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,\BSTRACT 

Ncvirapine is n Noo-Nuclcosidc Reverse Tronscriptosc Inhibitor (NNRTI) 

used 1n HI V-1 Lrcatn1cn1. Although efficacious, it produces toxic responses such os 

hcpatotoxicity \\hich is  characterised by generation of free radicals. Protocatechuic acid 

(3,4-dihydroxybenzoic acid, PCA), a phenolic antioxidant compound from edible plants 

is kno,vn to be hepatoprotective by mechanisms of action associated \Vith inhibition of 

free radical generation, regulntion of inflammation, and apoptosis. This study \\'llS

designed to detennine the protective role of PCA against ncvirapine-induced 

hepatotoxicit} 

Sevcnty•t\\O male Wistar rots (150-170 g) ,vcrc random!) assigned into six 

groups of t\\clvc animals L"3Ch. The animals ,verc treated oral!) \\'ith distilled \\'lltcr 

alone (control), PCA (50.0 mg/kg), PCA (100.0 mp,lkg), nevirapine alone (5.7 mg/kg).

nev1rnpine (5 7 mg/kg) �,th PCA (50.0 mg/kg) and ncvirapinc (5. 7 mp/kg) ,vith PCA

( I 00.0 mg/kg) daily for three weeks, respectively. Enzyme activities of scrum alanine: 

wninotronsfcrasc (AL'I), asparuitc uminotrnnsfcrasc (ASn, and hepatic levels of 

reduced glutathione (GSH) and malondioldehydc (�1DA) \\crc determined 

spcctrophotomctrically. The: scrum concentration� oftuntor necro�•� factor atrha (TNF­

a), intc:rlcukin-1 bcw (II.-IP). prostaglandin H, (PGf:1), ca.�p.1..� J, caspasc 9 und 

C)'1ochrome C \\C:rc: assessed using �I.IS,\. I he cxrression.� ol cyclooxyl!cnm-c-2 

(COX·2) and inducible nitric oxide synlhnsc (iNOS) were n1C3..,urcd by 

immunohistochcmi&try. llis1olog}· of lh er "us dc1i:n111nl-d h) microscop) nnd 

upopto�is b) TUNEI. o.ss:iy, Daw \\'Cre lllllll)scd using S1uJi:n1 I ,�, nnJ ANO\',\ 01 

p o.os.

r reatn1i:n1 \l.ith nc\JrJpinc alone: CJU!ied \i£nilic11n1 clcv1111ons ,11 stn1111

111:thitics uf Al.r (8 ltO 5 UH) an,I A�T 110.3-tO 2 IJH) con1r,:ireJ l\llh roruml 

(3.2*0 7 and 8.1 :.0 II Ut1 r�p«ll\el) l I lo\\C\ er, treatment \lollh l'l A (50 O 11111 lu cn,I 

• •  
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I 00.0 mg/kg respectively) significantly lov,ered scrum nctivities of 1\LT (7.5±0. 7 and 

6.4:1: 1.3 U/L) and ,\ST (9.0±2.9 and 9.5:1: I 7 U/L). Nevirapine IO\\'ered GSII level 

(04-+-0. I mg/mL) compared \vith control (1.6±0.4 mg/mL) and significantly increased 

l\1DA level (366.0±39.0 nn101/g) compared \\1ilh control ( 188.0±8. 7 nmol/g). Treatment 

\\ith PCA (50.0 mg/kg and 100.0 mg/kg respectively) ho,vcver, cnuscd significant 

increase in GSH ( 1.4:1:0. 7 and 0. 7±0.12 mg/mL) nnd decrease in MDA (245.0±20.2 and 

262.9±9.0 nmol/g). Nevirnpinc elevated scrum POE1 (56.0:':5.2 ng/mL), TNF--0 

(20.3±1.4 ng/mL) and IL-IP (68.2±1.2 ng/alL) con1pan:d to control (37 9±4.6, 15.9±0.7 

and 53.8:1:1.4 ng/mL respectively). Protocatecbuic acid (50.0 n1i;fkg and 100.0 mg/kg 

n:spcctively) significant!) reduced serum PGl:.2 (54.4±2.4 and 42.8±-l.l ng/mL). TNF'­

a (15.6:t.0.4 and 16.0±0.3 ng/mL) and IL-IP (59.5:1:2.0 and 55.3:t:I.O ng/mL). 

�evi.rnpine induced COX-2 and iNOS expressions, incn:ased serum caspase 3 (2.0±0.8 

ng/ml.) relative to control ( 1.5±0.3 ag/mL). and s1gn1ficantly elevated scrum ea:;� 9 

( 159.013.0 ng/ml.,;) Md cytochrome C (215.0,.-,S 1.2 ng/mL) compared to control 

(127 3±19.8 and 116.6±27.8 ng/1. respccthcly). Protocatcchuic uc1d (50.0 n1g/kg and 

100.0 mg/kg rcspcct.i,cly) rc,c�eJ the incn:ased COX-2 w1d iNOS c:-.pressions, 

significuntl) lo\,crcd scrum c�pa� 9 (IOl!.01-37.0 and 112.J:1:l8.5 ng/n1l,). 

cytochrome C (107.4±6.9 and 106.0±7.2 ng/ml) and caspiuc 3 (1.310.1 und 1.4-t0.6 

ng/mL). Nc:,·irup1nc also induced hepatic 11pop1oai� ,,hilc protoc.1tcchuic ocid 111 both 

conccnuations reduced the 11popu»is I hstolo11) shn\\cJ sc:,o:rc: hi:patic necrosis in 

nc, 1ropinc•trc11tcd group ,,hich \\'115 reduced ,,1111 PCA trc:Jtmcnt, 

Protocatcchu,c 11ciJ wncliomtcJ nc, iror1nc-inJu� hcp!lloto:-.1c11) h) Iii

.int1oxid11n1, 11111i-1nlla1nm;1tol') llJld 11111t-npopto1ic rrof1Crt1cs 

Kc}�ord, Nc\lrap111c, Scnun, I lcpa1otol(1ri1), l'rot11cu1cchu1c acid, Ap<1ptosis 

\\'ord (IIUIII 4H7 
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1.0 INTRODUCTION 

CHAPTER 01''E 

IN'l'RODUCTION 

Drug-induced liver toxicity is one of the most frequent reasons cited for the 

,,ithdm\\•al of a previously approved drug fron1 the market (European � ledicines 

Agency, 2006). Drug toxicity has been a major limitation to drug development and 

therapy making it important to consider not only the therapeutic value of drugs but also 

their adverse clTccts or reactions. 

A drug can cause liver toxicity via several ntechanisrns. For instance. it can be 

directly or indm!etly acting through rcacti\'c metabolites. The drug or its metabolites 

may cause liver toxicity after specific receptor binding, or reacting \\'ith hepatic 

macromolt:cules leading to direct c:,.totoxjcity. On the other hand, liver toxicity Cllll be 

mediated ,•Ju an ammunological cascade (BlomhofT, 2005).

Increases in the scrum lc\'cls ot the liver enzymes alanme aminotransli:ru�c: 

(AL1) and nspartalc nminouunsfcrasc (,\Sl). in comb1na1ion '"ith increased bilirubin 

lc,els arc usuall:,. considered to be the mo�1 rt:lcvnnt sign of liver toxicity (,\�ondc t'/

ul., 2007). MllCroscopic and in l)Mticuhu histopathological ob�cr\'Ullons ,allo\\ 

confirmation of the occum;ncc of li,cr toxicity and pro, adc turthcr c:vi1lcncc of the l)'Jll:'

of li\c:r d:un11gc:. The ubsc:ncc ofhlstologic:11 findings ho\\c:,cr, d0t.� not cxcludc lhcr 

toxicn) (Akande rl 11/. 2007), 

Antirctro,·aral therupy (,\RT) has pro\'.:n to be highl) cllccthc in the to:,nmcnt 

of hurruin 1mmunodelicic:nc)' � 1rus (J IIV I 1nrccuon ,n industri111i1al countries ( rnlclla ,•, 

al, 1998; �1ocroll rf til • 200)) us "cll os an coun1na "ith hmncJ re50un::cs (Zhou , , 

al., 2005, \V�ter ,, al. 20051. \\halc the benefits nrc ".:II Jocu111cntc,I, Alt1 :ilkl h,1.5

s1gn11icant to-.1ch) 1h:it rcqu,rn monatonns (I rcnch rl 11/ 2002, ( <ilelle r1 11/ :!005) 

;.. 

r I
,,J 
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1 lcpatic toxicity is a con,mon complication of nnti-retro,irol treatment in IJIV patients. 

usually indicated by the elevation of liver transaminases 1neasured in lhe serun1 

(Akande er al .• 2007; Anthon}. 2001). 

The toxicity of ART treatment is no\v \\·idel) accepted (l\1ae-Wan Ho, 2007). 

\-1an) authors \vith difTcrent conclusions have evaluated the risk factors for hepatic 

toxicity associated \Vith antirctroviral regimens and have demonstrated the toxicity of 

ARTs exc.!mpli lied by elevated serum levels of liver enzymes (Corton et al.. I 999; 

Ching-1.ung er al., 1998: Akande et al. 2007) nnd elevated scrum levels of bilirubin, 

,vhich may either occur early or later in the course of therapy (Bellini er al .• 2003). 

'\ev1rapine. one member of the class of drugs kno,vn as non-nuclcos1dc 

reverse transcnptosc 1nhib11ors (N'IRT!s), prevents the non-nucleoside re,·erse 

lrWlSCnptll!.e enzyme from functioning. I his results 1n a reduced amount of the \ irus 

in lbc body and un incr� in the CD4 cell (f cell) count. 1mprov1ng the host's immune 

function thereby reducing the risk of new and opportunistic infections und death 

(l laroon. 2002).

Nc:viropine hns been ,vidcl>· used in adults as one of o combination of drugs to 

treat established 11 IV infection. II has o spccull role: in the pre\ cntion or mother 10 child 

tr.m�mission of IIIV. as it t!> cflccthc \\hen 11h·cn ilone 11, o �Ingle dose to the mother 

at the begiMing of labour und one dose oJministc:red to the bah} \\ 1th1n 72 hour:, of 

binh Ne, irap1ne sh en to IIIV-pos11h·e prcgruint \\omen rop1dl) ero,�cs the pltkcn1n 

into the Ictus "ith its ellects lastini; through the lirst \\-eel.: ol lilc (I lnruon, 2002) 

Nc\iropinc: \\US the first of the NNH.I In to be: oppro,cJ lor clinlcol u!ie Juirl) 

chnicul 1nal& found 1h01 11s use Ill I rnono1hcrnp) roultcd 10 the rapid onset ol 

r�i�UUlcc and h)pcrscnsith II) n:.1ct1ons (Cnrr 1111d Cooper, 1 '><>fi; ll111nmer, 2005) J hc

use: ol 1-:e-. 1rap1nc luu 11.bo been ohs.en cJ 11, n o.d. fuctnr fur trJn ... u111nnsc cle,a11on 
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under highly active antiretroviral therapy (t\1o.rina et al. 2003 ). Its use is associated 

"ith a relatively high incidence of skin rash. as \\'ell as life-threatening. ll\er 1ox1ci1y, 

and the incidence of drug induced hypersensitivity reactions is higher \\hen the drug is 

usi.:d for propbylaxis (Bersoff-Nlatcha et al, 200 I). 

Similar adverse C\enls have been reponed in health care ,vorkcrs taking 

Ncvirapinc in combination ,vith other an1Jrctrov1ral drugs for post-exposurc 

prophylaxis after occupational exposure to I UV (Hnroon, 2002). Umar c:I al. in 2008 

also reported adverse hepatic effects associated \\ilh edn1inistration of Ncvirapine, to 

albino rats. 

1bus, Nevirapinc is kno\\n 10 be associated \vith life-thrco1cn1ng liver tox1c1t). 

Although this hepa1otox1c effect has been estnblbhcd, h11le or no information is 

available concerning the mechanisms underlying its hcpato10,ici1y and its effect on 

oxidative !>tress. 

Among the mcchllnisms involved 1n hep.itotoxit:il} induced b) se\ eml 

xenobioucs 1s  the oxidoti\c damuge due 10 fn:e radn:ul generution (lJmo and Ruo, 

2005). Oxidative damage can accumulate in animal cells \\hen the criticul balance 

bet,\ccn gcncrouon of rcacthc oxygen spccu:s (ROS) ,111d rcnctlve nitrogen species 

(RNS), 1111d antioxidant defence is unl1t\oun1blc II hos been 1: tabh ,h,.:d that such 

uxid:tth c dumagc ,� tn\'Oh cd in the p:11hogc:n1..-sis ol diseases and nth crse reactions 

assoc1utcd \\Jlh drug usage (Blomholf, 2005). I his oxiduti\ c drunage c:1111 be LcJII 111

mnn:sg1..'llblc IC\cls .,.. nh the aid ol ilJ'ltioxidant.s 

I he stud) ol nunu:rous compounds tluit could be useful a,; 11n1111,1dan1s, 

ranging from u-tocophcrol and Ji-c11rotcnc 10 other plant 1111t1oll.1dnnti; su�h 11s ll!l\Onc\ 

and t.o.nnuu, !us gained 1nc:rc.is1ng inter� I tn the liclds uf 11)(,J nnJ mcJ,cinc

l'ro1oc111cchu1c oc1d (3, 4-dth)Jrox)bcnl.olc ac1J r•c Al, 1 111nplc phc:noltc nn110,idunt 
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compound. have been isolated from the dried no,vcrs of Jlibisc11.1 sahdarifa L. 

(Malvaceac), is an ingredient of a local bcvt:rage nnd a Chinese herbal medicine used to 

treat hypertension. p) rexin and liver damage (Chen-Lan et al., 2002). 

Protocntcchuic acid is a natural phenolic con1pound round in man}' edible nnd 

medicinal plants (Justyna. 2005). PCA has also been sho\\'Jl to ha, c in , ivo protccuvc 

cficct against tcrt-butyl hydroperoxide-induced rat hepatotoxicity (Chen-Lan et al., 

2002). In vie\\ of the hepatoprotectivc potential of PCA. its modulotof) cfTcct on tJ11: 

Ncvirapinc- induced U\'er toxicity ,vns tnvcstigotcd in this study. 
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CHAPTER T\VO 

LITEIU TliRE REVIE\V 

2.1 Drug-intlucetl Hepatotoxicity 

Liver damage caused by drug administration is kno,,11 as drug induced 

hepatotoxicity or liver injury. T11e liver. an organ located betv,een Lhe absorptive 

surfaces of the gastrointestinal tract is central to the metabolism of virtually ever) 

foreign substance (Lee. 2003). 

Most drugs are hpophlic in nature and this property ennblcs them to cross the 

membranes of intestinal cells. l-lo\,ever for these drugs to be metabolised ond excreted 

from the system they must undergo hepatic biotransformation "Inch n:nders them 

hydrophilic This hepatic biotro:nsformnuon invohcs oxidative palh\\U)s, primarily by 

\\'U) of the cytochrome P-450 enzyme system (uucngerich, 200 I). 1-\flcr further 

metabolic steps, ,�hich usual!)· include conjugation 10 a glucuronide or a sulphate or 

glutathione. the h)'drophilic product is exported into the blood or bile b) transport 

proteins locntcd on the hcpatocyte membrane, und ii is subsequently excreted b) the 

kidney or the �trointcMilllll tract (Lee, 2003) 

This process of drug bio1n1n.,formo1ion leads 10 the generation chcn1iculh •

�tivc mct.1boli1ies "hich, inter.ict ,,ith cellular macromolecules 11uch ns proteins, 

lipids, and nucleic ocads, lending to protein dyslunction, lipid pcm\ldution. ON,\ 

dlul\llgc, nnd 01'.tdati,·c Strt'SS AdJitionally, th� reactive mctJholitcs fill) induce 

disruption of ionic gradients ond in1roccllul11t culciurn Mores, rc�ultang in m11,lChondrial 

J)�func1iun and lo� of energy proJuctlon 1lti5 rntp.'linncnt of ccllulilr !unction ain 

culnurcitc 111 cell Jcnth ond pos11hlc lhcr f.illurc (llolt ond Ju, 200h)

•
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2. 1. I Forms of drug induced hepatotoxicity 

The predominant forms of drug-induced li\'er injury include acute hepa111is. 

cholcstasis. and a 1nixed pattern (Gun:l\van and Knp!o,\'itz, 2004). Acute hepatitis is 

defined as a marked increase in aminotransfernscs coinciding ,vith hepatocellulnr

necrosis. Cholcstasis is charactcri1ed b) jaundice ,vith a concurrent elevation in 

alkaline phosphntase. conjugated bilirubin, and y-glutamyl trunsfcrasc. l'\<lixcd-pallcm 

drug-induced liver injur) includes cluucal manifestations of both hcpatoccllular and 

cholcstatic injur) (I loh and Ju, 2006). 

2. l.2 Key Oiomarkers of drug induced hep11101o�cit)

,\minotrnnsfernse,

Ammot.ransfcrosc:; arc CllZ)mcs that catalyse n:action be1,,een an amino acid 

and a keto acid leading 10 tlle the product.ion of nn11no01d There urc 1,,·o types of 

nminotransfcruscs: ru.partanc orninotrnnsferase (1\ST) and nlnn1ne orn1notr:1nSh:rnsc 

(Al.n. AST (EC 2.6.1.1) and ALl (EC 2.6.1.2) ore ,,idclr distribu11:J throughout the 

body A.ST is found primllrily in hcan, lhc:r. skclellll muscle, and kidney, ,,hercas ,\LT 

is found primarily 111 h,c:r and kidner. "'·ith lesser amounts in hcun und :;kclctnl 1nu,cle 

(Adolph et al., 191!:?: Jung et al. 1981, \Vrobcwsl.:1 c:t ul. I 958). 

The ,\ST and AL'I ac1iv11ics in li�cr urc 7000 • nnd JOOO-fohJ hig.hcr tJ1.1n in 

1.hc: M:rurn rcspccti, ely ( I.on ,., ul .. 19116). ,\I, I is cxclush l!I)· C)'topliun,ic \\hilc both 

mi1ochondri11I lllld cytopla�mic fonru. of AS I' arc found in 1111 cells (Rc:j, 1984) l ivcr 

Ji� is the most 1mpon.,n1 cause of increased 1\l. l nnd ,\SI co111:cn1rntio11 in the 

scrum Jn most 1ypcs of h, er disease, t\l. l ocu, 1I) ts higher thun 111111 ot ,\S 1. 

fncr1.-.iscd scrum le,els ol Al I nnd AS I d1rc:ctl) rcOccl b m11J11r f)CTTne:ilulh) problcnt 

or cell rupture (Benjamin. 1978; UllllU et 111. 2008) 
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Gnmmn-glutomyltran�fcra�e (GGT) 

GGT (EC 2.3.2.2), a membrane-bound cnL) ,nc. is pn!Sent (in decreasing order 

of abundance) in pro:\in1al renal tubule. liver, pancreas (ductulcs nnd ncinnr cells). and 

intestine (l\,liur.i et al, 1981; Tate and Meiste., 1981; Jung and \\lisch.ke, 1984) anchored 

to the cell surface through a small N-tcrminal transmembrane domain. It is one of the 

most \\idely used clinical indicators of liver damage and GGT assays form pan of the 

routine screening procedures on blood or plasma (Nora et al., 2008). GGT is an 

1mportont enzyme ,n the metabolism of extracellular glutathione. It is able to cleave the 

-gluUllllyl peptide bond in glutathione and other proteins and transfer the -gluu,.myl

moiety 10 ucccptors. GGT is also kc} to glutathionc hon11:os1asis because ii provides the 

substrates for gluU1th1one 5>·nthcs1s. GGT and gluLDthionc ilfc important to several 

organ S)stcms such as the fellll liver, the kidney and the 1ntcstincs (Ikeda and 

Taniguchi. 2005) GGT activity in i.crum comes pnmnnly from liver and exccss,,c 

inccase of serum GGT conccntrotion. is ossociated \\·ilh hvcr damage 

\lkolinc pbospb111iuc 

Alkaline phosphatnse (ALP: EC J.I 3,1) cncompassi:s a group of 

heterogeneous enzymes that c:auil)LC the hydrol)�is of monophosphotc csh:rs at 

:tlk.tlinc pi I (Synblim.'.l et al., 1998). Serum Al P 11c1i,·it> i s  used primnrily ns nn 

indic::11or of hcp.11ic di�asc. l lO\\L"Vcr, lhc:rc ore numerous non hcp;s1ic foclors thn1 

�uh in an incru.sc in scrum AI.P ncti\'lly. none discaw, cndoerinc di!ICnsc, nc:oplu�i.1 

and other disonlcn; can result 1n increased t1ll.1linc phosphillosc octi, i1y In 01ldilion, 

ultalinc phosphalllSe octl\ily ma) be incrc:iscd due 10 1nJuc1ion h) t.:en11in dru11� i;ui:h 

4.\ glucocorticords ond nnt11:on,uls:in1s (Ntcolc and Kidney, 2007) 
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Nuclear factor k:ippa-D (NF-kB) 

The NF-kB fan11ly 1s one of the important dimeric transcription factor families 

Cl raut,,·e1n cl al., 1998). It consists of NF-kB I (P50 and its precursor PI 05), NF-k82 

(P52 and its pre-cursor PIOO), RclA (P65). c-Rcl (Rei) and RclB. RclA-NF-kBI (P65-

P50) is the most common dimer formed (Bacucrle and Batlimorc:, 1996). 

Nuclear factor kappa-8 (Nf-kB) is a transcription factor involYed in immune 

responses 85 \\t!II as inOammator, and cellular defence mechanisms (SiebcnJist et al ..

1994). Do"nstrcam products ofNF-kB ac1ivo1ion include inllammatol'} cytolunes such 

as tumor necrosis factor (TNf a), interleukin I- beta, inducible nitric oxide synlhasc 

(iNOS). and cyclooxygcnase 2 (COX-2) Latest research has demonstrated relauonship 

bcl\,een reacllvc OX}l!CD species (ROS) and Nf--KB. In 11i1ro studies ha ve  also sho,vi1 a 

rapid activation of NF-kB after exposure of certain cell t)'J)CS to ROS (Cominncini et 

al. 2004). FQl'Ombi et al. (2009) also reported that the nuclcur factor kappa B (NF-kB) 

plays a major role in dimethyl- nirosaminc induced li,cr 1nJury. 

Sc\'ernl lines of c\'idencc indicate thllt octivution; trunslocution und binding of 

NF-k8 arc pivotal )lcp� in the regulution of immune nnd pro-inl101nma1ory c)·tokine 

genes (Bohrer tt al .. 1997). Under �ting conduions, NJ:.1.:13 is scqucsh:rccl in the 

C)1opl.um through interncuon \\ilh llS inhibitor, lkl3, \Vhcn the cell i� ncll\ 1111:J, the llO

protein is phosphorylotcd nncl dcgr-.idccl rapidly. NJ•.Jd3 then undergoes mpid nuclear 

trnn�l<x.1.Jlion ond p:irtic1pa1cs in the 1nJuc1ion of numcrouJ cellular genes ( U:ild\\JO, 

1996). 

NI ,Lll ocll\allon c:in be usat us b1orruirL:er for IWCSSing lhcr to,ic1t)'. Xuc­

Llllll �fa and co-,,or\..:ers rnt.-iuun:J oct1\11t1011 of Nl--L:U/JegruJ:11ion ol inh 1h11or <If 

L:uppa U nlpha (llB:t), b) ,,ntrm hlol to demon.strulc 1he roh: of (NI -LU) 111 

concan11\-nl1n A,uwfuccd hcpauus (Xuc,L111n �fo et "I 2001(1. 
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Tumor necrosis fuctor olpba (TNF-!r) 

Tumor necrosis factor alpha (TNF-a) is a pleiotropic cytokine critically 

involved 1n inflammation and immunity TNl·-u. in conjunction \Vith interleukin (IL)-6. 

regulates the acutc-phnsc response, adhesion molecule acli\'alion. and antioxidant gene 

expression. TNr--o is perhaps the most critical and po\,erfuJ mediator of inflammation. 

cellular injury. cell death/apoptosis, and \\'Ound healing (Ed,,'W'ds et al, 1994). 

11,ere appears to be n cnticaJ role for TNF-!r in \'nrious models of 

hep:uotoxicit). For instance, carbon tetrachloride (CC4)-induccd hcpntotoxicit) is 

blocked by the administration of soluble TNF-u receptors (TNfRs) (Cujn et al. 1995). 

Liver repair follo,ving CCI, is mediated by TNF-o (Bruccoleri et al.. 1997; Yamada and 

Fausto. 1998). In  cadm111m-1nduccd hcpatotoxicity. pretrcatrnent ,vith ant1-TNF-a

an11bod1es prevented focal inflnmmntion os ,veil os secretion of the ocutc:-phasc 

reactant, scrum amyloid A (Ka}ama tt al 1995). indicating that these processes ore 

cytokine-depcndent. 

Similar!), ncutrali,jng antibodic, to TNf'-u di:la}ed increases in scrum lcn:1s 

of IL-lo and lher c:n7.)mes as \\di as shortened the recover) ti1nc following 

acctruninophen trcntmcnt (131D.1.kott al 11)95). Acute inflnmn1otor) responses to 2, 3, 7, 

8-tctrnchlomdibcn.t.0-p--dioxin "-ere min1ickcd b) the ndminis1r.11ion of cxogcnoU\ IL-

10 and TNft ... (�loos .:t al, 1994). 1nkcn 1ug.:1her, these Jara su1u;cst that I NF..,.

conmbutes 10 pnthologic:il mllnilcstations ofch,:mical,induccd ll\cr dnma�e. 

Inducible nitric oxide t)ntluoc I�()� 11nd nltlc u,ldt (Nitric o,ldc) 

inducible nltrtc oxide synthasc Is on tnduc1blc ,ncmlxr or the thm: 1111nc oxiJc 

s.>nthasc 1sofonru (endothelial n1tnc oxide i)Tithasc (cN<>SJ, ncu,111 nitnc O\ldc 

syntlwc: (nNOSI ond il\OS) lhe) c:iull)7c 1hc: o,1ua11on 11:du�tiun re:icuon of l. 

arg1n1nc in the prcKncc ol OX)l!C-n to lonn nllnc 011de (NO) nnJ l-<11n1lhnc 
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Nitric oxide is a hight} reactive oxidant produced by pnrenchymnl nnd non­

parcnchymal hvcr cells (Geller et al. 1993; Laskin et al .• I 994). Under nonnal 

conditions. only the constitutive eNOS is present in the liver, nnd IO\\' levels of NO 

regulate hepatic perfusion (Li er al .• I 999). Under pathological conditions, ho\\cvcr. 

iNOS is strongly up regulated and large amounts ofNO an: generated in the li\'er It has 

been demonstrated that both NFkB and inducible nitric oxide syntha.sc (iNOS) 

cxprci;sion increase during liver injury. 

1111:rc are also NF-kB binding sites in the iNOS promoter (Ganstcr et al .•

200 I) NF-kB 1s therefore: imponant in the regula11on of hun1an-induciblc rutric oxide 

S)ntha.sc (iNOS) transcription in A549 hurnon lung epilheliul cells (Chu t'I al .. 1998)

Cycloo:tygcnnsc- 2 (COX-2)

Cyclooxygenose -2 is an el\Z)me in\'ohcd 1n inOnmmntof}· processes and the 

rote hmiung cnzyn1c in prostaglandin bios)nthesir. from 11rnchidonic acid. COX-2 has 

been implicated in liver inOnmmntion and fribrosis (lmqucl ,:t al., 2008). Inappropriate 

up regulation of COX-2 has been frcqucntl> observed in vurious prcn1ulignant and 

malignant tissues (J\,fohan and Ep>tcin, 2003 ). Like other earl) rcspons1; gene producL�. 

COX-2 CAil be induced rapid!) n.nd trans1cntl) by pro-1nJlnn1n1utol') mcdintors. 

cndotoxins us ,.1,ell us carcinoi;cns (Kim tl ul, 2005). 

COX-2 inhihito� h:s,c: bcc:n i,hoY,n to possess hcpatoprotecllvc cOcct l'nromb1 i:t al ..

(2009) Jemonstrall.-d th:11 kola\ iron inluhits dimt:th) I nitrus:imin,:- 1ndui:cd liver 1njul) 

b) suppressing COX-2 c:xp�ion
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2.1.3 �lcchnnisnts of dru�-induccd hcpntoto:1icity 

A revic,v article (Lee. 2003) hus outlined 6 basic mechanisms of drug induced 

liver injury. These include: 

I Free radical induced oxidative Slrl!SS and metabolic bio-aotivntion of chcn1icnls 

2. Autoimmunity and inflammation

3. Apoptosis

4. �litochondrial injury.

S. Disruption of calcium homcostasis leading 10 cell surface blebbing nnd lys1s

6. Canaliculnr injury.

2.1.3.1 Free radicol and dru� n1ctobolitc induced inju11 

Inc C}tochromc: p450 system compnsc of a fan1ily of enzymes located in the 

smooth endoplasmic reticulum (SFR). Although they are also found in man} olhcr cells 

of the body they arc major!) found 1n Ille liver cells. A major rolt: of this enzyme 

S}stcm is 10 mclllboli;.,.c lipid soluble chenticals (drugs nnd other xcnobiotics) into 1nore 

\\'ilh:r soluble forms to enhance their cxcn:tion fron1 the hod} vio bile or urine 

( \Ve1nsh.ilboum. 2003 ). 

This biotransformation procc�s i� typicall> in 1,,0 steps; numcly rhn.'>Cs I and 

2. In the phase I reaction xenobiotics on: bioac11,atcd to rc.1c1ive intermediates. 10

preparation for the phase 2 n:action (Gucngerich, 200 I) ll1e phn�c 2 in\'ol,cs n1njorly 

conjugation of phascl products to polar n1oleculcs (MKh ns glucuronic acid) , ... , 

co,aJent bond formutlon forming .i n1orc 50(ublc 1neL1boli1c ,,h1ch 1s c:uil) c,cret�-d 

The produCJfon of 1njunous rnctubolhcs by t)lochron1c i>JSO 5)slcm 1s

pcrlmps the most frequent meclUlllii.n1 or hcJl,llocellul:ir tnJUI') Jue tu the sc:nm11iun 01 

rcacu, c mclllbolitc and lrcc rudicals ror ln)lancc, �nrbon 1c1mchl1111Je 1s n1ct11bolizcJ 

b) the C) tochrumc , ... so S} 5lCRI 10 tnchlommcth) I raJ1eal ( cc1i,. 11 free r.1J1cal llut
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induces cell n1emb!"ane injury. Lesions induced by carbon telachloride arc most severe 

in the periaeinar (centrilobulnr) areas. because this is the area "'here the srnooth 

endoplasmic reticulum is most abundant, and, therefore, ,vherc the ncti\'c form of the 

chemical is presenl in greatest concentration. Consequently. the centrilobular region of 

the hepatic lobule is by far the most com1non site of acute toxic 1nJUI)'. 

Acetaminophen toxicity is another and n1ore com1nonly encountered example 

of this 1nechanism of liver injury (Zhang et ul, 2002). Adducts can also fom1 bel\,·ccn 

bioactivated compounds and nucleic acids. Adducts fom1cd ,vith DNt\ arc 1norc likcl) 

to lead to long-term consequences such as ncoplnsia, but adducts fonned ,Yltll RNA can 

interfere ,vith protein synthesis and lead to acute hcpntic to,icil) (John. 2005). 

C)1ochromc P450 2LI (CYP 2bl ). the ctho.nol-tnducible form. metobolizes

and activates mtu1} toxicolog,icall> important substrates, including ethanol. carbon 

tctr.ichloridc, acetaminophen. and t-:-n1trosodin1cthylominc. to more to,,c products 

(Gucngerich cl ul.. I 990: Koop, 1992). CYP 21.1-dcpcndcnt eth.inol metabolism 

produces oxidati\'t stress through generation of rcacti\'c ox)gcn species (ROS), a 

possible mcchtulism by" hich ethanol is hepatolo\ic (llond>, I 992: r>i11n111n1 19115). 

2.1.J.2. Autoin1munil) and 1nflo.mn1atlon 

In uddi1ton to direct dllllUlgc or cellular proti:1n and nucleic acid, adduct 

form:i1ion i.e. formouon of dru� covalent!) linl,;cd 10 cnl)IIICS cun lead 10 1m111unc­

mediatcd lh er 1nJUI'). Adduct� 1hat urc lrugc cnou11h to scr. c as nnmunc 1:irgct nl4) 

nui;rntc 10 the 1urfucc of the hep:iloc)IC, \\here the) cnn 1ndu�·c the lomut1on ol 

wi1ibodics (nntibody-mcd1:11cJ cyto1oxicity) or induce direct C) 1nly11c I -cell rcspon'ies 

(Robin ,:t ul. 1?97) 

·nu: C) tok1nc rc:sporuc: 15 alw c�olcd :md this m11y cause lntl.unmllt111n nnd

add1t1on:il neutropl11l,mcJ1nt,-d hcpto111x1c1t) (Jac,chlc c:t al • :?002) I his rirocc s ha\
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been de1nonstrated ,vilh several drugs that form adducts ,vith the cytochrome P450 

isoforms that arc involved 1n their metabolism. including tienilie acid and dihydralazine 

(Le\\·is. 2000) There is gro,ving evidence that the initial NAPQI C'J ncetyl­

parobenioquinonc imine)-induccd hcpatocytc damage may lead 10 activation of innate 

immune cc:lls ,vithin the liver, thereby stimulating hepatic infiltration of inflammatory 

cells (Ishida et al •• 2002). 

h has been demonstrated that vanous 1nfla1nmatory cytokines. such as 1un1or 

necrosis factor (TNF)-a, interferon (TFN)-y, and interleukin (II )-1 p, (81ll7kn et al..

1995, Bln.zka et al., 1996 Ishida et "'· 2002) and pro1nOon1n1atory enzymes like 

cyclooxygenase -2 and inducible nitric oxide synthosc produced dunng drug-induced 

li\'cr damage an: in, oh·cd in promoting tissue damage. 

2.1.3.3 t\poptosis 

Apoptosis. a form of organi,ed cell death (Rust nnd Gores. 2000). is 

charoctcrizcd by cell organelles and cell membrane fragmentation into small men1bronc: 

bound bodies l'C'iUlhng in cell death. Classically opopto�is con be initiated through l\\o 

b:I.Sic mcchllnisms in the hcpl!IOC) tc intcrac1ion� bct\\ccn dc;lth hguntls (Fas-ligllnd. 

Tumor Necrosis Factor (TNf )) and death receptors (Fas and Tun1or Necrosis !'actor 

Receptor (fNFR-1 )) that tril!&cr casp:i.sc 8 acll\'Ollon or drunoge 10 mitochondrial tuner 

membranes n:lcMin11 cytochrome c that binds 10 ,\paf-1 uc1iv111ing 11. lending 111 

do"nstrcrun acU\OUon of c:aspasc 9. I h� p11lh\\il)'I urc 1101 co1nplc:tcl) :.cp,1n11e us 11 

protein 11411lCd Uid that is oc1iv111c:d b) c:rupMC K �·1111 aiu�c: 1nitochu11dria to n:lc:nsc 

cyt�hron1c '-1 (John, 2005) 

Progrummcd cell dL'3th 111pop1osi1) crui occur 111 con�en ,,11h inunune-

1111:d,otcd ,njury. dcsUo)lns hcp;ilOC)1CS ,111 1he INI And the I u p.1111,,a}s. \\Ith cell 

Minnlugc: 1111d fragmcn1u11on of nucle:ir chrom:iun (Reed 2001) t.:cna1n clu:n11�.1ls 
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ma) be able to trigger apoptosis by direct slimulotion of the p ro-apoptotic path,vays in 

hepatoc> tes. On the other bond. other patlnwys including immune-n1ediated events can 

lend to release of TNF or activate the Fas path,vays, and cholcstasis is also kno,vn 10

stimulate apoptosis through action of pro-apoptotic bile acids such as glycodeoxcholic 

acid (GCDC). Similarly. chemicols that domoge mitoohondrio con also initiate 

apoptosis via release of cytochrome c (Bissel et al., 200 I; Jaeschke et al., 2002). 

Ln addition. bioactivation b) tl1e cytochrome P450 sys1en1 can produce n.:activc 

molecules that engender oxidative stress ,vhich can then be a stimulus to induce 

synthesis of Fas Ligand and increase the susceptibilit) of hepatocytcs to opoptosis (Lee, 

2003). 

2.1.3 . .t \1itochondrinl injul') 

Domagc to the mitochondria can be VCf> inimical 10 the: health of an) cell 

because the mitochondrion is the energy or po,ver house of the cell. Chemicals lhot 

damage mitochondnal structure, enzymes or DNA S}nthes1s can dbrupl P-oxidation of 

lipids :md oxidative- energy production within the hep:ll0C)1CS (Fromcnty and l'c,sayrc, 

1995: Pcssayre et al 1999: Bissel t:t al,, 2001 ). 

