtn1et (<U al w... oddcd to S mL of aqucou.s HO

(I�) on a ,tum �lh. The solution wu filterod, and lhc
liltntc wu tratal with a few drops of Orafcndorff'a re>­
agcnL Twbidity or prcclpilllc Indicated the prcsc_noc of 
all:alolw. 

Tat for soponbu
Plant cxll'IICI wu lhakcn with 5 mL or water in a test wbc 

and warmed. l'rothin, inclicatcd the � or uponin,. 

Ttll for 1/JMIN
About O.Se of CJtlnlCI wu lllmd whh IOmL of dinlUcd

water. The mt..Wtc wu lihmd. and the Rltntc wu � 
wilh ferric chloride. A blue>gn,cn-olacJc.grc,cr, prcdpllAle
ht.Jk.olcd lho pracoa:o of IAnniiu.. 
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AJUNMUIAIJUN lff AL. 

Tw for phlcbo.taMfns 
n,,c, Ulraet WIIS boiled with I 'I, aqueous HCl. A red

Pff:Cipnaie showed the presence of phlobnuumins. 

TUI for anihraqwitwnu 
Alloot 0.Sg of extract was slulken with IOmL of benzene 

111d ftllaed. Five millilitera of 10% ammonia solution wu 
lddc;,l io thc fllttate. The mixture wu aha.ken. The prucnce 
:,r.

nk, red, or violet color in the 11mmoniOCAI lower pl\llSC 
M'lled the �nee of free anthraquinoncs. 

Tr.11 for lltroids
�c acid (2 mL) wns added to 0.5 g of cxlt'IICL Two

�krs of H,SO, wo.s then added. /\ violet to blue-green 
._, lbot,-.d the presence of ,tcroitls. 
7

'11 for ltrptnolds
� Uhct was miAcd with 2 mL of chloroform. Thtcc

� •hters of conccn11111od H,SO, was then �fully�'crf orrn_ 1 thin layer. A reddish brown col oration at the •0•

10c indlcaled a positive result for te,pc:noids.
T tAt for /f,n'Orlo/d,

�- llnolonia lOlution was odclcd to the CAtnel f o l ­
llio,, O: •ddhion of CIOIICC�trolcd H,SO,. /\ yellow col«f
�� on nandlng indicated the� 0

�Ill) for Iota/ ph,no/Jc C'On/rcnl (TPC}
lie 'roe 'll'C or the e.llnctl w:i.s � as daelibed by
llQ� <1 aJ.11 Serial dllutlona of SOms/L. IOOmJ/�
�L. ?.Oomi/L. and 2.SOma/l- '"'Ct'C � from lls>. &lltlc at:ld (Sigma Qiemlc:al Co., SL Louis. MO,
� ;1�011. Oalllc add solullon (0.1 mL) ��:
� ml. 20ma/mL) was wdcd 10 O.l 

lmLof � �cm, (Sigma) and dlh11cd 10-fold, 
and f 1511,

�,..llc:rWUeddcd.At\ctafcwrnlnutcs. I mL� so-$ ,'::: .�&hly mucd .�the � �=,cs. ,ner-"'11 lhu......._ lncubau:J at"" ,or • JtnWII)'s� WU n:.a,d at 760010 uali,g la' 111C � _,,°'11lhlre. l1K) lJV.Vl, � �
� � ot r,l,cnollc 110mpollndl ln platll '""o'ki 

(IJI
"IJl). ""CA� U1 gallic a,c:1.J c,quJvalc:ntS ( 

�lo,1 
l\.

t1taJ Jlo,'ONJIJ CONtlll (TFCJ
�.� tbo a1wn1a1um
.._� -� CXlrlc\a WU HtJ,n:atcd UjU,' 11 ..Jtll a aJJglll

__,llldric ll1C1bod of ow,a ,ta • _ 1in1,) In� t?.cb plant oin.ct (0.5,nl... 1 '"fl 
ol 10',I �•·t.11:*

0
1q1a1aac1,. ml.led wi�,0�r diuJJlcd-..._ 1\e • ,I nil. o f  NaCN, and 

- �-.::s.,.�orlhe,-t1onml,lr-
.c<1

uQ\IC'.tttlln I , (Q
� rnlAtAcs. TFC wu upd 

�, (lo 111/mL) 

El'OIUIJlion of DPPH radicol =nglng ai:rivil)' 

The DPPH l'lldical scavenging activity of the cxU'aet was 
determined oa:ording to the method or t.fcnsor ,, al. u 
OPPH meth4nol aolulioo (I mL. 3mM) wo.s added to I mL 
or 300 µg/mL methanolic solution of cxtnlel and allowed 10 
react al room lcmpcn,.lurc. The obsorbc,ncc was read alter 30 
minulcs and convened into pcrce,,lllge OJ1tio:ddant activity. 

E,'0/IUJlion of nitric oxuit (NO} radico/ scavtnging OCJil-il)' 
NO scavcngl.ng activity was dctennincd spcctropho10-

mcuically AS previously described." In brier, the m>etion 
mbtun: (3mL)conl4ining sodium nitropnwidc (!Orn.\/) in 
phosphato-buffered ..tine and the cxlnet (I mg/ml) wns
incuboted 11 �C ror 150 mlnut.C$. Then O.S mL or the re­
action mi.uurc WAS removed, and 0.5 mL or Griess rt<1gcnt 
was acklcxl Toe Ahoo,boncc of the cluomophorc rormec1 wns 
e,'lllualcd al 546 nm. The results were expressed in pcr­
c:cnuage nodlcal scavenging activity. 

IHoxyriboJ• (DOR} assay

Hydroxyl radical sca�glna acllvity wu evaluated ac­
cudins to the protocol described by Neers),«n" al.» Tbc
method is !wed on fflKlying the compclillon bel\<un DOR 
lUld Iha c.11ne11 r« hydroiyl nldlcal gcnua1ed by the
Fe'+ /�fE.UT/\/H20, system. The rcacting mbtun: 
contalMd. in I JiD&l volwne of I mL. :ZOO µL of KH2PO,. 
KOii. 200µ1. of 15 mM OOR. 200µ1. or SOC/µJ,f FcO,. 
10011Lof I mAf EDTA. wnple (100µ1... 1.Smg/ml.), H,O, 
(100/J... !OmAI), and 1001,L of I mAf a.,cort,ic acid. The 
�tion mbturc wu incubated at 37°C r« I hour, aflcr 
which I mL of l'JI, (•1/\'0I) thiobut>lturlc add (TBA) wu 
ecLlcd to the mb1un Colio..'Cd by adaltlon of I ml. of 1.8% 
(wt/vol) uichloro>«tlc Kid. The lOlullon was licated In • 
waiu bolh a1 SO'C ror 20 minutes to develop a pink color
ch4raclfflJtlc of malondiaJdcbyJD-(TDA)i adtlUCL Thb 
compound was tllcn utraeled into 2mL ofbutan•l-ol The 
.� muswaS as 532 Ml wu convened into pc,­
�n111e inhibition of DOR ckgr11d>don. 

