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ABSTRJ.\CT 

I lyperlipidae111ia and oxidative stress ore imponant factors in the pathogenesis of 

chronic degencmtivc nnd inOummntory diseases. Per.\ea a111i:ricc111t1 (Laurnccac) has been 

\\idcly used in cthnon1cdicinc in the trcatn1cnt of various oiln1ents including h)pcnension 

I his study evaluated the hypolipidocmic, ont,oxidotive and hcpatoprotcctivc potentials of 

Aqueous rxtrnct of I' """'ric""" (AE.PA) and Mcthanolic Lxtmct of P a111t•rica11c, (�IEPA) 

respectively in rots. 

II) pcrlipidaem,u and hepatoloxicil) \\ere induct.:d b) feeding 4-\,c.'Ck old rnole rJts

\\ ith high lipid diet containing cholesterol and cholic acid, 11nd c11rbon tetrachloride (CC I 1)

rc�pec11vcly. llypcrlipidocm,c nlls ,,ere udnunistered /\EPA or �!EPA orull} at I O mg kg'1

body weight for 8 \\l!eks while three groups ofn1ts pre-treated \\·ilh Rcducd)nki (consisting 

or occtyl-homoc)stcinc-thiolactone ond C)stcine) I 00 mg nnd Af:PA I 00 or 200 rng kgtboJy 

,,e,ght \\er,: intoxicated wrth CCl1• Control nil'> n:ccivcd �tondard cl10\\ and ,,.ucr onl)', 

Hypolipidocmic and antioxidant effects of the extracts ,,ere assessed h) determinrng the 

levels of pla�mo lipids, untioxrdont cnzyn1es and glut,Hhion.: (GSI I) respectively. TI1e 

hcpatoprotccti,.: clT.:ct of/> u111t·rlr:u11u \\OS cvolu.11cd b) ass.iy of liver cn1.)·n1cs, hilinrbin 

and histopathology of the Ji.,,er Ph}tochc:mic11I con\titucnts of the cxtrnct, ,v.:rc dctcm1incJ 

by quolita1rvc onul)sis. Dam \\l!rc ,1nal)1cd u�ing /\NOV·\ 

Ad1n1n,�trJtion or AFPA n.'<luced totol pln.�mn cholesterol ( 1-CIIOL), lo,, dcn�ll) 

lipoprotctn cholc,tcrol (I DI.) ond trrgl)ccridcs (TG) by R�'o, 19'� nnd JS% rc,pccti\cl), 

\\hih: 1\-lf:PA 101,cr.:d I -C IIOL (·1%) and LOI (200�) l'ln1mn high dcn,it} lip11pro1c1n 

chuli::.11:rol (Hl>I.) l,:vcl 1\11\ increased 1vhilc- the 1ndc� or nthcrogcnkit) (I DI IIDI ) ,,,,� 

n1arl.cdl) rL"duc�-d in the treated rnts compared to the h)pc1llp1d1cmic cuntrol f l1L· <'\lra�ts 
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lo\\crcd oxidali\C stress as �ho\\n b) signilicant decline in plasma malondialdch)dC (1'-IDA) 

and increase in GSI I 1 he cxtrncls clici1cd nn increase in 1hc ac11v111es of cu1alasc and 

�upcroxidc d1�1nu1a,c (SOD) compared to 1hc hypcrlipidacmic con1rol rnls. I lcpatoprotccti, c 

cflcct of /\EP,\ \\as indicated b) signilicon1 dccrea.,c in to111I hiliruhin. u,pan.11c 

n1ninotransli!ra,,c (.\SI). alanine a1nino1ransfcrosc (AL I), and alkaline phosphatase (i\ I P) in 

the trcntcd rats compared to 1hc conlrol A[ PA ,vas substantiall) hcpa1oproh:c1hc against 

CCl,-induccd liver damage at 100 1111: kg'1 bod) \\eighl. I he highc,1 pcn:cn1agc pro1cc1ion

""s .iguin\t AS f (9-t�o). l'rc•trcatmcnl \\ith 200 mg kg'1 bod) \\eight ,\El'A pro1ec1cJ the

rats against li..,cr J.,magc (A ST 127%; 1\LT. 74,'o; bilin1bin, I 06��). Prc-trca1n1cnt \\'ith 

\LPA also lo\\crcd ·t-CI IOI and IC, \\h1lc total protcin conccntr,11ion \\OS restored 

Adn11nis1rat1on of ALPA n:,crscd the 111crcascs in lhc lc\'cls of �ID,\, GSI I. cat:ila,c and 

SOD caused b) CCl,-into:-.ic:nion. Leukoc)tcs counts also incre:iscd signific:intl) after prc-

1reatnu:nt \\1th 100mg kg I 
bo<l)' \\eight ,\f·PA. lhstop:11holog1cal ,11101)·\i� of CCI,·

into:-.icatcd rats sho,,cJ that AEP,\ reduced the scvcril) of nccm\is, cellular inliltrotion and 

foll) ch.,ngc in the liver. I l)polipidac111k. nn1ioxiJJnl. und hcp:11opro1ccthc cni:�1s of P

u111trlr111111 \\Crc con1parobh: to RcJucJ) n l(J. Qualit:iti, c screen ins of the: c:o.tracts 1nJ1c:11cd 

the prc:i.cncc of oll.:ulolds, tluvonoiJ�, saponin�. steroids, unnins and tritcrrcnoids. 

I car c,tracts of P 11m,rica11a possc:�s h)flllli11iJ�cmic, an110:-.id11111. nnJ 

hcp:itoprot�'CII\C clTccts \\hich nl3) be attnbu1cd lo indh1du:il or comb1nl"tl oc1iun of the 

ph) 1ocon�111ucnl\, l his may uccount for ils U!IC in trudilional mcd1c1m: und could he lunhcr 

exploited in she manascmcnt ol J1scu\cs n�socialcJ \\ith h)pcrlip1d:c1ni:i 

K,'}�•ur,/1: /1 u111rr/c,111u, I c:if cx1r:i,11. I l)pcrhpid3c111111, I lcp:11otox1c1t), R 111, 

ll'ord ("011111: -191! 
IBlOAN UIMVERQITY l18A411Y 
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Cat.a lase 

Conjugated dienc 

I - Chloro - 2, -I - Dinilrobcn,cnc 
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Chronic oh�1ruc11\c puln1011Jr) disease 

Cardiova_<;cular dlscnsc 
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Dilu11on factor 

I, 1 - Dichloro - 4 • N111111)Cn1cne

L>ch,droascorb1c nc1J • 

dt:e1l11n: 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



DN1\ 

l)NPI I 

DTNB 

E:.DR.I 
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IIIV 

IIMG-CoA 

I INf 
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2, 4 • Dini1rophcn} !hydrazine 

5, 5 · - Di1hio - bis -2 - Ni1robcn,oic acid 

Endo1hclium-dcrivcd rclaxa1ion fac1or 

Ethylcncdiam1nc tctraacctic acid 

Endothclium leukocyt1:s odhcsion n1olcculc 

Fauy acid 

Glucose -6 - phosphate dch)drogcnnsc 
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Glucose oxida.�c 

Glycerol • 3 · phospha1c peroxidase 

Glututhione �-dllttasc 

Glutath1onc (reduced) 

Gluuuhionc pcroxid.1sc 

Glutathione (oxidized) 

Gluuuhionc S-trun�fi:rosc 

I lacmoglobin 

I ligh density lipopro1cin 

I lncrnutuxylin-«isrn 

llurnun immunodeficiency �rrus

O-l l)drox)-ll-n1eth) lgluti11') I-Col\ 

-l-1 f)Jrnx)l-2, ).frnns-noncn11I

lntcr�cllulnr ulhi:su>n molc�ulc I 
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k.Da 

kg 

LDL 

LOX 

\,1-CSr 

1'1DA 

Ml:.P \ 

ms 

1nin 

NEFA 

NADII 

r,: ,\ DPI I 

Nm 

"liOS 

C)D 

PCV 

I'll'[ s 

l'KC 

I'< l() 

Interleukin-I 

lntrapcritoncal 

KiloDulton 

Kilogramme 

Lo\\ densit)' lipoprotcin 

Lipoxygcnosc 

:Vlocrophogc colohy-s1imulu1ing f.1c1or 

l\.lolondia ldchydc 

/1,lcthanolic C.\tract of P u111ericu11u

� 1illigrnn1mc 

�inules 

\,licromolc� 

l\lilhmolc:. 

Non-c�tcrilicd foll) ncid 

Nicotinamidc adenine dinuch:otidc 

Nicotinomidc adenine l.liouclcoudc pho�phntc 

Nanometre 

Nitric oxide !>) nthJsc 

Abwrb:incc 

l'ncl.cd Cell Volume 

I. 4-p1�ra,in,-dic:1hane1.ullon11: uc1J

l'ro1c1n l.1na)C < 

Pcr11J11Ji1sc 
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PUFA 

ROC 

rpn1 

SC 

SEl\1 

SOD 

TOA 

TBARS 

IBL 

TC,\ 

T-CIIOI

l"G 

TNr-u 

tRNA 

UK 

LS\ 

UV 

V 

VCAl\1·1 

VI £)1 

\\'BC 

\\ \ 

Pol}unsaturatcd fntt) ocid 

Red blood cell

Revolutions per minute 

Subcutaneous 

Standard error of mean

Superoxide dismutosc 

Tluobarbituric acid 

Thiobarbituric ocid reacting species 

1·0101 bilirubin 

1 richloroacct1c acid 

Total cholesterol 

Trig I )'ccridc, 

Tumour necrotic factor u 

I ranslcr ribonucleic :1cid 

United Kingdom 

lJn11cd Sllltes ol America 

Ullraviolct 

Volume 

Vascular 1:cll adhesion rnol.-culc I 

\'c') lo" ,Jc.·n\il) liroprotcln 

Volurnc per -.olun1c 

\\ hitc h!f10J cell 

\\ eight per \Olurnc 
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CU1\PTEll OJ\ E

1.0 li';1'R0Dl CTION

Globalization has beneficial and harmful eOcc1s on 1he heallh of popula1io11s ( \\ ood,, arJ
<'I al .. 200 I) Thi: direc1 negati,c cOccts of globoli2011on arc sho\, 11 b) 1he increas,ngl)
globolised production and marke1ing of lobocco and alcohol, and :,ally. sugar). and fall)
foods (Beagleholc ond ) och. 2003 ). Die1, of \\ cstern s01:ie1ies ha, e been sho" 1 1  to be
too high in calories, "ith lo\\ fibri:, high nn,mal fol. sugar and alcohol con1en1. Oic1ar) f.11
1nt.il1: 1 s  higher thon recommended in most \\ cstcm counines ond it is assoc1a1cd ,, ith
the prevalence of cardio\'ascular dist!aSe, obesit) and cancer (\ eflhuis 1e \\ icrik ,1 al.,

1996) Developing countries ha\c odup1ed ngricuhural produc11on and food processing
pracuccs, dit!lar} habits and lifestyle of lhc \\ csicrn coun1ries \\ithout an) :lpf)r.ti�al of
thi: health implications. ,\ 1�0. global lrode ond mnrkc11ng de., i:lop111e111s arc drh ing
the nutrition transiiion IO\\llrds dicLs \ \ilh u high proponion or \Jluru1eJ l:11 and
sugars. This diet. in comb1na1ion \\ith 1obacco use and liult ph}s1c:il ac1iv11�. lc:ids 10
popula1ion-\\ide :uherosclerosis :ind the 11idc:spr�1d d1\lribu1ion ol no11-con11111 1n1�;1hlc
disell.Ses (13cagleholc: nnd Yach, 2003). It i\ nu\\ 1.:no\\ll that no11-co1nn1unicabli: d,sc:o�c:
risk tuctor le:\ cls IUJ\ c: incrcasc:J during the past Ji:c-adc unJ thh \i11nilic� on ,ncrcasc 111
the rote of no11..:on1mun1\'11hle J1sca�cs in the nc.\t l\\o Jccudcs

Anal)se� or :i1111lable aggr.:g.itc: d3lll source, 1nJicatc th.11 o sh1ll to\\iJrJ� M\\ C\lc111 dre1�"
is occurnnr, ,n de,cloping countries IRcdJ) uni.I Yuu,f, l 1>'IK, l'opk1n :?002), In N1!_:cn.1,
there uppc.irs 10 be: o cultural tran�n,un 10,,nrd :i n1orc: \\ cs1cn1i1c,l life\t) le I he
tmdllion:il food\ con�1s11ni: 111:11111) of rooh cereal�. �1111\ tullc:n, unJ , cgc111hk� ore
ll'' 1ng \\D) to fDII) food, ,,,cct ,1111�1,.• nnd Jr,nks \\l11ch urc 100 \".llanc Jc-n�c flu"'('

I 
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changes in dietar� pauern among \igerians, coupled \\ ith changes in ph) sical actl\ ii) 

patterns, increase U!le of tobacco produc15 and alcohol are possible caU\CS of 

hyperlipidac1nia \\hich i s  on important risk factor in the pathogenesis of chronic. 

degenerative diseases such as carJiovascular d1sca�c, dmbetes and cancer. It has bct.:n 

reported that the intakes of meat. eggs and 1nill.. \\ere high 1n people \\ 11h higher 

:.ocioecono1nic status and total foll) ·acids in Nigerians ,,ere sho,, n to be positive!) 

associated "ith cholesterol. lo,v dens it) lipoprotein ( l DL) cholesterol and 1riglyccr1des 

(Yeh l'f of., 1996). The final report on the nnuonnl suf'\e) on non-communicable: diseases 

in Nigerian csltn1ntcd the pre, alence of h) pcrtcnsion to be I 1.2�o represcnung not lt:,s 

than 4.33 million Nigerians o,c, IS yt:ars of age. rhc prevnlcncc of diabetes ,\as put 01 

2 2°;, n:rresenting about 1.05 million Nigerians over 15 )Cnr.. of age (f,�JOII. 1997),

I ligh S) Molic blood pre,sure le, els \\ere rcccntl) observed 111 so1ne de,clop,ng coun1ric,, 

including Nigeria that had lo,, mi:an cholc:stc:rol (Eunt1 �, al., 2005 ). Dc1nogr-Jph1c and 

technological change, arc 1ncrcasingl) modi I°) rng the 1nco1nt: pauc:ms ol cardiovnsculnr 

nsk factors and sh1f11ng their burden 10 the drvc:lop1ng ,,arid As u rc\uh. Jo11-1ncor11i: 

and middle-income coun1nrs 1ncn:3.'iingl) face the double burden nf inh:,rrous dt�casc� 

and c:ard,o,a�cular r"I-. focto" (f:1.1.att e/ al, 2005). In Nii;cn,1, co11111111n,coblc dtSC4)c:s 

urc: �,ill pn:scnt hut non<ommuntc:iblc discow:s arc on lhc Increase thu� crca11ni; ,, lloubh.• 

burden of d1w:asc 

llic use of ullc11U1lt1 c mct.ltcrnc und 1hr con,un1p11011 of plant mi11cn.1ls ha, c been on the 

tncr.:use in m:in) .:ountrie, ol the 1,11,ld nrostl) l'CC'au� pl:m1.Jc11,ed dru&\ 1nd hcrb:il 

fonnula11oni ure con1n1onl) con,1de1cd 10 he lc,s 10"'" 11nJ tree, f10111 Mtli.· c11.:�,� 111.111

S)Tithc11, ones 1M1tru ,, 11/ IIJ91, flh111111char) , t ,1/. 1 1i'J7 A1111,1purn,1 r't ,,/ .2001 1 \t
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present, n number of bo1nnicals are still being used in ethnomedicine for the treatment of 

different diseases Natural substances thnt can inhibit lipid o:-.ido11on arc obtained from 

many dilli:rcnt sources, including plants (t-.1orc1n et al .100 I). 

A,ocado (Pcrsea a111crica11a t-.1ill.) is one of the plants thnt have been ,vidcly used in 

ethnomcdicinc. The bark, fruit ond leaf arc used in traditional medicine 1n South 

An,cricn. \Vcs\ Indies and Africa to provide remed) for ,arious oiln1cnts. TI1c fruit i� 

employed ns o \'ermifuge and remedy for d)sentel): the leaf juice has on1ib1otic acthit): 

the aqueous cxtrnct of the lea,cs has a prolonged on1ihypencns1vc encct \\hilc the leaf 

decoetion is lnkcn os o remed) for diarrhoea, sore throat, haemorrhage ond alleged!} 

stnnulates and regulates mcnstruouon (t-1orton, 19117). 

I he leaf e:-.tract� fron1 P a111t•rlct111t1 have been sho,,n lo hnve .1111h irol activit) oi;n1ns1 

/li:rpt•, ,i111plcx I virus (De Almeido et ul 1998) human immunodelicicnc) vin1\ (Ill\') 

I (\\ i�g et ul •• 1996) and udcno,irus (De ,\lmcida ct al., 1998). It has anti-innnmmatol) 

octivit) (Gue,nrro ct al, 11JfJ8: Ade)cmi r:t "' • 2002) und nntih)pcrtcnsi,c1h)pntcnsl\e 

ac1i,11y (De A Ribeiro r:t ul. 1986, Giro,v r:t ul., 1991; Adcbo)c ,., 111., 11)99). R1.-c.:ntl), 

the: aqueous leaf elllro<I of r an1,r1C'o11u ,,ns n:poncd to pos�e�s hypogl).:cm1c ncllVII)

(Anlla er al .. 200S), vasorel.ixant oc11on (O\,olab1 r:t ul., 2005), nnd an1tco11\uls.1nt cncct 

(OJC\\olc nnd Amabcot...u, 2006) 

Since h) pcrhp1dnc111i11 has been 11npl11:otcd 111 llu: J1.11hogcncs1s or uthcru lcmsl h 11 

necessary 10 invcs1ii;n1c the possible clTcct of /' 111n,•rlt'u11a on h)pcrllphJncn1111 I Ins

stuJ)' c:11.nmin1.-d the effects ol /' 111111·rit"u1111 lcal C\lruc1 on h)JlCrliplJ:icm,u nd hp,d 

pcro,.,d,ulun In !ldd1t1un, the hcpatuprotc:cll\e cnccll of the aqueou lc.,r c 1ruc1 of 1•

umcriC'UIIU \\;I� 111\CSllglllcd 

lAFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



I.I ,\l\l� A\O OBJEC'l l\'ES

I. 1 o dctcrn1ine the enect of the lt:af extrJcts or P ,1111i·rrca11a on blood glucose and
lipid profile 10 hypcrlipidac1nic. rats

2. To assess the cffe,t of the leaf extract� of P a111crica11a on lipid pero.\1dation in
rat tissues 

3. To detennine the effect of the leaf extracts of I' ,1111erit·e111" on an11ox1dant status
in rats 

4. To evaluate 1he pro1ec11, e cflcc1 or the leaf e>.1rac1s of/' a111l'r1c,1110 on CC.:l"'-

1nduccd hepJlotox1cit} 10 rats
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CI-L\PTER T\VO

2.0 LITERt\TURE REVLE\V

2. I Lipids 

Lipids arc biological molecules comprising a diverse class or organic compound� that ore 

insoluble in aqueous solutions but are soluble in organic solvents. ·rhe) ore functionall) 

important in biological systems \\•here they serve as structurJI components of n1cmbrancs. 

function ns energy r1..-servcs. vitamins and horrnoncs, and lirophilic bile acids in lipid 

solubilisation. Lipids arc divided into three principal groups v12 foll) ::icids (I A),

triglycerides and phosphohpids. Fatty acids \vh1ch ore Slnlight chain organic acids ore 

subdivided into three according to their degree of su1urotion or unsotum11on saturated, 

monounsatur.11cd ond pol)Un\Uturated. Polyunsaturated fatly acids (PUFAs) ho\c I\\O or 

more ci.1 double bonds sep:ir.ucd b) a singl1: methylene l!fOUp (·Cl I Cl I-Cl !:·Cl I CII-). 

,\II lipids ore hydrophobic and mostl} insoluble in blood, so lht:J are 1rnnsponcd \\ithin 

h)drophilic, spherical s1ruc1urcs c.illc:d lipopmtcins, ,�hich pos�ess surface pro1cins

(apopro1cins) that are colbc1015 and ligands for hpid metaboli;,,ing cnL} 111c:�. l.ipoprorcins 

can be distinguished :iccorJin11 to lhc I} pc of protein 1hc:) contain nnd their dcnsit>·· Lo\\. 

dc:nsiiy lipopro1eins (I.D1.s) ;1rc: the most choh:stc:rol-rich of nil lipopm1c111�. The I n1 

panicle is o sphere wuh o single: h)drophobic protein eoll�'d npoprotcin n (npo B) 

l.'mbc:ddcd in a non-polar core of cholc)tcrol, \\l11ch is Hnl-cd to lonl,-ChJtn 1:111> ncid� lo 

fonn 1:holcs1crol c�1c:n1. L DJ is o 11111jor Cllu,c uf injul) ro lhc cndothcliurn nnil under!) 111g 

$mooth muscle (Gnc:ndltng nnd Alc,o,ndc:r, 19'>7), \\ hm I.UL pa"lclts 1-e�omc trop�"'d 

in 011 oner). UI(.') can undergo progr��1,c ox1J111i1111 nnd he 1n1cmi1li1cd h) mncmph,,i;...,, 

b) n,cnns of the s.c.i, cngcr ri:,;:cplol'li on lhc ,urfacc;i or tho.' cells. I he 1n1cnu11i,1111nn lc4d1
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to the fonnation of lipid pcro.\ ides and facili1otcs the accurnulat1on of cholcs1crol cMCr!>.
resulting in the ronnotion of foan1 cells (Din, ,.., al .. 1997; flan et al. 1997: S1einbcrg,
1997). Rcn1ovol and sequestration or rnodified Ll)L ore important parts or 1hc initial.
protective rolt: of n1ocrophage in lhe innammo101) response ond minimi,c 1hc cffec1s of
modified LDL on endothelial .1nd smooth-muscle cells (Diaz t·t al., 1997: I Ian •• , al.
I 997). 

In addition to pron101111g thc fomuuion or foarn cells, oxidized I DL ha� a direct
chcmotactic octl\ it> for rnonoc> h!s and stimulates the binding or nionoc) 11:s to the
cndotheliuni (Quinn et al., 1988, Frostcgard •• , "I·. 199 I), Once monoc> rcs ere,, ... the
endothelial la}er. the) become trapped in rhe subcndotJ1clial �race. panl> because
oxidized LDL inhibits 1hcir exit from 1hc arterial \\illl (Quinn,.., al .• 1987). Oxidi,eJ LDL
is ul,o C)lOloxic 10 -.ascular cclb thus pron1011ng 1he release of lipids and l}sosu111.1I
enzymes in1u the 1nllm,1I cxrraccllular space ond cnh,1ncing progression of a1l11:rosclc:ro1ic
h:sions (Sch\\ anz ,., al.. 1991) l\.lodilied LDL can induce lhe c,pre\s1on of odhc\iun
moleculc:s. chcmol.1ncs, 11ro1nOarn111:1101') C) 1ok1ncs, and 01hcr n1t-d1a1ors of 1111lmn111ar1on
in macrophages ond \llSCular \\311 cells CL1bb) ,., 11/ •• 2002) I he 1nlln1n111u11,I') r,-.,pon�c
11":lf can hav1: 3 profound cllccl on lipupro1e111 n111,cn1cn1 \\lllun 1hc uncl) :l.1.-Juuo,� of
rnllamni:111011 such os 1u111our nccro�,� f.1c1<>r u ( I NI· 111 1 111crlcuJ-1n•I (IL-1 ). ,rnJ
rnacrophagc colun)·Sl11nula1111g fnc1e1r (:1.1..(�f) rncn:;isc: b1nd1ni; nl I DI 10 cndo1h,•h111n
ond moolh ,nusclc ond increase lhc lr1111scrip1111n of rhc I l>l •rc,cplor g�nc (S1e1p,•cl. r,
ul. 1993, l lalJar und 11.iberlanJ l'l(J7J 

h 
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The oxidative modification of LDL is a plausible link bet\\ ·een lipids, inna,n111ation and 

atherosclerosis and this link provides a convenient and si,nplc rationale for the beneficial 

clTcct of antioxidants on coronary artery disease. 

Rcpons indicate that abnonnnl lipid levels predispose individuals to atherosclerosis and 

cardiovascular disease (Glc\\ cl al., 2002; Chrysohoou cl al., 2004). 

Cardiovascular disease is associated \Vith ch:vnted blood levels of LOI , increase 

oxidation of I DI , raised levels of total cholesterol and triglycerides \\here.is a low level 

of high-density lipoprotein (I-IDL) is n risk filctor for 1nortolity from cardiovascular 

disease (Criqui l!I al., 1993. Rahman and LO\\e, 2006). 

According to the guidelines of the An1crican I-lean Association, the optimal levels of 

lipids ond hpoproteins a.re: tollll cholesterol 200 rng/tll, triglyccridcs, 200 n1g/tll, LDl. 

<130 mg/di and I IDL>40 mg/tll. 

LDl.-chole�terol is a primary tnrgct of treatment or hypcrlip1docmia Chotc�1crol 

lo\\ering agents hO\C dcmon�1ra1C'd grc.11 cnicucy in pn:vcn1ion ontl ccssa1ion ot 1hc 

progression of athtrosclcrosi� and s1a1ins are 1hc moin .SIO} of I DI -choles1crol lo\,cring 

1rca1men1 (Ballan1yme, 1998). S1.111ins ore a class ot drugs ,,hich are polcnt 3-llytlroxy J. 

niethylglutal'}I cocnz)me A (ll�IG-CoA) n:du1115e inhibnors ll�IG,Co,\ rl"lluc1nse acrs 

on the rote hmiring 51cp 1n cholcs1crul liios) n1hc!>i� 10 1nh,b11 111'-JG .co,\ �un\'crs,on 1o 

n1alc,·on3lc and lhcrcb) rcuucing I DJ., \'Cry lol\-dcnsil> lipopr\Jlcln (Vll)J) .,nJ 

tri81,-ccridc lc\cls (Al-Shaer �, ul,, 200-I; I 1lll!cns ontl 011Cn11:n, 200.1) I ,11mplcs ut

i.t.illns include h.1vnstn11n, pro,11st.1111n, :.am\llsloun nnd OIOl'\11\t,11111

I lu: tibrutcs arc 111101hcr da)� of JruB) th II ho\c hccn UM:tl In li111J-hH,cnng 1hcmp) 111 

the prunlll) prc\..:n11011 of cnrd10\ ,ncuhir tl1&e:1w: I 1hroll"S nrc �no,\ 11 111 he mo�I clli"CII\ c

7 AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



in redu cing plasn1a conccntrotions of triglyceride-rich lipoproteins (i.e. \'LDL and 

ch) lo1nicrons (Ga\, and Shepherd. 1999). fibrates used as lipid-lo\\cring agents include 

clotibrotc. gernlibrozil. fenofibratc, ciprotibrote and bczafibratc. 

Dietar) modifica11on i� an integral pan or thc management or paricnts ,, ith 

hypercholestcrolcn1ia and the nlOJOr locus of these die1a11 changes is 10 rcducc intakes of 

high-fat dair) products. red n1eo1s and eggs ,,ith o concurrent incre.isc in intakes of fish. 

fruiti., grains and legumes "luch ore kno\\n 10 reduce LDL cholesterol concentrations 

and arc also associated "ilh stab1lizo11on or reversal of corona') atherosclerosis (Om1sh 

er al .. 1990: \Valls et al., 1996). Studies 1n Nigeria li:1,e sho\\n that consun1p11on of fruits 

and vegetables lo\\c� lc�c:ls of total cholesterol and trigl}Ccrides as \\CII as reduce 

incidence of cardiovascular risk f,1ctors of major chronic d1�cascs (fan1od11 •·r al. 1998. 

I lung er al., 200-1, Odetola .•r al., 200-1: ,\dcba110 t'/ al 2006; Odc1ola •• , ul, 2006). 

Olhcr d1ct:ir) modification� 111 the: rnanagcn1cn1 ol h)pcrliducn11,1 include the use of 

probiotics. SO}, and SO) 1soOo,ones (,\Ii t'/ al. 2004, �lcVc1gh et u/., 2006), The 

beneficial effect\ 011ribu1cd 10 prubio11cs und prob1011c,contu1n1nl! foc,J produc1s include 

the reduction 11r blood chol..-�terol :ind lhc primal) probio1ic b;1c1cnn nssoc1a1cd \\ ith 

cholesterol 101,ering ha,c bc�n l:ictobJ.c1lh und bilidohm:1eria (,\gcrholrn-u,r.cn ,,, al.

2000, Ah et ul., 2004, Co\oll1n1 ,., ul, 2009) �1u1Jics 10 an1n1nls und hu111,1n� ha,c �ho1\11

thal :,oy and 50) 1wl1tJ\Onc5 Olli) pro1cc1 u1,;a111s1 C\'D lhrouyh in1rro\c111cn1 on 5eru111 

lipid profiles (Ali ,·r 11/, 200.t, lllc\'c1gh et ,1/, 200(11 ond 1n,rcn\t"J fC!>Ul,1ncc ol I DL It>

oxul.tuun (D1unasc,11u ,·r ul, 2007) 

Ii 
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2.2 Free rndicul, 

A free radical can be defined ns a chemical species possessing an unpaired electron ond is 

capable of independent cxiMencc. free radicals and other rl!acthe oxygen species in the 

hun,on bod) arc dcri,ed either from normal, essential metabolic processes such as 

phogocytosis and electron trnnspon chain or from external sources such 11s cigarcllc 

smoke. radiation and cenain drugs. pesticides, anaesthetics, and industrial solvents 

(Cheeseman nnd Sluter, 1993). 

Free radicals can be formed in three \\O)s: 

i) b) the hemolytic cleavage of u covalent bond of a non11al n,olccule \\ 1th each

fragment retaining one of the unpairi:d electrons. I his general!} requires high

energy input from either high temperatures UV light or ionising radiation; 

ii) by the loss of o :.ingle electron from a normal molecule:

iii) b) the addition of a single electron to a normul n1oh:cule i.e electron transfer.

This is the more common process in biological systems (Chcc.scman ond SJ:11er,

1993). 

I r rri:e radicals ore not inoc1iva1ed. tJ1eir chcmicnl reactivity can damage ull t)'�s of 

cellular m:i.cromoleculcs, including proteins, carboh)drille�, lipids, and nucleic ociJ, 

free rodicah con be positi\,cly charged, neg111i�cl} 1:'hu'l!cd or c:lcctri�,111\ neutral 1 hc) 

nrc gcncrull) 1norc rcoc11,e than no11-r:1Jical� Jue 10 their unp:iircd clcc1rn11 hut dill'i:rcn1 

l)pc� of tree rudh:als ,ory \\tdcly in their r.:,1.:11vil) (Slnicr, 1 1>8-t, I l,1llh\cll unJ Chiric,1,

199): Ricc:-1.von, 1mJ nurdon. 1'193) <>nc of the moM irnponi1111 nink,ulcs 111 free

r.tJicul bioch,:tni�lr) Ii 1he ox)i:;cn molecule rclJJ lhc 0\)1/1.'11 n1olc.;ulc: q11.illf1c\ us 11

free rudicul hcc.iu)C 11 con1.11rfs I"" p;11rcil d«iron\, hut i1 nu, J}ilnlc11!11rl) rl".ic11,c Jue 1o
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a special electron arrang.en,ent that makes the reactions \\ ilh OX) gen spin rcs1rictcJ 

(rlallh,ell nnd Gutteridge. 1990) I lo \\e,cr. ,,hen o,�gcn is panl) reduced. sc,cull 

dillcrcn1 rcacll\ c OX} gen specie�. both radicals and non-radicals 111a} be produced 

(Che1:semnn and Slater. 1993 ). 

Rencti,c OX) gen species (ROS) I!> a colh:ctiv,: h:rin \\ h1ch includes both OX) gen radicals 

and cenain non-radicals thal arc oxidising agen1s and/or are easih con\·ened in10 

radicals i::,amplcs of ROS include radicals such a� :.upcro,idc 

ll IOC I) 01onc (OJ), sinsh:1 o,}gc:n (10..1> :1nd pcro,)nitritc (ONOO-), 

Rcacth·c ox} gen species an: rroduccd continuously in lhc hu1111111 boJ) "' .i con,cquencc 

of normal metabolic procc:s-.c,. £:\an1plc:� of reaction, that lead 10 free radical formation 

Xunth111c ol\.id11\c 
Xnnthinc + 0:-+ I l�U -----Ur:ite + O:" +:!II' 

N,\l>('I I O\tdaic 

Nt\Dl'H • 2(J; ------• N \01'. • 20; + II • 

I c:'· • 11.t): 
----• f<,

l
• • tlll' + Clli

Ill 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



2.-l E>.11n11llc., of Free R.ndicnls 

Superoxido (O?· ) is a one-electron reduction product of molecular oxygen that is formed 

during normal respiration 10 mitochondria and auto-oxidation reactions. 

0, ,- e • o; • 

This free radical dcri\'ative of oxygen is found in ulmo�t nit aerobic cells o,, 1ng to 

eleclrOn "leakage" from the electron transport chain. II is nlso formed by nctivated 

phagocytes (monoc} tes, mncrophagcs. cos1nophils and ncutrophils) ,1nd the product1on of 

01· 1s an in,portant fnctor in thi: killing of bacteria by the�c cells. I: xccssi,c production 

and/or ,nadcquatc rcmo\'al of rcacti,c oxygen species, especially superox1de anion (0 · ),

rc,uhs in ox1dauve !>tress ,,hich hos been implic:ncd 10 the pathogenesis of 111.111)

cardio\i�culill' diseases, including nthcro,clerosi�, hyp,:rtcns,on, diabetes, nnd in 

endothelial dysfunction b) J-:cn::u1ng nitric oxide (NO) bionctivity (Fukoi l't al .• 2002)

o: i!i remov"-d i11 ,•1,v b) the action of �rec11ie cn7)'mcs - the supcroxidc disn1uta.�cs 

(SOD} \\ihich c:ll.al) 1-e the dismullllion ol supcroxidc onion into o:-.ygcn und h)Jrogcn 

peroxide uccording to the folio\\ ing cqua11on: 

The h)drogcn peroxide fonncd ,,. 11111 a frl-c mllicnl hut .1 ,,eul; oxidi11ng ui;cnt th:11 C11n 

inaCII\Dh!' some: cn/)ITll'S �u,h u, �UfX'fll'.\idc di�1nut:hc, m)'clopcio\1d11sc, ncnnitll'IC on.I 

\\11h tn111s1t1un 111ct1I� l)llrticulnrl) ir1111 tu rnk.lucc the JTlO\l r�,thc nnJ J 1n1.1i;ini; 11t lh,• 

OJ>,) gen free rnd1c.il, 1hc: h)dru\) I naJ1�.il (01 I' J l< ht,�011111 nnll lllatcr. I 'I'll) 

I I AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



In ac1ivn1cd phagoc) les the enzyme n,yclopcroxidnsc is expressed. Tlus cn2yn1c 

1.:atal) zcs the fonnn1ion of the highly re-0c1ive oxidant hypochlorous acid (I IOCI) fro1n 

hydrogen peroxide and cl\loridc (I leincckc et al. 1994: Van De Berg ond \Vin1crboun1c, 

I ()94). 1 lypochlorous acid is nn in1pononl antimicrobial agent in1plic11tcd 10 mediate 111 

the oxidative modilicolion of proteins and lipids (Van de Oerg and \Vintcrboumc. 199.J). 

It is also rcponcd 10 oxidizc cholesterol \\•ith the forn,ation of sterol epoxides and 

chlrohydrins \\h1ch mD) be both C)IOtol\ic and mutagcnic (I lcinccke t•/ ul., 1994). 

2.4.l llydro,}I rudicul (011) 

The h)droxyl (Oil) radical is Ill\ extreme\) JlO\\crful oxidant fom1cd by the llaber-\Vciss 

1ran'>1tion mctab (Chec�cman und Slater. 1993). 

01• + 11.02 metal catnhst ;011 , Oil Q,

:\Ian} typ,:s of n11:tal ion,; i.uch a,; chro1nium, nickcl. coppcr ond iron arc thcorc1icall) 

able to caLOlvzc the llnbcr-\\'ciss renttion. l"he ion (l'c1') - dependent decomposition of • 

11:0: is knO\\'ll as the Fenton reaction. 'QI 1 can nlso hi: fom1cJ frorn �,1111:r b) high-cncf};) 

ioni1a11on radiation (l'acker und Gluier, 1990). 11 is nho generated via the o,idant 

pcro:-.) n11ritc ,�ith 0

()11 being rroduccd either as II dccornpositinn product ( Von Jcr Vliet 

r:t al .. 199·1) or con5oCqucn1 to the ll:1bcr-\\le1ss rc:1c1ion lollol\ing pcru,)nitritc rclea,c ot 

copper frum ecruloplasm1n (S \\111n <'I"'·· 19')-I). ·011 b nn c,1rc111cl) n:acu,,: o,illi1ini:; 

md,cul 1h:11 "'" react \\ilh most b1olog1ail molecules u1 Ji11u�lon-con1roll<'d nitr:<; 

(<..hce,,cni.u1 und Sl111cr. 1993), It cun cause DN,\ darnagc ,1nd 1nhl:uc l1p1J JlCrt.>xldatil>n 

I lo,,i:,i:r, the da111:igi: h) 1h1� mJ1cal •� non-�lctll\C 1,c,uu-c ii J� nut �un I\C loni; 

enough tu dillu� &:iYoll) trom ns •lie ofproduc11on 11'.id,cr 111Hl f,l,11,r, 1'>110) 'IJll ,nu"IC, 
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�1rnnd brcal-.s and base n,odilicaL1on in D\IA hiading to changes 1n gene expression. 

mu1a1ion and opoplosis. OxidaLion of prolcin side chains con result in en1y1ne, recc:ptor 

and carrier d}sfuncLion (Evans nnd I lnllhvell. 200 I). 

2.4.3 ll)dropcro,yl nulicnl (1102.)

The hydroperox) I radical (1-102·) is formed by pro1ono1ion of 1hc superoxidc radical. O, -

gcncrnlcd in or difi't1sing into an un:u of lo\, pU such ns bcnenth activn1cd n1ocrophngcs 

adhering to surfaces \\Ould therefore cause an increase in 1he amount of 110/ This 

radical is  thou1,;h1 10 be able to cross biolog1col membrane� \\ hich 02- cannot cross 110/ 

is 1norc rcac1i,e 1han 02 and is repe:uedl) able 10 nttnck fatty acids dircc1I)' lending 10 

lipid pcroxido1ion (Packer and C,laicr, 1990),

2.-1.-1 Nitric Ul.hlc r.ulical ('110•)

Nitric oxide (also kno\,n as endothelium-derivcd relnxa1ion lilc1or. EDRr) i� n po,,crful 

,asoJilotor and decreases pla1clc1 aggrcgnbili1y, bo1h cOi:c1� being induced 1hrough 

ucti,ulion of guunylah: t)I0.5e (\\'cnn1nalin, 1994). Ni1ric o,-idc (NO') 1s produced fron1 

,1rgin,nc und moh:culur o:,.ygcn by un en,) me c111al) 1cd n:,1c:1ion 1n lhc vu�culur 

cndothelu1I cells, in nef\ous tis�uc nnd in uc1ha1cd phagoc)ICS (\\'cnnn1ul111, 191)�) NO' 

pcrtonns u\c:ful ph)sioloi;ie11I runcuon� such as rcgula11on of vus.:ul,ir ,mou1h 1nusctc 

tone (hence 1:0111rolhng bl(l(ld {UC\\Urc) nnJ ncuro\ran\m1lh:r nc111111 (�h111cad., ,, ,,I,

1'>'}1 J 
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2 .. ts Pero\) nitrite union (ONOO ) 

Pcroxynitritc onion is  an oxidant ,vilh reactivity similor to that of ·011. h is the product of 

the rcnctioll bcl\\ccn 01·- nnd NO' (llogg ut e1I., 1993; Beckn1un et al., 1994). Al sites of 

-

i111lan1n,ation. 02' and NO' '"ill b e  found 1ogc1hcr in increased an1ounts, lending 10 

-

increased fonnnlion of ONOO . ONOO in mildly acidic surrounding becomes 

prolonotcd und decomposes rJpidly to fonn un intcnnediute ,vilh the sun1c fierce 

-

reoctivit) as lhe h)droxyl radical (Von dcr Vliet et al., 1994). 0\/00 can induce the 

,;in1c t) p.: of oxidative damage as the ·011 such ns lhc ini11a11011 of lipid pcroxidntion 

(llogg t'/ "'·· 1993 n.:,kn1an rt t1f., 1994). Also, bccnusc of its gn:nter nbilit) to diOi1sc 

a\\O)' from the site of production, the damage caused h) ONOO n,ny be n1orc !iel1:1:t1vc 

and uhi1natcly ham1ful. 

., -
.. :, Source-. of frl-C nuli�I\ 

l·rcc nulicals .,n: 11cncrnll> prnduccd in cell\ h} clcctron tr.111\fcr reaction,. I hc�c cun be

mediated b) the action ol cnt)'mc, or non-cn1)1natically, ollcn throu11h the ro:do,

chcm,�tl'\ of trans11ion rncUJI ions (Chl-es<:ITIJUl and Sluter, 1993). I reo: rndiculs and • 

vnnous rcacthc iix-clcs ore conllnuou\l)· produced in the bot.I) (I lnllh\ell ,., 11/. f<l()S)

I he rnujur �urcc� ot ln�c nn.lacals nnll ltUS produced 111 the hod) oc�ur \ i:i lhc tc.11-u�c 

ul ck·ctron\ from mitocho11Jr11il anJ rnu:ro'IOmol electron 1n111,pon �ha111�. 111 niolcculor 
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l·n1yn1es con ulso produce supcroxide or hydrogen peroxide such as the range of fluvin

oxidascs located in peroxisomes. Another source or 02·- in animal cells is the so coiled 

auto-oxidation reactions in "hich certain con1pounds such as ca1echola1nines, ascorbic 

acid, thiols. adrenalin and reduced navins .ire: ulleged to react direct I) "ith 01 10 lonn 

o!· (I ridovich. 1989). These auto-oxidation reactions can be grcotl) enhanced b) the 

involvement of transition rnetnl ions (Cheeseman and Sluter, 1993)

Free radical production in cell� can be greatl) increased b) certain toxic foreign 

co111pounds. The classical c,amplc i:. carbon tetrachloride which \\ as the fir..t such 

con1pound to be sho\,n to exert its toxicity through o free radical 1ncchunisn1. being 

mctobolizcd to the tnchloromcthyl free rJdical b> the nction of cytochrome P-450 in the 

liver (Sluter, 1966: Cheeseman L'/ al., 1985). �lost of the 11102 nnd other ROS gtincrn1ed 

during the normal mctaboli· m of a typical cul.of) otic cell is derived from 01 • that ,� 

furmcd from reduction of 02 b) components of the mllochondnal electron transport 

chain. primarily ubiscmiquinonc {QI I') in complex Ill und sccond,1ril} N ·\ DI I

<lchydrogl."lla..,c (complex I I. 10 ,,hut nn.: believed to he �,I.le n:,1c.1ion, or electron trnnspon 

(R1ch1t:r nnd Scl1\\c11er, 1'197),

J
l

1cre ulso c:w.iM spc�ialhcd 1>).-.lcn1� ""OS(! primary purpose 1s 10 scncrJlc ROS fur u,c in 

dclcnce S) �terns th:it protect ngn1n�1 p.;11hol!cns A \\cll·kilo\11n C\Jmplc I) "hen '"th ,lk'<I

and 11 l) 11s c,nc n,�-choni!lm HI kill b.1c1cna unJ rung, 1n<I 111 1nnc1h nc \ lrll\C) ((: urnullc

1ind !Jnh,or. 19117, Uah1or nnJ \\'ooJman 1'1'>0) In oddillnn frN raJ1C11lr. arc ali.o 

prudutcd b) an arni) of cnJu11cnuu� Clll)OIC S)tlc111\ such IH p)ru,a1c 111c1uhol11111g 
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cn1.y111cs, oxidases. cnrbo\ylascs, hydro\) lases. pcroxidnses. fruit ripening enzymes and 

radical cnz) mes (I lalli\\ell and Gutteridge, 1999) ror c\ample, I 1,02 is additionally 

generated i11 \livo by several oxidasc cn1.yn1cs, such as glycoln1c oxidase. xnnthinc 

oxidase and D-amino acid oxida.c;c (Chance C!/ "'·· 1979, �lcCord, 1987). There is also 

-

evidence lhnt Q,' is also produced b)' scvcral ccll t)pes other than phngoc)tcs, including 

l)'mphoc) tcs (�Inly, 1990), fibroblasts (lvleier et "'·· 1990; tvlurrcl rt tJI., 1990), and 

vasculnr endothclinl cells (Arroyo t!I ul .• 1990; Britignn et al., 1992). 

