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ABSTRACT

Nevirapine is & Non-Nuclcosidc Reverse Transcriptasc Inhibitor (NNRTI)
used in HIV-1 trcatment. Although efficacious, it produces toxic responses such as
hcpatotoxicity which is characterised by generation of free radicals. Protocatechuic acid
(3.4-dihydroxybenzoic acid, PCA). a phenolic antioxidant compound from edible plants
15 known to be hepatoprotective by mechanisms of action associated with 1nhibition of
free 12dical generation, regulation of inflammation, and apoptosis. This study was
desipned 1o delermine the protective role of I’CA apoinst nevirapineinduced
hepatotoxicity.

Seventy-two male Wistar 1ats (i50-170 g) werc randomly assigned inlo stx
groups of tweive animals each. The animals were treated orally with distilled watcr
alone (control), PCA (50.0 mg/kg), PCA (100.0 mg/:p), nevirapine alone (5.7 mg/kg).
nevirapine (5.7 mgfkg) with PCA (50.0 mg/kg) and nevirapine (5.7 mg/kp) with PCA
(100.0 mg/kg) daily for three weeks, respectively. Enzyme activiies of scrum alanine
amninotansfcrase (ALT). aspanatc aminotransferase (AST), and hepatic levels of
reduced glutathione (GSH) and malondinldehyde {(MDA) were deteimined
spectrophotometrically. The scrum concentrations oftumor necrosis factor alpha (TNF-
a), tnterlcukin-1 beta (JL-f}), piostaglandin E; (PGE;), caspase 3, caspasc 9 and
cytochrome C were assessed using EL[SA. The cxpressions of cyclooxygcnase-2
(COX-2) and inducibie nitnc oxide synthase (iNOS) were mcasured by
immunohistochcmistry. Ilistology of liver was dctermined by microscopy and

apoplosis by TUNEL asssy. Dals were anslysed using Student | test and ANOVA al
r=0.05.

Treatment with ncvirspine alone caused signilicant clcvations of sepum
activities of ALT (8.120.5 UA) and AST (10.3302 UA.) compared with conipal

(3.220.7 and 8.120.8 U/L: respoctinedypoldumen enmaecasmentewith PCA (50 8 muka and



100.0 mg/kp respectively) significantly lowered scrum activities of ALT (7.5+0.7 and
6.4%£1.3 U/L) and AST (9.0+£2.9 and 9.541.7 U/L). Nevirapine lowered GSH level
(0.4+0.1 mpg/mL) compared with control (1.620.4 mg/mL) and significanily increased
MDA level (366.0439.0 nmol/g) compared with control (188.0£8.7 nmol/g). Treatment
with PCA (50.0 mg/kg and 100.0 mg/kg respectively) however, causcd significant
increase in GSH (1.4£0.7 and 0.740.12 mg/mL) and decrease in MDA (245.0+20.2 and
262.919.0 nmol/g). Nevirapinc clevated scrum PGE, (56.045.2 ng/mL), TNF-g
(20.321.4 ng/mL) and 1L-1 (68.2+!.2 ng/mL) compared to control (37.914.6. 15.92£0.7
and 53.8+1.4 ng/mL respectively). Protocatechuic acid (50.0 mg/kg and 100.0 mg/kg
respectively) significantly reduced serum PGE; (54.4:2.4 and 42.84<.1 ng/mL), TNF~
u (156204 and 16.040.3 ng/mL) and 1L.1§ (59.5¢2.0 and 55.341.0 ng/mL).
Nevirapineinduced COX-2 and iNOS cxpressions, inceeased serum caspase 3 (2.0+0.8
ng/mi.) relative to control (1.5+0.3 ng/mL), ond significantly clevated scrum caspase 9
(159.0:3.0 ng/ml.) and cytochiome C (215.0s251.2 ng/ml.) compared o control
(127.3219.8 and 116.6427.8 ng/l. respectively). Protocatechuic acid (50.0 mg/kg and
100.0 mg/kg respectively) reversed the increased COX-2 and iNOS cxpressions,
significanily lowered scrum caspase 9 (108.0¢37.0 and 112.3%18.5 ng/ml),
cytochrome C (107.426.9 and 106.0£7.2 ng/mL) and caspasc 3 (1.3£0.]1 ond 1.420.6
ng/mL), Nevirapine also induced hepatic apoptosis while protocatcchuic acid at both

concentrations feduced the apoprosis. Hislology shnwed severe hepatic necrosis in
nevicapine-treated group which was reduced with PCA treaiment.
Protocalechuic acid amcliorsted nevirapine-induced hcpototoxtcity by s
untioxidant, ami-in{lammuloty aid snli-ipoplotic propertics.
Keywords: Nevirapise, Serum, Hepatotoxicity, I"rotocatechuic acid, Apoptosis
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CHAPTER ONE