f:l<Q/uation of lipid ptro.ndarlOfl Wtlb/10,y

,xtl,1i, (U'IA} 

A modlllcd TDA-rurtlvc � uuy .. .._. ukld to
mc,uuro the lipld pcro.lldo fonn<'CS us,na tgg )'Olk hotnog­
coate u lipid-rich fflt'dhnn." Ila ho"'°ICNIC (IU ml.,
IO'I, [vol/\'011)- addal toO.I m.l.of utract (I 1111/mL). 
aod the \'Ql11me was nlldc up to I mL with dilllllal water. 
,,_ 0.05 ,nL. ot 0.07 m.11 PcSO. -. added, and !he, mh-

wu lncuboUd for 30 mlnll\CI. Thtteallc:r 1.5 mL ol::ic add (pi I 3.5, 2�) WM a;lclcd, follo,o't\l by addl1i011
o/ I J ml. of Q.811, (..,f,"OI) TDA In oodlum •IM:cyl aulfalo
(I i•> The ,uultlna ml.\t\lro was -·mhtd 111d bcated
11 • 9s-c fat <,O mlnutH. Aflct coolll\8- S ml. of hutan. t ,oi
...., adokd, and Ille mbll.tR ,.,.. cmlriruius at l..300, ror 
10 rn1nu1n. The al!Pb&llce of the orp,uc Vl'JICT layer was
fflCIN'll'td ,1 Sll•m and canmw 10 rcrornu.ae lllhlhulOQ
o( I/phi pdG•ldallmL 
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PROl'ERIIES OF NlGER.lAN MEOICINAI. PLANT'S 

TAtU 2. PUTTOCIIDUCAL l'lom.e Of' l!muCTS Of' Sn/DY l'Ulffl 

""" Alkaloid, Sopon/111 TOMUU f'l,J ,Wh S«""'11 T,,,,...,..t, """""""' CGI CG2 

, . ...,.,,,, + + + + c..., + + + + 
II, Ion(, + + + + + + + + 
,\ "°""'' + + + + + + +
o........., + + + + + + + + 
c:..,__ + + + + + + + + +
� r..,"""-1.lala + + + + + + +
..... 

+ + + + + +
o,,_,_

+ + + + + + + + +
lC.lorido + + + + + + +
- + + + + + + + + 
l'l.,+1ot«11el-a:An111, �! COi, - sJ,_idewidl ,oaoldll rlo,: C02.canio< sJroeol6t wll-y .,,_, (-l•alW(+I•-.

�. of �ducrlve pot�ntlal (RP) 
1:,C lllCthod or Oylllzu" was used. 6ltr11Cl (I ml.. 
�a/ml..) was mixed with 2.5 mL cM:h of pbosphAlll 
"-,j IIICl P0tassium rcrricyAnidc. Toe muturc wns incu· 
!Of.

i
: 50°C for 20 minutes. TrichlOfOOCCUC acid (2.S mL 

I( 1.0..:l•ol)) was then added, nnd :Jw: m!Ature ccnlrirugcd 
lti,,. I for 10 minutes. Tocreal\cr. 2.5 mL or the upj)C" 
'
1'1l of Ille JOlu:loo was mued with 2.5mL of distilled 

•11 .::: 0.5 mL of J 'll, (wt/vol) FcCI,. The ab,solt)3rKX>
Ii� kP 11 700 nm. Hlghcr 1�ncc vi,Jucs indicate

of the «lrlclJ. 

'"'''"1w ,\lj 
I'-, �lcaJ an.,JYKS were pc.rfonned using the Graph· 
'-t_ � \'tnion 3 t0Rworo (GraphPad lnSIAt 5onwarc: 
-._i:-�' CA. USA). RcsulU an> c.<� "'
"-lle,j...,, Vil- (11 •3), Qno.w.ay anal)'liJ of _..,,ancc 
� for� analyw. Sipllcant dlffCfCOCel bcl,.'CCII 
�� dc<ec1ec1 ,n lhc analym or ,.,;aoce UMD& 
,i.!_llllll:lple nngc lCSl 11 P < .0,. SwittJail di� 
"• �..-.q 

.mean •aloes of lndl•hlual Id!' .. -crt 1kt 
�1-amr10 Student'• , iu1. 

RESULTS 
Phcnolics ""' one or the latBUI IIJld the mOSI widely 

51uclicd groups or ph)'lochcmiC21s. They arc widely r�J>Ofled 
10 pot,SC$S rcnwtable anlioxlcbnt and medldnal propcn.lcs. 
Flavonoids lll)CC)lffll for approxirNlcly l,.'<>,lhlrd.s of the 
phcnolics In our dlct II and ate the major focus or ttSUrCllcs 
1nw:s:Jgalln1 pt,cnolics. Most of the antloxldAnl and me­
d]cinal (IIOPCnics m,di:.,d 10 phcnollcs h1l\'e bee n  111ribu1al 
10 lhc n.-·onoldf. TPC mcuura lho te<al amount or phe­
nolics. which Include llaVU1oida. TFC is a opccific tell 10 
qu,nlify the amount or ftavonolds. 'The TPC and TFC or 
cxll'DCU arc £tOSS indlc:c1 or promising mcdlclnaJ and nu­
uiuonal t,cncft:s. OPPl·I and hydroJyl tsdlcll 1eavcnalna 
activities lll0 d11Tc:rcn1 r11Cllcal scavcnj!ing im.A)'$. The OPPH 
n,dicsl 5QVC11ging WAY cvalu.ues lhe obi.tlty or :J:e ulnCU 
10 quench lhc OPl'H nidlc:al. where&, the h)'llroAyl radical 
seavcngina &1,14y cval111tes lhc abllhy of c.uracu 10 Inhibit 
OOR llcpa<btlon by the hydro.,_yl t'lldic:ab gmtnted via 
Fenton'• rcaruon. 

l'!ly:.ocbcmic:al 1C1'CC-ftlng pvc posi1h,e rcsul:.s for 11.croldt., 
:upcnoids, IIJld c:onllac cl)'COlklc• in all cx:ncu. Albloids, 
t&Mliu. and navonoida wtte aJ00 d<:«tt:d in nwiy or the
auadS (Table '2). Tllo rcault.s &how Iha! the '1udlcd pl&nl$ 
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AKINMOI.\DUN ET AL 

, •• ,,,._.a..,, 
,, •tm/11 • 

• 

• 

I: 
•::. -:::------------IO 100 100 200 250 ,co :!50 ...,

8 
,a, 

l""' 

( IO 

f: 
I -

Total .,.,..,.,.tea (lftOI\. OA!)