Such o�· might be in,olvcd in intcrccllulnr signuling and coulil serve important 

biologic;il funcuons (ltalli\\cll and Cross. 199-1). 

Radical production i!> 1mportnnt in ollo,, ing ph.igoc}h!s 10 kill sonic ol the bacterial 

!>trains that the) eni;ulf. fhis can be illuslmtcd by c:-.01n111ing p111icn1s ,vith chronic 

grunulo,notou, d1sc-.isc, a scric� of inhl1rn cond11ions ,n \\h 1ch the membrane-bound 

r.!duccd nicotinamide adenine dinuclcotidc phosphate (NADPII) oxidJ\e, s)stcm in 

phngoc)tcs that makes the 01' toils to \\ork (Cumune ,ind Bubi11r. IQ87). <;uch patients 

ha,c phag<>c)te'> that engulf and process bacteria num1all> but �c,cral bacterial stroins 

are 11111 killed nnd urc released in \'table ti,nn \\hcn lhc phngoc)·lcs die. I hus, pullcnl\ 

�uller se,crc, persistent und mulliplc infection� \\ilh such organi\111� ,uch u, 

.\1up/1ylococc:11\ <111rcu,, 

Another killing n11:�h.1n1sn1s used b} ncuuophil\ is lhc Clll)rnc lll)clo('\'.ro,1d,1!1C (\\'c,�,.

l'll!'I) It u� 11:C>1 produced b} di\rnuu111nn ol Cli- lo o\id1 1c �hloriJc ions ,n1o 

h) pochlorou\ nc id (I I<>( I), 11 J1(11,crful DJ11th:ict<·n11l ugen1

1111 +(1 ---• lllll I• <>II 
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Thiol groups ore cosily o;,.idizcd b} I IOCI I fence IO\\ molecular mass thiol compounds 

such as glutathionc (GSI I). N-acetylcystcine ond rncrcoptopropionylglycine are ver) 

ctTcctivc ol proh!cting. for exa1nplc, proteins ogoinst oxidati\'C damage b} I IOCI (. \ruomo 

l't al., 1989: Puppo et al., 1990) \lany molecules oxidizc on contact \\ ith oxygen. for 

example several sugars including glucose, interact \\ ith proteins 10 produce radicals. It 

hos been sugge�tcd that decades of exposure of bod) 11ssucs 10 clcvntcd blood glucose 

can result in diabcuc patients suOi:ring oxida11ve stress that mo} contribute 10 the side 

enccts of hypcrglycemio ( \\ olIT and Dean. 1987) 

\\'hilc free radicals are produced as consequence of nonnol 1netabolism. emeicnt defence 

1ncchanisms exis1 111 \'ll'o 10 remo,e or inoc1ivo1c 1hem, then:b> prcvcn11ng or 01 lcnsl 

minimizing tissue dom:igc. In health, the bulancc bct\\lXn ROS and 1he ontio:,,idant 

defence'- lies slightly in fa,our of the ROS o th:11 the) ore nblc to fullill their biologicul 

role� (hvons und I lollh,cll. 200 I) O.\ldau,c stn:ss i� dclinccJ u� 11 d1s111rhance 1n the 

b.1lancc bel\\ccn nntioxid.ints oncJ proosidants (free rJdic.1ls nnJ olhcr rc11c11\c \pi:c1c�). 

,, ith incrl!llse lr:,·cls of prooxid;1n1s li:uding to pnlcntial dan111gc (I lt1llh\l!II, 1997; Sic,, 

1997) lh1s 1n1b31nncc can he: un effe,1 uf ,J,:ple1inn ol cncJogcnou� nn110,icJants, lo\\ 

JictDn int:ikc ol onllo:\idants nndlor 1ncre<JsecJ lormmion of lrcc r.ill1cnl\ unJ 01h1."r • 

rcac1hc $pecic!. Ux1,Ja111 sires� c:in be 11gn11ican1 csr,cc1ull> 11 thi: incJ1\'1du11I 1\ C\flO,ed

10 cn,·ironmcntul challenges ,,Juch 1ncrca-.c the production ul rc:icll�,: �r<clcli nhtn"C 

nonnnl lcid,, lor 1n\11111cc, inlect1on 111,: 1nc1dcnc1: ol 1,;,,11llt1orl..or 1nc-rc.1� h>llo11 1ng 

rncJ\h:� cp1dcm1cs unJ rna} be prcc1pllJICIJ 111 f.CI ere 11ull11 111n11on h) u w1ltl,•n 1nlcn\C
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oxidntivc stress caused by infection (Golden e/ ul., 1991 ). In these situations nom1a/ 

defence n1echanisms an: insufficien1 and tissue damage. ,,hich ma) be e:-.tensive. 

irreversible and f,llul, develops (�lcCord, I 993; Guncridgc, 1994 ). 

Oxiduth-c damage lo DNA, proteins nod lipids can ultimn1ely result in disorgani1i11ion, 

d} �function and dcstruclion of membranes, enzymes and pro1cins (Slo1cr. 1984,

1-lalli\\cll, 1994, 1997). Spcci lically, pcrox1do1ion of membrane lipids 111a) cuusc 

in1pairmen1 of membrane func11on, decreased fluidity. inactivation of n1cn1brnnc-bound 

receptors and etUyme,. increased pcnncobilit} of ioni. and po�ibl) eventual mcn1bronc 

ruptun: (Guucridge and I lolli\\cll, 1990: Guucridgc, 1995). f-rcc-rad1cal induced 

oxidau"c damage has been implicated in the dc\.clopn1cnt of various condition\ such u, 

diabetes, cancer. cawract, rheumatoid nrthritis and athcrosclerosis (Steinberg L'f al., 1989: 

Ponhasaralh\ er al,, 1992; Cheeseman and Slater, 1993; Cerulli, 1994). Oxidative stress• 

has abo been impliClltcd in the palhogcncsi, of sc\cml , iral infection� including 

hcpatili,, inlluc:nza and acquin:d in1munoocliciency S)ndromc (AIDS) (Sc1nba and Tang, 

I 1)<)9) 

2.7 I.IJ1id ptro,itl111l1111 

All biological mc:n1brnncs ore chnrach:r11cd b) the I urge 111nounts ol l'UJ As 1h,oc1111cJ 

\\ uh umphipathic lipid� :inJ u , unct) of membrane pro1c1ns. C)nc �lriking lc.11urc 11f 

l'l I As 15 thJl 1hc.) c:nn undergo ox1dJllon 1n b1olog1�-u1 f>) �1cn1s h) a pn>cc,s I.no\\ 11 n� 

llp1d rcrox1d3llon tl'oncr • t 11/ I '>95 l 
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2.7.1 i\lcchunis111 of lipid pcro,itlatio11 

In peroxide-free systcrn. lipid peroxidation 1s initia1cd ,,hen a hydrogen otom is 

obstroctcd fron1 a n1e1hylcnc group (>Cl 10 group) of nn unso1urn1cd fotl} acid (Gulleridgc 

and l lalliv.-cll, 1990; I lollr\vcll ond Chirico, 1993). PL F J\s ore particularly susceptible 10 

pero,idntion nnd once the process is initiated it proceeds os o free radical-mcdia1ed chain 

reacuon involving initrollon, propagation and tennino11on (Gu11eridgc. I 995). l1111in1ion of 

lipid peroxida11on is  caused by allack or nn) species 1h01 has suflic1en1 rcoc11vity 10 

abstract a hydrogen atom fron1 a methylene group upon a PUf/\ (Gu11cridgc nnd 

I h1lli\,ell, 1990: llnlli\\cll and Chirico, 1993, Gutteridge 1995). Remo,al of o h)drogcn 

atom lca,cs bchind an unpaired electron on the carbon atom to which it \\US original!)

au:ichcd. 
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PUI ,\ 

R' 
Carbon
centred 
radical 

R' 
C.onJugatcd 
dienc 

Roo· 
l'cro\) I 
rJdic;il 

ROOU 

I l)dro
pcru>.idc 

• 

11 • 
• 

+II'

Loss of I r 10 a free radical 

lvlolccular rcarmngcrnent 

,\bstrJctinn nf II I r from an 
ndjaccn1 loll) acid 

\f,, """""' of 11,111-<'11:11111111, /1111J /1<'ro.1tt/111/011 lt11,><lifl. d Jr,1111 c,1111, rulg.:- /IJ',ljJ
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1'11c carbon cenlrcd rodicnl is stabili,ed b> a molecular rcnrrnngcmenl 10 fonn a 

conjugalcd di enc, follo,vcd by rcac11on ,,·ith OX} gen to gh e a perox} I radical. Pcro:-.yl 

radicals are capable of obslracting n hydrogen ato111 fro1n another adjnccn1 folly acid side

chain to forn1 a lipid hydropcroxidc, but can also combine \\ ilh each other or auuck 

membrane proleins. \\'hen the pcroxyl radical abstracts a hydrogen ntom from a foll} 

acid, the nc,\ curbon-ccntred r.1dicnl can react ,, ith o:-.ygcn to fom1 Jnother pero:-.yl 

radical and so the propagation of the chain reaction of lipid pcroxidation can continue. 

Hence, a single subslrotc rad1col may rcsull 1n con, ersion of multiple fntt) ncid side 

chain, into lipid hydroperoxidcs. I he length of the propagu1ion chain bclorc tcrminn11011 

depends on several factor.. such as the oxygen concentration and 1he nmoun1 of chain

breaking antioxidants present Pure lipid peroxides arc reported 10 be stable ut 

ph) siological temperatures. but their dccompos1uon is stimulated b) high temperatures or 

b) exposure 10 tran!>ition metnl c-0mph:x�. cspec,nll) iron salts (Packer and Gln1cr,

I ()l)Q) 

Ferrous ions reduce lipid peroxide� Lo alkoxyl rudiCJls v.hilc ferric ions Cl1Jl lonn both 

ulkox) I anJ pcrox) I r.idic-.ah "ilh lipid p.:roxiJc. 

R-0011 -t- Fe'· complc" 

011 l{.(f 

(nlko't) I rudicnl) 

-• I c1
' co1nplcx t 011' t R-01•

(pcro1t) I rudk,11) 

I hc rcdox �)Chni,; of these iron complc,cs pcrpctuutcs the dc.:n111po�11ion l·innl 

dccompo,ilion produe1s ot the n::icuon bct\\Ct'n lip1J pcro,iJ�.., nnd iron or carper

complc,cs include the h)dm..--:irbon i:;,111.C� pcnlllnc, c1hunc unJ clh) lcnc, cnrho i.)I 

COmJX>und� and aldch)dt:�. iuch n� 1n:ilond1�ldch)Jc {t-.11> \) nnJ 4 h)dm11.)1·2 l-1run� 
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nonenol (ll'NE) (Csterbnucr et ul., 1991 ). The number of double bonds de1ermines 1he 

susceptibility or n fatty acid 10 pcro:\idntion (\\ogner et ul, 1994; Porter et al., 1995) 1\n

adjacent double bond \\eakcns the energy of a1tnchmen1 of 1he hydrogen 010111s presen1 

on the ne:1.1 carbon ntom fhcrefore 1he greater the number of double bonds present on 

the ne:1.t carbon a1on1 in a fDU) .ic1d chuin, the easier 1hc rcn1ovol of a h}drogcn a1om, 1h01 

is \\h) PUI ·\s arc more susceptihh: lo pero:1.ido1ion. 

2.7.2 Enzyn1atic lipid pcro,itlalion 

The pcrox1dation or PUl·,\s can proceed not onl)' through non-enzymatic free rndical-

1nduccd path,,a) s but also through processes lhnl ore cnzymuticall} c111alysed (Halli,,cll 

and Guucridgc. 1990; Guucridgc, 1995; Brash, 1999). Frllc radicals arc probably 

i1nportant intermediates in the cnz) matically-cotol) scd reaction but are localized to the 

acti,c site of the clll'.ymc. C)cloxygcna\c (CO\:) and lipoxygcnasc (LOX) fulllll the 

dcl'ini1ion for cn1)m:11ic lipid pcro:..idation \\hen 1hcy c.11nl)1c the con1rollcd 

peroxida1ion of,arioU!> I.ill) ncid substralcs. For cxumph:, rhc ferric form oflipoxygenuse 

(l OX- rc>·i cowlyscs the oKiJation or PUI·,\ (RII) 10 lorn, u pcn1odicn>I rudic:1I (R'),

The R' �cts "·ith o1 to filrn, R(JC)" ,,hich .1hs1racts 11 ·1110 lom, ROOI I 

., ., 
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PlJF r\, RI I ---:::::=:--c:.::::----+ 1r

Fc
3

• Fc
2+

• 

Rao· 

lipoxygc11aJc aclio11 (Adapted frv111 Br(l.1·'1. 1999) 

The hydroperoxides and cndopcroxidcs produced from cn,ymatic lipid pcro:-.idation 

bccornc stcrcospccific und have important biological function� upon convcrs1on 10 stable 

active co1npounds. 

2.8 Curhun 1ctruchluridc-inducccJ hc1,u1010,lclty 

Carbon tctrac:hlondc (C..CI.) belongs 10 a group of con1round, called haloalkancs h ,,as 

once U'>Cd as a �henl, cleaner, nnd degrc-.1-,cr hlllh for indU\lrial nnd home use. 01cr the 

)cars CCI� has proved highly useful U\ nn cxperin1c111nl model li>r 1hc stud) of ccnoin 

hcpatoto:-.ic cOcc1s (Sinter, 11111 I). II con)h1cn1l> pr<>ducc,; Ii\ er i11j1tl') 1n mnn) spci:ks.

including non-hu1n11n rrim:itcs and mnn (Kumar,., ul, 1972; Yo,hidn ,,, al., 111')9) 

C:Clj•induccd to111cil) i� un 111nulgumu1cd term lhut, 1kpc11Jing on d<>sc 11nd dur111io11 of 

C:\fll.lsurc, or tinu: of ub!>Crvu1iun. cn1c1s II vnrict) ol clf,-cts tlmt tn i;,-ncml mn) be tcmu:J 

toxic Al lu1\ doses 1ru11s1cn1 cOcct\ rrc, JII, �u�h IL\ !OS) ol cul• '\CqUC)IOtlllln,

i1np111nncn1 of tirid hnmetl$U1)11, rt"lc:tie ol n11,i<1u) or hcncfic1:il C)lnk1nc\, nnd DJ)(lflhlli,

c,cnt\, follo\\�-d h) n:icru:11111011 (\\'chcr ,•t al, :!UOl) l lii;hcr Jn .-� 111 lon�cr C.\f'l)1urc 
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over a long period of time n1a; lead 10 n1orc serious and pcrn1anent enects such as fntly 

degeneration. librosis. cirrhosis, and C\'Cn cancer 

2.8. I Cellular sites or CCl4-induccd dan1ngc 

The toxicity or mony cl11:rnicnls is thought lo originate fron1 destruction of membrane

bound polyunsaluru1cd fully acids during lipid perox1dnt1on processes (Gileuc er al ..

1974: Plan and \Vitschi, 1976). 

CCI� belongs to the lir..t group of hcp::1101oxins, \\hich 1s usuall) further subdivided into 

sub�tances that ore mctoboli£cd b, the mixed function oxidn�s. nnd subMonccs thm arc 

'>Ubstratcs for other cn1yme S)stem,; (l'vlonk.s and Lan, 1988, Nelson and Pearson. 1990) 

lhc toxicit� of reacti, c compounds or tl11:ir metabolites may result fron1 co11alen1 

(primary) interactions with critical target rnolcculcs such us DNA, lipids, proteins, or 

c.irbohydrotcs, or fron1 the oltc:rution of target molecules vin scconda� bond li:lnn:ition 

(lipid pcroxidation, generation of reacti, c oxygen species, ultcrn1ion of reduced or 

o,id11cd glutothionc, GSI l'GSSG). CCl4 i\ l..no\\n to ,l\surnc ,1 special role in that, once 

ac1ivntcd, ii alTccts cellular homco�tu�is thn>ugh both primal) nnd sccondnr) hund 

fonnation (\Vcber t'I <1/,. 2003). 

I he princip:il �itc for the m:inifcs1a1ion of the cl1cc1s ol CCI, poiosoning i, 1hc liver nnd 

the pathological ,hani;cs folio\\ ing C: <.: 1, po1son1ng ha, c bc:cn idc:ntili� 01 rhc 

biochemical :ind ultra\truc1ur.il lc�cls. l·ndoplasmic rcticulurn, pla\n1u mc,nbranc, 

mitochondria, und (,oli;1 :ipp,u;nu� nrc the m111n sub-cellular MntLIUl'\'s 111 hcpatOC) le,

:irtcctcJ b) <.:Cl, c,row«-, sugge<,llng lhe h) pothc�I\ that flrlllllll) ltpiJ'(;on1niruni;

I 0ll011 rng orul 
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ad1ninis1rn1ion. CCI� is conccn1ru1cd in 1hc liver and reaches a n1axirnum level I 10 2 h of 

dosing (Reynolds, 1963). The 1?arlies1 his1ological evidence of 1issuc dcrange1ncn1 occurs 

S lo 6 h after adm1nis1ro1ion \\ hen necrosis begins (Locknrd et al .• I 983). CcntrJI zonl? 

necrosis and mnss1ve necrosis arc reported 10 occur after 12 h und 24 to 48 h posl 

administrn1ion rcspcclivcl) (Zimmcrn,ann. 1976). 

Li\'Cr injur) induced b) CCI, is charnc1cri1ed b) the 1mpainncnt of u number of cellular 

functions. An increase in  1nicrosomal lipids, reduced secretion of lrigl}ceridcs from the 

endoplasmic reticulum inlo the plasma and a decline in several microsomal t:nLymes 

appear 2 10 3 h after odmin,�lnllion ( f>loo. 2000: Boll �·, al., 200 I; \\'ebcr 111 "I .. 2003). 

lncn:a\ctl radical formation lrom '>Ustnincd CCI. c:-.posure, co111binetl "ith the presence ol 

prooxidant'> such ru, high Fc2
• conccn1ra1ions ("iron o,crload") is suggested 10 

ovcr\�hclm cellular rcp:ur mechanisms and cause pcnnt1ncn1 or even fatal liver damogc. 

I hus. the ·.cqucncc of reactions ol thc liver cell in n:.,,ponsc 10 CC.IJ mc1abolit1:s consist� 

of initial deranl!cments of sub-cellular structures, follo1,cd b) rc,crsiblc 11hcra1ions of � 

cellular n1ctobohsm, cou§1ng sccondar) don1ogc 1h01 uhitnatcl) nt:I) lead 10 pathologic�I 

conwqucncc:s (13rauin ct u/., 1985). 

l h,: mttobolbm of CCI, ,.,an,- \\ilh the formation ot the trichloromclh) I free rudic:il,

cc1; l:\1cCay ct ul. 1911·1) through the a�11on ot the nuxt.-d luncuon C)lochmme 1'-150 

Oll.)gc:n:isc sys1cn1 ol the c:ndoplosn1ic n:uculum (�later, 1911-1; Nelson und 11,irri,on, 1')!!7 

ond Reckn.igcl ,,, of, 198')) lhb process in\ohcs rcducthc clc.1\Bgc nl r,1rhon,chlnr,nc 

bond \\llhoul the 1111roduc11on ol <>S)gcn into lhc: 1nolccule dur111g lhc rc.icilnn I re.: 

radical Dctl\llllon of l Cl, \\h1d1 nlJ) 1."0111ribu1c s1gn1lknnll) lo th lll\1, 11,, hni al'° 

bttn oh:.cn. c:d 111 m11och11ndri:t l I on1as1 rt"' , l'>K7, 1111II , , al 2001)
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I he major C} tochromc isoz} nic implicated in the biotr.insformation of CCl4 is 

C)lochromc 1,450 (CYP) 2[ I (CYP 2L I). but CYP 28 I and CYP 202 ore also capablc of 

attacking CC(4 (Rauc} et al .. 1993; Gruebele et al., 1996). 

1he CCh' rcncls ,vith variouli biologically in1ponan1 substanccs such as amino ocids. 

nuch:otides and falty acid�. al> ,,ell as proteins. nucleic acid, and lipids by abstracting a 

hydrogen. mo�tl) front unsuturated fany acids to form chlorofornt (Castro, 1984).

In the presence of oxygen, the CCl1' radical 1s convened lo the trichloroniethyl pcro\y 

radical, CCl1 oo· \\htch is more rcacthe and thus more short-lived than the CCb' rodicol 

(�lico and Pohl. 1983). CCl}OO' is for more lil-.cly than CCI · 10 ab�1roc1 u hydrogen front 

l'UI \ thercb) initiating the proce,s ol lipid pcroxidution, a cornple, series of reactions 

that terminate in the complete di�inlcgr.uion of the PU I A molecule "1th the form1111on of 

aldch:tJc,, other carbon)I� :ind olkancs (Forni cl u/ 1981. Cheeseman ,:t ul., 1985:

Comporti. 1985: ·1 ribbh: et ul., 1987).

2.1!.2 \lcchuni,111 of CC.1,-induccd lhcr du1n111tc 

1 laloalk)·lntion und lipid pcroio.idation rcpn:scnl t\\O dr\tincl n1cchonism� for CCJ4•

induced lhcr d:unJg1: (Dian,nn,, 191!4). 11 •� no1 clcnr, hO\\,:\;cr, \\hich of1hc1n pht)'S n 

lcudins role 1n lh er cdl nc,msis (llecl.nagd, 1983: Rccl.nagcl ,., ul. 19111))

I h,: l\\o m1.-chanisms ore c:ap.:1ble orproJuc,ns cell damage, both 111 J rc\cn1ihle fh.\hion 

inn,:ill>. 115 long os dos.:, dura1ion of c,f)Owrc, ond c:,acc:rhn1in11 J!lclnn; do not 

o,crnhchn rcg('ncrJII\C c:apacll) (\\'cbcr et 11/. 2003), 

1 I\Cr dani:igc b) t,;.( I, •� upp;irc:ntl) 11 curnpllc:ucJ pto.::c!I, 1tu11 111:l) tum 1n1n a , 1c,ou§

circle \\titre potcnuall) re\cn,1hle changes, \\hen ,uuairu:J h) h1£11 do c\ nl, ur long-
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tern, exposure to the toxicnnt deprive the hepntocyte of its regenerative cupacit) ( \\'cbcr 

t'/ al .• 2003). 

1\-lchcndnle ( 1991) proposed n t,,o-stcp process for chemical-induced hcpatotoxicit). 

I irstl). the reactive metabolites or CCI., initiate hcpatocytc injul') This ,, ould lead 10 

cata!-.trophic cell necrosis, but the toxicant n11ack also initiates a nu1nbcr or cellular 

n:sponsei. some or "h1ch "ill cau�c the tissue to recover provided I here is sufficient 

cncrg} suppl� left and lhc toxicant action subsides ,,·ilhin 24 h. One impo11an1 

prerequisite to initiate recovcl') appears to be the cnerg) state of the cell ; since high 

dose� or CCI, deplete cellular J\ lP. nn) treatment that helps to sustain or replenish A TP

levels \\tit nllo\\ rccovcl') from an othcn,i�e necrotil.ing dose (Soni und �lehendalc, 

I gq,i ). 

Recovery froan fatly degeneration, fibrosis and carrhoMs can he achie,ed n1ostl} b) 

antioxidants or agents 1hat counh:rnct collagen d1:po�i11on (Ohishi •• , al .. 200 I). It hn,

been �ugg�h:d that prevention of haloalkanc-1nduccd cancer n1ay be pos�ihle \\Ith 

prophylactic use of herbal remedic:. (Guyton and h.cnslcr, 2002) 

2.8.3 lnhihillun ur ll11oprotcin ,ccrc1lu11 \\ ith r1111c1l11nul ln11,ulrn1cr11 or the r.nli:i 

u111>:ara1u, 

n,c inillul dunu1gc in CC ! , -induced M,:atosh begins ,, llh lhc 1nhibi11on or hlocl.ngc of 

hpopruicin sc:crctiun frun, hCfllllOC)IC:� 111111 the c1n:ula11on (U111n1J1ni unJ l'oll, l 1lli4) I hc 

t'Atcnt ol c e_ l�-inJuccJ l.:111) II\ er furni.1111111 I� ri:l�1c;J 10 the .:i111ou111 ol rcactl'I-..- c. ( 1� 

rni:uihollli:� pruduoed und per i 1�·111 CC 1, int11JL1c.Jlln11 o( the h\cr nlh�I\ 11, Cllfl:ICII) In

\)nlhcsiic lipid (l'cnctl , ,,I I'll!-!) The<< l,-1nd11cro u,cumul1111nn ol f.11 "f\lr,illclro 
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by changes in plasma membrane function. TI1esc changes ore considered to occur early 

during CCIJ intoxication and have been sho\vn to afTect membrane.bound cnl}rncs such 

as ndenylntc cyctasc, 5' -nucleotidasc and Na· K · -A TPase due to n dctcrgcn1-like effect of 

ch:ingcd 1nc1nbranc lipids and subsequt:nt sotubilization of membrane prolcins (Pnradisi 

et al .. 1985). The secretion of VLDI from hepatocytcs is highl) decrcusl!d b) CCl.i (Boll 

l!t al., 200 I ). II hns been sho,,n that in lhc earl} phuse of CCI� poisoning the Golgi 

appar.itus of the liver bccon1es funclionally in1paired (Poli et al.. 1985) The Golgi 

uppar.itus plays a fundamental role in  synthesis, n1a1ur.11ion and secretion of VI DL CCLi

induces accumulation of l:ibeled lipids and reduce� the :ic1ivi1ies of glucosyl- and 

galnctosyl- transfcrascs in 1he Golgi opparntus (I\ larinnn ct al. 1985). Analysis of the 

dilTercnt fraction�- purified from microsomc, sho'"' lhat CCI� trcouncnl 1111pairs the 

sccn:lol"\ side (frt1c11ons 1·1 and F:) a,; ,-.ell as the fom1at1\.e side (fraction f',) ol the 
• 

apparatus (\1:irinnri c, al .. 1985). F1 untl Fl fraction!> urc involved in the sequcs1rntion of 

lipopro1c1n micelles into sccrctol') ,csich:s ,,hcrcas I'> anti cntlopln'lnic n:ticulun1 arc 

in, oh cd in the coupling of upoprotcin ontl lipid lo lonn the linul lipoprotcin. I hus. (. C I. 

11ncc.:1s oll steps of lipoprotcin fomtation I hrough its cflcct on n.,;scmbl} nntl compo,i11on 

ol lipoprotcins, CCI� tlm,1icnll} impairs lhcir uhilit) to ,1ct n, r.tn11:1urul cnn1poncnh of 

1ran�port ,chicles for lipids (\\'cbcr rt ul .. 2003), 

I Ill\) dtgcner:llhtn ol the 11,cr (M•-:110,ls) ri1llu,,1ni; <.:l 11 poiw11111g 1, 111 part due 10 1111 

inib,tlun1::c bcl\\CCn ltp1d S)nlhc.,i, 11nJ Jtin1J,111n11 nnd 111 pan u -.,11��11cncc of 1he 

llulurc of ln£1)ttnJc,; 10 ,no,-c us VI 1>1 lrun1 li,cr In lhc clr,ulu11,1n (lloll, 1,,/, 2001) 
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I he mte of s) nthesis of triglyccridcs depends on the availability or substrates tor ,le 1101•0

S) nthesis nnd the activity of cn7.) mes involved in the S) nthesis. Endogenous ond

e,ogcnous fall) acids ore mainl) nietabolized b} t,vo processes in the livec (I) 

csterilica1ion to form triglyccridcs. phospholipids, and other foll) acid esters, nnd (2) p. 

o:<idation lo form CO, and ketone bodies. De, elopmcnt of foll) lh er con be the result of 

e,cessivc fall) acid nnd 'or triglyceride S) nthcsis, or nn inh,biLed oxidation process, or 

both (\\eber c1 al .. 2003). 

CCl4 increases cholesterol !>) nthcsis, the rate of lipid cstcrilicat,on und synthesis of filll)

acids and triglycerides from ncc111tc (Boll et al., 200 I). The ,ncrenscd cstcrifica1ion of 

fnuy .icids i, a n.�ponse sccondtll) to other CCl�·inducl.-d efTccts - inhib111on of jl

oxidation and dccn:a.,cd cellular lipid �t--creuon (fron1cnt) and Pc,,a) re, 199S; Boll ,., 

u/., 2001 ). It is pos1ulatcd that CC� po�iti, cl) oncct., the transpon of occtntc into the 

lh er cell resulting in incrc.:i5.ed �ubstrate availability ( \\ cber al ul., 2003).

CCI, lo\\ers jl-o,id:uion of fntt) ncids, hydrol)si of trilll)ccridc,, and ul,o the content of 

un!i:!1ura1ed fOll) acids, \\hllc tlt· 11u1t1 lull) .iciJ !>)nlhcsi� and saturated fall) acid� 

increase thus pro, it.ling rnorc fall) nc1Js li1r e�tcriliauion (Boll.·, u/,, 200 I).

,\ nu.1jor metabolic Jefcc1 inJuccJ by CCI, into,ication 10 the ruts nppc.,� tn he inhibi11on 

of hepatic tngl)ccride reh:asc l his inhib111on 01 ou1,,arJ tmn�pnrt ,,oulJ :illo,, the 

:iccumulauon of 1rigl)cc:nd� \\1thin the ll\cr unJ 1hc occum:ncc of 1:111> lher 11s�oc1111,·J 

,,ith CC.:I� porwning (llc1mbcrg r, ,1/. IIJ62)

hi !>llffinl:11'), l.l t,-1nduccJ Jumni;c 1• d1amc1cri,cJ h> hcr�tot)le n1cn1brnnc Jn,n.,i,:c

caus..>J b) hpiJ pcro,-11.l.111011, 1ncrc:is..-J fllP\11111 lc�el§ ol hcr:iuc cn1)n1� su,h n \, I

Al I' nnd \I I full) dcgcncn111on (\11."alO\I\ 1 ,• nccurnulcutun ol trlgl.),cnd� 111 th,• 
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liver), ri.:duced ll-oxidntion or full) acids end necrosis. f'hus. quantita1i, c measuren1ents 

ol plosn,a levels of liver enzyme\ total cholcsicrol and hcpal1c triglyceride level. together 

"ilh h1\topa1hologicol c,an1111ution of hepatocytcs provide a good nsscssn1cn1 of the 

e\tent of liver damage or regcnerolion \\hen chullcngcd ,vi1h CCI,. 

2.9 Ucfcncc� u�ain,t Free Rnuicul'i 

1 he hun1on bod) has several n1echanis1ni; for defence against free rad1cnls and 

other reac11,·c OX)SCn species. l'hc vnrious defences ore co1nplcn1entnf) 10 one 

another because they ocl on different o,1dnnL'i or in different cellulor 

co1npartmen1s (Lang.-;c1h, 2000) 

2.IJ. I Su pcro,itlc di�111ut111>c\ 

Superoxidc dismutascs (SOD) ore a group of n1c1nllocnzymes present 1n all rc�piring cells 

20;- + 211• • 
_....:::,SO=D'-_ 0 I liOi

There are three isocn:i:ymcs of SOD in mammal!>. tJ1c lir..1 of \\hich \VR.'> discovered by

�lcC:ord and I ndo\ 11:h ( I IJ69), I hi\ Cu/nSOD \\U� i'>Ololc:c.l from C}!Oplasrn. nuclc:u� und 

pcro,isontcs. h 1s o dinuncr ol 16 kl>u. lmrnunohi�1ucl11:micnl nnc.l cell lrnc1ion,11ion 

proccJul'\:s hu'>c supported II CJ IO!>Olic ltlCJlioll fur Cu/nSOl) Ill n1nn}· cells, In

hcpalOC) le�. for c:{aniplc. aboul 70'Yo i� t)losolic und 12•:i i� in 1hc nuclcu� (C'han11,.., o/,

llJHIS) i'..1orc recent c,,dcncc based un irn1nunuOu1111:sccncc \\llh n1onoclunnl untibod)

niarl-.c:r� no\\ �ul!�c�ls 1h01 ( uLnS()I) Ill hun1an librublash, hi:patn1na cell, nod )'C,hl cell

i\ r,r.:Jnminarlll) a pcro�isonrnl Cllt) 111c h� C) loMilh.: h1,a1lon 11pp.1n:ntl} ori�c� lhun
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rupture or peroxiso1ncs during hon1ogcni1J1lion (Keller et ul.. 1991 ). I he second 

tsol!nz>mc is Mn SOO, an 80-kDn tctran1cr, "hich 1s C) toplnsn1icall> s) nthesized nnd 

locntcd in the mitochondria. ·1 he 1h1rd isofonn. L.C-SOD (extrJccllulnr) \\OS disco\ crcd 

b} �1urklund. 1982) and is a Cu7nSOO ,,ith n positivcl} charged b1nd1ng domain

optimized in the c,truccllulur matrix. I his 1socnt) 1nc has been sho\\n 10 have 

particular!) high c:-.prcssion in vascular 1issuc (Our> t!I al., 199-1) nnd umbilical cord 

tissue (Sandstro,n t!/ al .• I 993), 

l he structure of t:u/nSOD in bovine cr)'throc) lcs hos been dctcrn1i11�-d as homodimcr of

16 kDo ,vith the active site located ,, ithin u cylinder 6-structure (Richardson t:t 11/. 1975).

,,here it is \\CII protected and i s  kno,vn to retain cntal) tic ,tell\ it) during isolation 

procedure!> (I ormnn nnd l·rido, ich, 197)). The n1cchonism of action of �OD i, that the 

copper ion ut the acti,e site is reduced b) one O · rnolcculc. then rcoxu.Jiscd b> another 

in a continuing cycle. ·1 hus, copper oscillates bet\\cen the monovnlcnt and divalent slates. 

\lutont fonn� of the: C u/nSOO .ippe,tr to cxpluin l,1miliol lorm\ of a fiu.11 neurological 

disca'>t: kno,"n � ;1myo1rophic lateral sclerosis, or motor neuron di-.cnse (1 loslcr ond 

llro,\'n. 1995). In tilt� condition. the motor Jegcncr.11cs o,er lhc course of a h:,, years 

leading to \\Coknc�s and eventually paml) i� ,vith death fron1 pneu1non10 \;;JUScd b) 1he 

inability of the paticnl to clear n;�p1m1ory �ccretinn� lhc muwn1 Clli".)111c, Ji,mutc 

supcro,idc 111 ,1 nonnnl fashion, but the) have c,cc,, pcro,ida�c actt, ll), nn nct1\il) 

pn:�cnt 111 nun nu I CuZnSOD h> onl) u very hn111eJ e\tcnt ( \\'kdnu-l'u,,os "' 11/., I 996), It

I\ pre!>Cnll) thought that 1hc o.,idati\c Jant.1gc inllk11:d h> incrco��-d pcro,id,1,c ncth it)

of lhe niutant iJi1>111u1n...: is n:�po,uihlc for lltc earl) Jc,llh ot lho c neuron, (U,thior,

I 1J<>7) 
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,\lthou�h SOI) is in1ponnn1, nn c\ccss of SOD 1n relation to peroxide metabolizing
cn1y1nc� cnn be deleterious (Scou ct al. 1989, Groner et ul., 1990; ,\n1Mad l!I ul., 1991.
\Vhitc 111 al., 1991 ). '1 his has been sho,vn by 1rnnsfcc1ing cells \\ ilh human cDN,\
encoding SOD ( ·\1nstod cl al .. 1991) Transgenic mice o, crexprcssing human CulnSOD
arc resistant to  elevotcd O nnd lo ccnoin toxic ogenls (Groner et al .. 1990: \\'lute,,, "I ..
1991) but they sho\\' certain neuromuscular obnom,nlitic\ n:�embling rhose tbund in
patients \\ith Do,,n·s S)ndromc {Groner et al. 1990) The gene encoding CuZnSOD is
locoied un chromosome 21 in humuns und Do,\'n's S)ndrornc 1s usuull) caused b)'
tnsom) of this gene, raising tissue CuZnSOD levels h) about 50'}t lhe data O\'ailable 01

pre�cnt ore consistent \\ ith the VII!\\ that the excess ol ( uZn'SOD ma} conrribure 10 al
least sonic of the abnonn:ililies in patients ,,ith Do,,n s syndrome (Groner 1.•t ul., 1990).

2.9.2 Cntulosc 

Catolnsc (CAT) " present mostl)' in pcroxbomes or ncarl) oil ncrohic cells, h serves 10

protctr 1h1: cell Iron, the toxic elli:ct!> of 11 ·01 by cotal}.ting its dccomposilton rnlo
n1olt:cular OX) gen ond \\Oler. I he overall n::iction is U\ fi>llo,, ,.

211 0 C,\T 
• 21110 + Ol

LA I has O molecular \\c1gl11 of 240 kOa, und is composed of four idcniicnl ,ubunits
(tctramer), each containing n hcmc pru,1hctic group at 1hc co1af) lie centre C \ l
rnonon,c� frorn ccrt.rin srccic, (c.v cow) af,11 c:ontnin one light!) hound Nl\llfll I per

subunit lhc N,\DPI I lies 1111 the ,urlircc, \\hcrca, the hcn1c is en1bl!dJ1:d in lhc middle of
cad, niurr,lnicr ,ihout 20,\ hcfu\\ lire 111ufc�ulur ,nrlutc nnJ 23,\ lrurn th,: centre of 1he
lclramcr (1-lurth) •. , ul. 1'>111), Th,� N,\OPII 111,,y �cr.c 10 prulcLt 1hc cn1)n1c lrorn
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oxidation by its 11201 sub:.1rn1c. I lcrnc consists o l  a pro1oporphyrin ring and a central iron
nton1, r he iron con either be rn lhe rerrous (f"c" .. ) or 1he ferric (l·cJ•) o.'<ida1ion state. Each
hcmc is exposed through a runnel-shaped channel 30,\ long and 15,\ \\ ide (�lurth) l'/ al ..
198 J) l'hc channel is lined \Vilh hydrophilic residues as the channel descends,
constricting tO\\.Drd the hcn1c (Belal rt"'·· 1989). C \ T is an cnlymc that can function in
t\\·o dislinct modes. l'hc ct1tol) tit ,node is responsible for H,O brc:ikdown "hrch is
thought lo occur in t,, o stages (Sichak and Dou nee. 1986: f-lallh,ell and Gutteridge,
1999) 

11.:.0. + re  (111)-CAT -- I hO O == re (\:')-CA r

11 O, · 0 re (V}-CAT __ ., le (Ill) C \l lbO+ 01 

I c (I II )·C ·\ f represent\ the native tJt,1lu,e molL-culcs and O re (V)-C,\ r n:pn:�cnts 

catola5e cornpound I "hich \\as !ir..t described b) Chance c1 111 ( 1979). l·om1ution or

compound leads to charnctenz.ation changes in the ubsorbancc spcctrurn of cntnlose. Also 

catala\e cornpound I cun rc;i,;t ,,·ith u limited number of h)droi;cn donors such us c1hnnol 

or rncthunol und o,idi1c 1hc�c sub�tanccs by ulrlilrng O in the ronn of 11.0 molecule in 

a t\\o-clcctron oxrda1ion �lcp. Thi� •� the pcro,idutic n1odc of(,\ I action (';1chak und 

Douncc, 198(,). 

0 

0 lc(V)-C,\I +RClliOlt __ ., I c (lll)·CAT ..- Rd.II • H,O

l ,\ I can uho oxidi,c nitrite ( 'OJ-) into nitnuc 0--:0,-) '" 1·11rr1 (Chance,., 11/, IQ79). I he

rate 01 I hOJ n:mo,ul \'ia CA I is I 01 1i111cs Ill.Sier than the dl�mutatlon or I liO: ro I Ii(> 

.ind o1 (f'ornian unJ J lsher, 1 1)1! I), mcanrnll lhnl it i\ � irtuall) impos.\lblc to sn1ur.11,· l ,\ I

UCll\'II) under nurnial b10l0H1�al condition,. l'hJ1,:o ... )lk cell, co111,11n l \ I 1,hkh ,·:in

JJ AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



<.eavcngc not only I '202 produced \\ ilhin the neutrophil but also I '202 added exogenous!)'
to cell preparations because I 1,0 can free I} move across the cell n1embranc ( Voctman
and lloos, 1980) CA I 1s erroneously said 10 \\Ork onl}' at high conccntmtions of 1110i
and lo serve principally as 1 1  backup for the glutnthione dependent systems I lo\\cvcr, the
cnzy1ne has o binding site for N,\DPI I 01 I b01 concl!ntrotions in  the , ic1nit) of those 01
,1.hich the glutathionc-depcndcnt sys1c1ns operate (Gac111111i et al .. 1996). It is thcrclorc
likcl> that some hall' the I l:!Oi produced in the cell is destroyed by C1\ 1'.

2.9.3 Glutathionc pcroxillusc 

Glutoth1onc Pcroxio.isc (GSI IPx) ,s o tetron1cr \\ ith II molecular \\•eight ol bct,,�-en 76

und 105 kDa. \\llh four -.clcniu111 (Sc) ,Hom� per 1nolccuh: GSIIP\ helps prc,cnt lipid 

pcroxidotion of cell mcn1brnnc!> by consun11ng free pero\ioc in the cell. I he !>Ummnr) of 

the reaction 1s: 

GSII GSI IP\ GSSG 11,() 
-

C..SIIP, use-. glutathione (GSII) os the n:duc1ng ogc:111. II dincr'i not onl) fro,n 5p.:c1c:s to 

,pecie<. but also fron1 tic�ue to tissue:, 76 I .  I kl).i liir nu Ii\ er, 11-l .1: kl)n for ho, inc 

erythrocyte ond 95 ± 3 kDu hun1an Cf)throcytc (Rosc:r and \\illiam. 1'>80). It 1, present al 

high lc"cl� 111 kidnc)'�. cr)thruc)tc:s and liver, 

GSI IPs i, a tc:tmmciric protein cu1nposcd of t\,o dimmc,.,; and h ulmo,1 llm ,,i1h

dinicn,ion� of90-t x 109,5 '\ SR.6,\. The four ncthc: \hcs are loC11tc:d nn the �urllicc 1111J

Sc ntoin, (Ill li>m• uf�clcnc11:},1ci11e) arc lound in each nc1hc §itc:. 1 he Sc .iton1s 1n em:h 

dinu:r ,ire 21 ,\ tlp,,11 (Roger und \\'1llia111, 19110), I he liClcnoc} �tcl11e h i111rod11ccd tnto the

r,ru c,n ) u �, .•• • • t · h ....,.1 ,I t RN,\ lhat I§ initinll) chorH,'tl with t..:rinc h111 1111dcrg,1e, 11 Jcric5 ol 
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reactions lo con, crt iL 10 1-RNA sclcnocys1cinc. Sclcnoc)slcinc is encoded b} the triplet
UG,\. '' hich ordinaril) introduces u slop but in the context of 1hc glu1athion11 1nRNA is
rccogni,cd b) the sclcno-c) s1t.:inc-linkcd 1-RN-\ (Chambers and I lurrison. 1987) I he
large distances of the Sc utorns in 1c1ru1ncr alto," the formo1ion of in1n1-moh.-culor
disclcnide bridges during catalysis, ,,111ch plnys an imponnn1 role in 1hc cnz) me func1ion.
Sc is important lbr the cn1)mo11c acuvit) of GSI fl>, Release of Sc fron1 1hc cnz) n1c can
lrrcvcrsibly lose the function of the GSI IP, nctivil) X-ray photoelcclrun spec1roseopie
sludics �ho\\ then the protein-bound Sc uncJcrgocs re, crsiblc substn11c-induccd rcdox
selcnol dcrivnuves. (R.-Sel I) in rcduccd form and o sclcn1nyl (R-Sc0-01 I) or seh:nc1t}I
(R-Sc-01 I) in oxicJi1cd form (Loden�tein ,., 11/. 1979).