Some drugs may inhibit P-<>xidJtion (a)prin, ,1.llproie m:id, 1c1rneyclines) and 

others mll) dimipt oxidathc rhosrhor>·lation alone or in addition (bile acids. 

amiodaronc) depicting the hcpatocytc, ol energy. CcrtD.ln ontivirol r.lidcoxynuclcosidc: 

ruwlogucs can disrupt n1i1ochondri11l DNA 5) nlh�-s1s through 1nbihiuon or DNA 

pol)mcnisc iiamma. lcor.l1ng lo depiction of mitochondnal ONA 11nJ mitochondnn 

le:iding to hep:StllC)IC dc:ith (John, 2005) Sonic other drugs inJu�c lhcr injuf} by 

e11us1ng the opening of lhe pc:nnc:ihilll)' pore rP I l 

>·

-
rr.: 

·-
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2.1.3.5 Disruption of calcium homcostasis. 

In healthy cells the intracellular free calcium in n,aintaincd at lo,ver 

concentration than the extracellular concentration and most of the introcellular calciun1 

is sequestered ,vithin the endoplasmic reticulum or mitochondria. 1·hc integrity of 

n1cmbrancs ,vithin and surrounding the ct:11 as ,vc:11 as the balance of intracellular ions 

arc maintained by a variety of energy consuming processes involving the Ca2
• and 

!\rtg2· - A TPases. 

Drug-induced damage 10 these cellular proteins 1h01 are involved in ion 

balanct can lead to an influ.x of calcium that disrupts, among othc:r processes, normal 

nctin filament assembl> and disturbs A TP production. The resulting dispersal of the 

cytoskelctoo leads to blebbing of the cell membranes. Also. irreversible cell inJUI)' and 

cell lysis can occur 1f cell the membrane disruption is of sufficient magnitude (John. 

2005). 

It has been dcmonstmtcd thnt biooc11va11on of ceno1n drugs (or chemical 

compounds) b} the cytochron1c: J>*50 s)�tcn1 produce: re.ictivc intcm1cdiotcs that cnn 

bind to vnrious cellular proteins (including those involved in ion balance) leading 10

cellular dy,function. (\\'oUlnabe nnd Phillips 1986) 

2.1.3.6. C:an:illcular .iod c:hole<1tDtic: injul") 

,\n)' chcm1cal that c.m d.1m11i;c IJ1c structure: nnJ function nf the hilc c:in.,hculi 

,,·ill produa: cholcsllllh (i,e IIITCSt of bile: fonnation) Sc,eral drug.s hu,c Ix-en 

idcntilicd iliut Cllll lc:w lo cholcslll.Sis I l.e\\is. 2000). 

Dile secretion dc:pcnJ majorl) on the function ol ll scncs ol ,\ I l'.Jcr,cndcnt 

export pumps th3t mo,'Cj blle 1J.111: lllld other trun�portcr1 tluu export other hih.· 

conMitucnts from the: hcp.1h>C)1C cy1oplnsm to the lun1cn of the cnn:iliculus h I) �IIO\\TI

tluit '.!4.lnie drugs (or there b10:ict1,1111on rroduc1s) bind these lr:iruportcB and IJ,us 
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impede or arrest bile forn1a1ion or movement \\ithin the canalicular system (T rauner et 

al, 1998) resulting in cholcstasts. It  is ,vorthy of n1cntion that secondary injury can nlso 

result from the detergent action of bile salts on cell membranes and biliru, epithelium 

or hepatoc)'tcs during cholcstos1s. 

2.2 Antioiitlants 

According 10 Hallhvell and Guuc:ridge ( 1989), an antioxidant is any substance 

that when present at lo,, concentrations comparetl 10 those of nn oxidiLO.ble substrate 

significantly delays or inh1b1ts oxidation of that substrate. \Vhcn there is an imbalance 

bet\\·cen the antioxidant system and rc:ncttvc oxygen species generation, and thJs 

imbalance does not favour the antioxidant dcfenSI: system. a condiuon kno,vn ru.

oxidati\'c stress sets in. 

2.2.1 Classification or antioxidants 

Synthettc and/or natural compounds \\1lh antioxidant functions hn\'c been used 

commcrciall), to minimize the negati,c effects ofoxidattvc damage. ·1 \\'O broad groups 

of antioxid3nts exist: 

(a) Synthetic Antioxid3nts

(b) Biologicul Antioxidants

(a) S) ntheuc ,\ntioxidnnts

These lll'C onifici11l or s)nthc:11c, non-nntur.il untiuxi,l.ints. E,nmplc, of these 

�> nthc:tic w11ioxidants include prop) I gollnte, butyl,ucd h) drox) tulucnc (Ill I I ), nnJ 

but) latc:J h} tlroxyl uni!,OIC ( UIIA ). Ut\cn times these: compounds nn: used as tood 

nJditi\'cS, lfo\\c:\'cr, a lot of the)C cornpounds \\O:n: lounJ to be �nn:inogcnJc or to•dc-,

"htch excluded 1.hcn1 rru,n use Jn the 100<! 1ntlustry (Krnsowlo rt (I/ , 200 I).

I he fonncrl)' used phenolic 11ntJoxJJant 1111 I has hem \1 llhJm"n lr1>1n use 

bcaiusc Jn cells II J, moJilicJ 111 cnr�Jnogcn1c chinnoc Jcrl\011,cs Nc1,, n11n-1n,,� 

r. '

..
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antioxidants are \'ery extensively sought after. on account of their potential application 

in the food industl) or human health management. For example t\\'O antioxidants ,vhich 

are quaternary ammonium salts have been synthesized and studied (Kraso,vka et al, 

2001) -quaternary ammonium salt p) rrolidincthyl esters of 3,5-di-t-butyl-4-h)droxy­

dihydrocinnamic acid (PY A-n) and quaternary ammonium salt of din1ethyl arninoethyl 

esters of 3,5-di-t-butyl-4-hydroxy-dihydrocinnarnic acid (PPA-o), ,vitb varying number 

of carbons (n) in the alkyl chain 

(b) Biological Antioxidants

Antioxidants that fall in Lhls group could either be enzymic or na1urall) 

occuring. In health) indh,iduall>, the antioxidant systcm defends tissues against free 

radical attack. Three clasSc<S of biological antioxidants have lx:cn identified: 

(i) PrunUT) Antioxidants include: Calalase, Superoxide dismutnsc (SOD). Glutnth1onc

peroxidase. Ceruloplasmin, Transfcrrin. Fcrritin. Thc:.c: pn:vent the forn1a11on of ne,v 

free radical sp,.:cics. 

(ii) Secondary Antioxidants include· Vit.nn1in f:, P·carotc:ne. lJric ucid, Oilirubin,

Albumin. These remove newly formed radicals before they can 1ni1in1c chnin rcnctions 

that can lead 10 cell damage nnd further free mdical formation 

(ni) 1 crtiury Antioxid:1n1s include: DNA repair cnlyn11:�. �1c1hioni11c, Sulphoxido: 

rcduclllliC. These repair cell itructur�-s dllmngcd b) lrec radical ut1ack 

Plant mutecinls ha\ e been cxploro:d sc, c:rally us source ol nnuoxidJnls 

!·,tracts front dillcrcnl types of tens cspccu1ll>· those obtained lrom n111un1l soun:cs:

plwus 10 be )pc,ilic h:nc hccn r.ubjcctcJ 10 o numhcr ol nnuox1d,111111uJics (\ en rt 11/,

1995, Von U:ido" ff 11/. 19'>7, Lunplng cl ol, 2000) l'ol)phcnol, lrom dlllc:rcnl 11l11n1 

!.Ourccs ha, c been c:lwrncu:r11.cd 1111J qu:in111icJ 1n 11n11ox1J.'lnt ,1uJ1c 
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2.2.2 :\lode of Action of antioxidonts 

}.lode of action of antioxidants can be via any of thcse four rouh:s. 

(i) Chain-breaking reactions e.g. o-tocophcrol ,,hich acts in lipid phase to trnp free

radicals. 

(ii) Reducing the concentration of reacti-.e oxygen specie:. (ROS} e.g. glutathione.

(iii) Scavenging initioting free radicols e.g. superoxide dismutase "hich acts in the

aqueous phase to trap supcroxidc free radicals. 

{iii} Chelation of  transition mctol catalysts A group of compounds elicits ontioxidnnt

function by seques1era1ion of tronSition metals that ore ,veil-established pro-oxidants. 

In lh1s \\'ay, uunfenin. laetofenin, and fenitin function to keep iron-induced oxidont 

sm:ss in check and ccruloplasmin and ulbun,in act as copper scqucstronlS. 

2.3 rrotocatechuic acid 

The study of numerous compounds that could be useful as 11n1ioxidnnts, 

ranging from u-tocophcrol and �-arotcnc to plant antioxidants such os lla\'oncs and 

tanniru, hl1s gained increasing interest in the fields of food and n1c<licim.:. 

Protocatcc:huic acid (). 4-dih)'droxybc01.oic acul, l'C,\) is II nntuml phenolic compound 

foW1d in man) eJibh: and mcdicill!11 plants (Jw,t)'na, 2005). PCA, u simple phenolic 

antioxidant compound, hn.� bc:cn isolated front the: dried Oo\\Crl of I libi\cUs s;1hJarifa 

L. (�11ll\'accac). nn ,ngrc:dlcnt of o local h.:vcn11:1c: and u Chin�c herbal medicine used

to tre:it h)pcnciuion. pyrc:xio and li\l!r dlim:ii;c (Chuen-1.on ,,, "'. 2002). 
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figure lA 

OH 

OH 

COOH 

Protocatechuic Acid (PCA) 

Studies indicate that i t  could be used os o protective agent against 

Cllrdiovnscular diseases and neoplasms. PCA hns been shO\\'D to hove strong antioxidant 

and antitumor promoting cITects (f'seng f!I c,I. I 996. 1998) and induces opop10s1s in 

ITL-60 human leukemia. Besides 1h01, PCA has been shown 10 possess 

chemoprc\cnt1vc ac1i,it} by inhibiting the carc1nogenie ac11on of various chemicals in 

different tissues. such as diethylnitrosam1ne in hvcr (fOrulko cl al. 1993), 4. 

nilroquinoline-1-oxidc in tbc oral cn,it} (Tanaka e, al .. 1994) • .uo,yn1cth11nc 1n the 

colon. N-mcthyl-N-nitrosourca 1n the glandulur stomach 1i�sue (Tunaka l'I t1I. 1995) 

and �-butyl-N- (4-h)drox)bUt}'I) nittosam1ne in the bladder. PC,\ hns also been shol\n 

10 have in vi\'o protecti\'c eIT«l on ten-but) I h)dropcro,idc-induccd rat hcpilllllo,icit} 

(Chw:n-Lan .. cl al, 2002). 

2.J.I \1tch1nhn1, of cbcmopre, entlon or PC\

C:hcmoprc, cntivc oc11on ol prolocntcchuic 11c1d Is pnmnnly due to of its

untioxidanl propcnic:5, RC4Cti,c oxygen ipccies (ROS) und rc:ic1i,c nilro�cn �pcclcs

(RNS) mll) drunngc or n1od1fy mucro1nolcculc ,,hkh may lrJd to n1u1n1ion nnJ

diwpuon 10 the �,�n41111i; p:ith\\'ll)& 1n the cell ,,ilh conscqucnll) the Jc,cloprncnt ol

cnnccr (Klauni1:1 and Kumcnduh5, 20041 
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Several studies using in vitro cellular syste1n and ROS generation have sho,,11 

that protocatcchuic acid inhibits both the fonnation (including the highly reactive 

hydroxylradical), and the scavenging of free radicals (Yen et al, 2000: Yan et al.

2004). Inhibition of the fonnntion of free radicals is associated ,vith the ability of 

protocatechuic acid to fonn complexes ,vith transition metal ions; Cu (If) and Fe (IT), or 

lo\\ering the activity of enzyn,cs. such as xanthint oxidase cataly"ling reactions in the 

course of ,vhich these radicals ore fonncd (Pnnoutsopoulos et al. 2005; Sehmeda­

Hirschmonn et al . 2004). 

The ncutrahu11ion of free radicals 1s the result of their reaction ,v1th hydroxyl 

groups of protocateebu1c ocid. In vitrO models sho,,·ed that protocatechu1c acid pn:vcnts 

oxidative DNA drunnge and lipid peroxidation (Yoshino and fvturnkami 1998,

Valcntova et ul, 2003). II hilS also been sho,vn lo affect different oxidative stress 

b1omarkers like gluunhione. glut.1lhione peroxidase and glutnthionc rcducta5c b) 

r1.�toring their levels near to control levels in 54:\erJI in vitro models �lnsella et al ..

2004). 

Protocau:chuic acid ut concentrations 0.02-0.1 1ng/ml. und 50 nndlOO mg/kg 

pre\iented lhc undesirable consequence� of oxidative Mress 1n 1h1; primal)· culture of rat

hcpatocytcs and in liver of 11115 exposed to tcrt-butyl hydropcroxide (IUI II') (Chcn•lan

et ul , 2002; Tsudo cl al., t 999). Thc:sc findings dcmonslrJlcd 1h111 protocntcchuic acid

reduced lhc C) 1010x1city or 1-AIIP. Protocatcchutc w:lr.l has hccn sho\\n to r .. -Ju(ed the

inflllmmntion � b) the admtnistration ot 12-0· tc1rudc:cru1oylJlhorbol-I J •. 11;e1.1tl' 

(I JIA), inhibitcJ the production of hydro£.:n JlCft)XiJc (lli01), und ,k�reased the

.u:livity of lt1)clOP.(:10l'-UJasc In the kin ( I scn� rt"', 1998) ll11\\i!\'Cr, rro1ocu1cct1111� 

ncid, like: nian) other \\ell-1.no\\n an11oxlJ11n1s, ,nay exh1b11 r,ro-oxlil11n1 :i�11on under 

ccrain conditions (Srokll ..:t al, 2003) rrn1ocntechu1c •�td ,,u,�, 11, nn nntlosld4nt 111
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lo,v concentrations. ,,hereas at high concentrations. it exhibits pro-oxidant propenics 

(Nakamura et al .. 2000). 

The chen1opreventive action of protocatcchuic acid is also linked to its effects 

on the metabolism of carcinogens. The process involves 1,vo groups of enzymes: Phase 

I nnd Phase II of drug metabolism enzymes (Baer-Oubo,,·ska et al., 1998: lgnoto,,·icz I!/

al.. 2003; Szaefer et al .. 2003). Protocatcchuic ocid not only affects the acth ities of 

cnL) me:, involved in the metabolism of cn.rcinogcns, but abo neutralizes rl!llctive 

intermediate metnbohtcs. thereby preventing their binding to DNA. Blocking the DNA

binding site of carcinogens by protocatcchuic acid is likcl) lo prevent DNA ,nutations 

and tumor iniuat1on (lgno10,vicz et al .. 2003). 

Research have sh0\\11 that protocatechu1c acid possesses antiprolifernthc 

action on several hun1an cell lines, including immortalized breast cclb 1181 I 00. breast 

cancer cells 'I 470. gastric adenocarcinoma cells �LKN45. Jung cancer cells PC 1-1. and 

promyelocyuc lcukemia cells I ll-oO (Kampa tl al 200-1: T �cng t'I al 2000). 

Interestingly. prot�techu1c acid suppres�s the expression of inducible nitric 

oxide synthasc (iNOS). cyclooxyi;cn.isc-2 (COX-2) (Cichocki l'I 11/, 20 I 0) und tumor 

necrosis factor ( J NF) (Zhou-Suiche t'f ul. 2002) ,, hich ,,re in,olvcd in carcinogcncs1s 

and 'or inflammation. 

Protocatcchuic acid olso nlli:cts opoptos,s to chnunotc damaged and nct1plnMic 

cells (Lin tt al, 2007; Yin,,, ul .. 2009), Pro1oa11cchun: oc1J also 1nhih11cd hcr,11oc)tc 

apoplOSIS induced b) TNI. 11 1n rodent 111 ''"' 51udy I Yen und I ls1ch, 2000, I 1n , , 11/.

2007, MorikuY..i ,:t ul • 1999) 

Therefore:, th..- mcc;h;u11sms ol chc1noprC\cn11011 of PC'\ 1 u $0C1�100 ,111h 118

anuox,d311i acth ,iy iih,ch includes 1nh1t1111on ,11 f11:c ruJ1c.il Hcncr111111n 1i:11-cn1png111�

frtt radical� uprcguhsuon o( an11o>i1dan1 «:Ill) nics. anllucncc on Pha.� I nnd 11 
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xenobiotic metabolising enzymes and suppression of the expression of 

proinflammatory n,ediators like cyclooxygenase- 2 inducible nilric oxide synlha.se. 

1umor necrosis factor, nnd interleukin 1- beta (Tanaka el al, 2011 ). 

2A Nevirapine 

Nevirapinc (NVP) belongs to a class of drugs kno,,11 as non-nucleoside 

re, crse tronscrip1nse inhibitors (NNRTls). These drugs prevent the enzyme reverse 

transcriptnse (RT) from functioning by binding directly 10 it and blocking its R.i'IA- wid 

DNA-dependent DNA (lOlymcmsc oc1iv11ics thcrcb) causing a rusrup1ion of the 

cntnl)1ic site o f  the enzyme (l\,1crluzzi et al .. 1990: Richn,nn et al .. 1991 ).

Ncvirnpinc docs not compete ,,ith template or nucleoside lriphosphatcs, I-UV-

2 RT and eukQI)·otic DNA polymer.l!>cs (such a� human DNA (lOly1ncrru;es u, p, -,, or 6) 

but it is specific for HIV -1. 

Nc,1rnpinc is .structurully o member of the dipyridodiazepinone chemicol class 

of com(lOunds. It is a "hitc to off-\\hitc crystalline (lO''dcr ,vith the molecular weight 

of266JO and molcculM formul11 CuH1,N,O.

N 

0 

\ 

N
---._----

Structural Formula of N1vlr1pln• 
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NVP ,vas the first NNRTI ,videly introduced in clinical practice and is 

regarded to be a potent (Murph) et al .. 1999) and an effective compont:nt of highly 

active antiretroviral therapy (H;-\AR1) used in the treatment of I llV - I (Carr et al ..

1996: D'J\quila et al. 1996: Harris et al .. I 998; Montancr et al., 1998). Animal studies 

have sho,vn that nt:virapine is ,videly distributed 10 nearly all tissues, and readily 

crosses the blood-brain barrier. Its good penetrating ability into the central nervous 

S) stem (CNS) makes 1l an attractive option for patients ,vilh HJ V-assoc101ed CNS

disease (Y azdanian et al., 1999). 

2.4.1 Pharmacoloizy 

2 • .i.1.1 Dosing 

Due 10 1IS long half-life, NVP can Ix: given as part of a t,vicc-dnily dosing 

regimen making a total of  400mg/day (Cheeseman et al., 1995: tvlillcr t'/ at, 1997). ·111c 

drug is avnil:ible as 1.3blets Wld oral su.\pcns1on. 

2.4.1 .2 Ac.h er,e effect\ 

·1bc most common adverse cOl:Ct of NVP is the development of mild or

moderate rash in  32 to 48 % of patirnts (Havlir c.•t al., 1995 Carr c.•/ al, 1996) Sc,crc

or life-threatening skin reaction� ha,c been obscncd in paucnts, including St1.:,cn�­

Johruon s,ndromc. \lihich is a toxic c:pidcmuil nccrolysis and h) ric™=nsitivit> reaction
• 

(.\furph) und MonUIJlcr, l'J96} NVP has bcc:n :,ho,,n to c11u� scvcr.: or lilc-thrc:a1cning

li,cr 1oxic:i1y (Gon1.Alc-1 de Requena tl al. :?002),

2.4.1.3 Orui: Jnten1c1l110) 

In \ 1,0 �iw.hc:s in hu11lilns u.nJ in ,,1ro $tmllcs ,,11h h11111an lhcr rnicmson1cs

ha,c MlO\lin tluit Ne,iniplnc 1nJucc, the C)t0Chron1c 1'-150 cnz)n1011c l)Mm1 (�aluu rt

ul 19'l7, �huph) rt .ii, 19'19) I ,iJcn�c 1w 6hO\\n Ihm nf11n1r11cin Jccn-ll!IC\ fi.CT\ini

t-iVP conccn1rauons cnum1an • 1111 • l'r�I. 1'01111:ik '' 111•• f')fjl)
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2 . .t. I . .t Phnrmncokinctics 

Absorption and distribution 

Ncvimp1ne is ,veil absorbed orally ,vith > 90 % bionvnilobility, distributes ,,ell 

10 all !Issues. and is opproximntcly 60 % bound to plasma proteins (Murphy and 

�lontaner. 1996). 

Mctobolis,n 

NVP is extensive!} biotransformed via cytochrome P450 through oxidative 

metabolism to several hydroxyloted me10boli1es namely 2- nnd 3-hydroxyNVP 

glucuronide (Riska et al., 1996. Risi.a et al .. 1999). In v11ro studies ,v1th human liver 

m,crosomcs suggest that oxidative metabolism oi Nevirupinc is  1nedio1ed primarily b)' 

cytochrome P450 (C'\ P) 1sozymcs fron1 the CYP3A4 and CYP286 families, although 

other i�Oz}mcs may ho\'e a secondary role. 

Excretion 

Renal excretion is the primary mode of elim1na1ion. occountiog for 81 3 ± 11. l 

°lo of the radio-lobe led dose con1pan.-d with faeces ( l 0.1 ± 1.5 %). Excn:tion of the N\1P

parent compound in urine represented approll:imatc:I) 2.7 % of the dose (Risl.u ,,, al.,

1999) 

2A.2 l\t\ irupine llnd gcoutotlcit) 

Nc,,ropinc (NVI') h:i.s Ileen �ho"n to cause hc:patoccllul,ir ndenomas 11nd 

c-.ucinoin.u (Physicians· Desk Reference USA, 200q), \\'hile the f.'i\S4lns for the 

ad,cn;c clltcts llf r-;vr are suit unclc:-,11. sc,cral in , ltro and in , 1vu J:11n urc cons1sh:nt

"ilh ihc in,ul,cnicnt ot NVI' b10:icu,u11on, \ iu l'ha.se I oxtdnuon 10 12-hydrox)•NVI'

llnd subscqu1:nt l'husc II )ullon11tion 10 12-sullo\)·N\'P in the onset ol 1ox1c c,cnt�

clicucd b) the parent Jrug (POJIO' 1c ,., ul. 2006; \\'en er ,1/, 200•). C.: hen rt "' ::?OOK:

�n,astu\'ll tt 11/, 2010). llus Plwc II mc-tubohtc is n re:ic11,c clcc11or,l11lc. nod
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therefore expected to react directly \\•ith bionucleophiles (e.g .. ON,\) yielding covalent 

odduclli. Antunes and co- \VOrkcrs (2013) sho\\ed that nevirapine n1etabolite has a 

potential of fonn1ng DNA adduct and could be genotoxic. rherc is a dearth of peer 

review aniclc conccmmg the genotoxic potential of nc,•irapinc 

2.5 Rationale, Aims and Objectives 

Ncvirapine is an important antiretroviral drug and \ ilal i n  the mnnagcment of 

I LIV patients especially 1n the developing \\'Orld O\\ing to the fact that it is most!)

prescribed The high efficac) of the drug, favourable lipid profile (Ruiz er al, 200 I) 

nnd suitability for use during pregnancy (l laroon, 2002) together \\1th IO\V cost 

(Marseille er al. 1999) ha,.: granted NVP-based regimens a significant role in HIV-I 

tre:itment strategics. 

In spite of the obvious clinical benefits of this drug. induction of lifc­

lhrcatcning liver toxicity. drug induced hypC1rscnsit1vity, (l\1anna, 2003 Ber.;ofT­

�latch.o et al. 200 J) 1111d increased incidences of hepa1oneoplas1ns in rodents 

(Ph) �icians· De�k Reference USA. 2009) ore major factors that put pattcnL, receiving 

Nevimpioc themp) 01 risk.

Despite substaotinl c, idcncc th.'lt the use of the dru1_11s 11SSOcioh.-d "ith ndvcr...e 

n.-uctions, v.:ry little inlonnntion i5 a,oitublc concerning the mechanisms unih:rl) ing 

these reactions. Among the: little: infonnution 11\'Dilabh:, is the currcn1 c,·iJcncc rhnt 

iho\\s lhc involvcnit'nl of mcl.llbolic oc1h111ion to n:iiclhc c:lr:c1rophil� tn NVI' toxir:i1r

(Antunes tl ul, 201J). J he gcncrJUon of rcncth·c mcu1holt1c coulJ lc-,ld 10 oxhl1111,.:

damage und II hns hccn csUlhhmed that 11uch 1>x1dJ11i,c d.un,,gc 1\ ,n,olvl'd 1n the

!);lthogc:n�i) 01 Jisc:ascs ond ud,o:n.c r.-:icttons IISSOC1'1to:d "'llh Lln1g ul.llgc (lllc,mholf, 

200S) llils oxnlnthc J.,1113gc cun he: I.cpl ut m:in:igl'f1hlc le\cls ,,uh the u1J of
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Studies indicate that a natural phenolic compow1d, protocntechuic acid (PCA -

3, 4 -dihydroxyben7.oic acid). present in many edible and medicinal plants could be 

protective against the development of epithelial malignancy in dilTcrcnt tissues as \\'ell 

cardiovascular diseases (Tann.kn et c,/., 2011 ). PCA has also been sho,,'ll 10 have in 

vivo protective effect against te r t-butyl hydroperoxide-indueed rat hepntotox1cit) 

(Chen-Lan et al.. 2002).Tiie mechanism or its action is  mostly nssocintcd ,,ith 

antioxidant activit}, including inhibition of gencrotJon ns ,veil as scnvcnging of free 

radicals. upregulalion or antioxidant enzymes. influence on Phases I and II xcnobio1ic 

metabolising enzymes and suppression of the expression or proinflnmmntof) mediators 

like cyclooxygcnase- 2, inducible niuic oxide synthase, tumor necrosis factor, o.nd 

interleukin 1- beta (Tanaka et ul . 2011 ). 

In v1c\\ of the aforementioned. this study seeks 10: 

• Study the relationship bel\veen ncv1rop1ne -induced liver dumogc and

duration of exposure to the drug.

•

• 

ln\'estigntc the relationship between ncviropine induced li,cr toxicit)

and oxidntive stn:ss.

Investigate ,,hcthcr the s1imuln1ion of inflnn,mntory response is

involved 10 the n1c:c:h:inism of nc, irapinc- induced hcpa1010,icity.

• lnvcstigntc ,,hether the s1in1ulation of Uf>Ofllnlic r�-sponsc ts 1nvolvtd in

the mcclunism of nc, iruriinc- induced hc:pa1010,1ci1y.

• lnvC$llg.tle the n1oduliltor)' cllcct of pro1oc:i1cchulc uc1d (l'CA) on

ncvirnpinc -induced hcp;itotox1c11) nnJ 0;1;1d.111,c 11ress.

• 

• 

[n,cs1tll,4te ihc gcnotux1ct1) ol 11C\lr.tf11nc ui1n" n1Icrnn11dd •l!>S-1) •

ln\cstigah: the moJulato') elli:�1 ol pro111ca1cch111c ll�lll (l'C \) on

ne\ 1pi� induct\! gcnOIOXl�II) 

r I

•
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CHAPTER TI I REE 

i\1ATEIUALS AND i\lETI-fODS 

3. I Chemicnls

Ncvirapine'R) mnnufactured by Aurobindo Phanna Limited India.

protocatechuic acid. J -chloro-2.4-dinitrobenzene (CDNB). s· ,S'-dilhiobis-2-

nitrobenzoic (DTNO), reduced glutalhione (GSH), adrenaline. hydrogen peroxide. 

sodium acelate, trichloroacetic (fCA), ferrous sulphntc. potassium dichroniate, glacial 

acetic acid, folio- Ciocalteau reagent \\ere all obtained from Sigrna Aldrich 

incorporated, USA. 

Tumor Nccro�is Factor Alpha (TNFu). interleukin I p, proslllglnndtn E-2. 

cnspase 3. cospasc 9. p53. cytrochromc C protein BLISA !..its \\'ere obLn1ned from 

Cusabio Biotech Company, China.

Goat polyclonal anti COX-2 nntibod) and robb11 polyclono.l nnti-iNOS 

antibody from Santa Cruz Diotcchnolol!) Inc L SA Conjugated sccondal) antibodies

obtained from Vector Labs, USA

Alanine amino uunsfcrnsc, �parouuc wnino lJ'llnsfcrosc. bihrubin, alkaline 

phosphate and gam1JW gluu1111yl transfcrasc 11SSU) kits oht.1incd from Rnndox 

incorporated. UK. 

Sodium chloride, s,odium hydroxide, sorbhol, nm1no ferrous sulphntc, 

po�ium dihyrogcn phosphotc, dipows1um hydroi!cn phosphate, cth,tnol. :utd

hydrogen chloride used ".:n: ofru1Jlyt1cul Gflldc. 
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3.2 �1ethod, 

3.2.1 Preparation of Serun1 and Post l\litochondrinl Fraction (PM F) 

The rats ,vere sacrificed by cervical dislocation: blood ,vas collected by 

cardiac puncture technique ,vith the aid of clean needle and syrLngc into clean dry 

centrifuge tubes and allo\\ed to coagulate by standing for 30 ntins. The blood srunples 

\\Cre then centrifuged for I O mins 111 3000 g using a bench centrifuge. The clear 

supernatant (serunt) ,vns collected and stored in the refrigerator 4° C. 

Liver was quickly removed, rinsed 1n ,cc-cold I 15% KCI, blotted and 

\\'Cighed. Then nunccd ,,.ith scissors in -I volumcs/"cight of ice-cold 0.1 �I phosphate 

bufTer pH 7,4 and homogenized using Poller-Elvehgcn homogenizer The ho1nogc:na1e 

\\11S centrifuged at I O.OOOg for I 5 minutes at 4°C and the supernatant termed post 

m11ochondrial fmcuon (Pfl.ff) ,,ere aliquotc:d and used for the cnt) mes assays. 

3.2.2 Prcpanition or Sample, used for lmmunohistochcmbtry 

Briefl), !her sections \\'Cn: ,mmc:rsetl ,n 4% phosphnte buOer torrnulin. 

dehydrated in graded alcohol and embedded in paraffin. Fine sections ,,.ere oht,1incd, 

mounted on s:ilinized gloss !ii ides. 

3.2.J Preparation or Sample) u�cd for I li,toluio 

Liver s.imples ,,ere fixed in I 0'l'o lormaldch)dc, dchydmt�-d in graded alcohol 

und embedded in paroOin rine )Cctions wcn: ob1.1in«I. mounted on ylusi. ilidcs nnd 

stnincd ,vith hac:matoxylin and co�in for light nucroscopic ,,ruil))CS 

J.2.4 Preparation or�11nplt) ustd for I untl \''11>

Onell), lhcr sections \\l.'rt' immersed rn .i,� phosph.1h:: hulfer lorrnnlin,

Jch)Jruted in grndc-d ulcohol 1111J rn1b,:dd�-d 1n p:irull1n f·1ne sections \1-crc obt:unru,

und n1oun1cd on 11lburn1ni1J:d Hllus slides 
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3.2.5 rrcparation of Samples used ror �licronuclci Ass11y 

The method of Schmidt ( 1975) ,vas employed. Bone marro,v ,,'8S nushcd out 

of the femur of each rat and spread onto slides. Slides \\ere then air-dried. fixed and 

stained ,vith mnygrun,vard stain. Bone marro,v cells ,,ere then examined 

microscop1cally and scored per animal for micro-nucleated pOl)chromatic 

erythrocytes (PCE). 

3.2.6 Determination of Protein Concentration 

Protein concentration of lhc various samples ,vas dctcnnined using the Biurct 

method as described by Gornal cl al .. (1949) ,,ith slight 1nodilicn1io11s. Potassium 

iodide ,vas added to the Biuret reagent to prevent prccipitntion of Cu2 ions. 

Principle 

The assay is based on the reaction of Cu] and prot1:111 under alkaline condition

to form a blue coloured complex \\ilh maximum absorbancc 01 540nm This

procedure is usuall) calibrated \\'ith a bo,·inc serun1 albumin BSA stan<lllrd curve. 

Reagents 

• 0.9% NoCI ("orn10I S3llne)

2,7 g of NaCl ,vas dissolved in distilled ,,·ater one.I mode up to JOO n1l 

• 0.21\1 Sodium II) droxldt C1iuOII)

8 g of NaOI I \\US dissolved in di�ulh.-J \\.ih:r unJ made up to I litre. 

• Stock Bo, inc 'ierurn Albumin s1ond11rd

0,lg ol BSA dissolved in 100ml of nonn.:il s:ilinc to l,ll\C o tin.:il conccn1m11on of

lmgfml. 
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• Biuret Reagent

3 g of cuso�.51 '20 and 9 g of sodium potnssiun1 tnrtarntc dissolved in 500 ml of

0.2 l'vl NaOH. 5 g of po1assiu1n iodide \\'llS dissolved in nnd the solution mode up

to a litre ,vith 0.2 M NaOl-1.

Prcpar.1lioo of Stnndnrd Cun•c 

Several dilutions of stock solution of BSA containing 0.05 -0.5 mg protein/ml 

,,ere mode using normal saline. 4 ml of Biurel reagent \\'OS added lo I ml of each 

protein standard solution and the mixture allo\ved standing al roon1 tempernturc for 30 

mins. The absorbanct: of the solutions ,vus then read at 540 n1n and o graph of 

obsorbancc against mg BSA \\'as then plot1cd 

Table 3.0 Protocol for Protein Oeterminntion by the �lctholl of Gornal et al., 
(1949). 

f rube no. 3 4 r5 
-� -

I ., 6 7 -

' . ' -BSA (ml) 0 0.05 0.1 0.2 0.3 0.4 0.5 
+· --

Nonnal saline (ml) 1.0 I 0.95 0.9 0.8 0.7 0.6 0.5 

Biurct reagent (ml) .i.o 4.0 4,0 4.0 4,0 4.0 4.0 
. 

-

j 0.05 0.1 0.2 0.3 0.4 0.5 ,\mount of BSA {mg) 

0.007 0.013 0.016 0.023 0.027 0.0)7 Ab�rb:incc (540nm) 0 
..... 

I· slimation or Protein io Tt\t Sample\ 

P -11 • I io tliosc described abo,c fur the �lnndarJ cur.c \\Cn: u�c:JroccJurc� 1 enucn 

··-'-I d'I 1, of the tc5t s:unrlcs ilhcr supemutan1 and scrum) \\erec�ccpt that su1w.u c I u ions 

d , 1 d 11 J ",itcr I his \\115 June to �Jucc the lc,cl of protein 1n thema C I.C 1:100 \\ll 1 1511 C 

. . ,·,he Diurct n1cthoJ !nil ol diluted 1,11111ple \\US 1111.cnlroampk·s to the scnSIII\ II) nllll!C 0 

IUld the proccs� for protein d.:icnnin.,uon rcpc:itcJ 1•ro1c1n content 01 wmrle "11.1,

-
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obtained from the standard curve and multiplied by I 00 to get the actual amount of 

protein in the san1ple. 

3.2.7 Estirnation of Reduced Glutathione (GSIJ) Le, el 

The method of Beutler er al, ( 1963) ,vas used in estimating the level of 

reduced glutathionc in liver supematnnts. 

Princi1,le 

The reduced fonn of glutnthrone con1priscs in most instances the bulk of 

ci:llular non-protein sulphydryl groups. As such dcproteinitation of samples ,,ith 

�ulphosalicylic acid is ncccssarJ and ensures that no protein cysti:ine thiol groups can 

react ,vith the colour rcngcnl. Ibis method is therefore based upon the dcvi:loprncnt of 

a relativel) stnble (ycllo,,) colour ,,·hen 5 •• 5 '-dithiobis- (2-nnroboll7oie acid), 

(Ellman's reagent) is added to sulph)'dC)·I compounds. 

The chromophoric product resulting from the reaction of Ellman· s re.igcnt 

\\ith the reduced glutalhione, 2-nitro-5-berv.oic acid possesses o charoctcristrc 

absorbancc at 412nm nnd the amount of reduced iµutnthionc in the sample is

proponio!l31 10 the obi:orb'lllci: at this ,,11\'elcngth. 

RCDj.\COh 

• Lllmun 's Jtc:11,tcnt (U fNJJ)

40 mg of hllman's reagent Y.'11.5 dissol\cl in little 11n1ou111 of 0.1 �f phosphate

bufrc:r, pfi 7.-1 and mode up to 100 n1IM It \\ill storcJ nt 4rt•. 

• 0.1 \.1 Pho,phatc Huffer (pll 7.-4)

(U) 11.87 g o l  No1lll'04 Y.115 Jissohcd in 1000 ml of Jistillctl \\'lltcr

(b) 2 72 g or KJ J!l'U, Y.'llS d1ssoh�-d in JOO ml. Ji.tilled \\Ula

• ( } , • 1!25 nil "us then 1111xctl \\Ith I \'Olurnc of i,11111110114 ,olu111cs ol solu11on 11 1 � 

lb) i.e. 175ml nnd the pi I "ns 0dJU)t1:J 10 7 4
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• 4% Sulphosulieylie Acid (Prccipi1a1inA AAcnt)

4 g of sulphosalicylic acid ,vas dissolved in I OOn1L of dis1illed ,vn1er, and Lhen 

stored at 4°C. 