• •

A.ooo
r.;400 
a -

f,00 

I: • 
i 100 • 
{! IO • 

OL----- ---------
0 

B...,

�· � u � u u � u u 

-.... , ............. (-700) 

• 

• 

•'------:--:----------
0 � � � � 00 IO � 10 

Upd po,oxluc...,---, oc11v11y t,.) 

FIC. 1. JW.-Jp bdwecll (A) k>C.11 r,llc,,olio (m,/1. CWi) 
-RP(ibtcrb&noo 11700nm (al>o700Dwl(ll)L0QJ ph IIOllo(lo
m,fLOAlll ,,.._ U'IA (�)

assay• (Fip. 1-4). DPPH usay had an CA�mtly alg­
olffca111 comlallon ,.•hh 1ocal ph<nollc content (r • 0.76. 
f•.001) and RP (r•0.81. P<.Ol) (FIS, I) and a rl1-
nUlca111 com:ladoo wilh LPIA (r •0.•41, I'< .Ol) Thtn! 
wu alM> an e�c-tllcnl al1nlftc:aa1 com:lallo11 be11''ttll TPc 
and RP (r' •0.79. P• .0006) and• 1lp,l6can1 comulloo 
btl"''WI TrC and U'IA (r'•O-''· P• 01) <Fl&, ?). A 
,1inlt1can1 corRlalloo w.u abo obkfved bct,.ttn TPc 
and TfC con1tnl (r • 0.43. I'< .Ol) (data ftOI thown), A
(air comlnlon wu ob1ouYcd bcl,.'tttl LPIA and D1'1'11
(r•O.SO, P< .OS) and I.PIA and RJ> (,> •O <40. I'< a,)
(Illa- J), whcl'UI a low comlatlon wa1 �""Cd t,e. 
1,.c,c:n h)-dn>,11 nldlcal .a,uclna activity eJld LPlA 
(r1• 0.31) and h)'dnuyl rw!Jc-al 1U.-rnalna 1nhl1Y
and Tl'C cr'•OJj, l'>,ll!l (Ra <1), The vaJo« ar,. 
ltll}ava. s. -1,(11. G, nqw,14"1, C ataro, 111d o '"'

fw,_ (ot OPMI trco rwilkal _,caal111 capacity 
T1'C. U'lA, and IU' ,-flttl 1111' obKn-ailon. Th. tl't'\IJ oi
die ,uulu In tM (au, liU) • tor tbe n,e pla.1111 la ap, 

oily Ille u.me. 1101'�•-er, 1.1w '-'"clt or �nnc.t
::C�• ,omc olhu pain of auay mcl!lodt 1n1 l11At,alr.
ltaDI (TablP ) anJ 4)
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I PROPERTIES OP NIGER.lAN MEDIONAL PlANTS 

A-t,100 

f: 

f: 
I: 
[� 
1: 
8 

l ..

{� 

f: 
IO 

IO 

10 20 ,o ,o 150 00 
DPPH ...,_..nglng ecttvlly Cl') 

I
• 

• 

• 

• 
,.>,1 ... •G.ADI,, ___ 
• 

• 

00 

!� ,I""-;;-,;-, � ... �-u-. -
o
-,.--u--o-

_,
-

o
--:,�:-u:--::-o.,, 

Iii:. __ ,.,._,.-1001 
� l. llde+--.111p � (A) U'IA �) - 1)1'1'11 ...... 

���t,) aad (II) lJ'1A (,i.) - RP�,. 

A-
� 00
� 

70

j 
� 

00

I 
l50

,0 • 

"' 
f »

10 

I 0 
::J • 

B 
,00 

!: 
12150 

1
= 

150 

] 100 

l50

r•G.>Uh•4.2<1 
.,., • Ulllf •

• • 

• 

,o :0 30 40 60 a, 
lf)'dto,ryl ,..-.., _,__,. ICUY!ly (%) 

• 

• 
f•146i,llt•I0..1Dl• 

"·U>lt 

• 

• 

• 
• 

0!-----;;;---;:--:::---::::--::'.:"----
0 10 » » ,0 10 00 

H\'dl'R'11 N<lcll --.nv ..-,N 

F1C. 4. Rd-, t><t.wu:a (i\) ..,.._,,, ...i.o.t -�...i..., , .. , - I.PI,\ (t,) "811 �) •)'ln>.Q't - .......... 
ecdnl7 ('») - UlUI pl,tnolb C• -.JI. CW!). 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



AJ<INMOUDUN tiT AL

Corttl4tlan ro,ff.,,/,,11 /r) 

0.43 
0.76 
0.12 
0.34
0.55
0.79
D.21 
0.29
0.0)
0.13 
0.22 

3.0,clo-'
(I.Z1 
0.�I 
Q.81
0.01 
0.10 
0...0 
0...0
0,07
O.IS

The resulls of the prcsenr won: &bowed only a low oom,..
lotion bcrween TFC Dlld TPC (Table 4) and also between 

TFC and radical scavenging ASSAys. For uamplc, lhe cor­
rclalion C<lefficicnt between the DPPH iway and TFC wu 
021. and lhal ofhydmxyl radi=l scavenging capaciry and 
TFC was 0.03 (Table 4). These n:sults are auo in •grce=nt 
wilh lhc findinc• of �filiauaku "ar.u 

The prcscnr inY<$ligaLion goes further 10 mow lhar DOR
and NO &bowed DO strong com:lation with any of lhe OIMr
11S5AYS lhDI wetc arricd OUL 

AJtllOtlgh previous invcsugacors used very few IWllys or
few plants for the purpose of iovcstigoling c:om:Jations. the 
present study used seven .._y, and 10 plAOIS lo ensure
mon: IICCUllllc n:oull.$. 

lnvc:sliptors need to be more specific wheo reporting
sn1l0,idlln1 octivitics of pbyrochemic:,ls. Terms like "IOIAI
antioxid.mr capacity" or "totAI anlicwd.m1 DCliviry" are 100
general ond could be mislWtng. Tests used for aucs,.men,
should be c .lcarly indiaucd 10 luvo DO room for ambiauhy.