,\11in1nls ho, ing Sc-delic1cnt diets �ho\\ rapid dccrca.,c 111 t1,su1.: GSI IP:1: ncti\'it} through
Sc rc-supplcn1cntut1on It hos been found that a single Jorge oml do!>(! of selenite or
sclcnomc1h1onine g1vc11 10 Sc-deficient r.us resulted 111 sig1111ican1 increases in kidnc).
liver and s1on1ach GSI IP\ acthll) otter 48 hour, (Roger nnd \Villiom. 1980). locJoncctntc
�lcc1t,cly 1nl11b11s lhc cni:y111c h> rCllc:ting \\ilh the selenoc)�h:inc n:sitlue in GSIIP\.
11,c inhibition can be rc,cr,cd h> adJilion ol un amount ol h)·drop,:n1,idcs s1oich1omc1ric
\\ hh the sclcnocy,teinc re�1due, (Roger and \\ 11liom, 1980). h 1111' hccn de1nonstrut\.-d
that u sub�trate-dependcnt reversible redo, change of lhc ,,,:Jcnoc)',tc1nc n:�iduc is the
basic c:i1aly1ic proce\s 10 the function of GSI IP,. Sub�trntc:-CiSJ f Px Ii n:adll) reo,idi,"-d
�)lQtll.incousl) ond sencrnll) e,1n:mc pn:cou11ons ore n:qu,rc.:d lo rl'\.-SCl'\c �clcr1<1c) 1e1nc
con1.1111111g cnt)inc-; in the physiolo1t1C:1l ,tote. I he lir-,1 �h:p nl the calnl)lh; C)clc of

(,Sit(•,- c.,n be Jc..cnbed 11� the u,,dallon of an 101111cd M:lcn,11 hy n h)tlrop,:ro,1tlc 111

proJu�c u !.Ch:n,c 11:,d Jcn,,111011 (IJri.ini ,,, 11/, l'IK5) I he !>«:knul c,111 he n:i;cncrlil<·,I
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follo,\ing t,vo consccuti\e reactions involving the selcnic acid residue and GS! I.
lntcnnctliute ol n sclcno�ul lidc 1s formed bct,vccn the cn1.) n1c and GSI I I he series of
reaction!> is us follo,vs:

1.-C Y!>Se + I I� · ROOII --... f. CysScOII + ROI I (I)
f-CysSeOI I · GSI I +•---.., L- C),Sc-SG � H2o (2)
E-C)1sSc-SG ·� OSI I +•--., £:.. Cys Sc GSSI I+ I 1• (3)

GSI 11,, can scavenge both I b01 as \\.ell as organic hydropcroxides nnd hos a high offinit.>
for such perox itles. 

2GSII + H201

2GSI I I ROOI I GSl-!Px ass<, • RO! I + 11:0

I he cflic1cnc) by \\hich GSIIP, cun scavenge hydropcro,idcs increases \\ilh increasing 

GSI I conccntr-.ition (Pagli.1 and Volentine, 1967; Ur-..ini 1!I nl 1985, 6,�onh) l'/ a/,

1993), 

I ipid hydropcroxidcs \\hich on.: lonn._'CI during the pcro,1da1ion of lipids containing 

unsaturutcd Iott) ucids on reduced; not b} the usual C.SI IPx bu1 b>· o spc.-cinl enzyme 

knn\\ n as phospholipids hydrupcro:\ide glut111hionc, designed spccilic.111} to handle 

pcro:-..idised fall) acid, in phospholipid�. This cn1yme cnn reduce bnth 11:01 and lipid

hydropcro,idcs 10 corn.:,ponding h)drn,idcs c,,ntcr and o lipid hydrn,1dc rcspcc1i\'cl� ). 

In con1�1 to the pho�phnliid hydropcmxidc gluto1h1onc pcrox1du-..: nrdir1nr; glu1u1luonc

pcroxidll!SC is unable to act on lipid h>·dropcmxidcs. I umilics ,, ilh inhcr11cJ dclicu:nc1c.,

ol GSIIP., hove �-en rcponcd (,\non)'mou�, 19110: (.'ohcn rt t1l. l9kS), ,\ITc1:tcJ

n1c:nihct) 111,inifcst u 111ild lo n111Jcn11..: �.:vcrc hm:mol)llt nnucn1i11 1(1111 i s  ngpni,111cJ h}

intccuon und b) 0,,J.1111 drugs 1>llch u� ni1ruli1r.1111nin nnd cc:nuin ,ullnna1111dcs. 
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2.9.4 (:tu1:i1hionc S-trnn,fcr:1\cs

Glutalhionc S- rransfcrnscs (GSTs: 11.C. 2.5.1.18) arc a 1nuhi-gcnc famil) of cn1.yn1cs
involved in the dc1oxilication and uc1ivo1ion of a ,vidc vnrie1y of chemicals.
G� I's catal�·M! lhc nuclcophilic a11ack of glu101hionc (GSI I) on clcc1rophilic subs1rn1cs,
lhcrcb) decreasing their rcac1ivh> \ \  ith ccllulnr n1acromolccule� ( l\m1s1rong, 1997).
\lost GSTs exist as soluble cnt)tnes, nhhough o sn1all family of microso,nal GS1 s hos
been charoctcri1cd (Anderson rt "'·· 1994 Jakobsson c:t "'" 1996), and o 1n11ochondrinl
C..S I (GS I Kuppa) has also been 1tlentilicd (Pemble,., al .• 1996),
1 he soluble forn1s of GSTs exist ns dimcric proteins. ,, ith �ubunit n1olcculur \\eights or
opprox1motcly 25 kDn r':.l1eh -.ubunit of the dimcrac cn,)mc hos an oct,ve site con1poscd
of l\\O distinct functional region,: u h)·druphillc C.-sitc, \\ h,ch binds the ph) siologicol
substrate glutothionc, und un udjm::ent I I-site \\hich 1uo,·ide-. a hydrophobic en, ironmcnt
tor the binding or structurnll> diverse clcctrophilic �ubstratcs (Armstrong. 1997). ·1 he  G
sitc is  hiithly con§c"ct:l bct,,ccn illl GS 1\ due 10 its l11gh spccilicil) for GSI I, \\hilc 1hc
11-sllc can he quite 1.h\:crgcn1 between dillcrcn1 GST:., and cxhib1� broad unt:l vurinblc
suh�tnllc binding �pccilicily. Inc manunuliun \oluhlc GST, un: dividcll 11110 lour n1ain
clas<,cs, alpho (,\), mu (�1). pi (I'), and thctu (T) (r..1unncrviJ.: ,., 11/., 1992; I lnycs nnd
Pulford. 1995: Coggw1 .:t al,, 1998).

GS1 s cal.lllyic the general n:action: 

GSII + R-X GSl 
-----·

1 he lunctiun of the cn,)lllC ilo 111 (I) brini; the suh�tn1tc into close pru:1.i111it) \\llh GSI I b)
htndtng bolh USI I bnd the clcc;lrophrlic )uhstr.itc to the !ICll\.c ,ltc ol th,· pn11cin, nnd (:!)

act1,nic the sullhydl')'I group on G5II, lhcrch) ullu\\11111 fnt nuclcophihc 1111.icl,; ol (,SIi

17 
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on lhc clcc1rophilic subslralc (R \) (Anns1rong, 1997). The lormnrion of u 1hioe1hcr bond
bcl\\ccn the cys1c1nc residue of GSI I and lhc clcc1roph1lc usuall) results in o less r�ac11\c
and n1orc ,v.i1cr-solublc product. and thus 051 s ari: usunll} de10:-.ifica1ion n:ac1ions
(,\rn,�lrong, 1997). A large number or divcr.;c chemicals such as I-Chloro-2 • .J-
clini1robcn1ene (CON B), 1,2-dichloro-l-nitrobcnzcnc (DCll.;13), ;ind cumcnc
hydropcroxide serve ns \llbstr-Jtcs for GS Is (I laycs and Pulford, 1995)

1 he ability or mony phy1ochcn1icals 10 induce GSTs has gcnera1cd much intcrcs1 and
research 1n the role ol dictnf) G<;T 1nduc1ton os n 1111:chanis11c cxplunn1ion for 1hc
anticorcinogcnic effccts of frui� and ,cgc1ablcs. Prcscn1I). thcrc is  substnn1ial
cxpcnmcntol nn1n1ill c\1dcnce dcmonstmtins thnt GSl 1nduc1ion cun n:ducc 1hc
cITcclivcncs� nnd potcnc:,, of u vancl} of chcm,cnl cnrcinogcncsi-. (I lnyc\ and Pulford,
1995: (!upper and s,.arka, 1998; \\ illiamson c/ ul,. 1998).

2.9.5 Glulnlhionc 

Reduced slututl11onc, most commonly culled glutnlhionc (GSH ), 1s o rclati\'cl)' small
1nulcc11lc ubiquitous in li\'inp �)5tcn1s (!....idd, 1997: Sen, 11197). Occurring nu111mll} in all
human cell:; GSI I is o \\Olcr-pha� onho111ulcculc ft,; intmccllular dcplctinn ultin1ntcl>
rcsull� in cell dc.ilh and ,,� chn1cal r.:h:vuncc ha\ been researched lor decades. GSI I i� the
�mallcst intr-Jccllul,,r thiol (-SI I) n1olccuh:, II\ high clcctron-dnnu1lng cnpocil\ (high
lltgat1, c redo, po11:11tial) "ith high 1ntn1ccllulnr conccn1ro1io11 t;cncrJh: l!l\:al reducing
flC)\\cr <"•dd 1997), GSII lc,ch in hurnun 11,\ucs normal!> r,1ngc lron1 0,1 to 10

milliniolur (nil\.l), ,nost ,011lc:n1rutcJ 111 the lhcr (up to 10 m�I). nnd 111 1hc ,r,lccn,
k1dnc). ten\, er) thn>e) tcs Jnd lcukix:) le� I nrc111cr ,,, 11/ • I •JI( I)
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GSI I is o linear 1ripcp1idc or I -glutaminc. L -cysteine and glycine. It is synthesized
according to the follo,ving l\vo rcac1ions.

L-glu1an1ic acid + L-cyslcinc · ,\ TP

! glu1nmyl-cys1eine S) n1hnse

L-- rglu1a1n} 1-L-cystcinc ADP + P1

L-- rglutnm>I-L-cysteinc + A TP-+ glycine

1 
Glu1uthione + ADP + P, 

lechn1cally, N-l.-gamm::i-glutumyl-cy:ilcinyl-glycinc or L-glutathionc, molecule hns a 

sullhydr)I (-SI I) group on the C)�tcinyl pon1on. \\hich occounts lor its l.lrong clectron

dona11ng character. 

0 

C 

/ 
Cll1 

j 
Clh 

I 
11-C Nlh" 

I 
CO<> 

N 

I 
11 

SIi 

I 
Cl 12
I 

Cll2

/ 
C 

I 
0 

11 

I 
N 

C]l11tuthlu11,· (Y-g/111,1111) /-cyHt!/11_1 /-g(, C'l11<•)

Cl11 

I 
coo· 

,\s electrons arc lo\l, the molecule bc:cornc� o>,id11..-d and 11\0 \Uth ruoh: .. ulc\ hc..-on,c 

hnl:cd (dimcri\Cd) h> a Ji,ullidc bridge to lunn 11lu1111hio11..- J1�ulliJc or 0,,d,,cu 

gluuith,nnc (G'i�<,) lh1s linkage b rmennblc upon reduction t,SII 1, 1,nJ..-r lll!hl

hunicv)lllttc control both 1n1mccllul.irl) and C).lraccllul,,rl) '" 1,IJ, I ''971 A ,I) nam,
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balance is 111ain1aincd bctv,cen as, I S) 111hcsis, its recycling fro1n assa and its
u1ili1�1ion as, I syn1hcsis involves I\\O closely linked, cnzy1no1ically con1rolled rcac1ions
1h01 utilize .\ TP (1-\nden;on. 1997) Cys1eine and glu1oma1c arc con1bincd b) r-glu1nmyl
cys1cinyl synthetosc. and 1hen as1-1 syn1hc1osc combines r-glu1an1ylc}S1eine ,vi1h glycine
lo gencr-.i1c GSI I. If GSII levels rise, lhey sclf-hn1il fur1her GSII synlhesis. othen,isc.
cystcine availability is usually r..1tc-lim111ng. lasting, prutcin-cncrro· n1nlnu1rition, or other
dietary amino acid dclic11:nc1cs lin111 GSII S) nthcs1s (\1crjce and Behal, 1976; \Vhitcomb
and Block. 199-1 }.

GSI-I can be depleted by oxido11vc strcsso� �uch as uhraviolet and othcr radiation. viral
infections, environn1cn1al toxin!,, household chc1nical'i nnd heavy metals. surge!)

innan11nution. bums, septic shock and dicta') delicienc1� of G,11 pn:cursors and 

cn1.yme cofactors (Spic!> ,., ul., 199-l, \\:hitcon1b and lllock, 1994, Kidd, 1997: took et

al., 1997; Luo et alh 1998) Direct attack b� free radicals and other oxidathe :igents con 

also deplete GSII ns it i) �ing con�umed (Sen, 191)8) The h\cr is the largcM GSII 

reser.oir. TI1e p(lrench)m:tl cells S)nthcsi,c (jSlf lor 1'-150 conjug:ition und 011111c:ro11, 

01her metabolic requirements, then c,,port GSII n� ,, s)Mcmic source of ·Slllr1."tlucins

p{l\\er (,\ndcrson. 191J7). (jSIJ cquivulenis circul-11c an 1he blooJ pl'\:d111n,nantl) as 

C)stinc, the o,idi,c:d nnd n1ore stJblc (01111 ol 1:) 11:inc. C.:lls ln1pon 1:) \line from thl·

blood, rccon\crt h 10 C))lcinc and frum it !'.)nthc�11c GS! I Con,cr...cl), lf15ldc the l'cll

uSI I helps re-reduce ox1dl1L-d h1n11s of 01hcr 11nllo:-.1dunh liuch o� U!ICOrh,11c nnJ olphn (u)

•llK:Ophcrol ('.',-ll:1,1cr, f99�)

l,SI I 1, nn C:\treniel) 1mportunt cell pn:Heci.1111 It d,,._"'11) qucnd1� rc.icll\c h)Jri•\)I lace
r:ulu:als. other o:1.)icn""cn1rL-d fr.:1: m.lu:uls ond ruJ1c--JJ cen1rcli on !)NA und nlhcr

)t 
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biomolcculci. (Kidd, 1997) GSJ I is an essential cofactor for mon) cnz)mes \\hich require
th1ol-reducing cquhalcnts and helps keep redox- sensitive acti,e sites on cnz)nic:. in the
necessary reduced state (\Vcber. 1999). GSI I/GSSG balance is crucial 10 homeostasis.
stabilizing the cellular bion1olccular spectrum and racili101ing cellular performances nod
survi\a( (Kidd, 1997; \Vcbcr, 1999). Glutalhione status is a highly sensi1i, e indicator of
cell functionality and viobilit,· As 1n1racellular GSII becomes reduced, the cells

• • 

functionalit) is progrcssi\ cl) reduced un1il it dies. In humans. GSII depiction i� linked to
a number of disease states (Kidd, 1997; Sen, 1997. Gul I!/ ul., 2000). lndividuul ,,ith
1nhcri1cd th:licienc1es of the C,�11-s} n1hesi1ing enzymes exhibi1 limited or generalized
GSH dclicicncy "ith haemoly11c anaemia, �p1nt1cc:rebellor dcgcneru11on, peripheral
ncuror,athy, m:,opu1hy and a1ninoaciduria and oflen dcvclor, se,ere neurological
comr,licu1ion, in the founh decade of life. Lo\\ er}throc> le GSII obo n1nn1fcs1s in
hcrcditaf) non-sphcroc) tic lymphocy1ic lcukcmio und glucose-6-phosphatc
deh)drogcn�c (G6PD) deficiency (�1cb1cr und Lnr.i.�on, 1995 Sen. 1997: Gut ,., u/,,

2000) 

ln1mune cell 1unc1ionulily und prolifcrn1ion n:I) on adcqu111c in1n11:o:ll11lar (,SI I and
heahh) humnns ,,ith lo" l)mphCX)lo: GSII c.,n hn,e lo,, CD-I t:uun1s. Chronic , 1r.1I
,nlcc1ion!> 11111> 1riin;cr CiSI I dt:plc1io11 1n clrcul.uing i111n1unc ,ells or GSI I (,SSC,
unbalnncc Pa1icn1� \\llh chronk hcp:uith C ,,rus ,,ere lound In ha,c 101, CiSII 111 lhcir
� irculuunH rnonotl)CS I /\ndcr.;on, I 'J97) I lu1nan in11111111odo:lic1cnc) , 1ru� (III\')

tnlcclion and scqucluc lcaturc \) tcn11c C1',II depiction ( \11Jc1M,n, 1'1117), <l,lil.1111.
,trc$:o1 ,, clc, &1tcd 1.11 ull t 1gC$ ul IIIV d1M:a�, 111 V 1nlC'C'lln11 lo11c11- c 1SII ,n the pi ,-11111
CT) throe) le J -cell!> 1111d ulhcr I) ,nph,11:) IC\ t111J rnnnoc> le, (l'u�c nJ I caf, I l)<JS)
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Children \\ ith I IIV also demonstrate lo\\ GS! I (Look et al., 1997; Gul et al., 2000). 
Plns1nn and erythroc) le GSI I Clln be  lo,, in patients ,vith cirrhosis or rcsu It fron1 acute or
chronic alcohol intake (Gul et al., 2000). In non-alcoholic liver disC3!.e, lhcr GSl-f cun be
abnonnull) lo,, and GSSG high (Altomare et al .• 1998. GSI I deficiency hos bt!cn linked
to various pulmonary discuses including chronic obstructive pulmonnr')' disease (COPD),
acute rc�pirntor) distress syndrome (t\RDS), neonn111( lung dnmnge and oslhmu (Sen.
1997: Anderson. I 997. Gul i:t al., 2000) Patient� ,v11h gastritis and /or duodenal ulcer
linked to lfelicobactcr pylon infection can ha,c lo\\ GS! I (Gul t'/ al .• 2000). In daahi:tics.
the erythrocyte, and platelets c:in be lo,, in GSI I ('I oshidn et al. 1995: Gul ,.., al .• 2000).
A variety of ncuro<lcgcnerative diseases m:u11fcst obnom1:illy lo\\· G�l 1. In A l1heimcr's, o
dccrca.,c in l)mphoblast GSII ha, been n:poncd (i-..1dd. 1997: Sen, 1997, Gul t't <11,,

2000). 

2.9.6 �clcniu111 

Selenium ,� a tmcc mineral that is csscn1i11I 10 l!Ood hc;1l1h bu1 n:quin:d on!} in ,m:ill 

.imounts ( r homson, 20�). Sclc:n1um \\ll\ linnl} c�lnblished o, no c,�cntinl nutrient in 

1973 \\hen it \\OS sho\\TI 10 be n cu11iti1uc:n1 of lhl! cn,ymc aluu11t11nnc p.:ru:-.idnsc 

(Rotrucl. "' ul, 1973), Clink.ii c\idencc 1nd1,u11ng Ihm sc:lcniurn i1 i:�sc:1111111 tor hun,nn 

t,c111�, U(lpeun:J 111 1979 (Kc,hun 1)1<,casc R,:��-:irch liroup, 1979) (;hincsc scicnllM�

earn� out u selenium iupplcmcnuuion tud) in children h111ng 111 11 Sc-dcllclcn1 �slon

S I le n�niuuon cs\Cnll.1II} uboh\hcu the: oc:cuncncc ur Kt5han ,.li�ctt,c, 11C CIIIUlll �Up(! I • 

childhoou carJ,oni)opalh) 1hn1" ,. ollcn 11111I II then bcca111,· ck,1r 1h,11 M-l.n1urn \\,1\ 1111 

C!>!lic:01111I nulncnt fur hurn1111 
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Selenium is un essential n1icronutrient of n1ajor mclabolic significance. It is incorporJted as selcnoc}stcine nt the acti,c site of a ,vidc range of proteins. Under physiologicalconditions. the selenium 111 sclenocyteine is nln10M full) ionized nnd consequentl) 1s nnCl\trcmel) efficient biological catalyst (Anhur et al., 1997) Man) �clenoprotc1ns nla)e\ist in mn1nmalinn S)stc1ns and up to 30 hove been identified by 7$Se lnbcling 111 vivo(Lvcnson ond Sunde. 1988; Burk and I !ill. 1993) Of these. 15 sch.:noprotcins hove beenpurified or cloned including the glutathionc pcro\idasc enzymes "hich represent o ntaJorclass of lunctionall> imponant selenoproteins (Burk and llill, 1993). Selenium is present
in soil and enters the food chain through planis. \Ve ob101n most of our dicmry selenium
from bread. ccrcul meat and poultry. !issue le, cls of selenium arc read ii) 1nnuenccd by
dietary intake \\hich it�elf i, governed by geographical d,n·ercnc:cs 111 nvuiloble selenium
in soil (llro\\n und ,\nhur, 2001 ).

Selenium has a nu1nbcr or biochemic:;il functions ns evidenced by the lbt of 

,clcnoproteins. l'or l!xan1plc, the gluuuhione pcrox11Ja,c, n:mo, e hydrogen pcrc1\rdc and 

lipid h}dropero,cidcs at the c,pcnsc or reduced glu1a1hionc (Burl.:, 2002) The nntio,1dan1 

nature of selenium is dil fc:rcnl frurn 1h01 ol other nn110:,.id,1111 nu1ricn1s Sclc111urn 

runctions � u con,poni:nt of nn1io11:id3nt cnl)mcs c s glu1111h1onc pcro,ida,c .111d 

thiorcdoxin rcductnsc ( Burk. 2002). 1'11n ol the c, 1dcncc thut sch:niun, 1� nn nntio,idun1 1s

the Ob!>enouon that the nonsclc:n1um.Jcpcndrn1 an110,iJan1 c111)1n�-s hcrnc-<>:-.)g.:1111�c-l

anJ K)utnthionc-S-tmnslcrasc urc 1nducw 111 sclcn1un1 Jcliclcnc) (Burl, f()l!JJ I he

llluUCIIOll 15 f'OS,tU " ,.., 1·• 
· ,, • . ,�,-• 10 co1nn.·n�11c for the dccn:usc lhut •�cu� 111 111111n\lJ11n1
"I: cno,:n,-)ni,� 1 , I I ho, t,e.,11 n:poncJ 1h,11 1hc1c h 1111 lnLn:1,�c 111 prnJuc1, ,11 llp1J
pcrox1 11110n 1n an .. • d , 1111 .. ,. \\ ith sclcn1u1n dclic:11:nc) alone, iUfll)<1111ng the compcn,.-i111,11
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hypothesis (Burk er al.. 1995). O,idntivc iOJUI) does occur. ho\\ ever, in sclenium

dclicicnl animal� that are stressed in ccnain ,va� s. The induction of vitrunin [ defic1enc) 

in the i.clcniurn-deficicnt nnirnnl causes o,idnti, e injur} \\ 1th severe organ darn age and 

death (Sch\\'arz and I oltz. 1957). 

1 here i s  evidence that selenium deficiency ma) contribute 10 dcvclopn1cn1 of u fonn of 

hcan discast:. h} poth) roidisrn ond a ,,eakcncd immune S)Slcm (Combs, 2000; 

Zimmerman and Kohrlc, 2002). It is  ,,ell cstnbhshcd 1h01 dietary selenium 1 s  1n1porton1 

for o healthy i1nmunc response The effects or selenium con include reduced I -cell 

counts, impaired I) mphoc) tes proliferation and responsiveness (Kiremidj1an

Schumachcr ,., t1f,, 199-l). Dictar) supplc1ncnta1ion of humans \\ith 200 Jig of sod1un1 

�elcnite enhances 1-bmphoc)te immune responses (RO),,, al., 1994) Selenium ha.s bC\!n 

\uggestt'd 1 0  be u cancer chcmo-prcvc:n1i,c: agcn1. Tiu� prorosal b based on studies 

sho,\ ing that supra-nutritional inlakcs of selenium oil en delay or reduce the development 

of cancer in animal modes of the discnse (Ip. 1998). It has also been reported ,n humans 

that sccondul") endpoint c:inccn; \\IC:rc app.,n:ntly 1irc,c111cd h) ,clc11iu111 M1pplen1cnt,11i1111 

(Clar� ,:t ul, 1996). Selenium ma) al� fll'C\Clll or sin\\ 111n1011r grn,,1h, C.:rtuin 

breakdo\\n products or �lcnium ore bclic\cJ 10 prevent 111111our gro,,1h b,> cnhuncing 

immune cell octh ny and supprc�ing dcvclopn1cn1 of bl()(JJ , c.sscl, 10 1hc tumour 

({ 01nbs et ul., 2001). 

I.ow blood :r.clcniu,n conecn1r.11inn� have been osso.:iat,-J \\llh incre.1,,'tl corJio, o�ular

d1M::1� ,noruilil) lllld rhc:um,uolJ orthntis (IJro,,n onJ Arthur, 1001; "osc et 11/. 1'>'16)

!:>clcnium mD) help 10 n!III:\.: �)lllf'IOffl) ol 111thn11s h) conirolllng lc,cls ol lrec radical\ 

lAn!.Cth et .,1• l'J'JIIJ 111\' All>S 11111l11b5llrpllon ain Jcplclt: lc,cb nf 11111n) nulrlcn1' 
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including selenium. Selenium deficiency is associated ,,ith decreased in,mune cell 

counts. increased disease progression and high risk of death (Look et al .. 1997; Singhol 

and Austin, 2002). IIIV/J\1D5 gradually destroys the in1n1unc systen, and o:1.1dativc stress 

m11) contribute to further damage of in1n1une cells. \ntioxidant nutricnl!i such as 

selenium help protect cells fron, oxidative stress, thus potentially slo,, 1ng progression of 

the disease (Romero-Ah im and Roche, 1998) It has been �uggc1,tcd that selenium status 

n1ay be a signilicant predictor of �urvhul for those infected \\ith I IIV (Baum and Shor

Posncr. 1998).

2.9.7 Viturnin I!. 

Vitamin 1-. is .i fut-soluble vitamin. Eight difl'crcnt naturally occurring subslllnccs ha,e 

, ilamin I. activit) in animals� u-, P.,-, y- and 6-tocopherols and u-. �-. 1· and 6-

to,otricnol�. nu: four tocophcrol wit.I tocotricnol ison,crs structumlly consist of o 

chromatin hc;id group nnd a ph)t)I sil.h: chain giv1111! , 1tan1111 1 con1pound\ cn1rhipu1hil· 

character (Kan,al-BhJin and Appclq,1st, 191)6). 11-tocophcrul •� the n1ns1 acti,c lorn, of 

, itamin 1�. It is O highl) hpc,philic molecule ond is the chief on110,1dan1 in biological

mcn1brJJ1cs. Villlmin (· is a ch:iin-hn:;1k1ns nn1iosidan1 prevcnllnl,! the chain propJg::ition 

step during lipid auto-os,datiun (Sc:rhi11ov11 and l'ockc:r, 19'} I). It re11c15 "ith ulko,) 

radical\ (LO"). hpid pcro,)I roJu:als (I c)C)') und \\llh alk)·I rud1cal, (L"l dcrhcJ frun1 

l'UI A oxidotcun ( IJucttncr, 199), �ocnnl-J IJ,n ond ,\ppcl-q\:ht, I 1)1)(1) It hu, been

n:poncd th:1I u,tocophcrol.JcplcteJ I ()I 1s oblc 10 undcri;o mn1d lipid pcru,1dat111n, 

\\hcrc:a) l DI aM.tloted trom 11-1oc(,phcrnl-ll11pnkn1c111c<l :.ubJCCl\ c,l11b11s 111cn:.1'1('J 
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rcsisloncc lo ex-viva copper-induced oxida11on (Eslcrbaucr cl al., 1987. Dicber

Rothenedcr e/ al .• 1991 ).

lhe reaction bcl\vecn vitamin E and lipid radical occurs ,n the men,brane-\\'lllCr 

intcrphasc ,,here vitamin E donates a hydrogen ion to lipid radical ,, ilh consequent 

tocophcrox) l radical ( 1'0') fonnation (Beuuncr, 1993). Regeneration of the tocophcrox)·I 

rJdicul back 10 its reduced fonn can be aclueved by ascorbate. GSH or c o -enzyme Q. u

tocopherol tend-, to localize in n1cmbran� and lipoproteins and is quontitativcl) and 

qualitatively the major antioxidant 111 cxtn1c1, nrcparcd from l DI and central 10 thc 

control of rJdic.il-,nduccd pcroxidation. In addition to scavenging pcrox) I radicals u

tocophcrol can also react "ilh sunlight OX} gen (1
02) and the 2c oxidants HOCI and 

0'-100 L.Dl. is a l.ey carrier of, itumin E in the circulotion and it is cstin1uted that, for 

indi\ iduul, "ho on: rccci-.-ing nn) supplement, the overage LDL particle conl.'lins 7

molecules of u- and 0.5 molecules of y-tocophcrul. h hos been sullicicntl) dcrnonstrntcd 

that as the vitamin E content in LDL or cndotlu:li:tl cells h incrca\CJ lhcri.: ts an o�cntll 

Jlrt11cc1ion again-,1 I 1)1 oxidation (Stcinbn.-chcr ,., "/ 191!-I l>icbcr Rothcnt!dcr t't al.,

1991 ). !:>omc studies ha, c indic:11cJ 1h:i1 u-1ocorhcrol cnn net ns o rro--0:-.1d:int ,n LD! via 

u-tocophcrox)I rodical-mcdi:llcJ fi1rr11:11ion of lipid rndicnl, (OO\\I) und Stocl..cr. l'IQl;

Kam:il-1.ldin Jnd ,\ppclq, 1s1, 1996; Ncu11I ,., "'·· 1'>97) ,\lso, /11 ,•ltru nnd ,,, ,·1111

cnnchmcnl of I f)I ,, 11h a-1ocophcr11I .10:c.-clcrn10 ruthcr lh.in lnl11bll) the 1n111ul stngl"\ uf

1 DI uxuJ,uion (Uo"I) and .stocker, 19'>3) II h11, l,ccn ,:lc.ul) ,hn,,11 lhul proo:-.IJJnl

luncuon of u-tocurh.:rol on I DI ,,11s ,lcllrl} 1nhlhi1cd 111 ,11111 b) nn1111�1Ll,1111, �uch U\

O)Corbatc ond uhiqu,nul (Stocker I'/ 11I. 1'>'11: 'iunrna et ,1I. 11>1>5; I p11on et ,,I., 199<>)

4b AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



It has abo been suggested that i t  is the lacf.. of a, ailabilit} of co-antioxidonls rather than 

dcple1ion of vito1nin I· that explains ,vh} lipids become increasing!} oxidized as lesions 

develop ( I crcntis i:1 al., 2002). The foci 1hot advanced human a1hcrosclero1ic lesions 

contain ascorbalc suggests that , ilnmin C may be localized \\'ilhin cells. \\hercos 

lipopro1ein lipid oxidntion mny occur outside cells (Tcrcntis i:1 al., 2002). Increased 

adherence of monocytes to the cndothehu,n con�1i1u1cs one of the earl) visible changes in 

experimental atherosclerosis (Chan. 1998). Exposure of oxidized l DL 10 endo1heliol cells 

slimulates the expression of cndothclium derived adhesion molecules: endotheliu,n 

leukoc)tcs adhesion molecule (ELJ\1\1). intercellulor adhesion molecule I (ICA/.1-1). nnd 

vascular cell adhesion ,noli:culc I ( VC \ l'vl-1 ), These proteins promote monocyte 

adhc�ion and subsequent migration into the intimo \\here monOC)'ICS dillrcntiotiate into 

mocrophuges (I lol\Oel and Collen, 199-1).

Enrichment of human endothelial cells in cuhun: ,, ith v1L1min t: causes u do,, n

rcgulation in the expression of \'C,\M-1 and a functional chungc in the reduction of 

monoc) tc adhesion to endothelial cell�. prc�u,nuhl> due to d�-cre.1�ed cxpl\",\ion of 

udhcsi\c ,nnlecul.:s (Dc\arnj ,., ,,/ .. 1996, Co,nin:icini ,., 11/. l9Q7; :-..iurtin ,·1 al, 1997) 

R�ulls fcorn un,mal rnodels �ho\\ 1h:s1 , 11am1n I �upplcmcntation slj!n11icon1I> inhihltco 

the 3ccumul:uion of nioi;roph:igcs 111 the uortos. It \\U5 nlw clfc�11, c 1n the rcJu�tinn ol 

Dth I _,.·,on of VC:Al-1-1 w1J rcducuon ol smoorh n1u'!.Clc rrolitcrntion ,neroK cro�15, c.xp,�,, 

bb (s• k I I'"'" 'l··)JJn1 '>O(M) ll1ci,c 11bs,f\11Uo11\ 1n anlin;il 1110Jcl,I'll 1t, 1r1 ·c, ,., c1 , '""• " � • -

I Jo\\ll rc••uln1ion ol 111.lhcuon n1olcculc c,pr.:,�iun, supprc ,11111'llppon lhc concept 1 101 • ., 

r h II\OIIOII onJ 111l11b111on ol iffl<>Oth rnu�lc prol1tcr1111on h)o monoc)tc/rnacrop :igc 111: 

I I "'tcntlal 1111xl11111lwi, b) \\l11ch , 1 111m111 I n1.i) urprc , th \'tlam1n l:. IU'C wmc o t IC ,�' 

�7 
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development of atherosclerosis. Inhibition of smooth muscle cell proliferation by vitamin 

E could be dircctl} �avenging ROS or b:, an inhibiting protein kinose C (PKC) 

activation and associated ROS production (Boscoboinik et <II., 199 I. !,;.cone) et al.,

1996). 

Animal studies ha,c pro, idcd constituent evidence for a beneficial effect of a-tocophcrol 

on vasodilation ns ,,ell us insight into underlying mechanisms. Supplementation of 

cholesterol-fed rabbits "ith u-tocophcrol incn:a.sed both the resistance of LDL to 

oxidation and agonist-induced n:la .. ,auon of thoracic oona.s (l,.enney cl al., 1993). It h:ls 

been proposed lh:lt u-tocopherol acLs 111 the vascular ,vall b} inl11biting PKC-mcdiotc:d 

phosporylation of endothelial cell 1nuscann1c. receptors and enhancing agonis1-1nduced 

nitric oxide S)ntha\e (NOS) activallon (Kenne) cl al .. 1996).

The ,itamin [. status of an organism is detcrmined b) factors other than the le,cl of 

'llamin intake anti it hus bccn \UggcMed that o high degree of 1n1ernction c�iM� umong 

11ntio;,,1dan1 nutrients (Ch:in, 1993). For ci,mmple, \ilum,n C reinforces the an110,idJ11t 

effect of vitaniin Lb) n:gcncroting the active form of the vit:11nin 111\er II ha,; n:nctcd \\ ith 

a free radic.il. 

In inwc1 animals. 11 spnnng ell�t nf vi1111111n C on v1Wm1n c �tntus hus been n,,,c.t 111 the

gu1nc3 pigs nod li�h (Ucdich l'I al. 198�. llurnrc l'I ul., 1997) In hurnnn r,llt1clc1 

homo J __ , ·111111111 I l\-:I� sho,,n 10 he regenerated h) , ltn,11111 ( or rc:Juccd llCn:uc, 0:,,1 "'"� , 1 

glut:itluone (Chan �I t1/., 1'>91 J l{eC)i:lfng ol ox1J11cJ to,ophcrol hu\ 111!>41 l1CCn �ho,,,, 111

be atTorJcd b) ltpo.ih: .snJ ub1qu1nol U'odll., 'r ,,I• 1'>94, S1C•)n110,,I.) ,•1 ,1/ IIJ95,

Packer ,.1 ul. 19971 lhc rcg�'llcr:iuon of ,1111,nin I b) 01hcr nntun.,J;int) t• 0111: r:in or
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the intricate co-operation that exist.s bet\veen diflercnt antioxidants in the ontioxidnnt 

delcncc system 

2.9.8 \'itnn1in C (A�corhic acid) 

Vitamin C. is a \Valer-soluble vitan1in that exists in the body primarily in its reduced fonn, 

ascorbic acid. The oxidi2ed fom1 of the vitamin, dch)droascorbic acid (DI IA) ii. c:asil) 

reduced intraccllularly to ascorbic acid. Ai,corbic acid rcc}cling process is o� shO\\ll 

Cl '2011 
Cl hOI I 

IIOCII 0 

GSSG GSI I l 
"'---=:>--::::::__ IIOC. I 

Ofl Oil 

,\scorbic acid 

.. 

211' 
2e· 

Och)droascorbic ncid 

Vitamin c is un electron donor (reducing ogcnl) and prob:Jbl) 1111 ol Its b11Khcrnical and 

111olcculor lunctions cun be uccountcJ ror h) thi� function. The ohility of the , hmnin 10

P ·d I d be d"II)· con, cnctl h:1cl. 10 its rctluccd li:1rn1 hy C.SI I uccounl\ torro, 1 c c l-Ctrtll1' on rcn 

t • 1 ,.,._ . • an 111 ,,11-u 0111io,-iJ11111 (J.icoh nnd Sotoudch, 2002). I he1 s pJrt1cu ,ir cuccuvcncs) n. 

(• • L . •  ,, ussues ,1nJ lll11Js ,.1r1c,; grc:111), \\llh lugh lc,cl\conccn111111on of, 11.1m1n 1n uuu; 

· • J nols p,1u11ur) 1111J hrnin, \\ l11:rc,1s lo\, le, eh ore found111:11n1u111cJ In lcukOC)ll-S, c.)C. 11 n: • 

I nd coroudch 20412) Vi1.1n11n C rC'ildll} u11Jcrg1l{"\ rt:\cnlhlc•n plam1u unJ <itll1vn (J.ito 1 u " 

nt�) � 11n 11nport11111 role: o� J redo, 111,:cnt 111 h1ul11gl, JIO)l1d:11lun 1111J rctluction 011J , .  " 
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sy,tcms (Kuroyonag, et al, 2002). Its best understood function is in the s} nthesis of 

collagen \\'hich promotes the formation of hydrox) pro line (Pcterkofsl,J. 1991 ). 

Unh)drox} lated collagen is unstable end cannot fonn the tnple helix required for norrnol 

\lructure of subcutaneous tissue. cartilage, bone and teeth. I he failure of cells 10 dcposit 

collagen librils and intracellular cement substance leads to delayed ,,ound healing (Bsoul 

and ·1 crczhaln1y, 2004) \litan,in C is specilically required for the acti,,ty of eight hunian 

enZ}mes involved in collugcn, hormone. .imino acid and com,tinc synthc�is or 

metobolism {England and Seaflcr. 1986). As a co-factor for propyl nnd lys) I 

hydroxylnscs, nscorbatc is an essential pan of the molecular cross-linking that gives 

collagen its elastic it). '\ scorbic acid is also invoh cd 111 the S) nthcsis or n1odulation of 

some componcnt� of the ni:rvous s)stcn,, thi: 1nicroso1nul drug-nu:taboli,ing s}stem, 

S)nthesis of corticosteroids and conversion of cholcs1crol 10 bile ncids (Katsuk1. 1996).

A�corbic acid rcacts ,.,ith fn:c r:idicah 1h01 arise in the aqueous co1npanmcn1-. of tis,ucs 

forming the innocuous o�eorbatc scmiquinone (Koyun1a ,., 11/,. 19<>4: Roginsky and 

Stegmann, I 99� ).

0 

II c,,-.,.,..-, It. 
----�---..

IIU) II 
l11 ()It• 

(J.

11()---y

ll{J) II

(IIJUII

.., ·,n II dlJrnu1:11iun rct1,llon 111 "h1ch 1,,0 �e1nlqu1nonc1 he se1n1qu111unc 1\ con�u•n� 

I culc of a\co,o:irc 1111d II rnuk, uh: 111 deh.)dr11;1 orb;,1cn10lcculcs rca�t 10 produc-c II n1t1 c: 
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0 

0 0 

o· 110 
I + 

0 110 
0 

110 II 110

1

1 I HO
I
H

Cl 1,01 I Cll20I I CH20II 

The dchydrouscorbate is then cnzymoticall) reduced hack to uscorbate b) 

th:hydroascorbate reductosc Ascorbic acid is o po,vcrful antio:\1dant bt:Cause it can 

donate a hydrogen atom and form :i rel:111vel) stable a.c,corbyl free radical. ,\s a scu,c:nger 

of ROS, nscorbatc has been sho"n to be c:ffccthc uguinst o.- 1-1201, 011 and 'o

(\\cbcr ,:t al .• 1996). 'I he a.c,corb.,·1 free radical con be con,crtcd back to l\!duccd 

:iscorbatc b) accepting another h}dro11en atorn or it cnn undergo further O:\idotion to 

dch}dro35corbatc. Dchydroascorb:ttc is unstable but 1s more fin �olubh: than 11scorh,11e 

and i� tak..:n up 10-20 umes more r-JpicJI} by erythroc)t..:s, ,,here ii ,viii be reduced back 

to a�corb:uc b)· GSI I or N,\Dl'H from the he-cose monopho�ph:uc shunt (Uom1g. 1'>75).

Dchydroas.:urhic acid is rcrortcd 10 bc undctcctoblc 1n pla.snia (l.c,1nc et al., 199)). Thi\

\U&;��,� that the late ul oxidi,cd asevrhrc ocid is either immcdia11: redo, l'CC).:lin11 10 the 
reduced form, or immediate lurt111:r oxida11011 \\ith c,1nlo<.--qucnt Jc111ruction of the , i111n11n •
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CH,Ol I 

110 11 

II -

110 011 

·\ scorbic acid

Cl hOl 1 

11oc11
1

. 