• Glul:Uhionc \Vorking Standard (0.04g/n1l)

40 n1g of glutathione ,vas dissolved in I OOn1l of 0.1 M phosphate buffer pi-I 7 .4 nt 4°C 

Preparation or GSII Standard Cun e 

Serial dilutions of stock GSH soluLion containing 20-200µg of reduced 

glutathione ,vere prepared in different test tubes and made up 10 0.5 ml. ,vith 0.1 l'v!

phosphate bulTer, pH 7.4, 4.SmL of Ellman's reagent ,vas then nddcd 10 each tcM 

tube. Readings ,vere taken immediately as there is a loss of 1-2�o of colour 5-1 O m1ns

after addition of Ellman·s reagent. The blank ,vns prepared by rnix1ng 0.5 ml of 

phosphate bulTcr "ilh 4,5 mL of Ellman 's reagent GSII conccntrotion in e.1ch test 

tube ,,as determined and the absorbancc \\'ll!i rl!.ld 111 412nm. ,\ graph of concentration 

ogoinst absorbancc \\·as plotted. 

Tublc 3.J l'rotocol for 1hc Prcpur.ation orGSlr S1und11rd Cunc 
--

1 
Tube No. I G J 4 6 

�020 
7 8 9 

• 'GSIJ (mL) 0.00 
Pho�phatc: 0.50 
buffer (mL) 
Ellman·� .a.so 

rc;,gcnt 

!n1LJ

GSII cone. 0 
(ml!fmLJ 

Absorb.:!ncc
l 

0.000 
('!J2nm) 

�� -

0.02 0.05 0.10 

0.48 0.45 0.40 

4,50 4.50 4 50 

-

8.0 20.0 40.0 

O.OJS C , .. _'·"' 

015 0.25 0.30 
.. 

0.40 
O.JS O.JO 0.25 0., ,_o 0.10 

4.50 4 50 •I.SO 4.50 4.50 

• , . --

60.0 KO.O I 00.0 120.0 I <>0.0 

. .  
02

J
0.321

- -
0472 0.51!0 0.74S l 

-

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



• .i% Sulphosnlicylic Acid (Prccipilnting 1-\gcnt)

4 g of sulphosalicylic acid ,vas dissolved in IOOmL of distilled ,vater, and then 

SIOl\.--d at 4°C

• Glutnthionc \' orking Stnndnrd (O.O-ig/ml)

40 mg of glutathione ,,as dissol,c:d in I 00ml of O. l�I phosphate buITcr pi I 7.-1 at 4°C.

l'rcpnrntion or GSH Stnodnnl Cun•e 

Serini dilutions of stock GSII solution containing 20-200µg of reduced 

glutathione ,,·ere preparc:d in di ffcren1 test tubes and made up 10 0.5 mL ,vith 0. I !\,I 

phosphate buffer, pll 7.4. 4.5mL of Ellmen·s reagent \\'OS then added to each test 

tube. Readings ,vcrc taken immediately IL' there 1s a loss of t-2°/o of colour 5-1 O n1ins

after addiuon of Ellman � reagent. lbe blank ,,as prepared by nuxin{l 0.5 mL of

phosphate buffer ,,ilh .i.5 mL of Ellman's reagent. GSII concenll"3110n in each tc:�t

tube ,,115 determined nnd lhc: obsorbanec .,.,ns read at 4 I 2n1n. A l,lraph of c:oncentrollon

ag:tlnst absorbance \\1lS plotted.

Tobie J.I l'rotocol ror the Prcpnrstion orC.SII StnncJnrcJ Curve

f Tubc No. 
-

� 

I
., 3 -I s 6 7 8 9 
-

- t-,--

GSII (ml.) 0.00 0.02 0.0S 0.10 0.15 0.20 0.2S 0,30 OAO 

Pho�phatc: 0.50 , 0-18 0.45 0,-10 0.3S OJO 0.25 0.20 0. 10

buffer (mL) 

EllnU111's 4.50 4,50 4.50 4 so -I 50 4 50 4.50 4 50 4.50 

rct1gcnt 

I (�L) -

� 
-

· -
� 

0 8.0 20.0 40.0 60.0 80.0 100,0 120.0 lliO 0 

GSH cone. 

(mg/mL) � -

--'- 0 035 0.109 0, 17') 0 27.J ·0321 0 472 U 580 0 745 
Absorbancc: 0.000 

1412 nm) -, _  L,..-
� 

-

J 
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Procedure for GSH Determination in S:11nplcs 

0.2mL of sainple ,vas 1nixed "ith I .81nl of distilled ,,·ater to give n I in I 0 

dilution. 3 n1L of the precipitating reagent ,vos added to the diluted sample ond then 

al!o,,cd to stand for I O minutes. The mixture ,vas centrifuged for 4 n,inutcs at 3000 g. 

and 0.5ml of the supemnuinl \\'OS added to 4 ml of phosphate buffer pH 7.4. Finally. 

0.5 mL of Ellman's reagent ,vns added. The nbsorbance \\as read nt 412 nm ,,ithin 30 

minutes of the colour development 

3.2.8 As,cs,ment of Lipid Pcroxidation 

This ,vas carried out by Lhe method of Varshney and Kale ( 1990). 

Principle 

Smoll amounts of malondialdeh}de (MDA) arc produced during hpid 

perox1dation and these an: able to react \\ilh thiobarbituric acid (f BA) to generate a 

pinl- coloured complex v,rucb in an :icidic soluuon absorbs hght ut 532 n,n. 

Rca�cnts 

• 30% Trichloroacetic \cid (l'CA) Solution

9 g of TCA \\115 dissoh ed in di�tillcd lliO :ind made up to 30 ml. 

• 0.7S0/4 Thlohurbilunc ,\cld (TBA) Sulullon

0.225 g oflBA \\.IS d1ssoll,cd in 30 ml. 0,IM IICI, �h.1l.in11 in hot ,,utcr b;11h.

• 0.1 \11 l)•drochloric ucld

26 µI of 1.'<lnccntmtcd I JCI \\1\S o,ddc:J to distilkd \\ntcr :ind ,olume made up 10 30

ml v. i th the same 

• O.lS M 'l'ri, �Cl hufrer Cpll 7.-1)

1, 12 11 of KCI nnd 2 36 g of Iris b3sc v.1:rc dtJ)lll\� ,n 100 ml nt dl�tllh:d \\11h:r

I __ ,. th. iv.o solutions ,,ere mt�cd 1ogc1hcr unJ rll nJJustl"\l tu 7 -I
$4:�UIC ) , WIU I: 
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Procedure 

04 mL of sample ,vas added to 1.6 mL of Trsi-KCI then 0.5mL of 30% TC1\ 

\\'llS added. Addition of TBA and incubation for 45 mins at 80°C produced pink 

coloured reaction mixtures ,,as ccnlrif11gcd at 14000 g for 15mins. The absorbance of 

the clear pink supernatant ,va., then read at 532nm. 

Calculntion 

�lalondialdchyde (lvtDA) Concentration (units/mg protein) 

nbsorbance x \'Olume of n1ixturu 
EsJ2 x volume of sample x mg protein 

\Vhere Es32 is molnr absorbti\'ity at 532nm I 56 x I o·'

3.2.9 Deterrninntlon of Ca tnln�r Acti\ ity 

Caw.lase uctivity ,,.is detcnn1ned according to the n1e1hod of Sinha (1972)

Principle 

Tius method is b.i.scd on the fact lhal dichronH1tc in .icetic acid is reduced to 

chromic acetate when hl!alcd in the prc:.cncc of Hi01, ,,,lh the lormation of 

pcn:hromic acid as an unstable in1crmediatc. rhc chromic occ1u1c then produced i\ 

measured colomeuic:slly at 570-610 run. Since dichromatc has no nhsurbi:nc) in this

region. the pre5encc of the compound in the llSSII) mixture docs not intcrtc:rc at all

with the colorimetric determination of chrornic occlllte, 

The COIJllaSC prcpanllion IS D110\\CJ In Split 11:0J tor diflcrcnt period, of tinle.

I he reaction is stopix-J ut O particular 1in1e by the uJJition ol dichr111nn1i.:/acc1lc ndd

mrxturc ond the remaining lliOJ is dc1crm1n�'ll h)' mdl.'lunng chronuc ucdiltc

coloromctno::illy oiler heating the: rc:icuon mixture 
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Rcagcnls 

• 5% K1Cr201 (Dicbroo1ute Solution)

5 g of K2Cr201 ,vns dissolved in 80 ml of distilled ,vatcr and made up 10 I 00ml.

0.2 l\-1 IT,O, • •• 

0.67 ml of 30% (,v/,v) aqueous H202 solution ,vns mixed ,vilh distilled ,,·nter and 

lhe solution mnde up to 300 ml. 

• Dichromate/:1celic acid

This reagent ,vas prepared by  mixing 5% �olution of K2Cr207 ,v1th glacial acetic 

acid (1 ·3 by \'Olumc) and could be used indefinitcl>. 

• Pho\phate bulTer (0.01 t\1, pll 7.0)

distilled \\'!Iler. The pi! ,,ns adjustcd to 7.0. 

Procedure ror Colorimelric delern1ination of 11201

Different amounts of H:Oi, ranging fron1 I O to I 00 µmoles ,,·as la�en 1n small 

test tubes and 2 mL of dichromatc/neetic ncid \\US added to each. Addition of the 

reagent insUlnt.oncou.sly product.-d nn unstllblc blue prccipitolc of pcrchrom1c acid. 

Subsc:quc:nt h�iting lor I O mins in a boiling .,..�ter bath chungcd the- colnr of the 

solution to slllble green Jue to fonnation of chromic ncctate. 

,\Iler coolint at room 11:rnr,cr:nure. the \·olumc of the reacuon mixture \\ll.�

made up 10 3 mL und the optical Jcn5if)' measured ot 5 70 nm. I he L-onccntrntions of

the ,wndards "'ere plo1tcd ogoinst the Dh)(.lrbancc 
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Tahlc 3.2 C:1talasc Standard Curve 

Tube no. I 
-- -2 3 4 5 6 7 

I l20z (n1L) 0.00 0.10 0.20 0.30 L 0.40 0.50 0.60 
Dichromate/ 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
acetic acid I 

(mL) I 
-

Distilled 1.00 0.90 0.80 0.70 0.60 0.50 0.40 
\\1ltcr (mL) 

, H202 0.00 0.67 1.34 2.0 I 2.68 3.35 4.0:! 

conc.(mg/ml .) 
Absorbance 

- -. 
0.00 0.157 0.291 0.441 0.518 0.704 0.826 

(570nm) I 

Octcrmination of cntalase acth ii) of s11n1plcs 

I mL of sample \Vas mixed ,,·ith 49 n1L distilled ,wtcr to gi\.c I 1n SO d1lu11on 

of the sample. O,c: assay mix-turc conllllned 4 ml of H,02 solution (800µmoles) and 

5ml of phosphate bulTer in a I OmL flat bonom llosk. I mL of properly dilutl.-d crvymc 

prcparution \\11.� rapidly mixed ,,ilh the rc:1ction mixtun: by gc:nllc: �,,irllng motion 

The reaction ,,as run at  room tcmpc:rnturc. ,\ I ml. aliquot of the reaction 

mixture \\'il5 ,,itJidrllwn 311d bl0\\11 into 2 ntL Jlchromn1clncc:tic ncid reagent ut 60

�ond� interval for three m1ns. The h)dn1gcn peroxide contents of 1hc withc.lra,,·n 

�pk-s \\C-re detcnnin,-d b) the method Jc�ribeJ :ihovc.

Calculation of result, 

1 he niononuclear ,cf()Cit) eon�UJnl, K. lor the Jccon1posi1fon ol h)Jrogcn

pcroi..,Jc b) Cnlllla� \\'DS Jctc:nninc:d b) uslni; thl" �ua11nn lorn llr.\1 oruc:r r�c111111•

K l11 log S/S 

. 

r .• 
-
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Where So is the initial concentration of h)·drogen peroxide and S the 

concentration of the peroxide at time t m1ns. The values of the K are plotted against 

Lime in minutes and the velocity constant of Catalase K (o) at O n1in detennined b) 

extrapolation. 

The Catalase contents of the enzyme preparations \Vere expressed in term of 

Katolase feiahigkeit or · Kot.f 

Kat.f K {o) 

mg protein/ml 

J.2.10 Assay for Scrum ,\spnrtntc ,\minotronsfcnisc (1\S1') Level

Serum AST le\'el ,vas determined follo,v,ng the method of Reitman and 

Frunkel ( I 957). 

rrinciple 

The enzyme aspanatc ominouansfcrasc catal)ze the U'llllsfer of un1ino group 

from L-aspanate to u-oxoglutarotc: to form L-glutamotc and oxnloacctatc. ·n11: 

oxaloacctatc formed is unstllblc and is qUJntitathely dccurhox)·lated to r>ruvate 

which is then complexed ,vith 2. •I.Jinitrophcn} lhydnvjn,.; (DNPH) to produce an 

intcrucl) coloured hydruwne on the addition of NaOI I. n1is coloured complex 

ab�rh� rJdi,1tion "' 530-550nm. 

l hus a.spartntc aminotrurulcl'llSC is menS\JrcJ h) n1on11urit11l the conccntmtion

of oxaloaccUllc hydN.onc formed \'1th 2, ,I ,dintr0phen) lh) Jn11inc 
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Rcnitcnts 

• Solution I

Phosphate buffer ( I 00 mmol/L, pH7.4 ), L-aspartote ( I 00 mmol/L), nnd a-oxoglutaralc 

(2mmol/L). 

• Solution 2

2, 4-dinitrophen) lhydruine (2 mmol/L). 

• 0.4moVL NaOI I

Procedure 

Briefl). 0.1 mL of diluted scrum snmple ,vos mixed ,,ith solution I nnd the 

mixture ,vas incub:ned for exactl) 30 minu1es ot 37"C. O.SmL of solution 2 ,vos then 

added to the reaction mixture and ollo,\cd to stand for exactly 20 minutes al 25"C 

Then 0.5 mL ofNaOJI wns added and the obsorbancc ,vn.s read agrunst reagent blank 

after 5 minutes a t  546 nm. Re:igent blank ,vns prcpan:d us described above replacing 

sample with 0.1 mL of distilled \\,llcr, 

Table 3.3 Culibn:ation of -\ST �rant.lard Curve

Absorbancc U/1 

--
-

------------------
7 0.020 

0.040 

0.060 

0.080 

t 0.10() 

--

0120 

0 140 

IJ.160 

-

--

13 

19 

27 
- -

36 

--

47 
--

S9 

1h 
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3.2.11 Assny for Scrum Alanine Aminolransfcrasc (ALT) Lc,•cl. 

Serum ALT aetivicy ,vos detem1ined follo,ving the ,nethod of Reitman and 

Frankel ( 1957). The enzyme alanine an1inotransfemse eatalyze the transfer of amino 

group from L-alnnine 10 u-oxoglutaralc 10 form L-glulamatc and oxaloaeclale. 

The oxaloacetale formed 1s unstable nnd is quantitath el) decarboxylated to 

pyruvatc ,,hich is then complexed ,,·ith 2, 4-dinitrophenylhydrazine (DNPH) 10 

produce an intensely coloun:d hydrazone on the addition of NaOl 1. This coloured 

complex absorbs radiation at 530-550nm. 

Thus alanine aminotransfcrosc i s  ,ncasurcd by n1onitoring the concentration of 

pyruvote hydrazoac formed ,,ith 2. 4-dintrophcnylhydrazinc. 

• Solution I

Phosphate buffer (IOOmmolff., pH7.-I}. L-alaninc (200mmol/L), and a-oxoglutarate 

(2mmol/L).Solution 2 

2. 4-dinitrophenylh}dra,dne (2n1n1oliL).

• 0.-'1110VL NuOH

Procedure 

8 -•0 0 1 L f diluted �nplc ,,as n1ixcd ,,ith solution I und the 1ni,1urcnc y, . m o 

• 
r. 1 30 m·,nuii:s 01 JT'C. 0.Sn,1. of solution 2 \\a� then uddcJ to\\U 1ncublt1cd ,or exact Y 

1h • . ., 11 �-• 10 st.1nd for exactly 20 111inu1c\ 111 25"C. I hen 0.5ml.c reaction 1n1x1ure onu t1 ""'u 

__ , 1 utiwrb:incc \\-:L� n::id .1gain,1 n:.1gcn1 hlnnk nlh:r 5of NaOI I \\-;tS oddcd Onu l IC 

minutes 111 .S46 nn1 bi n,_, ,, is prcn.•rcJ 115 d�riticJ ntio, c rcpl:ic1n� 1-11nplcl{c:igcnt ,1 ., • ,-

\\Ith 0.1ml. uf  disullcd \\-Ulcr. 
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Table 3.4 Calibration of ALT Standard Cun'C 

Absorbancc U/1 

0.025 4 
--

0.075 12 

0.125 21 

0.175 29 

0.225 39 

0.275 48 

I 0.325 57 

0375 67 

0.425 77 

0.4 75 88

3.2.12 De1crminnlion of Gummo Clu111m}l Tronsfcn1sc ocii,il) (GGT)

Grunmn gutamyl lrl1J1Sfcrasc octivil)' ,,w. dc1cnnincd by lhc method or Sa.,1. 1969 

Principle 

Gnmmo- gJuUlltl)'I uansfc.rusc \\'US dc1cnnineJ usin� ,1 colt1rimc1ric mcihod

\\hich is b�cd on the foci duu the suhstr.uc L- )"-lllu1.1myl -3-cnrboxy-l- nitroanilldc

in the presence: of gkylglycinc is con,·crtcd by )" -<.11 in the 5ainplc to S-nmino ·2-

nitrobcn,.oatc "h,ch can be measured ot 405 rm1
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Tobie 3.5 Rengenl Con1poslioo for Gnn1ma- Glutnm) I Transferusc colorin1clric 

Reagent contents Concentration in test 

Tris bulTer I 00 mmoln.., pi 18.25 

(Gl)cl glycine) 100 mmol/L 

I l - )'-glutamyl -3-carboxy-4- nitroanilide 2.9 mmol/L 

1 
(substate) 

Procedure 

0.1 mL of sample and I mL of reagent \Vas mixed together in the cuvene. The 

initial absorbance \\35 read, and the rc:.iding \\'OS tnkcn ogoin ot I. 2 and Jm,nutes. To 

cnJculatc the GGT activity the folJO\\ing formula \VOS used

lJ/L •I 158 X AA405 nm. 

3.2.13 Octcrminnlion of .\(kalinc Pho,pbnlisc ,\ctivity (,\LP)

,\Jkahnc phoshoUlSC (ALP) \\US dctcm1in1.-d by the n1cthod of Enylehnrdl 

( 1970). 

Principle 

Alkaline: phosphalllSC \\'llS Jet(m1ineJ b:is�J on the principle thot ,\I r

ostal)scs the reaction b<:1\\-CCn p-n1trophcn)I phosplwrc unJ ,,111cr to fonn p-

nitrophcnol \I. hich can be meu.�urcd nt 405 nm 
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Tobie 3.6 Reagent Con1postion for Alkaline Pbosphutuse Colorin1etric assn) 

Reagent contents Concentration in test 

Dichnn lruni nebu ITer I mol/1, pi 19.8 

I �lgCb 0.5 n,moln 

I (Substrate) --

I O n1mol/l 

I p-nitrophenylphosphate 

Procedure 

0.0 I mL of sample o.nd to 0.5 mL of reagent ,,,ns 111Lxed together 1n the 

euvene The 1nitioJ nbsorbance ,vas l'l!ad, nnd the re:id1ng ,,11s taken again at I, 2 and 

Jminutes. To cnleulate the ALP activit), the follo\\'lng rom1ulu wa.s used: 

U/L "'2760 X M405 nm 

3.2.14. Determination of Oiliruhin Concentn11ion 

l3ilirubin conccntmtion \\.JS detcmi1ncd follo\ving the principle described by 

Jendmssik o.nd Grof, ( 1938).

Principle 

This is based on the foci thnt conjugutcd bilirub,n reacts ,vith dia;-01is�'tl

�ulphanilic acid 10 in ulknlinc medium 10 fom, 11 blue coloured complc:, 1hu1 is

m• cd 1 - II 01 c-46 nni Towl bilirubin is Jclcnnincd in thi: pn:s.:ncc of�as� co onmctricu Y J 

caJ'fcinc \\<hich rc lCDSCS albuniin hound bilirubin \\hen rcactl-d ,,ith J111101iscd

sulphnnilic ucid ut :S78 nm 
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Preparation or llengents 

I. Reagen I kit 

The comn1ercial kit contains Reagents I, 2. 3 nnd 4. 

Reagent I contains sulphanilic acid (29 mn1ol/L) and hydrochloric acid (0.17 N) 

Reagent 2 contains sodiun1 nitrite (38.Smmol/L) 

Reagent 3 contains caffeine (0.26 mol/L) and sodium benzoate (0.52 mol/L) 

Reagent 4 contains tartratc (0.93mol l.) and sodiun1 hydroxide (38.5mn101/L) 

2. 0.9% NaCl

0.9 g of NaCl dissolved in I 00 mL of distilled ,,nter
Procedure 

Bilirubin concentration \\'DS determined according to the manufacturer's 

iru.truclion as sho,.,.n belo,v 

Tobie 3.7 �II) for To1al Bilirubin Conccntnslion Dclcrn1inn1ion 

Sample Blank 

Reagents I 200 µL 

R�gents 2 --

RQgcnt.s J 1000 µL 

Reagcnts4 200 µI. 
___ __..._--� ---------

20
°
t·-2s

0
c�1ixed and incubated lor exactly IO minutes 111 

Sample 

200 11I. 

50 ,,,. 

200 111. 

E I - 1,000,,1Rc:igcnts 4 I OOO I' • 

. h3tcd for o funher S-30 n1in111e5 nt .:!S�C un,I the 
lhc reaction rnl ·turc ,,-a5 ,ncu 

the s;miplc blanl.: 01 5711 nm 
llbsc:1rbancc ol the snmplc: read ogoinSI 
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<.:alculatioo 

Total bilirubin concentration in the sample (µmol/L) 158 X ABSro 

Table 3.8 Assa) for Direct (C . d . . . onJugntc ) B1hrub1n Concentration Dctcrn1ioatioo 

L Sample Blank Sample 
-

I 
Reagents I 200 µL 200 µL 

Reagents 2 -·--- 50 µL 

NaCl (0.9%) 2000 µL 2000 µL 

Sample 200µL 200 �1L 

• 
. X-hxed and tncubatcd for exactly I O minutes at 20°C-25°C 

The reaction mixture \\as mixed and the obsorbnncc of the sample read against 

the sample blank ol 546 nm. 

Cnkulation 

Direct bilirubin conccnr.ration in the s 1mplc (µmol/1.) 

146 .X ABSuu 

J.2.J 5 Octcrmin1tion of Clut11thionc-S-Tn1n,fcn1,e Acth ii)

Gluuathionc-S-ttansferase GST :icth'II)' ,,11s c.h:tcnnincJ nccorJing to the n1cthoJ of

Habig et al •• ( 1974 ).

Principle

Ille IISS3) is based on the fnct lllllt ull CiSI Jemorutrntc o rcln11,el)· lugh

acti,11) ,,ith l-chloro-2, 4-dinitrobcru-.enc ns the scconJ 5Ubstrute Col1le,1uentl), the

con,�'Tltional ussa, tor GS I acchil) uulizcs l-chloril•2, 4-diniuobcn,cnc 11., uh tnnc,

When this i;ub�tMcc is conjug:iteJ ,, ith reduced glurn1hio� 11s 11hsorp11on ntA\:lntum

viitts ton longer "11,·c:h:ngth I he uhsorPtion u1"rr,1sc Ill 1hr ne" "a,clen111h al 340

run 010,,11.- � ,Jir�·c• me.isurcmcnt ofthc cnl.)mllllC TC:ldtnn
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He:1geots 

• l-Chloro-2, 4-Dinitrobenzcne (20 01M)

3.37mg of l -chloro-2, 4-dinitrobcnzcnc (CDNB) \Vas dissolved in I mL of 

ethanol. 

• Reduced Glut:1thiooc (0.1 M)

30. 73 mg of reduced glutathionc OSI I \\'as dissol\ed in I ml of 0.1 tvl phosphate

buffer (pi I 6.5).

• 0.1 M Pho�phatc Buffer (pH 6.5)

'lnis \\'OS prepared b y  dissol\'1ng 4.96 g of dipotassium hydrogen phosphn1e ond 

9.73 g of po1ass1um dihydrogen phosphate in little nmoun1 of dis1illcd \\'Iller and 

then made up to the mark in a I lit.re volumctnc fJnsk. The pi I \\'llS udjus1ed 10 6.5. 

Procedure 

The medium for the eslimation \\IIS prc:purcd ilS shO\\TI in lhc lablc �IO\\ and 

the reaction \\ilS allo \vcd 10 run for 60 seconds each lime before the nbsorbnnce \\'3.\

�Id against blonk 01 340nm. The 1empcm1ure \\',is n1ainwincd 01 opproxima1ely J 1°c. 

1 able 3.9 Glutathione-S-1ruo)fcni�c A,�a> :'llcdium

-
-

·rc�I Reagen1 Blank 

Reduced gluc.11hione JOµL JO 111. 

CDNB I so 111-
150 µI. 

2.82 ml 2.7'Jml. 0.1 M phosph:ile buffer, pi I 
65 

--- JO µI 
C) to:.ol • 

-�

l•

.=,�

_, 

UJ 

>-

�-
' 
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Calculation� 

The cxtincuon coefficient of CDNB = 9.6 nimor1 cni·• 
GST activity absorbance x I 

9.6 mg/0.03 ml. protein 

�1molc/min/n1g protein. 

3.2.16 Dctermioatioo of Supero�ide Di�n1u1ase (SOD) Activity• 

SOD activity ,vas dctermint:<l by the method of NI ism nnd Fridovich, ( 1972). 

Principle 

Inc ability of �upcroxi<.le dismutl!S(: to inhibit the auto oxidatton of 

ep1nephnne at pi I I 0.2 maJ.:e5 this reaction o basis for a simple a.ssa) for dismucase 

Super oxide radical {01 ) gencrnted b) xnnthine oxidnse reaction cousc: the 

oxidation of epinephrine 10 adeoochrome and the yield of odenochrome produced 

increase per 01 introduced ,vith incn.:asing pi I one.I also increase "·ilh increns,ng 

concenLra1jon oJi epinephrine. Jhesc results led to the proposal that auto oxidation of 

epinephrine proceeds b} at least t\\O <.listinct palh"oys, only one of which 1s o free 

radical chain reaction involving super oxide rodicnl and hence inhibitoblc b)· SOD

Rragents 

• 0.0S \1 Curhon:itc JJuffcr(pllJ0.2)

14.3 g of Na1coi,IOJ-120 nod -1.2 g or NoHCO, ,,1:rc ilissolvtd in 900 ml of

d. ·11 d th de up 10 I litre. 1 he pll ,,a\ the nJjU\ted 10 10.2.1si1 cc.I \\lltcr an .:n 010 

• 0.J 01\I Adrtnullnr

. ( • brine) ,,-as d1ssoh cd 10 200 n,I. of JisulleJ \\Iller
0.0137 g of ndn:nnllne cp1ncp 

1111·• solution ,,'ils pr-=p.,rcd fresh JU5I be lore U)C lor 1hc
nod mudc up 10 250 ml. • 

Cllpcri1ncn1 
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Procedure 

I mL of sample v.·ns diluted in 9 n1L of distilled v.•nter to make n I 10 I 0 

dilution. An aliquot of the diluted sample ,vas added to 2.5 n1L of 0.05fvl carbonate 

buffer pll I 0.2 to equilibrate in the spectrophotometer and the reaction started by 

addiuon of 0.3 mL of freshly prepared 0.3 mM adrenaline 10 the mixture ,vhich \VUS

quickly mixed b} inversion. 

The reference cuvcuc contained 2.5 ml. buffer. 0.3 nil of substrate 

(adrenaline) and 0.2 ml of distillc:d \\lillcr. The: increase in absorbance at 480 nm \\'llS

monitored every 30 seconds for 150 seconds. 

Calculations 

Increase tn absorbancc per minute 

\\'here Ao. absorbancc: after 30 seconds 

A1 absorbancc after 150 seconds 

2.5 

�� lnhib111on jnCf!3�cjn pbsorb;mce ro,��-2.�lfll!C 
Increase in obsorbance ol hlunk 

100 

· f SOD 1-, •1 ..... �s .,j\ en os the amount of SOO ncce,Slll') to cau�unit o ac 1 ·1 " ..... o 

S""' • h"b· •
f h ._,_1 1 .  n of--'renJlinc to uJcnochromc during I m1nu1�·.

u,o ID I lllOn O t Co�, ..... 0 uu 
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3.2.17 Dctcrmiontion of Glutatbionc Peroxidase Activitv• 

Glutothionc peroxidase (GPX) activity \Vas measured according to the procedure of 

Rotruck et al (1973) 

Principle 

Glutathiooe peroxidase i s  allo\\'cd to congugate hydrogen peroxide and glutathione for 

a fixed period of time afier '"hich the reaction is  quenched. The remaining glutathione 

is reacted ,,ith Ellman's reagent and GSH consumed is then used as a measure of 

enz)mc activity. 

Reagents 

• Sodium uidc (NaNJ; 10 n1i\1)

0.0325 g of sodium nitrite ,,us dissolved in small quantity of di�tillcd water and 

mndc up to 50 mL. 

• Hcduccd glutathionc (C..511 -' ml\1)

0.0123 g of reduced GSI I \\'M dissolved in in .small quantity of phosphate buffer

and made up to 100 rnL. 

• H) drogcn peroilde (11201; 2.S m\l}

2 "d \'t� dis$0h·cd in small qu:inth) or distilled \\"Iller und8 µL of hydrogen pcroxt e ' • 

mude up 10 in I 00 ml� 

• Tricholoroucc:tic acid (TC,\, lO'/•)

• • JI quruuit) of di1tillcd ,,utcr and n1od.:- up 10 20
2 g of fCA ,,us d1ssohcd 111 �mll 

mL. 
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• Di-potassium Hydrogen Orthopho�ph:ite (K1HPO�; 0.3 M)

5 23 g of di-potassium hydrogen orthophosphate ,vas dissolved in small quantit1
of distilled \\Oler and made up to in 100 mL.

• 5'-5'-dithiobis-(2-dinitrobcruoie acid) DTl\'B

0.04 g of DTNB ·wns dissolved in in small qwmtity of phosphate buffer and made 

up to IOOmL. 

• Phosphate Duffer

0.992 g of K11 IP01 and I 946 g of Kll2PO, ,,ere dissolved in smnll quantity of 

distilled ,,11tcr illld made up 200 mL and adJustcd to pi I of7.4 

Table 3.10 Clutntbiooe Peroxidase Assa) �1edium 

Phosphate buffer 500 µI.

100 µL 

200 µI. 

11,0 100 µI  

· Sample SOOµL 

Dhtillcd ,voter 600 µI. 
-·�

. • incu!mtL-d al J "t'C for ) n1inutcs alter 1,h,�hfnc ,,hole re1u:11on m1xtun: Y.'35

I ccnirifu11<.'J 111 3000 rpn1 lur S n1inu1cs 1 o I 0 S ml. of I CA Y.US added and therc:il ter 

I I K IIPO, and I 111I of IJTNll \\tli ,1Lh.lctl onJ ml. of e.ich of the supcm:unnts, 2 m • 0 J 

L-
? au�IO\t O bllll1k, t,ic Dbsorooncc \\'li.� read DI 41- nm .,, 

. obscncJ b) plotttnlj the 1,tnn,l.1rd cun(' , 
,1 •ell\ II) \\'!ISC,luu11l11onc pcru:1.1u� .. 

C SI I Y.ilS ci,;trPJl'111ltcd fr,1111 the �un e fUld the conecntrotion of the n:mnining ' 
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GSH consumed 245.34 GS! I remaining 

Glutathione peroxidase activity GSJJ Consurncd/n1g Protein 

3.2.18 Octcrn1inalion of Hydrogen Peroxide Gcncrolion 

Principle 

The method utili1cd \\3S based on the n1ethod of \Volff ( 1994).

Principle 

In dilute acid hydrogen peroxide oxidizcs Fc(U) to Fc(UJ) which then selectively 

fonns a blue-purple complex wilh on absorption maximum nt 560 nm. The addition 

of sorbitol intiaties a chrun reaction ,vith the produced hydroxyl radical lhnt yield 

Fc(III) and therefore greatly amplifies the n:sponse per hydrogen peroxide 

molecule prest:nt, then:by increasing the scnsiv1t) of the n1cthod. 

Rc11gcnts 

• 100 µmoVI ,ylcool orange (molecular \\cighc: 760.6)

0.0152 g of xylcnol orange ,,us dissohc:J in small quantity of dis11llcd ,vntcr and

made: up to 200 ml.. 

• 250 µ0101/1 ammonium fcrrouN ,ulphatc (nl\\ 392.1-l)

0 0196 f Iii U5 dissoh L,J in in jnu1II quantity of disiillc:d ,,au:r und. g o ferrous i;u utc: w 

made up to 200 mL 

• I 00 n1moVI \orbitol (mn: 1112•2>

• 1 cd .1111111 qunntity of distilled ,,11tt>r and nude up
3.64 g or sorbnol ,,'Zls d1S50 ' 111 � 

200 mL ol distilled \\lltc:r 

• 251nn1ol/l,ll1�0,

o I "ith du,11114:'J ,,,,trr
I ml. of I M I h!\0, \\'ilS made: up to ,l n1
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• O. lM Phosphate buffer, pH7.4 .0.496 g of di-potassium hydrogen

orthophosphate, K21-!PO� (I Iopkins and \Villiams, Ltd) and 0.973 g of

potnssium di-hydrogen orthophosphate, K1IiP04 (llopkins and \Villiams Ltd)

,vcre dissolved in 9 ml of distilled ,voter. The pi I was adjui;ted to 7.4 and then 

made up to a I 00 ml  ,vith distilled ,vatt:r 

Table 3.11: Hyd rogco Peroxide As�oy �lcdjuo1 

I Reagents Volume 

i BuIJer , - I�.:> m 

AFS 250 µL 

Sorbuol 100 µL 

fxytenol orange 100 ml  

t lhS04
25 µL 

� -Sample 50�11 

Th · tho ou""l•· mi,ed b) ,ortc:xing till it fonmcd \ pale pinke assay mixture \\US r IY' , 
· 

I . --• lit ·nc:ub:nion for 30 1ninu1es ,11 morn tcr11rcrature. Theco our complex 1s gcneruti;v a er • 

ah • bi ,. (distilled \\:itcr) nt 560 nn1 \\U\ .:length.
sorbance \\IIS read ugmnst """ 

. h h Jrouc:n ,,.-roxiJc generated \\115 cx1r.1polat�-d from
The concentrollon oft e ) c r· 

the Mundard curve. 
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Tabh: 3.12 Protocol for the Estimation of Hydrogen rcro'l'.ide 

Test tube I ') 
- 3 4 5 6 11

H202(mL) 0.05 0.10 0.15 0.20 0.30 0.40 0.50 

Dichro1natc/acetic acid 2.00 2.00 2.00 2.00 2.00 2.00 2.00 

(mL) 

Distilled ,vatcr (mL) - • 0.95 0.90 0.85 0.80 0.70 0.60 0.50 

l·hOz concentration 10 20 30 40 60 80 100 

(µ n1oles) 

Absorbance (570 run) 0.049 ' 0.095 0.145 0.195 0.291 0.385 0.484 

3.2. I 9 Determination of o�corbic acid (\fit11n1in C)

The ascorbic acu.l conccntro11on \\U.S determined according 10 lhc method of

Ja.kota and Dani ( 1982) 

Printinlc 

This method is based on the f11c1 thut, 11.SCorbic ucid 11rescn1 in biolouical

s.:un11IC1> react \VJth Folio c reagent, an oxidi,jng agent. 10 gi\'c o bluc colour \\hich 

has maximum spectrophotometric uhsorption ut 760 n1n.

ltragtnh 

• I 0% 'I ncbloro11cttlc ucid (TC \)

II eh ·cal!i I td J;ngl.,ndJ ,,us J1!,S(lhcd \\ith J1�11llro
10 g of re,\ (llD cm1 

,. nd Jdt up 10 the 100 ml mrul,; \\tlh :s.:1mc
\\utcr in a coniclll llos .. D 111 
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• t olin-Ciocaltcu reagent

Commcrciall> prepared folin-Ciocaltcu reagent of 2.0 M concentration \\OS

diluted I 0-fold \vith double distilled \Yater

• Ascorbic Acid Standnrd Solution (stock)

0.1 g of ascorbic acid (Sigma Chemical Co .. London) \\US dissolved in 

distilled water and made up 10 the I litre Onsk in a round bonom flask such 

that the final concentration is I 00 µg ascorbic acid/ ml. 