fr hu been observed lhal only llavonoids of a cawn 
all\lelurc and, in porticular, lhe bydroxyl position in the 
molecule tlcletminc anlioxidant pn)pelllcs. These propc,.
ties, in gcncnJ. dcpcod on the abiliry 10 donaie h)'dn>cen or
elccrron to a Cree .....Uc:al. l,,fillall.lkas er aL u found, in lhe
AlllC 1rudy. 10me condallon �-TPC and ftavonolJ.. In 
si,ppoo or lhc abo,-c ob5ctvatloru. O>oi tt aL"" rcpol1cd Iha!
the inlGl'IIC11on of a l)Olaltlal llfttloxkw,r with DPPH do, 
pcnds on iLS wuccunl conformaalon and rho1 lhiJ W\lcnnl
rcqul.rcmcnt ls corrcllkd with lhc � or hydnuyl
poup.s on the lla,'OftOlds. Cot <1 aJ. rcponcJ Uw allopu­
rlnol &110"'-cd rcnwbblc activity in inlu'bltlna .unlh.lnc 
o.tlda.se and ICllVCllpnl wpcroxldc radlcal. -.h<reas «ul­
follne Aho,.'Cd rclath'cly ,.-...1; acllvi1y. The, dilrcm1ee In 
acllvltlea was aun'botcd to Vll'I.WOO In lhe loct.t,o., of lhc:
bydto�yl a,wpa and double bonds. 

Cbol ,, oL s. fouNI lhu lhe &ea,-mal111 acth'icy or lla­
vonoids °" pcro.rynhn1c wu IO•emtd by the po,illlon or 
lhc hydro•JI ,roup. �llydl"l)QI IIIUC1wn I� the 
t(:8Yfnaf111 actlvhy oo pc_t0l)'ftltrhe. SIIUCturat OOII\J"Ui.
fOII of lhc ftav�• In lhd, &Nd)' and lhct, tc1•t111in1
tetlvttluckall)' s11o .. ,lh.t1 lheC.J hydro.,yl croup plays a 
phoW rolo In Ille � IQ\-fflllna ac:thlty. Theoc
eulhon lnfcmd lllAI Ille hlJhU Ka\fflllna P0lffiC)' of
aatanaln com(IAl"N wllh plaaa)a J-0.mtlhyl clhct INiy
av,PI 111at C,l cncll11uylllloa mluenl lbc .,..vcqlq
ffc,ct of llavoaolL 

t J'IJ�' .,.. � l• ll&IUl'C. � «he
1.,1o,�ta,.. a,cthUJca or rt-�· canao1 be c--.1--.:1

Gftl)' I ...,1o mahod. li. a&111011d1111 Jcfm. (� ol
:::0 boJ)' b .-.,-,, sd rA dlfT'Cftftl .,.KWiilnl C<lll\W-... 
1be .. � arcftla ol ll-.11111111ktut =-

id ll(10II •llkJI he nJlcabciroaktaata.,. � i.dr'":i., • The ..,_ nthool ... la .......... Ille :i.,� ectlVIIY ol --."<I Ola II .. '""lllla --
4',J> · k•f • &N �U)'fll.._ flw, "W1k\l bnac -..i ..

lit .. n- � "' ... .. • -'- lli&llllilll Ille�=--" (lh••1ol�•1s<n1ap,; .... .. 
.... � .... ·� ...... cola_ ,,irara 
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I PROPER I !ES OP NIGERJAN MEDICINAL PLANJ'S 

=._ llllloxidant 1pcciea based on lhe mechanism o.f 

lbc _DPPH assay oppc:u-s 10 be a rel.iable method or 
�g local antioxidant cnpacity of substances or sys-­

lts valuea correlated well with abo<n thn:e other

��in this study (Fig. I). As noted by Prulwh, 22 it 
'lpid, sunp� and inexpensive, nncJ its value •pplics 10 lbe 

�I ln(j_ox1dan1 capacily of the sample and is 1101 spccilic 
*"! Plllticular antioxidant component 

11 �g � frequency of ltigh antJo,ida,n cnp.1City values 
,_ basu, results oblalncd in this wor1c reve:,I 1h41 P.

�: S. mombin, and G .  c:upu/ara are lhe plants 1h41 
� COnsulcnt high activities in the vAriou.1 &5511YI.
'- 'tid by C. a1aJa and O, grarir.simum. II mUSI be nOled 
lilt �or� re=.ining planlS "4vc hlghct :,ct.ivitics llw> 
lot �'111!'c h<t above, in &Orne of the assays. f'�c.,;amplc, 
IIJS'I,

) 
�� a:.avcnging activity or A boonL1 (44.88 :t 

111d O '"'U,hi&hcr 1/13111"41 of P. guajava (Zl.68± I.SI 'Ai) 
n...:..._�inuu,, (30.S76:t 1.61CJ>) (P < .OS). 

Ni� lbc resul11 obcAincd in !his study india11e lhnt 
� llldi tc:nous �cinal plants could � • IOUl'CC_ or 
City"- �yllldic antioxidanlS ag=1 n:acl.lve
Iii,. 1 'P<icica 1111d as such could be relevant in the ln:Dl· 
�-�iova.scular cli-, c:ulClet', arthritiJ.. and olher 
..,;;;;:'IJea io whicJi free radic:aJ mechanisms "4ve been 
It� In view of lhc poca,1ial bcnclklal ptopcnl';' of 
1111 ... �U. our reo,!ts W1lmllll funba invcstliai,ons 
��0U.lon of novel eJ,cmoprOrhyltcllc com· 

lhcaep1aoaa. 
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::=P�·Like Activity of Spondias Mombin Linn Against No-Flow 
nua and lsoproterenol-lnduced Cardiotoxicity in Rat Heart 

Aloiabl C Am 
M • nmoladu.n • Efue P.1. Obuolor •

Ft, 
...,,j K. lla.rthwal • P.1adbu Dlkshlt •a.a..r O. Farombl

� �c..Aibs , 1 
�:: 

L 8. 0 ,._, t I
.,._._ _. 0d f/lM fer 

"".... 
I• .. I 

.... •,it- ur "'c: 
� v. .... ,... 0.,,:: 1 C a rB) � ,.._::, 11z I s lw:. F Csnl U."""'70' d n,.odt-1 _,,_,,

... ... , -• --,rt 
1 ... r: ........ , ...... , 

t.. 
-t .., 

�.c: .. , '� ......... _., 
.... ....,-�... n,. Otzf• A•••• UI"' 

,� � '-'tn 1 C 
�Wpt Z M ll. ...... , M. Illa SM c

� ,;_..,,, C I ..... 11,1 rt IT 
' Pl-tt ..... • 

&igalficanlly lncrwcd in poops admlnlstmd ISP and 
IIC&u:d with SM compoml to ISP-intoxiattd sroup while 
1'fDA and nitrite lam wm, dccttucd. Dwuplioo In 1bc 
.UUClute of cardloc myolibrih by ISP lnuulcatloo wu
rtdoccd by UUlmcnl with S1'l Companbk IUIIIIJ .,� 
obwncd for ramlpriL Tlw:ie raults ate indla1h,: o( !he: 
poccnt canllopm�c,h,: p,opcJ1Y ol SM.