II -

110 o·

Scmidchydroascorbic 
acid n1dicol 

Dchydron_,corbic ocid rcductosc 

GSSG 
(0:-.,d,�cd Glutalhionc) 

2GSI I 
(Reduced Glutothionc) 

Cl-12011 

110 11 

H --

0 0 

Deh)·droascorb,c 
acid 

1 he cxbtcnce or a mechani,m 10 m:iinwin pl11sn1a ,1\curbatc 111 1111: reduced �,ate means 

that the level of vitamin C ncccss:ll) for op11mol octivit) is not absolute because the 

turnover \\ill change in re-;ponsc 10 oxidant pressure. Rcc)cling ofvi1on1i11 C \\ill dc:pcnd 

on the reducing en, ironmcnt \\hich e" i\ts ,n n11:t.1b(llic.ell� 11c1h c ci:11\,

It has bc<.-n suggested thut villll1l1n C " lll protect circuluting 11111J mcrnhrunc lipid\ from

free r:1dic:1ls. Vitaniin C i, 11IS11 bclrc\Cd 10 pro1�-c1 lipids 111J11\.'Ctly b) \fl:lring or

recon)titu11ng the octhc fonn� of ,·rtrunin E ( I oppcl, l'Jb2) A1hcn15elcro11c rl:iqucs 
1n1p,11r cndotheliuni dependent \:t!llldll.111un in human cortilllll) onJ pcnphcral hlooJ

\C)scl, nnd DlUIC odminlJtruiiun nl , ruunin C 111u} rt:\ er \C lhi� �11Ju1hcll11I J}llunction 

ffing er ul. 1997, I fornllbc ,., 11/, 200 f I [111:n· h cv1Jcncc HnJ..1111:1 high 1111111,;c of , 11nm,n

<.: \\ith r.."duccd ,nortulil) frurn hc:ir1 drS<".,\C (I n�irom �' "'. 1'192, \uh}oun, 111/ 19%) 
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In vii·o. vitamins C and C have been sho\\ n to reduce oxida1ive stress ,n J II V infected 

patients and to reduce the, irnl load (1-\llanl l!t al., 1998). 

Antio\idant action of 'ito1nin C 1nhibi1s the fonnn1ion of carcinogcn,c N-ni1roso 

compounds that artl i1nphcoted in gastric nnd lung cancer (Corr and Frei. 1999). 

1 he possible anticarcinogcnic effect of vitamin C appears to be rcla1cd 10 its obilit) to 

dcto;,;ify carc1nogcns or block carcinogcn,c processes through 11s action os on antioxidant 

or as a free rod1cal scavenger (Rock er ul .. 1996). 

2.10 ,\ VOCADO (Persea a111erica11a) 

Plants ,,ere the major source of mo1crials 1vhich rhe ancient m:in rcsoned 10 for

con1ba1ing ,:irious ailments nnd thu., preserving his hcahh (Akuh and f:kck1,c, 1995,

Calixto. 2000).

The use of ohcmativc n1cdicinc and the c:onsu111ption of plant n1utcrials ha, c bcc:n on the 

incrca\c in many countries in rhe ,,orld. mostl) b<.-cou�c planr-dcn,ed drug� and herbal 

lormula1ions arc conimonl) considcn:d 10 be less tos1c and freer lrom �ide cflcc:ts 1han 

l>}nthctic one� (Baile) and Da). 1989, �lirr.1 ,., ul., 1')96· Uholl ithnr;o ,., al .. 11)1)7;

Ann�numa er al., 2001 J It 15 c�rima,�>J that 11bou1 65-110�(, ol the 1\orld's JX!pul111i11n

11hich h\'�'S in dcllcloping countnc:s depends c-'>scnriall) on plnrus lur prirnar)' hc.1hh l'nre

bcaiusc ofpo,c:n) nnd l..atl. ofnccess 10 modem mcd1cinc: (,\l.crch:n:, 1'191),

At J)r"4:nl, a nunihtr nf buianicnls on: ,.,;11 be ins u..ccJ 111 li.1ll.-1nC\11c1nc lur 1reu11ncnt nl

d11t�r•• 1 ., 1 I , .  0,,n 1113111 SCrll"l ol nh)lochc1n1l'11I, 1nn.11c in looJ S)Slc:111,• •II ul�US(.«. I � UUI\ f\11 • ,-

Or that C'illl he ,ncurporuted 11110 tooJ.Jclh.:r} �))IC:nt, or d1clal) \uf!plc:1111.:nu, l1<1hl

Cuns1Jcr11blc-pro111l\C in l•t1llha11111i Jrsc-:nc 

SJ AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



A large number of herbal drugs \\hich huvc bl!en evaluated in clinical triuls are current!) 

hcing used in herbal medicine. TI1ey include the cxtmct of Gin/ego b,loba for the 

1rcn1mcnt ol CI\S and cardiovnsculnr disorder-: (Brautigam et al .. 1998). lhper1c11111

p1:rfara111111 (St. John's \\'Ort) used as un antidcpre.ssant (Viticllo.1999). />a11ar g111 .1l!11g 

(ginseng) herbs used as u ionic (Tylor, 1994), Ta11acet11n parthe11i11111 (fcvcrfc11) used to 

tl'\!81 migraine headache, Alliu,11 .1ativ11111 (garlic) used to lower 1011-densit) lipoprorcin 

cholesterol (Aouadi c'/ al, 2000), ,',i/J1hi11111 111ar1a11 1111 (n1ilk thistle) u.scd for repairing 

li\cr function including cirrhosis, l'aleri<11u1 offi,·i11ali.1 (1alcrinn) used as n sedative and 

slc_cping oid (\\ ngncr et ul. 1998). C u.\.1iu '" ·11tfali11 (Senna) and Rha111111LS pur.shiana

(cascara sograda) 1\h1ch are used ns lu.xnrivc:. (Cali,10, 2000), £cl,/11uc,·" p11rf111ra

(Echinacca) used us an an1i-innammo1ory and 1mmunos11mulan1 (C:ilh:to, 2000) • .,tn,ica

111u1ua11a (om,cn) used to trcal pos1-1rnumo11c and pos1opcro1ivc cond111ons (h.oro11 .,, al ..

2008). and .'>er,,1100 r.:pens (s:11\ palmcllo) u�>d for the 1n:111n1cn1 of benign pros1n11c 

h� pcrplasio (Gerber ond I it1p:11rick, 200-t ). 

\ .. l""ad (/' · 
i ,·s an ,·mponnnt ciliblc fruit belonging 10 lhc: I ,111n:I lilmil.>,' '" 0 t'TH!U u1111:r1CUl/(I 

I hu fl d -ft, 1.., erect usu.111) up 10 9 n, hu1 somc1lrni:s up 10 18 m or... rocc;ic. 1c u, oca o tree: .. �.• .,.. • 

rn • I O • diom�1cr or II mn, be )hnn und ,p�Jing \\ llh branchesore \\II , a 1runk JO - 6 cn1 111 • • 

'-- · J (i'.I non f'J87J. /\lr110 1 C\c:rsrc:cn, being dt•-d brti:11> 1n=gtn111ng close 10 th•· groun u • 

d • . I I. , c:s ur.: al1cr11:11c, Jar!- gr;:c:n 11nJ slos,) on 1h.: upper
I) �!>On� 111 bloom1nl! umc, I ,c: �a 

Mlrfocc · hie 1n shape (111ntcolu1c clllpllc, O\DI o,u1c "'
\\ h1t1sh on the undi:ri,tdc • 'llrlD 

O�\IIIC) 7 S 40 COi lon1:1 I 'IC liruh (COIIUIIHIII) l.110\\n ,u 11\(1(; ,do fl(':lr) I� f)(':lr hop«!.
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oval or near!) round and mo) be 7 5 -33 cm long and up to 15 cm "idc. The skin may 

he )Cllo,v-green, deep-green or ,ery dark-green (f\,lonon, 1987). 

Pcr.1c!a a111erica11a is indigenous lo Central and South America. Although conct:nlrnted 1n 

the Latin ,-\n1erican countries, the trl!e is no,v cultivated in the Lnited States. \sia, pans 

of l::urope and tropical 1\frica. It grO\\S \\CII 1n soils that ore loose, ,,cll-<.lroinl!d. !>lighll)

acid :ind rich in organic 1nauer (1'okura et al .• 1996). f'hc tree gro" s 111 clcvution fron1 sea 

le,el to 1400 m "ith average 1e1npernturcs of 16 to 24°C. 

A,ocado is one of the plants that h:ive been \\idt:I) used in elhnomcdicinc. The bark. fruit

and leaf are used in trnditional n1cdic1nc 1n South Arncricu, \\est Indies and 1\fnco to 

pro, idc remed) for ailmcnLS such as h) pcncnsion, hocmorrhngc and n11:ns1runl disorder 

{\·tonon. 1987). The fnut sk,n i\ antibiotic :md is employed as n vermilugc nnd rcn1cdy 

for dysentcl). In Nigeria, the lcal has ,urious locul nun1cs �uch us I':\\.: pin (Yorubn), 

Ak\\uk,,o Ube O)ibo (lgbo) and Gan)·en piyo (l luus:1). lhe leaves ore chc,vcd os .i

rcmed) lor pyorrlH:a und the uqucous c,troct of the leaves hos a prolonged 

ontih) p,:ncnsi\·c cOi:ct. ·1 he leaf decoction 1s token us o rcn1cd} for diorrhoc11, sore throat

lllld h:icmorrhagc and i t  nllcgcdl) Mimul111cs .,nd n:lulutc, n1cn,1run1ion (/\lonon, 1987).

Th� 1 f 1· /' 0111 r/cu,111 hn,c been �ho,\n 10 h;1\,: nn11\1rnl octi\'it) • nqucou� c., cxtnKt� rom • 

non /' . 
I 1 · (De: Almc1d11 ,t ul, IIJ9l!); hun1an 1n1munodcllcicnc> .,..ln\t 1t•rp,·, Hlltp C'X \ iru, 

,., 11 1 I 996) and odL-iJO\ 1ru� (IJc 1\hnc1da , 1 11/. 1'1'18). It ha� 01111-ru� I I\') I ( \I, 1gg et " , 

11 . . ,1 I 19')8 ,\Jc, ,:1111 , t 11/ • 2002) nnd nnllh) pcnc11�1\ c1n amn,:itol) 11ct1\ II) c<,ue,urru • 11 • • • 

1 l'IKt,: u1ro\, ,, "' • 1 •,11 t, Allc:ho,>c , , "' h)potcns1\c: 11c11vit) (l)c ,\ l(1hciro 1'1 11 •

t of /1 ,11111'r1< llllll "iU fl fktnc.J 10 po\W�\1999) Rcccntl>, the: 0<1ueous le: ,r c:�truc 
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hypogl)ccrnic: octivit) (1\ntia l'f al .• 2005), vosorcloxnnl ac1ion (O\\Olabi "' al., 2005).
and nnticonvulsant cftect (Ojc\\Olc and I\ rnubcoku, :!006).

There arc no docun1cntcd rcpons on the hypolipiducmic, an1io:-.:ida1ivc and 

hcpa1oprotcc1ivc etlccts of P flll1l!rica11u I his i.tudy invel,llgatcs the cflccls of P 

un1l•rica11a on lipids, indices of oxidative stress and antioxidan1 status in diet-induced 

h)pcrlipidncrnio. In addition. the protective clTccts of P n11111r1ca11<1 on CCl�-induccd li,cr

damage \\ere invcstigotcd. 
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Cll,\P'l ER TIIREE

3.0 �I \'I Elll,\LS ;\NI) t\11£�1'11()1)S

3.1 l\l:11crh1I<, untl Ec1uip111c111

Glnss\\ ores 

Couon \\ool 

\Vhatmon filter p.ipcr

S)ringcs L� needles

\uri;icnl glo\es 

l101assiun, oxulutc bottles

Lithium heparin bottles 

Ethylcnedit11n1nc1ctrnacct1c ncid (I D f'1\) boulc:.

Pupcrtnpc 

Parolilm 

<icn:\\··cup tuhe\

l:ppcndorf tubes

l'cnnancnt 1narl.cr.

l'ttn di�hc, (disposable)

-'licrop1ppc1tc

�lon:i, 4: pestle

\\ arini; blender

llhsccling I.it

I hc1mon1ctcr

Rcfrii:cr.itor 
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Freezer.; (-20"C. - 80nC)

1101 air oven 

\Vcighing biiluncc 

Voncx n,ixcr 

Incubator 

\Vu1cr bath 

Sohxle1 L x1n1c1or 

pH meter 

lliofugc (rcfnycruh:c.l)

UV \pcc1ropho101nctcr 

Groundnut oil 

Olive o,I 

3.2 

S. 5
• Di1h10-b1s 2-niirobcnLoic ucid {DTNB)

1 • l hloro-2, 4-dinitroh.:n,c:nc: (C ONO) 

I . h nc loroacc11c ;1cid 

Rcducd) 11 x, 

2• 1 hi11b.irb11uric :ic1d (TO,\)

1-'oui.'!>\iu,n i:hloridc

'-ll1)lcncd1:ullinc tc:lrJ.icclic aciJ (LIJ I,\) 

�rii (h)dro,)nlclh)II aininornclhnnc
)dro.:hlondc 

Sodiu1n h)dro\1dc 

SIi 

Grand. Nigcrio 

Goya En Espan:i, Spain 

S1gmo- \ ldnch, Gcrmnn.> 

!:i1i;n10 ·\ldrich Germon) 

801 I. England 

Knoll \G. Germon_) 

Sigrna-,\ ldr1ch. Gcmuin) 

I\ ten:!,;, Cicnnan}

Sigrn,1-.\IJrich. C,cnnan) 

..,,1i1nn· \l,fnd1, r,crn11111) 

Ill >II. I 1111l,111J 
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Sucrose 

So<liun1 chloride

So<lium carbonate 

2-Dinitrophcn} lhydra,inc

Pot��iun, dihydrogcn orthophosphatc

Dl-sodiun, h} drogcn onhophosphotc

Cholesterol 

Cholic ncid 

Ghnuthionc (n:duccd)

�!ethanol ( ·\nulnr)

I l�drochloric acid

Coon1ns�ic Orillinnt Blue

l'ho,phoric acid

C� clohc,anc

Carbon h:truchloridc

lth) I acetate 

'lS¾ [thunol

Sodium citrate

U)drugcn peroxide

Tri1on X-100

Epinephrine

Sodium dlh)droi1c:n pho,oph11tc:

'°'••slum cy1uudc

S9 

8011, England 

1\ vondalc, Englund 

f ishcr Scicntilic, U. S. 1\.

BDH. England 

r-. tcrck. Gennnn) 

t-.h:rck, Gcnnnn) 

BDH. Lngl,1nd 

001 I, IT ngland 

Roche. Gcrinon) 

1301 I, Englnnd 

13011. England 

f\ lcrck, Gcnn3n) 

f\.l & 13, Cicnnon) 

I· 1so11, Scicntilic, Fnglond 

801-1, England

1301 I, l'.ngland 

fisher Scicn1ific. l, h.

\I & U. (jcnnnn) 

S1g1nu-,\hJrich. (,cn11nn) 

llDI I. I n1c1l11nd 

(ll)J I. LnglunJ

Si,;11111-Aldnch, Gcrrnan) 

Ul>I I. tnglund 
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Di-potassiun1 phosphate

Glacinl 111ctaphosphoric ocid

Sodiu1n hydrogen carbonate

Chlorofonn 

Glutathionc pcrox idase nssoy kit (R-\ N SEL)

llilirubin assny kit

CholeMcrol assoy kit

Glucose ussu> kit

l riglyccride assay kit

Alkaline phosphatase assn) kit

A�punatc: ominotrnn�rcrusc tl\SU) kit

Alanine: un1ino1runslcrusc ussa>· kit

t\,lcrck. Germany

Sigma-A Id rich. German>

Sign10-J\ldrich. Germany

BDI I. England 

Rondo,. U. K 

I lumon. German) 

Rnndox, U. K. 

Rondox. U k 

Rondo,. L K 

I LCO. L S. ,\ 

Randok, l, k 

Rando.,. U K. 
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3.3 j\ lu tcriu 1, 

3.3.1 Anirn:tl!-t

l·our-,�ccl,, old n1olc ulbino rats ,, ere obtained from the anin1al colony of the Nig erian
ht\tilutc of lvlcdical Research. Yuba. Rats \\Cre housed in cages and ollo\\cd tu
nt:climat11c for one ,,cck ,, 1th u 12-h light dark cycle ond hod free access 10 \\Ulcr anti
,tandord rut cho\\ purchased frorn Ludokun 1-ceds, lbadon.

J.J.2 l'lnnt ,1u1crial,

f·rc�h leave-. of p an,i:ric,111a \\ere obtained frorn ,1 cul11vuted plant in Lngos nnd \\ere

sent for authentication at the Dcpartn1enl ol' Dotan) &. f\licroh,olngJ, Un1vcrsil) of 

lbadan lhc leaves \\'ere air-dried anti stored until needed. Dried leaves \\Crc pul\cr11ctl

in n \\ aring blender ond the aqueous and rncthonolic c:-.tracts pn:pured b) means of

So,hlct cxirucuun, ·1 he extracts \\ere cvapor.ucd to dl')nes, and stored rn clean sterile

\ ia\s until required.

J.3.3 lli�h Lipid (�lo<.llficd) Oler C.u111po,irl11n

lh t · - II · , 11 modified method ofYunn and Kill� (1003).;; 11gh lipid diet \\D'> prepared to o,vrng 

1 he 1.:umro�ition of the diet b a, folio,, s:

�tundard r-.it diu,, 

Grc,undnu1 uit 

Chnl�tcrut 

(hofic Ddd

7Q.2S 'lo

20 '}'o

o 2S '•

(1 I 
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JA \lc1hodl1 

J.�.I Phylochcmicul Screening 

Ouali1,11itivc nnolysis of lhc extracts wos curried ou1 using !>landard procedurl!s :is 

described b} l larbomc ( 1973), I rc�ll and Evans ( 1989) and Sofo,�on1 ( 1993). 

3A. I. I Tc!,I for alkuloitli.

O.S g of extract ,vns dilu1cd to I O 1nl ,,·ith nc1d alcohol. boiled and lillered. To 5 ml of the 

fihr-,11..: \\us added 2 1nl of dilu1c ammonia and S ml of chloroforn1 and 1hcn shaken gently 

10 e:-.1r.1c1 the alkoloidol base. The chloroform layer ,,ru. c:,.trnctcd with I O ml of aci.:1ic

acid and di vided 11110 t\\o pon1ons �layer's r..:ugcnl ,,as uddcd to one ponion nnd

Dr-Jggcndorr, r..:agcn1 10 the 01hcr. I he lbnnalion of a c�.im and a n.-ddi,h bro,,n 

Pretipi1aic \\1lh l'\lln)i.:r', and Droggcndorfs rc:igents rcspccti,el} 1ndica1c lhc pl'\!scncc of 

alkaloids. 

3.4. 1.2 T('\I for tnnnin,
0.S g of c\tr.tcl ,,us boiled in 10 1111 ol \\Ull:r in a tcsl tube and 1hcn lihcn:d. ·\ fc\\ drops

of 0.1�. li:rnc chloride ,,� added und ob!>CnccJ for bro\, nish green or bluc-hlncl.
tuloun111on 

3·4•1.3 I c,t for ,upon In,

0 < · • • 
I ol' dis1ill<d \\.lll'r in n tc�I tuhc. 1111: �olu1ion. ., II 01 the c:-.1r.1ct \\as Ji,�ohcd 111 :, m 

\\a .L • .  , 1. ,,.-�•�•cnl frolh The li-111hi111,1 I\," 1ni,cd \\ilh 1
� .. ,;ikc:n \ igon111sl) nnd uh�crvl-u or II r-
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drop� of olive oil and shaken vigorously a Iler \\ hich it ,,as observed for the formation of 

nn emulsion. 

3.4.1.4 Tc,t for nuvo1ioid,

Three methods \\ere used to test for the presence of navonoids in the e,1mc1. 

5 ml or dilute an1111on1u ,,as nddcd to a portion of un aqueous filtrotc of tl1e e.,troct 

followed by addition of I nil concentrated 11 SO, A }cllo\\ colouration tluu d1snprcnrs

on �lunding indicates the presence of Oavonoid�. 

·\ few drops of I�. nluminiun1 solution were added to a portion of the fillnue. A }cllow

colour:uion indicates the prc,cnce or Onvo1101ds. 

\ ponion of the c:..tmct \\OS heated ,,11h 10 1111 of ethyl occ1a1c o,cr u �11:11111 ,,a1er bo1h

for 3 min. l he mixture ,,as filtered and 4 1111 of the lihr:llc ,,·ns shaken with I 1111 dilute

animoniu \olution. A )'cllo,, colounuion indicates the pn.-scncc of !lovonoids.

3•4• I .5 TcM for 1crpc11oitl, (S:ilko\\ ,1.i tC)O

OS 
. .., � 1 or clilorolionn. ) ml of conccntmtcd 11 SO ,,a�· g or cxtrac1 ,, as m,:1. .. -u ,n � m 

Ctlr•' II . dd' h bro,,n colouration ol flu: intcrfucc 1111Jic111c:, th,:c,u ) ,tdlh:d 10 lorm a h1)er. A re 1s 

Jlr\.�ncc: ol tcrpcnoids.

l khccl dil'I 111 ln1l11cl· h) 11crllphhf\•111l11
·4,2 l·tcdi111t of rut,\\ Ith cl11Jlt,1crol-cnr 

� I• •ding l!"llllp� (/\, (3, ( and I)) nf M\ 1'111, 10
�4 malt albino nn� ,,er.: di\'idcd 11110 four c� 

• JI , ih.: ,a,� ,, ilh 1hc high li111d diet ,1,,1,r.Hng
l':i,h II) pcrlirid.1l!n1ia \\'ils indu,cJ b} Ice ng 

10 lhc lollo,, 111g rl!g1n1cn

,,J 
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Group,\ (nonnal con1rol): s1andard ra1 cho,, + ,,n1er only. 

Group B (negative con1rol}: high lipid dic1 + ,,a1er 

Group C. high lipid die1 10 1ng kg·' b.,,1 nqueous extract of P. a111erico11a (AFP·\).

Group 0: high lipid diet t-- I O 111g kg I b.,1,,1 n1c1hanolic C\lr.1c1 of I'. a111ericu11a (�1f P1\).

lhc n1111nals \\ere observed doily and ,..,cighcd \\Cekl) for eigh1 \\Ccks. \t 1hc end of the 

8 \\ccks feeding period, rats \\ere annc�1hcti1cd ,vi1h sodium pentobnrbitnl, I 00 n1g kg·' 

b.,,t (\\'nng c:t al., 200.J) Blood ,vas ,,ithdrr1,,n via cardiac puncture ,,hen animals ,,ere 

rendered unconscious under pcntobnrbitnl anncsthcsiu. The blood \\'OS collcc1cd in 

hcpann,scd tubes follo,vcd b) ccntrifugo1ion at 3,000 rp,n for 5 111in111cs at .1•c 10 

separu1c the plosmu. The pla�1no ,,as stored 111 clean tubes 01 -20°(. pending nnal}sis. 

0,5ml uliquo1 ol the ,,hole blood wns ,1lso collccu:d in hepnriniscd lubes for GSI IP:-.

,\tier s.icrilicing the nus, the li vers, hearts, brains, kidnc)� 11nd lungs ,vcrc quick!.)

C\cj,�• d r d · 1 h II d I 15 o, (,, 'v) KCI olution 1n onJcr 10 rcmo,c all troccs · "'"" an pcr,usc \\ 111 c I c ,o 

of hacnioglob,n. The ,issues ,,ere bloncd di), \\c1ghcd and stored al ·80
°

C penuini; 
,ft I 1. ·- nn:�cncd 111 10 'lo Fumuil s;Jlinc lbr... ,a )Sts. Sume ponions of 1he I\ er.. i,c .... r · 

tih101>athological anal}sis. 

3 '.J I iJ JCI.' hcpulololicll} ., I rcu1111c111 or n11, "hh CCI, 10 1 1  1 

f fr ·rlc-111111 lhin) (]0) albino r.,,� \\Cl\'
0 evaluate the hcp:11oprotc"1 i.,,c 111:111111 u 11111' 

,. of,i, (I,) rats 1.":1d1,�nd0ml) di\ 1dttl 1n10 11\'c trcn1n1c111 11niups · 

(i 
. 1 .. , .itcr ol'lllh li1r 7 da)�•oup I (nonnal .:0111rol): given d1�111 �.., 1' • 

< 'II ·J 1,:11cr fur 7 ,l,1,>,,
,roup fl ccc1,.,rca,�..i conlrol): givl'tl Ji,II c 
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Group Ill: pre-treated \\ith the slondard drug Rcducd}n at a dose of IOOmg/kg/da) orJII)
for 7 days. 

Group IV: pre-treated \\ith Al PA ot u dose of IOOn1g kg/day orJII) for 7 do}s.
Group\ pre-treated ,,ith AEPA at a dose of 200mglkg/da) orally for 7 do)s.
On the seventh dny, un11nals 111 groups II V ,,ere injected ,vith o fresh m1xtun: of equal 

\olumcs of CCl1 und olive oil (3mltkg. sc) hulfnn hour nfier the odminislrntion of the last 

dose of the pre-treatment drug/extract. R,lls in group I ,,ere 1njec11.'<l ,vi1h olive oil 

()nil/kg, sc). All animals \\ere star. ed oven1ight ,ind saerifici:J b} ccr. ical dislocation. 

Ulood samples ,vere collected by c-0rdioc puncture into pluin �terilc tubes and allo\\t:d 10

coagulate. The serun1 ,vas scpamted b) centrifu1111tion ot J,000 rpn1 for 10 min 01 .J''C, ,\

flOrtion of the blood \\Os placed 111 hcparini,ed tubes for dctcrminn11on of some

hacrnmologrcal par:uncters.

Aller �;1crificrnil the rut� the li\'cl"i \\Crc quickl� e,ciscd nnd perfused ,vith chilled I 15 �i
(\\(\') L·c1 I · • d all 1-c1.-s or hocmoulobrn. I he livcl"'I \\Crc hloth:d" so utron rn or er to n:rnovc · ,.. · .. 
Ill), \\cighcd and Morcd nt -80''C pending anuly�is. Sorne portions of the _liv >t

. 

�
"' Prc�rvcd in I O �'o Fonnol saline for histopathological anal:,.srs. Q

3··'-4 L\iraction or Li\'cr Liphh
� . c-c/:t• 

. I Ntvf-, W I • . thod ol l·okh ,,, 11/. ( 11>57) · � _ . · •1\cr lrprds \\ere c:1.1n1c1cd uccordrng lo lhc me 

1'rrrrci1,1c

1 he cxirnctron of ltprd� ,n organic ,ohcnh :ind the is b:i!>ed 011 ihc sohrbilil)

'111rnir.cibili1) ol polar and non,polnr "11vcnts,
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Procedure 

1 g of liver \\lls homogenized\\ 1th 17 ml of 2: I chloroform-methanol rnh.turu (,1,) for nfc\\ minute�. and then diluted lo n final volume of 20 nil. I he homogenate ,vns filtered
through a fat-free liher paper into a glass centrifuge lube. 10 ml of the crude e.\tract \\'as
llli>.cd thoroughly ,vith 2 1nl of \\'nlcr and the mixture ,,us ullo,,ed to scpuro1e in10 2
flha\es without 1ntcrfucial nun-by standing it for fe,, hours. As much of 1he upper phusc
:l\ possible \\as removed h) siphoning nnd removal of its �olutcs \\':ls completed b.}

rinsing the interface three tim1:s ,,ith smnll amounts of pure sol\icnt5 upper phnse in such

a wny U\ 1101 to d1�turb the lo\\'er phase. rhe c�:lmct \\'Ds stored 01 4"C.

3.4.s Pre11urntiu11 or·ri!.-;uc l lon1ogcnotc

,\ 10 'lo (\\Iv) honiogcnutc ,,us prcpnrcd from li\er kidnc) hean and lung nccorJing 10
the 1nc1hod of Yuan and Kitts (2003) Bnclly. I g of 1issuc \\'llS homogcni:zcd in 10 1nl of
icc-<old Ii . 

. 
b lli (S ,�1 Na IIPO, I" ,n�·I Nnll,PO�. 1.15 �. 1--CI, pit 7 4) omogcn1z1ng u er 11 ,� • -

nnd 
- . 0 - 1 4QC Ponion� of the homogen:itc were used ccntnlugcd nt 12,000 rp1n lor 2 m1n n 

fo 
. . rod 15 (mnlondialdehyde. conjugn1cd dicncs and

r rnc�unng the levels ol ox1dat1on P uc 
. 

. 
cd t •1 , stored al -IIO"C for analy�i!, of SOD. Protein Cllrbonyls). Another JlOnion \\llS 1mn1 10 c.: > 

t'A 1 and GSI IJ>.\,

10 Prepare.: the.: bn11n hon1ogcnotc, . •ubicc1cd to homogcniintion in I 0-1 g of 1,s�uc ''11\ ·• , 

foll.I \Ol•·m I Id O 'S'f suc;ros.: �olu11un.u C O ICC•CO ·- 1' 
1 he honiogo:nutc \\llS ccntrifut;�-d :JI

7
·'KM.J rp,11 for 10 min -11 O'C
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JA,<, Dctcrn1i11a11011 of lotul cholesterol
I otal cholesterol ( 1-C 1101 ) ,,us dctcnn1ncd cnz}moticolly using the n1cthod of Trindcr (1969), 

l'rinciplc 

lholcsterol is determined oiler enzymatic hydrolysis and oxido1ion. The 1ndic.i1or
quinoncun111c 1s forn1cd fron1 hydrogen pero.,idc and 4-am,noanllp}rinc in the pn.-senee
of Phenol and peroxidnsc.

Cholesterol ester I hO
Cholesterol 

-----.. Cholesicrol + ratty acids 
Fs1erase 

Cholcs1crol 
-----+ Cholcs1cnc-J-onc + H:O�

o,iduse 

21 I O · phenol
perox1da�e 

4-aminoantipyrinc ---- quinoneimine � HlO

11 • · n ·  II 6 8 o Jn,�I 4-aminoanrip,rinc, 6m�I
le reagent used contained 80011\I pipe� bu er, P · ' · • 

Phenol, 0.Sl, pcro,idose, O. l SU cholesterol csremsc ond 0.1 L cholc�1erol oxid.i.sc. I he
'"'111P1c cuvcuc contained 0.0 I , 
,, 

ml o1· 1c•1 ,.·1111plc to \\hich 11:is addc:J I rnl of rcui;c:111
I· 

s· 1 ly I rnl of rc11gc:nt ,vu, udtk'tl 10 0.0 I ml 
\\ Hie lhc: bfonl,: haJ on!) I ml of re.1i;cn1 rml or · 
01 M.indard cholc\tcrol (200 n1g/dl) in ono1hcr ,u, cue.
I he 

. •d rhoroughh 11111,J 1111111\c:J to fncuhutc for I 0 Conrc:nts of rhc cu, cltc\ ,,ere 1111:-.c • 

r h ··1mph: \\,I\ IIIC,I\Ufl'\J ·'l!·•in\l ,,,� n1111u1 
TI b orbancc o I c "' Cl Ill room 1c1npcnllurc:, IC n s 

. 
G 13 .l.c Dehn S('l:clruphn1nn1clcr re;i 

' 1 lelrus arnn i;en1 bl11111.. 01 Soo nm 1v11h spcc1rlln1c 
(' •lcutation

lJ,ir,g 11 �lllndard •
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Concentration ol C holcMcrol in �an1ple

11hcre •

absorbancc or sa,nplc 

absorbancc of' :.landard

A >1nplc 
, Cone of standard

J .. 1.7 l)ctcrn1inutio11 of high t.lc11,if) lipo11rurci11 cholc:.tcrol
lligh den sit\ lipoprot•' ·,n chol t I ( 11 DI Cl 101 ) d J , � cs cro - 11as crerm,nc occordrng 10 the
mclhOd f L 0 opcs-V1rclla et al. ( 1977).

l'riucir,lc

loii dcnsit; l1poprotcins (LDI and VI DI.) and eh; loniicron fractions arc prcciprtotcJ

'lllantitutivcl) by the addition of phosphotungsric acid in the pn.:scncc of ,nagncsium ions.

After ccntrifu�otron. the c:holcstc:rol conccn1m11on 111 11D1 fmclion which remarns in the

�u�mm.1n1 is determined.
l'roccd u re

lhc rt;igcnr u,.:d is mode up of o.SS ml\,I phosphotung�tic acid .111d 2� m\l mngncsiun1 
th10ride. 0.S ml of diluted precipitant \\US aJdc..-d 10 0.2 ml of �.1n1plc in D tube. Aller

'111.!iing thoroughly the: tube ,,a, .1llo\\cU 10 stand lor 10 1n1n11tcs 01 room tempcrorurc 

foJfc,11c11 bi ·ri . . ., i 1 12 OOO mm f11c resulting clcnr supcmotnnt 11us• ccntrr uga11on tor_ m nut.:s u , .,. · 
�led .. d . . 1. h I•· ,�rol content :i� ou1lincJ 111 5eclion J •I .6."" U!>ed for Jc1crmrn1111on o c tl •' � 

(· I a cuf11ti1111 

�nccotr,n1on ol I IOI.-{ 1101. ,\ ,.,ri, :.. Cone ,11 M,1nJ.,nl 
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11hcrc. 
1\sampk
/\ u:in,fard =

absorbuncc of sample 
obsorbance of standard 

J.t8 Dctcrnlination of lrigl) cc rides

lrigl}ccridcs 1veru dctenn1ncd according to 1hc colorime1r1c method of Tieu (1990). This 

lnelhod involves the 1neasurcmc111 of 1riglycerides oficr enzymatic h)drolysis 11ith 

lipase\. 

T ngl}ccridcs + I hO
Lipascs 

Glycerol + foll) acids 

Gl>ccrol-1- ,\ TP
Gi,. 

.,. Glyccrol-J-phosphnrc ADP -

GPO Gl}ccrol.J-pho�photc + 01 ---� Dih)droxyacctonc phosphate+ H202

211 O -l-urninophen111u11c 1- 4-chlorophcnol
POD 
_ .. .,. Quinonclmine HCI + 41-llO 

n1e ind· . . . . ... Ii 11 o -1-:1minophcna1one and 4-chlorophenol1cator 1, qu1nonc1m1ne fonncu rom i, 

undcr the catal}t1c. influence of pcro:-.ida!>C.
I• ruccdurc 

lh · f> • •. , ·nl u,.:J L'<llllllillL-J •10 n,�, Pf Pll.'i huncr,' ,ANoox ldt procedure 11as us.:d. I he rc.ii;c: · 

rr, 7 • ni:siu1n ion�. o.s n1�I -l•a111l11orhc11JLlllll!,6, .5.S m� ,1-chlorophcnol, 17 • .> rn\.l mag · 

I . • 1 .5 lJ gf) ccrol•J•phosphJtc 0:,,111,1\L'
1'11�1 ,\1 p ISO U 1· • 0-1 lJ ul\ccrol k11111�,. • 1pa,.:�. . " • 

I O O I nil of test �unrh:, 10 11l11d1 ,,asIii<! 0 � 1 · • 1 •11 •• conu11n1:t · . .., 1 pcro,1dusc TI11: •,an1r c cu, c � · 
,,,I of the stanJnnJ 1ritil) ,criJc � . • con1ai11.:J O.OI1 ml of re age 111. Ano1hcr ,u, cllc 

I I nil of the rcagcnr I horoughlolu1· 11 bltui� had 1111 ) 100 1111<.1 I rnl ul thL· ri:agc:111. ,c 
llli�rns "ll\ done and the r,·11cl111n ,n,,turc 

''" 

I al � fur I 11 111in11IL'S .11 ruorn
\\,t� incu , c 
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ll!mpcratun:. ·1 he absorhunccs or th c san1ple and !itandard ,vcrc rncasurcd against the reagent blank a t  500 nrn \\ ith Spcc1ronic [ I lclios Garnmn & Delta spectrophotometer.
Culculntion 

Triglyceride concentration
Aiampk 

\ Cone. of standard 
,,here, \ ,11,.nd.ltJ 

A1.1mpk nbsorbancc or snniplc

·\ 1••J.irJ .. absorbnncc or standard

J.-1.9 Dcrcrrn · 1· r 11111 1011 11 Lo11 tlcn,11) llpoprotci11 cholc,r,·rol 
LDI ·C liOI · concc111m11on \\as csti1natl!d according 10 the method of I rlcdc1,nld ,., al,

0 972> using the lonnula:
I Dt.-<:1 IOI fotal Cholesterol - Triyl)ccrides 

5 
- HDL-CIIOL

3.�.J u l) • . Clcr111111u11on of J?luco,c
GI lJco1.e IV d O d 1· · d 11' ctcnn,ncd uccnrding tu the nn:lhod of orhom on rin er (1972) U\ing
corn mere. I ,a k11 munuf:

1

ctun..'<1 b) R1\NDOX I ,sborotorlc, Ltd.. Crun11in. Unired 
Kingdom TI · · 00 It I h b · · tc RANlJO.X rc.igcnt is co,nposcd of: fluncr (I mn10 1. p 111,p nre ullcr, 
Pll70, I · • P 11:nol 11 nin,olif,): en/) ,nc n:agcnr (0. 77 mn1ol/l .t-rrminopheno1onc; I SOO UIL
�lueo . . .. , oe: 0lltda.sc; I SOO ll/L rero:-.idu..e); und glucose �,and:irJ ( I OO 111& I,)
,, r1ncif1ll'

'•lu · • I "d I h �o>\: 1s d · J · the prc�cncc ol II 11.0,c 11\1 u-e ,:
Clcrmincd olicr COZ)Ol:IIIC 11\1 allOII Ill

h)dro11cn Pcro"idc formed rcoclS, unJcr o:allll}�'s ol' rcro.,iJu,c l\ilh f'lhrnol nnJ ,I.
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ominophcna,one to lbrni u red .. iolct quinoncin1i11c ,, hich can be colorimc1ricall\dctcnnincd, 

Glucose+ 02 + 1120 GOD.,. Gluconic acid � 11,02

211. 0, t 4-orninophcnazonc .. phenol
Procedure 

POD 
.,. quinoncimini: + 4H10

1 ml of the ,vorkrng reagent \\OS added to 0.01 nil ol 1hc plasma and 0.01 ml of glucose
�landard, I nil or the ,,orking rcngcn1 ,vas token in ano1hcr 1ubc to scnc as blank. I he

contents or the tubes ,,ere mixed thoroughly and 1hcn 1ncubo1cd lor 25 n1inu1c� .it roorn 

lcrnpcrnturc. I he obsorbonccs of the standurd and 1hc plt1,n1a sa111plc ,,ere re:id against 
�aQcnt blank at SOOnm ,vith O s�ctronic' f lclios Ga1nn10 & Ochu spectropho1omctcr.
Pia srna gluco�c ,vas colculatcd thus:

Concentration of Standard 

\\here '

ilb�orb.incc of s3mplc 
ubsorboncc of ,tanJarJ

J.4 11 O I 
• 

ctcrn1l11u flon or 1111111 11r111e 11

'"1a1 . . Ii J so)·(UmforJ, 1976)Protein '""� dc11:nn ined b> the Br,1J or 115 

t•r· •nc111tc

11 
bso b:in,c llHl\llllUIII for ,111 ac1J1c•c 11..\sa) 11, ba,cd on the oh ,•rv:nion thal lhc a r 

Iii� 11111 111 ,:1•l'i 11111 \\ hrn hi111li11u �,1�llt111 ot,. U 11· I "lu·· t i -250 �hills lrorn' ,. . '-OOmw,�11: rt mn o � 
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10 pro1cin occurs Both hydrophobic and ionic interactions stabilize 1hc anionic fonn of lhc d}c, causing n visible color chnngc.

Procedure 

100111 of sa1nple \\as Luken 111 a clean 1c�1 lube. ro this \\as added 5 ml of Oradlord 
reagent and incubated 111 room temperature for 5 1nins. The nb�orbancc \\OS measured 111
595 nm \\ ilh n Spcctron1c Helios Cin1nn1a & Dehn spectrophotomcler \ standard
Prolcin soh11ion ,vns sin1ilurlv 1rcn1cd .• 

C:1lculutiu11 

.._0hsorbancc of sn1nplc 
t\bsorbancc of standard

x Conce111m1ion ofs1andard 

3.-1.12 Dctcr,11 i1111 t ion of a,pu rt ate u 11111101 ra n�fcnl\c

Aspanatc am11101ranslerosc (A� I ) \\'Us dctcrrnincd b, tlu: rnct 1 0 er • I oJ fR ·tnmn ·1nd Fmnkcl 
11957 

b RANDOX L:ibor:nories 1.!rd., Crumlin, 
) using co1111ncrcial kits m onuf:icturcd Y ' 

Unilcd Kingdom. The k11 contained t,\o rcugcnts:
kca 

pll 7 1 100 ,n�I f,·tl\p;1nutc,:? 111�1 u-
scn1 I :- I 00 1nl'v1 Phosphnt� bu Iler 

O\oglut.irntc 
kc.1gcn1 2·. 2 m�I 2. 4-dinitroplu:n}lh}drnzinc.
I' . 
rtnci11ll'

O-o)lnglutaro1c -+, L-a�pur1111c \ ST .. I .-ptu1.1n1.11c + o,11111.10:clllh: 
11.. 

. h., .J.J1ni1ruph1:n}lh}Jn11in1: I he n:,ultrni: 
'IC 0\nl .. , • ·1••<.f \\ II �, · 0JC4:w1c 1ha1 is (orm�-u t\ rcn� • 

. m-\urt'tJ b\ 1nor111nrtnp th.: 
h,d 

<.I I he ,\!'i I rs "' • ' r1u.011c 01 o,iuluacclatc b l11ghl) cnlourc 
Colleen, · J n.: fi,nn�-d r,,tron of oxul11,1cct.ih: h} rn111 

"''it ., tuu,l'
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0.1 ml of s.i111plc ,,ns added to 0.5 ml of reagent I (100 m\l phosphate bufl�r. pi I 7.-'.100 mM I ·aspanatc, 2 111�1 u oxoglutarntc), m1.\cd and nllo\,cd 10 incubate for 30 minutes at 37�C. 0.5,nl of 2, 4-dinitrophcn}lhydra,inc ,,as added, mixed nnd ollo\\Cd 10stand for 20 minutes at roon1 tcrnpcrnturc 5 ml of 0.1 �I NoOII ,,as added and ofiermixinl! thoroughly. the absorbancc of san1plc ,vns read against reagent blnnk allcr 5minu1c:s at 546 11111 111 o Spcctronic • f lclios Gm111nu & Delta spcctrophoturnctcr. I he
n:agcnt blank \\O\ rnade up ol' 0.5 111( of reagent I, 0.1 ml di�tillcd \\,l!Cr nnd 5 ml NoOl 1Culculntlun

The ac1i, II} or AST ,,as obtained fro,n the table pro, ided in chi! instrucuon manual for

3-�. IJ Dctcr111 ina tion of ulu11h1c u 111I 11111 n111,fcn,�c
lh 

( I 9S7) for the dl!tcnninarion of nlanine 
t mcthOd of Reitman and rrnnkcl

Dill' 1no1runsfcrase (,\LI) ,,u� udoprcd.
C 

d c nlin United f.:inydom \\as used.

0rn111crcial kit fro1n R.\NDO\ Loborntonc) Lt ·• ru, 
The kn contained t\\o solution\:
1 

� .,00 m�I 1.-nlnninc, .2 m�I
· 

Burrer 100 1111\I pho,phatc buffer, pi I 7• • � 

a-oxoglu1nmtc
2 Ill�! 2, 4-tlinitrophcnylh)drnzinc

U·oxo�lutnrutc • 1.-,llunrne
Al f 
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The P)ruvu1c formed is reac1ed \\ i1h 2, -1-diniirophcn) !hydrazine. I he resulting pyrU\"ttlch)dnuonc is highly coloured und Hs ubsorbancc a1 530 - 550 nm is proportional 10 theconccn1ru1ion off\ Ll

Procedure 

0.t ml ofsun1plc \\as added 10 0.5 nil ofsolu1ion I, mixed ond o/1011cd 10 stand for JOminute._ 111 37°C Then O 51111 ol 2 4-dinitrophcn}'lhydrozine solution 1\.:1, added, mixedthorough!} nnd incubated ut room 1c1npero1urc fc1r �Ominutcs. Sm/ of OA�t NaOH \\ru;added and the absorboncc of the sample ,vos nicasurcd ullt.!r 5 minutes ogains1 the rc,1gcn1blank (0 5 ml of solution I, O. I rnl distilled 11,0 und 0.5 nil l'-i:iOH), 31 5-16 nm in
Sn., I • k ,--,c ronrc I lclios C,0111111.i & Dehn spcc1ropho101nc1cr.
Cnlcufnt inn

The ac1i\ily of i\Ll in the sumplc \\'Us obtained from lhc rahlc pro\'idcd in the kit

rnanua1. 