Calibration of Ascorbic Acid Stundnrd Curve 

Procedure 

,\ standard curve \\US prepared b) tnl..ing varying concentration� of standard 

:i0lu1ions of ascorbic acid in \\'lltcr. ranging from 0.05-0. 7 ml fhen. 0.8 ml of t O�o 

lCA ,vas added to each tube. ,\fter vigorous shaking, the tubes \\ere kept in on 1cc 

bath for 5 m1n and centnfuged at 3000 g for another 5 minutes. 

Supcmatnnt of the same range (i.c 0.05-0.7 ml.) \\C1'! ,,Hhdrn,vn and diluted 

to 2.0 ml using double distilled. and after 0.2 ml of diluted lolin'� reagent \\US added,

the tubes vigorous!) shaken. 1\_ficr I o minutc:s, the: ,1bsorbnnc< of lhc hlue colour

dc,·clopcd "'3S measured in O .:.pectrophotomcter 01 760 nm

Table 3.13 Prcpar.ttlon of \'i111rnin C !,111nd11rd Cunc

Conrent 1 ] J ./ j 7 

Si0cL A.A.(ml.) 0.00 0.03 0.1 0.2 0.3 04 0.S

ICA (mLJ 0.8 0.8 0.1! 0.1! O.K 0.K
0.8 

Supemntnn1 (n1l.) o.os 0.1 0.2 0.3 0.-1 05 

Duiillcd ,,utcr (mL) 1/)5 1.9 I K 1.7 16 I 5 
• 

I ol1n's ,._"ngcnt (mL) 0.2 02 02 02 02 02 
0.2 

A-A cone. (JJE/nil.J
10 20 30 -10 50 

0 13 022 0 ,o 0 11 
-'�rb1nrt(760 nm) 0.0-$ 0.06 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



Procedure for Determination of Vi1ao1in C in 'fissuc Suniples

Procedures identical to those employed for the s1nnd11rd curves \vcrc used in
the dctennination of ascorbic acid concentrations in the 1cs1 samples.

3.2.20 Dctcrn1ination of Myelopcro,idnse Activity

M)eloperoxidase (MPO) acthit), an indicator of polymorphonuclear

lcukOC)1c nccumulation, \\'SS delennined according 10 the method of Eiscrich et al.

( 1998). 

Principle 

�lyelopcroxidasc (f\,f PO) 1s a lysosomal cnzyn1c present in a.rurophilic 

granules of polymorphonuclear leukocytes (P:'v!Ns) nnd 1s unique to ncutrophib and 

monoc)1es. Ho,,cvcr, monocytcs contain only one-third of the tvlPO found in PMNs 

lvf PO utilizes HiO! produced b) lhc neutropluls lo oxid11c: n \'ariety of 

aro11111uc compounds to gi\ c: substrate: rodic:als for bacterial activity (llampton t'I al ..

1998). This crv.yme is unique in that it can oxidizc: chlondc ions to produce a strong 

non-radical oxid.mt h)pochlorous :icid (HOCI) HOCI is the ntost p0\\Crlul

bactericidal produced by ncutrophils Exc:osi\'c producuon of the� n1dic:nls c;1n cuusc

oxidathc stn:ss leading to oxidathc tissue injur), In this llSSD), the nbilit) of�IPO lo

oxidi,.c tet.ramcthylbc:nzidine ( r�IB) 1n the presence ofll10, to i;cncrulc: the O)\ldi,�-d

Prod h" 1 h _ ...... s"'"ctrophotometricnlly sm cd ns the b;"ls li1r thisUCt, " IC l \\ as l C:11 mc:asu,"" ,� 

l!Ss;a) 

2 I "-Ill + 11101
C 1 Clnuncthylben,idinc.:} 

t.11'0 
_____ ,. 

:?C)x1Ji1ctl J"t.lH + JlliU 
(<)�1d11.cJ 1c:tm111cth) lhc:01J,hne) 

• 
• 
Cr: 

�I 
si 
ci'5

�

c§f 
Q?' -.! •
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PrcparJtion of reagents 

• Nall1P04 buffer (43 mM, pH 5.4)

This \\'lls prepared by dissolving 515.9 n1g of Nal 12P04 (l\il\V. 119.98) in 80 

mL of distilled ,vatcr 171c pH was adjusted to 5.4 ,vith I !Cl or NaOl l and 

made up to I 00 ml ,vith distilled ,vater. 

• Tctn1mcthylbenzidinc (J.6 m�t)

Tetran1cthylben:t1dine (38.5 mg, iv1,v. 240.3) ,vas dissolved in D�1SO and
made up to I 00 mL .

0. 786 mL of 30% I (i02 \\':IS made up to I 00 mL ,vith the thstilled \\':Iler.
Procedure 

An aliquot (0.-l ml) of tissue homog.cnatc \\US ollo,,cd 10 rc.ict "ith n solution 

of tctmmcthylbcnzidinc (0 .2 mL) nnd I 00 mt.l 11,0., in 43m�1 NnH,PO• ( 1.4 mL) inn

final volume of JmL. ,\bsorb:incc kinetics \\11.S moniton:d ->pcctrophotomctricall> nt 
.JSOnm. MPO acth ity ,vus defined ns the: qllllntity of cnz}n1c dcgruding I µmol
JJeroxide min-' and \\US expn.-ssc<l in units per mg protein

1.2.21 Octcrn1lnafion of Protein Carbon) !

P I lS \\ere determined ac:corJin� to the n1cth0tls ofrotein carbony contcn 

Uchida 1111d Sl.1dtmilll ( 1993) 

Pr,panulon ,,r rt'll�tnt, 

• 0.1"/o 2, -1-l)inltrupht·n)l b)dr1,inr (ll\l'll)

!All amount nf disullcd \\Iller ond rnnde up "'
O I g of ONPI I "•') dissol\cJ tn a !ill 

100ml. \\ ith the liDJJIC AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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• 20% Trichloro:icctic acid (TCA)

20 g of TCA \\'tlS dissolved in small runount of distilled ,vatcr and 1nade up to 

IOOmL ,vith the same. 
• 2 N 1-ICI

8.36 ml of 37% (,v/v) I !Cl ,vns added to 50 ml of distilled \\'llter. 

• 133 mM Tris (M\V= 121.14)

1.61 g of Tris ,vas dissolved in n small amount of distilled \\Oler and made up 10 

100 mL ,,ith the san1c 

1) 13 ml\-1 Acid ctb} lcncdinminc tctrnncctic (ED'r,\, J\l\Vc 292.25)

3.80 g of EDT A \\as dissol\'ed in small amount of 133 n11',f Tris solution and 

made up to IOOmL ,,ith the same. 

2) 8 J\1 Gunnidinc hydrochloride

76.42 g of guanidine hydrochloride ,,a.� dissolved sn1nll amount of Tris-EDT A 

solution made up 10 I 00ml ,.,.;th the same 

3) Eth1100UE1ln I acctolc (J::tOH/EtOAc) ,olurion• 

150 mL e.ich of ethanol nnd ethyl ocet!lte solutions \\ere mi\ed 1n a ralio of
( I ·I, 'v) 10 give a final , olumc of 300 mL. 

Procedure 

0.5 ml of sample ,vns ireutcd ,,,ith an cqunl \'olumc: oro.1,� (\\·Iv) 2, 4-DNl'II 

in 2 N IICI und incubated for I h 01 room 1c:mpcruturc: ,,irh voncxing cvcrr 10 ,nin

0.S ml, of lOO/o IC,\ ,,us :idJed follo,�c:d b) ccntrifug11tion for 5 min. The rrcciritatc

\\a h . 'th I I of fitOllll:tOAc solu11on 1111d J,Mhcd in I nll
s was cd three umcs \\1 m • • 

"" 'd' • I for I 5n1in Ill 3 -re \\ 1th 1ni>;1n11,, rho nhsarb:Jncc \\ ISewJ/11 IOC hydrochfondc �O UIIOD

I , c�nrcsscJ IH nmol of nNrl f incnrpomk·d. n1i;recorJcd ut 365 nm. TI1c rc:su IS "i:rc: •· 

• :ocffic1cnl of 22.000�1 I CITI I for ahrhallc
Ptolt'in based on the niolur c,01nc11on c 
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3.2.22 Determination ofTotnl Antio�itlaot Activity 

Total antioxidant activity in samples ,vas dctcm1incd b) the method of Koraccvic f!/

al .. (200 I). 

Principle 

A standardized solution of l·c-EDl A complex reacts ,vilh hydrogen J)l:roxidi: 

by a Fenton type reaction. leading to tl1c fom,ation of hydroxyl radicals (OJ I·). These 

reactive oxygen species dcgrndi: benzoatc. resulting in the rclca.,;e of thiobarbituric 

acid reactive substance (TBARS). Antioxidants from the added snn1plc cnusi: 

suppression of the producuon of TOARS. rhis reaction can be mcasuretl 

spcctrophotomctncally and tl,c inhibition of colour development defined as the

antioxidativc acuv1ty or capacit) ('I 1\C)

Prcpnrutlon of ren�cnts 

• O.li\1 Pho�pba1c burrcr (pll 7.4)

·r his ,,us prcp:ircd by dissolving 0.-'96 g of dipotnssium hydrogen phosphn1c

(BOIi Chemical l.td., England) Md 0.973 g of powsiwn dihydrogcn phospha11: 

(}lo ki d ,u·it· L d England) in a lillle nmount of distilli:d \\Utcr anti then p ns an ,v 1 111ms t , . 

made up to 100 ml ,,itli the S3fTIC. Inc pll \\US aJjuSted 10 7·4

• I O ml\l Sodium bcn101tc-

. , (l\!\\' .. 144,11) ,,us JjSS(lh cd 1n a hnlc nmount of0.144 g of sodium bl:n1.ootc 

distilled \\Utcr und mode up 10 100 nil with tl1e S."lme.

• 50 ml\l NaC)I I

• . . f diiulled \\,Iler und n111Jc up to 1 SO ml "1thO' g \\'ll� dissotv .. -d ,n u little 1u11ounl 0 

the 11:1.rne.

11111,cik (EU I ,\I
• 2 1n�t Acifl c:lhJlcncdluntlnc tc 

0::tu
:::.. 

>-

::.:. 
�1 c:-. i 
... ' 
r l 
-
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0.015 g of EDTA (�I\V'-'292.25) ,vas dissolved in small quantit) of phosphate buffer 
(pH 7.4) and made up to 25n1L ,vith the san1c 
2 mi\l An1monium ferric sulphate 

0.0241 g of nmmonium ferric sulphate Fe �)2$0�; MW- 482.19) ,vas dissolve in 

small quantity of distilled ,vater and made up to 25mL of the same 

• Fc-EDTA con1plc:t

This '''llS prcpnrcd freshly by mixing equal volu,ncs of solutions 4 and 5 and

left to stand 60 minutes at room tcmpcroturc. 

0.04 ml (30%,v/v) [ '202 ,vas made up to 50 ml ,vith distilled ,vater 

• 20% Acetic ucid

30 ml acetic acid ,,11S added to 120 ml ofdisulled '"atcr 

• 0.8% Thiob:trbiturlc acid (TO,\)

1.2 g TBA ,, as dissolved 1n 150 ml of 50 m�I NaOli

• I m,1 Uric acid

0 00336 f · ·d (\1\1.'• 168 1103) ,vas Jissohcd in :?O ml of 5 m�I . g o unc oc1 , 

N'OII S 
· 

9 ,.-i ·1mmcdiatel) before use. SoJlum bcn,oat�· c:.,n be • .. olu11ons 4- ,,ere prcran.-.., 

. · • deep frce,c: (-20 Ill J0°C).kept at (0-4°C) and the Uric acid soluuon in° 

Procedure

o -1 1 of phosph:uc: huller (pll 7 4 ), 0.5 ml'Inc reaction mixture c:onuuning m 

• 1 0 I A (2,n�I I I> l'A • 2n1�I fcmc nn1mon1u1nof �iwn bcn.10111c, 0,2 n1L of l·c-

1 r snmplc "as incuhJted for 60 1nin11tc!I nt sulphate:), 0.2 ml. uf 11101 nnd O. lln ° 

1 JJiuon of I nil ,11 20¾ nceuc ll(ld and 1 nil37'C The rcnction \\OS then 5toppi.-J 1> 11 

h ub.lled lor 10 m1nu1cs 01 HlO C (In nOI TRA I he rcncuon n11s1urc \\:IS turt er ,rn: 

11 e ahsortxinoe \\.tS me:uu,n n1 51:? nn,bo'I' tcJ on un ,.:-c ' 1 1ng \lo1ltcr b:11J1) then coo 
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against distilled ,vatcr. I mM uric ac· d . d t \\as use as standard (l.e O.lmL uric acid 

solution in place of sample). 

Cnlculalion 

TAC of the sample ,vas then caleuloted by the follo,,ing fonnula: 

rt\C (mmol/litrc) _ 

\\There: 

K = absorbance of control 

A = nbsorbnncc of sample 

(CuA) (K - A)I (K

UA = nbsorbancc of uric ac id solution 

Cu" concentroUon of uric acid (in mmolnitrc). 

3.l.23 Nitrite dclcrminntion/ Qunntit:1tiun

Principle

UA) 

Quantitation ,11as based on the Gricss r.:action ns described by Nn,arro-

Gonzahcl et al. ( 1998).

Nitric oxide (NO) is a molecular mcthator of mnny ph)·siological processes, 

including vosodilation. inflammation, thrombosis., immunity und nc:urotrun�n"l>�ion. ,\ 

number of melhods exist for mC."lSuring NO in biological S)�tems

One of these methods in, oh c:s the use: ol the Gri�s diiuoti7.111ion re:iction to

5JlCCtrophotomctricnlly detect nitrite: formed by the sponu1n1.-ous o:1.id.11ion of NO

Under ph)siological conditions. J'hls n1t'thod in,·01\1.'S the use of the Gries�

'11.v.ou,.:itton reaction to spcctrophoton1ctr1all) Jcu.-ct nitntc lom1cd h) the

'J>OnUIJlcous oxidution oft-:U undc-r ph)Stological conditions

lttaittlll\

Gri h\ reagent
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Procedure 

The a1nounts of nitrite in supernatunts or in scrum \\'ere measured follo\,1ng 

the Griess reaction by incubating a I 00 µLof samplc\vith I OOµL of Griess reagent (I: I) 

at room temperature for 20 min. The absorbance al 550 nm (00 550) \Vas measured 

SJl<!Clrophotometicnl I y. 

Nitrite conccatrotion \\'OS calculated by comparison ,vilh the OD 550 of a 

standard solution of kno\\'fl sodium nitrite concentrations. 

Colibration curve 

Various conccntrouons ,,ere prepared b>· diluting stock 20 n1n101/l solutions 

of Na1'Q2 ,vith distilled ,vnter Toe nitrite calibrator ,,·as diluted \\'llh gl)'cinc buffer

just as the serum samples ,,ere Calibrauon curve ,vns made over a hncar range of 

nitrate bct\vcen O and 100 µmol/L 

Table 3.14 Nitrite Cuhbnition Tobie 

i NaNO!Concentrotion Absorbancc 

0 0 

,-
2 86 0.01S 

------

I s.11 0.025 
--

I I 4 0.04'> 

6 
-

22 86 o.os 

-- -
---
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3.2.24 Determination of Tumor Necrosis fnctor ,\lphn (Tnfa), Interleukin I�. 

Prostnglanin E-2, Caspn�e 3, Caspase 9, P53, Cytrochron1e C Protein Le\'els 

Principle 

These proteins present in a serum sample conjugal� \vith an imn1obilized 

respective antibody \Vhen added into \vells. Addition of a secondary antibody 

conjugated \\iith horse radish peroxidase and TMB (tetra methyl bcnzidinc) substrate 

10 Lhe \\ell results in an antibody-antigen-antibody colored complex. The intensity of 

color developed at 450 nm is directly proportional to the conccntrotion of protein 1n 

the samples 

Reagents nod Mnferinls 

ELISA KITS from Cusabio biott!<:h co limited Chino \VIIS procured for each or 

these proteins 

8 x 12 (96) ,vcll plate. 

Scaled bags. 

Standard (450 ng!L), 

Standard diluent. 

S�plc diluent. 

Chromogcn solution A, 

Cluomogcn soh11ion 13, 

Stop solution, 

Wbl, solution. 

ELISA reader (Drvf�i 9602 microph1tc rc:idcr)

f>toccdure 

I (4c0 n"'l) V.ilS Jlft()Jf'Cd \\llh MnnllArd

. . . ., __ , �l uuon � I),' 

Scnol dllutiun ,,1 st0nUA1u 

�L SO 11 I of 11111Ulnrd I &1n1plc ,,ere added
dil�t to ma.kc 300, 200, t 00 1111d SO n 
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3.2.2-4 Detern1inntion of Tum or Necrosis Fnclor Alpha (Tnfu), Interleukin l p, 

Prostnglanin £-2, Caspase 3, C:1spuse 9, P53, Cytroehrome C Protein Levels 

Principle 

These proteins present in a serum sample conjugates \vitl1 an immobilized 

respective antibody ,vhen added into ,veils. Addition of a secondary antibod} 

conjugated ,vilh horse radish peroxidase and TtvlB (tetra methyl bcn1.idinc) substrate 

to lhe \\·ell results in an antibody-antigen-antibody colorcd con1plcx. TI1c intensity of 

color developed at 450 nm 1s directly proportional to the concentration of protein in 

the samples 

Reagents and l\-lalerials 

!;LIS,\ KJTS from Cusnbto biotech co limited Chino \\as procured for each of 

lhcse proteins 

8 x 12 (96) ,,ell plate, 

Sealed bags 

S1andard (-450 ng/L), 

Standard diluent, 

Sample diluent., 

Chromogcn solution A. 

Chromogen solution B, 

Stop solution. 

\\'lllh solution, 

l!LISA reader (D,\1�1 9602 n1icroplnte n:aJer)

Procedure
(450 n"'' I \\,I\ pn:p:ircJ ,,ith Mlllld:trd

J J soluuon I>' 

Senn! Jilu11on ol �•nn M 

�o I of tilnJnrd / !,."llllfilC \\�TC adJod

dtlucn1 to m:ikc JOO. 200, I 00 and SO ng/l • µ 
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into each ,,ell (except the rust ,veil : A I for blank). The plate ,vas mixed gently and 

incubated at 37°C for 30 minutes. The incubation mixture \\'llS removed by aspiration 

and each well ,vas washed 3 times ,, ith 200 µI of "'ash solution. The microtitre plate 

,vas blot dry and 50 µL of HRP-conjugate reagent (2° antibody) into each ,veil and the 

plate ,vns covered and incubated for 30 1ninutcs. 

lbc incubation mixture \\'llS removed again by aspiration and e.ich ,vell ,,as 

\\-ashed 3 times ,vith 200 µL of\\·ash solution. 50 µL of chron1ogen 1\ anti cJ1romogen 

B ,vas added to the plate and the plate ,,·JS incubateed in the dark at 37°C for 15 

minutes, after \\hicb 50 µL of stop solution (I tvl H2SO�) "as added to each ,veil 

The absorbance ,vas read against the blank \\CII (A I) at 450 nm using an 

ELISA reader. 

3.2.25 Dclcrniinntion of fxprc.ssion of COX-2 anti iNOS u,ing l 1nmunc--

llhtocbcmical Technique 

Reagen� 

Goal pol)clooal anti COX -2 untibotlic, (Snnta Cruz hiotcchnoloi::y Inc. US,\).

P· bbl • '"'-OS . libotl• (San111 Cru, hlolcchnnloio Inc. USA.)'-• I pol)clooal anh-11, . an � · 

X Th� ,olumc required 1s dctcm1ined h) the c.ip.,eil})lcoc: This rt.-qu1rcs no dilu11on " 
or the coplin11 jars

C.racJed portion, of f:lhaool
1 OOo/• ethanol . . 

d•1 (on I he , olumc requucJ 1s Jc1crm1nc:d hyl'hi, 1s ab-.i0lu1t c1hanol it requires no I u 1 

the CUpacit) (lf the copling jars 
9So/. ethanol

. 95 ml or obsolu1c ethanol 10 100 111I '"ah
9So/• cth.mol Yt.1S prcp..ircJ b) midang 
di!.11llcd Yto1cr by udd1ng 5 ml. of Ji�ullcd .... oicr

iSo/•tlhanol
8••, h,.1111.1 85 ml ol ., ,. c:1ha11ol \\'115 pttp.ireu b> nll'A ., 

d1u111-., h h,,d" 1 L ,nL o(J1,1illcd \\;itcr
"' \lilllcr > '"' 111l( J 

nhsolutc c1h11nol 10 I 00 nil \\ 1th 
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70%ethanol 

70% ethanol \\'llS pn:pared by 1naking 70 mL of absolute ethanol to 100 mL ,vith 

distilled ,vater by adding 30 ml or distilled \\Oler. 

SO¾ethanol 

50% ethanol ,vas prepared by n1aking 50 n,L or absolute ethanol 10 I 00  ml ,,·ith 

distilled ,vater by adding 50 mL or distilled "'ntcr. 

Phosphate buffer saline (PBS) plJ7.-t 

Phosphate buffer saJinc pH 7.4 ,vas prepared by dissolving 2 g of potassium 

chloride (KCI) 80 g of sodium Chloride (NaCl), 2 g Potassium dihydrogen phosphate 

and l I .6g disodium byrogcn phosphate , .... ere all dissolved in I litres of distilled \\'Dier

pH 7.2-7.6. 

10% Buffered formalin 

100/o bulTered Formalin ,,·as made by makingl2SmL of 403/o formaJin to SOOmls ,,,th

PBS 

0.3% l l)drogen peroxide

0.3�0 hydrogen peroxide ,ws pn:pan:d b)' dissol\'ing I Omls of 30% h)·drogen peroxide

in 1000 mL PBS 

S!Jmmcd milk 

Citric ucid 

\!ethanol 

T ri,oo x 

II j , tcd \ccondiar') antihodic, 1n \ I C I \", I \IN I.ii
Ol"l>crildl�bPcrox1d11\C-COD ug1.1 

(\ cctor l.11b,, US,\) 

l>ian1inohen1idlnc (1),\0) 
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Procedure 

;\ntigen retrieval \YaS done by immersing the slides in I O mr..,t citrnte buffer for 

25 minutes, ,vith subsequent peroxidase quenching in 3% I J,Oi/methanol. All the 

sections \\ere blocked 1n 2% skimmed milk overnight and probed ,vith Goat 

polyclonal anti COX -2 nntibody(Santa cruz biotechnolofil- inc)and rabbit polyelonal 

antt-iNOS antibody (Santa cruz biotechnolog) inc.) for COX-2 and iNOS expression 

respective!) for 16 hours at 4°C 

Detection of bound antibody ,vo.s done using appropriate HRP-conjugoted 

�condlll)• antibodies in VECT :\ST All'- IJt (Vector Labs, USA) according to 

monufactun:r"s protocol Reaction product ,,.ns enhanced ,,ith diaminobenzidine 

(D :\B) for 6-1 O minutes, ,vith subsequent dc:hydrution in ethanol nnd mounting on

salin1zed slides. Images ,vere acquired ,,ith Sony\11,l digital c�ern. 

3.2.26. Detection of apoptosb 

Principle 

ThM r. � C I ctn·c TIJNEI Systcm is n non-nadioacti,c :.)�lctn.. Dead,:nd·- o onn1 � 

--�-· • 1 und rupid deh:ction of opoptotic cells insitu at lhe _,,1gned 10 provide simple, accuni c 
· 

,.._ scd 10 ossa) upoptotic cell dc.11h in both tissue s1nglc-ccll lcvc:I. The S) :,tcm cun '"' u 

mc .. •uring nucle:ar DNA fn1gn1cnu11ion, un i111poni1nlSCchons and cultured cell:. b) ..., 

biochemical indicator of opopiosis in ni:in) ccll lfJ'ICS·

1nc 
• 1 UNl'JL �)stern cnll·l11bcls the lmB111cn1rdl)cadEnd',. C:olonn1c:tr1c 

DNA of apoptotic cell� u)1ng II niodificd 1 tJNI.I, n�) n1011n) lutal nuclc\lt1dc 1�

nJ usrng the I crm1n,1I ncox} nuclro11d) Illlcorpora11.-d a1 the: 3 • -011 IJNA c 5 

I ( ldr) cn1)11IC I loffiCffllll\h rcrux1du\C-)11hclcJ lllnslc�. Rccon1h1no11t, r 
nJ t' thc1C hiotln) lnt1:t1 nutlcoli1IC\.. "h1� h

RI') ' thc:n hoU I 
llrt:flla\ 1din (Strcpto, 1d1n 11 15 
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are detected using the pcrox·1dasc b su strate. hydrogen peroxide. and the stable 

chron,ogcn. diaminobenzidine. 

�cagcnts in kit 

• 9.6 mlEquilibration BufTcr

• 40 µI Biotinylated Nucleotide

• 40 µI rcrm1nalDeoxynuclcotidyllronsferase.Recomb1nant

• 70 ml SSC, 20X

• I O mg Proteinase K

Prepared reagent 

Phosphate buffer saline (PBS) p!-17.4 

Phosphate buffer saline pH 7.4 ,vas prepared b>· dissol\ 1ng 2 g of potn:;sium chloride 

CKCI) 80g or sodium Chloride (NaCl). 2 g Potassium dihydrogcn phosphate nnd 11.6 

l! di sodium hyrogcn phosphate \\e� all dissolved in I O litr� or distil!(() \\ater. pH

7 2-7.6 

IO¼ Buffered formnlin 

10,,obuflcn:d formalin ,,� made bymakingl 25 ntl of ·10% formalin to SOO n1I. \\·ith

l'BS 

O.J•J..1tydro�cn pero�ldt

O 3•• h ·d d ,.,.,--'b.>' J1s_w)\'ing10 nil of 30% h)droiicn pc:ro,idc
· '" ) rogcn pcrox1 c \\35 pr e.,...= 

•n 1000 mL PBS

1001/. tlh:inol • J1tc , olumc l'l!\jUir,"11 ,� dctcnnincd h)
1h1) ,� �b:.olut1. c:thwiol It requires no daluuon

the ca�cny of the copping jars 
IJS•1. tlh;inol 
9 '>S niL ol ohsoluto: ethnool 10 100 111I ,uth

lo/. ethanol \\.t� prep:ircd b.> 1n-11Jng

di.\ullcd v.:ito:r b) adding S rnl ol di,ulh:J \\ icr
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85%cthanol 

85% ethnnol ,vas prepared b, making 85 mL of absolute ethanol to I 00 ml ,vith 

distilled \\llter by adding 15 m l  of distilled ,vater. 
70%cthanol 

JO% ethanol ,vas prepared by making 70 ml. of absolute ethanol to 100 mL ,vith 
distilled \\'ater by adding 30 mL of distilled ,voter. 
50°/oethanol 

50% ethanol \\'US prepared by n1aking 50 n1L of absolute ctlianol to I 00 mL \\'ith 
distilled water by adding 50 mL of distilled ,,'tltcr 
Xylcnc: ·fh1s require:; no dilution 1l1c volunie required 1s detennincd b} the Cllpacil) 
of the copling jars. 

Procedure 

Briefi). the tissues section ,vcrc dcparoffiized by embedding in xylcnc. 

rehydrated in g.radcd potions of ethanol n1 different 1tmc intervals nnd \\3Shed in PBS. 

The slides \\·ere later re- fi.xed in I 0% buffered formnlin solution. Protcinasc:- k

(20uglml.) ,,a., uscd 10 treat the slides to make the ussues more penni!llble. This ,vns

follo\\cd by another fixation in 10"/o bunercd formalin. !"he sections ,,ere later 

incubated in equlbrotion buncr for I O mins. 

After this. the sc:ctions \\Crc ul101ved to react with rTD·t rc.iction mixture (98ul

equilibration buflcr. 1 µL biotinnted nucleotide� n1i>. and I i•I r ID f re11c1ion mi,turc)

for I h o . h ·d·fi--' cLh-b<:t Ilic ri:nction 11.1s 1cnnin11ted the byr nt 37 C 1n um1 1 , .. ..., ,...,., 

j,.,_ i . . 2X SSC . n Conlin jar for 15 minutes at room tcmf'lffllturc.
"u11cr1 ng the slides 1n • . in , -

Th
· 

. bi k :-d bv inunc:Bing the slides in O_JI){, h.)dro1:cn
c cndollcnous pcrox1duses \\ere oc c � 

Ptrox1dc in PUS for J-5 n11nu1cs ut room i.:nipcrutun:.

ln"U'-fti�J \,ith strcptn\iJin•llltfl lor 3mins 01 n>o111 
Slides 'vlcn: Inter .. "" .. 

. cJ uh I>,\ 11 111 the J.:u-1: nnd lht:n nnsrolt11tpcnuurc. After this, slide:; \,ere :.tuin \ \  

nountcd 1n IOOle j!l)Ct'fOI 1\ lightt.c\erol times in distilled \\ntcr Shdi::'i ",:re 1 

h'IICJ�J)C wns us..--d to ohs.:n,: :.Uuntnl:!
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3.2.27 \1icronuclci Assay 

Principle 

111c principle of the micronuclei asso) is  based on the fact that polychromatic 

erythrocyte (PCL) ccUs have n staining property that is different from the normal 

natural erythrocyte. The polychromatic staining property rc:sulrs from the presence of 

ribosomal RNA 24 hours prior to the formation of the cell. As PCEs develop 1010

mature erythrocytes, they lose the ribosomol RNA and the staining proper!) In 

mammals. mature erythrocytes expel their nuclei 8-12 hours after the last mitosis 

preceding the fonnation of  an erythrocyte The micronuclei for some reasons nrc not

expelled completely. tvJicroouclei are not nonnally found an the circulating 

Cr)throcytcs 1n blood because they are fillen:d out by the spleen. 

Rrageots 

Bo\'inc !>erurn albumin 

Absolute methanol 

Xylcne 

0.4% �1av Grun\\·ald Slain • 

5., a· 
,o 1erm:i !,IJlio 

O O I �l Phosphate buffer pi f 6.8 

Ocpc,c (OPX) rnountnnl 

Preparation of bone morron ,,nctil'l't

oJ ptetl 10 the pr.:pnnulon of bone n1Mro\\
lhc n1c1ho<l of Schmidt (1975) \\'i1S 0 

, 1 di•locauon ,1nJ the fc:rnur ol c.1ch rill. - et! b) ccr\ 1c,1 , 
��- After the ra1-. ,,ere 54cnhc 

A n.�lr of sclsson \\il5 us� to nutkc
1 use le 11ssue. , ·-

"'lll rcn,o, cd und stripped clcnn ° rn 

11 pin \\"3S then 1ntrod11 cd tntn the
h jcn1ur. A sm,i 11/J O(l('ning in the ih:11: region ol I c 
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mnrrov, canal at the epiphyseal end. As Lhc pin \\'!lS pushed inside the canal, the
mnrro\\ exuded through Lhc hole at the iliac end.

Thi! marro,v ,vns placed on a slide and n drop of bovine scrum albun1in \\'llS

added to the smear using a Pastcur pipclle. Thi! ,vhole ,,·as n1ixed 10 become 

homogcnous by using a clean edge of another slide. TI1e homogenous mixture \\'!IS

then spread on the slide as a smear and allo,vcd to dry 

Fixing andStnining of Slides

Procedure for staining and fixing the slides involved the follo,ving steps: 

• Slides ,vere fixed in absolute methanol for 5 minules

• They ,,ere dried to ollo,, for removal of the methanol.

• They ,,ere then stained '"ith 0.4°/4 r-.·lay Grun,vald suiin I and 2 ond nir dried.

• The slides , vere again srnined v.ith s,·o Giemsa for 30 m1nu1cs and nnscd in

phosphn1c: buffer for about 30 sc..-conds.

Th l
.
d . __ ., . d,·su·lled ,,atcr and aJlo,vcd to air dry.• c s , C:!> ,, ere nn�-u 1n 

• 1 • 11 ?O m,nulc.lS and wr d ncd• Ther ,vcrc finally fixed 1n x)· enc or -

. . Dl'X (a narurul mountnnt) \\1th co\'cr slip� so 1hnt• The slides ,vere mounted 111 

they could be vic,,ed under rhc niicroscopc. 

�Corin� of lhc ">lidc;

\ .. , unt.h:r II liuht microscope to detect 
'·des \\i:l'C \'IC:\ .u 'lhc fixed cells on the s 1 

. t" • cr)lhl'OC)l�-S (PCI:) ,\ 10II} coun1cr the presence of micro-11uclc.1tetl pol) c hrorn,, 1� 

td at medium m11gnilicu1ion 111 gc1 
1i,;u U!otd for scoring. J'hc slides \\'l:r«: first SCrCCn 

lei Main t,luc \\lulc n<1rm.1I n1a1ur� 
i,,y b I'" l.s und ,n,cronuc till le regions for :;coring .... 

tr}throc)'tcs 11U11n red 

•
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3.3.0 Statistics 

Statistics data arc expressed as mean± SO and analyzed "·ith �1.icrosoft Excel 

and SPSS statistical packages. Statistical analyses ,vere performed by Student t-test 

and one ,,•ny analyses of variance (ANO VA) P value of less than 0.05 ,vas considered 

suitistically significant. 
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CI.JAPTER FOUR 

EXPERil\lENTS ,\ND RESULTS 

.i.1 EXPEIU�lENT I: EFFECT OF NEVlRAPINE ON THE Ll\'ER \VITH 

RESPECT T O  TIME OF EXPOSURE 

J:-,;TRODUCTION 

Non-nucleoside Reverse Transcriptase Inhibitors (NNRTls), constirure o class 

of medications that hove contributed significantly 10 the management of l lumnn 

Immunodeficiency Virus (I II V) infection. Some oppro, ed drugs 1n this class include 

cfavirenz, ncvirap1nc. ctravirine and rilp1virine (Schafer et al 2011 ). Although 

�RT!s have contributed tremendously 10 the light 01:1ains1 Inv/ATOS, thcre ore 

reservations 00 some of their side effects. Ncvirapinc - n drug of keen interest in 1his

study has been nssocioied with hepa1otoxici1y dcpic1ed by elcvn1ion of transaminn.ses

(AS'I and Al T) levels and hep;llOC)1Cs necrosis (Elias und Brnrnbaifn, 20 I 3: l liru; ,.,
al,, 2013).

Alth gh · · 
r c\'iropinc is established, cllcct of ne\'iropinc on 

OU hepalOIOXICII)' 0 n 

the r. . . ban \\ell-explored. It is importunt tu !..no\, if1'CT v.nll n:spc:cl 10 umc has not 

ex•- d ·5 dependent on the dun11ion of exposure 10 "'"' of nevirapine induced lh er .i.mngc 1 

the · ts olmosl for o life time.drug: since the drug is  used by t11c paucn 

I . f ncvirupine ,,ns 11Jm1ni11crcd tor Jitli:n:ntn the present study, 1hen1pc:u11c Jose 0 

d lauonship t,cl\\ ccn 11.:\ irupinc-1nJuccd lh erllnu1ons C 1-4 \•,ccks) 10 USSCS5 the re 

Vnnous biomarLcl"li or hcp;111c danu,gc
�gc and durnrion ol cxposuri: 11' thc drug.

"Id the cxicnt of lhc J1unngc

O.\ldati\C l>l�S \\CCC u� 10 assess 
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PROCEDURE 

Forty male albino rats of \Vistnr strnin ,vcighing bct\\·ecn 125-200 g ,verc used
in this s1udy They ,,ere purchased from the animal house of the Faculty of Basic
�1cdical Sciences, University of lbadan and housed in cages in the animal house of
Biochemistr;· Dcpann1cnt, University of lbadan. TI1c animals \\'ere given pellet feed
and \\'clter "" libit11111.

The) ,vere randomly assigned to five groups ,, ith eight animab each. Group I
(control) received only ,,·otcr orally. Rats in Group 2. 3, 4, and 5 received 5. 71 1ng/kg
(therapeutic dose) of ncvirupine oruJly for I. 2, 3, and 4 ,vecks respectively Inc rots
\\ere sacrificed by cervical dislocation 24 hours after the Inst day of drug
administration; blood ,vas collected by cardiac puncture technique \\ith the aid of

de.in needle and syringe into clc:an dry centrifuge tubes nnd allo,,cd to coogulotc by 

�landing for JO minutes. The blood samples ,,ere then centrifuged for I O mins ot 

lOOOg using a bench centrifuge. The clear supernatant (serum) ,vru; collcctc:d ond 

stored in the refrigerator.