INTRODUCTION
1.0 INTRODUCTION

Dsug-induced fiver toxicity is onc of the most frequent reasons cited for the
withdrawal of a previousiy approved drug from thc market (European Medicines
Agency. 2006). DPrug toxicity has been a major limitation to diug development and
therapy making it important to consider not only the therapeutic valuc of drugs but also
their adverse effects or reactions.

A drug can cause liver toxicity vie several mechanisms. For instance, it can be
dircctly or indirectly acting through reactive metabalites. The drug or its metabolites
may causc liver toxicity afier specific reccptor binding. or reacting with hepatic
macromolecules leading to direct cytotoxicity. On the other hand, liver toxicity can be
mediated via an immunological cascade (BlomhoiT, 2005).

Increases in the serum levels of ihe liver cnzymes alaninc aminotsansferase

(ALT) and aspaiatc aminouansferasc (AST). in combination with increased bilirubin
fevels are usually considered to be the most relevant sign of liver toxicity (Akande e
al., 2007). Macroscopic and in panticular histopathological obscrvations aliow
confiimation of the occurrence of liver toxicity and provide further evidence of the type
of liver damage. The absence of histological lindings hawever, does not exclude liver
toxieity (Akande ct ¢f.. 2007),

Antiretroviral therapy (ART) has proven (o be highly cilective in the treatment
of human immunodeticiency virus (11IV) infection in industrinlized countrics {Palella ¢
al., 1998; MocioR «¢f al.. 2003) as wcll as in countries with limited resources (Zhou ¢
al., 2005: Wester ¢/ ul-, 2005). While the benelits are well docuinented, AR'T afso has

significant toxicity that requires monitonng (French es af, 2002i Calenie ¢ al  2008)
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Hcpatic 1oxicity is a common complication of anti-rctroviral treaiment tn HIV paticnts,

usually indicated by thc elevation of liver transaminases measured in the serum

(Akandc er ai., 2007, Anthony. 2001).

The toxicity of AR treatment is now widely accepted (Mae-Wan Ho, 2007).
Many' authors with diffcrent conclusions have evaluated the risk factors for hepatic
toxicily associated with antirciroviral regimens and have demonsirated the toxicity of
ARTs exemplilied by elevated serum levels of liver enzymes (Carton ¢ al.. 1999;
Ching-L.ung et al., 1998 Akande et al., 2007) and elevated scrum levels of bilirubin,
which may either occur early orlater in the course of therapy (Bellini ¢t al.. 2003).

Nevirapine, one member of the class of drugs known as non-nuclcosidc
reverse transcriptasc inhibitors (NNRTIs), prevents the non-nucleoside reverse
anscriptase enzyme from functioning. This results in a reduced amount of the virus
in the body and an increase in the CD4 cell (T cell) count, improving the host’s immune
function thereby reducing the risk of new and opportunistic inlections. and death

{Haroon, 2002).

Nevirapine has been widely used in adults as one of a combination of drugs to
treal established HEV infection. It has a special role in the prevention ol mother 1o child
transmission of HIV, as it is efiective when given alone as a single dose o the mother
at the beginning of labour and one dos¢ administered to the baby within 72 hours of
birh_ Nevirapine given (o HIV-positive pregnant women rapidly crosses the placenta
into 1be fctus with its cifects lasting through the lirst week of lile (Haroon. 2002),

Nciirapine was the lirstof the NNRT'ls to be approved for clinlcal use. Early,
clinieal trinls found that its use as n monothcrapy resulted in the rapid onset of
resistance and hypersensitivity reactions (Carr and Cooper. 1996; | larnmer, 2005). The

usc of Nevirapine has also been observed as a nsk fuctur for wansaminase clevation
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under highly active antiretroviral therapy (Marina er a/.. 2003). Its use is associated
with a relatively high incidence of skin rash. as well as life-threatentng, liver toxicity,

and the incidence of drug induced hypersensitivity reactions is higher when the drug is

uscd for prophylaxis (Bersoff-Matcha et af., 2001).