3·�·14 l>l'tcrn1ina1io11 or olk:1li11c "'""l•hnll"c
,\11.iit 

,crcinl I-ii mnnufoctu�d b)
•nc-Phnsphcnn<;c (" I P) 1vns determined using co,nn 

I I C. O Oi ·rt k't contained
· agno)tics, Anaheim L 5. -\ 1c 1 

1 /\lkul,nc pho,phota\c suh\tn11c: J.6 n,�I S tuin · 00. ihvmolpth:ilc,n n1onophospha1c

in 0-2 ,\1 2 ·A1ni11u-2-111cth)l-l-prop,lllnl bu er; • 1 • ffi 1 0 n�I �l:ignc\ium chloride; pi I 

10.2 

. 1 dro,rdc u.J ,\I St1Jiun1
2 

·r· o I �I Sud1um 1) · • /\ll.nlinc phosphulusc colour de, clopi: ' 

t.lrhon111c 

3 AII.Jitinc pho,phntn!>C \U1ndnrd o.� m/,I 1 h I ·11 In 11.r,up;inolf h) 111Ulph1 •1 Cl 
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Hcacliun l•rincif)lc 

lhc alkaline phosphatase acts upon the -\�I P-buITcrcd sodiu1n thymolph1halcinmonophosphaic. The addition or an alkaline rc11gcn1 stops en1.yme ac1ivil)' andsimuhoncou\l} develops n blue chron1ogcn, \\hich is measured photometricall)Procedure 

o.5 ml  of olkahne phosphu1asc subs1rn1c ,vos dispensed into clean dry test lube, and equilibra1ed lo 37°(; for 3 min. 
,\t tinicd intervals, 0.5 nil of standard, control. and sample \\·os uddt:J 10 irs rcspccri\ c IC\Ilube follo,,cd b) gentle mixing. 0.5 011 of deioni,ed \Valer ,,us placed in another 1cs1 rubcfor rcagcn1 blank. I he con1cn1s of the tubes ,,·ere rhcn ullo,v1.'d 10 incubarc tor I O n1i11 a1

,\1 the end or the 1ncuba11on, 2.5 1111 of ulk.ilinc phosphatase colour developer \\Us uddcdl\i1h I 
I d. ·lo.,cd \\,I\ read ,II 590 n1n using

1 10rough n1ix1ng TI1t: absorb::incc ol the co our c\ c , .  
SPcciron,c• 1 lclios C.ommo & Dchu �pcc1rophoromclcr.
Alknhnc Pho�photasc activity \\a.S c::ilculatcd us follo\\S:
,''h5Qrbancc of ,amp Ill x C'onccn1ru11011 or ,1undunlr ancc o �tan iird

l.�,s l.l 
. ,.· 

· • c1crini11111iun orrotol b1hru.,111 
I . 

mcrciol kil� pn:p�n:tl b) I luman,
OIIII bi1il\lb1n ( rnt ) \\os dctcrnuncd using corn 

\\,�bad 
c · , ·11cJ•en, crrnan). I he (CS( kll CUIIIUI 

1 

• • • d JOO rn�l I l}dni.:hlllnc nc1d,
101.11 h1lil\lh1n rc,1gcn1 (TBR): 1-1 ml'.1 Sulph11111ltc n�, .. 

2
1-0 lli�I l::itte1nc, -120 111/1.I S11.Jiu111 hcn,oi,rc 

2 l-N11r11e reagcn1 ITNR) 390 ml\.l ',0Ji11111 ni1ri1c.
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l'rindplc 

I!' 1;rub,n , """ " ; tb u;,,, 01;,eJ ,u I plmn;, le odJ , o 1nm, n «'<l "" J l , . n,, n b sort,,," oftb" J>, " l-16 n ,n ; s J frc<t I) p mpo n; '""'' <o th, b; lfru Mn "'""" trodoo ;n , h, sam pie.

�O 111 ot 1 NR \\'11s added to I 000 1, I of I BR n1ixed thorough I.> and incuhatl-d fi.ir S min ur l'OOni tc111pc;.11urc, I 00 1tl ot san1plc \\,1s added 10 the mixture and olto\\cJ lo �,nnd lor 201111nutcs at roo111 tc111r,eru1urc. 1\ su,nplc blank ,vns prep.ired hut ,, ilhout I NR

• a:

,\b\<irbance or san1r,k \\us n1cu�ured uguins1 sample hlunk 01 5-16 nm \\ llh SpcctmntcI lrho, Gnn1111a & Dcho spcc1ropho101neh:r, 
Conccn1ra1ion 01'10101 bilirubin \\ll\ c.ilculutcd os lolloi,�: 
Culcul;11io11

llilirubin conccntrotion !mglc.JIJ "',\ '-'6 \ 13,0

(ing/dll, 17.1 !µ1110111.J 

3•4•1<1 l)clcrn1in111i11n or ruolondiuhJch) de
\ 

I J of Oucgt? .and ,\u�t ( 1978) li>r 
l�IU1Ji,1llf�h,dc ,,a.,, de1crr11ined h) the n1c1 u, lh 

\ lalondlnldch) lie, fom1ed from ihc 
'ob�bllurae acid rc.Ktivc ,ubs1nnces ( lll\l{S)

.. 
br 

. , . cnl ,ndt?, tor dc1cm11n1ng 
�1 . ._ 

• 
• •cs us u con,• n, 

"'-'O\Vn uf Pol} IHlS,IIUrDICd 1011) llCtds, ��I'\ 

. 
d . a) ,s 1hc mos« 

l l -

1 . barbiiuric act ,I\� 

•it c�•-nt . 
,· 11 I he t 110 

"' or the pcro,idation rc.ic 10 • 

• • wtm 
ri 

of lipid p.:ro.\ida11on ,,,, • 
ttquc II 

. . the c,1cn1 
11 ) used 1nc1ho<.1 fc1r dctcrnurung

lh • . ·ro,td:11ion 1hn1 n:�'15 111 

\ti1l1 .,. 
111Jucl ul ltptd p1; 

llui:,ldch)dc h.i_� hcc11 idcn1ilied ;i, rlu: jl 
lhio�b· 

, irl,ing 111 535111n. 
IIUr1c lleid lo yi,,: II red ,pl-Cles :11! t 
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Reagent 

The ..,g,n1 stock is rCA-TBA-1 ICI (15 % (w/v) 1dchlo'°"ce1ie acid, 0.375 % (w/qth1obarbi1uric acid, 0.25 N hydrochloric acid.
Pnx-cdurc 

1 ml of hiologrcal sample (plasma or tissue homogenate) ,,as con1bined "ith 2 ml ofTCA-TOA-HCI reagent and mixed thorough!) The solution ,,1,s heated for 15 n1inu1es ina boiling \\,1terba1h. Aller coolrng. the Oocculcnt prccipirare \\JS rcn1ovcd b}cttltrifug:nion at I 000 .\ g for I O minutes. The absorboncc of 1111: ch:ar supemornni i,ns

. '"'
'"�urcd against a blank th111 contains all the reagents n1inus the sample in a l)pcctron,c 
llehos G amma & Deft.a spcc1rophotomcter.
Calcufaliun

lhc 
• · 

f I 56 :-. I oi �f1 ,n1·1
"13londialdch}de \\as calcuhucxl using C.\linction co-en,c,cnt O • • 

J.t 17 1>·1 I . • d ., . 
• erm nataon or conJu�alt· utcnl-.

Con· . • . • L-d oi;sn) JcS4.:rlbcd h) llucgL' ond
�ug.ued d1cncs \\ere quantified b) u1c d 1cnc conJU£tll 

l\u\1 (1971!)
l'r111ci1,1�
I 

f ,he 1'111 A double bon,h, 
1J>1d "" .,. 

b reamingcn1cn1 o 
,--,.io>.1.,..11011 ,i ,1cco,npnn1cd > 0

�. 
b rb or '13 n111 ll1cn:forc, hr1J 

""'0U)::, lo I. .  
d J • � \\ hfch D SO -

0 1•11: furnu111on of co11Jugi11c ,en • 

hso,h;ln.:c ol c�lrDClcd 

llrio.\1<1at1 
b, 1····11rd1n" lhl' UICI� '" II 0n t.111 be US).l)Cd • •• D 

""1brllllc hp1di at 233 n111
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Reagent 

Th, "-'g<nt st0<:k ,s re A-TBA-II Cl (15 % (w/v) tdchloma"tic oc,d, 0.3 75 % (wlv)lhiobarhnuric acid, 0.25 N hydrochloric acid.
l'rocl!durc 

1 ml or biological sample (plasma or tissue ho1nogenotc) \\as combined \\'ith 2 rnl ofTCA-1 BA-HCI reagent nnd n11,ed thorough I). The solution ,,as he.11cd for 15 minutes in1 boiling ,,atcrbath. A ficr cooling. the llocculcnt prccipit11tc ,,� removed b)Ctnllifug.ition at I 000 :\ g for I o minuics. nu: absorbnncc of 1hc clear supcma1nn1 ,,asll 1'3sun:d against a blank 1h_a1 contain\ all the rcagcnl.'> minus tl11: sa1nple 1n a Spcctron,c 
11r e •os Gamma & Dehn sp1.-c1ropho1omc1cr.
Catcuf:atiun

. . �

The 
· , • m ·  fl56,IOs i\1 1 cm'1

malond,afdch)dc ,,as c-Jlcul111c:d using cx1111c11on co-e ,c,cnr O • 

J.,i 17 I> 1 • 
., · 

· 
l' c:rn11na11un of con1ui.:a11.-d urt•nt·, 

4111 . 
·J U!is:&) t.Jc�ribcd h.> Uuci;t' nnJ

JU�cd d1�es ,,ere quon1ificd by rhc d1cnc COnJUg;Jlt.: 
Au� 119711).

l'r1nti1,tt
t ,Ptd 

cmcnt of ihc l'IJI A double J\onJ� lll:ro.\1da11on t\ nccornp!ln1cJ b.) a �£ 
L... 

h .._ 01 , 31 nm t�tore, 1111 J
"4Cllr)u I I . 

d d � ,,tuch a so,., -0 u l 1c:- furrna11on of conJu�tc ten • 

ohsorhln"� 01 C'\lna.tt"ll

krul,dallon 1.:.111 be DSW)cd b) recording the ,ncn:;uc ,n
�brwic lr111ds at 233 n rn
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Procedure 

I ml of tissue homogenate ,,as n1ixed thorough I) ,vith 5 nil of chlorofonn. methanol(2:1), follo\\ed by centrifugation at I 000 x g for 5 minutes to separate the phases. �Jost of the Upper phase \\'BS removed by suction and 3 ml of the IO\\cr, chlorofonn phase orercro,cred. The chloroform la)cr ,\'as placed an u test tube and taken to dr)ncss in u ,v,uerh3th at -1°C The lipid residue in the test tube , ,us dis5ol\cd in 1.5 nil cyclohc.,11111:. and,L. 

• $ ' )'.

«11: absorbance ,,as determined at 233 nm against a C}clohe,une blank an a pcoironac Helios Gamma & Delta ScJ)\:trophotometer.
c:'alcularion 
TL-

1 I d usin•• o molar c:,.1inc1ion 
•11: umoun1 of h)dropcroxidcs produced ,,us ea cu are <> COc£lici�1 of 2.52 , I o' f\1 1 c,n·•.

J.�.Jij l>tttrn1 inu1ion ur 11ro1cin carbon) h
l'r 

•• ion ,,uh 2, 1-<linirropho:n)lh)dru.rJnc
°'tan tarbon.> I content \\'US dc:h:m1ineJ b.) the rc:."1 

IO�l'lf) :is described b, I e, inc .-, ul. ( 1990 ).
l'rl11cipft

• 

lh 
h free nu.heal rc.i�rlon\ 

1
' Ill.I) rs u� us lll1 1nd1cn1or of protein damnsc .> I� 

1h ., 4-d1nll1tlphl'n.> > t.uhon>I group reacts ,,uh l)Nl'lf 10 fom, c -· lh dm,one ,,ru�h 

can� lllt-J)UrccJ \f)C�tropliotomclrtCllll) Ill 37o nni 

he and �00111 ur 10 n1\I 
� I 

'lc;in dt) �-,,pcnJort tu 
1 r,f 1�c hornogcr1111c \\ s tnkcn 111

allu"rtl 1 , 
2 

oddnl I he m1�1ur " •�o",."1>n,>1Jo)dnuon, tl>'l'II)'" z M ll<I "'
""" oh " '"' •I 14 

tt r°''llJ tcn1ricrlllurc for I O m1nut I \,er� pr •r-• Jhc mp 
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10 % l<khlomocoLoc acid ('I CA). ccntdf u,cd ,t I 1.000 'l>m fo, 3 miouics. Th, P"llel """'""' "ilh I ml of eihonol-eihyl aec1n1e (I: I: ,•/,•) 10 >\!mo,e frw ONPI I o""'"'·,11,.,� lo siand fu, IO nunuics. lhc sumple "" oent,ifoged fo, 5 minu1es 01 11.000 ,pmnnd the supcrnutnnt \\as discarded. The \\ashing procedure \\as repeated l\\o times for ntoiat of three \\'ashes. I he resulting protein pellet ,vns rcsuspcndcd in 600 111 of 100 n11\I�lium hydro:-cidc solution. The so,nplc!. ,vere 1ncub,11ed at 37QC for 15 n1i11u1cs 10 aidJissolution of protein Sninplcs \\Cre spectrophoton1ctrically analyzed again�tcomplementary blnnk tn::atcd \\ith 2 r,.,1 IICI instead of D1\Pfl The protein carhon)'lslt,cl� \\ere calculated using n molur absorption co-cl1ic1cn1 of::?2, OOO ,\I 'cm ·.
3·-'·1'> De1t>r111inutio11 or glutnthionc
lh h· 

, t rendering GSJ I the 1no�1 

c: t 101 group 111 gh.ttnthionc (GSI I) is a poh:nt reducing ugcn · abun·' 
GSI I pla}'. 11 p,·votDI defensive role ng.rins1

u,in1 i11traccllulur small molecule th,ol ' 
o,ida · . 

,._ , • tlicals untl it., re, cl in the blood is 
h\c •nsuhs ns 011 cndogcnou, scn,cn�cr of ,rcc rn 

1 

. 1 . (Coop,!r and �ristol, 1997;

'ICrt\iti,e intl1cu1or ol n1111oxidan1 stntus in c,rcu auon �,c 
. . . the dc1oxifico11011 of o variety of 

niontc et a/ 200 I). It pl.i)·s its nnt10>.1dant role 111 
tl�tr h • . - i,, CiSl .ind GSI IP.,.

op •ltc cornpaunds and peroxides VHI calal) "5 ' 
l(td 

. ·ordin , Ill llu: rncthod of ncutlcr rt al.

blOod cell 1!lu1111h1onc ",1� determined (!Cc.: 8 1196JJ

II 5. S'-• • ho: fonn n I GS 

\ IIUafl 

• d blood cells I� Ill I 
) 1111 11011-1lro1cin :.ullh)dC)·I 01 re 

. Ill} rt·du,l-J d hfch 1� re.11 

011hi()bj 
. dbullidc con1poun '' '-2·rt11tobcn1oic ut:id (D fNll) 15 u 

. . 1 1 �rh.incc of lhl· 
..._ 

uon r ,c 111," • 
• , '�llh 

. culuun:d \clln,, or )dt)I cornpoun1.I\ li1ri11i1111 :1 h111hl) • 
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)cllo11 anion is measured colorimctricoll ., • . y at 41- nn1 8nd '" drn,.>cll) proportional 10 1hc GSII conccn1rn1ion. 

R·\11 + 011\ ly-� \'01 .,it_ �s '01

'\, oo· 
coo· 

coo- coo· lhiol 
DTNB 

I hionirrubcnzoarc 

o.,, rnl of distillcd 11atcr nnd 1.5 nil prccipi101ing solution (1.67 g glacial mctnphosphoricacid O 'O N ' ·� g 02r DI ,\, 30 g l\JCI 100 rnl d1s1illcd 1120) I\Crc addL'd lo 0.1 ml or blooJanJ n1ixed II luroughly A Ocr 15 n1inu1cs of incub:11ion at room rcmpcrorun: the rcoctronllli\turc 11 . . ., .is centnlugcd 01 3000 g for IS rninu1cs ,II 4 C.

21111
uro.31'1 Phosphine solution 1111d 250 µI DT'l.'B solu11on (200 ms in IOO 011 of 1 �11

lodiu111 I 
bi k 

c trnrc ,01u1 1on) 11crc added to 500 µL of rhe clear !>Upcmown1 '\ on 11,h
P1t11:1rcd IVith I inl phosphate solution, I ml distilled ll10, 0 .5 ml prccipi101ing solution
laj 2.!iO 111. D f'\,/IJ solution 1301h the blank ond �1mplc n:ac1ion n1i:-.1urcs ,,ere read
ar.ain11 .,. . 

• sf; 1 lcllos Gon1n1a & Dc:huui\llllcd 11a1er 01 412 nn1 ,n Spcctron,c 
'Phorurncrcr,
lllt.'il GS! 1 heart luni, nd lirnin) hJ the 11ns cs1irnu1cd 1n orhcr ris�uc) (liver. kuJnc}
'1lt11itiJ 

r 0 Sedlak und Lindsa) ( I q(il!).lt.J Ill or I . 0, ,\I I ris-f:I> I,\ hulh:r, rl 1112, O,•J 1111 he homogcn,uc \\II� aJdcJ ru I 011 of ·-2o l l l\t I I> I DI NU ,\ Iler JIJ n1i11111c� nf ""11b;11io11I,\. Jlll 4 7 li,lh,11, ed h) 20 111. I O 111� II rOurii d bsorh:in,c nf ihc ,u�n1111nn1 rroJ lern�r:uurc, the n1ix1urc 1,11, ct·nrrifugcJ 1111 11 
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•!'imt distilled """ " 412 nm, rite blank cont,1ncd I ml 1',is-lDl'A bufTc,. 0, 9 mlEDl',\, 100 µL di�t1llcd \\Jlcr and 20 pi O�rB.
Cakulutio11 

G�II conccn1ration = /\ n,111 V 

\\here 
E 11in,,, V 

A� absorbnncc of sn1nr,lc
. 

• I • I 
C\t1nction co-cnicicnt (13,600 l'vl crn )

V 10101 \olun1c of reaction 1ni,turc
1 ::: 'olurne of sample in the reaction 1n1 xturc

3-t20 ll•t · • · 
·1 

, cr11111u11ro11 or cu1ulusc nclf\,)ll!LJI ' . 
J ' . ,·itro rncllrod of,\cbi (198-n 

�'>l! ((,\I) ,,..us dc1crrnincd accordrns lo I le 111 l'tinci11tc
I 

• . • •bsorption ll"ilh dccrca;;ing
n 1h I 

• J ncrca,c rn u 

c u traviolc1 range I hO, 1,ho,,·s a conunua 1 · l\;i\cf1: 
be folio" cJ drrccl ) 

ngih. The dccumpo\ition of 11201 con
lbior1,;incc at '·'O 

. I . b,· the dccrc.Ji.c rn

_., nm. 

'11,0 C,\ T ::!l-l�O 01

· · 

-
• _ _:::;;,.;.;. __ ..., 

or the c.iwlu�c u""·11> • 
I he d 

. . • rs a m1:,1�ure 
lfTc�, 

. b ) •r unn lrme 
cncc rn a sorb.inc� ( ".\,\ •4,i flC l'r,J\: tl � 

llrc

fJ ·� 

I ml of ,issue ,nm " I o<>CIIIJIC. 
'i •f I ¾ J <itoo X-!00 '"' "ddol to 0.0 

•1,1 
• 

. d h�'tl 1hnr11118 )
·�1 d'f 

b Iler an m · 
1 uled \\ilh 1.9 ml of SO 111\t plu,,rhutc u 

J he 1ni\lun: 
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I ml of 30 nitl-11 hO, \\OS added to the final n1ixturc in n cuvcttc. mi,cd nnd the change in 

absorbJncc read 01 240 n,n for 3 ,n 1nu1cs in n Spectronic £ I lclios Gamma & Delta 

$pcctropho1omc1cr. 

Tbr activity of c:ualasc ,, as calculated using n molar cxt,nction co-eflicicnt of 40 �r'cni''.

3-tlt Dcter111i1111tio11 of glututhiu11c pcroxidu-.c acth ity

Glui.ith1onc peroxidase (CiSI IPx) ,vas determined according to the l V nu:thod or Paglia

illtd Valentine ( 1967) using the R ·\NSLI kit. 0 con,merc,al kit tor in ,•itro 1.h:1cm1inution

of GS!ip, in \\hole blood 1nanulac1urcd b) RANDO\ l nboratorics. C-run,tin, L nlled

Kingdom.

l'rinti11lc

GS( 
d • • d . In the pr .. �cncc of · IP\ C;ltolyses the oxidation of GSI I h} cun1ene h) ropcrox, c. 

'I t.:i h' . . h · , (GS5G) i� in1mcdiotel}c u 1 10111: reductase (C., R) and Ni\ D1'11 the ox1d11cd slutal ,one 
c0ri oxidation of N,\DPI I to 'cnt(f lo the reduced fom1 (GSI I) ,, ith u coni.:onutont

r-.;,,op 11. 
o · 1 ·a�ured,• 11c dccrca,c in obsorbancc ut 34 nm •� n c 

�Gs1' Roo, t

Gssc.; . ;- N \OPI( 11'

"'lll:ttJurc

GSI IP:1. 
ROI I GS�u I l,O

GR 
---- N,\DP' • 2C,SII 

IJ,,, 
10 Jilutinn) ,,11h - m . ., I of the dilutini;- mi 01 hcp:irini�cJ ,,hole blooJ \\as JilutcJ ( 1 :, 

. , , •rent . . d . pie ,�.,, u�" •d for the ussn), The .1,sa) 
llru�,t.11:J in the kit. 0.02 n1l of the: dilute ,om 

•. 11, 0 � u... 'I I l)f,\ -I n1!'.I c,s ' -'"1�1.ir 
- 11 7 ., 4.3 "'" c co,11nin�-J SO n1:\1 phosph:11c butle r, P ·-• 

Cl{, r, 3 I dropcn1).1dc•. 4 n1M 1':,\1)(•11 and 0.11! n1l\l cu111cnc I) 
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The content of the cu,·cuc \\lls thoroughly mixed and the initial obsorbancc of the s;implc against rc.igcn1 blunk ,vus 1ncasurcd al 340 nn1 ,vith a Spcctronic� I lclios Go1nrna &Delta 5(11:ctropho101nctcr. The ubsorbuncc \\US read again afier I and 2 minutes.
Culculatin11 

GSIIP, conccntro11on ,vos colculatcd using the formula:
u,1. of I lncmol} sutc 8412 >.. d0.D. )40n,n /n1in
II here, 

,\O.D,� nm /n1in - change in absorbnncc 01 340 nm per minute

3·"-22 Dctcrrninu tiQ11 of ,u pcro"\:itlc di,n1 u 111\c 11c1 h ii)

. 

s 
. J anti IISSUI:

Upero,1dc dis1nutasc (SOD) activll) "'0.S dc1crm1ncd rn the P Usina
hQmogcnates according to the mc1hod of \hsrn and frido, ich < 1972>·
l'ri 11c111lc

lhc 
. . • n lhc inhibitory c1Tcc1 of SOD in 

d\�a) of SOD "an indirect method ,,J11ch rs based 0 
llic i . 

11 I he u,idalion of epinephrine 
nn,a1 rate of epinephrine nuto-oxida1ion :11 L'l..:vntcJ P · 

,, fo 
on1c \\hich c,hibih 1111 ahsnrJll10n 

11011cd 1n tcrn1s of the production ol adn:nochr 

. ,� adrc11ochron1c. lhc
l ll3\j 

1 • nd R rcprcsc:n 
lllum 01 ·180 nm. If fU 1i· represents epincp irinc 0 

fo1J0�-

. ii mighl occur ul ug • mi: �ction\ rcpre�en1 1hc chain rcucuon n,; I. h pll·

l(lfz t Oi + I('

ltr r ,j. I lz()z

kriJ + ol ... 211·

• ,.., Ca)
IUI, + �1e 

____ ., Rll1 � 0/-f II' (I>) 

Ill r I f l10i (c) 

• (tl)R o1 t 211 

(C) RI 1,· + 11:lJJ 
.. 
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In this \\.J), one initiating event. here sho,,n as the univalent o:ddution ofan epinephrinennion b) a metal cation (reaction a) or by o superoxidc anion (reaction e), starts a chainr�-:icrion in ,,hich 0, is a propagot,ng species. It h, clear that SOD should srrongly inhibitthis mechanisrn. At lo,vcr pi I the organic radical generated by the initiating event couldk':IJ lo odrcnochromc forn1ution b) o scnc� of dismutotion rc:ic11ons such as:

Rlh'+Rll,

Rll'tRII'

__ ..,.,. Rib Rll4

--.... R-'-R1'2 

(I) 

(g) 

(h) 
In this case SOD could not inlubit adrcnochron1c formation. 1 he rcduct.-d nlct:il genl/rated
10 l"C.1ction (a) \\ould, in an) cc1se, be rcoxidiscd b) reaction \\ith OX)gcn.

(i) 

0, ·
. ·,h cpincphrint? os in

' &cncr:11cd by reaction (i) could either dismu1a1c or l\!act \\I 

TC;lction (c) (l\-1isro and fridovich, 1972).
1'roct'llur1:

0 0., 
od' carbonate buffer, pH I 0.2 to· ' nil or sample \\as added to J ml of SO ml'vl � ,um • 

u· . 
. . of O 03 ml of freshly prep:ired J

cq 11•bru1c. fhc rcnction \VU� initiuh:d b) the oddu,on 
lllM · 

. I • nuxture an qui " . 
d ·c• f) mixed b)

' epincrhrinc os the ,ubstratc 10 the: buffer �.imp c 

b 11 .• r O 01 nil of J ,nr-1 epinephrine
IO\�i 

• :d J ml of u C • • -on I he rcfcri:ncc cu,·cttc con1u1nc 
a:i.J O o, I . • 1-1 •11,·n:asc in· ' ll1 ol Ul�ttllcd \\lllcr. 1c 1 � 11 -180 11111 due to theabsorliani:c • 

. . tmnic,_ I lclio� G,1mn1n ,tllurcn....1 
., 3 niinulc>- 1n a Spt."C ·•,..; iromc forn1cd \\.1!. moniton:d for --

1�11.a 'J>ectrupho1omc:tcr.
(�ltuf 

� ..... , I r,,\ •nt · acti\ "" cnn be c,nrc>-"'--d u,:
1 11n:,cn,c· of '>(ll) 

•, I ' " 
"J I on 1n I 1c _ _

• nhib 1• 
�'.:'.��- �-��h�r1�n��-:'':''.::'11:_:':.:_�----

1 1011 I 00 • I 00 x _rn1c of cp11u: 

114 
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(Cinldbcrg and Stem. 1976)

rate of epinephrine oxidation in lhc absence of SOD

1 unit nl SOD activit>' - • - amount 01 SOD gl\ ing 50 lro inl11b1tion 
Un11�'v \\cl tissue - o,o inhibition

A 

' I , I 000 
50 11hcrc·' 

Ac-mg oft" issue 111 lhc reaction n11x1un:
1150 - con . . . vcrts to 50°10 111 h 1b 11ion 
1000= con\crts tog of \\Cl tissue

J,(lJ Dctcrin · • 1 1111111111 of glut11th1onc S-fr11111ofcr;"c 11c1h ity
Glutathionc S ·transfcrai.e (GST) ocuvity \\US assayed b) lhc method of I lobig et al. 
097-t) l�ith I ·Chloro-2, -l-dinitrob..:n1cnc (CDNU) ns suhstrott GS I 1s inl'Ol\cd in thedcto>.ifica li , 

. 
. . on of a \\•1dc vunct) of che,niculs. It catalyze� the nuch:oph1hc atlllck of

�hua1h1onc I on c cctrophilic s ub�trntcs, thcrcb) decreasing their rcacu, it)' 111th cellular
1113cromo1 I ccu C\ ( \rn1!>trong 1997). 
l'rioripfc
Gs1 catal)ic the conjugution ol l-Ch loro-2, -l-di11i1robc111c11c (C.DNO) 11' font1 2• -1·
dinillubc r11cnc. S-glu1a1hione \l'hich can be monitored spectrophotomctricall} u1 J-10 nn1.
l•r111:c-• uurc
I) • 1111 nf 20 llll\1 CDNO und I. 7 rnl or distilled ,1 atcr "en: 11ddc:d to I ml of 0.2 �I

�Pha1c b . _ _, 37•c 111r .5 minurc,. ·\lh:rurrcr Cpll 6.S), I he mi,turc wu, 111cuha1�v al 

�u� IUi!hon o 1111 01 �o 111,\1 c,sll 11crc utldcd nn, ' • I n1I or lls�ue homo11cn111c und O, I 
�1'tc.i,c in b . · , Snccrronie • llclios Ga111n1,1 �0 '°rb:incc "a\ rnunitorcd Ji.Jr 5 rnrnutcs using ,·-
l�lt:i 'Pl:t.t h . . .. I ·ularnl 11,11111 1hc c,11nd111n cuu rup <>ton1cter. fhc cnt)lllC ,1c11v1I) 11"5 ,a' 

HS 
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(C,oldberg and 51en1, 1976)

rate of epincphr·1 ·
d · . nc ox, u11on 1n the absence of SOD

I unu of SOD aclivu" f J a111ou111 o SOD giving 50 % inhibition
l nitslg \\et tissue"'�{, 111hibit1011

,\
X I '\ I 000 

11hcrc·
'

50 

,, '"mu oft" •. " issue 111 the rcuctton n1ix1ure
1150.,, co • . . . nvcns to 50°/o 1nh1bition
1000== converts to g or\\ et tissue

3·"'-23 Dctcr111i - 1· 110 1011 of J!lutathionc S-tra11sfcr:"c ncti\ ii\'
Glulillhionc <; 

• 

·lrnnsfcrasc (GST) acuvit) \\OS oss.1.>-cd b) 1hc 1ne1hod of I labig c, al
0974) \\ ith I ·Chloro-2, 4-dinurobcnzcnc (( DNB) os sub�tmtc GS I ,� invoh·cd in the
dcro,ilicaiion of a ,,idc ,uricty of chc,nacols. h catul}zes !he nuclcoplulic ouack of
glutarhionc on clcctrophilic substrates. 1hcrcb) decreasing their ri:.icti�il)' with cellular
"13crorno1c I • cu c� ( \nnMrong 1997).
,, . rincipl�
G\1

Q 
. lnl} ic, the conjugal.ion of 1-Chloro-.,. -l-dir11trobcn1cne (COND) to fonn 2. 4. 

d1ni1ro1>c '11-cnc-S-glu1:11h1onc ,vh ach can be monitored sr.cc1rophotomctrac;illy at 340 nnl.
,,� 

"ctlJurc

!I I 1'111
f ur2o m�1 CD'!l;fl ,1nd 1,7 ml ofdb1ilh:d ,,a1c:r ,,c:rc added 10 1 ml O 0.1 �I

Plio$,,,,. . 
\ l l  "'1c buner (nf 1 • • • h·t1cJ al J7"C tor 5 m1n111cs. , c:r,. 6.5). I he m1,1urc ''""' 111cu • 

"'tubation, 0. I I f io 10r,,1 GSlf \\l!rs· atJJL't.l nnJ1111 of 1is\11c hon1ogcn:1tc nnJ 0.1 nl O • • 
1ner t"4\c 1n tiL. • • • • �inu s .... , ironic I lclios Gamnrn .\: 1"'0rb.incc \\a� 11101111on:J lor S 111111u1�� 11 0 , •• 
l>t11ii 'flc(tr • , , 1 ulorcd ustnj the c\tlnc11nn tu;;Ophotorni.:ter. I he Clll.) 1111: UCII\ II) \\ •1' (II C 

l!.S 
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9.6 m�f1c1n I One unit of cnzyn1e activil} ,.,,as defined as the amount of enzyme 1h:11
c.il.11)1cd the conJug�1tron of I µmol CD�l3 per 1ninutc.
(Activh> µn1olcs of GSJ-1-( l)Nf3 conjugate formed /min/mg protein).

l.t24 lli�to11athological c,11 111inution or li\'cr

l.i\ers of r.tb fron1 di ffcrcnt groups ,verc perfused ,vi1h I 0�{, ncutrJI formalin solurion,

u�""r . n· 
. d •,- •c 11-.sue ,vns dehydrated and cn1bcddcd in por.:itlin. Pnrn 111 scc11ons \\en:. nia c

illld Miiinc.:d using hncn1atoxylin-eos1n (11&�) dye J'hc stained sccuons \\ere e,amincd

uodcr a n11croscopc lor histnp111hological chungcs in Ii, er archih:clul'\:, 1111d •heir

Jlhotoin icrogr.iphs ,vcrc token.

l.t2s St · -a11�11cn1 Anal) �b

l)Jta ''ere c.,prcsscd as 1nc.in ±. stundurd error of 1ncans (S I- I\I) :int.l analy,cd by

11113111• 
1. 1 diOcl'\:nCC of 1hc mean�• 15 or variance (1\ NOVA). Stollsllcnl significance O • •c 

\\as 
'd !<l rmi�iicalh signilicanl if evaluated by Student's t·tcsl OiHi:rcnccs ,,ere cons, ere: �' · • • 

lhc p ,aluc ,,as< 0.05,
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Cll \PTE.R FOUR 

4.0 EXPl.1{11\lRNTS \ 'ID l{ESUL TS 

4.I l�\pcrin1cnt I: Lipid lu,, cring uclh ity of uqucou� n11d 111cll11111olic lcuf C\tr:1c1_.,

or fl. u111C!ric,111<1 on dict-111duccd hypcrlipiducrnia in ra1,

lntroduclion 

ll)pcrlip1dnemiu 1s un importnnt risk fnctor in the palhogenesis of chronic Jegenenlli\c

disease s such a,; atherosclerosis, dinbclc.s and cunccr Cardiovascular disease b os,;ociu1cJ

1�ith elevated blood levels or LDL. increase oxid11tion of I 1)1., raised levels of totnl

th01�tcrol und triglyccrides ,,hcrcas O lo\\ level ofhigh-dcnsitr lipoprotcin (HDL) is n

ri,k factor for monnlity from cardiovosculnr disease (Criqui ,:t of., 1993. Rohman and

l.o,,c, 2006) A logical strategy 10 prevent or treat .ithcro�clcro,is nnJ r.:tlucc the

incidence ol cardio\ .isculnr disease cvcnts i, 10 111rgc1 the h} pcrlipidoeniio b) diet ond'or

hpid.(01,cring drugs (I u Ro�a L'I "'·• I Q90). Cholesterol lo" ering ngcnl� �uch os s1u1ins

astd ltbmtcs have dc1nonstrntcd great cflicac) in pre,cntion and cessation of the

Proi!ICSl.ion of otherosch:rosi�.
�IUd1 · . . f fi · d ,cncl:lbles hl\\Cr.> lc\'cls of

�"i '" Ni1,1crro hnve sho,vn 1ha1 consumption o nuts on ° 

l-Ol.11 eh 1 - ·u . .. of card1ov,1sculnr rhk0 c�tcrol and triglyceride� us \�ell us reduce inci cncc 

f�1ors f . / 1998: I lung ,.111/., 200-1; UJctoln ,., "'"
11 ll'IUJor chronic diseases (£·a1no<lu ,·tu 

2004. I\·' ' ucba\\n ,., ul., 2006 Odc1olo ,·t t1I 2006).

I h' • 11 • �- o 1· aqucou � onJ
1, c>, · _ • 1· 'd·l ,,cnng prupc •�, l>Cruncnt ,,as oin1ed at cva1L1aung 1hc 1fl1 0 

lllc1hi11or 1c C\lrocts of/' ,1111,·rlranu.

l'r,,ctd Ure

lf)Pt I • Jc,�ril>c1l in ,�d1011 3.•I :!
1 'P11.!acm,a \\,1, induced 1n 111nh.: ,1lbn1111111� .,s

H1 
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Male albino ruts (24) ,,ere di,idcd into four feeding groups (A. B. land D) of six ruts 

�h Group,\ ,vas fed \\ ith standard r.ll cho\\ ond ,voter. Groups B 10 D ,, ere fed ,, ith 

the modified diet und \\'Utcr to provoke hyperlipidac,nia. Jn addition. expcrin1entul group 

C \\.ts treated orally ,vith aqueous cxlrJct of P u111erica11u (.·\cPA) at a duil) dose of 10

mg kg'' b.l\t. Similarly, group D \\US treated oroll) ,vith methanolic extract of P

om,ric:1111a c�,r P-\) at a doil) dose of 10 mg lqf' b,\\t, Rats in group B rcCCI\Cd no

llt.ltment and ser ved as negative control. The animals \\ere obsencd cl.iii) and "cighcd

\\cckl} for eight \\·ceki..

,\1 tl1 d · ., ,,,·r·· anocsthct11cd ,, ith sodiun1 c en of the 8 ,-.cck.., feeding periou, ruts � � 

J>cntobarbitul. 100 mg kg I b.,\t (\Vung 111 t1/. 20D.i).
OIOOIJ • I 'I\: rendered unconscious ''as \\'ithdru ,vn via c:irdiac puncture \\hen un1mu s "" 

Ullder flciuobarbitul nnucsthcsia The blood "as collected ,n hcp,tnn,sc IU . . 
. 

·d bes lotto,, cd

b1 
. 

,, 1• the plu�n111. The ptusrnu • tcntnfugation nt 3.000 rprn for S n1inutes at 4 C to scparo c 

\\a\ �tc ,., · I 1r1:u in clc.in tubes at -20''C pending nna ) sis. 
IO • 'd hcan nnd lung. Onc-11). I S 0 

'" i,,r, l homogenate \\U� prepared fro1n hvc-r, k, nc), f 

f . • b ...,, (8 ml\l No,I IPO,. 121l\uc ,
• 

. • Id I oucn111ng uu1:r • 
Ill$ homogen11ed in I O ml of 1c11-co iom ., 

rn� 2 000 rn tbr 20 min nt -l C·1Na1t,1•0,.1.1s%KCl.pll 7.4)undccntrifugednt I • rp 

13 l"- 'l,cd in �ections 3..1.6 t(l .'.l -l 
•ic l:tri b "'I ed o, dc�.:ri ous 1ochcmicul par.1metc:-rs ,,en: 0�-. 

. d nc as d�1nikd in i;cc11onlli<l thc I. 
r I rvcr �c<:IIOIIS ,,.1, u ll\lopathnlogical examination o I 11: 1 

l.� 24

UV 
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Table I sho,,� the n1cnn ,,cckl) \\eights of ruts 111 the lour group� n1c bod} ,,eights of
lhe rats in all the groups increased throughout the stud) period. l lo,,c,·cr, bod} ,,eight
flin \\:IS higher (p<0.05) in lhe h)'perlip1d11c111ic ruts con1parcd 10 normal control during
the lir.t \\cck. \lso. bod) ,,eight goin in the 3' 1 and 8th ,,ccks ,vos signilicnntl)· (p<0.05)
1011tr m \LP·\ and !'vl[P1\ tr..:,11cd ruts (Groups C and D) compared 10 h)J);!rlipidac,nic
control (Group B). lhc o ,  croll body \\'eight goin per cent for rots in �roups ,\, B. C. and
D ii ere I 3-l %, 132 %, 80 '1/o and 74 °/o respccth cly sho,,.ing that there ,,as a dccre:isc in
lhc o1ern1t body \\C1ght guin in ,\l!P,\ and �HJP,\ treated rJb con1pareJ ,,•ith
h)f)(rlipidacn1ic control.
The Ill. 1· d I . I I 'd d'ct (Groups U - D) \\'OScan ivcr ,,eight of rot� 111 the three group, fe 11g 1 1P1 1 · 

l1£Jlili . 1 • 1• • 11 of normnl control nu,.ic.int Y higher (p<0.05) compurcd \\ lth tht n1can 11 er \\\:lg 1 
�n ,\ er· . , . 

•n, • 'n the mean 1i1-cr I\Cl£hl Of ,. 1!!, I), I here ,va, ho ,1cvcr no s1gn1lican1 d111cn:ncc 1 
Ills f d I 1r ·alt.-d 11ilh \LP,\ cd high lipid diet (uroups U, 7.-15 .:t: 0.97 g.18 i,ccks) an 1 10,e " 
Ind .\11::1•,\ (Groups C ond I), 7.43 .. I 57 nnd 6.119 :!. 0.60 g.!8 ,,ccks r .. -spcc1i1cl} ).
l lbte , .- , in the tour c:-.perin1cn1al" �hoii\ the bruin, kidney. hcun. ond lungs i ,cighl 
ttou . . ,,.:, hi nfr,il� 1n:Jtcd with \FPApi S1.:i11'lical anah ,i\ indicate'i 1h01 1hc mean bruin 11 
lJld .\ , 

• 
,. 0_1 , rc,pccu,cl} J ore i;reatcrH.r A (Group C and D, 1.60 -i· 0.08 and 1.57 - U. I.! 