. ... n·nscd 1n ice-cold l,ISo/o KCI, bloucd nndLiver ,vas quickly rcmovcu. 
· . prr:parcd for his1ologieul c,on1ination ns\\cighc;d, ,\ portion of I.he liver ,,-ns

,_ .· . . . ., d t.bc rcn,aindcr ,,·ns minced ,,ith scissor,; in 4,,,�\iously described in sccuon 3.- on 

I b JT·r pll 7.4 ond homoge1111�J u.�ing Pou�r-'0 umes of ice-cold O. I ttl phosphllte u c 

ll ccntrifllll�-d ul I 0,000 s for IS n1inu1cs · \chgcn homogenizer. I he hon1ogcnate \\11S

. hondrlol frortion I l'�H l \\'Crc nliquotl"d
at ,i• C and the i.upc:mat3.111 1cm1cd post nutoc 

(es ,,el'(' uscc.l to dctcm11nc ,\I I nnJ 
llnd USed for the en,>111e:; ossa)S. rhc scruni samr 

J 111111�cl (iCJ57) ond nl,o h1ltruh1n ASl IICth ,ti�-s occording the n1c1hod of Rc1tn1.1n 11,1 

d Land , ,mf ( l r1JR). l'�tl nt h,-cr
en,.__ I od ol I.en 111)�1 �•,q:n1ra1,on occonJ1ng ti, the met 1 

I ordins 10 1hc n1cthod ol Uc111ltr rt.,... .., thli1nc Jc\ c ace 
..a \l.\cd to dctcm11nc rcdui;cd t:l-uLD 
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PROCEDURE 

Fort) male albino rats of \\lislllr strain ,vcighing bct\vccn 125-200 g ,vcrc used 

in this study· They \\'ere purchased from the animal house of the Faculty of Basic 

\ledical Sciences, Universil) of lbadan and housed in cages in the animal house of 

Biochemistry Department, University of lbadan. The animals ,vcrc given pellet feed 

and ,vater ad libir11n1.

They \\'ere randomly assigned to five groups ,vith eight anin1als each Group I 

(control) received only ,valcr orally. Rats in Group 2. 3, 4, and 5 received 5.71 mg/kg 

(therapeutic dose) of ncvirapinc orally for I. 2. 3. and 4 \\Cc:ks rellpccuvcly. The rats

were sncrificed by ccr\'ical dislocation 2-1 hours oOer the Inst day of drug

admirustratton; blood ,,n.s collected by cardiac puncture technique ,vith the aid of

clean needle and syringe into clean dry centrifuge tubes and allo,,·ed to coagulate b)

St.lnding for 30 minutes. The blood samples ,,en: then centrifuged for I O nuns 01

3000g using 3 bench centrifuge. The clear supcmaUlllt (st:run1) ,,u� colh:ctcd ond

Slored in the refrigerator. 

d n·n·�·' in ,cc-cold I. ISo/o KCI, bloncd wid
Li\·er \\US quickly remove , .-u 

\\rin'-ed A 
. prcparcJ for histologicHI cxumin,1tion a,

b'' portion of the liver \\.JS

P .• . . ., d 010 n:m,under ,,115 minced ,vi1h �i,-.or.; in 4
fniousl> descnbcd 1n .st:ellon 3.- nn 

I b n· pll 7.4 and homogenized using l'oucr-
\o wncs of ice-cold 0.1 M phosph11tc u er

Iii n.s ccoiriliJg�-J 111 10,000 g for IS minutes
• \chgcn homogcni1.cr. TI1c homogenate \\, 

. 1 ndriol 1rnc1ion (P�II·} Y.cn: uliquolcJ

111 4 c cd nnst m1toc 10 

and the supcmr,111111 1erm , ... 

PI� y.crc used 1u Je1c:m1inc AL I onJ
Ind I he scrusn s;1m 

Used for the cnz)mcs o..ssa�s. 
., I ,unkel ( I 9S7) onJ oho hihn1b1n

I\S I od ol Rcitm:in onu 
11e11, ttics according 1hc mcth 

nd ik anti urol 119111) l'l\11 of lhcr
cone . 1 � 1hod of 1..c rnss 

tntruuon ncc11rd1ng to I 1c nu: 
1 '"urJinl:1 10 the 1nc1hoJ of llcu1lcr rt

"ts Used to dt1cnninc: n:Juccd 1:1Jutu!iltonc rc, c 11' 
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al., (1963), lipid pcroxida1ion using the procedure of Vashncy and Kale (I 990),
supcroxide dismutase activity ,vas dc1ennined as described by tvfisra and Frido,ich
(1972) and catalase activity according lo the method of Sinha (1971) and protein
concentration using biurcl 1ncthod as described b) Gomal et al., ( 1949). The different
aMay procedures are described under materials and method in section 3.2.6 10 3.2.14.

RESULTS

The resull of the present s1udy hos sho\\cd that treatment ,vi1h thcropcu1ic dose of
nev1rapinc orally caust!d elt!vation of scrum levels of alanine (ALI) and ospnnn1c
(Asn aminotransferase compared ,vith control throughout \VCCks I. 2. 3. and 4. AS'I
level \\ag significantly elevated al 1he \\ccks 2. 3, and 4 (p<0.05; 11.2%, 33.:?�o, and
18 7% increase respecllvely compared 1o control); whilt! ALT lc\'cls \\en: :significant!)

elevated throughout the period of treatment (po:.0.05, JOO%. 547'1/o. 946�10. and 660¾

ln<:rc:15e respecuvcl) compared 10 control) (Tobie I�\) A similar 1ncr.:a5c \\a:; Jlso 

observe d  in I.he levels of direct bilirubin (p<0.05: I 5.S'Vo. 29 90,0, and 24.1 %

r�pecthely al \\ceks 2, 3. and 4) (fable IA).

· 
• 1 tic dose of ncvirupinc lnclt':t�cJ oxidnth c Sunllarly. trc:umcnt \\.1th 11cropcu · 

. educed gtuwthionc (GSII) level at \,·ccks i�s of the liver by significantly dccreas•ng r 

, tivcl)' comp.1rcJ to c,1n1rol), incrcll5ing � illld 3 (p<0.05: 62% and 55�'o d�rcnsc rcspec 

ks I 2 3 11nd 4 (p<0.05; 2J l�fi. 62.7�r.. ll'lalolldiaJdc:hydc (MDA) conccntrUlion :it \\'CC ' • • 

. comp,ul!'d 10 control), ( l'•hlr I R) nnd 83
°"-. lllld 110.0% incrca...c respccu,'CI) 

-1) in SOI> uctivll)' 1hrougho1111hc J)CrioJ 
lllrJUCtd n:duc1ion (si�itic11111 ut ,,ccks 1 8nd

_,. •11011 ,�pccti, cl) I ,\ decrease an 01 -�,• J? 6% ,..-uu, 
lrcauncn1 (59.3%, I f ,6'}t '> 3��- 111,.. • 

I , 3 1tnd 4 oon1p:ircJ ,, uh control cai.1._ .. h0ut "ccJ.. • "' ' � UCth II)' \li'3S obscn (J thn>Ui}• 
• r.clnl 11 ,,«i. I, J, and 4 (p<O 05:11. \\i!S i1g1111I • •1tob1er.� dccrc:i.sc in catnli15C uc11'11>

53 11, d)) I I 1hlt Ill)
l,-., S3 3o/e, 11.nd 34 S4l'o JecrQSC re pee 
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A significant decrease in protein concentration \vns observed in all groups 

compared \\ ith control during the course of the study. (Table I 0) 

1 listopathological analysis sho\\ed increase in the severity of hepatic 

degeneration during the course of trcnuneot. 1\1 the first l\\'O \veeks of drug 

administration, there ,vas moderate difiuse hepatic degcnerauon (Plate� I B anti IC 

re�pectivel) ). Conversely. by the third nnd fourth \Veeks of administration there \\115

more severe hepatic degeneration (Plates I O and LE respectively). 

CONCLUSION 

This study sho\\·s that nevirapine induces bepatotoll.1eity and ox1douve stress nnd the 

duration of exposure nITects the extent of the clumagc. 
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Table I A. Effect of Nevirapinc on Bio markers of I lcpntic D:unnge 

TrClltmenl ALT(U/L) 

Control 1.3±0.3 

\Vee!. 1 5.3±1 15•(300%) •• 

\\'eel. 2 8.8.t:2.7•(577%) •• 

\Vctk 3 13.6±1 7•(946%) •• 

\\'eel. 4 9 9:tJ.2•(660%) •• 

AST (U/L) 

33.0.±.100 

34±7.0(S.2%) •• 

J6.7t.2J•(l l.2%) •• 

94.7:i:4.2·( 187%) • • 

' p<O.OS ,1 hen compared "ith con111>I 
'• Pncm1ai;c chiln •c comp.1TCd wnh control lllonc,
n•a 

DlJlECT DILIRUBIN 

(11g/n1I) 

34.8-i:O.S 

40.2:1-1 9( 1 s.s•/,) • • 

45.2!6.4"(29.!)0/4) •• 

43.2±3.8"(2-l.1%) •• 

SS.8±4.5"(60.Jo/o) •• 
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Ta hie I D. FfT«I or ,c, inipine on Lh er l'rorcln Concc-ntrntioo, \lurke� of O>.iduli\'C SI rcss nnd Anlio>.idnnt EnZ) me Acth itics. 

l'rt111mtnt l l'rottio ront't'ntralion \ft)/\

(m�/ml) (nmol'� Ii, c r) 

Coouol I 2s _0±,1.2 JS,\3tl 1.13 

Wt-c:\.\ \ 16.4�.3·(36 0,'.)00 \ 16 3:t\2.2°(2.31%)00

\\'c:c\. 2 \ i.7tl. t·t65.1¾)0 
• S7.\:t1J•t62.7%)0 

•

\\'eel 1 I s2±1.1•(19.2%)"0 64.3± S.5"(83.0Y,•• 

\\"cc\. 4 110.Ji.1.1°(58.8'.)00 74.0i1.9 °( 110Ye)0 
• 

•r,,O.OS com;ma1 "fill co:-.110\ 
•• Pe1cc:n1.1u dun£C carrqwtd •,.-nh aiatrol 1'lonc 
0 Ii

Reduced �lulnthionc SOD ncti\'ilY CntolASe aclr. ii) 

conccnlrnlion (01itf111l) (Unit SOD) (µmoles H101/ 
minfn1g prolcio) 

10.0tl.9 4.J:t0.4 0.26t.0.04 

9.0tl.9(10¼)00 1.8±0 5°(59.3o/e)0 
• 0.12±0.03 °(53.3%)·· 

3.Si.1.-1°(62%)00 3.8 0.9 ( 11 6%)•• 0.2±0.04( 16.-1%)00 

4 .S±L0°{SS%)00 3 9 .0.4 (9.3%)·· 0. 12±0.03 °(53.3%)00

9.0i 2.2(100,�)·0 2.91:0.7(32.6%) 00 0.09±0.0 I •(34 S%)0 
•

75 
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Plate 1 A. T-fistological section� (1-'00) of norn1al lh er from rut treated \\'ilb "oter

onl) (Control) sbo\, 1ng no ,i\iblc lc�lon,.
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Plate 1B. Hblological �ecuoru (x�OO) or lhcr from rot 1re111cd ,,ich 5.71 mi;l<A 

(therapeutic dose) of oc\ir11pioc orull) for I \leek. Section �bO\\S moderu1c

diffuse hepatic degeneration. 

-
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Plate IC. J llstological ,cctioO\ (x400) of liver from nu trcuted ,, ith 5.71 mg/kg

<tbcrapcutic dose) of ncvinipioc orall> ror 2 ,, ecks Section \ho\\, n1odc111tc

d rr 1 UlC hepatic dcgcncrutlon.
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• 

Pllltc I 0. llistological section, (x�OO) of lhcr fron1 rut 1reutcd "itb 5.71 o1g/kg

(therapeutic dose) of ne,,irapinc orall) for 3 "cek.s, Scc11on sho\\s ,c,cre difTu,c

hepatic degeneration. 

• 

Q:: 

� 
_, 

,_....

� IU

:::: 
;.: 
::: 

� 

c:,-• 

. .. 
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Plate I E. Uistologicol ,ccliont (,400) of lhcr fron• nit 1re111rll ,,,th 5.71 mg/ki:

(therapeutic dose) of nc,•intpine unall) for 4 ,,cck.,. Stclion ,ho,,\ �c,ere tliffu,c

hepatic d�cnerntion. 
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• 

• 

•• 

• 

Plate I F. Photomicrograplu or rut li\cr section\ (x.tOO). 

t; C�ntrol (\\'Iller only) ,ho\\ in� ou , bible IC\iUni �- Sho\\s n1odcr111c dlfTu�c

11 p
at11: de-generation al \\Ctk I C sbu,,� moderate diffuse hcp1111c dc�cncrutlon

\\cck 2 I). Sho"'' severe dlrTusc hepatic dtl!tncr11tlon 111 \\tck 3 F..- �ho,,,

IC\trc dlfftUc hepatic dtJ?encration •I 11eck -'· 

-

:-, . 
r._� 
-
-· 
:,.. 
,_ 
-

::::. 

:i: 

c§t 
� 

I
-
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4.2 EXPERIMENT 2n: EFFECT OF NEVIRAPINE ON ANTIOXIDANT
STATUS ANO S01\.IE INFLA.Mi\IATOR,' lllOJ\,JARKERS

1:-ITRODUCTION 

Nevirapine n NNRfl is knO\\'Tl lo induce life-Lhrcatening li\'cr toxicit) 

(Marina. et al 2003; BersofT-Matcha. et al., 200 I) and for increased incidences of 

hepatoncoplnsias in rodents (Physician Desk Reference USA. 2009). lnspi1c of 

substru111al evidence that the use of the drug is nssocia1ed \\1th adverse reaction, the 

mechanisms for the adverse effects ofNe\·irapine are still unclenr. 

Hcpatotoxicity is often caused by the direct action of a drug, or more often a 

n:active tnetabohh: of a drug, agains1 hepatocylc.-;. In most instances of drug induced

h,cr inJUC). 11 appears that hcpatocytc dM1agc triggers the activation or other cells 

1>.hich can inillalc 11.D infla.mmalOI") �c1ion and oxidative :.Ire.��. Thc:se C\ents may 
ovrn,hclm the capacity of the Ji,er for adapthe rcpwr and rcgcncrntion llu:rcb>

contributing t o  the pathogenesis of liver injury (lloh and Ju, 2006),

r 
· d •1 • ·,11 be n:asonablL 10 in,cstti;ote ,,hcther lhcscrom the aforcmcnuonc , 1 '' 

efT,....ts . · · duct\! liver 1nJUf). l'hcrcforc, the prc�cnt.... nrc involved in ncv1rnp1ne-1n 
e• · 

. · IC "hclh�r 1he s1imula1ion of int1nn,n1111ory'�rncnt ,,as undertaken to 1nvcsug.o 
r . 1 _., • n tile mech11ni)n1 ol nc, in1pinc-induceJ �nses and oxid.111vc SlfCSS IS lll\O \ICU I 

hq.-..101ox1city 
1'nocEoLR1-

• ,,�1,,hino bcl\\tcn I J0-175 El \\ere• f \\'istar !ilrUln � tt " founccn maJc albino rntfi <l 

I 11,n•I house ol 1lu: I IICUh) ol lla"c11..... d 1rom I IC Ill .... """ for lhc IISSil). nicy Y.'Cl'C purclwc 

>.1Cd1,..,1 I.'.. • • - -x:1cnccs, lJn1\cl'l\1l) 
I :d 10 c:is;� in 1hc 11n11nnl houk' of

of tlw!nn und iousc: 

810clicrn1slJ) l)criart111e:nl, Uni, cn;il)

... 

n e unim.11• "'°re 111\ en J!Cllt1 feed 
ol 1b.Jd11n ' 
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They \\'ere random!} assigned to l\vo groups ,,,th seven animals each. The
groups \\ere treated as follo,vs: Group (control) received ,,·atcr only orally "hilc
Group 2 - received 5. 71 1ng/kg (therapeutic dose) of nevirapine orall) for 3 '"eeks.

1·hc rats were sacrificed by cer\'ical dislocation on the Inst day of drug 

administration: blood \VBS collected by cardiac puncture technique ,vil11 the aid of 

clean needle and syringe into clean di) centrifuge tubes and allo\\cd to coagulate by 

standlng for 30 minutes. The blood samples ,vere then centrifuged for I 01nins at 

3000 g using a bench centrifuge. The clear supernatant (scrum) ,vos collectc:d and
stored in the refrigerator

I ivcr ,, as quickly removed. rinsed in 1cc-cold I 15% KCI. blotted and 

\\eighcd. A portion of the liver \\-as prcpnrcd for histological examination as described

1n section 3.2.3 and the remainder ,,'OS then minced ,,·ith scissors in 4 volumes of ice-

Id PH 7.4 an., homoncnizcd using Pottcr-El\ehgen CO 0.11',,l phosphate buffer u ., 

1.. 
·r. cd 1 I o 000 g for 15 n1inutcs at 4° C nn<l110mogc:nizer The homogenate ,vas ccntnaug O 

lh . d . 1 Ii ction (Pl\111) \\'CCC nliquoted nnd used for e supernatant tenned post m11ochon nn m 

lhc: enzymes assays.

detc:miinc AL r 11nJ ,\Si nc:1t\'itics ncconlins The: serum s;unples ,,c:rc: used w 

Alp by the method ol l•nglc:hnrJ1 ( 1970). the rnc:thod of Rcilmlln and F r:inJ..el ( I 957). 

INFa i111J JL-1i1 c:oncen1rn1111n1 n-crc 0<,1 using the method ol S1.11Sl (1967>· 

• I! 1 IS,\ technique r�u ot 11,cr \\.IS used 10
OIQburtd in nu scrum by us,ns un

.t... I cconlln!! to-�rm,ne reduced glulnth1oni: lc,c: et the 1111:ihod of Beutler •• , ul ( I 96)),

hPid ...._ "d • 
• 

I 
sh und Knie ( 191>0 ). suJlffllx 1Jc:

procedure: "' Va nC) 
""'uXt u11on u�1ng I 1e 

,4;._ -·' n< 
Jcscnbcd b) !'>hsro nnJ f ndo, 1ch ( I 972) ,

-nllla)c, 
• • 

J 1c:nn1111:u ..., IICll\'IIY \\US e 
11.,71, rrotctn con,cn1rn11on

-·' 1 Slnlu� . • the ,uethou o 
act1,11> according 10 

l'J4Q). 11 <>, ,on.-i:-1111111100
G ornlll • I 11/ (

� b111rct method ns dcscnbc:d b) ' 
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according lo lhe melhod of \Voll! ( 1994), GPx activity \Vas detcm,ined b} the method
of Rotruck et al, ( 1973), Villlmin C lc\'cl \Vas detennined according 10 the method of
Jakota and Dani ( 1982), The different assay procedures \\en: previously described
under n1atcrials and method in section 3.2.6 to 3.2 18.
RESULTS

The result of lhe present study sbo,\'ed lhnl trentn1enl orally ,vith therapeutic
dose of nev1rapine caused elevation of serum levels of alanine (ALT) and ospartate
(ASl) aminotransferosc compared ,,;th control at the third \\Cek of administration
(Figure 2,\). ALT levels \\'BS significant)) clc\'ated in the treatment group (p<0.05

31.9% increase compared to control rcspccll\'ely) ,vhile AST lcvl!I ,,·as elevated b)
11.5°-'o compared 10 conuol. There ,,us also a significant elevation (p<0.05) in scrum 
ALP and GGT le\'els during the course of odm1n1s1rotion ( FiAu re 2,\). (ALP
increased by 1890/o, ,,hile GGT increased by 2s.1-1,., ot the third \\:t."el.: of

administration ,vhen compared ,vith control). 

Al · h th nru11·c dose of ncvirapinc incrcaSt.-d oxidativeso oral 1.rcauncnt wit cra,.-
str d • r:Juccd glutnthionl! (CiSH) level Ill ,,eel.:CSS oflhc liver by signincantl)' CC:rca5IOS C 

J (p<0.05: 53.1 % decrease compnrcd to control) ('f'oblc 2,\); increasing

,,.,,,_ _ • ,.,9 01, increllSC comrarcd 10 control) ( fahlr.• .._nd1oldehydc: �IDA) conccnttOIIOn - · '0 

2 • ,.Ii utaic (SOI>) nc1i,·il)' (25.8%) fl'ahlr
A), and induced reduction in supcroxide 5111 

2 uilusc (CA J) ncll\ily 1ulc:r \lc:cl,;s 3OJ, A dccre:isc of I S.G}fi "us obscf\ cJ 1" �n 

2 IJ) I he octl\'11) nr the C:lll) llll·
to I (Tahlc · lllp:u,cd with control rc:spccll�C Y 

cd b) 16 7o• \\�n can1p:l!Td \\llh&lu1.,L olsu lt)I\CC ""'110nc pcroxidAse (Cif>�) "-.is 

Cornrol ITabtr 2U).
1 1lro •l."'n 11c,o�HJc conccntr11t1nn h)

N • . scJ Dl'I t:IC\011011 .,, I) s 
C\ 1rop1nc ulso cau 

I I iahlr l \). \11t,1m1n 64 rcJ ,, 11h contrn ( 
?t1e 1111hc: c:nJ of thi: 1h1rJ ""-ck ,,hen comp:! 
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C concentration ,vas lov.crcd by 33.3% at ,vccks 3 \\hen con,pared ,vith control 

(fable 2A). Furthermore, ncvirnpinc also caused a significant elevation of tumor 

necrosis factor alpha (TNF n) and interleukin I-beta (IL-IP). TNF a ,vas increased by 

22.5% at \\eek 3 and IL-11} ,vas increased by 25% \\•hen compared ,vith control 

(Figure 2B). 

l listopathological analysis shov.ed severe hepatic dcgcncr.njon, by the third

week of administration of the drug ,vhcn compared ,vith control (Plntc.!I 2�\ and B 

rtsperth cly). 

Conclusion 

str�. 

N · · 
h h th potential of inducing mnammauon and oxidative 1 ev1rap1nc ns s O\\'Tl c 
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Figure 2A: Effect of 'ic,·irupine on Biom1rkco of llcr111ic Domngc.
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Table 2A f:fTttt of""' intpine on Riomnrkrn. of ffep111ic O,id111i\,c Sire�!> 

Trc::itmcnl I .\fD,\ GSII 
(nmollg Jh-er) (n1g/ml) 

Control 161.47±21.13 3.09±0,75 

Nc:\irup1nc \ 7li 8t\'2.5(29.0o/•) •• 1.-15±0.38•(53.07%)0 
•

• r-,:0.0S Y,hcn comp:uai ·Y.1lh control 
•• l'crccn�c ch:mce comp:irc:d \\1lh control alone.
n"'7 

I 1202 VITC 

(µmollbO, (µg/ml) 

consumed/m1nl 
n1gpro1ein) 

0.034±0.02 0.33±0.0067 

0.056±0.019(64 7%) •• 0.22±0.022(33.3)•• 

87 
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Table 28 Effect or Ncvirapinc on llcputic Antioxidnnt Enzyn1c Aclivities 

Trcauncnt SOD CAT 

Control 

(Unit SOD/mg protein) (µmol H102 consun1ed 

min/mg protein) 

0.062±0.022 0.045±0.02 

Ncvirapine 0.046±0.0052(25.8%)•• 0.038±0.0043(15.6°/o) •• 

• p<O.O.S ,vhen compared ,,·ith control
•• Percentage change compared ,vith control alone.
n=7

GPx 

(unit/mg protein) 

11.5±4. I 8 

9.58t0.50( 16. 7%)•• 
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' • 1srolog,col seer ion� (i-'00) of hvcr fron1 nit trcotcd "Ith S. 71 mi:fkg
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pcut,c do\c) of nc, irupinc onill) for .J "ccks. �cctlon )ho,,\ \c, ere difTU\C
Ctbera 

htpar •c tlei;:cocrot1on. 
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Platt 28: llbtologlcitl iCCliOO\ (x400) of norn111I li\cr fron1 rul lrcnlcd \\ilh ,,111cr

Only (Control} sbon log no , hible lc�ions. 
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EXPERIMENT 2b: INVESTIGATION OF THE GENOTOXIC POl.ENTIAL OF 

1''E\'1RAPINE USING MlCRONUCLEI ASSJa\Y 

Introduction 

The n,icronucleus test is one or tl1e most widely applied short term test used in 

genetic toxicology and has become one or the most important tests implemented by 

the regulator; entities of di ITcrent countries 10 evnluate mutagenicity of, and

sensitivity 10, xcnobiotics (OECD, 1997; EPA. 1998).

Neviropine (NVP) a non-nucleoside reverse trnnscrip1ase inhibitor (NNRTI). a 

drug of high efficocy has been sho,vn 10 cnusc bepa1ocellular udcnomai; and

tarclllomas {Physicians' Desk Reference US1\. 2009).

\\'hile the reosons for the adverse clTccts of 'I\JVP arc still unclear. se, ernl in

\11·0 and · • d 1 1 \Vl.th the involvement of N\IP bionctl\ation, via
" 1n VIVO ata are cons1s en 

Phase J oxidation 10 12.hydroxy-N\'P and subsequent Pha.,;c: II sulfonation 10 I:?-

.sulfoxy-NVP in the onset of toxic c\'enL, clic11cd by the pa.rent drug (Popovic et al.

2006: \Ven et a l  .. 2009· Chen ,·t al. 2008: Srivastava ,•t al, :?O I O).

• • . , •1 ctr0nhilc. and 1hcrcfon: is c,pccted to
This Pha.:.c II mel.llbohtc 1s n reacu�c c c • ·  

. . . N ) ·ielding co, oknt ndducb. Antunes
react directly ,,,th bionuctcoph1lcs (c.£ D A > 

r . has u p,otcntinl of forming DN,\
lllld coworkcrs �ho,�c:d that ncvirnpinc rnctabo ale 

fi 11,ms al invc)tigu1ing gcnotoxic
lldduc1 and could be gcnoto:-.ic. This stud) there ore 

PO!cn1iaJ of Ncviropinc using M1cronuclcus t\SS3)

Pr11fedurt
h bo<l) ,,-eight runu1ns lrotn 40 •

6 8 \\C:c!l:!I ''11 
�ounccn male albino rots. ogej ,. • r I 

_..,i I m ihc 0111nul house v l 1c:

6() " • 1} '\ \\'CCC 
pun:h:w;u Ill 

" "-'ere used lor the 51ud), ic. t 
�n nnJ huusal 1n cngrs an t ac

•1eu1 LJ,11,cn•l) ol I 
I) of Ousic 1'icdicul Sciences,

h: I Ille u111nul, ,,rn:

� l)c"''"rncnt, l ni' cDII) of I :u 40 

� house of Jl1ochcn11slJ') 1-· 

• • 
r..::: l • .._l 
r� 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



given pellet feed and \Valer ad Ii bi 111111. Rats ,vcre divided into t\\'O groups or 7 animals 

each. The groups ,vcre treated as follo,vs: Group !(control) received distilled ,vater 

only \\hile Group 2 (test group) received 5.71 n1g/kg (therapeutic dose) of nevirapine 

orall} for 3 ,vecks. Rats ,vcrc sacrificed 24 hours uficr last administration through 

cervical dislocation and bone marro,v ,vas flushed from femur of each rat and spread 

onto slides. Slides ,vere then air-dried. fLxed and stained ,,ith mnygrun,,·ard stain. 

Bone marrow cells ,vcre then examined microscopically Md scored per animal for 

micro-nucleated polychron1otic erythrocytes (PCE). The nssn} procedun! \\'US

pre,iously described under materials and method in section 3 2 27

RESULTS 

Resuh of our above study tndicotc that treatment ,vith ocviropioe caused a significant 

elevation (p<O.OS: 52_6�'o) in the number of miconuch:uted pol}chromatic

tt>1hroc:> I� ,vhen compan:d ,vith control. 

CONCLUSJOJ\

lh • • be 1•cnolOXIC, 
IS �lUd)' suggests trull OC\'ll'llptne 0111) e 
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�J EXPERIMENT

PROTOCATECBUIC

1-!EPATOTOXJCITY

3: TIIE MODULATORY EFFECT OF
ACID (PCA) ON NEVIRAPINE INDUCED

lNTRODUCTrON

In our previous study \\·c demonstrated the in\'ol,ement of oxidative s1ress 1n 

ncvirapine induced hepototoxicity. This finding is also corroborated b} the ,vork of 

Adaramoye er al , (20 I 2), and Adik,vu et al , 20 I). Among the mechanisms involved 

in bcpatotoxicity induced by several xenobiotics is the oxidative damage due to free 

radical generation (Uma and Rao, 2005). Oxidative dwnoge con accumulate in animal

ttlls "'hen the critical balance bc1,vccn gcncrouon of rencthe oxygen species (ROS)

rtaCti\'c nitrogen species (RNS) and antioxidant defensc is unfavoroble. a condilton

ltrmed oxidative stress. It has been established that such oxidothe damage is in,ol,cd
in the pathogenesis of diseases and adverse reactions as�oc1otcd ,vith drug usatc

CBlomhoff. 2005)

• L ., • ac'1d· PCA) is o natural phenolicProtocatcchu1c acid (3. 4-d.1hydrox>o.:n1o1c

Compo d . d d'cinul plunts (Justyn.1. 200S). P( ·\. 1.1 sin1ph:un found 1n man)' edible an me 1 

Phcno1· I ted fron1 the dried llo,,crs of //fbhr111•c antioxidant compound. has been iso 0 

1ubct, • --i·. 1 0 local bc:,-cr.isc in Chine�� her�IOrlfu f (Malvoccne), und is llll 11119 .. wlC:Ot O 

d 11, er J.imosc (Chcn·Lnn l't al .•llltdicine used 10 trcllt h)'J)Crtension, P> rc,,;in 1111 

�2), 

he sc(l as II pl"CIICCII\(' Q(;t':111 Dllllinsl 
Studies ha\'c 1nd1ai1cd thnt l'CA coulJ 11 

I \\ll 10 ha\c strong nn11ox1dnnt Ctrd It l&:1-S l,ccn � ,11 IO\&scullll' discu..-.cs ond ncopli1sn1s
l.)i}6 1'198) a.nd 10.ruccd UJ!OplOSIS in

ltJd an rr�nc• ,•t 11/ , I • lttun1ur promu1iun cllcc:1s \ • e: 

Lo JleildCS thlll, re,, IL-1) hem !lhu,,nrJ)
,{jQ L t/ tlf 200(})

•1u11u1n lcu��·m1:i ,:ell& l I �ng . 
h .. i;,noocnic o 110n 01 \ anous• 

. ...  : ..... o I e ,� c 

... 
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t3 EXPElll�IENT 
PROTOCATECHUlC

HEPATOTOXJ CITY

3: THE iVIODULA'fORY EFFECT OF 

ACID (PCA) ON NEVLRAPINE INDUCED 

INTRODUCTION 

In our previous study \VC demonstrated the involvement of oxidative stress in 

nevimpinc induced hepatotoxicit). This finding i s  also corroborated by the ,,ork of 

Adaramoye et al, (2012), and Adik\\'U et al, 2013. Among the mechanisms involved 

Ill hcpatotoxicity induced by several xenobiotics is the oxidative damage due to free 

radical generation (Uma and Rao, 2005). Oxidntl\'e dnmage can occumulate in animal

tells \\hen the critical balance bet,,ecn generation of reactive oxygen species (ROS)

reactive nitrogen species (RNS) and antioxidant defensc is unfnvoroblc, o condition 

termed oxidati\'e stress. rt has been established that such oxidoti\'e damoge is involved
in the pathogenesis of diseases and adverse reactions ossociated ,vith drug usage

(BlornhofT. 2005).

P . • 3 ., .,.1 ·drox)bcnioit ocid· PC \l is a nuturol phenolicrotocatechutc oc1d ( ... -u1 1) · 

torn d . . d d'c·nol planL, (Justyno. 2005). PCA, a sin,plcJJOun found 10 many edible an me 1 1 

phc 1• • • . ..... , luted from the dried llo\\crs or lflbnc1uno 1c llllllox1do.nt compound, has .,.,.en 150 

"'1..1 .. ,,,r.a 1 • red cnt of II local be\·c:n1ge in Chirn:sc herbal
'""' �· (Molvaccat:), and as nn ans 1 

. • nd li,·cr Jrunngc (Chen-I.no ,•t '11,�icine used to treat hypertension, p)re1110 a 

2002).
., 1 • used us O protccth;: nscnl og111nM

S . • _ _  1 h 1•C,\ coulu x: tuJ1c:s have 1nd1cat�-u t 111 

s t,ccn :,ho\\ll 1c, ha, e strong on11ox11L1111
<lidio,1Uculor ,Ji�-as.:s :ind neoptusms II lw 

• . 
996 I '>\JIil und induced 11por10�1s 1n

lzid AA • • 
( r , ... n" ,•t al .. I • 

-•11lumor promotion c:IICClS .,.. " 
llf I "000) 11c,ide\ ahl11, PC,\ hlls been sho\\n

·fiO humw, kukc:nuo �ells ( I sc:n& tt " • 

f rl I .u,::1nOHClllC II• ,,on O \'ll 011\
lo 

• b irthiht110£ I IC C 

PosSC\s chen1oprc:, en 11, c 111:11,11> > 

... 

• 
•• 

c..-

_,,_,._
ii=; 
� 

c§ 
;:; -
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chemicals in dilTerent tissues. such as dicthylnitrosamine in liver (Tanaka e/ al .•

1993). 4-nitroquinoline-1-oxide in the oral cavity (Tanaka et al .. 1994). azoxymcthanc 

in the colon). N-mclhyl-N-nitrosourea in glandular ston1ach tissue (Tanaka et al.,

1995) and N-butyl-N- (4-hydroxybutyl) nitrosamine in the bladder (Hirose et al ..

I 995). 

In vie\v of the hepatoprotective and strong antioxidant potential of PCA. the 

present study \\'SS carried out to examine lhe protective inOuence of protocatcchuic 

acid (PCA) on oxidative stress observed in nevirapine-inducc:d hcpototo;,;icity in n1olc

\Vistar albino rots. 

PROCEDURE 

Th. . 1 lb lS f ,.,1,tar strain \vcighing bet\\een 150-170 I! \\cre1.rty six ma c a 1no ro o n • · 

UScd for this stud)' They \\'ere purchased from the animul house of the Focult} of

8 · \A • • 
. f lb ,.Aft and ho115cd in cages in the animal hous"as1c .•,ed1cal Sciences. Uru\'ers1t) o au.u, 

f . . r lb· don fhc: unimols \,en: given pellet
0 B1ochcm1stry Department, Unhcrs 1t)' 0 a 

i d I) divided into 6 group�. The groups
Ccd and water ad llbi11tr11 Rnts ,vt"n: ran om 

• 1 control m:cived onlr the ,,utcr omit).
"-trc treated for 3 ,,·eeks as follo,,'S, Group
. 11 . Group 3 ttceh �-J I 00 n1g. kg (PC,\)
Group 2 received 50 mg/kg (PC,\) onl)' oro > 

t'c dose) ofncvin1p1nc: only omll),
oil)) orall)' Group 4 recehc:d 5.11 mgiklJ (thcropeu • 

• ) f ni:v1rupinc nnd .50 mav\g PC,\
G 1 ..... uuc Jose 0 roup 5 received 5. 71 mg/kS (1 u:rn,.. 

. J �) of ncvirnp1nc nnJ 100 mg./l.:g
01111 nil- (1hc:ropcu111: osc 

Y, Group 6 r«ehcd S.71m�.:g 
. d" Jocntion 24 hours .,Iler the la I

Pc; •• __ , hv cc:n•1cal is 
A Orally. ·1bc rots .... .:re sncnhc� " 

h .__ Id r 
t ,., ttdiniquc \\11 t11" n o 

J" • punc u,. 
ad111jni . llcctctl b) car iac 

Slr.lllon: hlood ,,us co 

ond olh.1,,cd 10 cougularc h)
t cJ eclllrl fug.: iuhc)

kan needle and s)rin�c into clc:in t) 
c-cninlugcJ ror 10 m1ns hi

"4nd 11,,. blood :sunip 
lilt,: for 30 m1nu1c:. .. 

(CS ,, cri" then
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3000g using a bench centrifuge. The clear supernatant (scrum) ,vu:; collected and

stored in the refrigerator.