Similar adverse cvenls have been reported in heaith care workers taking

Nevirapine in combination with other antirctroviral drugs for post-exposure

prophylaxis after occupational exposure to HIV (Faroon,2002). Umar et «l., in 2008

also reported adverse hepatic effects associated with adniinistration of Nevirapine, 0

albino rats.

Thus, Nevirapince is known to be associated yvith life-thicatening liver toxicity.
Although this hepatotoxic cffect has been estabiished, little or no information is

available conceming the mechanisms underlying its hepatotoxicity and its effect on

oxtdative stress.

Among the mechanisms invojved in hepatotoxicity induced by several
xenobiotics is the oxidstive damage due to free mdical generalion (Uma and Rao,
2005). Oxidative damage can accumulate in animal cells when the critical balance
between generation of reactive oxygen species (ROS) and reaclive nitrogen species
(RNS). and antioxidant defence is unfavouruble, It has been established that such
oxidative domage is invoived in the pathogenesis of discases and adverse reactions
associated with drug usage (BlomhofI, 2005). Fhis oxidative damnage can be kept at
mansgeablc levels with the aid of antioxidants.

The study of numcrous compounds that could be useful as antioxidants,

ranging from u-locopherol and fi-carotene 10 other plant antionidants such as flavoncs

and tannins, has goined increasing interest in the ficlds of (pod and medicinc,

h'i_‘_(pmlpcpuk acid (3. 4-dihydroxybenzoic acid, P'C A), a stiple phenolic antioxidant
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compound, have been isolated from thc dried flowers of Hibiscus sabdarifa L.
(Malvaceac), is an ingredient of a focal beverage and a Chinese herbal medicine used 10
ireal hypertension, pyrexia and liver damage (Chen-Lan ef al., 2002).

Protocatechuic acid is a nawral phenolic compound found in many edible and
medicinal plants (Justyna. 2005). PCA has also been shown 1o have in vivo protective
cflect against tcri-butyl hydroperoxide-induced 1at hepatotoxiciiy (Chen-Lan e dl.,
2002). In view of the hepatoprotective potential of PCA. its modulatory cflcet on the

Ncvirapine- induced liver toxicity was investigatcd in this study.
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CHAPTER TWO

LITERATURE REVIEW

2.1 Drug-induced Hepatotoxicity

Liver damage caused by drug administration is known as drug induced
I hepatotoxicity or liver injury. The liver. an organ located between the absorptive
surfaces of the pastrointestinal tract is central 10 the metabolism of virually every

foreign substance (Lee, 2003).

Most drugs are lipophlic in nature and this property cnablcs them o cross the

| 2
4

YAR |

membianes of intestinal cells. However for these drugs o be metabolised and excreted

ftom the system they must undergo hepatic bioiransformation which renders them

RSITYLIR

hydrophilic. This hepatic biotransformation involves oxidative pathways, primarily by i
way of the cytochrome P~450 enzyme system (Guengerich. 2001). After further ;‘:-“D:
-

metabolic steps, which usually include conjugation to a glucuronide or a sulphate or

J_]I'l'f‘
L |

gluwathione, the hydrophilic product is exported into the blood or bile by uansport
proteins located on the hepatocyte membrane, and it is subsequently excreted by the
kidney or the gastroinicstinal traci {Lee, 2003)

This process of dnig biotranslormaiion Icads to the generntion chenically
reactive mctabolities which, interact with cellular macromolecules such as protcins,
lipids, and nucleic acids. leading to protein dysfunction, lipid peroxidation, DNA
damage, and oxidativc stress, Additionally. these reactive metobolites may induce
disruption of ionic gradients and iniracellular ealciun stores. resulting in mitochondrial
dysfunction and loss of cnezgy production. This intpairment of celluler funclion can

.~ culminate 1n cell death and possihic liver fuilure (Holt and Ju, 20006).
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2.1.1 Forms of drug induced hepatotoxicity

The predominant forms of drug-induced liver injury include acute hepatitis.
cholcstasis. and a mixed pattern (Gunawan and Kaplowitz, 2004). Acute hepatilis is
dcfined as a marked increase in aminotransferases coinciding with hepatocellular
necrosis. Cholestasis is charactlerized by jaundice with a concerrent clevation in
alkaline phosphatase. conjugated bilirubin, and y-glutamyl trunsicrasc. Mixed-pattem
drug-induced liver injury includes clinical manifestations of both hepatoccllular and
cholestatic injury (Holt and Ju, 2006).