'1><1105 • h crlipidacn1lc c11111rol ruts (Groups) th:in !he 1nc.in bruin 1,cigh1 ot normnl und > P 
,. Ind . , , rlu: n1can lung.� 11 t'ii;hl ot the ru1s13· 1.-!0 1 0.12 11nd 1.42 t 0.08 S n:�p"-cu1-cl)) 
r,,,..,.. . lun"" \I eight ol ·-cci

I • h ·r thon n1,·.111 .,... 
wii1t AL:l•A ruuJ l\,ll·PA CC.roup1,, c· url<f l)) \\,I� Ill! � • llr..... . I h re \\(fC no !oll!IIIIIC.1111�,1111 llrld G ups ,\ 111111 0 I, c 

h} r>crlip1d:ic1nic control rut� ( ,ro · 
1 1 1 0 !iiif,.,�,, 

\ I) ( 1111.I I>. U l)J, I. . ""'"11..,s, d .. , < t ,routl' , · • •Oc�ccs In the mcun lddlll') \\Cll"11 u· ��, ... + <>',\ 
" 0-
..... 
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t O 09, 0.83 t 0.10 nnd 0.80 � 0.14 g rei.pectivel}) or hean ,,eight (Groups . \. B. C and
D· 0 53 .i: 0.14, 0.53 :I: 0.07. 0.55 ± 0.07 and 0.55 :i: 0.12 g respectively) a111ong the
groups. 

figun: 2 sho\\s plosn10 T-Ct IOL conccntra11on in rats across the four groups. Plasma ·r
CIIOI concentration ,vus significantly (p<0.05) clevn1cd in  rots fed high lipid diet
(Group� 0, C nnd D'. 95.01 :1. 16.47, 87.03 • 17.07 and 90.62 :i: 20.7.2 ntg/dl resf)l!Cll,cl))
compared ,,1th rots fed standard rut cho\\ (Group,\. 50.72 � 2-1 15 mg/di). I here \\OS no
51�1ficant (p,0.05) ditTcn.:nce in the conccntrnuon or plasma 1-CllOL omons Uu: rots
red hi11,h lipid diet (Ciroups B, C and D) IIO\\l!\er. the h) perlipidaem1c. control rals

!Group U) l l c 1101 thnn the mts tn:Jt\.-d "·ith s lO\\ed remarkable 1ncrcusc in plnsmn • 
A�l',\ ., \ ilnu -�IPPJ\ (Groupe; C nnd I) rc�pectl\cly).
l'�rna l IDL C . 'ficuntl , (p<0.05) lo\\cr in the • I IOI conccntrn11on ,vos s1gn1 1 
h)IICrlipiducmic control rats (Group 8, 7 72 :i- 3.28 rn!!fdl) contpnn:d ,1.ith nonnal control

'its ( . 
3P J �IEI,,\ resulted 1nGroup A 16.35 ± 7.72 mg/dl):l'rcatmcnt ,,rth ,\l '' an ' 

t� 
• ,1 • th:in the h, pcrlipidm:rnic1111011 or 111.>L-CI IOI 10 values significant!) (p<O.OS) lug icr • 

� g/dl rcsp,.-cthcl)) but 11111 trot (Groups C and D 14.31 :t 2 29 and 12.9·1 ± 4,3-1 nt 

llg,iific;i I I control (l'il(. 3). 111) dillcrcnt from the , ahrcs in the nomiu 
I 1�ur1: . • ,des rn the four c:,pcrin1cntal group�.1 )ho\\!> 1111: plosn1a concentration of trr1;1lyccr 
1'i.i1m O 05) in rub fed !ugh hp1d J1�t4 trigl)cc:ridc, conccntrotion ,,as incrca,cd (P" · 
«>rnPa 'll \Fr,\ IO\\Crcd (p<O.OS) plu.,n1.1r

c:.J lo nonnat control. I lo\\cvcr, treatment \\I 1 ' • 

1 I I the ruts tn:Jh:d \I II 1lltl)ctr,<1 . • ic contr'11 nits. ,\ ,o, 
C) compurcJ 11 irh the h> pcrllp11Jncm 

J �lf.J> . I n n11rm11l control rnts ,1n rah
,\ h,., I . •ntr.1111111 t ,o "" 11thcr (p"'0.05) trigl)ccridc� concc 

It� \\111t Al I',\
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Phuma LDL-CI 101. conccntr..tLion \\DS increased (p<0.05) in the rots fed high lipid diet 

(Group� B, C and D: 80.01 ± 18.37. 64.54 ± 17.76 and 64.13 ± 19.41 mg/di respcctrvcl.>) 

comp.1rcd ,vith norn1al control m1s (Group A 18.87 :t: 15.59 mg/di). I DL- Cl IOL 

conccntralion \\!OS not significantly (p •0.05) different arnong rati. led high lipid diet,

although the h ypcrliprdacmic control r..11s (Group B) c:-.hibitcd higher lc\cls of plnsma

LDI.-CHOI than the treated (fig 5)

LDL-( I IOI .. HDL-CI 101 rutio (.1 useful rndc, of 01hcrogcnici1y) \\OS highe5t in the

hipcrlipidacn1ic control ruts (Group B. I 1.81 :t: 4.85) and le&l ,n the nonnal control rats

(Croup A. I 50 ± 0.87). Inter-group con1parison also shO\\s tit.rt the LDL -Cl IOI I IOI •

Cllot f'lllio in the h} pcrlipidne1n1c control rats ,vu, signilicnntly hi8hcr Cp<O.OS) thon in
lhe If rt.I CJk ... groups (l·ig. 6)
lablc 3 \ho\\s the li\.er I-Cl IOL, 111)1 -tl lOL and IC, conccnrnllrnn� in r.rt, ,,cn,ss the
fou , . · d (p• 0 05) Ill nllS fedrc,l>Crtmentol groups. I.her T-CHOL conccntn111on \\US nusc 
high I' . 3 23 19 .ind 610.30± 17.651P1d diet (Groups O. C and D 655.65 l. 27.38, 6 I G.<I -.1; 

lllrJdl 
. . I s (Group,\, -17.53 * 3.03�\flec11,.c1y) comp.rr-.:d \Vith the normnl contro rot 

lllgldl . . . . -Cl IOI. and rG concentrations1· Sirrutar paucms \\'Crc observed for h\cr LOI
II · 

O.OS) 10 the h.> pcrlipidacm11:o1o,C\cr. hepatic 11D1 .( 1-101. conccn1n11ion \\.J.S lughcr {p

G O•l..,•11-tl.76t0ntro1 (G f>A I ·.itc!d ruts ( n1up . �-
iroup D, 11 67 t 1.52 mg/di) and l'\.1I n: 

lllg.,111 S 11 ± 0.7:S m!lfdll) tornPllred 10 nom,ul con1rol rots (Group,\, • 
n: lht . I four c,pcrinu:ntDI groups II 

rn1:an I . of r.,1, ,n tu: P usma glucose conccntnJllons ' 
f,:tl hiuh d-

<) incn:1bcd HI r.115 � c '"'P1Cltd 
� • , licnntly (p<=o.o., •n r 'l!urc 7 l'li1sn1a glucn�c \,,is �,gnt 

, JuccJ ,1I \ I I' \ 1111d � II I ,\ in tpjd diet I re 111111:111 \\ ith ' Compared ,.,,i,h nonn11I c11111rul. ' 

... 
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rcJuc1ion ( 16 °10 and 11 °/o respcctivel)) in plasma glucose of 1rcu1cd rats con1pal'l!d 10 the 

h)pcrl1pidacn1ic control. 

The ac1i, il> of a�punntc ominotrnnslcrasc ( -\S I) in plasrna of rats i s  sho,, n in Figure 8.

llt� decline obscned in the uctivity or plosrno ,\ST in rats 1rca1cd ,vith ,\l:P1\ and i\lFPA

(Groups C and I): 31.20 :z 6.62 and 36 83 ::1; I 0.54 U/1 rcspcc1ivcly) ,vas 1101 significant 

(Jv0.05) compared to the hypcrliprdacn1ic control ruts (Group B. 42.48 :i 6.98 U/1) and 

nonnat control (Group -\, -I 1.27 ± 9.52 U/1).
l'lasma Al T activities in the four groups of rnl)) arc sho,.,,n in l·igure 9.  ,\LT acti, ity ,,ru.

lo11cr (n<Q OS . . . ( 17 13 ±., J'l) compared 10 -\1.:P,\ and,. · ) rn lhc h) pl!rltpidoen11c control ruts • • -· -
\l[P,\ treated (42.0.J :I: 5.8: 44.25 ± 3 75 rcspcc.11, cly) und nom1nl control nu, (J0.20 :t

1 08) 11 05) · \I r oc1ivit) in ,\l I'·\•· · 01,cvcr, there ,,a, no s1gnilicnn1 diOc:rcnce (p>O, 111 ' 

lild \I[ 111\ lrcuted rats co1nparcd \\ ilh norn1ul control rots.
lhc'"' H & 1 dye un: us sho,, n 1n Plates

1"0t01nicrogmph s  of 1he liver sections stained \\'rlh • 
I � I bulor �rch1tecture ,, hih.: full}1 he liver of rots fed �,:indard cho1, It.id pre,en ed O • 

t�t 
. 

. . . d diet. r he folly changes \\-ereCS \\ere observed in the ltvcr ol ru� led high hpi 

lllost �ere in the h) pcrllpidacn1ic n11

tonr1u,1on
.\d,., • ·n bod.> ,, eight jplin ( 1-1 untl

"'1111 1 • d · 11 �ducuun 1 
1 m11on or ,\EP,\ and :\.lf:'P,\ rcsultc 111 . . 

25., I It could !le 111111 the cxtr.1sl
Te 1........_ 

• 1• . dac:inic contro , -·....-c1tvcl)) cornp:ircd \\ 11h the h) per 1111 • , a'"" • 1111:1'\!h) �Ull\lllg 
.,.,� udiposc: ussuc

lhc c:uaholrsm of lipids :1ccurnulatcd 111

�C.t\c rn bod> ,, ciHht.
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Ho11cvcr, adn1inistration of ALPA and /I.II PA lo\\ered plama 1-CIIOL in the treated rats
sugge�ting that the extracts possess h}pocholcsterolernic efTect.

llm1c1er, treatment of rats \\ith AFPA and �IEPA elicited signilicant restornuon of 

IIDL-CIIOI. in the treated animals co111pnrcd "ith thi: hypcrlipidaemic control. This ma)

lfflc to protect against lipid pcroxidntion and development of otherosclcros,s.
The aqueous extract alone ,,·as uble 10 lo\\ er triglyceridcs 1n rats fed high lipid diet
lln>bably b} suppressing synthesis thus suggesung that 1\I'P1\ could be used '"
aiticliorating hypcrtriglyceridemin.
The 1011cring or LDI .-CHOL and the index ofnthcrogcnicit) b) ,\LI> \ nnd ,\ILPA in this
!lud1 Id . . h d, . I nu:nt of atlu:n.l,,leros1s 

· cou represent a protective mechanism ago,nst t c e, c op 
lnd this could account for it, use in cthnomedicrnc for the treaimenl of hypertension.

. 

h COUid 1..,
1 . • re proncrt) ,n rats. uc concluded that />. ""'l'rh·,J11u ha-. h)·pog )Cc.:nr ,. 

lrca . · •fTcct on \Sf and ,\LIl1ttcn1 \\ith Ar PA and �lEP,\ did not have s1gn1fie.1nt e 
ltti, iti 

·II tolcrotcd b) the nnimalsC'S •n the rats �uggcsting that the treatment iiu, ,,c.: 
l1tai 

11 t change) COU\ed b) thel'llcni \\ith ,\I l'A o.nd MLPA aniclloroted the sc,erc •11 > 
b,Pl I • h r "i.l fo11cnns elTcct ol ihc'Jlld diet thus pro, iding .i �upportrvc: c, idencc: for t c 1p1 
t\lracts
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TAOLI: I: �lean \\cckl} bod) ,veigh1s (g) ofra1s fed high lipid diet 

\\'eel A B C 

6S.95 · 3.46 65.88 :1: I 1.23 93 13 ± 9.62 87.37 ± I 1.01 

69.52 :1.. 7 .80 77.95 ± 13.89· IOI. 99 :1: 12.30b 95.64 t 9.18b

81.-15 ... 6.93 108 10:1: 10.40 
• 

85 12 ± 14.61 11-1.16:t: 1-1.24 
l 90.13 ± 8.6-1 94.20 J: 17.341 117.62::: 15.12b 111.41 :1: 10.-10�

107.S8 :!: 9.59 97 . 1 9  :t: 15 52 124 20  t 16.19 112.89 C 25.82 

123.82 * 9.46 115.24 ± 17 21 134.9::?± 19.99 124.45 ± 27..J-l 

6 lJ5.8) :t 6.84 152 86:: 2-1.72 1-11.53 ± 29.88 125.27 i: 19 .60 
7 1-41.31:t.7_37 160.18 -24.65 I 50.55 30.11 135.60:!: 16.54 
l 

167.56 ::t: 25.74� 152 15 i. 29.93' -_!54,1) ' 9.50 152 59 ::. 20.801

\11UC\ \ ll
Uc., 

arc C\prtsscd ns means± Sf;�I tor \ix rnl�. 
,\ rtd 1"°

1 5li.1nng II common superscript dillcr ,,gn,fic.a�tl? 31 _
p< O.OS. 

k -1 b.wt ,\l:P·\ ll
l:d1i;��-cho11; U, fed high lipid dicl c fed high hp1d diet+ 10 nig S 

llld d1c1 + 10 mg lg I b.111 �IEPA dail) 
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/ . .  ,·tu.1 -· ,\1,'DII ..,-��IIJhl (1.tJ ,,, /...l,ft,c�'· lttn�,-. J;c._•ur1 &utd hmin nt'rur� tt;;',J lu._ih llpiJ dtc-r 

,\ 

Kidnc, • 0.93 ± 0.0.5 

Lung 0.76.i: 0.03 

ll�n 0.53:: 0.05 

Br:iin 1.40::: 0.04 

Grour 

B C 

0.88 · 0.0-' 0.83 .., 0.04 

0.12 :!: o.os• o 87 ± o.os"

0. 53 ::: 0.03 0.55 ..t 0.03 

1.42 - 0.05' 1.60 :1: 0.03� 

VDIUCl, arc �n:i.� :u mc:ins-± S!iM for.:, rals. 

D 

0.80 ± 0.06

o.9o ... 0.1 o
b

0.55 ± 0.05 

1.57 :1: 0.02
b

Value,. not sluring a common )UJ'Cl"SCnpl d11lcr ,illJlilican1ly al p< 0.05. 
�. fed SlA!mrd chow; ll. fed hish lipid d,ct; C ft<! hist, lipid dicl + 10 mg kg'' b.w1 AEP.\, D, fed high lipid d1e1 + 10 mg kg·' 

b."t t--lEP.A lht1y 

95 
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1}\l)f,f 3 l:fl'i.•.:10(11qu,·ou, and mct/1a11,,1; •. 1,·arc.�rr:ict,; of/', tJn11·rit'""" on li\cr 101111 cholcsrcrol. 
hi!=h dm�it., lipop�,, .. ·in clto/c,.r.!n>I ;1nd 1ri£l)ccridcs (m}!o'dl) rul.\ r .. -d high lipid dicr 

Croup 

u 

T-C.IIOL 47.53 ± 3.03 6SS.65 27.38' 

LOl,..CIIOl 35.15 ± 3.89 5::?9.G.i ± 18:73' 

lll)L-CllOL S.11 .t 0.75 11.67 :I; 1 52• 

TC 36JO± 3.SS 1021.98:: 59.131

Val� nrt: c.-q,rcsscd Ill rn=m f SEM for six rllts. 
• �,�fr.aulll) different from nonruil cooirol (p-- 0.05).

C D 

616.•13±23.19' 610.30-17.65" 

415.54 ± 19.91' 416.28± 3.62°

9.68:: '.2'33° 12.41 :!: I 76°

739.65 ± 65.521 
787 .21 = 76.79" 

A, fed st�d cho\\·, U, fed hi£h lipid die, C. fed high hpid diet +- 10 mg kg'1 b.\\l AEPA D, fed high lipid diet+ ·  10 mg kg·' 
b,\\l i.,EP.,\ d:lil), 

96 
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itrd 111;cunil) fronr nomi9l co1,1rul er O OS) 1 

� 10 mg 1 ,.��" 
U. furl• hp11J Jlc• r h ,1111 JipiJ d1c:1 � 10 11111 � h \\I ,\I l'A I), hlch J,p!J

--t; b. \\I \11 PA 
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n lilts fccJ hil!h lipid ,Jtct. 
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' ... ,.,, St,,,,, means *" s 
A "'QliQ!nu 

1.�1 fn 6)
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l'Oproicin cholc.stcrol in ruts fed hish lipid rJ1c1 

\'ai • �lltc • S g,,·
r. 

mc:i11s J:: SEt.1 (n • 6) ,\ �tarJlly diflcrc:nt (p<O.OS) 
�lti • JO rn 

�1 c�o" ll l:ri;Ji lipid drct
t: '-s b "l ,..,rrA. 

c 1 £11 Jipu.l diet-+ 10 rnc 1-&' b 1" \l'I',\ D, tiish 1111,J
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l'btc 1 • t • • -1\Cr !>t: r' 
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• . 

tlorrna1 he: 
c ion lrom normal ro1 :,ho wing prc5crvcd lobular ( t) arcl111c:e1urc "11h

patocyt� (H&E, x I 00). 
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�l lei • f.111a- SC:C:( f 
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Ull) eh 
ion ro111 h)pcrlipid:1ernic ml 1rco1cd \\11th ICI ffill kg b. ,,1 ·\IP \ ,,i1h

an!!c (++>II t&r. x IOOJ. 
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Pl31c 4 l l\·cr · 
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lllodcra1e � �lion from h)pcrlip11Jucnt1c rut 1reau:d ,,,1h 10 mg kg' b. \\l �II I'·\ 1,i1h

any cllongc <-) I I l&E, 11 lf)OI, 
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tl F:,pcrinicnt 2: ,\ntilipopcroxiduthc and t1ntioxidant propcrlie!> of aqueous 
and mcthunohe leaf cxtraet1, of P. u1111tric,11111 in ruts fed high li1>id diet 

Introduction 

Biological membranes 11re char.icteriLcd by the presence or large .imounts of PUFAs 

1�hich can undergo oxidation b) o process kno,vn as lipid pcroxidn11on. 

Animals have several 1ncehanis111s for defence against free mdic:ils and other reactive

0�)gcn species. TI1csc include radical -scavengers and chn1n 1erm111otors such as vi1an11ns

C illld E. antioxidant en,) mes such a:; superoxidc d1smutase (SOD), cotnlose (CA n ,intl

�lutathionc peroxidase (GSHPx), :ind non-cn1)·n1ntic ant ioxidant glutuihionc (GSJ I).

lhc \'arious defences are con1plemenuu-y lo one onother because the> ocl on

different ox1druus o r  in difTcrent cellular con1pnrt1ncnts (LongsctJ,, 2000). Natural

\11�1.lnc • I b · --' front man_, different sourc«:\. C\ 1101 can inhibit lipid oxidation arc o 10,n"..., 
including planL, (�fareia e/ al .. 200 I),

Ouan1i1a1·1\·c . • f 1· "d cs11ma1toll o 1p1 C[ln be done b} dc1crmining 1111:
pcroxidation 

Concc:n1 · . 1 1 of thiob:u1uric uc id rcac1hcnuion of pcroxidntion products Ill 111. omi

!.ll�ccs Cl llARS), conjug:ncd dicn.:s nntl protein carbon) Is.

lh1s t 
• . • ·llccls of ,\l,P1\ und �II P,\ on lipid

.\l)Cnmcn1 \\as c11rnc:d out to dc1crm1n� the c 

Pcro\id�ion and antioxidant status in rats li.-d high lip id diet

ljt..._ • Is \\Cn: rcnJcrcJ uncolls�1ous
""l.lil \\ hen 1111111111 

1-..:ts \\llhdro\\fl vin curdl:ic puncture
r. 11 �

u.... .  J Ill h(.,:IJllllscd u,h.-\ ,11 o,,t -·"'tr re ld ,,.u 
collcctc ntob:srhliiil 011:ifilhc>I:& 1 he blOt 
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b) ctntrifugation ol 3.000 rpm for 5 1ninutes at -t°C to seporote the plosmo. lhe plosmo

\\� stored in clean tubes Ill -20°C pending nnolysis.

10�,(,,/v) ho1nogenate ,,as pn:parcd from liver. kidne}, heart and lung. Briell}. I g of 

hs,u� ,,as homogenized in I O n1I of ice-cold homogenizing buffer (8 n1� I �o�I IPO,. 12 

m\t NaHiPOJ. 1.15 °,n KCI. pi I 7 4) and centrifuged ot 12,000 rpm for 20 1nin at 4°C

\faJondialdehyde (MDA). conjugated diencs (CD) and protein carbon)IS ,,ere quantified

as described in �cetions 3.4.16 to 3.4 18

GSH. CAT. GSI IPx and SOD,, ere detennined us outlined in sections 3-4· 19 to 3.4·22·
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Figure 10 !>hO\\� Lhe level or plasma MDI\ in the rats. Plasma :VIDA concentration was 

clc\'atcd (p<0.05) in the hypcrlipidoc,nic control rots (Group 13) compnred ,,ith the 

n<innal control (Group A) and treated rots (Groups C and D). This indicates that 

ad . . . mrn1strat1on of both aqueous and mcthanolic leaf extracts of P t1111cric,111u inhibited

plasma lipid pcrox1do1ion.

T�ble 4 sho\\S the I\IDA eoneen1ra1ion in r.1t tissues. Liver t--101-\ conccntmtron ,vns

rncrt.lscd (p<0.05) in rots fed high lipid dii:t (groups 8. C and D: 0 32-::: 0.08. OAZ = 0,06

lnd 0.50 .... 0.04 µM/mg protein respccti\:ely) compared to the norn1al control (Group A,

O.U :¼: 0.02 µ1'11,ng protein). Similarly. 1VIDA conce111rn11on in the lungs of treated rats

\\115 ,lightly higher compan:d ,, ith the h)pcrlip1doen1ic control rots (Group B. 0.07 ., O.�

ll�llmg protein) but !>ignificantl)' (p<0.05) higher compar.:d \\ith the lungs \101-\

�entra. 0 01 M/mg protein) Broin �ID,\
Iron in nonnal control rots (group ;\, 0.05 -± • µ 

CO!!ccn 5 11., irc:ucd \\Ith the cx1roc1s
!ration \\as not stati!>ticnll} dillc:rcnt (p>O.O l 111 r. 

<l>mn, . 1 th •re \\C!l: no �ign11ic.1nt
,,.red wnh the h) pcrltpidocn1ic control rot:-.. ,\ so, " 

d,.. · n1on<> 1hc ll1ur
• 1ertn '11).. conccn1r.111on� 11 "' 

ces (p>0.05) in heart nnd kit.Inc) " " 

b.pr,j mc:n1a1 groups. 
lhc . us tissu'°" urc n� �ho,,11 in

COncc:ntrations ol conJUgtitL-d t.licncs (Cf)J in the vnrni 

lrt;,;rt 11 1 . t•cnentll) higher In rois red high liplJ Jict
• Issue CD conccn1rn11ons ,,ere c 

(Grou • ,, is 10,\Cf 111 n1� 1rc111rJ \\ilh \II p \

jls O I)). I lu,,c\cr, CD conccntruu<>n ' , 
•c 

. I -,s ,n:1,1cJ ,, uh ,,, I A
•rQ11 I S) • 1he 11, er O ,u 

11 > 0.42 ± 0,14) and dcclinc<l (p<O.O '" 
1 

IGrou rcJ ,, ith the h)pcrhp1J;ic11lle ,on1n1 rnis

II C, (J.28 i- 0 15 µt-.1/1111;1 pro1c1n) cornp.1 J h 
( 

I 111 nu� 1rc:i1c "II 
'•rou 

Cl> canccn1r11t on 
II 11,0<,<, t 0,15111\-flmll protein) Al,;o �IJnc)
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AEPA (Group C. 0.  70 :I: 0.06 p \II/mg protein) ,vas higher than the hyperlipidoemic 

tontrol (Group B. 0.58 ± 0.08) and l'vlEP 1\ treated ruts (Group D. 0.50 + 0.09). 

H�:irt CD concentration in h)pcrlipidac1nic control rats (Group B. 0.58 ... 0.07 µ;\1/mg 

protein) ,,as higher than in rats treated ,vith ACPA and tvlEPA (Groups C and D. 0.31 == 

0.02 and 0.47 ± 0.04µt,.1/rng protein respectively). 

Protein carbon> ls concenlntlions \\ere lo,-.cr in the plasma and liver of treated rots

compared ,vith the h> perlipidae,nic control (Fig. 12). \lso. protein corbonyls ,,ere

• incf"e3sed (p < 0.05) in hyperlipidaen1ic control con1pnro!d 10 the nonnol contrOI rots.

llo11e\'er, rats treated \\'ith l'v1CP \ sho,,ed higher protein carbon) I conccn1rn11on in the

lidnc) and hcan compared to thc h) pcrhpidocmic control rots

Red -·' h · Finurc13.'lhere\\a�uc._., glutathione (GSI I) h:, els 111 the tour groups on: s oivn in " 

11gn11ic:int (p<0.05) dcplcuon in the plasn1a GSl l 11:,·cl in the hypcrlip1doemic control rots

(Gro · I ol control rots (Group ,\,
up B: 0.67 :1- 0.22 µ1\1/mg protein) comp:ircd "111 norm 

6 98 :t .111 ,\f:P,\ and :-,tf: P,\ elicited a
I.O µ�Umg protein). I lo"c,cr, trc,11n1cnt "1 · 

reuo 
. 

58 :I: 0 8., unJ 5.83 ±- 1.3-l µr.trn1g
ro1ion (pro 05) or GSI I lc\icl (Group<- anJ D: S. . -

Protein re Spectl\Cl)·).

labtc S ·ou, th)UC) ofn1h in the four grouJ"
sho\\S the conccntr:11ion of GSH in the' 11ri 

• - l 16 0-I J; t .t>J 11\11111!
"-1\tr GSI 1 · h Af:P,\ (Group ' . 

i:onccntrution in ruts tn:,1tcd \\II 

I . the h)pcrliplJ,l\:n1lc ,:on1n1I,
P:utt111) \\a.\ lo\\cr (p<O 05) comp:in:1.1 to GSI I h:,c s 111 

lltir111.:i1 u ,\ nnll l> .,_J.37 -i 2 Ill. 27 28 -i 2 ..i.i

control nnl.l �11.P,\ tr1.."lltcd rnt'i (oroups

lllll AIW. 1..,Jnc) c.,11 tc,.:ls \\CIC

24 911 :t. 3,14 111\1/111g protein ro:�pccu,.:1)) 7 43 t I t.2 11�! n1i;

i:11,li J ,, hh ,, I rA (<in111p '-• I 
Cinlly (r<O 05) l01\cr in rots irc;itc ro1cln) llc;irt 

i., '" .io * 2 04 11 \t 1111,1 r 
'lein) (t,roup A, -1-0mparcd to norinal co11trol ruts
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GSll lcvcl ,vos decreased (p<0.05) in h}pcrlipidocmic control rots (Groups B. 13.07 ±

I 18) compared to normal control rotS (Group <\. 27 .12 :I: 1.89 µtvl/1ng protein). 

Trtatmcnt \\ith AEPA and MFPA increased heart OSI I lc\'cl (Groups C and D. 17.8S,. 

2 02. 19.3 I ± 1.68 and 24.87 :l 2.44 µtvl/mg protein respective!)·) compared to the

unireated rn1s. Brain GSI I concentration \\OS IO\\CSt in rots treated ,vi1h l\lf PA (Group 0:

os9:::o.21 i1Mlmg protein).

lungs GSI I concentration sho,.,cd o decline in hypcrltp1docm1c control 1111' (Groups 13•

17·85 :I: 2.02 µ!'v1/mg protein) and rots treated "ith ,\LP ,\ (Group C. I 9 J 1 -:t 1.68 µt-1/mg

Pll>t:in) compared ,vith nonnnl control and !vlEPA treated rats (29 58 * 3A2 nnd 24 87 .:1::

24� 11'1/m " g protein respectively).
PLi1m · l'oble 6 p1115mo CAT ac1i,•it)8 :ind tissue ca1alase (C.\ T) ucti\ itics ore sho,vn 111

"l1 . 
1 c \ 1 oc1iv11y \\US higher not \Jgnilicantl) diITcrcnt (p>0.05) aero�� the l?roups. J\lcr 1 

lp<Q o• 1 0-l �11111g protein) than the· ->) in rats treated "ith i'l,IEPA (Group D. 1 7S :t · µ, 

h) . 
11 rotcin) nunnol con1rol Ptrlipidacmic control rnts (Group 13. I J4 -t 0.-11 1il\ Olli p ' 

(G I Al'il' \ (Group C. 0.85 0.2.Jroup A, 1,82 :I: 0 26 µMfmg protc:in) :ind rul.!t ircotcd \\JI l , 

11\1, 
• • • untl . 10,,.:r (p<0.05) in ra1' 1n:.11cd11111 Protein) 1\l-.0, li\'c:r C,\T nc1ivit} \\US Mgnillc > 

"nh Alf'A thun 1n nonn:il control rJts.
lfitr . 

k JOI!\. hc:ir1 unJ hr.un (,\I UCII\ II}
c �ere no significant dillcrcnci:s (p'>O.OS) '" 1 • 

. ( <O OS l Jccrt":isc ,n the: "1non,-. h c:J 11 !;Jgn1l1cunl P 0 t c groups. Lungs C.,\ I octh ii) sho,, 
. , .._ . J in r:11s tn:,1u:d "uh :\ II I ,,"JJll:rl1 "A._ 11.1/nig pru1c:1nl un 111--=mic con1rol m1s ( 1.1 1> * 0, 19 µ 

l II 17 I . 1rol (3,81J j_ 0.118 1111.I ms rr11tr1n 
t OJis !d 10 norn1:i �011 µMtmg prolcin) �0111p:irc 

1 1, •urc:� 1.i w1dkJJ . 1 lcs un: sJ1n,, n n S C 1111d I (GSI ll'i\ I ucuv1 1\c:r Gluuuhion� rcroi\nJ!lSC ' 
:d hi h llpid Jkt 15 'ti 

, ,tUC t ,SIii',\ u,1,, ''> ,n mt� It l:I 
JICcti,cf) tllc:re \\R'I ., dc�rcnSC 111 

I JJ 
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!Group� B. C and D: 60.32 :I: 4.79, 35.00 :i: 3.99 and 37.62 ± 9.58 U'n1g protein

r�pccthel>) con1pared to nonnal control rats (Group A, 121.02 ± 26.67 U/rng protein). 

RDC GSI IP\ acti, ity \VHS signilicuntly (p<0.05) lo,\cr in rots treated ,vith f\FPA 

compared to the hypcrlipidncmic and norn1ol control rats. 

Similarly. liver GSI IPx activity declined (p<0.05) in ra1s fed high lipid diets (Groups B. 

C 3nd D: 107.82 :I: 33.71. 31.75 :1: 6.36 und 38.01 ± 0.90 U/mg protein O!Specti,el)) 

compared to normal control rats (Group ,\, 215. I J:: 36.26 U/mg protein).

Table 7 show!> plasma and tissue SOD uc1 1vity. There "ere no significant (p ·O.OS)

dilTtn:ncC!. in the plasma SOD activity across the four C\pcriincntal groups. 1 lo,,c,cr.

p'·· - •oo
· 'd itrol rots (Group 0. 2.30 ±

=n " activi t) ,,-n., lo,vest in the hyperllp1 oen11c co1 

0A9 I.JI • I (Group A 3.29 :!: 0.6-J U/n,g
rng protein) and h ighest in the normal contru rots • 

PIOlctn). Liver SOD activit) \\:lS clcvnted in the h)·pcrlip11lucn11 c control rots (Group B.

5 •g D 6 ,( I 1: I 32 U 1n1g
.. � 0 SS d . h \-lf:P.\ (Group • _., 

- · U/mg protein) and in r.11, tn.-atc '"11 • • 

Pnltcin) \\h · I I en compared \\·1th normo con1ro " ., SO i: o.6<> U/n1g pro1e1n),
(Group , , ... 

K1dnc . . . • u � (.' un<l D. J.65-i: 0.47 and J..t4

� SOD ncuvuy \\US Jo\\Cf ,n the 1rc.1tcd m1s (Gro P 
I (G lUp O 4 ')()

t I> 63 U . ·rli idm:mic con1ro ruts n ' ·-
/mg protc:in ri:spcctivcl)) than 1n the h) pc P 

• U..59 A 4 43 ± 0.38 U/1111,1 pro1c111)
U/mg pro1cinJ and normal control rot:. (Group ' · 

,\h.Q • • I lipid diet (Gn1up� I), C anti D, J.Sli

'
he.u, SOI) activit)' ,v-Js reduced in rots 1«:d 1116 1 

t O • s c1hel)'l con1r:ircd ",1h nnrn1al

-54, 4 50 ± 0.14 nnd 4, 13 :I: 0 22 U/rng prou:in re pc 

1 1 c:in "<JO ncu, II) 111 the
Corurol rnts (G A 6 4'1 .t: 0 98 tJ/mS 11ro1e1n). '' ilh I u: i 

,roup • 1• ' ·1· nil) ln,,er
h cJ ml& and �11:1111 lt"J 

>Pcrlinid • I • 111011 1hc trc:il 
•· :tcm1c control rnti being o,,�r 

I l ,11ilic11111 (p,;O OS) dtfh:rcncc� tn
J><u OS) th I tier..- ,, ere rio 5 £ 

:lil 1n norrn11I control r.i•� allhoui;h lungs 
Ilic brn e 1i1ur Cllf'!Crin11:n111l 11roup�

iii rt llnJ lung.s SOO ncth IIIC5 ni:n,�-S Ill 
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�OD activity \\3S slightl> lo,vcr in the hypcrlipidoemi c  control rals lhon in the other 

groups. 

C1111clu�ion 

Treatment \\.llh Ar .PA and tvH:PA lo,,crcd plosmo tvlDA concentration in the rots

suggt5ting that the extracts ha, e anupero,,idativc efTccl. The leof c,1rnct of P u111eric,111t1

1\,15 �hie 10 reduce conjugated diene concen1rn1ion in the liver ond hean of the rats

�S!lcsting that it protects against oxidative daniage 1n these tissues.

,\EP'\ �-• ·�uccd protein corbonyls in all the tissues '"hile l'vlLPi\ reduced protein

c.itbl:tn) Is 1n the plasma and li\'er of rots. It could be concluded that the lcof c,tn1c1 of P..
amer,cont1 \\ould inhibit o:-.idation of proteins dunng o:-.1dauvc stress. 

Tr�men1 \\"ith AEPA and �IEPA caused rcplcunn of <,SIi in the h)pcrlipidaen1ic ruts

lhu\ i11c • . . �IEPA ,,,1s more encc1ivcrc.ising the antio:-.idant status in c1rcutuuon. Ho\\e,cr, · 

�,\FPA' · · 1n the h,er, lung.� ,1nd k1dnc). 
frca1 • 1 I 1 'C) in the uicti,it) ofrnent with AFP,\ und ,\lt:P,\ did not produce sub�tunti:1 c 101 i; 

CA 1 111
• . C \ r ociivil) ,,11� clc,111ed in thelhe ll»ucs of hypcrlipidacrnic n11, 110,,c,cr, ' 

I:. , 1 ,1r11• \ rui¾-'11 c Arngi ,.ftd I ,, 1,·11c t-"11111:111 ,viii .� • ' ... , 11."an of rats 1re:i11.-J "ith Al:PA •� 

tct, · . fndic-.itc� c11h11J11:cmcnt of
'"> in II 1· Ille ,·nc-•ftsc ,,, C,\ 1 uc11,·11)' u: 1vcr and kidnc). • � .. 

Uican,· IOll1d.int en,) rnc.
lht d d �11· l'A w1d ihis cc1uld be :i11nhu1eJ

tth0<: In GSI ll'x in rnts irc,ncJ '' 11h ,\LlPA 1111 • 

l<i 11ic I ioi; 111 1hc n,IS,
0'0hcr11cn 1 ol GSI ll'x in free rodl\;al ,.::i,cnl! 

lht . il\-c:mcnt In �11, �,,gin!! the free
<ktrCflsc: In plnsmn SC)r> 11c1iv1t) �uggcSLS 11� 111'' 

lt41\ " • e�ncnucd In 1hc nnunnlli,
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T.·llll-1 - I - I 11;.,·1 ol a'luc•ou,, 41th) ,ru.·thnovti� 1'.·.1I .._•,tr.1\i't� ,,f/'. 11111t·rlt,,111a pn us..,uc.." ,11utcu1diuh.fc:h�Je
,·,>n<x·,11r.i11on (µ ,\ t.•111,; 11n11ci11) in n11, t,·,I l11J,l)1 l1p1d J,.,,

Li,cr 

kidney 

Lunit 

\lc:art 

Dnin 

022 i:0.0� 

0.07-= 0.01 

o.os ± 0.0\ 

0.19 :1: O;l 1 

0.40-± 0.02 

(3 

0.32 ± o.os
t,

0.07± 0.0 I 

0.07 ± 0.04
1>

0.30 ± 0.04 

0.41 :!.: 0.03• 

Values Im:. a'(ll'CUCd 11\ means :I: SF.\\ lor SI\ r.11.:

Group 

C D 

0.41 :i 0.06
h 0.50 .± 0.0-t

b

0.08 ± 0.01 0.07 ± 0.0 I 

0.08 :: 0.02• 0.09 :1: 0.02' 

0.24 :1: 0.10 0.32 :1: 0.07 

0.37 -!: 0.0,. 0.32 ± 0.02
b

\ln\ucs no\ ilunn&ll common SllpCnCript diner "bnific11n1ly :11 p< o.os.
,'-, fed !oUndw cho11.� n, fed hii;h \ipid diet; c. fed hir,h lipid diet+ 10 mg kg'' b,\\ t AEPA D. fed high lipid diet+ 10 mg lq;'1
b.11.1 �\£.PA &ily
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1., \ Ul-.1 �<. I 11._,,1 ,,r.,,'-1'"�.,u .. a11,I ,,,�·tll:t1u,1i .. -1,:.11',•,truc.:h ol I' ,1111.:rlc ,utt:1 
an n."111,,-...Jglutr,thi,•11.: l<'.'1·c-l� (11,\t,inj! l'rolcin) in nu, (<-.1 hij!/J /lpitl cJi<·I

\ 

l. ,, er 2 7.28 ::t 2. "" 

�,dne\· 2-1.40 t. 2.0-l 

Luni? 29.5!1 ± 3A2 

lle:1n 27,12: I 89 

Bna,n 1.39:0.10 

Croup 
l3 C 

23.37:l: 2.83" 16.0--1 :1: 1.63h

21.-lli ± 1.37 17.43 1.62 

17 .SS± 2.021, 19.31 ± 1.68" 

13.07::: I. \81 19.60 ± 0.36 

1.96 ± 0;.15 I .5-l 0.26 

Volucs � c�pm.scd as mc:in-, , Sli:\.\ fo- •.ix nta 

D 

24 98:: 3.14°

20.94 :1: I. 11 

14.87:J: 2.44 

18.85 i 0.60 

0.89¼ 0.1 lb

Vnllli:\ no\ \lwini; a comnior: ">upcncript differ ,1gnilican1ly 111 p< 0.0S.
A. fed saimrd cho", B. fcJ hi£), lipid d1 1 C, fed high lipid diet+ 10 mg kg'1 b.\,t AEPA, D. fed high lipid diet+ 10 mg kg·1b.v., �\EPA mlly. 
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I \Ill I tl l�l.•!1111.;1 an,I 11.,,11� 4•.11nl.u'-• c:uun .. ·u1n1t111u, fµ.,1 /n1g rr"t•tc.·in) in nu� fCd hi!;h lipi .. l diet 

Plnsma 

L.i,·cr 

Kidnc) 

Lung 

llc:m 

Bruin 

,\ 

0.90±0.25 

I .82 ± 0.26 

I.IR �0.24

3.S9 t0.88

1.17 i: 0.28 

1.26 ±0.53 

uroup 

0 

0.71 ±0.19 

1.34 ± 0.411

0.87 :t: 0.34 

l.19±0.19b

: so · 0.46 

0.87±0,19 

\'alia an: C).fll1:Sstd 111 mc:1n:s ± SE.\\ for six r.us. 

C D 

0.76 t 0.17 0.79 ::c 0.38 

0.85 ± 0.24" 4.78 ± 1.0411 

0.65 .. 0.13 0.97 , 0.20 

2.43 .!c 0.63 I .57 = 0.38 

1.86± 0.79 I .26 ± 0.40 

0.94 ± 0.25 I .56 ± 0.33 

Vl\lia not !.luring n common su�ripl J,ffcr ,ignilicantl�· al p<: 0.05.
\, fed \l&n(Ufd cho"'-, B. fed hli;l'i lipid d1c1: C fed high lipid diet+ 10 mg. kg·• b.,�, A[PA; D. fed high lipid diet+ 10 mg kg '1b.\llo1 ?.\EPA <b11y. 
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r.11111 / ,  7 lit1Cl..Y tJ{·u'l•n:-cw-. a1hl 1u,·th:11t1-11i1.� ,,...,,·c:.,tra..:h ,,f/! u11,,·ri,·,uu1 un ,..,u ... ,nu uncl ti..,,�uc- �u,.,...•roxiJc 
.f1"'11111A,c ,,111,·,·ntrut11•11, in rnl< 1,-..t l11gh lipi.t Jh•r

Group 

,\ 13 

Pl3Sm:i 3.29 ±0.� 230± 0.49 

l.i,1..'1 4.SO± 0.66 5.48 t 0.55 

Kidnc,· 
-

4.43:: 0.38 4.29 · 0.59 

Lung 4 .43 -.t 0.89 3.05 :t: 0:40 

\"\c:i.n. 6.49::. 0.98 3.88 * o.s.i• 

Bra'an 2.19±0AO 2.1'2 ::OJ6 
- ···-······ 

\'alucs � ex-pressed as mcam-:!: SU.!\.\ for i,x rats. 
�li;,t1tiCU"ll) different from norm:il coc,uol pc; 0.05. 

C D 

2.69 ± 0.34, 2.41 :r 0.12 

4.62::: 0.84 6.51 ± 1.32 

3.65 ± 0.47 3.44 ..- 0.63 

4.12: 0.89 4.16±0.59 

4.50 ± 0. 14 4.13 :I: 0.22 

2.58 ± 0.37 2.30 :1: 0.31 

,\., fed mndard chow; U, fed hfj;h lipid dirt: C, fed high lipid dic1 + 10 mg kg·' b."I AEPA 0, fed high lipid diel + 10 mg kg"1

b.v.1 :'.\l!PA lbily
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frg.10. tncc lllaJoodialdc�
of �qu1.-ous and n1c:1hunulic fcuf cx1ructs of/' 11,111•r/c1111,> on rlu\m3

Vii 

>de 111 rnts li:J high lipid dicl, 

Group 

• 1.lcl a, '� C lllc;i 
.\ i:111fican11y�+ 

Sl·\I (n 6) 

IC!�rd 111 
,ncr 111 rrurn nonn11I conirol onJ 10:au:d ruts (r<O OS) 

• I O �&I <
ho II "111• I ;p,d did, C, i,;�, 1, pid d ,d • 10 ,,, & " '• • • All' A 11, Id�• lipid

.g \\I '.11· l'A, 
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0.9 

08 

l0.7 IC 

06 

OS I 

F.i - " ,, 
04 

• 

03 1 
I 

02 

0.1 

0 
Kldnt'V 

I ' I I \IJ · Errcc1 or 
. 

. . 

llt) llnd h. 
aqu�ous and n1cthnnollc lcal cx1roc1s of I'. u111,·r1c1111a on h,c:r,

can conJugah:d dicncs in ruts fed high lipid dicl. 

aA 

as 

ac 

•D

V&J111:s .\. �dmc,1ns * St.\1 (n 6) 
1<1-; IO m �

1 c/1'>''� 0, hi&h lipid d C h gh lipid J et f. I O m[' k& 1 h." 1 ,\I.PA, I>, hii:h hp1d 

t:�g b.,,t�IEPA 

. ..,., 
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l 
I 

0.9 
0.8 1 0.7 

I
0.6 

� 0.5 
E I 
� 0.4 � 
C OJ 

0.1 
0.1 � 
0 

I 

-�

• , _  ... . 

A 8 C 
0 

r it 12 en· 111 ... ,.. c,1 ofaquco d 
· · · f • I 

""• ,;1dn 
us an mcthnnollc h:uf cx1roc1s ol , a111t·r1ct11111 on fl nsma.

I Plasma 

1 liver 
I Kidney 
I Hearl 

'°ll 
C) aod hcon protein carbon) I con1cn1 in n11� ti:d high lipid dicl. 

.\ I.le\ ilk: rn 

4 �
td can� SFl\.1 (n • 6) 

�� IO rn 
llll ci,o" U. hill,h lipid dicl c t 11,;h lipid diet+ 10 mg l.g' t,.w1 ,\l'I',\, 0, hl11h lipid

g kg b. \\I 1\.lf P,\ 

... ,, 
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0.8 

C 0,7 1 

] 0.6 j 
I. 
� 

� 0.5 
i 0.4 � 
C OJ 

0.2 � 

0.1 

0 

I 

I 

A B C 0 

f1g.12 . li1cr 
·_l!Occt of a 

, , lrdnc)' a d 
hqucous and mcthanohc h:arcxiroct� of r u111,·ric111111 on pl�n1a,

I Plasma 

• Liver

Kidney

1 Heart 

•.-11
n ean protein e11rbon) I content in mt� fed high lipid diet, 

.\ llc1 an: m 

Slit .. 
I 

r.ll ell()"• n I . I . 

t I . 