Liver \\as quickly ren1oved, rinsed in  ice-cold 1.15% KCI. blotted and ,vcighcd. A 

portion of the liver ,vas prepared for histological examination as described in section 

3.2.3 and the n:mainder ,vas then minced \\'ilh scissors in 4 volumes of ice-cold 0.1 :VI 

phosphate buffer pH 7.4 and homogenized using Potter-Elvehgen homogenizer. The 

homogenate ,vas centrifuged al 10,000g for 15 minutes at 4°C and the supernatant 

tenned post mitochondrial fraction (PMF) ,,ere aliquoted and used for the enzymes 

assays. The serum samples ,ven: USl..-d to dctcnninc 1\L f and AST acth ities according 

the method of ReiLman und Frankel ( J 957), ,\LP by the n1ethod or Englehardt ( 1970)

and GGT using the method of Si.nsl (1967). Ptv!F of hvcr ,,115 used Lo determine

reduced glutalhione level according 10 the method of Beutler e, a/,, ( 1963). lipid

llCToxi-'-·' · d f VA•hne\ and Kale ( 1990), supcroxidc d1smutnsc
· um1on using the procc ure o ...., 

""'1 · l ''--d b ,,·sro and Fridovich ( I 972), ca1alose activity
-, "1 }' v.as detemuned as descn= Y ,, 1 

�o•d' lh f s· .. _ ( 1971) protein concentrn11on using biurct method
• 1ng to e method o I nsw • 

as d . 0 cc:ntration according to the: method of
C!.cnbcd by Gomal et "'. ( 1949), 11 con 

w k / (1973) Protc:incarbon)I content>
olff Cl 994), GPx by the: method of Rotruc · et" ' 

S di on ( 1993) nnd touil nntioxidan1
Dccording to the methods of Uchida ond ta m 

hod of Kon11:e\'ic rl al • (200 I).
'11\ 11> in samples \\'US detc:m1incd by ihe met 

. ... 1) dcscrihtd under n1a1c:rials 
dures \1-crc prc:110 .... 

lhc different ass:i}' proce 

llld nicthod in section J.2.6 10 J 2 22,

ltf�'ili1:rs
f runl le\�I nf Al f, ASl,

;:J cJc:1-.itiOII tl SC 
1 rc:atnu:nt "ith nc:1 lr11r,inc c,,usc 

R•i ,n�rc.;isc mflC(tl\CI) 
6011 J61•• nnd 12 

"LP. llld <jG 1 <r<o.us: 1 ss•t. 2 • • ' 
SOm•· �" 1111,I 111(}n1wl;ll l'CA

I 1111h � r 

' , <i,,.1r.:alr1H:n 
cd IO 1.:ontr1>I), \\ hcrc:115. AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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respectively caused 8% and 25% reduction in ALT, 172% and 81 % reduction in 1-\LP. 

13�0 nnd 8.4% reduction in AST, 54% and 60% (p<0.05) reduction 1n GGT levels 

ff able 3A).

Similarly. nevirapine decreased significantly the reduced glutathione (GSH) 

le,el (p<0.05, 133.6% decrease compared to control); \vhereas co-administration "'ith 

50mg /kg and I OOmg/ kg PCA amchorated this condition by increasing the GSI I level 

significantly \vhen compared 10 the ne\·irapine only group (p<0.05: 74.6% and 50o/o 

respectively) (1"nble 38). Also, nevirapine induced significant lipid pcroxidation 

demonstrated by the high concentration of MDA compared to control. Co-treatment

\\ith PCA ,,ns able to ameliorate this condiuon b) causing o sign1Jican1 reduction in

\fDA concentrauon \Vhen compared ,,ith nl!\'irapane alone group (Tuble 38).

Th nls 1601. • cease 1·n hydrogen peroxide conccolmlioo 1nere ,vas o a -o 1nc 
. d ·u trol 50 mg/kg and I 00 mg/kg 

lle\trap1ne alone treated rats ,vhen compare '"1 1 con 

PC n11i d 5., decrease in the hydrogen peroxide
A however, brought about a 'l,o an 10 

d 'lh the ni.:viropinc onl) group (Tahlcconcen1ro1ion respectively ,-.hen compare "1 

3 1 crcd b)' 8.6�'o in ne\'1rnpine-ttco1cd
8> Vitamin C conccnuution "� ho,vever 0'' 

·'th 5o mg/kS nnd 100 n1g1kg PC,\
r.us h • I Trc.itmcnl \\I \\ en compan:d ,, 11h contrO · 

d 2J 60� rcspccti,ely (Tnhlc JC).

clc,,,atcd the Vitomin C.. conccntrotion by t4,9o/a on · ' 

_, in the group of ruts 1h111 took
. · . ,,'35 obscr,"" 

A 41 % decrea:,c 1n GPx :icll\ ll) 

loom, l.g PCA lmpro,cJ tl1c GPx
ntv· · · SO m"1'ks nnd &' 

•rapine alone. Trc:11menl ,\i1th e, 

l:S,:. increase ""' obscn..-J 1n
.,,._ • . I . 110,,c, er. n
-"'11> by 35,'o nnd 33'� �Jli--C11"c >• 

c _ _  1 rn15 < r11111t ,n).
JSl .... : · • � nlonc 1rc11tcu -1.1v1t)' of the: nc:,·1rup1n� conin"rc:J 10 control 

. son IICII\ II) ,-
0 �ucuon in. 

Ne, inip1ne alS<'I cuuscd ·18 '� r� 
I) uicrc'3.)C\l h) 7"• anJ

('CA �()I) nc11,1 
tJPo d I oo,ntvl-g · 

11 ltca1mcn1 \\ilh SOrng/kl! un 
, h) 11,, "h1lc trc'.itmcnt

S �• Cllllllll.SC ,u 11\11) 
)lit J•'" lo\\ Cf\-U 
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\\ith 50mg/kg and I OOmg/kg PCA reversed this condition by increasing the enzyme 

acthiry 29% and 30 % respectively (Table 30). 

Nevirnpine also brought about a significant (p<0.05. 22.6%).) increase in 

protein carbonyl concentration and decrease (p<0.05; 36.9%) in total antioxidant 

capacity. Co-treatment ,vith PCA nt both doses \Vas able 10 nn1eliora1e these effects by 

�using a significant (p<0.05) reduction in protein carbonyl concenlmtion and 

significant (p<0.05) increase in total antioxidant capacity (Table JC). 

\Ve found that liver samples treated ,vith nevirapine exhibited severe hepatic 

necrosis (Plate 3E) compared ,vith control (Plutc 3A). Ho,vever in PCA treated

groups. integrity of the liver cells ,vere ,,ell preserved (Plate 38 nnd 30) while Plates 

JC and F sho,v that PCA auenuated the hepatic necrosis induced by nevirapinc. 

CONCLUSION

In conclusion. PCA exhibited the abilit) to allcv111tc liver injUI) a.ssociotcd

\\ ·lh -··' · oxidauve sll'\:SS and hcp.111c dan1a�c.1 ncvirapine drug administrution by n;uucing · 
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Tahl<' .t.�. 1-:tr«r of l'roroc-1Atccl1uic \cicl (PC,\) on Oiun,urkc,-.. of Jlcpnric Dan111gc in l{uls Trc111ccJ n ith "cvirnpinc 

Tttatmtnl 

Control 

PC,\ 50mg.'\:g 

PCA lOOm�g 

�E.\'IR.\l'lNf:. 
51\m�'\.t 
re A SOmi;.'ks + 

-...1:.,'IR,\ l' It-. 'c. 

S.71m�'l£
re A 100rntf4!.•

r \I T(U/L) 

3..2±0.7 

3.7±0.5( 16.3,'o) •• 

4.3±1.\(34%) •• 

S.\0±0.5°llSS%) •• 

7 .4t0.7"lS.6%) • •• 

6.4±.1.3° (21.0"/o)" • • 
NE.\'llu\PINE \ 
5.11mgc1..g 

----=--='--------------

• p-"'tl.� ,.'baJ cnmp11cd ,.'Uh corurol 
• r-o OS ,.'hm corn;waS ,.uh nc•ua;,t11c alone
•• � cl )ll'7' cx,m;mcd llllh cmun,1
••• � c� comp.v�d ,.uh IIC\·irlptnc alone.
0'"'6

�\L!l (U/L) GGT (U/L) 

15.2±2.0 2. 70±0 7

I 5.9l 3 5(4 .5%) •• 4.01±1.5(48.5%) •• 

I 7.4i4,2( I 4.6�'o) •• 4.2± I .8(55.6°10) •• 

40.0±9.S•( I 63.6%)•• 6.2±0.1•( 129%) •• 

14.7±1.6.(63.1%)••• 4 1±0.91

(34.4%)••• 

22.1±3.901 (45�11)••• 3.9±0.7.(37°/o) ... 

AST(U/L) 

8. 1±0.8

8.6± I .8(5. 7%) •• 

8.5±1.0(4.4%) •• 

I 0.3±0.2(27.0%)0•• 

9.03 ±2.9"(13%)••• 

9.5± 1.8(8. I%) • •• 

IOI 

IBADAN UNIYERSIT
v L/q::tf,P, �

-

pt:-. -
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Ta hie 38. F.ffecl of Prolocatech uic Acid (PCA) on Liver Lipid Pero:cid:11ion 
(�IDA), Reduced Glutathionc (GSH) Level und Hydro�cn Peroxide (H201)

Concentration in Rats Treated ,, ilh Ncvirapine 

Treatment l\10A (nmol/g liver) GSH (mwml) 

Control 188.±8 7 l.6t0.4

PC.\ 50mg/kg 213+55.7 (13.3%) •• 1.1±0.3 (35.2%) ... 

PCA IOOmg/kg 2 I 4.5:t 1.2 ( 13.8%)** I. I ±0.4 (30.9%) ••

NEVLRI\PNF 366±39•(94.6°/o) •• 0.4±0 I• (78.4%) •• 

5.7Jmg/kg
PCASOmg/kg 245 5±201(3).06°10)•• J.37±0.7•1 (2911\'o) •••

NEVIRA.PINE. 
5 71mglkg

0.75±0. 122•1(114�0)•••PCAIOOmg/kg+ 262.8±47"(28.4°/o)••• 
NEVIR,\PINE 
S.71mg!kg

: p<,) OS "h�n compMcd with conuol
P<O.os \\hni comJl3ffil "nh Nc,·inipinc alone
'' Pcrccnlllgc ch11ngc comp� "1th conlJ'OI
"•p , · · 11tonc trca1111gc change compared "Ith Ne, 1rapinc 

H202 (µmol H10v' 

n1in/n1g protein) 

0.228±0.04 

0.249±0.0 I (9.2%)•• 

0.22±0.03(3.6°10)•• 

0.264±0.05( 15. 7�-..)· • 

0.24±0.03(9.09%)••• 

0.25±0.07(5 JC\{.)•••

a:: 
-
C't: 

-I 

,,,._ ,._ 

-­

� --

� 
-
c:. 

-

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



Tab.le �C. Effect of Protoeateehuic Acid (PCA) on Vitamin C (Vit C), Total
Anuox1dant Capucit) and Prote i n  Carbonyl Le,·els in Rllts Treated n•ith 
l\cvirapinc 

Total 11ntios.idnn1 Protein carbonyl 

Treatment Vit C (µg/ml) cupaeily (µmoUm� (nmol/g tissue ) 

Control 

PCA 50mg/kg 

PCA lOOmg/kg

�EVIRAPINE. 
S.7lmg/kg
PCASOmg/kg+ 
NE\1lRi\PlNE 
S.71mg,'kg
l'CA IOOmg/kg+
�tVIRAPr\'F
S,71mg;'kg

protein) 

0.139±0.019 0.650±0.006 

2.0±0.03•(42.3%)·· 0. 72± 0.04

0.3±0.0)•(t I 7%)•• 0.60±0.09 

0 13±0.02(8.6°10)•• 0.41 ±0. 16' 

• ••• 0.69:t0.06·· 0.11±0.005"(14.9%) 

0. I 57±0.023(23.6°10)' • • O.S4± 0.1'.!

• , 11<0.05 when complll'Cd w11h control 
i><O OS "hrn compl!IW "ilh Ncv1111pinc alone

·' PfTten1.agc ch:annc comft�� "'11h control 
•,. 1"' .,..

_,. 

• alonel)C?crn1.1ge chan�c cor pared "i1h Ncv1rapmc:
11'6. 

0.100±0.015 

0.098+.0.0 I I 

0 . 1172±0.008

0.13±0.015" 

0.099±0.02" • 

0.10'.!±0.016•· 
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Tahlt.lf). f:IT«I nf rro1oar«huir \rid {PC,.\) on ,\n1io.xid11nf F.nrymr ,\clhiric.<. in Ruis l'rcolcd \\'ilh Ncvirupinc 

Trn1mcn1 I Gr� (unit/m� prorcin) 

C.ontrol \ 12.8"3 3

PCA 50m&�S \ \ 1.6:t 1.5( \re�)••
T'CA \OOm�g R.4±2.3(34.4)0 

•

Nf\"\RAT'INI:. S.7\mg.'ks 7.St\.l·t4 \ .47)· •

rc,\50mi;.'\;i;,• \ \l.7±1.01°l69.33o/o)' •••
Nl:'\'lRAl'IN� S 7\ms,'1.:F,

PC/\ \OOmi;'\.-i;• \ \2.1±2.&*(6\.3))···
Nf'.'lRAPlNf� S.1 \ mg/\;g

• r' 0 OS • !,en anri;wc:d ... 11h COCl!lul

'I" 0.05 •bcn con.pared • llh N�inc
•• PuCC1!&-£C thl:l;:c C()U,pill'Cd •1lh control 
• • • Pu.:cu:...,. ,� � .. ,lh Nevtrapmc alone
n '6 

GST (U/L) SOD (unit/rn� protein) CAT 

(µmol H201/min/mg 

prolcin) 

0 29±0 03 0.1±0.05 0.5±0.01

0.36±0.04(24 I%)•• 0.14±0.02( 4%)· • 0.4±0.07(20%)• •

0.27±0.02(6.9%}·· 0.14±0.04(4%)•• 0.36±0.07(28%)·· 

0.34±0.03•( 14.7%)•· 0.06±0.03(40%)•· 0.35±0.06·(30%)·· 

0.22±0.007° (35.2%)0
• • 0.064±0.008(6%)*•• 0.49±0.05° (40%)•••

0.32±0.006(5.9%)••• 0. l 4±0.01 '( 133%)• •• 0.50±0.1 °(42.9%)···

104 
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Plate 3A: 1-lislologicol section, (1.iOO) of nor1n11I liver from rnt treated "·ith \\Dier

001> (Control) �bon Ing no lisiblc lesion,.
-
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PIJrc 38· J r ·· t\tologicnl sec1ion� (x-'00) or lhcr rron1 r.il 1rc11lccJ ,,·ith SOmg/kg PCA

•lone oralJ} ror 3 11 cclu. Section sho\\ � no, 1\iblc lc,lon,.
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Plare JC· fl · htolog,cal ,eclion, (x�OO) or H,cr fron1 rat 1rc111cd "ith 50mwJ.� PC\

1nd S.7Jm"'kn N · · , .. " I .. bi I . 
w ,, c, 1rap1nc ornlly ror 3 wecou . .,cct,on s 10,�• no , 1\1 c c,ion,.
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Plat, JO· . . 
. . 

• H1Stolog1cal �cctions c:c.iOO) or h\Cr from nit treated I\ 1th lOOm�kg

PCA al one oni II.> ror 3 \\ eek.\, 'irction �bo1vs no \ 1,lbk lh1on\,
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P1a1, 3£· H' I . 4
• isto og1cal �cc:tioo, (\:-'00) of lhcr from rut !rented \\ilh S.7lmi:lki;!

\n ira P•nt alone orully ror 3 ,�ccks, �cc:lion ,lun,, ,c�erc nccrosi�
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• I 

• 

Plate 3F'· H. • 
1stologicnl sections (x400) of lhcr from ml trentcd \\ith IOOmg/kg

PCA O tJn 5.71 n1g/kg Ne, ir.ipinc on1ll) for J weeks, l,cctlon d10\\ � ,c, cr-c no

' . .  lStblr lesioo5,
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l'f.tt Jc, 
-'· <o,11: �holomirros;r11ph, of nJI u�cr �cc11on1 (,-'110). 

� , 1,;i,i' ( "'"' nol)) ,1,,,.Jng no , i,ibl, I, fon, II• 50m,tk, I'( \ ''''""h,m,

, '"· � '"''"' C- som,:11,• J'CA +5. 71 "'""" ,.,;,,,,., ,,.,. •• , '''"''

•1,.,. · I OOoowl<• l'C \ ,,,.,, ,h••• n• , 1,.hh' '"''"'· E· >. 11 m,:/1<,

"-,, ,:•: •Ion, ,ho•, """ ""'"'''· ,-. ,allm,..,l'CM>-11 •'Ill"" '" irnpln<

!\Ible lulons. 
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lXPl!:lllMENT 4: 
PROTOCATECHUlC 
INFLA�1MA TION. 

1,'TROOUCTION 

TJ-lE 
ACID 

PROTECTl\'E EFFECT OF 
ON NEVIRAPINE INDUCED 

Stimulation of inOammatory response is one of the molecular mechanisms 

involved in hepatic damage. Adduc1s that arc large enough to serve os immune target 

1113> migrate 10 the surface of the hepatocyte. ,vhen:: the) can induce the formation of 

lllltibodi� (antibody-mediated cytotoxicity) or induce du-eel cytolytic T -cell respons1:s

(Robin et al, 1997). The cytokine response is nlso evoked and this may cause

inflnmmation and odditionoJ ncutrophil-mc:diatcd hcp101oxicity (Jucschkc et of., 2000).

It h.1s been dcmonstroted thut various inflan1mo1ory c)tokmes. such :is tumor

llctrosis factor (TNF)-a., interferon (IFN)-y. and interleukin (lL)-1�. (Bla1.ka rt al.

199s; Blazka t!/ al, 1996: Ishida er al., 2002) and proinflommntory cnz)mes like

C)c
loco,'<ygnnsc -2 and inducible nitric oxide synthaS< produced dunng drug-1nduccd

li1c, .,__ • . . . daniogc. These kc) mediators c,111
wunagc are involved in promoung ussuc 

�,.,.,. •II ·inducing chnnyes in transcription
� ... signal lr.1nsduc11on cascndes as ,,,. 05 

� ,,hich mediate immediate cellular sucss rcsp0nc;e-.

. J 1 ·eh suggests thnt nevirupinc 111:iy
Based on chc rcsull or our previous stu > \\ 11 

t>-
r..cnnn'"' ii is poss1t,le thut n

-.... 11 • • • • f · 11amm:11or> .. J,- "'"· 

its IO,c1c11y through the :.rimulnuon ° in 

llrw-
.,,.rt)' is c:ipot,lc of reducing 

·-.qi1 '-- • ·n11am1110101}' pro,. -
<:.,c:mu:al agent chat possesses unu 

(.Jr � 
• 

--ul · • 11 nunnuon
llJng ncl'irap1ne- induced 1n n 

. d ' toblCS IS usu:tll) .lSSOCIOlcJ

. • sh 1ru1t an , Ci!c 

lnt' Jrcqui:nt consump1ion °1 Ire 
he 11 1t,u t.it,lc 10 1hc 

'll!i . d cilll«'r I Jus inn) tl r 

1 10"' incidence of hcp31r11t,xicat) on 
1 1 w,,c 11111111,IJall,l'

It!\ nllu1uls t in 
' • nlu:noltc corn,�-

of some n:11uroll) oa:urr1118 ,. 
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properties. A natural phenolic compound, protocatechuic acid (3, 4-dihydroxybenzoic 

acid) is present in  many edible and n1edicinal plants. 

Protocatechuic acid hns been sho,vn 10 suppress the expression of inducible 

nitric oxide synthasc (iNOS) and. cyolooxygenase-2 (COX-2) involved in inflammation 

and carcinogenesis (Cichocki et al., 20 I 0). 

Although several studies have sho\\11 PCA as a potent antinflwnmntol) agent 

iia its anticacinogenic activity. to lhe best of our kno" ledge there has been no study

sho11ing modulatory efcct of PCA 00 neviropine induced inOammntion Therefore. the

lJ)Ctilic aim of this study is 10 investigate modulotol)' copabililles of PCA on

neiirapine induced inflnmmauon.

PROCEDURE 

1.., J 50-1 70 g ,vere used for this 
Thirty six mnle albino rats ,,eiglung .,.;:t,\'een

. h e of the Faculty of Busic \.!cd1cal
Slud), Tney ,vere purchn.sed from the wumnl ous 

Sc' ·d in c.igcs in the animal hous.: of
•cnces, University of Jbadan and house.: 

B 11 animals ,,e� gi, en pellet feed
•ochemistry Department. University of lbadnn. ic 

Jj\•ided into 6 groups. The groups ,,ere:
� 11illcr ud /fblturn They ,,ere randoml)

. cd onl)° the \\-atcr orull), Gn,up
It� for 3 \\ceks as follo\\S. Group I control rcc:c11 

• cc.I IOO ,n!,!11.:S (PC,\) onl)'
2 I Group 3 rccc11 retched SO mf?,lkg (PCA) onl)' oral Y· 

• J ) of nc, irupinc onl) omll)',
�I ""' (thc:rupcuuc osc 

). Group 4 rccchcd 5.71 mlY.:g 
SO .. 1t, 1•c \ · p,ne nnd m� .. i; ' 

Gr • dose) of nc\ ,ro 
01.lp S rCC(:ivcd S.71 mwJ.:s C1hcrnpcu1tc

d 100 wl.: • J SCI or nc:\ ,r;1plne OIi m i; 
Oral( k (lhcrllrcutlc o 

Y, Group 6 received S. 71 1ni!/ S 
,4 houl'li nflcr the 11151

""' ,.,..-rlcul J1slocn11on -
'\.A ·r cJ  by -• •• 

0raJI). lhc rats \\Cre sacri '' 

� ·hnique wilh 1hc n1J ol

� . b e:irJ1nc puuclUT� le( 

lll1$trnJion; blooJ 1A';!S colk-ctcJ ) 
J llo\irt1 to coiiuulnt c t-)

tubC'.s 110 11 

ttq,, J ccnu1fugc 
llc:cdfc and �)·ringc into cf�n I') 

f .,cJ tor I O n1ln11 at 1000
1 ,cntn u., 

� ICS \\-CfC I icn 
111& l,,r 10 1 ,ue,; I he hlo..-id ,PIIIP AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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g using a bench centrifuge. The clear supernatant (scrurn) ,vns collec1ed and used 10 

Je1cm1ine TNFa, IL-1 �. PGE2 concentrations using ELISA technique ns previously 

described 1n  section 3.2.25. A portion of liver samples \\'ere processed and used for 

immunochemistry assay of COX-2 and iNOS enzymes as previously described i n  

scchon 3.2.26 and from the remainder, post mitochondrial fraction (P1'-1f) \\'!IS

obtained as previously described in section 3.2. The PMF was used lo measure protein 

conccntra1ion using biuret method as described by Gomol et al.. ( 1949)

myclopcroxidase {NIPO) activity \�'US according to the method of fiscrich et al ..

(1998) and nitrite level as described by Nnvnrro-Gon1,al\'c7 l!t al. ( 1998). The

d.lli · d d a1eri11ls and method in section 3.2.6
1 crcn1 assa> procedures are descnbt un er m · 

IO 3.2.25. 

llESULTS 

d . el•\ntron o f  scrum lc\'els of. 11.­
T rea1n1cnt wilh Ne\•irapinc nJone resullc in t: 

:ired 10 control rcspccuvel Y. 
Ip, TNF. -a and PGE2 by 28. 27%. and 48o/o, comp 

d I OOmg.'k� re\ crsed the oh�n cd
Ho"c\cr, co-treatment \vilh PCA at 50mg ,1'� un

-IP, 29.J'}'o lllld 21.6 ,,. (p<0.05) for
c!C\·ations by 12.5% and 19. I% (p<0.05) for ll. 

ri.-spccll\CI)' (Figurt' '.\,\, 13 ood C
lNF -u and 2 7% and 23,'o (p<0.05) for PGf.,,

't\Pttth cl)) , . ntfican tl) clc\'llled h) 116,0 
J .._,o were �r� 

. . - MPO 011 I' 

Srm1lnrly, tissue lc\'cls 01
J ·stnnion "11h PCA

t,ul co-n n11n1 
111d J . ine alone group

0 ¾ rcspecch,ely in the ne\'rrttP . . sf, ifiC.111tly d«-�asinl( 
It • r111c-J thl� conJ11tOn b) Sfl 

SfJrng / kg and 100mg / kg t:tJncho 
ISJ'li nntl IKA'� n.'SpCCll\CI)

'he d ,-.:o 11:,els b) 
�f PCJ levels b} J'Jl'co and 28,5 •�; 611 

. nccrf,,hl, 
'I� .. \I) .intl f. r,�,. 

COrnpar�-J "ith control (1-igur(") • 
• , nnJ 1NtlS e�rn-siu,ns

cd cox-� 

PCA also inhihi1�,J ne� inip1nc-· 1oduc 

,._ rf-- ·• inh1hl1tll}
"'IIIJu.... h, , · 11 \ c II cu

-- lf,toc:hcm1cal 5t111ntnc 

J,c• A on Ne, 1111111nc
e1Tce1 of
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induced COX-2 and iNOS expressions. Intensity of the brovm colour sho,ved the 

t:<tcnt to ,vhich the enzyme \VOS expressed. The finding frorn this study sho,"s that the 

ne1·irapine only group sho,ved the most intense bro,vn coloration: "·ilh the bro,vnness 

toned do1vn in the PCA co-administered groups (Plates -$A and -$8). 

CONCLUSION 

It can be therefore be inferred that neviropine-induced hepatotoxicity 

associated 1vilh increased expression of COX-2 and iNOS, can be attenuated by

protocatechuic acid ns demonstrated by the result of our study. Resuh of thi� stud)

therefore, demonstrates that PC1\ possess anti-1nflnmmatory properties and can

. 
. . · d d hcpatotoxicity 1 n  v1vo in rats.aJnchoratc inflammauon mediated nev1rap1nc 1n ucc 

0-
-� 

fr. •

co\ 

i\ 
UI 
=-
-

z 
:::> 

"7.. 
� 

c::.. 
-�

c:, 
-
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Livers from treated rats "ere used for immunohistochemical analysis of COX-

2. using goat polyclonal anti-rat COX-2 antibody as a primary antibody. Positive

COX-2 staining yielded a brown-colored product. Intensity of the bro,vn colour sho,vcd 

lhc extent to ,vhich the enzyme ,vas expressed. The finding from thls study shO\\'S that 

the nevirapine alone group sho,vcd the most intense bro,vn colouration indicating

increased expression of COX-2 compared lo the other groups. 
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Li\'Crs fron1 treated rats \Vere used for irnmunohistochemical analysis of it\OS 

t\pression, using rabbit polyclonal anti-rat inos antibody as a primary antibody. 

Positi\e iNOS slAining yielded a br0\\'11-coloured producL lntcnsiiy of the bro\vn colour 

showed the extent to which I.he enzyme \Vas expressed. The finding fron1 this !>ludy 

shows that the ncvirapinc alone group shO\\'ed the most intense bro\vn colouration 

indicating increased expression of iNOS compared to the other groups.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



4.5 EXPERII\IENT 

PROTOCHATECUIC 

APOPTOSIS. 

5: TIIE MODULATORY EFFECT OF 

ACID (PCA) ON NEVTRAPINE-TNDUCED 

l\'TRODUCTION 

Programmed cell death (opoptosis) can occur in concert with immune­

mcd1a11:d injury. destroying hepa1ocy1es b} ,vay of the 1umor necrosis factor (fN F) ond 

lhe FAS path,vays, with cell shrinkage and fragmentation of nuclear chromatin (Reed.

2001). Certain chemicals ma) be able 10 trigger apoptosis by direct stimulation of the

pro.apoptotic palhv.ays in hepotocytcs. On the other hand. other path,vnys including

immune-mediated events can lead to release ofTNF or ac1i,ate the FAS path,"ays. and

thol�is is kno,\n to stimulate opoptosis Lhrough action of pro-upoptotic bile acids

SUcb ns glyeodeoxcholic acid (GCDC) (Lee. 2003).

• •1 chondne can also initiate apoptos1s via
Similarly chemicals that damage m1 ° 

r
e
lease of cytochrome C (Bissel er al .. 2001: Jaeschke er al.. 2002). TI1us ioducuon of

lJlO • mechan1�ms of tl1e to11.1c1ty of drul!, <iomt
Plos1s 1s also be involved in the 

.,.,.;....,_ . . d d. dllnOsinc huvc b,:cn
--�t.fO\JrdlS like 21dovudini:. :,UIVUdJOC nn I 

;ho\\11 to induce

�is.

has sho\\ n ihc 1nvoh -cn1cnt of

To the best of our kno,vlcdge no SIUd) . 
d onstmteJ ihol the mechanism

�- • I has been cm 
1s 1n ncvir-.spine roxicit). 110,,c,cr. 1 

l O is thniu�h rcgul11t1ns the

� .. • "d:1111 pro1�-c111 
"01ch rrotocatcchuic acid oilers it .,nuoxi 

h •01 oftlus �tud) 1s 10 t\,o

� ) lfcncc, I c iu 
COntrolling opopto�if> ( I unaka rt "1 lO 11 

• nc, ,mp,nc-lnduccd
r..,. f 11nnptOSI\ 1 n
""'ICl1 r 1, cn1cn1 o 1 - ·  

• 1nt1) to in"es1ig.1tc the 111' 0 
ne, 1rop1nc-indu�cd

...... .  effect of pc,, ""

�Xl\.1)' nnd second!) the ,noduli.1tol')

,., 

)�-� bcl\\�ctl I so-t 70 Y \\\°l'C
"C'lj/hlOS 

h • \\'1�wr \Ifill"
1n1n11 .:. ·-., .. �1hino rnt5 ol ,.1 1t,t, r11 ull\ ol Ba\l,AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



. ·-·-
\ I '-->-\} Vl'II "'II!. VI l<Al'INE-INDUCEDAPOPTOSIS. 

l�TRODUCTION

Programmed cell death (apoptosis) can occur in concert \\�lh immune­
mediated injury, destroying hepatoc)tes by \\'ay of the 1un1or necrosis factor (TNF) aud
the FAS p::ith,vays, ,vith cell shrinkage and fragmentation of nuclear chro,natin (Reed,
!001). Certain chemicals may be able to trigger apoptosis b) direct stimulation of the
pro-apop101ic pathv.:nys in hcpntocytcs. On the other hnnd. other path,,ays including
immune-mediated events can lend to release of fNF or activate the FAS pnth,vays. and
tholcstasis is known 10 stimulate opoptosis through action of pro-apoptotic bile acids
SUch as gl)·codeoxcholic acid (GCDC) (Lee. 2003).

• • • • Similarly. chemicals that damage mitochondrin con also 1n1llatc npop10s1s ,10 
rtlcasc r hr 1 1 .,001 Jaeschke et al 2002). Thus induction of o cytoc on1c C (D1sse et o . - • 

lpopro�is is also be involved in  the mechanisms of the toxicit) of drug Sonic

&!J. d'd ·n . have been sho\\TI to induce 11retro\'irals like zidovudine. stavudinc Wld I anoM c 

�sis. 

d . has sho\\·n the in, ol\'c:111ent of To the bc:.t of our kno,vlcdgc no stu > • 

• dcmonstratl-d 1h01 the mechanism �is in nc\'irapinc toxicity. IJo,,C'\·cr, 11 hns t,ccn 
� . t •ction is thn1uw1 rci;ulating the .,, "hich Protocatechuic acid offers it untioxid:int pro c 

11 c: 111m ofth1> MuJ) Is in I\\O � 
1 'Ol I) )lencc. 1 COn1tolling npoptosis ( runaka tt 11 • • • 

fold f opop1t1MS in ne\ in1ptnc-1nJuccd
l, lintlv lo in\.cstigDtc the in\ohi:n1cnt o · 

01 PC A on nc\·1rnpinc-1n.tu�"t'J...___ 
oJ t:1101)' effect ��xict� anJ secondly rhc: m u 

,i, 

'ur, 
, t,ct\\CCO I �0-170 ll \\nt'

In \\."1f1h111ll • 
f \\'astllr strn fnin> ,ix n1alc ulbino rnt� 0 

1 the 1 4cuh) of U;u1c 
h dflll1131 hOU)C o 

fer I 54-..J 1n1111 I clhis stud). '(lie) "ere purl: a:i 
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\fedical Sciences, University of lbadan and housed in cages 1n the anin1al houst: of
Biochemistry Department, Universil) of lbadan. The animals ,vere given pellet feed
and water ad libi1111n The> \Vere randomly divided into 6 groups. The groups were

lltated for 3 ,veeks as follov,1s. Group I (control) received onl} the \\'llter orall)' Group 

1 recci\'cd 50 mg/kg (PCA) only ornlly. Group 3 received IOOmg/kg (PCA) only orally. 

Group 4 received 5. 71 mg/kg (therapeutic dose) of ne,·iropine only orally. Group 5

rccei\·ed 5. 71 mg/kg (therapeutic dose) of nc\'iropinc and 50mg/kg PCA orally Group 

6rctei\'ed 5.71mg/kg (therapeutic dose) of nevirapinc and IOOmg/kg PCA omll) TI1e 

rats were sacrific-ed by cervical dislocation 24 hours after the lru;t administrauon, blood

" I · h lh aid of clean needle nnd synngcas co lcctcd by cardiac puncture technique ,vit e 
· 

• I • h> standing for 30 minutes.lllto clean dry centrifuge tubes and allo,,cd to co,igu ate 

n. . 
r: 10 mins at JOOO g using a bench

'IIC blood samples ,,ere then ccntnfuged ,or · 

11 ted ond stored 10 t11e refrigeratorCentrifug e  The clear supcmntanl (serum) \\US co cc 

1lic entrauon or casp.:L\C J, c11Spru.c 9,
strum samples ,,ere used to measure cone 

h iquc ns prcviou.\l) described
C>tochromc C and p53 protein using EL IS,\ il.S54YS tec n 

scJ und uscJ for tunnel a�s.,y as
lcttion 3,2.25, J'hc liver samples ,,ere procc::.: 

,.._. . 3 ., 'l6 ,..�,ousl\' described i n  section 3.2.4 und �uon ·-·· ·

l lc:\cls of C1t\p,1\c 9.
. of �run 

I'- • '(i ·uni cte,111100 
'c\irJp1nc c:suscd o sign, ii; 

,30� 85,. :in11s,2,� control
C)1,_ �, (p<0.05: - ' • 

-hlQrnc C and twnor suprcsSOr p.1 

, k PC,\ cousc-d n slsntfi�ruu
� /ks nntl I oo,ng1 s 

"c:I)). Co-1rcu1mcnl \\llh 50ing
,..,, J �ii·• ,n rcJuc1111n 

9) 11nd (5u,• till 
� OS) in casp:ue 

-on (30.7% und 28 2 % (p<O, r�snr pSl I Cfi•K11r� 
<) nd 2 3•. ,n 1un1or u 
1'.ichrornc C p<O.OS) onJ <2 t,,� cp<O OSI n 

4"-11•11d C retptctiicl) ).
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Ncvimpine caused an elevation of scrum levels of caspase 3 by, 33% and 12�o 

11hen compared lo contol). Co-1realn1ent 1vith 50mg /kg and I OOn1g/kg PCA caused a 

reduction (33.8% and 27.5.2% in caspasc 3) (Figure 40). 

The measure of nuclear DNA fmgmcntnlion is an imponant biochemical 

indicator of apoptosis i n  many cell types. Using a modified TUNEL assay sho";cd that 

llt�irapine induced apoptosis and this is depicitcd by the deep intensity of the bro1\11 

colonnion 1vhen compared 1vith the control in (Plate SA) as PC/\ 01 50mg /kg and 

100rnglkg 1vas able 10 ameliorate this condition. 

Conclusion 

Th I of opoptosis in nc:1 irnpinc inducedis rcsu t therefore sho1vs lbe involvement

1........ . d I te nevirupinc induced opoptosis.'""V-00tox1c1y and second I) abiht) of PCA to mo u 0 

.. 
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4.6 EXPERJl\'lENT 6: PROTECTIVE EFFECT OF PROTOCATECIJUIC ACIDON NEVIRAPLNE-INDUCEO GENOTOXJCITY USING �IICRONUCLEI ASS1\ Y.

INTRODUCTION 
The in vivo micronuclci assay is a n1utagenic test system for the detection of

chemicals ,,hich induce Lhe formation of small men1brane bond DNA fragments i.e.
mrcroouclci in the cytoplasm of interphase cells.