K.,.,..ords SpondI,u ,_,.J,l,z • Canliollwcity •
tscbcmt1 • � R&mlpn1 • A,,tio,Jc11nt 

Introduction 

Ott ••"-
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,..., ,1 I , 

ndical a,,nc,l'lllon It usually employed., 1 foc:Uc, systcm io 
ICltal '"' chttnolherapcullc lgcflLL A ')"lcmlllC Kal'Chlo, UR(UJ bioocdv!tlea from mcdlcinol pl.lnlJ b consl<lcffll to be • ,.110011 lpproKh In nucnc.:ullcal and dNJ ;:"'h. Bloproopectlna for new pl.111t-Otrivcd dl\lp hu oa lhc I� in recent times bcauJc these dl\lg1 Mve Ct11rr •Ide clrtclJ lban lhe ,ynlhcllc one, Ill and ""'>' lml'Onlllt lcadt ore bclna dlJcovcml (6(. rr, Spc,,,/JGJ ""1mbln (SM) b a ll'CC lhAt It ruatlvc to Africa "'s':: alto found In Olher C1011tlncn1J or die ,.uld. In puu 

r., 
1h Wct1tm Nigeria, It it wed in tnldltlonal modiclnc 

lhe fflalllgcmcm or dlAbc:ie, rncllhw. the 11a1ma11 or
�hiairic dliordu1 and to  gain and rcwn JClOd � 1 l�J. In olhcr po,u or 111c counuy. It  i, wed u an ,.,... 
� IOd IO �I gonorrl!CA, fibroid. (C\-er, and ochcr 
libncot.i 111 J. Spond/a., mombln It alto widely ulCd r« 111c 
�tor vviOUJ d!JCftSCS fn Olhct puu or the .. u1d 

16� Vanous phamucologlcal p,opcnk• o< thc plMII 
'->t been described. Thue Include antlo11dont, anllml·

"'Oliial. -..lprocoio.J, rpumol)'tk. aborllrock:nt. antldia• 
� �Ye. tntlq,ilcpclc, and anupl)'Chollc: iwopc:nlcs 
�I

.
I Ho,m..,, � 1, pouclty or rcporu on lu c:at­

-,.""«tivc PIOj""1y. In the rrc:,cnt 11udy. the c:anJl<>­
�ve "'°»""1Y or the plant 1w been ln�pltd UAl1J 
It Cl vfYo -·rccitculatlng t.anacnllarll' tocJ\nkrllc and la YiYo uoprOIUfflOJ.fnducal myoc,udi•I lnfa,ctlon 
-..i.i lllcl CO<npa,\!\l with I.hat or the ACS lohibla 
,1. 

v,' ,, 

Clr<lio•-Tm.lool ('lOIO) l�JQS 

La..,. or Spo,u/1.o.s _,,,.,, (SM) •= obtalnc,t Crom
farmlands in AbiR. Soull>-Wa1a11 Nigeria and 1111bcnd­
c,u,d In the Ocpor1ro<:n& or Oop. Soll and lul M""'&O­
rncn&. Federal Unhasity ofT«hnology, �They,.=
dried Wldu actlv,: v,:otllallon III room 1anpcn1w-e. l'"l'nd 
U1 paper bop and 5IOrcd. Tho pWII rrwaial "'U later 
puJvcriz.cd whit a Rcucb Mohlc blmdlna II\ICblnc. Tho 
powdered wnpk ,.... u11'11c:1<d by mxcratlon in a ,-i,. 
anol � mu (4:1) The mclhanol 611nic,.... CVllp)­
r,u,d In """'° to JIYC lhc fflldc IDClhanolle Ulnld which 
WU uJCd (O< Ille ...,.._ o/ conliopn,c,,ai"" pn11JCtllcs. 

Antl,lidlemlc Sl\ldic:s U..1:11 lhc Lanamdorff
T«hnlquc 

!!au.et or SM .... 1nvat1pl.(,d f« per oe and and,l1ebcmlc 
dfccu on balor.od hcatts ol male SO n111 """'I the Lanp 
ndorfl non-.reclm&IIIUIJ ICChnlq1'c. Ramiprll (10 �1) -
n1rcdipinc (I µM) •U"C ldCld u ainlrol 11111chnl dl\lp. 

Prtparatl,M tt/ N-1 1/Ei.PES T'yro<k (Nim 8"6tr 

n,., CDt11lOilllm o/ lhc physiological uh IOltllloo NJrT 
t,u/fu In 111.\1 was u followl.: N.O 137, KO S,t, IU!l'BS 
(N,('l,tr,,i-)'ffll) IJ plpcrulne-N'•2<tlwlcsull'honlc add) 
t,u/fa3.0.Ca011.8, MJO, 10.and&hacoe II.I. Porehc
� or 1 1 or NJrr butrcr. eao, and MaCIJ trcre 
diJfol..cd ,qwatcly In tnplc diJ1Jllcd wa1et (TI)W). The 
rcnw•lna reaaa,11 .. U'C dlaohw ,qwudy al,o io row 
n,e i.o iolutlom ,.,.... mlud. -S the \"Olumc....,. made "P 
to J 1. The pit wu adJllfled to 7,t w!QJ I M N.011, Frail 
t,u((U WU � Oft cacb da'f of lhc OpcnmcnL Dolb 
t,u/l'cr ...i ,olu&loa or c>JnCt hi bulfcr.,.'ffllft.hcml thniQah 1 0.22,11.111 MIIUpore II.ha bdcn-. 