0 rngk .. , 
• · ug I hp1d diet C h gh lipid dic:I +- 10 ,11g kg b.WI AliPA u. 111;.h hp1J .,, �d e.in\ ± Sf:..\I (n .. 6) 

g b '" MFP,\ 
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�J F.xpcri,nent 3: llcputoprotccth•e activity ofoqucous lc11fc,tr11ct of 
P. t1111erica11a on CCl4-induced heputotoxicity in ruts.

Introduction 

The e,pcrimcntal into,ication induced by CCl4 is ,vidcly used for modcling li,er 1nJUI')

'" rats. llcpatoto:-.icity is conncctcd "ith seven: impainncnt of cell protection 

mtchanisms. The liver is the principal site for CCl�-inducc:d cITects to 1nan1fcs1 

thcm,cl,es. It is gcncrull} accepted that the hcpa1010,icit) of CCI is the result of 
<}lOchrome 11-450-dependent reductive dch nlogenation 10 fom1 a highl) reoctivc

lrichloromcthyl frcc r-Jdical. CCI,' (\lcCa) el al., 1984).
1� thc presence of o;,,ygcn, the C Cl,· rodical is converted to the trichloronu:th>1 pcro,y

rad,c.11 CCI • h rt lhcd thon the CCI;' r-Jdic:il
l 00 \\·hich is more rcacti\c and thus more� 0 

{\f,c 1 • b tract a hydrogen from0 llnd rohl, 1983). CCl300' is fnr more likcl)' 1hun CC J 10 11 5 • 

Pt f ,\ th . . . . . • . . 
n comp le, series of n:acuunsercby 111111a11ng 1he process of hp1d pcro,1d3uon, 

llbt le • • U \ molecule \\ith the lorm:1tion ofnninaic 1n the complete di,i111cgra1ion ol the P r, 
a� 

83· Chec�en1110 t!I al., 1«>85;>des, other carbonyli. and olkan� (fomi t:I al., 19 ' · 
c�

POn· 1• 198S; I ribblc "' ul.
, 

1987). . . lC1 
., u •c cnuscJ In l1p1J14·indu tc 1111:mbr.inc: uam g • Ccd damage is chaructcri,cJ b) hcpalOC.) 

&'1 I \SI' ,\l f' unJ ,\I I,
°-'id.I,· . • '> mes sue I n., ' • 

100, incrc:iscd plnsn1a lc\cl� of hcpauc en 
J I).fl:J 

• . "des In ,he 11, er), mlucc ) d ... , • ol trig I\ ccri ·eCncra11on (�tcnlu�i\ 1,c. nccumul1111011 • 
vcls ol\IA,. rcmcnts of rl:un1u le ·""',on f' an11w11,c n1cu.su 11 •1111) aciu, onJ nc:crosl�. I hus, qu 

1 "''h 
• 1 • I 1ogc1 1cr '•tr , l)CCrtJC c;\ C ' 

er,,> J I c(J!IIIC 1r111 
ltll"S, 1111:il cholcstc:rnl an I 

f ihe c:\tcnl of-v,.... -�• s��n,cnt o �,,;:uhul "'' IJc 11 !:'-""' 0 0E•cal cx11min:11ion ,1r hcp:tlOC} t� 11 
I "

11.una :d ,,ilh c Chgc or rcgcncrn11011 \\hen chnllt'nl:lc 
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PIJnt d erived natural products have received considernble attention in recent years due to 

their diverse pham1acological properties including antioxidants and hepatoprotectl\c: 

ath\'it) (Bonskota et al., 2000; Takeoka and Dao, 2003).

ThlS C.\pcrirncnt \\US designed to evaluate the hcpntoprotectivc and ontioxidoti\'e

l'l\lp.:rtics of A[PA against CCl4--induccd hepatotoxicit) in rots. 

Prntcdu re 

Htpatoto\icuy \Vas induced in rots b) treatment\\ ith CCI� .is dcscr1b1.,-d in sccuon 3 4·3·
BIOoJ . 

1 • • le tubes nnd allo\\ cd 10samph:� \\Cre collected by cardiac puncture: into P n111 Sien · 

COa•ul · 
3 000 rpm tor I O 111in 01 -l°C. ,\t ate. The �crum \\ a!> seporuted by centri fuga11on at 

l>Or\Jon f h . . b Ii dctermination of  i.ome0 1 e blood ,,as pluccd in hcpunnrzcd tu cs or 

haana101 og,cal parameters.
i\fltr . . . . ·cd and l!rfus11d "·ith chilled 1.15 ,.sacrilic1ng the rats the livers ,vcre qu1ckf> c,c,s fl 
111,�) I( 

• emo fob1n. The fi,crs ,,ere- bloucJ
Cl SOiution in order to remove oil I.races 01 hu g 

dr, · s or the livers ,,cl'{"• ' i1cighcd and stored ut -80"C pending anal) s,c; son1c: f!Oruon 

��cd · 1 I 11icnl unal)sis.111 I O ,:. rormol saline for hbtop:it 10 o., 
. . lltr,;il-0 J b)' the eiti1nu11on of the n,u, 111.:s

Protective ac1iv1t) of/' a,n,·ri�""" ,,'lb ossc�.: 
. . Cir I fi,crun1 tollll b1hrub111

�IT! • • und the fc\'C so oll;uhnc phosph.illlsc and tr:insam111nscs 
fl.

cJ 11� pl\:\'IOUSI)
"' lltth d \I I' ,,-ere Jc1crm1n Hies of thecn1)1ncs ,\S'f. ,\l,I an 1 

• rdins 11,�'bed. I bilirubin ,,ns Jc1cn111ncJ occo 
111 £4:ttion�.3.4.12111 J,4.14.,\IMJ tolu 

LAI �<)D. !tit 
llr I c ,�,cls ol the cn1,>n1l."i ' 
�Ure outli11cd 1n section 3.4,15, I 111011>· 11 

23 Cj�lff'11. J 111 )CCIIIIIIS J ,I 20 10 ],4. •
and (,Sr \\Cre C�llnlOt�-d U\ Jr..")Crlbc 
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ll(JlJtoprotcctive ac1ivi1, of the extract \\OS calculated according to the formula of Singh 

tl ,,ii (1998). 

lkpatoprolcctivc activity (%) I - [ PC \\] x I 00 
---

IC \VJ 

111lerc, 

PC, C. ant.I \\· are Lhe measurable variables in rats treated ,, ith P a111crica11u leaf exu·.ict

plu$C(l.i, CCI, and distilled ,vater treuted animals respectively.
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Rnulh 

ll.:dTc:cts of AfPA on scrurn AST, ALT. ALP activities and total bilirubin 

�lration in CCl�-,ntoxicoted rats ore sho\\ n in Table 8. Intoxication ,vith CCI�

l'3UScd hcpaloccllular damage as  sho\vn b) elevation (p · 0.05) in serum i\ST (83 � .. ).

·\l T (586 �o) and ALP ( 195 °,'o) compared 10 nonnal control. I lo,,cvcr. pre-treatment of

11h '1ilh ,\l:.l'A ( 100 mg kg·' b. ,, 1) protected against CCG-induced hcpatotoxicity as

C\ldcnccd b) reductions in �crum AST (43 %). ALT (66 'Vi,) and Al P (28 �o) con1parcd

loCC4con1rol. Similarly. pre-treatment ,vith 200 mg 1-g I b. ,,t ·\f PA caused significant

loJuctrons (p<0.05) in scrum \ST (57 O/o), Al T (63 %) and AI.P (20 �'o) cornparcd to

Cfl1c0 1 
I resulted in signilic:mt

ntro · Pre-treatment ,, ilh the !>tandord drug Reducd)n w O so 

deer� ( ,. ST 51 0 • ,\I I 69 o/o and Al r.
P 0.05) in the activities of these enz)·mc� (A · 0• ' • 

l1",1 compared to CCI, control. 1·01.DI bilirubin ,,as significJntl) elevated (p<0.05)

folk>\ • 
• · I I oo 1nd 200 nrg 1;g·'

i,ng •nto.-.:icntion of rats ",ith CCI, Pn:-1rcotmcnt 01 roL, ''111 

b "t Ar" . . , . ·1· bin (36 "" and 78 'lo
r/\ rC!.ulted 1n sub�1:1nt1al dccn:nsc ,n rural bi ,ru 

'�· rvc:I>) in the treated compared to the C(�u control ruts

.\!so J ,.:nun 10131 hillrub1n b)
Prc-Lrc:,un1cnt \Vith the: standJrd drug ReJucJ)niP Jccn::ise 

S7� 'COrnp,ired to CCI I control. ,rr \ 
T•.c J '.'tl b• tteJUl<h nl9 nncJ ' 

1�1l r · 11 o� pro' 1 � ; • 
s O the calcultuion ofhcp:11opr111<CIIO 

flt Pr 1c:c11011 .sho\\'S thlll hoth
t\cntcd iu 1 able: 9 r he c:ilculotcd J>Cf"cntogc pro 

�.tu 
. 

1culntcd hcp.1toprotcc1t,c
iltd\n ICCll\C, flli: ell 

• Dnd lhc C.\lf'IJCI \\efC 111:p.itopro I 77 a., r"r 
"'\II) 01 • k. I b \\I \\,lli 1)-t '" lor AS • 

Af.PA at a concc:ntrurion ul IOU ,ng 8 1,, tl) 01 o 
\J protc"II' c n� 

r '4) h'I • tht: bcp,1111 
' �. for Al P unJ 4'> % tor 101111 blliruhlfl" 1' 

1 JO•., for ,,1 P
ti:,.,. 74 •1, 1,,r ;\ I , 
-·�1r111, '>7 % fur AS 1 •

on OI 200 rug kg 
I b. \\ t \\1lS 1 -
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anJ 106 % for total bilirubin. These results are comparable 10 the hcpatoprotccth c 

IICtivll) obtained b) pn::-trcatn1e11t of rats" ith the standard drug Reducdyn R. 

Table 10 sho,,s the effect of prc-trcatn1cnt ,vith AEP t\ on liver antioxidant cnz) mes in 

CCL-into:-:icatcd rats. CCl4 administrJtion resulted in significant elevation (p c. 0.05) in 

llic ll(ti, nies of C1\ T and SOD (294 % and 155 % rcspcctiv-.:ly) compared to control rots.

Prc-tr.:31men1 ,vith ,\FPA at 100 mg ond 200 mg kg'1 b. \\l produced signilicont

�11tt,on (p< 0.05; 55 °,o and 63 % respectively) in liver CAT :lCII\ ity.

Sunilart SOO . . d ( 0 05) b) pre-treatment \\'itJ1 I 00
). UCllVll) ,,as signi ficantl)' decrease P < · 

mg and 200 mg lqf1 b.\\ t AEPA (58 % und 56 'Jro respectivc:-ly).
Lr.tr GSHI . . . ·c I . . o1cd rots Howc\'cr. pre·'x acu, ll) ,,as slight!) incrca�ed 111 C ,-,ntox,c 
11..,,_ I Ip t' •ity 10 lo\\ er lcvcb--nent of ral!. ,, ith AEPA and RcducdynQ!- decrc3!>cd GS ' ac " 

lhati nonnal control rot<;,
'-"er G o, · CCIJ-in10,ico1cd rot, cl1rnrarcJS 1 \\,1s marked!) decreased (p < 0.05. 46 ,o) 111 

tono , .. , b ,et ,\liP,\ caused an
nnat -' '>00 mg .. g · • control. Pn:-1n:a1mcnt ,,. ith I OU mg anu -

., CCI control onin1ol�Iner� (37 o • I t"vll\ ,omp.1rcu 10 . J 
¼ nncJ 13 % rc$pccth,cl)) 1n GS oc 1 

'hlle llrt GS I ncth ity b) 36 'lo.-trc:itmcnt ,vith RcducJ) n'lSI incn:ascJ · 
1...._ CCI intoxicotion 11111 rrc-,qurn Gs1 o 05 101> 0'-> by • 

I conccntt:uion \\'US eli:vatcd (p < · · 
b -,5 %It 

.,, GSI I cunccntrntion > -

�, • I \fiP,\ rcJUCl.'U \\uh 100 mg anJ 200 1ni; kg b, ''"1' 
t • lou 

r •.trc.itnn:111 \\ 11h I IC--u-42 ¾ r , n1rol (I ,g I b) re 
CSpccuvely comp.in:d \\Ith CCI, co 

� by 45 �I, "1d II I GSI I '(11JGClllrUll01lrug {cducJ)nli dccrcu..cd 1. 

1 11 ro � 1hcI", (iSI I con�cn1m1 iln • 

'�a\ . U OS) in 11, .:r , no 111sniJica111 J11lcn:ncc (r
')up,(�ig. 17)
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MD.:\ levels and protein carbonyl conh:nl arc sho,,n in Tublel3 Liver l'v1DA and protein 

Qri,on>I concentrations in CCl.,-inloxicated rats increased b} 128°10 and 61 % respccti\el}

OO!llJ\lr'-'<l lo normal control rats. Pre-treatment" ith AEPA and Reducdyn& provoked 

51gn,1icant (p<0.05) rct.luctions in tissue r>.1DA and protein carbonyls compared 10 CCI, 

ccntrol. 

Table 1� sho,vs some haemotological parameters obsen ed in the experimental aniniuls

Thcrt 11J!. o decrease (p.,. 0.05) in  the packed cell volu1ne Jnd hacn1oglobin

Cllncentration of CCl4-treated rats con1pared Lo normal control. \lso. towl "hite blood

tclli(\VBC) . . . - I , ··" c-' (p < 0.05) ,,h1lc counts and neutroph1ls 1vcrc s1gn11tcnnt ) ro;uu "" 

�rnph . d 10 nom1nt conuol. Prc:-ocytcs \\ere increased b) (Cl. ad111in1s1rn11on co,nporc 

� d \\ DC counls ,,hilc pre·"1 ,,i1h 100 111g and 200 mg kg'1 b. '"1 AEPA rc5iore 
!tCllJn 

d hils nnd lo\\crcJCol \\ith 100 mg kg• b."' ,'\EP,\ onl} increase neu1rop 

�nil'hoc )lcs COUOlS.

l<tsu11s . ictal in Plates I - 5. Li\ .:r ,cctions
of the histopa1hological e�aminouon urc dcp 

ftoin 1rtnl 1mc1, Ji, iJing 1hcn1nolltlal control rats revealed hcpatoc) lCli ,,·ilh nunicrou� fK 

:io IAL • • ·irked ",Jcspn:,td ne<:fll)h of'VOUlc'i. l.l\cn; ofCCl4-trct11cd rots sho"ctl m, 

b...... . J di0U)C n111110nucr.:.1r
·�l'llOc: . . , Jcg.:nt'rouon on }tcs ,,nh urcas of foll) change:, b:illooning 

. .,I \I r,, rcduc�v lil1tui1 anJ 200 ,ng kg h. \\ I , 
00, lio"cvcr, prc,uc:11mcnt \\ ilh I DO mg 

1 I nni;c onJ t'SSthe le'\ 1111 J,Ou�e toll) ' 1 
cruy Ofhcp:nic damage os <,hO\�ll b) illc 111 

1'r,� I necroi,i�
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CCI, adminbtrntion. These increases indicate cellular lcakogt: and loss of functional 

111tcgrit} of the n1cmbranc resulting fro1n liver damage. 

Thc\ignilic:int reduction in liver enzymes and bilirubin ::ifier pre-trentmenl \Vith AEPA 

suggests that the extract is hcpaloprotccti\c. Also. the reduction in the severit) of 

O..'tro�is and fatty infiltration shO\\'S that pre-treat111ent \vith Al PA has hepatoprotcctivc:
• 

• ICII\IIY :ig:iinst CCl�-induced lh er damage in lhe rat
Pit�tmcnt \\ilh A[PA decreased the activities of CAT. SOD and GSIIP, cnL) lllC�

lh3t \\ere raised by CCl4-intoxicauon. The cxtrnct ma) have scavenged the free radicals

eC!lcrJt .... th b d . . . .d . d ,··iduti,c stress 1n the ,1nin1als.,-u ere ) ccrcas1ng lipid pcrtl\.l auon an o., 

lbccfc,ation of scrum GSI I in this stud} ma} be due to free rnd1cal generated b) CClt·

1111o�· SI I e111ro11on that \,a, clc, atcdic:uion Prc-trcaunent \\ ith A EP \ decreased G cone 

Ill rrsnn ,�nsc lo the 10,1can1.
1� I 

• . Ii CCI -into.\.ic-.1tion \\,Isncrcasc 1n lipid peroxid:uivc product� resulting ron, 4 

e·-.c--�- \\ in ' that the e,1r.1ct p0s.s � llalt) rc,cr.,cd by pre-treatment \\'llh A f PA sho 8 
lllltPcro d . x, Dll\e propcnics.
er: 

• I l'O!·tl'COIIIIClll'-l1-ir11 • osis in the nn1n1n s oxic:i11on cuuscJ h:ucopcn1a unJ ly1nphoc) 1 
cd thul ,\( r,\ hOS.. Ith I\F.p 1·· hcrl!filrc be su1:1sc:,t A D111c:lior,11ed thc,c condiuon�. II cou u 1 

. mo1ologic11l p,1n1111c1.:r.- in ml
Pll!cnti.il to restore CCl4-inJucctl :ihcrotions ofhc 

. 'I, 
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T:•\fl/,l·" ,;_ I ·  rle..-r o(pn:-frr:,tn1cn1 '"''" ;111u,:ous /c.il'c,rr.ict of/� ,1111,•ric,Htd on cc·1,.induc'---d li\.er u.1nu1gc in rats 

-

T n.""J 1n1rn1 ·\SI ,\L r ,\LP IBL 

(Dn�. mg/lg) (L ·L) (U/L) (U/L) (µmoltL) 

Control 64.1 S ± I L63 11.7-l = 315 27 .63 " 9 32 12.75±6.19 

cc�+ ,,EPA (100) 67.36 -t 15.0-I' 27.7-l ± 9.341 58 52 i: 8.0 31.12 .!: 8.01· 

cc� ... ,,E.t',, <200) SO.OS ± SJ6" 29 .6s :1: 5.1 s• 65.57 ± 3.75 I O 78 -'- I.SOb

CCu., Rcducuyn (\00) S" .I ,5 · · .53" 24.87 ± 4.70' 51.46 X 8.62 21 .08 ± 2.73b

CC\.i on\)· \ 17.44 ± 20.74b S0.52 ± 23.80,, 81.51 :21.17 48.46 ± I &.&71

\'11.lucr, 1D't � u ll\QJ\\ ± SE.\\ {n • 6). 
\'11,)LIC!, ll0l \h:uing II common $upcncnpl diflcr 1,ignilicanlly Ill p<0.05. 
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Ti\131.E 9. I lcpatoprolectivc activity of aqueous leaf e:-.tracl of P c1111ericc111C1 against 
CClt·induced hcpatotoxicit> in rats 

Li1er !·unction 
Indicator 

AST 

�LT 

ALI' 

( 100 mg kg"1)
L0/o protection) 

94.03 

76 70 

42.67 

48.56 

Pre-treatment 

AEPA 

(200 mg kg ) 
(% protection] 

126.53 

73.92 

29.58 

105 52 

Reducdyn 

( I 00 mg kg.1)
[0 O protection] 

113.39 

SO.QI 

55.77 

76.67 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



1 ·  _. II/. I: 10. I II�,---, ,,,, fV\'•1n-.tt11'1(4t,, ,, , rh ·"'"", ,,,_, '4.·ltt"c, tnn· r .,,� /' '""•-rt,-.,,,., on Ii\ "-'r i.. .u.,tu,4,;. ,-:lucl"'"' iuru..· ,,crt'1'.1du�'-··
,up...Ytn 1,/"' .. Ji\:ITiutn� ... '111,I b•J,u;ith,-. tith: , -trz11l,ti·r.1,�· :,,.;:t i,· it i( ... ,- 11, (�c_�,, • i1u.lu-.:c:"tl h�11.a1oio, i-.:-,,_, in nu� 

1 l'GI I men I

(lJosc. mg kt; 'I 

C'ontl\"1I 

CC�-!- ·  1\EPA (100) 

CC4 • At.Pi\ (200) 

CC 1, + Rc:ducd)·n ( \00) 

CC\.i 

t·,, r 

( lJ n1,;·1 prorcin)

0.17 :t 0.01 

0.30 ± 0.01• 

0.25:!:.0.06' 

o.,s:1:: o.o,• 

0.67 ± 0.'20" 

\Ill� an: afl(a\Cd u mc:I!\\ :i SEJ.I (n • 6):

--

C,SI I/>, SOD GST 

(U rni: pn>rcin) (µ.\1 n1g 'prorc,n) (µ1\1 mi,;' pro1cin) 

147.63: 50,98 42.80 :1: I 28 26.18: 1.75 

135 78 14.411 46.40 :t: 0.85' I 9.46-:: 1.05

\ 36.4-1 :!: I 3.82i 47.46� IAO 1 S.99 i. 1.20

122.9Si: 3-1 JSb 43.30 :1: , .so• 19.31 ± 0.84 

I S7 .03 ± 6.481 108:93 :i: I 8 29� 14.21 ±: 1.07 

\ aluo no! sh:Jln� I common iupcncr\pt differ sii;nilicanll)' Ill p<0.05a 
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1 ·111/,I I I. I: tlf., I 4 ,1·f'l\"ln.'\'fll1k. ... ,U u uh .aq,,,.,. •u '.'- /1."'.tf ,. , tr;.1..,"I ,-,1· 1· "'"' •ri ... ,11,., , u1 ,cn111, t,uol p, .. ,,._.,,., lc.l fu I 

•-h(,/,-..rNPI ul>d triJ:J., ,·.-ri,f,•, in c.·c:t, •1nJu,,·.J 1,.·p.:ir.,10., i.:ir> ,n rar., 

Trrotmc:111 

(I>,,�. mg,J..s> 

Control 

CCI..,. ,\i!P,\ ( lOO) 

CCla· .. ,\EPA (200) 

CCla • Rcducd}TI (\00)

CCI, 

T-C/101.
(n1g/d/)

63.05 ± .i. 76 

57.25 .i 2.66
b

46.57 :1: 1.10" 

33,89 ± 0.331

70.79 :!::. 8.95b

\'a\1.a urc � iu means c¼. SE).\ (n • 6). 

T;\(, 
(1ng/dl) 

59.65 ± 1.96 

44.68·± 3.954

46.28 · 6.67' 

58.42 · 3.96' 

126.94 -i: 11.63b

\'11h.o nDl \h:inna a commoa \Urcntrip\ differ signilic:intl> a.1 p<0.05. 

137 

ro,al Prt.llc:in 

(n1g/g ti�suc) 

84.88 ± 233 

85.07 ± 1.39. 

&9.11 ± 1 ss•

82.62 ± 3.60" 

38.79 · 4,9\b
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7 -i Ill I I� I "II�,-., nl'f't<\-..•ll\�ln'k....,.,,t ,t itlt '"I"'"''"" /,.·�•t ,:., tnh.: t nl 1• a,,,,.,..,·£'"''·' , •n '" r:,· tutu I prnh:ln., 
r,>13/ c-Ju,1..-,,u�n•I a11J lri£1.• ,·,'riJ..-,. 111 ('C::l;-in,/11,.-.1 /11:p.11v11>xici1_, in ra,� 

Tn:a1mc:n1 
(l>osc. mg'kg) 

('on1rol 

CCh + 1\l!P,\ (1001 

cci. ,t AEl'A l�OO)

CC\, + Rcduccl}n l \ 00) 

CCt 

T·C I IOL 

(n11o!/dl) • 

36.95 · 8 93 

-19.04 :t: 3.S
b

.\7..73-:!:: 7.981,

53.&7 ± 9 .07'' 

\13:13 ± &.SO' 

Values arc � :u means� Sfil-1 l n "'6). 

T\C, 
(lllg/df) 

176.42 ± 13.93 

.395.56 - 53 .ss• 

388.1 1 :1: 31.os• 

311.53 :1:: 10.51' 

795.50 :1: 41 2
b 

X-1.lue1 no1 '"�"ta common �rip1 ditTc:r !>ignificantly 111 p<O.OS. 

138 

I OIDI l'roh:in 
(mg.'g tissue) 

4-l 96 :i. o. 73

42.02 :1: 0.44 

.\0.80 � 0. 72 

43.49 :r:: 0.35 

36.77 :1. 0.54 
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TAil! F 13. LITcct of pre-trcat1ncn1 \\ ith aqut:ous leaf t:xtract of P cu11ericu11C1 on lipid 
ptro.,idation in CCI, -in toxicated rots 

Treatment 
IDoSI!, mg/kg) 

Control 

CC�i AEP,\ (100)

CCl11- AhP,\ (200)

CCI, · Reducdyn ( I 00)

Liver 1\11D1-\ 
(µl'vt/mg protein) 

0.25 t 0.06 

0, 27 :1: 0.06 

0.20 :1: 0.0,. 

0.28 ± 0.04" 

0.57 ±<0.03
b

\'&J \'11: ll1t C\prl$sed Ill m�-ans ± Sf:�1 (n 6).
.f nil) DI p<O 05llOt Sh�ng D COIOITIOll $Upc�crip1 Jt ncr �lgfll ICII 

I 'IQ

Li, er Carbon) Is 
(µl\L'n1g protein) 

4.96 :1: 0.17 

3.13 :1: 0 85 

t 9<J;t.0.8l
b

7.99= 1.26" 
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I -1 Ill ..JJ /./ I n.,·.,,.- t .,--.I rn--1n:;,ltn<T1/ '! "itlt fl.li/
.
11-.."'I •u ., le . . ·  .. "11. 1 .•,1n.,1.· r , •/'/' a,,,,.,., •.• ,,,., , �,, p,c.·r-lpht.•r1.1 I f:rf ootl :-attt1.·,t,-... lu t. "t.. I ... i nh.•'-h:,ctL'"'d n11 "--

I n-.ttmlYII 

(0.lsc. ms kg 
1
) \\'0( f'{ \ / /t, " I �, r. B

Con1wl S666..67 * 785 99 J6.0S ± I.S-1 12.0J ± 0.51 .JS:60 .±. 8.1 S 55.80 !: 8.50 0.20 .t 0.20 01:!: 0 0±0 

CC4 .. AF.Pi\ l lllO) S700.00 :!: 6S . S 

Cct. • AEPA P-00) 96S3.33 ± 656.97 

CCL + Rcducd\'n 

{\00) \0066,61i 635,96 

cc. 4SJlJli:!II\� 

JS.67.: ).25 

27,08 ± 3.10 

34J3 i: 1.45 

33.50 ± 1.70 

12.SQ 1.08

9.77 ±0.S8 

11.61 ±0.6-1 

33.50±6.-lS 66.17 ±6:33 O.Jl±0.21 0-1-0 O:!:O 

20.00 2. 97 77 .60: 1.12 0.20 :1:: 0.20 0.40 ± 0.40 0 :!: 0 

39.60 ± 6.42 60.20 :1: 6.37 0.20 ± 0.20 0±0 0±0 

1'1.17 ± 0.57 22.60 :!: 2.66 76.00 ± 2.68 0.60 ± 0.40 0.20 ± 0.20 0 :!: 0 

�'l\C. "'hi1c b\ood a:\\� (10�/µ\.; l'C\', 1\X\:cd cell ,'t)\\.lmc (1/e): lib, �cmoglobin (&(di); N. neu1rophils (%); L. I) mphocytc� (%): �1. monoc) 1es 
(1/•l; \:..cas1nophih (¾): B, �hil\ (%). 
Al\ \he \'a\uo� pn:1,entcd as meant S.E..�1 
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l'l.1c5 . '�1 .' I. 1 Yer !>CCl 
111th num, 

100 from normnl rot sho1\'1ng norm:il hvcr arch11cc1urc and hc:p;11oc}tc.-. 

crous pol"UII trncts ( i) dh iuing them into lobule� (I l&E. ' I 00) 
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ingmifd .,.0• lroin CC'I� ttl!aU:d rut prc-1reu1cJ \\ithlOO mg kj?'

1 b \\I Al P,\ 
lhov. •. l.1, er section . 

. 

''°" � •) (I I 
"1} ,hoo K< (-1. pc,; po«, I "" ,.,,; , ( J ) ood mooo""dW «II

• .,, lr.i . ' ul use fi 
&I:, , I 00). 
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' ,IVcr SC • 

l <h""ll< ( ouon from r.,I P"'. '""''°" ";1 h !00 ••• ••' b ", Rod"'d) o • ,;1,ow;,, J, "'"

� ) ant.I 1nild mononuch:ar inlihro1ion (++) (1 l&L, ' 100). 
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5.0 

5.1 

Cllr\l'TEll FIVI� 

DISCUSSIOi' ·\ND CO�CLlJSION 

· Cl 1er l e leaf extracts of Pt.:r.1,·u a111eru:ana \\·ould lo,,erThis present study cxom1ncd '' h I h 

111 unu 1p1 pcroxidouon in rat!> fed high lipid diet. and ameliorateh)percholcsterolcm · ., 1- "d 

111 • tt IOJUr) cau•cd b CCI � Y -1-1ntoxicu1ion. 

n� on the non-si' ·1· . d·r. 
. . . 

gnt 1cunt I terence 111 the over.ill bod) \\C:tght gu1n among tlu: lour

-!J'Oup� or rats it could be inferred 1hn1 the test rots tolcro1cJ the odminbtr:ition of the hich

n plant extracts ,, hen compared "ith ruts f1..-d on s1:1ndurd cho,,. Pla,nu1
lipid diet a d 

tngl} cendcs concentrauons ,vere nuirki:JI} incl'l!a,cd in n11s fed lugh hpid
glucose and . 

diet cu rnparcd to the nonnul control. This ob�crvntion b si1nilar to lindins� b} other

\In.I. 
"''Cl!. lh fi 

. I 'd 
· at ceding ruts ,,·ith high lipid diet incrc,1,;cs plnsn11 �luco c nnd '"" >ccn o!S

llSan i:1 al 2004, Schoolnn e/ al .. 2009). It has b1...:n dcmonstraicd that elt,.111011s

lSriniv . 

lura11.-d f: 
. . d .. 1uco,c production in 

or� 
011> uc1d-. urc nssociotcd ,, 1th 1ncl'l!:1,cd en ogcnou� "' 

�-d1u1>c1,c h. 
. 1 · cn:u� ,J nH,1110 .,,11urn1cJ

'>U �etts (Clor.: L'I al, 200·1) thu,; �ugse,11118 1101 111 " 1• '· 

�ly utid\ d . 
. .,,11, on in1roru1n1 rol�

' en, cd ci1hcr from diet or cndogcnou� s) nlhc�•� m'1) ,. • 

1� Ille rqi 1 • 
. fi • J hove t,ccn sho\\ n Ill

u a11on ofhcpa1ic gluco c d1sJXlsal. llh:\'olcd 1r.:c ull) nc1 ' 

l�h b ' 11 gluco . 
. 

• (B tl 1997) 

sc  O)l.1da11on nnd gl)cogcn synthesis O en, 

11:c fncr� . . id Jict in 1111, ,1ud) could be due

tl Hluco;;e concentn1tion in rul!- fed hil:lh llp 

lo rn�,..... 
�nc:�b or gl) cogc:1101} �,s,

... � r 1· 
· 1 r ,,1uconc:0J;• 

0 rcc glucose derived 1ron1 cil ,c "' 

CJ1� . 
. inJic,111111:1 th31

-<>>.1discd I l>I �,i,nulutc� ,n111:rorh(IY" prulilcn1111111, 

��rli • 
inJucc 111ncro11hni;c

fl•d.-icm,:i in co1nbin:iti11n "ith h) p<:rlll)ccnii,i 11111> 
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proliferation in 1•i1•u (l.a1nhu,1i i:I ul. 2004 ). Studies ho\e implicated the proliferation of 

macrophage-derived foonl cells as a criucal event in lhe evolu tion of othcrosclcrolic

bion� (Gordon et ul.. 1990: Rosenfeld und Ross, I 990). It is thcn:fore possibh: 1hr11

untreated hypcrglyce1nia und hypenrigl)CCridcmia could contribule to lhe development

ofaihcrosch:rotic lesions. Trcaunent of hyperlipidoemic rots \\i lh AEPA and �ll:P/\ had

1 loiicring effect on the plasma glucose conccnlrJtions comp:ired \\ ith the unu·c�tod rnis.

The bark extract or /I a111er,ca11a hos been sho\1..n lo hove onti-h) p..:rglyccmic oorl :in ii

d� ' · · ( f h · d 3£f\.'t?S \\ i1h
uc properties (Alarcon-1\guiloru ,., al. 1998). I he resu t O 1 1' SIU > · 

'Vii · •ss •s h)nnl!l\ccmic
er report that the aqueous lcnf cxtmct of P. a1ni:r,cano po55c c ,-- • 

ac111 • • h. tro .1 in 1he 1rca1mcn1 of
II) (Ant111 et ul., 2005) and this could justif) the usc ol l c ex c 

daJbctc�.

Rau ri • choh:stcrol tc,.:ls. Ruis are

cd 11iih the high lipid diet sho1\ed significant incrcu�c 111 • 

� • nd Cllll also ,narkcdly increase
n 10 have high role of hepal ic cholesterol S)111hcsrs a 

I • .itcJ pfosnu1 
tbc1r do Olli ho1 C C C\ -

11110 of bile acid synthesis. Conscquenll}, ruts
. l I > n:spond 

l1
Por>ro • • • • ht h cholc�11:rol diet. ,c 

tc,n cholesterol and fall) acids ,,·h"o f"d S 

,... . h •ftlltic :.) n1hc,i, ond up·
..,llll;uil b JO\\ n-regulollllE\ i.:, --

) to dictnl') cholc�tcrol chulh:ngc > tmtion 
. holc�1crol con1.ecn 

"iUIAtin h . . • I • 111-,111J 1ipopru1c:1n c -

g cpatic bile prnducuon so th:it I 1" P 

''1ri3iri\ . ond Oie1sch). I 9tJ7 ).
rclilli\el) unchanged (Kris-l:ihcr10ll · nl11sn1a ,1nJ

11 I '1 fold ,ncrc:isc in ,, 
o11,� ., fold ond .1 • 

er, rc,ults Imm this scud) �110,, 11 .-
• 1• ·J diet ,t1111pll'L-d to

..._ 1· d 11111h ljll 

-... p;u • I . the rn1s c 
It' ChuJ 

• pccll\C ) 111 I(, cstcrol concentm 1 1on� re� 992) "hkh founJ 11 1•

l!it ,l'll\,n,111/,(I 
l'IOrma1 · J 1h • ri:Po11 1 ., 

conLrol. Ill ill is in line \\ 111 1: 199") 11h1alncd O -· 

� • Shcti:r •'' 111 • 1 -
IIJcr 

• 
' ,7t3Ub nucc,

t-a'M." 1n hcputic cholesterol 111 '-
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fold increase in hep;itic cholesterol in rats relative to  controls \\hen both ,,ere led a hieh--

flt atherogcnic diet containing cholic acid. Jhe increase in cholesterol levels in thi., Mud) 

can be auributcd to the inclusion of cholic .1c1d in the diet since cholatc is kno,,n 10

fJ.:iliL'.ltc micellc lbrmotion in the intestines thus enhancing cholesterol absorption leading 

IO cholc�tcrolemiu and changes in the lipoprotcin concentrations (Shcfer l'I al .• 1992,

lchn\ton l!t al.. 1999. \\ nng el al.. 1999. Bobkova et al.. 2004). TrcJtn1cnt of

h)pcrlipidacmic rats ,vith ALPA and :VIEPA 10,\cred bo1h plasn1n und lher cholesterol
lhc th01cstcrol-lo,vcring activity observed in this stud) could t><: uuributed 10 the

pr�llcc of llavonoids I "d arc l.nown to J'O"'>C!-.,
in 1J1c cx1roc1s. F a, 0001 5 

h) h . • · I uni.1 10 b.: b) inhibition
poc ole<.terolcmic octivtt) .ind the n1eeh11n1s111 of ncuon is 1 10 i;-• 

or II� . . , 1 •p in the bios) nthesi., of
1 IG-CllA rcductosc. '"h1ch cntuly1cs the rote hmt1tng 5 c 

tholc-s1 . fi . (Thcrir1ull c:t al .. 2000. �o�h> l'I

crol, and suppression or choh.:stcrol cstcri u:ntton 

111. 2 . . , \\Crt.-<l h:,·cb iif cholcMcrol in the
OOt. ,\n1lo and Vija)alukshn11. 2002). The 10 

la Id b due 1o inhibiuon of
P irna and liver of AFPA ond MrP1\ treated rJts cou e 

tbcit C!.ltrogcncsis.

I)· f li\C:C trii;I) cc:ridi:s b)

� h he uccun1ula1111n o 
c olc�tcrol Jppcars 10 contribute: to 1 

• Js in the rat
llin,ula � in o,itl:1t1on ot filll) oct -

lt()n r h · J I dccn!:l\� 
0 cpatic rG bto'>) nthe:.,., :lJl •

IJ lln g\l.c et ul. 1993). . of 'I G in 1hc
I� ••· . conccn1ru11un 

""' ,1 c.l ·111crcu)e in the 1tc:p.111c 
u ), there \VQS a 28-lold II I (l\\11 ho\\ rto:,mu

fr) • not "c ,.n 
Ptrl1pi·'- . al control It 15

u.icrn1c rots cornnnrcd 10 the nonn 
. · .1, onll Z1 1\c:rsm11

I '· • r,.ttnn ,� 
r, co f u1hcro\ctcrost�.

Otcn1ru1ion<, intlucncc the dcvclurn1cnt o 
1rc111cJ d111tcs1crol-

ll� • h • nllo,:in· ' 
!9) d riJc111i11 in I <= 

cinon$lrulcd 11ta1 )\!\ c:rc: h) pcrtris1> ,:c 
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red diabetic rahhit n1odcl or atherosclerosis con onl) partially be atllibutcd to VLDL 

h)pe�cretion, ,vhcreos a re1novol defect, resulting in s:nuration or the TG-n:rnoval

ir.cthani�m ,,.,., sho,vn to be largel)' responsible. The impaired removal of plnsma TG

"lS also related to the presence of cholesterol prcdom1nnntly 111 lipoproteins of increased

lizc, ,ihich f"l!sultcd in protection of othcrosclcros1s due to the exclusion of ,cry large

chol�tcrol-containing lipoprotcins from the arterial ,, all (Minnich and Zilvcr..mit. 1989>·

Trratmcnt "ith .I\LP I\ signi ricontl) l01-.crcd plusma Tu level as i1,cll us th:crcascd Ii, er

TG lei I · h d d rG 1--,cl in the li\.ir onl) · It
c in ypcrlipidocmic rats ,vhilc �IC.PA ccreasc .. 

�, ll,at both A[PA and �ILPA exert their antih)p..:rtrigl)O.:Cndcmic .,ction b)

il.lpPrl-s�ion of'I G synthc!>is.

Ilic HDL-CI IOI OL LDL Cl !Ol rouo (,1hich b n more:

concentrotron and the I IDL-CI I : • ' 

u1eru1 · d d • tl • 111 ex o( athcrogcnicity) 1vcrc lo11crc 111 ,1:
I. 'd11�mic rn1s I fll\\t:1cr.

h) per 1p1 � 

in I IL>L-CI !OL
trca1mrn1 i1ith AtP,\ nnd 1\-tEP,\ caused si1,tnilic�1n1 increase,

tone . . . control rnts. f.pidcm1ological

l'llt,Jtions \\hen con1parcd \\ ilh h) pcrflp1dm:1111c 

I dc..,clopn1cn1 of
l!Ud

1

n rotl-ct :igoin�t 11c 
�ho" thnt high level:. of I JDL-CI IOI P .. 

ll1itr IDL· Cl IOll hos the ub1ht> 10

OSclcrosi, (Gordon c:/ ul .• 1977: Cu�tcll i ,:t ,1/ • f98b), I
. 

. • the
_ . 11 10, m1n111111.: 

Pt<l!Jiotc: lh 1· cells I his pr(ICC"'> • 
t: cffiux of cholc-.tcrol m1n · · 

a... 
• I "1QO-l), ,\ISO, chi: moJor 

"""'llrnu1�1· 11 ( nartcr ' , ,, .. -
.. ion r Ii 

. h artc.... \\'ll 
o O:lm cells 1n I c ·; 

• rotcin� :.uch o,
fir0tt II !IS \\.:II lt5 other r 

Ills of no1..c1 IOL. apo ,\-1 nnd upo,\· •
10 ha\C n111ioxldnn1

� re 1, .:II i.no,, n
\Or1a5e that COlru11cpo .. ,,·1th I 101, in plu.srnn O 

'J;lll\•• 
� " to inh1b11 the ox• 

"°"-- the .;;1pncil)
-�Tue, ,\ 11nr Cl 1()1. haS

•• I) (ll th• C
' S O Ct>II\C(jl/CllCC, .-

I othcro�C:111� I 

lltod,rit.u• ·�:; ,hat rcJui:c.� t 1c 
10n of l.1)1 -Cl IOI. in " prO\;" 
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lpopro1cin\ (Bancr ,:t al., 2004). The restoration of IIDL-CHOL levels in rJlS aficr 

1t0uncn1 ,vith ,\EPA and i\,ILP '\ in this study ma> thcrcfore scnc 10 protect against

hpopro1dn peroxidution and the development of uthcrosclcros1s. 

R.alSCd levels of LDL-CI IOL as ,,ell us reduced 11 DL-CI fOL LDl. -Cl IOL rntios ore rbk

Utlo,, in atherosclerosis. I he leaf extracts of P a1111:ricc111a ha,c been lohO\\ n 10 P0�'""s

�ti-inOommatol) (Guevarra .:t ul., 1998: Adeycm1 L'I al' 2002) ontl :1n1i

h)'"'1t•n · AIL 1 1991 ,\d�bo�·c et al.. I 999). !"he
,,,. • Sl\..,n)potcnsivc propcn1cs (Giro,, ,,, " · ; ' � 

adm" - d · t • , ofplu�1na T-CHOL
1"1�tra11011 of ALPA and Ml: PA In this study rcsulle '" O\\t:nng 

l:!d LOI Cl 101 level ind in1pro,c1nent of 
.-CJ IOL levels as \\t:II os rcstor.111011 of I IDL· • • 

1101 hJ �enc 11, 11 protccth c
·CIIOL LDL-CI IOL ratio 1n the treated r-Jt�. I his cou 

�h d . ·lo mcnl of nthcrios<:lc:rosb
:l!!i�m ogain\t the fom1u1ion of loom cells and the eve P 

. n·,1:� earlier 
tlJ d h)pOIC:11�1\C propc . 

JIO\sibly nccoun1 for the anti-1nOnn111101or)' "11 

• . \ <;T anti ,\ t,T in

llicn: \\ . f the hc:pallC: Cfl/.) 01cs 

lb no !>ignificnnt change in the ncu\it11:s O 
• f

h • 1t1n11n1suuuon o 

li')t pi • I his �Ul!l!C�l, 1h,1l I \: ' 

�1113 of rat� tri:atcd ,\ith '\l I'·'\ und 11,,l1:P,\, -
. 1, 'unction. 

I un.:,t ,,er II 

f> 011 d J·d not nJvcr:,e > 
'tr/c:unu lcar c:1.tn1cts \\llS \\CII toh:rutcd nn 1 

led on the acti\'ily of thc�c t\\ o cnz) me.:�.