Evidence gathered from our pre, ious stud) sho\\ed ne\'iropine ns ha,•ing a 

GCOoto,,c potential ,vith a significant increase in number of n1iconuclea1ed

PC>l)chromattc erythrocyte "hen compnred \\'ith control. Antrox,danls an: kno,,n to be

IIIIP0rtan1 against DNA damage and n1ututions induced by reactive oxygen species
IROs 

that the ""t·aoxidnnt protocotechuic acid possess ) .  Evidence also abound '"' 
tu1 

.,004. Jnouod et al 2011 ). mumgcnic properties (Dcmctrios L·t "' - • 

. . . ·tisn1c the modulnlCII')' cOi:ct of The objective of this ,,orll 1s 10 ,n,es 
r"l'O ·cit)' using micronuclci US54)'.�cc:huic ncid on  neviropinc-11,duced gcnolCIXI 
PrtorEDlJRE

6 R \\CCI-.� \\;1th boo) ,,-eight A total of 36 male albino rols aged bct\\cen • 

d . 6 randomlv dl\'1dc: into Ill!�· 
ud Anin1:ils \\I!� • £Ing from 40-70 g \\ere used for this 51 >· 

t''luJ>s_ • 3 ,,eels 3S follO\\'S!'fhe groups \\Cre ln:Jtc:J oralJ) tor
• -, rl!C j\ cd 50 111ll1l.B-·'l) (1rouf1 - c • 

he \\111cr or.... • Group I control rccc.:i,cd only 1 
, Group 4 rccc:1,'Cd l'c:,1i 

l' ·s (l'CA) onl) ornll}, ) only omll}. Group 3 rccciv.:d tOOn i;/1.: 
5 rccch-cd S 71 mi;:1,s s,1 

1 ornfl)'· (1rour rn8/l. . ,vph1,· on ) 
1 

S Cthcr.1pcu1ic Jo�) ol nc, 1 
t r�cl\cd "i,711ni;, •6 

' PCJ\ onill), Group • � 
lie doi.c) of nc, ,rapine 1111d 50n1g/l-C

Ille rats \\'CFC \Jcnurc:J h>
1.11 !'CA ortill>�IC IJ,>Sc) of 11evimp1nc nnd 10C}n1gl 

f1110C (1)3ITTI\\ \\ II f)uihcd
... . ' • I ,<I ru.1,111n1stflltlOD

• 

-

� 
w 
.... 
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4.6 EXPERJl\lENT 6: PROTECTIVE EFFECT OF PROTOCATECIIUIC ACID 
ON NEVlRAPJNE-lNDUCED GENOTOXJCITY USING 
!\1ICRONUCLEI ASSAY. 

l\1'RODUCTlON 

The in vivo micronuclei assay is a mutagcnic test system for the detection of 

chtmicols ,vh1ch induce the fonnation of sn1all membrane bond DNA fragments 1.c.

llllctonuclei in the cytoplasm of interphase cells. 

Evidence gathered from our previous study showed neviropine as hnv1ng a

een · . • • . 
Ii 

· 
n nun1�r of miconucle:11cd - otox1c potential with a s1gn1 1cant increase 1 

pol hr · "th t I Antioxidants arc k.no,vn to be 
)c om11t1e erythrocyte \Vhen compared ,,, con ro 

unpon:ull against DNA damage and mutations induced by reactive oxygen species

(ROS · d t protocatc:chuic acid possess). Evidence al�o abound that the anuoxi on 

11Jti • • 
1 ,004. Jaound et al. 2011 ).rnutagerue propcrtie� (Dcmctnos et a -

.. •ate the modulatory cOcct of
The objective of this ,vork is to ,n, cSllt:: 

�techuic acid on nevirnpinc-induccd gcnotoxicit}' using micronucle1 as!,ll).

�RoccoLRE

6-8 \\�k� \\Ill bod)' \\Cight
eJ l,ct\�'Ci:n 

1\ total of 36 rnale albino rats 0B • 6
� • d . Anin1a.ls '' i:rc ng from 40-70 g \\en: used tor tl11s :;tu >· 

rundoml) J1v1Jcd into 

�- l,:s ns ft1llo"s: 
-""Pl. lhc groups "ere treated on11ly for 3 ,,c:c: 

· .:d 50 m••,\" <,rour ") rc«l\t; ,:, O

1 , the ,,111cr orullY
Group I control rccci,cJ on> 

11, Group 4 rc«hi:d 
II,, (PC\) onl) or:i > 
-��) ·-•100m�G ' 0111) orall) Group 3 rccc1\cu 

5 rccchcJ 5 71 mg,kg
S II Group 
7t · c onl> orn > 1111lilg (lherapcu1ic dose) ofncvirnpin 

6 rc,chcd 5 7lnt£1kE 

' (•CA 11111II> c,n,up 
lie dose) of nC\'Jr.Jpine 11nd SOrneJl-8

n,c rut• \\CIC 1;.'ICrlfiCcJ I\)

fL.. , pc /\ orolb 
"'tJlcutic dose) of nc\ ,ropinc nnJ I ()()111F,/l-l! 

n ,nc niart•'" \\JS llushcd

&U1maniurn11°0 ' 
� d1sJ�11ion 24 hou� otter the 111st

L'-"" nlr-tlncd 11\eJ nllll
, &l I "C:rt: 1""" 

... 

er 
.....
c,:
co 
-·

>·
,-

� 
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UN NEVlRAPlNE-INOUCED G ENOTOXJ CITY USING
l\UCRONUCLEI ASSAY.

f�'TRODUCTION 
The in v i vo n1icronuclci assay is a mutagcnic 1es1 system for the de1ec1ion of 

chcm1cals ,vhich induce the formation of small membrane bond DNA fmginen1s i.e. 

nuc:ronuclei in the cytoplasm of in1crphasc cells. 

Evidence gathered from our pn::vious study sho,vcd ncviropine as having a 

tcnotoxic potential \vith O significant increase in nun1bcr of miconuclcotl!d 

llOl)chromatic erythrocyte \Vheo compared ,,·1th control Antioxidnnr£ ore kno,,11 to be

unpo11ant against DNA damage and mutations induced b) reacti,e oxygen species

IROS). Evidence nlso abound thnt thc antioxidant pro1ocotcchuic acid possess

llltimuLa . . . / ?004· Joouod �·, "' 2011 ).genre properties {Demetnos et" .. - • 

Th , .  . 10 ,·n\csllgote the modulator) effect of
c objective of this \\Or11. 1s 

�·- -- -cit using n1icronuclei assll) •
"""'1:alcchuic acid on ncvirapinc-induced gcnolo;\J > 

'RocEnuRE

•n 6-8 \\CCkS \\'ith body \\Cighl

A LOUIi of 36 male albino rnts aged bet"cc 

.,. . . als ,,ere randomly di\ idcd in10 6
ll:iting from 40-70 g ,vcrt used for this stud)- ,\n1m 

� 3 cc:ks os follo"-s:
llS The groups ,,·ere treated orall) for " 

11 Group :! n.-cci,cd SO mg/kg
G I the "nter ora >· 

1mup I control received on > 
4 cd 

'Pc PCA) onl) orally. Grour rcccl\ 
... , onJ) Or-dll'-' Group 3 rccci\''--d I oonig/J..:1:1 ( 

nit· .,. . s c«tl\cJ s 71 111i.i,ft11
S71 I ) ornll>'· < ,roup 

Ill"\ ( . . ·iropfnc on 
" C lhcrapc:uuc dose) of 11�' 

6 rccci,cJ S.71ms,ki;

� re' llrnll> l1roup
llc dose) of nc\'il'llpinc nod soms 'kB ' 

Ille ruts \\-CrC i,ll nficcJ h)

, �ll p(';\ orull)
tic dose) of nc\ irapinc and I 001111!,1 

nu1ml'\ \\ 1luihC1.I 

�ltil . 1ns1 nJn11111�1n11111n uon,
• diilocaiion 24 hours oiler ihc 

• 1 en ntr-dncd. 11�cJ lll1<l
·liJ� \�-er� 11 

lbc ftrnur of c:ich nu uod spread on10 shJc>, 

,. 

... 

er. 
a:. 

_, 
' -:..-.... -

en 

0:: 
w 
::-
-
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::::i 
'Z. 
-.:: 
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�taint<! ,,iLh maygrun,vard stain Bone marro,, cells \\ere then examined
microscopically and scored per animal for micro-nuelcatcd polychromatic erythroc}1cs

(mnPCE). fhc the assuy ,vas carried out according to proccdure previous!} described in

materials and method section 3 2.27

RESULTS 

Silnilur to our previous experiment, nev1rapinc caused a s1gnilicant increase 

fp<0,05; 68¾) 1n the number of micro nucleated polychromatic Cl')Lhrocytes "hen

compared ,,ith control. I lo,vcver, co-trcaLment ,,ilh PC1\ at both concentrations used in

Ibis Mudy attenuated this effect. Our resulLs show that PC\ at SOmg.ikg nnd I OOmg/kg

ea 
o d 3, S"o) respccti\ely in nu1nbcr ofUScd a significant reduction (p<0.05, 37.5 /a an -· 

lllkro nucleated polychromatic erythrocytes.

toxcLusroN

. - nuJ}' be gcnotoxic ll!ldThe �uh of this experiment sho\\ � that nc,·1rap1ne 

. ·mpinc induced geno1ox1e1t)
Plo�tcchuic acid ma, oiler protection against ne, 1 

• 
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15 

•• •• 

0 

Treatment Groups

r�ure s r, . A. £ffccr villi of Protoc11tcchulc uciJ on 'le, ,ropint'-induced 1ulcronuclrl 

• •tion
P<oo, ,, "1>tn 
P-O.os 

•OmpArcd \\ itJ1 conuol
ti "hen tom �., . pdl,;v wuh Nc,·iruplnc 

��- �f' 
ptf. 

' •cro-Nuch:arcd Polychrom.iric l:t') thrOC} ics

.-Pot> chro n,auc l:1)1hrocy1cs
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CHAPTER FIVE 

OISCUSSSION 

Several antirctroviraJ drugs hove been de,clopcd for the treatment of humnn 

immunodeficiency virus (I IIV) infection. They ore used 10 oclueve the highest possible 

clinical benefit, and 10 diminish the risk of developing res,sumcc. The use of these

drugs ho\vevcr has been associated ,vith tox1colog1col effects v.:hicb mcludc

�rnatologic disorders, myopath} hcpatoxicil} and cardio1oxic1t) just to mention a fc,,

� eOec15 arc militating against the success of an1irctrov1rol lhcmpy and moy rcsuh
IQ dttreasc adherence to treatn,ent ,vhich consc11ucnlly leads to clinical failure. therapy

disconiin · d L ,nno ">O 11  Bero et ul .. 2012).u.a11on and i.:ven death (Domingo an 01-· , M 

, f · trovirol uscnL'> is hcpa101oxic1).One of the major toxicological eOccts o anurc 

11ic . ,. -s ccntrol 10 the metnbolism of!Cason for lhis is due 10 the fuel that the 11, er 1· 

iinua11 . - h bou". It is thcrefon: ncccss:lf) lo> c, cry foreign substance. that enters I e J 

. . identify their 1oxicological10t!utf} therapies thnt adversely aO'i!c1 the 1" er,

�h.lnisnb, and ,vay.s of omcliornting their cJlects.
. . 

·cripwsc inhihitor (NNR 11)"' . --d rc,·crse trJns ,,cv1mp1nc (NVP) is a non-nuclcos1 t 

�. . . thi: most ,,idcly used anu-1 IIV
111 lhc trca1men1 of 1-IIV -1 infection. current!)', 11 15 · 

h d..� , and 10 rn:,cnl mol er-to·
,"&I •n d • ibin.ntion thcrJP) cveJoping counlrics. both in con 

· 1 f
,c. IV N VP rroduccs o \We > o 
"1.:/d 1tan . • . n· ·y ,igaln�l I I ' 5rn1ss1on of l llV Dc:.pitc 11s c ,cac 

. �iJtcd ,vith 
\), . ro�h ft •� also 115 lie 'CsJ>o . .1 , und skin - · 

n�. including hcpototoxici) 
1 iotJ), It thcrcfo�

\:,.. 1An1uni.:s et o .. 
�. · roJcnh1nc1dcnces of hcpatoncopluStllS 111

• ts In the trenunent

' 

. 
. n ol' 1ien,1111pro 

1m · . • lus10 ,. l)(ra11vc to consider the 111c • 
tcCI\ C OjltO 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



5.1 EFFECT OF DURATION OF EXPOSURE O'-' \E\'ll�PINC 

IIEPATOTOXICITY 

�cviropine, the drug of interest in this study is associated ,vith hepatotoxicily 

cluractcrized by hepatocytes necrosis and elevation of transaminnse scrun, levels (Elias 

.md Brambaifn. 2013; Elias et al., 2013). Although hepatoto;,;ie1l)' of nev1rapim: 1s 

established, efTcct of  ne, iropine o n  the liver ,vith respect 10 duration of drug exposure 

hu not been ,veil-explored. II is therefore important to kno" 1f extent of the liver 

d.vnage ncvirapinc induces is aITcch:d by tJu: duration of exposure to the drug since it 1s 

ll5(d by lhc patients almos1 for a life 11me. 

d Of nevimpine \\'OS administered forIn the present study, thertl()l:UIIC osc 

d'fli · ·I · l,c1,,ecn nc,impine-1nduce<l1 erent dura1ions ( 1-4 \, eeks) to assess the rclouons 11P 

U\ \'nnous biomnrker, of hepaticer damage and dura1ion of  exposure 10 tJte drug. 

f th d:unll"C Results d....._ s ss the c,tent o c c �·�c and oxidn1ivc slrc�s \\ere used to as. c 

� . dose of ncvimpinc cuuscd markedlled shov,ed that t rcaLmcnl ,,ith theropcuuc 

f crum levels of  alanine 
� r . 

fielll11 ch:vouon O s l\'Cr damage as cvidcnl b)' the s1gni 1 

d "th control throu!_!.hout the IJ.11 comp.u·c ''1 • l and aspanote (AS.f) an1inounnsfer.1i;cs
1 ('008) I I. Um11r t•I ll " - • 

d.�.- . h ·111t y 0 
""'lllo • 

nttCS \\ 1th I C ) rt of lhe ltcntmcnt.This finding u""-
. b'lil) problem 

b.... OJOr pcrmcn i 

�,� ST c.lin:ctl)' n:llccl o nl 
. serum levels o f  ALT ond /\ 

1 'b'I lu"oh ncri\ it) 1n 
S'I c:x II I s C 

'4 --11 / '1008), ,\ 
.. I'll U at er ,, ' -Plure (BcnJnntin, 1971!: m 

.. ,c.1 bruin (Uenjamin, 

')1t...� f liver, hcorl J..ic.lnc) .11 
"'I' • 

• so111CS o 
' I • mnochondrion and micro. 

• . . p;ill\ found 1 n  l 1cl�g . j5 hi:p.1IO·SpccihC pnnc1 , 
• kirtgcr et u/ . I 979): ,vhilc A!.T

• J vi1h ncu1c lhcr nnd
"'-- ussoc1a1c ' 
'"'IOI I I le:, cls un:of htJ)J(OCJICS and c:lcvi11cd ,\ • 

,,c disc;uc (\\,olf. 2003) 
I •n1ficnnl 111srr:.1SCS in �crun,

I en: ,,ere s l\ 
I . . . clc,alll)n 1 1  

·..,1cn1 ol the rt add111on to 1ransam1nn5c: 
J • II\ l" ol 1111r•1"" 

. ·s 111 Jl,1 

of d' hilirubin 1 
1 , 1.:1:_,L,.. .,, .• -1,,,I o;c.·run1
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� . ............ .. ·-

IIEPATOTOXICITY 

Ncv1rapinc, the drug of interest in this stud) is assoc1111cd ,,ith hepatotoxicit) 

dtarac1erizcd by hcpntoc) tcs necrosis and elevation of transarn1nasc serum levels (Elias

and Brambaifn, 20 I 3. El ins et al., 20 I 3). AlthougJ, hcpatotoxieity of ne\'ir::tpine is 

�blishcd, effect o f  ncvirJpine on the liver ,, ith re�pcct 10 duration of drug exposure 

has no1 been \\·ell-explored. h is therefore important to know if extent of the liver 

dunagc nevirnpinc induces is nlTected by the duration of exposure 10 the drug since it is 

ll3cd b} the patients nlmost for a life tin1c. 

In . d f evirapine \\11S odmirustcn:d for the present study, therapeutic ose o n 

di(t I bct,vcen nevirapinc-induccd crcnt durations ( 1-4 ,veeks) to nsscss the relations up 

I vnnous bion1arkcrs of hcpi1t1c 
11" d:unagc nnd duration of expo.sure to the drug 

dani;i . th tent of the damage Resuhs
gc and oxidative stress \\Cre used to assess c ex 

n1.. d _. or ncvirapine caused marked
-...uocd sho,,ed thnt treatment w-ith therupcuuc o�c; 

_ of scrum le, els of uluninc 
� I' • 'fic·tOI clc\'llll011 tvc:r damage as evident by the sign• 1 ' 

(,\ , ·d ,vith con1rol throughout the
ll) and aspanotc (ASn uminou·n.nsfer.1sc.s comp.ire 

, . d of Umar i!I al., (_008),
�· ilh the ,tu ) 

10n of the treaunent.'lrus finding ngri:cs " . . bi - pcnntab1ht) pro cni
btrt.\scd • ST directly n:tlect o rnnJor

scrum levels of Al. r and A 
.b .  1 · •h ociivit•· in 

,sr exh1 lb ug ' 
� tcl( Cf tll , 2008) I 

rupture (BcnJW111n. 1978; lJninr 
. nc . und brnin (Uenjamin.

'>1opia1 f lhcr. heart, kid ) 
rn, rnitochondrion end micro�1>111c:� 0 

• -n!,tl, round in 1hc:

I ·,nc pnnct,-- • 
97&; • is hep;1lt>·SJ>t,'C 

Ringer t'/ al• 1979). \\h1lc ALT .
• J ith ,1cutc liver nn<l

t-n.._ nssocu11c " 

·�, L 1· fc:vcls nrcof htp.1toc)1c.s nnd elevutc:d A 

'c disease (\\'olf iooJ). . 1· ant incrcnscs in scrun1
• -

ere �1sn• 1c 

• there '' 
J • • c:lc:, ouon · 1 ol th.: n :idduion to tr·1n,;nm1nu� 

. , c of i111p.11micn 
� -

' 
b. is inJn:all\ 

""11 or t,i 1tru 111 
direct hilin1b1n Tllevu1cd :;erum
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-·- -· .. -1 u...... IU:,IUjJilUIOIOg1ca1 
Wl)sis also sho,,·ed increase i n  the severity of hepatic degeneration during I.he course
of lltalrncnt. 

Results from this sludy sho,vcd lhol Lhc severity of liver damge 1ncn.:ascd with
incttased lime or exposure. The Jrd and 4th ,,ceks of exposure resulted in the most 
pronounced hepatic damage.

Reduced glutothionc (OSI I) ,vas measured as a mnrker or oxidative stress in 

li,cr of rats. GSI I 1s a tripcptidc and the major endogenous nn1ioxidnn1 produced by

tells It helps to protect cells from rcacti,e oxygen species (ROS), rl'l!e radicals nnd

fl(roxidcs (Pon1pclla et al 2003). It is "ell esLnblishcd I.hat ROS and elcctrophilic

chemicals can damage DNA and that GSI I can protect ogoinst this I) pc of dan1agc

(\'eJko 
e1 al .• 2007). GSH can olso directly dctox1f) curc1nogcns through phase II

lllctabo1· h · ls from I.he cell \Ve obscn·cd oism and subsequent export of these c emica 

dct I t the period of tren1mcnt butlta.\c in GS! I level ,vhcn cornparcd to control throug. iou 
11.. 

� d J 1·his sunnesls the ob11il)
•11: mo · .1 •ks , nn · ,,., 51 �rgnilicnnt dccrcn.sc "·as obse�cv nt ,,cc · • 

Of Ilic th • d • x1duth c stress.erapcu1ic dose of the drug to 1n ucc 0· 

• (C,\ T) plo)' 1-c> roles 1n the
Supcroxidc dismulnsc: (SOD) ,md col.lllasc

• .
ii... ,"de l\:SJk!Cll'cly, thcrcb) 
�tjfi . 

. . h Jrugcn pc:rox1 
t;)llon or su,,,.roxidc onion nnd > .,. 995) Rc:ductions in

� 1991 . Fridov1ch. 1 
ing against ROS-induced drunoge (F.:iton. • 

'de onion und 
I... . of surcrox1 
� let;\'· . . nn accun1ula11on

ll) of these enz)'lllCS result in 

• h: • the potcn1i:il of
·ncc11:, 3' � 

• n:ac1i,e ox>gen 5r 
Ptro,i;idc in the lh er. I he� 

. 1 in 1001 reach \\llh
. , I I his r.1d1cn . d oxyl radac,1 . With mewl ions 10 fom1 h> r 

1 . danuigins 1hcn1
J �onscqucnt ) 

,.__ . . d oN,\on .'""'llJlOncnts like protein hpuJ UJ1 
1 1gtiout 1hc course 01

SOI) ucti \11)' I uol 
Fi..1.._ . . Ju J�-crcU!il! 111 

• ·1 dccl'C'.l\C\I-11'", nev1nsp1nc cause 
c \ I u�11, 1 } 

d 4 Sin1ilarl). , 
..,, i. I nn • • 
.. ,IJa 1ianifican1 cfli:ct nt ,,cc 

r �  • 

-
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li\cr, excessi ve hemolysis, or obstruction of the biliruy tract. I listopathological

wlysis also sho\\·cd increase i n  the severity of hepatic degent:rotion during the course 

of lrr.atmcnt. 

Results from this stud} sho,vcd that the sc, crity of li,cr dnmge increased ,vilh 

increased time of exposure. I he 3rd and 4th \\ecks of exposure resuhcd in the n1ost

pronounced hepatic damage.

Reduced glutathione (GSH) ,vas measured as n mnrkcr of oxidati,e stress in

li1� of rats. GSH is a tripcptidc and the mujor endogenous antioxidant produced b>

Cells. II helps to protect cells from reacu,e oxygen specie:. (ROS). free radicals wid

P«o,idt:s (Pompclla et al., 2003). It is ,,ell established that ROS and clcctrophilic

th�icaJs c:in dnmagc DNA and that OSI I can protect ugninst this type of dnmnge

{VaJko et "' • 2007). GSJJ con also directly detoxify carcinogens through ph!IS<! II

lllclbbo . h icals from the cell \\'c observed n
hsm and subsequent export of these c em 

.i..._ . throughout the period oftrcatmcot but
""'tast in GS! I lc\'el ,vhen compared to control .. 
lbc "'A d ·c1:ks ., and J. This sui!gcsts the ability

""'st significant decrease ,vos observe 111 '' • · 

Of lhc ,L • • • dnll vc sin:�s."icrar,eu tic dose of the drug to 1nduci: oxi 
n IB) kc:y roles 1n the

I C (C ·\ p 
Supcroxidc dismutasc (SOD) aud cota n., 

. di: n:spccuvcl}, 1hcn:b)
�Iii · . . d h>Jrogen pcro�i 

cation of supcrox1de ruuon a.n 
1995) Reduction:; in

� • I 991, FriJ0"1th• · 

•ng llS.linst ROS-induced dam,igc (&iton.
. ,,.,ro•·idc anion und

· ol su,.. ·' 
• ru1 uccu111ul:111on

enzymes rcsull in . h•,·c the po1c:n11,d ol
pcc1CS " 

re ic1ivc o,).11cn :, 
fheSC • 

1 • rum n:ncrs \\Ith
. I rhiS rnJu;n Ill 

• 1 ruJ1cu . 
Wnh rnc&al ions 10 tom1 h)Jrox> 

• h d:1ni.1g111� thcn1
d consclfu,111 

,.,_ . , "d 111J I>Ni\ all 
I • uD� ol -v•t1J>Oncnts like protein hpr 11 

, . throughout r ,c �0 � 

son .• ,11, 
">

Pu .. 1.__ d Jc:�·tc.lSC 111 · Jc:crc-3�
-uiq OC\'lrBpinc cause II I CJ\ r OCll\ II}' 

' J .J. Sin1i111r >·
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throughoul the period of the study. The observed decrease in caialnse activit,· ,,as-

significant at ,veck I, 3 and 4. Taken logethcr, the study indicates that Nevirapinc 

��-s oxidative stress and significant!} ,,•11h increased time of exposure. 

furthermore, ncvirapinc-induccd lipid pcrox1do1ion as judged by the ctc, atcd 

conccntrotion of mnlondialdchydc (MDA) compared 10 control throughout the cour.;c 

of the siud}. fv1DA, a product of membrone l ipid peroxidauon. hos been sho,vn to react

'lh dam · th II (Cu.a:ocn:.i L'' 111 critical biomolecules such ns nucleic acids, thus · nging c cc 5 

al. 2001 ).

. . . d d hcpatotoxicil} nnd ox idativc
from the afon!mentioncd, ncv1rap1ne-1n uce · 

the drug The third ond fourth
l!r� '1hic:h is related to the duration of cxpoSun! 10

dnn,11, ... ,,J,cn con,�•.....i \\ith 
llctL. f h ·t SC\'CTC <>w 

,,...�u 

1.5 o C)(posurc 10 ncviropine sho,,·cd t e inos 

COnt,of 

O\.IDi\Tl\ F STllE�S \ND S.l 'iEVllv-\rlNE-INDUCED IIEP1-\ TOTOXICJ'f\' 

I\Ft..,\�ll"tt,\ TION

d . that nc, irop1nt (at therapeutic

llaving cst.ablished (con, our pre' ious stu > 
- • t s ·stern and thtll the extent

lbscJ . . . ' the an11ox1dan > 
tan induce: hepatotoxicity by impairing 

d cd c:,poswe 10 the rug,
-� c��ih prolong 

gc: or tox1clly becomes pronoun 
·omi: bioniarkcr.; of

' cfli:ct of nc1·1rJp1nc on � 
stud1e� ,vcre carried out on 1he . zymcs lhut aru 

. J oth�r h�pauc en 

zr iJain . • • ,01ymcs. nt1 
lllatJon. phASc II drug mctnboh.t.1nS c · 

'kcrs of hcpalic daniugc. . the c:-cprc»ion of pro-
• : ..,,p1ne on · 

1·1·· •[ ol nc:1 hu 

I · d hC C i;«; , ) ' n th,s StUd} \VC in\CSllgt1te I J lntcrlcul.1n I beta tn. ' fNFo) "" 
� • fiio.:tor i1fplU1 ( . " d �to') c:,tokincs (tumor necrosis 

. nnd ,·itnnun <.:), n1i;

" J ghtt,llfllllOC 
llcnirn . . ·c14nts 1rcJucc 

• ,1uu11h1011e . non cn,yntouc anuo:\1 
• s. 1n1n1cm�•, ll 

� . . (glulnthlOOC
�,, · 

• • ., . t ent) niCS .. fut �n1, I tJni; en;.) n11::; w1d un110:-.1u.111 li:itiuc, garnrno o • • 

' 
I .• pho5P 

,011,:.1 1 nc 
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L111Sfcrase, alanine aminotransfemsc, aspnrtale amino transferase). lipid peroxidation 

111d hydrogen peroxide concentration after three and \\Ccks of drug adn1inistra1ion 

Resuhs obtained corroborate the finding of tht! previous stud) that ncvirop10c 

tall.St) an elevation of biomnrkcrs of acute li,cr injury such ns ALT nnd AST. 

lile1\ise, the reduction in SOD and CAT activities b} lr eatmcnl 11•i1h ncv1rapinc \\clS

also reconfirmed in this study Similarly, tlus study also reconfinned the involl'emenl

of lipid peroxida1ion and GSH deplclion in nev11np1ne-induced hver dan,age Ap:u1

from nll lhe rcconlinnation, there ,vns also o significant clel'otion (p.:O.OS) in serum

ALP D.Od GOT le,•els in this stud) AST, A( T. 1\LP and GGT ore considered as hepatic 
,,.,., d us diagnostic indicators of..... ,er cn1.ymes and their serum concentrouons ore use 

i...... . • • f the hepatic cells ,\hen111ons in"'�lie IOJUI) since they arc related to the luncllon ° 

lhc be due 10 hcp111occllulnr in1pairmcnt
strum conccntratrons of t11cse e�ymcs ma) 

111d d)sfunciion (fvlershiba et al. 2012).
.d . (GPx) ,,-as also lo\\crcd in

T h. one pcro:1.1 osc . 
he ac1h 1ty of 1hc cnzyn1c glutat 1 · 

Ilic ne,, · ·d "ilh controllrap1ne-trcatcd group , ... hen compari; 

Gluwthione peroxid:J54: (OP:<) 
I. . 

c:nz) me ond on 
is. a drull n1c1.1bo 1z1ng

r h)droi;cn peroxide and
� . . . the reJucrion ° 

· l'll.ltie nnt1ox1danl \l'h1ch c:ital� � . . . · Jc,.
L h ghl) rcllCIIVC hp1d fl(rtl\l 

"ldn)Jler . d scnvcni;cs ihc • 
OXJdc ro non 1ox1c products un 

N,\DPII i;cnernrion 
Ill ,L_ d the: .:ellul:ir

� Ol':1. ,,n aqueous phase of cell membrJne. 
·'J froni the cclll

h)·Jrupcro:,.1 c 

,. for rcn10\1ng•srns together fonn a 5) sicm th 1·on: suggests th3t
ynn: ere: 

� • ·1) of 1h1� cn.i: 
II, 1977). A reduction in the ncu11 

I h�· consequence of

. • ou� dcfeusc 5) stcn1
. • h • ·nJogcn l11n" 1n can cau� <lcplcuon 111 t c c 

h Jrnpcro,idc rc�u 0 

\JJC 1111J ) 

'tduction ir, Bccumul,11ion of hydro1;1c:n pcro 

• . . nc\·in1pin4•- 1rc-.1tcJ mrs
. Oflx acll\ JI) in 

l 1· Jucuon ,n n 1pid pcroxidu1ion. 11,c n: 

:,,_ 
Q: 
...__ 
er.: 
CD 
-

...J 
:­..... 
-

fJ) 

lli 
.... 
-

:.?: 
:::, 

'2: 
·- Ii
C 

'2. .J 
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c:ao be corrcloted \Vilh GSH dcplet' ( 
· ion an important cofactor GPx needs 10 function),

and also \Vilh increased lipid pcroxidation observed in this study.

Nevirapinc olso caused marked elevation of hydrogen peroxide conccntrntion. 

This can be ru;sociated ,vith the reduction in catalose nnd glutath1one peroxidase nctiVII) 

�ince they help 10 detoxify the cell of hydrogen peroxide. 

Vitan1in C concentration \VOS also obscr\'cd 10 be 10,,ered by nevirapinc. 

Vitamin C is a potent ,vater soluble antioxidant in biologicoJ fluid (Frei et al, I 990).

Al!°>O, there are evidences that vitamin C regenerates other endogenous antioxidants like

GSII, urate and P-carotene from their respective radical species (llalliv,cll. 1996). This

result indicates that the odministmtion of nc\ irop1ne seem� to hn\'c O\'Cl'\\hclmcd the

antioxidant defense mL'Chonism thus causing n n:Juction of vitamin C concen1r,1tion in

the cells. 

·1 . , · duccd O sinnificant elevation of 1un1or necrosis
rca1n1ent ,v1th nc"1rop1ne pro " 

factor alpha (l NI a) and interh:ukin I-beta (lt.-lP) levels. It h.c; bc:cn dcmoiutrotcd that

'Tlri · • p..F-o. inicrfcron I IF N-y) and II IP (Olokzo
0 us 1nOomn101ory c) tok1ncs such us.

00?) e produced during drug-induced
tt u/.. 1995; Blakza et al .. J 996; Ishida "' al 2 - or 

I. ., 0111.,c ·niis �ho\\s that this ne\impinc
t\cr ,1 __ . 

. • t n•• US5Ue ua ., · · 
""'nagc are anvolvcd an promo 1 ., 

. d fon of rro,n011111J1ullon· mediators
Jlro\oke:<1 hepatic damage, m3) in\'Ol\'t: tJ1c in uc I 

• . 

h 011:chnni)ms by \\ lucJ1 nc\ 1ror1nc
Inc . . I fore: that I e 

�suits of this study 1nd1cate l ac:l't' 
. 1 t' on of intlanim:itol') response nnd

�en · •h the �unau u 1 

11.s li,cr toxicit\ n1uy be thtOUg 

� . d" 1 ,c:ncrntion).
ltve d3magc (due to rn:.: rJ acn � 
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5.3 :IJE\'IRAPINE-INl)UCED OXJDA1"1VE STRESS 1-\ND PROTECTIVE

EFFECT OF Pll.OTOCA'fECJ-IUIC ACID (PCA) 

Antiretrovirals, the class of drugs to ,vhich nev1rnpine belongs, is a.-;soc1ated 

\\ilh toxic effects ond induction of oxidntivc stress vin the genernlion of  oxygen 

mdicals, decrease in inlraccllular antioxidants nnd perturbation in the activities of

antioxidant enzymes (Adik,vu et al., 2013). Phenolic compounds, \\hich ore \\idcl)

distributed in plants, hove been considered 10 play an importruit role as da:tary

antioxidants for the prcvenuon of oxidative: don1ag1:. in living sys1en1s (I fcnog and

Fcskens. 1993 ) .

. . ,·on of the efTcct of pro1ocn1cehu1c oc1d on
ln the present study. 1nvcs11ga 1 

II · 
· • . d , d t'\., �tress \\'OS c:irried OUI ProlOClltcchu1c

ev1rnp1ne-1nduced hepnlOIOXICII)' llfl OXI O I c 

. 1 henolic compound found in many
acid (3, 4-dihydroxybenzoic acid. PCA) - a noturn P 

. OOS) and ha\'C b,:en sho"n by :;cvcrnl
edible and medicinal plants (Just}na. 2 

. . . Tanaktl t'I al .. 20 I I: Chucn-l.an et t1l ..
researchers to hove hcpotoprotccuvc clfe<:ts ( 

2002).

d GGT ".:re used us biochemical
. Sf \LT i\1.P an 

The hcpouc enzymes ,\ · ' 

d I patic cholc:stnsb, In tl1b stud),
• un ic 

lllari.er, for early acute hcpauc dumogc
• 

•I I Al p und G(, 1 ,,ere obscl"\·cJ in
''"''Ii · · of AS f. '' • • 
"''1 1ca.i11 increases ,n the uCll"111es

. �,uJ, of u,n:ir er nl (20011} 1.ivcr

,ie,, · d agrees ,V1th rhc • 
•rapine treated rots. This fin ,ng 

• ofli,cr cell 111ct,1boli�111,
fleets d151urbnnco

dazna · · · , ncroll > re 
l!c induced by ncv1rop1nc 8c 

f the mnr�cr en,:) n1�
• the )cru1n Jc\ cl� o 

�bich I · ·lrin�cs in
C'atls 10 charactcnsuc ' ' 

·or pcmi�1hilil) pn1blcn1
J' cctlY rcllccl u ""'' 

I,,..,._ 
• I SC ent) n1cs tr . "I -... ,� scrum level) ol I 1c • un: ,:h,ir.1c1cn\l1C 111 ,, er

)11C� cnl.) l)IC�

ar Cell • . IJmur. 20011,
lllpturc ( 8cnjum1n, I 978, . _,. nc, ,n,p111c-11uluccJ h, er

•run1 1nJ1clcu 
..... .  e,· 11110 1hC � 
--� thcn:lorc their rcle:ise
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·1 reatmcnt \Vilh PCA attenuated these increased erv.yn1e le\•els indicating lhot

PCA 111 1•ivo has hcpatoprotective properties against nevirapine-tnduccd liver toxicit). 

This is consistent \Vilh the v.:ork of Thangaiyan et al.. (2011) \\hieh shov,ed that PCA 

could offer protection against elevation of lhese enzymes 

Similarly, ncviropinc significnntly decreased GSH le\'els nnd co­

administration \Vith 50 mg/kg and I 00 mg/ kg PCA runclioroted the oxidntivc stress by 

significantly increasing GSH level \Vhen compared to the ncviropine onl) group. 

llowevcr, the SO m g/kg \VOS more effccti\'e than the 100 mg/kg dosngc This shO\\-S that

PCA could affect GSH hepatic concentration 1n dose dcp.!ndcnt manner This is

corroborated b) Nakamura and co-\,orkers. (2000) \\ho demon�troh:d that high doses

f Pc · f GSI I level and an1,o,udn1ive cnz) me
0 A cause tyrosinase-dcpendcnt rcducuon ° 

acti\.-,t,·es Th . 1 1 f GSH is as un essential 1nunccllular reducing ogcnl
e phys1olog1ca ro e o 

fi ,nunccllular proteins and for antioxidantor the mo1ntcnuncc of thiol groups on

lhA most importru1t biomolecule protecting
rnolccufes. It 1s  "·ell established that GSI 1 � 

. nt . ,n the elimination of rc.icti,c
a�,· . · an pa.ruc1p t .,..inst chen11colly induced C) IOIOXICII) • C 

'd J cu·on or of free radicals by direct
intc · d rox1 e re: u • tmed101es by conjugouon ond h) rope: · 

ql.lt'nth1ng. 
. sho\\cd th31 11c\'irup1nc caused

• . d ,,..rox1da11on . 
r-:ur1hcnnorc, lhc results for hpi ,.. · 

b . he high concentn111011 of �fDA

sj . . n ns 1udi;cJ > I 
Enificant increase in lipid pcro:xadallO 

d ., 1-. of the en -pn>uu�ls o 
�fO \) tS one:

tornJ>ar J J tvlalondiaJdchydc: ( · 1 

• • 1-11 .,c to contro . 
_ _  ., • Jic.llor ol the dcgrc:,,: o p1u

11 gll<JU 1n 
Pol)'lin . "d tion nnd i t  ,s  

s,uurutcd fall) acid perosi 11 
. •CA \\'3S Bbfc 10 nn1cli11n11c th1)

Jltro . . o-�!lllltCOt \\Jlh f 
'11dat,on (Nakbi ,•t t1l .. 20 I 0) C 

\\Ith nc, ,rapine nlnnc t�.ih:d
i...._ 

• • • nth· \\ h�II con1,,.u,:d
----Qscc1 lipid peroxiJ1.111011 s,gn,1i,::i ' 

• lrLIIII ,n,uf) h) i11hihlt111�. li\'Cr IIS�llt 

..,__ ·1 the cell� in 
-i>, llus suggests PCA cun protcc 
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FFFFCT OF PROTOCATECJiUIC ACID (PCA) 

Antiretrovirals. the class of drugs to '"hich nevirapine belongs. is assocuued 

"ith toxic effects ond induction of oxidathc stress via the generation of oxygen 

radicals. decrease in intrnccllulnr antioxidants and perturbation in the activities of 

illltioxidant enzyn1es (Adik,vu et al., 2013). Phenolic compounds. ,vhich an: ,v1dely 

distributed in plants, have been considered to play an in1portant role as d1etru; 

illltioxidants for the prevention of oxidative damage in lh·ing systc:rns (l h:rtog and 

Feskens. 1993).