&,fl',w,,/1111 l'tOtY<I-

Tht anlrllllt - ...-i.t,ct,ml .... lh dilcnl � and 
w,npl)IUd. llulU - repdly adtN -s......, Ill 
Ice cokl rctfwlon buff« They - rc,rlli..C'd ldl<ctiokly 
IMIOah 111 __. canul• 1ft the �

--
�

-
la a 

�frc:ulahlll .-v,tl' Ill I -.ii l.•c.Mftl of 80,. 
90 nvnlla ....S • ron,t.1111 � of .l?"C .. tlll � 

dnuou»T 01)'1ffl"IOI Ntrr l!lltrcr. 'The� IC!-
� lhtiJUth swa l'\lll, cati.-1 ""llllo I'-,lo.:lC!C) 

::,b •Nch"""' ••ta -� I') • �i...
ml' (Ol&JIMffll cln.'111•11111 """"' 11'*'1811)'). � 

p,l JI t,r.,tlftl hc<ol1J 1'ffll Jlffll I m.llJII ""- Ill l I, UM 1 u-,.-tk,nJ wcrt lffl'NC.\I lhlllolall a � Ila� 
onJ ::� (llflU. ORAS.� IIIJOll.l\lfflll �> °" 
:7i',v.S$ l\,IJP'6 l,lf ii,. eYa!IIAIJ.ll\ (>( l'ff • tfl't-.', 
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Ca,i.,._ Todcol {2010) I0:29>J05 

(A) 

(B) 

-

(C) 

Pttflaion with 

NHT Baff er 

(JO mln) 

r,; 

Pdfwlon for IOS min ,.;th NHT Buff,r ------

Pdfwlon with , .. 1 ..,.,.._ 

(45 mln) 

_ Equtlllntion ----Glob>l ltcivffll> __ ...,._ R,now--•

(JO nw,) (4j mln) (JOmia) 

The n:spea1,.., clo5c of Sponditu mombln ,.,_ .., .. 
pc:ndod IA 0.29' can,o"Y melhyl ccllula,c (CMC) and 
onlly red to lho anlmau °""" dally. 

Group 4 OSP-dwlcngcd. S.\1-ttcatcd poup): Thb aroup 
abo 1w iwo subcloUJ)s 

Group 4c (SM 100 mg+ ISP) 
Group 4b: (SM 2.50 till + ISP) 

In additioa torcccl.ta, II>< bc.....au p,..,,, to anlmab to 
Group J, animals In this grvup rccdval ISP(&$ maA-1) on 
cla)'I 29 and JO, 

Group S (Ramlpnl + ISP): Animal& In lhb poup � 
-.!minl�tmd nwlpril (l.2$ ma,'q) and also ISP on dq, 
29 and 30. 

SM -' rmnlpril wm, admlnhlo:cd onlly ,.hllc lhc 
edmlnllll'ltion or ISP - � �Y 

Twml)'•f.,.. boltn antt the lClCIOOJ do!le ol lSI', aolll'IIW 
Mff ..-J,ttlu.1. Blood WU "'lh,lrawo by N.INOrt,,"'1 
,do pw,ccwe ...S -i for the CfdawkMI at ,,_ 
pi- �I ol alUl•lllione (OSII), .,_ '-te lkl1) 
�r r (WIii acuviry • ...., llfflllll � iu-­
phlle and � (MOA) tor.»-C.11"-, RAil 
,.._ ualllcal. i-u c.1'1..S. fiwn lo 1iq1,ii1 nilrop 
ad .-td 11 -IU'C .UI ...S Cot No, bQniaJ � 

llnfU llllll'N IA l.q1lJ ailnltn• _..�A I°' 
lw.w"IIIN!O -1•c1....S la j() Ml � ..,.... (rl I 
1.-.� /IA al ..... w• -1 Cot 11w-, ol OSJI ..s MDA. 
� b. T W e - Mlln/ltpd II 1',U.0•1. -t"C b 
1J - .-d 11w -.c:z r• .._ -i Cot 0.. ••m•1a of 
li.U-. ..,.,Uiu. ._ (SOOI. N;'1 I \CAT\, .... 

,...... 
M��••,-1-lwidonel1Mtofta,w1ty

p,Jer .,...,rtio_,._,..,111,.,� 
,-.2-t 111. n.st z r--1)"""-'__.•hhlN 

Ow , .. ,,_ 
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I 

l 
in pan/fin. Serial sections '"""" cut, and each section WllS
l1aincd wilh hcma1oxylin and cosin. The swncd s«tions
1Wac oamincd under a microscope (Lcica OFC 320 Auo­
ltSCa11 mlcroscopc, type OM .5000B. Lclc:a Microsystems
WI) Ind photom.icrogn,phs were tucn. 

Mtl•ln/lamnta,ory Portntial

The bean "'"ighl/body weigh! nwo of tbc onimals in each
croup "'U dc1ermincd and used as an Index or the anti·
lnllaiNnaiory potcotiol or SM and Ramipril.

�, Estima11"otu 

81ood &luaiee wu csliawed using a glucomc:l.<1' (Accu­
cllott• Aaivc) with strips supplied by t he  manufllCNrcr.
S..,.,,. diolc:staol and phol'pllalc "''= aoalyud usini: the
� Coulter Syncbroo CX9 Pro dlnlcal syitcm with
lita •P1>lic:d by the maoufllCO.ll'Cf. OSJl wt.S csliroatc:d
�.,, to lhc method or Andmon [22). M.OA wu
""-ed 10Coidin' to thc � ot Coi.do Cl al. 1231
Nilnte - Mim11al usiag the Griess diazollutiOCI ,ea,:,.
"°" 124). l'roldo wu cslimai.cd ....,.-dins to lhe metbad or
"°"'1t1u.[2.SJ. 

S.,,.,11>.ddcD�

SOo'"" CA1ma1c:d mms tbc -lhOd clc,aibcd by Kal:br11 ll.1261. 

Can.Ho....: To.ucol ('2010) 1°'29�305

Swistical Analyses

All statistical analyses were pctformal using the Orapl\Pld
Prism 4 soflwan: (Gnlphl'lld Sollworc Inc., San Diego,
USA). Rcsuhs "''a'C cxp!CS5ed as mean ± SEM. P < O.OS
was considcrc:d &igolficanL

Anti-lschemic Srudles

The lnuinslc effects (CVIIUAtcd as catdiac lct\Slon or
amplitude and bean raic) (Fig. la) or the NlfT buffer on
ptrl'usc:d lsollkd nat hearu ,uc lhown lo Pig, 2. The
cvolw11Jon of the per sc ctfcctS or lhc bulfcr was 10
asa::,Uio ih:11 n:sults obWnc:d on IJ'Cllm<JII ,.;lb ICSI sol>­
""nccs whlcl• wao diuolV<:d io lhc bulfcr ""'"' Cree Crom
inLOrf c, cnc:c by the pafluion mcuiwn. 