. I' "J tJu:I \\l!I'!° golden
It 11,-.. • 1161�-d ihc 1t1gh ipt 

-s Ob<- • , 1 rttt� that '" •.. ,• , 
.... , \'ed that excised lt-.crs O 

1 111197) nllcr h:=1011

ntl , I 1'1111111:r t'I 11 "

0\\ h f\'IJIIOII 0 

111 �olour. 'This is simil:ir tu the O )C 

·� "-ith 1.• '11Kh lots dicl.
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As �l'\cd, n1ca11 plasn1a conccntrJtions o f  glucose in rots fed high lip id diet wcre 

11gnilicantly increased con1parcd to the nonnol control rots. H} pergl} cc:miu lcud� 10 

protein gl)cation, glucose auto-o\idation and fany acid oxidation ,,hich may contribute 10

incl'C:&'d ROS gcncrnlion (Lathn and Par,, 2004). There is some c,idcncc 1h01 glyc:11ion

itself ma}' induce the: fonnalion of oxygcn-deri, cd free rodic:ils (Inouye L'f al .. 1998).

Also, glucose is kno\\n to induce lip id pcroxi dation through :iclivation of lipoxygenru.c

tlll)mc� (Rujcs,,an et al. 1991) ll has been confim1cd that h)pc:rgl)ccinio is rclot�-d 10

lltc •c1· · . . d . ·d 1• . • 1-'!>!> (Cameron nnd
• lvatron of the pol)·ol path,vuy leading 10 increase ox i 3 1' c ) •� 

Cotter, 1997). Probabl y. the increase in plasma glucose le,cls in rots red high lip id diet in

lhts \lud) I to 111·· ob•c�·cd hi.,hcr concentr,1tions of lip id 

may 1ovc contributed � � ' · 0 

llCro 'd . •' . •d 
. ·orporution of rur \ from

%I ation products in th e  plasma of 1hc�c rats. lncrcasc ini; 

\tEttab . . 
. . I s bec:n sho,,n 10 incn:ose both

le 011 d 1c1ury sources into plasma hpoprotcin Hl 

I !'Op . . I' id pcrox11Ja11on (I . ,\bbl! •• ,

rotein (Nardini et ul . 1995) and tissue: su,ccpubilit} 10 IP 

o/, I . . 94). Li id perox1do1ion products
991• De Schrijvcr et al .. 1992; <ikulod6 l ·hr ,•r ul., 19 p 

. • 
L. 

'hie 10 pcrox1d1111011
�,, be 1 ·  C·ill) ncids s11�.:cp1t · 

en sho" 11 10 ris..: "i1h incl"\!ascd omuunl O • 
• • • 

Ill tfw: h I • . 1ud) tl:..:Jing rots o l11gh hp1d du:l

lgh fa1 diets ( lma-Nir,\anu ,., al, 1996). In 1 11� � • 

• . in the: plasn111.
•1\ fo . c:rs of "''dall' c: ,ires:.

Und lo induce pro-oxidant chongc:� ,n mnrk · 
. G"II ,nJ non-

h. .  1rouon ol ·• • 

··� thu · ol ph1sn1a conccn 
ngc:. "ere muni fi.:�tcd os dcplc:uon . rt "h1ch

. c:arhcr n:p,i 
li&rilli . • din , Is shn1lar Ill nn

Clint •ncrcas.: in pl:isma \..IDA 1h1s hn i; 
·1 .. , . ,J rr,,-o,1d.1nt

d... , • rn,nl 01 1nuuc1: 

�� th.i I Jiel con111111 1nl:l cu 
1 r1.'\.'dlng rots 11 high cholc:�1c:ro .,003, 1\hll, hi gh�r

tltii, I (Vctcla "' ,,r, -
e:ci in marker:. of o\ida1i11c "'":":- In illc bl()O( 

1 ,� 111J 1h�ucs 01

�,, 
. 

hscrvcd in the p a n ' • 
, or �11 Is \\ ere o . I 

· JI\, ('O and protein 1.·,irhon) . ·lrlirr 11b�cl'\UI l,n

�}Pt,1 I r111� oyrc:c:� "''h 1111 �. 

'P•dJc - I contro , 
m,c rats co111p.ircd 10 nonll•1 
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As observed, mean plasma concentrations of glucose in rats fed high lipi d diet \\ere 

11gn11ican1I} increased compared 10 the normal control rots. H} pergl) ci:1niu li:ads to 

rroicin gl}cation, glucose uuto-oxidation nnd fatty acid ox1do1ion \\ hich may contributi: to

increased ROS gcncrolion ( l.otho ond Pori. 2004 ). Then: is sonic e\'idence that glyca1ion

ll!tlf mo) induce the forn1a1ion of oxygen-derived free rodicols (lnoU)-C <'I al .• 1998).

Also. glucose is kno\\n to induce lipid pcroxidation through :icti\'UII011 of lipox)genase

C'lll)mt, (RajcS\Vnri et al.. 1991) It has been con finned that h) pcrglyccmio i� rclnt<--d 10

lhe acti,ation of the polyol path \VO)' lending to incrcn5cd o,idati\ c stress (Cameron ootl

Coucr. 1997). Probably. the incrcnse in plasma glucose lc\:c!ls in mts red high lir.1d diet in

ilils �•ud>· may have contributed to thc observed highcr concen1r.11ions of lipid 

l'CTO\'d . •· ·d . orpnm1ion of PUF,\ from
1 nt,on products in the plosmo of 1hcsc rnt.s. lncn:a�" anc 

ICIJttabl • . . • . h b<.'Cll shOl\ll 10 incrc!ISC bolh
e oil d 11:1ury sources into plasma hpoproican os

l1po . . • • 1 id pcroxidation (I • ·\bbc ,.,
Protean (Nardini l!I al. 1995) and tissue susccpubaltt} 10 •P · 

al. I . 9.J). I apid pcroxadotion products

991, De: Schrijvcr et al. 1992; <;kulad6 I-fir L'1 01 · 19 

, 'bi 10 pcrox1d;lllllll
r.i1e be, 1- r.,11, acids susccpll ,: 

· 
c:n sho,111 lo ri�c: \vi1h incrcasccl 111nuunt O ' • 

. ., 

·� the . • d I :eJing rats ll high hpad dt•I

high fat diets (lma-Nin\ano ,., ul. I 996) In tins stu >· " 

- . 

1111 r, • er.; of ox1da111 c: ,1rc:.s in the pla,m,1, 

O\Jn\l lo induce pro-oxidant changcs 111 murk • 
. a.:tJ ,nJ non·

h.. • tro11011 ol ., • 
. ·� eh . of plu�111J conc�n 

ange, 111:rc munifi:�u:d as dcph:taon • • rt \\hach
Ii • • • ·1 ir 10 an .:arlicr n:Jl(l 

Erl1ficun . . . finding as �,ma ' 
1 increase 111 plasma �IDA, I has 1 • d . •d p,o-o,id::anl

"'--- . ' urnsnt oil an uc1: 
""UV\� Iha I diet conUJttllllt; c 

t f1."Cdini; rots u high chnh:stcro 
,0())) ,,1�o. higher

¾, I ( Vclc:1'11 ,·I al • -

&C1 an · 1hc hlOOt 
rnarJ..cr.s of  oxidative stn:"> 111

1 :1 10,J tis.su� 01

It., •cJ in the p .1s1n, • 
th or -... ·I ,,ere oh�J'\ . 

••DA. CO ,111J protein c;arh<III) s 
I c,irli�r uhStJ'\UltCII\

I: •rCCS \\ II I IIJI 
>Pcr11pida . I c:n111rol. r 111s oi; 

crn,c rats 1.01npu1cJ to norana 
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thl1 hnicrcholcstcrolaern1a is associated \Vith increased oxidant s1rcss (Prasad and Kolm. 

1993). As the precursor of a forge number of highly reactive oxidizing agents. supo:ro:--ide

r.u the potential to inOict considerable damage 10 biological systems (Babior. 1997).

Dllllage to DNA. proteins ond lipids hove oil been documented as consequences of

nposure to Oi - and iLs descendants (ThomiL'i c:/ al .. 1985; lrnla} und Linn. 1988; i\rkcns

and Dix, 1991: Stadunon. 1992). �1D·\ is kno,vn to cause cross-linkage of mcnibronc

components containing ornino groups \vhich mal..cs the n1embrnnc frogih: (Cnmcron and

Cotter, 1994 ). 

The intrcasc in protein carbonyls content in the pla:;nla, liver. heart and kidnc) of

h)n. 1• • •11 ns chcmii;al ,noJilic:ition
..-r rprdacmic rots is indicauvc of o:--1d,1t1\c damage ns "" 

ofp . . . . I . the function of pro1cins .1nd is
rotcins tn these tissues Oxidauvc mochficauon u ter:s 

ll-;0u .. 1. • f celluhr function, during ugcini;
61'1 lo piny un i,nponnnt role 1n the decline O 

• 

ll ·n··rent .and unique binlogicol
�Ul\cnburgh c:t al .• 1998) Occausc pro1cin, ho\lo.: 01011> J, c 

fllnaio . • 
. • d to dhcrsc func1ional consequences

ns, o,•udou,e modilicntions to proteins can lea 
. ( I ucci ,,, "' . I 983.

II.Ith as . . f protein func11on 
1nh1bition of cniynii: activities nnd toss 0 

5 • f \El'\ and t.tl:I',\ helped ll'

ladlJn�n. 1990; 'ihac1cr ,•r al. 199';). The oc.hninis1rn11on I> ' ' 

d \c 

k r . ol indices or 0:\1 :Ill 
'111\t, 0'< .,a · I \\ n in 1he dc:c inc 

1UJll\c �Lre� in the treated rots 11� � 10 
Q l'tati,c 

• 1rol rats. uu 1 

llrtts • h crlipid11.:n11c con 
'" the: tfl:Utcd rat-. co111parcd 10 ihc > p 

. 10iJs nnJ 
·cnce ol llo\t>I 

ic,C'to, . ndic111cd thc pre� 

ng of the lc:if c:--trncts of f'. a111t·rlc,11111 ' 
• I ·11 f11t\,,n,1id�

nrc: nc 1 1 

lli11 r I' t1111c:r/rc1 1111

corrobo 
. I tl • h:11\'CS o . .J rnti.><; earlier rcpons t u11 1" tic unt11>:1.I .u,ts

f•· id nn: J;nonn to
•Ing llnd Knight, I ?'J2·. �Jcric1 ,•r of .. I '>')2), ft.1,0110 s 

'dlltion 1.,nc1ics hy

� • • 10 alter rcro'-1 

free .,�,. � the .1b1hl)
I • ....,,cal M:,1vc11.,crs I he) ha,�

11,ronc (,\nlr:i '' " "

'llt 
o 

• f the n1cn 
ld1f)1n 

• 
�f\.��illS 1l11iJ1L)' () 

g the lipid 11acking order nntl de • 
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2000), ·1 hcsc changes could :.1cricHlly hinder di fTusion of free radicals nnd �1rict 

lffl)xidativc reac1ions. I lcncc it mo)' be possible 1h01 llovonoids ore responsible for 1he 

antio,idant clTcct of A EPA and l\ tf P ·\. 

Ciluiathionc levels on.: moirnuined by 1hc ac1ivhics or glu101hione rcductru.c ond G'-:11

!}nthases. GSI I ploys o p1votol dcrcnsive role against oxidoti\c insulis as an endogenous

!Qicnger of free radicals (Cooper and Kristof. 1997). Its lc,cl in 1he blood h O scnsiij\ c

tnd,, .. 0 1. . . . . 1 ,oo I) 'llicn: 11·o.s a I 0-fold"" r O nn11ox1dant status in c:.1rculo11on (P1cmonte ,., " · -

dtctinc in plnsnto GSI I conccntnllions 111 the un1rca1cd, hyperlipidac,nic rat, comp:1r�-J 10

n:lrJn3f ,\f P \ ond f\.fEP,\ rcs1orcd plas1nu <.,sf!
control. I lo,vcvcr, 1rca1n1cnt ,vith 

tone I I hts suggc,1s that \ l·.P \ and
cmrniions 10 nlmo�1 nonnol compared "ill• 1hc coniro · 

\II fl \ I . I I° n bv causing on inc:rca,c in the
· ' cou d intprove on1ioxidan1 :,latus in c,rcu O 10 

�rn1 · · xidn1ivc damage.
rauon of plosmu GSJ-1 thu, pro1cc11ng n\lt1111st 0 

1 noticed in du: 
10\\cicr, no . GSI I conccn1rn1io11 11·ns

significant decrease 1n hcpauc 
;,.tn1nu:n:1ncc: of !her

�1re;i1cd h ial control rJJs
YPcrlipidacmic rat:. cornpurcd to 1he nom . 

"Mt , . h t,«n sugi;t!!,ICd us O ,urportl\C
undtr conditions of incrcoscd lipopcro,idauon °� 

r, 
" J:Uic� und ,\h:ycnho er.

llli) ll Cor d Kristal I 9q7, po 
ttpc:nsatory n1cchanis111 (C.oopcr un · ' 

J ccn11·111inn con111:ui: 10
�l rcn . . nu1in1ain GSI I con 

cc11n" higher capacity or ll\cr 1 0 1 ,-·' 10 hcp,11ic· flcn n: J i;u 

'1>thr • lh er GSII •� 0 

OC)tc) (\' I . I A dccrL-:i-.c in I u cnctu t'/ al . 200 ). 
• · 

. \' ndcn1iah: , I 11 •

f;aii ,,·t'1f,2001, C 

)' lnfil( • • . I odcl:. (Solt) . J rdllon 1n dincrcnl c,pcrimcnio 111 
C SI 1 .illcr high hp• 

2!i!Jf) I{ oncc111rn1inll or ""er J 

• 

«:suit, of thi'i !>IUJ) int.licoLC: IO\\C:f C 
J I G 1111, i, ,l1111l11r 

f
ctd f • choli:>1cn1I 11n ,, 

•ng \\-hi h r hoth hC:fl•11 C I h 
c c.iu�c.-d :in accu1nul::a1ion ° 

. hn};I rtll� "Ith "ll 

lr, foll 111\Cf tee< 

ll) rtlrl O�I I cu11ccn1n1I 
rcr ob�n.util)n of lo\\Cr lh-cr 1 
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chole5tcrol diet containing lord tat (Vcfcm et al, 2003). rhe pathophysiological 

con;tqucnccs of GSI I depiction hove been extensively studied GSH. GSHPx. and GST 

dcplccion promotes generation of  rcocti\'c oxygen species and oxidative stress \\ilh 1he

lllbscqucn1 cascade of effects nOccting the functional and structural intcgrit) of cell and 

lYga,icllc n1cmbr.1ncs (Raza (!/ ol . 2000).

'>OD functions :l!i on antioxidant 10 convert O_ to the less toxic H202 and therefore hos 0

procccti,c action nguinst the possible deleterious enccts ofO (�lurTU) et al .. 1993> This

�I · r ·d • . IS Thed account for the higher levels of plosn,a SOD octi, 11) ,n h> pcr 1P1 ucmic ro 

rle,111· ., · 
1 • probabh a rc,pon,e toion of SOD and CA J octiv1tics in the hyperlip1unemic r:I s 1' • · · 

'JlCr . lit into a go:nctic ,chcmc
t3Stcl production ol liptd peroxides. Enz)rnes arc kJio,"n 10 1 

of rcouf 1· • • . h •II .,n: rop1dh eh:vutcd in n:sponsc 10
e O ion 1n that their concentrauons 111 l e C\: " • 

'lln1c. . . 
oxitl1nt te,els (llurris. 199:?).

riptronnl n:gulotors that sense sudden ch,inges in · · 

.\lrho . d the incn:a": in C,\ r octivit).
Ugh H102 production ,,u!'> not quanulicd 1n this ,tu ) · 

•,Pet.Ii . ·1 formation in che ti�.,ucs
1 ic 11:02 scavenger ma) be due to an incrcnsc 111 1 5 

I 0n1p.,rcd 10 
C�1tp . . . • . idacn1ic rots was O\\ c 

'ac1tv11) in the red cells and ti,cr 01 h)pc:rhp 
J r,cr 

" . f (,SI I in t,olh rl.isn10 1111 I 

control. Th,� might be due to the Jeplc11on o 
. both ot ,, hich 

°"'· . 1· c· \ I und GSHP •
·">q'\td . 

. 
nsc� o ' 

•n th" study. ·111e 011pos1ng n!SJ)(l · 
1997, Uhor rt ul,,

���. (Kakl,;,1r �-, r1I • • 
"'ffl\\ 11 · h tier NP0"'

11 iO,, oru in a,•rccn1c1ll ,,·11 car ·linni 111s In- "' 10,.,., 111c, 
�t) . • ol co111pc:nso ., 

Iii 1 • , , ,tcncc:
lur t'/ u/, (200 I) i.uggcsi�J I ,c c: 

• • f the cnt) 111�" n10\
, 1 .1,.,ng one o 

ilorisc I nt IIS5UC� Uc 

bt 
10 incrcascJ Oll.id,tti"c stress i.uch 1 1 

tr111cii11 > dependent upon nnothcr.
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Ill conclusion. feeding rats "iLh high lipid diet containing cholic acid cousl-d :?-fold and 

13-fold increases in plnsrnn ond hepatic cholesterol conccntr.uions n:spectivcl�. The 

a1mmistm1ion of A I: P ;\ and tvl [PA at a dose of I 0mg kg I b. \\1 caused o reduction in 

l\�y \\eight gain, a IO\\'Cring or both plnsmo glucose and I ,OL-CI IOL and mointcnnncc

ofHOL-ll lOL concentration in the rat It could be hypothesi.ied that the leaf c,,mct of

I' umcric,111<1 increases cotabolislll of lipids uccumulotcd in adipose ll�suc thcreb}

Cl1.1Sing a dccrcru;c 1n bod) \\eight gain.

The d ,. b · d · h h I f extracts of/' a111,•rica11113 ... o tnrncd in h) perhpidncmic rn� 1rc111c \\'II I c ea · 

!ln>�idc U\crut inlbnnotion b) sho\,ing thnt the extracts ha,c antih) pcrgl)ccmic 0"d

'-'ll1h,,.,,,..hol I . . 11�,� csicro cm1c cl lccts 
11-,e ad rn1n1s1rJtion of extracts of I' hel"'� 10 lo,,l!r o:1.idu1hc �ires� in the

(1/lll!rlCOlltl , .• 

lrt;,1cJ .d · , io:ss in the rJt ,\ho, I'lllts os sho,vn in the dcclinc of indices of 0-'1 oti vc � · 

lll1i(,, • . • 1 is in circulation in 1hc rot by
'"0110 leaf el(trncts could in,pro, c ant 11)'.l.ldont s1'1 1 · 

<:a.iirn • • . . (jSI I, an cnJogcnous :1n1iox1dan1 that
g iln increase in the conccn1rn11on of plasma · 

Pb), a pi 1 . 'd li\'C insul1�.
\ot.i role in the defence ugocnst o:1.1 a · 

and ll . .  luco�c I .c;I IOI
''IC1C Ii d' .. ,tr:P \ lo"cr  pfusmo g . 

n ings susgcst thnt both AEP,\ und ,� ' 
. . • • 

• • II\ pcrltp1cJacnuclOl-tJ I d GSI I conccn1r.111on� in . .  
OL le, cl!i and incrca�c 11 D L-<.1 IOl. on 1• 

• • 1 J ·oulJ
� t,encflctu 11" � Ill. 110\\. FI',\ appc:.:1rs n1orc 

C\cr, lhc\c results also �ho\\ 1h111 ,\ • · di�c,1�:.
( 1 the cn1c(llti1S 
�rthcr be . . the n1nnugcn1cn1 o 

c:,,ploitcd o,; u po1cn11ol bn1un1cnl 111 

l0c141Cd \\llh h) pcrlip,docmio.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



loordcr to nscenain \\·hcthcr the aqueous lcar cxtr-Jct or r. ,1111erict111a (,\EP,\) "ould 

rtdu..� hepatic lipid accumulation in fuuy li,.er disease nnd orncliorotc liver dan1agi: rots 

am pre-treated ,,ith Af PA und intoxicated ,vith CC Ii 

Administering CCI .. to rots markedly increased �erum o\S I. •\LT und total biHrubin

bels
. lncrensc in the lcvl.lls or scrum aminotrnnsrcrascs is kno\\n to reflect the ,c,erit}

ofti,cr injury {Lin <1/ al .. 1996). Thi: leakage of largc quantities of cn,ynics into the

blooJ M�am is associated "ilh massive ccntrilobular necrosis, ballooning degeneration

and cellular inlihrotion of the liver. The increosc in the trnns:iminascs 011<l olkalint:

P'Ol•h 
. . . • . . d I r functional intcgrit) of the 

'' atasc 1s a clear 111d1cuuon of ecllulnr leakage an O!>S 0 

'llC b • • · . of en/) n1t:s ond tot:il
rn rune (Sarns\\ot I!/ al., 1993). 110,ve,cr. the incrcoscd oc11, rue:. . 

brti . . • 
• ,vith i\1:P,\ suggesting 

nJbrn 111 this study \\ere considcrnbly reduced b) prc-tro::litnicnt 

llut the d su r<!SS thc tc.ik.1gc ol cntyn1cs

extract tended to prevent h, er don1uge on · PP 

tl:to ,\bO thc colculotcd pen:cntugc
Ugh cellular membrane into the blood Slre.rni.

\\'US subs1W1tiall) 
tq,.u · of AEP,\

oprotcction sho\\'S that the: udn11n1s1ro11on . . 

� d nl Jrul.! RcJucd) n � u:.�-d ,n 1111s

Protccti\'c and th,� ,.,ns con1p:imblc to the ,ton n , 
.. 

'I 
a,nsl CCI, e:1.h1b1tcd b) 

lld) 1 h. ccti\'C ucti, it) ns . 
15 r�uh is similnr 10 the hcp;Hoprot I · a 

I 200 I> n,11, "'" 
r;"� 1 

1 (Oob:ilul.i ,., 11 ·• ' 

'lllu /cnfu (l�oronibi. 2000), 1'1•r111Jnit1 '1111-"�du "'" 
O.Jl T,•f/t1iria

, ( \\'nns ,., 111.. 20 ' 
oCc-"1,,"' ('upt ., n,1,,1/t• 11r11111 A;,u,i 

\.I " l'/ Uf,, 20{)11 ), I 

Ucrru.:,,,11 111111 ,:r,,tic/11111111 
/,J, ,l111uru111l111\ cC111tlutt1\ <Jrc111 

IIJ ,\kinil;lhuns1, 
(SnlD\\U a 

2rxn, and 
, .,oos). 

A,·u/1phu rncc1t1"'" (lnioghe •1 u ·• • 
. ,;cs te,clS rrovitlcd 

lf�p- • the serurn trnn-w1n1nn . 
. 

:athotugic:il unnh sis onJ the Jccrcu,c 111 
0 die sc, crll) 01

· 
. ,r·P,\ o:Jucc 

\\ 1th 1 
P!l011j\ c c,·,dcn cc thn1 prc-tn:Jtnient
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h1storathologica l injuries (such os necrosis. ballooning dcgenerJtion and ccllulor 

mfiltr.11100) b> CCI�. 

Saum ALP and bilirubin le, cls arc re luted 10 the function of the hepatic cell und increase 

Ill S(rum level or ALP is due to increased svnthesi� (tvloss and Buth:n,or1h, 197-l) .• 

Rtwlts from this study dcn,onstrntc that prc-tre:itn1cn1 or rots \\ 1th \EP,\ caused

ll:�tial dccrc.'.lsc in \ LP and bilirubin le, els and this decline \\ll.S significant for

b1lirubin ot extract eonccnlrntion or 200mg kg·' b. \\I. Effecthc control of bilirubin level

2nd \Ip . . . . h . ·crcton. mechanism of the
' ac11v11> points 10,,ards on earl} 111,provcmcnt 1n I e sc ·, 

t<patic cell (Gupta et al , 2004)

-'dm· • I .- nu1nircst1.-d n, dccrc:i�c in
'"151r.it1on of CCI_. caused inhibition or protein ')111 1esis 

i..., I rol Thh clli:ct conlirn1
"'VI $trum d - d ·111 nonna cont · · 

an h, er total proteins co1npare '' 1 

'-I 
"1002 t-1:inloni l "I al., 2005:

ire l'CJ>Orts b) other ,vorkers (Vcnukunll\r 0nd 1 ·'1110· -
• .

l\bdc . · , ihc:sis in the h, er is

1-ltarnid, 2006. �lanjunnthn. 2006) Inhibition ol protc,n !,)ll 

• 

. d 11ccun1ula1ton ol
l'fil'll:lril · · rotein s) nthc5•� an 

} considered 10 lead t o  dcprc,sion ol !lpop 

� ')79) \ decline in 10101 11ro1c1n

In the 1· I . 1· cr·r·,ou ,., 11/,. I' , ' 
ivcr, ending 10 fillt}' 1vcr 1 • • • • 

. ,f ccllulnr d>stuncttc111 ,n

tocucn1 h d. ot" ihc ,c\crll) , 
a\ been :.uggc:.11..-d as a u,.:lul 111 c, rir \ ,-e,1orcd

th,°'11C I" '>OQ"l) pn:-trcJIOlCnl \\llh ,\ I ' 

l\cr di'>l!a\cs (\-enul.:umor and l.,llhll. • • 
· con1i:nt

f 10131 pro1c1n 
lc11J111 11 

• 
., cls l he ,c,1ura11on o 

nd l111cr tollll protein t o  near norniul h: · 
, us lu:p.11oprote.:th c

Ill SCfU t> \ t"urthl!r clucld.1tc 
m and liver of rats 1ren1cJ '' ith ,\ E ' . p�css .,nd the

' • the ,cgcncrt1llOO 

'nu, �· . cccferutCS' ,,timulation ol protein :.)nthCSI' n 

Pr(ld Uct1on ot li\cr cells,
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An increase in the le, cls of cholesterol and lnglyccrides , .. ere noted 1n si:run1 and hepatic 

lfil�. It has previously been reponcd that carbon tetrachloride trca1n1cnt provoki:s

ricrta�c in choli:!.tcrol and triglyceride levels in rot li\cr (Seakins and Robinson. 1963:

\enu�umnr and Latha, 2002; Komolakkannan et ul .. 2005). CCI, increases the s}nthc-.1s

offauy acids and triglyccridcs fron1 acetate. I his could be due to the transport of ucctatc

11'.!0 the lht.:r cell, resulting in 111creoscd substrate ovo1lability. Also, the major mt.:tabolic

�fctt induced b> CCI, intox1cotion to rots appears to be inhib11ion or hepatic triglyceride

rcti:asc 11 1 on ,, ould alto\\ the accurnulot ion of
· 1is inhibition of out,vard r.1n�p 

111°1>. · • . f Ii 1· 'r associated "iLh CCI•
1,1 �eru.lcs ,v1ll1111 the liver and the occurrence O 011> 1"" 

t'Oi.!o • h , · . r cholcs1erol b also
ning (lieimbcrg i•t C1I., 1962). In (.�( IJ to:-.1city. the c;ynt c:.is 0 

'�tr c:l\cd (Ooll et  al 200 I)

Oi, d I droly.,is of trigl}c:cridcs.
the other hand, CGI, to,,.cr.. fl-.oxidation of fall) acids an 1) 

Tbis inc �CS the ovoilnb1lity of foll)' acids
· • 2000) ')c:\Cl'C

lior c:.tcrllication (L1cb1.r. 

·,�rovcsicul.tr stca1os1-.,
·d O 1 causes m .. 

of mitochondrial fall) acid �-0:-.1 311 1 

�-. . I . n the C) toplo,rn of  hcpatoc, tc:.
-.ictcri,...., b 

• 1· ·J vc,1c cs r 
""' > uccu1nulution ol uny ,pr 

r cd 
II d . I o,id:ition. nonc,tc:n i 

111111 ruttlchon nu · 
cnl> unJ Pcs�ayrc. I 995). llccnusc of poor ' 

. • I 1:cridcs,
rlll 

• ·s1c:rllicd ,ntll ins > 
) IICid I 1 · •r und become " 

\ (Nl.:PA:.) nccumulotc in l 1C l\'C 

• • 1 d 'posc 1h,11c

' • 't rat rrom 1hC pi:r1phcnl a I 

s ho\c also �110,,,11 that during C ( 1• to:-.,ct > • 
11-1 et al 1986).

(DC\ 1r, 
•• 

I\ 'lln . it, uccun1uln1lon
Slocatcd 10 the li\cr uncJ kidney fcouu,g '0 • ,,J),criJc h the

I I I ,n;IIIC IOo 

I IJ ,I tf'l)O�JX1r1 ll IC1• 

'llgg�t d . tJ • oul\\',1ru 'J 
c thut an csscntinl ,tcp 111 1c . . r iril!l>.:cn c:� 

I 
the u11hr.i1100 u 

'�· .• r,:uculurn h' � 15 of lipoprotcins 111 the i:odoplusmu; nthcsis b) dunioi;<

�'Ot.i I f •nee ,\i1h lipopn)ICIII s) 

s )' \)nthcsil'cJ  at another :,He. tnicr er'- cffcc:tl'�" dc:pri:�s
,. ' 11'011 tlll)

'V 
ll 11110,1 .. 0 • 
"1( .I 

' (l::I• � enui.>pl:ism1c rc1iculun1, os seen 111 Vit ,< �� 

t 6tl 

1/� �o) 

(/:,� : ( :, ... AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



-,,i11ard triglyceride transport and result in the development of a fall) liver (Rcc�nagcl ,., 

� 1960; l lcimbcrg et al., 1962: Pencil et ul .. 1984· Honma & Suda. 1997). 

lk.: factors could help to explain the significant increase in hepatic tngl) ccridcs 

�cd 1n CCI,- intoxicated rnts in this stud} 

llm\c\'cr, pre-treatment ,vith •\ F p 1\ produced o substantiul reduction in the et.:, ,ued 

htp.1tic cholesterol and triglyceridcs levels, suggesting 1h01 the extract pre, cnted CCI • 

.:iduccd hypcrliptdocmio probably due 10 its hepntoprotccth e .:ictiv,ty.

The I • . 1 the biol.l'!lnsrormotion of
mcc 1an1sm by ,,·hich CCI� causes liver damage ,nvo '.:, · 

((f b hloro111etln I free radical
1 > the C}tochrornc P-450 cn1.yn1c system to the toxic tnc • 

l(CI • • • mof'\! reacti, c trichloronu:thyl
1 l, and then transforming this rrce mdicnl 11110 •1

c homcostosi,, 
�ro,>I rudical (CCh02 "), ,, hich causes lipid pl!roxi<l:Jtion, di�n1pts a

zn.J l / 1989' fnron1bi, 2000).

C\entually I.ills cells (\1cCa} l!I al .. 198-l. Rc:cl.nngc .:t ti • ' 

Ele\ • n tn the lh er of r.1t tn:ntcd ,v11h

�11111 in the levels of end products of  lipid pcroxidntio 

1 · tc,·cls in the 1t,1?r
cc,, ,,� observed, The increase in f\-1D \ and protein carbon)'., 

1 ·r rennrts tJ1ut
f{J • • imilur to car JC t·-

�cil, c h 11 · t,si:rvouon •� � 
n nnccd lip id pc:rnxitlution. us O 

· icJ to
IL • tJ CCl1 "hich ,� uunhu 
"<TC IS • · lfCOh,.-U \\ I I 

:in c:l1:vu1ion of \.10,\ in li,cr ol rJI'!> 
• ,·J.inl defence

bL. J railurc: 01 4111JOXI 

�-�Ccd I · · d ·1ma llc :in 
1Pld pcro>.idatiun leading to 11'-'uc ' / "1001:• 

• t (Slu:no) ,., 11 •• • 

tJtc1.. • . • fri:e r.1d1cn � 
'lioll'lli1n • ( •:'(C<!',')I\ C 

s lo prevent the fonnu11on ° c. 

'4t71 8r1 u/,, 2004). 
l'rt-tr 

I o.-duc�-J
• ,nd ,ii;nilicun1 y 

ooci:111ru11011 • 

e:i1rncn1 ,,ith ,1:1, \ tlccn:ascd 1\10,\ c 
. 1 nru1«1ion of 

I • I • 01 hcr,t U1· 

�- I • 11,cclUIIIISlll

1n tatbo b, 1hul 1 ,e J I or 
ll) I le, cls. 1 lcncc. it n1n> c.: 

1 1or-in1clh) I m ,cu 

.\I r,A I . It is ro-�iblC th.11 1r1c l 

s lluc in r,:irt 111 ii) ontio>.id,:ull cfl'--C:I,

I ti I -
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, ;'d r,:roxides generated b) CCIA treatment ma) be scavenged b) the e,trnct resulting in 

&:pr�sion of lipid pcroxidu1ion i n  the liver. 

It ha\ been suggested thnl the protective cflcc t of plant extracts against CCl,-1nduccd

ll\tr d3mogc n,ay be ouributcd to the presence of constituents including llovono1d,,

U.1nms. tritcrpcnoids and alkulotds (Gilnn1 and Junbai. 1995, TrJn ct al .. 2001; Gupta l!t

oL. 200-i). fluvonoids arc kno,"n 10 b1.t untio:\idunts, free rudical scavengers and

11t1ilipap,!roxidunts leading to hcpn1opro1ec1ion (Yuung et al .• 1990: Cool. and Snmnian

19'16; Khalid et al. 2002; AI-Qaro,vi, cl ul.. 700-1; �lankani et al •. 2005). �Ian)

C1:lrnpounds kno\\ n 10 be bcncfic1ol against CC 1�-medintcd lhcr tnJUI') c,crt their

rtllltt. . . ,· I . ,ia a dL-crc,,scd production
1t,c: action b) 1oxin-n1cd1au?d lipid p\;rox1datton ell ti.:r 

of CCI . . r the protective oucnb
•·derived free rod1cals or through the un1io:.1dant nett, II) 0 -

illeinsel,c ( lltnbre,v et al., 1987; Juyatituka et al .• 1990>

fhc h ·c.1 induced li,cr Ju111ugc could
CJlatoprotecth•c cITcct of f' a111cr1c,111t1 Di!Jtn�t ( 1 

· · thus
a�1..  d" · I sca,cng1ng acuvtt),

� attributed in pan to its antioxidant encct 11"d fn:c rn ic.i 
· I\ •r cell

tl'1:1111;J. • • fron1 CCI, ond inducing , c 

ltng dcl t:tcriou-. ctlccls of tO:\IC n1c1obohtcs
1 •

''itlitriit · · I -11, enging ol
•on. 1 he an1iox1dan1 ond fn.:c nsd1ca sc 

\L p ·\ could hi.: due to I 1c

Fft..... J alkulo1d$.
-�•11:c of 11 'd I nn111�. on 

avonoid,. sup<1nin:., tcrpcnot .,, 0 
• r I lari\dt

I . he 11ndlns� t> 
lit tlc,.,a . • . . d r:>I� ugr.:.:s ,, lth t 

lion of ,cru,n C,SI I Ill cc1�-1nlOXIC,tlC 
. • d c.,sll ,)nlhcsb

� �f ,cprcs.:nt 111crc.1)(: 

C)cr, (1985). Increased GSI I lc\cl is t,;no"n 10
1 HIS, gene (C\1ari

� lo lt • , ·1· ,tu1an1)l c):.1.:in)I s)lll tc c 

• 
illl\l:rip11on11I activation ol the a;iin,m• l! 

, rctlc.:t .,n uJ3f111'C

� ( dJnt g.:ne� ma)
cdcr'-- • I •sc untt0'1 

uaurn, 2000), IJp rc�ulntion ol I tc 

�i\rn to dctoxily CYl'21.t..<fcrivt.-d ,,x,Jant,.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



GSII pla)S o pivotal defensive role against oxidative insult os on endogenous sco, cnger 

of free radicals and mointcnunce of  liver GSl-1 under conditions of incrca�cd 

l1popcroxidation has bcen suggested as a supportive and cornpensa1ory mechanis111 

!Cooper and Kristal. 1997: Spolorics and Meyenhofer. 2000). Also. CCI� is l.no\\O 10

� lipid pcroxidalion bu1 do not deplete GSI I (Jaeschke er ul.. 2002). Thesc

�olions and the rrec radical scavenging ac1ivity of 1hc e,1rac1 could c,plain ihc non·

dcpll1Jon of GSI I 1n liver of rots in this �tucly 

lt1 · CC'L • I ·d rots comp:1MJ \\ ilh
er C)tosolic G� I activity ,vos slight!) decrcnscd 1n .,n:a c 

CQn1 I 
. h . • 1 a Iler irc:11m1:n1 11 ith CCL

ro · llcpotic  c,s· r is kno\vn 10 be rctenscd 11110 t e scrun 

IA • 
· GST uc1ivi1, in 1hh 

ni),1 and Anders, 1985, llccknogcl l'/ al .. 1989). The reducuon 10

lllld lhC scnllll tollO\\ ing CC 1,-
) could be due to the release of 1hc enzyme into · 

Iii! '. •d b, rL-.1rca1mc:n1 wilh ,\1 P:\

:o,,caiion llcpatic GST acti, ily ,,as ho\\evcr n:co,cn: ) r 

cc, . <;OD and C,\ f ac1ivillCS ond :1ll

i·inioxic:uion also cnuscd s1gniticant elcvnuon in

I . J..noi\ n that under 
iritrcasc 

. 
• Cl ontr0I rn•� I ,s 

1" GSI lf>x octivi1y in the Iii er ol C 4·C 

d CAT nn: ac111 .111:d 
'l\icl:i11, • • rs such (15 son an 

c \t�s\ so,nc: cndoucnous rrotc,11\e tucto . • 
"" ?00 I) ·1111: ,ncn:.1,� 

'II 1/i: d t 987: John el al .. - . 
Clcncc agoinst oxidative iniury (!()IC et 111·• , 10 � hi o r,:)pon<c 

\\ us proh,1 > 
'II d en'->lnes . • . b . ·d in chis s1u )

act1v111c, in the liver o sef\c 
. 1 ,\l·P,\ dicit.:d

Ille r--1re;1uncn1 ,, ,1 • • 
r�J · ond ,� 

l'l'ac1ivc o\.ygcn species gcncrouon

'<d, .... , . "'1111 
• • uc:s ns tn hvcr (iSI IPx, SOO ;ind C,\ T ocuvl .

\it.11Qrh c . ,re�'> und 
1 

• Cl, n1uy cau!>C ox ida11vc � 

., IQ;\ ld3ni c11.,}'111cs to rcnJc:r cell�
·s1nnt 10

n1orc re�• 
''�1 ,..,c:II, 2000) In this stud), prc-trc,Hrlli:nl · I ,1:1•,\\\'II l ' 

I .. 1 

ur-rcsut:11ion of
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xti,itic) to near control levels. implying that P a111er1co110 ma) prevent CCl,-inducctl 

lipid pero.\idntion. 

Adminis1rotion ol CCI, alone caused lcucopcnin. neutropcnia and lymphoc)tosis in the

r.u .  1 his observation is sin1ilar to thc.: findings of �landal c:t al. ( 1998). TI1c

'1tnini\lr:ttion of Al::.PA nl u concentration of I 00 mg and 200 mg kg·• b. ''1 n:Stored

\\BC count b) 99% and 85% respectivel} compared to CCI� control rots. 11 could

thtrcforc be suggested that ,\LP1\ hos the potential to restore CC L-tnduced ultcr.itions of

��at I 0 ogical parameters in the rot.

1� . . . 1 prt>ll:c:iivc ctli:ct 0!!:11nst
l'l!'iuhs sho,v that AE.PA possesses s1s1111tcon 

�o · . 1 ttnbutcd to 1hc 111d1vidu.il
IO\lcity induced b) cnrbon t ctroch loridc "l11ch 1110> ,e 0 

'-Comb· • . . her in'-cstig:it1on� un: ne<.-dL-d  lo

•ncd actton of phytoconstitucnts prc�cnt '" 11· rurt 

�Cfmi . le for its hepo1opro1cc11,t: clTcct
nc lhc C.\act phy1oconsttt11cn1s 1h01 arc rcspon5ib 

I•� 1 1 A 1.:.1• , "lb n1ore

"llle\·c: , . �11 ·p .\ �ho\\S I HI ,, ' 

r, a comparison of the cnccts of AEI',\ 0nd •• · 
J · •lycc:ridcs o�

tfTctti, . 
. 

• 10I cholc)tcrol un trt£ 
c In reducing the h.ivcls of plasma glucose. to . \L 1,., 

'tll. . 
• . \(so 11-.:1111111.111I \\llh . 

iii •nJ I' ·c.10cn11c ruts, t • 

c, ol alhcrogcrucrt\ 1 n  the hyper 1P1 r the 
' 

. . I 111&' 1111d hc:1rt o 
-�ltctl 10 . . �,rcss in the Ji,c:r 1 

IO\\Cr lc\'Cl'i of markers o f  ox1d011' e · 

� 

\ 
roh!,1io1111i;,1in,1 (C.I

1:njJ1!1\ I 1 rovicJL-J l)cllC( r 

·' Prc-1rc:11men1 ,, ith 200 n1g I-If b. '' 
p 

. ,s I ( 127 ,�) 1111J

"" • n••111nst , • 
-..,.� he 

' • protcL uon "' 

pa1010.\itit} :is !>ho1,11 b) the pcrccn111gc 

1· r �ID,\ (65 Cl�).

i,._ ( J� ,1,), I\C 

""41 b,11 • 
·,I c:1toh:s1crol • 

lr1 Ill bin < I 06 %). reduction in �crt1111 101' 

•er Cllrbo 1cin 11 lfl ,t.),
ll)II\ (70 %> ond lncrc.:isc in t01•11 pro · 
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i? Cooclt,.,inn 

Tb.:1\.-sulls ob1aincd fron1 this slud) ,ndicolc that the e\.tracts of the leaves of P. 

amtrtru11u lo,vcr plasma glucose. total choles1erol and LDL cholesterol in the

li)l),!rcholcstcrolc1nic rot. Also. the extracts co used o decline in 1hc indices of ox,dothc 

111?-;,ond a rcstorJtion of I IDL choleslcrol and glutothionc. furthcnnorc, the aqueous

ttlracl pos�csscs sign11icnnt protective efTecl ug.1inst CCl,-induccJ hcpaioiox,city in rhc

111 and the hcpatopro1cc11on nppcors to be dose dependenl.

l� '-, Ii · 1 . · d" "d I combined ocuon of theu.:ne 1c10 crfccts ,nay be attributed 10 the 111 1v1 uo or 

ib)tocons1itucn Is.

Thus lh" . / •a,fc:1.tr0cts posses�• •s �ludy sho,v, for the first 11,ne thut P ,1111ericona ' 

b)pol . 1 h",; ,nii) account for ii'> u�c
'IHdac,n,c, ontioxidotivc and hep:noprotccth e cOc:cis. 1 

Li tth . 0 ,cnicnt of diseasesnomcdicine and could be furtlu:r exploited 111 the man !! 

�iatl'd \\ 1th h� pcrlipidacn1ia.
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r,,01ribu1ion to kno,vlcdgc 

Tbemuhs 0fthis stud} shO\.\ ror the lirst time that: 

I. Aqueous and n1cthanolic lcof cxtn1cts of P a1111:ricu11a lo,\cr IO\\ densit)

lipoprotcin (LDL) cholesterol in h)pcrlipidocmic rats. 

2. 1 he extracts incrcosc the level of high dcnsit) hpoprotcin (HDI.) cholc�terol.

3. The cxtract.s help to reduce the index oro1hcrogcnicit� \\hich may rcprcsc:nt a

proiccttvc mechanism against the dcvclopmcnl or othcrosclcrosis.

4· p cu11er1ct111a could improve antio:-.idont s1atU'- in circulation by increasing thc

concentration or reduced glu1oth1onc (uSI I)

S. The extracts ol p u111l!rica11a nn: protective ugninst lipid pcroxidu1ion

6 TI 
. , . .  sisnilicont prolC\:ll\C

• IC aqueous leaf e,troct of P a111t·ricc11u1 p0'>Si:-.\cs 

clli:ct against CC 1�-1nduccd hcpototox1c1tY
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