2.1.2 Key Biomarkers of drug induced hepatotoxicity

Aminotrunsferascs

Aminotransferascs are enzymes that cataiyse reaction between an amino acid
and a keto acid leading to the the production of aminocid. There arc (wo types of
aminolzansfcrases; aspartarte aminotransferasc (AST) and anlanine aminotrans(cease
(ALT). AST (EC 2.6.1.1) and ALT (EC 2.0.1.2) are widcly distributed throughout the
body. AST is found primasily in heart, liver, skelelal muscle, and Kidney, whercas ALT
1s found primarily in liver and Lidney. with lesser amounts in heart and skeletal muscle
{Adolpher al., 1982; Jung er ai . 1981; Wrobewska ¢1 al.. 1958),

The AST and ALT activities in liver anc 7000 - and 3000-fold higher than in
the scrumn respectively (Lot e2 al., 1986). ALT is exclusively cyloplasmic while both
mitochondrial and cytoplasmic forms of AS'T are found in all cells (Rej, 1984) Liver
disease is the most important cause of increased ALT and AST concentration in the

F serum. In most types of liver disease, ALL activity 1s higher thwn that of ANT.
Increased seruin levels of ALY and AST directly reflect 8 majot peripcability. problem

or cell ruptuse (I3enjamin. 1978; Uniar ct al ., 2008)-
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Camma-glutamyitransferase (GGT)

GGT (EC 2.3.2.2), a membrane-bound cnzyine, is present (in decreasing order

- of abundance) in proximal renal tubule, liver, pancreas (ductules and acinzr cells), and
intestine (Miura ¢f ¢l., 1981: Tate and Meiste..1981; fung and Wischke, 1 284) anchored
fo the cell surface through a small N-icrminal transmembtane domain. [t is one of the
mos! widely used clinical indicators of liver damage and GGT assays form part of the
routine screening pracedures on blood or plasma (Nora ef &l 2008). GGT is an
important enzyme in the metabolism of extracellular glutathione Itis able to cleave the
-glutathyl peptide bond in glutathione and other proteins and transfer the -gluiamyl
moiety to acceptors. GGT is also kcy to glutathione homeostasis because il provides the
substrates for glutathione synthesis. GGT and glutathione are important (o several
organ sysiems such as the fetal liver, the kidney and the inticstines (lkeda and
Taniguchi, 2005), GGT activily in serum comes primanly from liver and excessive

inccase of serum GGT concenuation, is associated with liver damage.
Alkaline phosphatasc

Alkaline phosphatase (ALP: EC 3.1.3.1) encompasses a group of
heterogeneous enzymes that calolyze the hydrolysis of monophosphate esters at
alkaline pH! (Syakalima er ol.. 1998). Sesum ALP activity is used primarily as an
indicator of hcpatic discase. |lowever, there ure numerous non hepatic factors that
result in an increase in scrum ALP activity, Bone discase, endocrine disease, neoplasia
and other disorders ean result in incressed alkaline phosphutase aclivity. In addition,
alkaline phesphotase activily may be increased due 1o induction hy certain drugs such

ss glucocorticaids and anticonvulsants (Nicole and Kidney, 2007).
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Nuclcar factor kappa-B (NF-kB)

The NF-kB family 1s one of the important dimeric transcription factor families
(Trautwein ct al., 1998). it consists ofNF-kBi (P50 and its precursor P105), NF-kB2

(P52 and its pre-cursor P100), RclA (P65), c-Rel (Rel) and RelB. RciA-NF-kB1 (P65-
P50) is the most common dimer formed (Bacucrle and Batlimore, 1996).

Nuclear factor kappa-B (NF-kB) is a transcription factor involved in immune
responses as well as inflammatory and cellular defence mechanisms (Siebenlist ¢f ..
1994). Downstrcam products of NF-kB activation include inllammatoty cytokines such
as tumor necrosis factor (TNF a), interleukin |- beta, inducible nittic oxide synthasc
(INOS). and cyclooxygcnase 2 (COX-2). Latest rescarch has demonstrated relationship
between reactive oxygen species (ROS) and NF-KB. /n vitro studies have also shown a
rapid activation of NF-kB after exposure of centain cell types to ROS (Cominacini ez
ai., 2004). Farombi ¢t al ., (2009) also reparted that the nuclcar factor kappa B (GNF-kB)
plays a major role in dimethyl- nirosamine induced liver injury.