Table I &!>Oft lhc: lnocroplc (c::an:ll oc 1cn.don or amph ·
(Ude) and the chn,nociopic (bc,ut r11c) clfecu of tbc cxtJXt
and aundanls on bolatcd nl bc.ltu. The results cbcaincd
ro, the c,nnc1 iJ cooiponblc to lha1 or ramipnl •bile
nifcdipinc ligniflcalllly cl<ocatOd lhe am!'lilOOC. 

r'Olt)"liYC minules of global IIIChcmla followed bY 
rdlow n:sullal lR the 1igni6can1 mM'tion of the amplilDdc:
or hc:al1S pcrfu""1 with the NUT butfc:r lllono (control) II
both 15- ond »mio po,l•iJChcmla (l'ablo 2). Spo,tdJo.r
"'°"""1i _, ctrcalvc In =ins lbc clcd1nc ID lhc c:u­
dloc touion � bY slot.I (nc>llow) bchcml&. There

110 -
i ---

i 
Ult 

ii 
W)

j; 
! 

" 

.. 
• .. • • • 

n..1 .. , 
,,.., C- tp..t--81, .. IIFf IM . .G,NlfT 

....... ., •• t., --�-, .•• \. 
. .,, tar _. .._. n11 ••> 1 • '°-.,..
:..-::... " n•• 1-tt<OI � .... , 1_.
---· ....... :,, ,,. ., .. , ,. 

n.---·-tr:::11Mf ralll ....... fllwt I
- ___ .. .._ •• , __ I .. _ ..

" .. ..,.
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I 

I ltq,cd1111oo -.... Control 
(--..,) ---- ,,_ .. ..,.•_COGlpC)llod.s __________________ _ __ _ 

SM (0.001 sill 
SM (0.00, sill 
SM (QOJ SIi) 
S)t (tl02 SIil
Ru.ipril (10 11M) 
li'olal,p,,. (I J',1,1) 

AMI' HR U' 

100 
100 
100 
100 
100 

100 
100 
100 
100 
100 

AMP 

87±9 
110±1 
119 ± 6 
89 :t-4• 

101 :I: 3 

IIR 

92 ±6 
9) ± 4
90:1:S 

104±3 
92±6 

J(1 

AMP HR 

78 ;1,9 86±$ 
118 :I: I A :I: J• 
Ill :I: 7 SS± S 
98±$ 9S±S 

10$:1: S 86±5 

100 100 47 ± 14 II ± 10 Sl ± ll' &3 ± 11 

43' 

AMP 

8' ± II 
ND 
Ill ±7 
110 % 4' 

107 ±9 
$4 ± 13

HR 

86 ± I 
ND 
80:t.C' 
100± 7 
IO±S 
U :I: 19 

"'-II>.,. P'CS<IUOd • man ± S&I <,, o 6)
AJ/f � /IA Ilea,\ nu. /J'. J(J'. JJ'. 151.b. »h. ..,.,. mln ol rq,ttl\ulon. s>I Spo,,dl4J -, lfO ... ckfa'allnod

• Sipl"ncily dilf<ta>t - _,.,.;. (f.< 0.0$) 

:::::.:i- -1,cbrmk ..... :..Pml::.:..·"::.; '°_ ... _m1c __ ._.,,.. _____________ _ 
RM< IS' YI 

---------

..­

, ... 
f::: 
-
-
.... 

-
Ut11 

1::: 
..... 

� Amp llMc 

Ill± 10 n;1.1• 109±) 
110;1. 19 1%1 * 'I' 104 ± 10 
HIS*• 100 :I: 17 104 ± 1 
1•1 j; 7 111 ±.&· 111±9 

• • 

I 
I I I I I II j, l ;,1· I I I 

l I I 
J- � _,. - fll •Yo<' I I :b 

n.� _ _. • -J.11:M l••tl 't' IS • • • • n a a, 
611 .... a, i,cllOIII •s 1$ .,__.._ID 

i,,USI 

Ott··= .,_ 
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lOO 

t-S°'" _,__Glli •
u •

1.1 

:i. 

-u:z: 

u 

u 

.. 

I 

• 

canliova,c Tcwool (2010) 10:29$.,J05 

• 

• 

•• 

I' 
C 2 

� 

0 

I 

• 
• 

• 

I 

o,aul" Jl(llniala,,n,J o.cna .i.- did - obaw ...,."*'

a1- lcff.b compo,,d ID 1111 ISl'ct,ali.,t,1 S-,

(f> 0031- ,..,.._, .,_ -· ... •'"•-. llpif 
IOlll,Jy rc,;J,tecd bo IIJ(MII• d111l..,.i '"1111 ISf' aJ II ntJ 
,ndl lJO-.'\, S)I o� CW ,-..,o � •1111 • 
ISkW ..... 111W1' Set.a <llol nfflll In-cl - ..,
.._,Jnrl.., • � d LSP t<!e,r«·"IIM • dou 1111 I.I
,rllfll' ;ts'I r' •• ISP ..S • S1rl _,_ 1'° 1111\, 
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I 
c..i.o.- T01icol 0010) 1�305 

IA 

lu
ju 

f 1.1 

u 

,.,.
llt 

I: 

J E 
• 
• 
It 

I '

• 

, ' '' . . 

" ,
,. 

I 
I 

• • 

/ ' , , ,
,
,I i I i 
I ., I I I 

i I 
"'' II --. .. - : f., 
..,_ 4 � ,,.._ Ind lo 111 .,.,., .. *' �{v c:OMI

·-c.-,, •siv'• o,.,__ ... 

I 

. . 

I �" I ,, I !i �,., ,'/
,I ,I 

JOI 

f\1, 10 SctwD cbob,..,... le,-.!&. RaalP 1ft pre,a:cd .. -* 
SUi (lo • 5). •Slp&amll1 diff....,. - ISP(' < Cl.QI) 

• 
I 

=1 

l! 
r•-
• 

I 

1 .. 

J J a. 2
I
•

I 
I ,. , ,. , ,I

; I ; 1.I I I .f 
' ., 

fla. ll Sc,11111 "'3 ,t:rs fflla. aa, t .. ,. , • w :t:
sr.M i.• J). •Sjpol< 1; - - W' ('<Cl.ml 

Apn l �lhalc.,wcdll<wb�y� 
111 die....,� mooo •111: NI rr lllflra cu as'"'"• \ho
- ca,,»e CX*JIFCUhl; fa «;::a, f1w n,cn Iha 90 mia,
Tobie I .c;,a: r ,. n,. � � .. M .S,.-.-. -u·

i.il 111>llplllkMI � __ «'°-UC�• Ille iool-1
rt1 bafu._.T .... l *"'• 1h11 � tu""'''*" 1at
,,IIWI llltpV"-.lclt:orC'\-ltcJ ol• *I "ll:ldl '-'*9

• .. :• .,, ..... I h ,,. • DO I """' n, I F 11::nd,n
•• zrW•S. s•n•• tt1 ..,........._.,flz••J 

.i,++- ,,,_..,.-.,r1.-l-.i I:� 

Otl'an,1N,._ 
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J02 

I.I
••

- 1,1

1� ••
0 ll 

i ,.. • 
XU 

9 ,. 
u 

u 
... 
... 