In the present stu<l}'. investigation or the e1Tcc1 of protocntcchuic acid on 

cd out Protocatcchurcllt\uapinc-induce<l hcparotoxicit)' and ox1dn1i, e stress \\11.S cam 

ac ·d I h nolic compound found 1n man)1 (3, 4-dihydroxybcnzoic acid. PCA) · a naturJ P c 

d. d h , !k;cn sho,vn by scvcnrl' Ible illld medicinal plants {Justyno. 2005) nn °' e 

� ok 111 al '>011: Chucn-1.nn , ., al,
�hers to have hcpatoprotectivc clTccts (fnn a ·• -

2002). 

The hepatic enzymes d GGT ,vere used � biochemical
·\Sf, A Iii', ,\LP an , 

l!Llrl.crs for earl) acute hepa tic drunagc noJ hepatic cholcsu1.sis. In this study,

si • . 
• 

• • • 1.r. ,\LI' and aor \\CfC observed Ill

&nific.int increases in the ac11,·1ues of ,\S J • A 

d f Urnur c:t al, (2008) I.I\ c:r
�,ra ' , - ,,·ith the SIU ) O 

pine treated rats. Thi!> finding agrees 

� . •fl 15 disturbances o f )i,c:r i:cll n1ctohoh�m.
Be induced by nev1rapinc gencrull) re ec 

I f the mnrker enzymes.
"h•ch I . . . the scrum 1c, c s o 

e:ids lo chanictcnsUc ch:iniles 1" 

h'l"t)' 1,,,,hlcm• r pcnnc:i I • .., lacre;i J'rcctl) 
n:llccl rnaJu 

xd �nun level� of these cfllymes 1 

� • iic ,,f liver 
c:s nn: chnmc1�n� 

1978, tJmar. 2008), {be$ cn,yrn • °'CtlJ t\lpiurc (llcnJamin 
'llc, lhcrctorc tJ1cir relcusc: into tJu: sc:runl . . . .  , ne, irapinc-1ndu,C\l h\'tt

1nd1ct�-u 

'�-
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mt"111u1.u11: 11µ,u J,1\:rui.1uu11on. 1 ncsc results are consistent \\ ilh those of (Thangoiyan t'I

al. 2011; Jong Moon I lur et al. 2003 and Chucn-Lan l!I al., 2002). 

Increase in lipid pcroxidotion is an indication of the inabilit) of the antioxidant 

defence mechanism to prevent excessi,e formation of free radicals. 'rrco1mcnt \Vith 

PCA. \Vhich caused a significant decrease in lipid pcroxidation lc\cl, suggl!5ts that PC,\ 

may C)(Crt stabili1.ing cITcct on liver cell membrane. 

Glutathione peroxidase (GPx) is an enzymatic an1ioxidan1 \\hich catalyses the

n.'duction of hydrogen pcro>-ide and hydropcroxides 10 nontoxic produces nnd

· · · d · !he 11qucous phase of the cellsca..-cngcs the highly reacuve hp1J pcrox1 cs in 

membrane. GPx and Ille cellular NADPI I gcncrouon mcchnn,sms logclher form a

S)'stcm for removing hydropcrox1dcs from the ct:11 (l lalli\\'CII, 1977>·

. 
1 of lht: rots 1h01 100k. nc\·impine nlonc.

\Ve observed a decrease in GPx 3ct1vi ) 

r nk d 10 !he dccn:nsed a\ ailnbility of 11s

This dccrcll.\c in enzyme activit) might be 1 ·e 

. . this en.Z)·mc therefore susges1s th111
\llb�trate, GSJ I. A reduction in thc acuv,t) of

. d -�·nee systcm. Tn:.itntcnt \\.ilh 50

,._. . h ndogenous c,c 
'"'''lrllpinc can cousc depiction 1 n  t e e 

.· . ··iunificantly to ncnr-nom111I.
h GPx aCII\ 11) s o 

mg/kg and I 00 mg/kg PC,\ 1mprovc.:d I c · 
. • . . d' a.ls into 11,Jrogcn peroxide, 1s

rox1de rn 1c 
SOO an enzyme that con,crts suf?C · . • • . th. ioxic clTccl of superox1de

". ·n cells aga11151 c . 

idcl) distributed in cells ond protccll S 
, clc:,iructh c cllcct,. on

• • '·"O\\'ll to exert 
111· 'de onion l!i ''" 

100 (Fridovich. 1989) Supcrox• 
1 nsequences. l'hc results

. ' one of t 
,
c co 

ctll . . · dation btlllS 
1.1lur components "·ith hp1J pcrox• 

--" 1100 in SOD aclivi1y n.,
. auscJ rniuc 

� t nc\trl'IP1nc c 
lled fron1 our �tudy �ho,,cJ th0 

1 ., ·ondilinn. 
osnc:liorn•c 1 11. i; 

ton
, 

• , 11bh: 10

� to control \\·ilh PC,\ bc:IIIS el]th 11ll lh 101; Ofl!OOtSnl\
• J ubiq111l<U.1SI) in n • 

Ill Joun 
Catalnsc (CA 11 is un cn1) n 

,,de (ll:<)1l 10 \\,Iler unJ
h> ,lro.-:cn pcro 

I nail\ it\ "hile ho1h
c,1111 nsc 
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concentrauons 01 1'1...A restored the condition to normal by increasing the enzyme

actil'ity. 

This stud) sho,vs that PCA an·ccts the activil) of thcsc enzymes in a dose 

dependent manner. Equilibrium bet,veen ROS ond ellZ)motic antioxidant enzyme� 

including superoxide dismutasc (SOD). catalase (CAT) and glutalhionc peroxidase 

COPx) are crucial ond could be on irnponnnl mechanism for prc"cnling damage by 

oxidative stress. 

The efficiency of enzymatic Wld non-eruymauc nntiox.idati\'c systems could be

dctttted by the dctcnninalion of single componc:nL� of this system ,,ruch 1s kno\\n as

tom) antioxidant capacity (J',\) (Kankofcr et "' . 2005 ). In lhe present stud). a

signitic.int decrease in  total antioxidant capacity in nevimp1nc treated rots ''Wl

obsct\cd. This demonstrotes the ability of ncviropinc: 10 suppress antioxidMI stJtus and

. • und ",th great antioxidant caJll.lCII)'
1nducc oxidative stress. PCA, a polyphcnollc con,po 

1 incrca.sins 10101 an1io,id11n1
wa.i able 10 amcliorJh: tlus condition b) significanl Y 

capaci1y in the 50 mg/kg co-treatment group.
• • f ihc highlights of oxidau,c stress.

Ille formauon of oxidi1cd proic:ins 15 one 0 

roducc:d on protein side chains
111d h d ketone..,) are P 

l c carbonyl groups (nldchydes nn 
TI Pre!>Cncc of ct:irbon,·I group, ,n

1' 1... �  / ?003). JC 
• 

'ICTI lhcy an: oxidized (Oallc·Donne ii " " -

. . tcolytic enz) n1cs leading 10
�o,..: degr.1dauon bJ pro 

"''"� rnokcs them susccpublc 10 • 

iltcr- some proteans mn)
dtr. . . . a, .iggrei;o1e togc • 

icicncy of prolcin�. ·n1c proteins m, · 
. se man) p.1tholopicnl

. -·•·1· c:111on cun cnu 
� . . • nJ 1h15 n1uul I 

c: �uscepublc to dcgnuJ.:iuon a 
. d d 0111�1 be n:mo\ �J b)

ot rep:un: on 
�•tio Ii d proteins arc n 

ll!i. Oxidnti\cly n1odi 1c: 
f oieol),is '"" cnusc nn

. thC' eOieicnc:) <l P' 
�I . d de: ·rc:ise in d • )11c degradation. an n c , 5 ( f1('C J..111;111 nn ( ,,,,,,

. I) nioJilic:J pi111c1n 
f ·1J:tll\ C 

in the cellular con1cnt O ox 
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concentrations of PCA restored the condition 10 normal by increasing the enzyme 
• • acuv,ty. 

This study shov,s that PCA affects the activity of these enzymes in a dose 

dcpi:ndcnt manner. Equilibrium bet,vcen ROS ond enzymatic Mtioxidan1 enzymes 

including supcroxide dismutasc (SOD), catalasc (CAT) and glu101.hione peroxidase 

(GPx) arc crucial and could be on important mcchonism for preventing damoge b}

oxidotivt.! stress 

Tite efficiency of enzymatic and non-en1.ymatic ontioxido1i,e systems could be
detected by the determination of single coinponcnts of this S} s1cn1 ,, h1ch is kno,,n ns
101oJ antioxidant capacity (TA) (Kankofcr et al., 2005). In the present s1udy, a
· 

·, in ncv,rapine treated ra1s ,vnsstll!lilicant decrease ,n total antioxidant copac, > 

.... _ • • • , 10 supprcss nn11ox1dun1 s101us and 
011>ervcd. TI1is demonstrates the ob1hl) of nevirJpinc 

. . ound ,, ith grco1 an1iox1dant c:ip.1cit}
1nducc oxidative stress. PCA, a polyphenohc comp 

I incn:osing tolol antioxidant
\I.�• obl .. to . d·t·on b" siuniftcant y 
..., .. ameliorate lh1s con 1 1 , " 

tapacit) in the 50 mg/kg co-treatment group. 
I. tJ , hi"''li"hl5 of ox1do11 ,e stn:,,,

, IS Oil� O IC IY .,. 

lhc fom1011on of oxidized proteins 
duced on protein side chn1n\

111d th d kctoncs) on: pro 
c carbony l  groups (oldchydcs on · 

Ol) The presence of cnrbon) I groups in
"htn th . . I D c ,,, al.. 20 .. 

ey ore ox1d1.r.cd (Dai e- onn 
1 .,· ,col>·u c c:nzyrncs cnu1ng to

�t • . Jc1_!111dotion b) pro 
cins makes them susccpublc 10

ether. some proteins n1ay
.t..� • ,..,,,r.:!IOIC 10(1 
"'tl1 • 

• s ma) "o"' � 1<:icncy of proteins. fhc protein. 
. • cause ni.in) (lllthologiCJJI

�- h. mol.lific-a11on cnn 
� . and t IS 

c 5USccptible lo dcg13J.1uon 
red unJ niu�, t,c rcmo,cd b)·

• 1,01 rcp,u 
�ir · eJ ro1c1n� urc

•ons. Oxidati\cl)' mod1l1 I' 
• . ol protc:ol)�i:. \\Ill CIIUSC nn

. the c:01c11:0C) 
�1)1ic dcurndotion unJ II dc.:rc:IISC '" 

�• (llccl.111.in nnJ ( "'"•o • oJlfi,-J 11w1i:1r� 
'd 1j, cl) 111 

in the ccllulnr content of 0"1 u 
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Ncv1rap1nc brought abou1 a significanl increase in pro1ein carbonyl

concentration. Co-treatment \\1lh PCA al both doses \\'llS able 10 nmcliora1e this 

condition by causing a significant reduction in protein carbonyl conccntrnuon 

In conclusion, PCA exhibited the ability 10 assllllge liver injury associated ,,ith 

nc,irapine drug administration by reducing oxidotivc s1rcss and hepauc damage In 

view of the present findings, fruits nch 1n pro1ocatechu1c acid could be consumed by 

patients under nevirapinc antirctroviral thcrnp). PCA could prevent ne,irnpin1:-induccd

o�idativc damage because it is considered an  anuoxidnnl tJlilt exerts direct cllc:cts by

scavenging free radicals (Chucn-Lan et aJ , 2002) and indin:c1 clTccts b} inducing the

c�prcssion of an1ioxidan1 enzymes.

S,4 �tOOULATORY EF'FECT OF PROTOC,\TEClnJIC ACID (l'CA) ON

�LVIRAPINE-INOUCED JNfL,.\l\fi\1ATORY RF.SPO'ISI!.

d 1 ·nvol\,c:nu:nl of inflammation in
In our previous s1udy ,,e dcmonsirntc tic 1 

. d , . cks 10 11:amnu the in,ol,cmcnt
SC\j • • • . ·t·he present �tu ) sc rapine induced hcpatotox1c11y. 

. . ind invcsiisate the: 111odulorory
or f O • . d d hep,ltOtOXICII.) l n nmmotion 1n ncv1rop1nc- 1n ucc 

tffi . ducc:J hcp:ttotox1city.
cct of protocatcchuic ucid on the drug- ,n 

I of sil.!nols 1hn1 �umulnlc
I • the rc case 

llepatoc.>1e damage u,uallY rcsu 1 111 . · 
. ·mmunc S))tcm, 1nclud1n!'l

letl\ . . , those of 1he ,nnutc , 
'llhon of other cells, porucularl> 

, . II contribut.: to 
J NKT cells. Jl1csc cc s 

�"Pili . NI() cells , un er cell, (KC), nntunal killer I J' toD nod �reung 
rL _  • proint1unu1111tol') n1c iu 
� Prog . . . • • ll) proJuc1ng

r�s1on of hvcr 1nJUr)' 
·lls h' the h\ i:r,

,l. 
· 

1 motnl') ,� 
tncs to fun.her recruit anl :11n c tol.inc5, such as 1un1or

• . 11.unn1J1IUI') > 

I I ,11r1ou5 in 
/ It has bci:n Jc111onslr.llC:d I Ill (ll,)·111 (Ultul.,1 ,., 11 •

d 111tcrlc11l.1n
' - (IFN)·"f, on . . ls f11t1or (f};F)-a, intcrlc:ron

• durinll drui;· ,nduc.-d liver
199 "0021 proJuccJ

5• hllda tl 1/. 1996. f1lud:1 ,., "1 • • AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



injury an: involved in promoting tissue damage, Cytokines ore lo,\·n1olccular-,,eight 

proteins that regulate diverse physiological processes, such os gro,,lh, development. 

dilferentiation. ,vound healing, and immune response (tvliki er al. 2007: Lu er al.

2006), In response to inflamn1ation, cytokines arc secreted from cells of the immune 

S)"Stcn1. 

Sonic cytokincs stin1ulotc or even oggrovatc mfl:m1mation, whereas others 

attcnuntc inflrunmatory responses. Several proinflommatory cytokines, espccioll) H s

and NF-u, hove been implicated in inflnmmouon-assoc1uted curcinogcncsis and

hcJiato:<icity (Lin et al ' 2007; Noguchi er al. I 998. Rigby rt al. 2007: Tsclcp1s er al.

2002). 

Siu,," fiurthcr rc\'cal that nevirapinc-1nduccd
TI1e results from this u, 

L • . . rcasc in proinllomn1atory c)  tokines
ntp:itotox1cit)' is associated \\ith a s1g111ficnnt inc 

. PC,\ reduced the e�pn:�sion of these
expression (TNF-u and I L-1 P), Treotmi:nt ,v1lh 

. , • sion of proinfl!llllmator) cytokinc
C)lokines. 'lhis ability of: PCA to lo,vcr the c:�prcs. 

. . . . ducuon of inllummator. cyiokincs
may be linked to its antioxidant cnp;icity since 111 

, 0 role i n  o�idati\c: stress-induced
ll}Jf-u, ll!-1. IL-6) hove also been ,cporti:d 10 ploy 

inflammation (flussa.in e/ al 2007). · · c 'rcle . ent leads to a \'1c1ous i •

/ 'Jati,c en, irnnm 
·1 his sustained inflrunmatof)' ox• 

riod of time mn) lead
'h' . cell" and o \C:r n long pc 

•eh t4n <lan,agc hl!.llth) ncighbounng 

lo�inogencsis (rcdcrico et al .. 2007>· . 1 c cOcct of !':cvirop1nc
C)IOl.llle,, l I 

·n11:in1m1J1lll') . In addition 10 tJ1csc t,\o 11'°1 

cuX-2). inJucibk n11lnc
,,cnosc 2 < 

-nt L _  . (iki: C:)CIOOX)c, 

'""IQ' proinO:u11n1atory mcduuors 
·dasc nnJ nitrite lc,cl \\llS

"') nl\'Clopcrt)XI 
. r ., 1PCJh .. , · 

� (iNOS), pn)sU1gfandin ·-
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Cyclooxygcnse-2 is a proinOrunmatory mediator and the rate lin1iting enz}mc 

in prostaglandin biosynthesis from arachidonic acid. It has been 1mplica1cd in li\'er 

innammation and fribrosis (I lorrillo et al., 2008). Inducible nilric oxide s)nthasc 1s nn 

inducible men1bcr of  the thn:e nitric oxide syn1hase isoforms (endot11elial nitric oxide 

S)lllhnsc (cNOS), neural nitric oxide synthasc (nNOS) and inducible niUic oxide

S)'lllhllSc (iNOS)). They catalyze the oxidation-reduction reaction of L-arginine in the 

presence of oxygen to fonn nitric oxide ('JO) and L-citrullinc. Under palhologicul

conditions, ho,vcvcr, ,NOS is strongly up regulated and large amounts of NO an:

f(nerated in the liver.

I hi d . b •d !hill treatment ,vilh Ncv1rnpine brought abou1 o
n l S SIU y. 11 \\'8S O SCf"\'C 

51&nilicont induction of d .NOS e•·pression a.:, \'Cnfied by immune-
COX-2 un 1 ·' • 

. . . . 
. ns of these c:nzymcs explains '"hY

histochcmical sUlining. The incre.asc in the expressio 

. 
. . . f POE-2 and NO lc,els. PGfi-2 and NO

ntiirap1nc also caused a significant 1nducllon ° 

. COX·., and iNOS respectively. The
and are direct produclS of enzymatic ncu, iuc� of -

h role of COX-2 und 1NOS 1n
find d . pport 10 1 e 1 ings from this study, rurther Jen su 

llc\ir:ipinc- induced hepatic damage. 
. . ' 'tric oxide s)nlha.� pln)s nn

varg1n1 ne h> n1 
Nitric oxide (NO) rorm .. -d from

. . d ·,h 
• I cond111ons ussoc101c \\1 

Patholog1cu ltnJ!O •sscngcr.ltant role as a secondary me · 
,.,,0 roJuction ('Nathan,

· ·ncn::isc: •' 11 
rct . :inJ scps1!i can • 

ease of cvtokinc e.g. inllonunauon 
. 1 ol processes (l'acher• 

( nhfSIO ogic • 
199 n rciulntor o • 

2) Nitric oxicJc (NO•) is a ,,ell knO\\ 
icJ Ii) the c:nhnnccJ

. NO uccon1�111 
t/ ciJ roJucuon ol , 

• 2007), I lo,vevcr. the: O\.C,P 
• rt1"\ nitriic onJ II subsequent

I. rn1·111on ol re . 
..._ • 1J1c O ' • �idc generation. mo)' rc�ull ,n

II Ulll'l'agc und o!'Mnn Jy,111nc11on 

cl ,. to ce 
... , 'd es ICII ,n.,. 
�""IOn of protein t)·ro:;inc rcs• u · 

'' a/,, 2007). 

� 
-.:::: 
0 
... 

,c 
�-
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Thus. the suppression of NO o, erproducLion rcprescnls the therapeutic 

approach to nevirapinc-med1ated liver injury PGE-2, a product of arachidonic acid 

bCl.-akdo\lm via COX- 2 poth,vay has also been implicated in inflammation. It is  one of 

lhc effector molecules through ,vhieh COX-2 links 1nflan1mation to cancer. 

Protocntcchu1c acid hos been sho,vn 10 suppress the expression of iNOS and 

COX-2 involved in inOarnmation and carcinogenesis (Cichocki 1!I ul .. :!011). Co­

treatment ,vith PCA in our study achieved a reduction in the le, cls of these

PTOinflammalOf) mediators. This further demonstrates that PCA viu its nnti-1nflnn1otol')'

property is capable of nmeliorJllng nevirnpinc- induced 1nOommo1ion .

Results from 11,e present study olso sho" that ncv1ropine-1nduccd hepatic

injlll) can bring about polymorphonuccnr leukoC) 1c inliltrollon and nccumulotion as

i d. . . . . • , -d ·c (\>IPO) oCll\11)' 1n ncv1ropine­
n icatcd by s1gn1 fieu.nt 1nen:nsc 1n myelopcroxi ns 

� . al cnz)mc present 1n the 111urophilic
led rats. lvl)clopcroxidnsc (�lPO) 1s o lysosom 

IN·) and b unique 10 neutrophib .u,d

l!ra.oules of polymorphonuclear lc:ukoc)ICS (PI¥ · s · 

_ , the ncutrophils 10 oxidizc o , nricl) of
1110noc>1cs. 111PO u11 hies H202 produced b> 

• 1 fi bJctcriol activity (l ln1np1on cl ol ..
llotnaue compounds 10 give substrotc rndrc,i s or 

_ diic chloride ions 10 produce o
1998) Th' 

. . . · that II c;lfl OXI -

· 1s enzyme is unique ho,,e, er in . 
. OCI) uocl IS the n1osl po,,crlul

11r • acid (JI · 
on11 non-radiClll oxidant. hypochlorous . . of du:�c: rud1c11ls con cau�.:

1...... • h'I-. F,ccssi,c proJui;uon 
.....,'ltrlcidal produced b) ncutrop 1 · � 

�he �tress lcadin•• 10 oxid:ilh c u55uc injul'),
,,. cth ii> sum:c-sts 11s prot'--cu,c:

thl." hcp.11ic ol �,ro 8 

lbc abilil> of l'C,\ 10 11,,,cr
d suh,.:tiucnd) IO\\cr the

1·1,rnuon un 
fllle. ' I ul,.11C) 1.:� ,n ' 

IS linked 10 its ability to reJucc: c 

I r�•lc 11uuf)' I he ,,,111,;

ll) c:xoccrb,11.: IC 

. c:Jintoni 11t111 n1 
Ion ofpminnam111JIO() m lhC) §h1l\\cd lh/11 PC\

t1i porutcs 1111s 1inJ1ng

bka and co\\orkc�. (2011) corro 
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could reduce activit> of myclopcroxidasc in th. , .  . . d d b . . . c s11.1n 1n uce } I.be 11dm1n1s1I11Uon of 

12-0-tctradccanoylphorbol 13-acetatc (TPA).

S.S �EVIRArlNE-INOUCED APOP'fOSIS ,-\ND PROTECTIVE ROLE OF

PROTOCATECIIUIC ACII) 

Apoptosis is a genetically encoded form of cell suicide central 10 the 

dcvclopn1cnt and homeostasis of multicellular organisms (Zhang et o.1. 2003: Ravngnan

et al, 2002). Findings suggest that 1ncrea.scd hcp:llocytc opop10s1s is on imponant

mechanism contributing to ,nflommation and librogcnesis of the liver c,vu 2006).

In this study, ,vc measured the c,pn:ssion of pro-npop101ie proteins easpasc 3.

t:asJ)aSc 9, cytrochrome c ond p5J as bioniarkcrs for detection or hepatic apop10s1s.

Also, the ,m hi h . 1 oJ,·sis r.0r apoptosis \\W. ,wrfonnc:d h> TIJNf:L
muno stoc em1ca an • " 

mcthOd. 

. ·fie proteases) • o group of proteases,
The caspascs ( cystc,nyl :L,parta tc speci 1 

Pia h II death progrnn1mc (Nicholson and
Y II central role as executors of t e cc 

Thomi....rn • 1997) . . ·I>· •xpres.� as ,nucth·c procn1yme� and
IJ'I: •• 1 Ca.-;pnscs are cons111u11v" � -

i.'tne II • fi r their acu, ution. ,\poptotic cnspa.scs �long
ra Y require proteolyuc processing 0 

lo · hilc the other is tlu: c,c:cuuoncrs
1"0 classes, the first 1s the initiators of opoptosis '' 

or '.Po . • d (io� 2005).
Ptos1) caspases (GuicciarJ1 :Ill 1 ' 

• 
• 

N rc�pons1blc lor dcwudat1on
UliOll C,l5Jl:ISC:S U 

Acti, otcd d o,vnstre:in1 or exec 
hologicnl change� of upoptos,s.

of SC\ • � with the: n1orp 
c:raf cellular substrJtCS a�sociuto.: ,.. 

and nicnibrw1c blch,,11111

llltltldin . 10.skch:1on a1tcra11uns, 
& nuclc:ar dc:grudallon. C:) 

• • l.c:r c.,,pasc 9 in 1hc
I f the upoptotrc n1or 

m ti.:,c so 
II ,..,us observed that tnc: ,,cru 

1 ,,orm:d hc::ihh> control
n.ol\.,J Ill t IC ' 

lb.;_ . I inCfl.'llscd coin,-.. 
-·..-.,inc: trc,llcd rat!i \\ere marli'--J Y • pine· 1r�n1cd rats I o

. . . cJ in the nc, irJ 

1,., . i\'lb 
101ua1 

1111 d:ata ShO\\.S t/1.al t1J10f'tOSIS
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further in,estigate the involvement of apoptosis 1n ncvirapine-induced liver injUI). 

caspasc 3 \VOS assayed for as a r.:prescntatt,·e of effector/ cxccutionol caspascs in this 

�tUd}'. The serum level caspase 3 ,vos also elevated in the ncvirapine-tn:ated rats \\ hen 

compared \vitlt the control. Results from this study is comparable to the \vork of fnrek 

t/ al.,(2014) \\ hich reported the elevation of scrum caspase 3 1n rots treated ,vilh carbon 

tetrachloride a standord hcpatotoxin, Thus, it can be inferred from these results that 

lhere is induction o f  apoptosis in nevirapinc- induced liver dnrnoge

The level cytoehron,e c. an important opoptogcnic factor (Kluck. <'I al.. 1997)

\\hich interacts \\ ith the scaITolding protein Apaf-1 and subsequent I) acti, ato clbpase-

9 (Li et al.. 1997) ,vos also ,nensurcd, There ,,'OS O marked significant increase 1n the

I d I . coniparcd ,,ilh control.ciel of C)tochron1e C in nev1rapinc· trcotc rots" ten 

,.,u, iniplic:lled in the inJuctton of the1 he turnor suppressor p53 has .,._ .. n 

. . . . . of the apoptotie coscodc ( VousdenC\pr�1on of opoptotic genes or direct acuvullon 

. 3 (an executor of apoptos1s) 1 s  at least
Ind Lu. 2002) The acuvotion of t:fli:ctor ea.spnsc · 

. f 53 (Brogado et ul.. :?007; Boatright
111 Jl<lrt. nctivotcd b) ROS-induced acn, 1111011 0 P 

eti,auon of tumor suppressor
<Ill! Salvesen, 2003). Our resuh sho,,:. thut there \\,IS on a 

PS) in ncv1rapine- induc�d liver doniogc.
b . TUNEL 

. p1o�is \\US perfonn�-d Y 
• 1 • ,uilys1s for opo 

The immunohistochcmica a 
. 1 poptottc cclh. �lore

• • 3ll jnd1CllllOO O D 

lllcthod tJ brcl\\11 513!11 I)I he chromogen-gencrotc 
_ _  , 1 \\ hen compan:J \\'ith- · c- 1rc:tt�-u m 

' d ·n du, nc�1rur1n 
bro"n )toining ,vas ob!-Crvc 1 

:d . PCA ,re:itcd ruts. The
IL • • \\115 ob�Cf\� in 
� � ,. \\O 5111111111gntroJ While Jess intense .,ro • ,est for the: e,11rcs.s1on

S us c:11nl1111lBhll')
�I 0bta1ncd fru111 the lh er tunnel USSD) S(f\l" 

. 
rc.iicJ rot�

Pl'o-apopto1ic proteins in nc,irop inc- • 
• 111 sct\lm lc,cls ofilte5,•

0 Ji:crcn��

, , r.:sulh:d ,n
Converse I) ·  1n:u1mcnt ,, ith PC , 

,--11,c propc111ct ng:unst 
' 

5SdSt'.S prtl •• 

This 1s on 1nd1ca1ion thill )'(',\ po 
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nc,rapinc induced apoptosis Although some studies have shov,n rhe in\'oh ement PCA

in promoting apoptos1s, ours sho\ved the anti-apoptotic ability of PCA \\h1ch is 1n

consonance with the studies of Morika\Ya t!I al., (1999); Lin, (2003) and \'en, (2000).

To the best of our knO\Vledge, this is the lir-5t time a study \\ill shO\\ the involvement of 

apoptosis in ncvirapinc induced toxicity and the protecuve role of prorocatechuic acid. 

S.6 NEVIRAPfNE-fNOUCED GENOTOXICll'Y A �D PROTECTIVE ROLE OF

PROTOCATECIIUIC ACID.

PCA is kno\,n for its free radical scavenging and an1iox1dan1 activities. These

attributes make 11 0 good candidaie for pn:scrving the 1n1egn1y of biological n1olccules

p . . d Th • nucronucle1 re�• is onc of thei,e Protein and DNA by pri?venting 1he1r ox1 ouon. c 

. 1 . colog)' and has bccon1c one of
OIOM 11idcly applied shon tenn test used 1n geneuc oxi 

,L_ 1 1 I') enutic) of dillcrent coun1rics 10
�ic most imponan, 1es� implemented by the n:gu 8 0 

. . . • oiics (OECD. 1997: EPA. I 998)
"alu.:ire mutagerucit} of. Wld sensi111•1ty lo, xcnobi 

I , ihal nc\irnpinc i� like))' to be
n . S ·tud)' s 10\\S 

1c finding from our prcv1ou :. 
. 

llluta . . • •ascd nun1bcr 0 f micronuclcus polychronu111c
Ren1e due to the pn:scnce ol 1ncrc: 

� • uen,) of micro nuclea1ed
• Ill the ,rc:q 

Q}throc:y1es. There \VOS o motkcd ele11111on
. • ulone proup when com1>3�-d

Pol hr . J • thc nc:1 ir11p1n1:
)'C omattc crytJirocytcs obscfl c 111 · • 1 · h 

f Phll.\.C II mcu1ooh1c " 11c is a
, ,L h rescncc o o 
i.,. con, I . I .b I •d 10 I c Jl 

ro This moy be ut n u i; 

1 th biunuclcophik,
• cl JircCI )' \\I 

f?act• . ,pc:c11:d Ill n:D 

l\c clcctroph1Jc, und th.:n:forc 15 c 
,. (iOl.3) �ht11\cd that

d c:O\\llr,.cr 
� ,nrun�M 

@,, ON,\) \'ic:ldinl!J covillcnl adJucts. , 
d could he ll.:noto:\tC• 

J)� \ nJJucl un 

llr\ 1 . . f 1or111ini; ' t 

�1nc nictabolite hu-. u po1cn11111 0 

, _ _  , c:Juc11on 111 1hc f'n:t1ucncy
J in n an!llk� r 

. p( .\ rcsul1i: 
T rtating the onim:il� \\ irh 

• lhl· nc\ imp111�· ulon.: ll1'111P·
bscl'\cJ in

"llilcro . ·r)lh(()C) l&.""i O 

, f'O()I))nucleated polychro1nur,c i; 

..,00411111d J,1,11L1id ,., " • -

,. f nu111c:1r 

.. COrrobornh.-d by the "orks 0 

'OS ,•f ,if• I-
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thJt sho\\�-d the antin1u1ogcnic and antigcnotoxic activil) or PC1\. In conclusion, it can 

be inforred from this study that PCA can protect against nc\'irapine-induccd 

�motoxicity. 
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CONCLUSION 

The results of our study dcmons1ro1c that ncviropinc can induce hepa101oxicil) 

1111d "ith pronounced severity upon extended duration of exposure 10 the drug. Also. the 

fl'S\JIIS showed lhot the n1cchonisms b> "'luch ncv1rap1nc exert its 1oxici1y ma} be 

lhrough the s1in1ula1ion of inOarnmalor) response and oxida1i\ c dan1age due 10 free

radical generation. Also. the observed increase in forma1ion of micronuclci follo\\'1ng

lrc:tlmcnt \\'ith neviropinc suggests that il ma) possess genotox1c potentials. Ncvuupinc

also increased the conccntrotion of apoptouc biomarkers. This sho\\s that the

mcehaoism of the toxicity of this drug may involve induction of apop1osis.

Furthermore. the study dcmons1rn1cd that PCA con nmeliorote ncvimpinc-

ind . -., t' ,ity and also by 1nactiva1ion of llced hcpalo1oxicity in 1•i1•0 by ils nn11ox1uartt ac 1 

o�idni·ive s•-ss h This proteciion of nc\ iropine-induced"" signoling pat ,vu) 

1,..,._ • • • • • •d \Vith 115 obilit) 10 lo\�cr thi: levels of'"'p.ilo1ox1c11y by protoc:11echu1c. ,1c1d 1s os�oosatc 

.
• ., 05 sh0\\1l b} the rcsulLS of the slut.I),Pro-inOon1a1ory cytokint:s nnd proswglunt.lin E. 

. . 
. ainst ncv1n1p1nc-induccd opoptosisSurularty protocotcchuic acid onercd protccuon 118 

. of m1cronuclci.� lre.ilmcnt ,,ith PCA revcr.;cd the forrrtJIIOrt 

. d ho\,cd that nc,·in1pinc possess
Therefore from the ofort-discu.s.scd, rh,� SIU > � 

. 
' 

d p""h>e<.ilcchuic ocid can oner
· dose on •-101o . thcro=ullc . ' Jere propertie� even al ,·-

Protct1ion by nmcliornuns its cnccts.
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CONTRIBUTION TO Kl\O\VLEDGE 

In lhis stud), efTons \Vere made to elucidate the possible molecular 

m(Chanisms that arc involved in ncviropinc- induced hcpatotoxicily. The findings of 

the present study sho\vcd that prolonged oral treatment ,vitJ1 therapeutic dose of 

nc,irapine damaged the liver Results sho,,cd that this nevirnpinc-mediated toxicity

occurs via gcneralion of free radicals. stimulation of inflommotol') responses and

initiation of apoptosis. The hcpatoprotecuve rolc of protocatcchuic aoid ,vos also

c,plorcd; and results demonstrated that it can offer protection ,1a its antioxidant

propcny \..,hen co-administered ,,·11h ncvuupine 
· h 1 " modultll<>I')' cOcct of PC1\ on

There has been no  study from literature, s O\\ n.,

IIC\iropin1:-induccd tnflamrnauon. Onto from this stud) ind1cati;; that PCA hos 

mod I d d inllammotion b> aucnuating the
u ntol')· capabilittcs on ncv1rnp1nt:-1n uce 

nevj · . 
-

1 ·  COX-., and 1NOS
rapme-1nduccd increased cxprc,s1on o -

. 1 t that hns sho,,n the involvement
Funhcrmore, there is no stud) troni 111:ro un: 

r . . D IO from thi� study suggc:st the
' apoptosis in nev1r.ipinc-induced toxrcrt} 11 

d hcp;llOIOXICI)' and �ondly that PC,\
lll\·oh cment of opoptosis i n  nevirupinc-ioclucc _ .. 

• TI � obscn c:J rrotccu, c cllcet
has . d cd oportos1s. II 

ll1oduln.tory effect on nc\'irup1ne-1n uc 
I f o""ptotic protein., - CdSJl.lSC 9 and

or PCA • . scrum 1c,·c s o  r 

IR via significn.nt n:ducuon tn ..... ·r 1 . th 
. pCA treatment groups .. -.1n11 ur ) • c

3, C)loch ressor pS3 ,n the
romc c. und tumor sup 1 1-PC \ nmcliomted

J lnistmt on o ' 
l U ·d that co-n n1 

N!:L O.\say result of this study �110''" 
. . b'ochcmicol 1ndica1or of

. (all 1n1portaflt I 
�, • j .. n1cnt.aUCIII rapine-induced nuclear DNA r:lcr· 

'Popto�is in fllllJl) cell t)'f>C�). 1 uc tlutl nc, in1pinc could
, , 10 Jcn1ons n 

· cronuclct 11...s#. 

Also, 1h1, study used 1111 
• ·nJuccd i;cnnu1x1,II),

"" ainst nc,·1mp111c·• 
&t:notox,c und that re,\ can protect .ii; 

• 

C 
• 
c. 
C, 
-
-

.:.. 
,_ 
-

er. 

!J
c§ f 
� 

�, 
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APPENDIX 

FJGURES 
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