I 

• 

11 I' � � 
. ' . . 

r �  I'/ 
� ., ' 

� ., 
� U � LOH l<V<I&. -Ill If< pracaltd • man * $EM

• 6). "Slplk•mly dill'- from ISP (I'< 0.001)

� Todcol (llllO) I� 

calcifJCalion of the cororuuy ancrics and ""'11 "" well a, 
c:anliovo.sculllr and all-c:ausc mortality in  the scuing of end-­
stage renal dlsease(ESRD) (31-33). ISP intoxkallon kd to 
a signl6caot incn:asc in the phosphote level which was 
da=ucd by tr=tmt:nt with SM (Fig. l l ). 

The rcsull of lhe evaluation or blood glucose c:onc:eh­
tn>lioo u lwd ID aphlin. The lllllidillbctic activity or SM 
bas t,c,,n rq,oned (34 ). Howe-.·cr. In pttVious Jtudies. the 
period of Cltpo!WC ID SM WU <24 h in onlnws with 
induad di:obetcs. ln the prcsctll investigotion. SM WM 
odminutacd to nonnoglyccmic onimab for 30 <bys. lt 
nuy be that SM produces dlrTcrcntlal dfecu on aJucose 
mcubolism dcpcndins on the duration of lffllUncnt and the 
hcallh IIA1W of the animal• The reduction in glucose 
concentration In animals challenged wilh ISP and treated 
,.;lh SM c:omp.ual ,.;lh the elevation or gluccoc coocco­
tratlon in aninw, tn:alal with SJ\1 alone may IUR,'Cll a 
compl<JC Interplay or Vlrious fecton In aJUC06C ll'ldAbG­
u,m. Qdcst.aol concentration wu � in all group, 
compon:d ID the ISP-ehalleng,:d group. albeit not signi6• 
can�y In the lfll"P admiaiJWcd ooly ?.SO lll,llta S?,i 111d 
the one cballtnged •'ilh ISP and trcal<d with 100 ma,11<1 
SM. Thu.s, SM could be uld to be dTecti"' in '°"""'"I 
elevated .. n.im cbola1crol le-.-.,1 CFia, 10). n,., hhto1oa,c:a1 
anal)'fCS show convincillgly thal SM wu able 10 pn,�l 
thc diwny of canlioc m)'Olibrils C"llla>cd by ISP ln ra11 
(Fip. 13). 

ln the prescril 11\Jdy, SM lhov.'Cd limllar erTecu 10 1h11 
of ramlpril, .,, anaJc.cnslll<Oll,'Crulll CN'.)'lllC (ACE) 
Inhibitor, AO! inhlbtton ba"' b<en lhowt1 to prcn'llt 
delc1crinut cw,,11 �•tcd to bdltmaalrrpufUS>OO il!Jwy
and � (l�7J. SM "'"Y all<' poe,c• ACS 
lnhlbilot)I KtJv,ty. l'bmolica and lla"'000icla In food, wl 
otnCIS Crom planll ba,'O bca. 1tpon,cd ., poa,cu """· 
AC8 acuv,ty (»), #Id phmollc-a OR P,-111 In �t (101' 
<A1JOl-fr« radical ..-.,.....,.,. 1•oiw:rtla of ACS lnbibl­
t.on tw,ve bcca p()IIIWll.-1 IO CIOIIUibuto dpiflcully to Ille 
�oo o/ m)--ocMIW � ()9J. 1llo tJ«lknl 
anllodllall•'O activ,ty "'°""" by SM iA 1h11 ltudy .S ill 
anu-bcbmllc activlly ""'1 be l)Olnllfl IO a po.i'bl. ACE 
lnlll bllDf)' atti., I}'. 

Ta).d .io.. ialllriilll.ll wknklull...,-....J� iA cllakal
uWJ do DIA 41l n· IO 11a>11 � 1.•cWllll,, dtecu u
the l,ol•iol -,,pouM � DOI bdll\le Ille - ,.._)' u 11,e 
cu ,,.-Jnd la «tD'IIC'II 111 tranioM [<IOI Blo1ah117 � t,e 
•• ,-It o1.,-s1- .__ ...... 111-1111) 
11, I okah I« U.. .,,._, malll ol bo<>oaa"I)' -,. 
•., 1d.W �ro--..... �. lie jiu� J ·n111 \bolile
tJI ,ill'l(U .. (n,tti,• -.... •111tll �-C...�al
6:::•':'t- -W be _,. NtWlc.-l 

Ti> 111, .,_ _, - L-kal- ,_ 11 .. 11'11 � 
_,,....,.._ .. �'II,. l"4'ffl) el SM n.
.,..,a r al �M ..-.».;ak 7 r - to 111,""'9 
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improvcmrnt of cardiac conlnlctilc fuoction, prevention of
the disruption of canlix myolibrils, prcsc,vatioo or the
imtgrity of Qrdiomyocytc mcmbnlnc, and reduction of
•lidalivc sll'cSs. Prevention of atherosclcrotic plaque for­
mation may also be o oontributory mc:clu.n.ism. Funhcr
ltleatch iJ needed lo UMavcl the precise mcch:lnisms and
biooctivc principles responsible for the conlioprotcclivc
JIIOl'cny or SM and 10 asccnaio whether cudioprotccdon
by SM is lllnou1&blc 10 an indlvitlu1.I compound or• group
or ph)'U)Cbcmjc:ols. lnvcsliptions along lhcsc llncs a,c

011ioina In our laboratories.

4-w- The oalhon ""' grard\,I ., Lho � of
Sc...,. llld Tce:lvieiioo (DST). Ddhl and Lho CA,nf- fo,
� in Sdc,a and Tccbnolo17-, l),:V<lop111 Sod<dc•
� a.a....i. i..lA fo, the .-..n1 of RTFOCS f<IJow>lllp 10

� "Melo - 1a1ab1c a& oho DimKIII ol l'lumlaCOIOIY- CORI.
, lndlo. 
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