Scveral lines of cvidence indicate that activation: translocation and binding of
NF-kB ate pivolal steps in the reguiation of immune and pro-inllammatory cytokine
genes (Bohter ¢1 a4l., 1997). Under cresting conditions, NF-kB is sequcstcred in the
cytoplasm through interacton with its inhibitor, [k[3. When the cell i8 nctivated, the 1kB
protcin is phosphotylatcd and degraded rapidly. NF-kB then undergoes rapid nuclear
translocation and patticipales in the inductivn of numcrous cellular genes (Haldwin,

1996).

NI-XB sctivation can be used as biomnarker for assessing liver toxicity. Nue-

Lisn Ma and co-workers measured octivation of NI-kB/degradation ol inhihitor of
koppa B alpha (1kBa), by westem hlot o demonstrate the role of (NF-kB) m

concanavalin A-induced hepanitis t Xue-Linn Ma ¢r a/., 2084},
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Tumor necrosis factor alpha (TNF-a)

Tumor necrosis factor alpha (TNF-) is a pleiotropic cytokine critically
involved in inflammation and immunity. TNF=«. in conjunction with interleukin (IL)-6,
regulates the acutc-phasc response, adhesion molecule activation, and antioxidant genc
expression. TNF-a is perhaps the most critical and powerful mediator of jotlammation,
cellular injury, cell death/apoptosis, and wound healing (Edwards ef af, {994),

There appears to be a critical role for TNF-a in various models of
hepatotoxicity. For instance. carbon tetrachloride (CCL)-induccd hcpaltotoxicity is
blocked by the administuation of soluble TNF-u receptors (TNFRs) (Czajn et of., 1995).
Liver repair following CCls is mediated by TNF-e (Bruccoleri er al.. 1997; Yamada and
Fausto, 1998). |n cadmium-induccd hcpatotoxicity, pretreatinent with anti-TNF-o
antibodies prevented focal inflammation as weil as secretion of the acute-phase

reactant, scrum amyloid A (Kayama e¢s ol , 1995). indicating that these ptocesses ase

cylokine-dependent.

Similarly, ncutralizing antibodies to TNF-u delayed increases in serum lcvels
of [L-la and liver enzymes as well as shortened the recovery tiine following
acctaminophen treatment (BBlazkn ¢r af. 1995). Acule inflammatory responses to 2, 3, 7,
8-tetrachlorodibenzo-p-dioxin were mimicked by the administration of exogcnous 1L.-
I8 and TNF-a (Moos ¢t «f, 1994), Taken together, these da sufgest that TNF-
contributes to pathological manifestations of chemical-induced liver damage.

Inducible nitric oxide synthase INGOS and nitlc oxslde (Nitric oxide)
Inducible nitsic oxide synthase is an induciblc inember of the theoe nrtnic oxide

synthase isoforns (cndothelial nitnc oxide symthase {eNOS). ncum! nitric oxide

syathase [ANOS} and iNOS). lhey catalyze the oxidation-reduction reaction ol |

arginine in the prescnce of oxygen to lonn nitac exide (NO) and [.-citrulline
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Nitric oxide is a highly reactive oxidant produced by parenchymal and non-
parenchymal liver cells (Geller ¢r af., V993; Laskin et al., 1994). Under normnal
conditions, only the constitutive eNOS is present in the Jiver. and low levels of NO
regulate hepatic perfusion (Li et al., 1999). Under pathological conditions. however,
INOS is strongty up regulated and large amounts of NO are genetated in the liver. 1t has
bcen demonstrated that both NFkB and inducible nitric oxide synthase (iNOS)
cxpression increase during liverinjury.

There are also NF-kB binding sites in the iNOS promoter (Ganster ¢/ dl..
200§). NF-kB is therefore imponant in the regulation of human-inducible nittic oxide
synthasc (iINOS) uanscription in A549 human lung epithelial cells (Chu es ol., 1998)

Cyclooxygcnase- 2 (CON-2)

Cyclooxygenase -2 is an enzyme invoived in inflammatory processes and the
rale limiting cnzyme in prosiaglandin biosynthesis from urachidonic acid. COX-2 has
becn implicated in liver inflammation and fiibrosis (Raquel ¢f af., 2008). Inappropriate
up regulation of COX-2 has been frequently observed in various premalignant and
malignant tissues {(Mohan and Epsicin, 2003). i.ike other early response gene products,
COX-2 can be induced rapidly and umnsicntly by pro-inflammatory mediators.
cndotoxins as well as carcinogens (Kim et ul.. 2005),

COX-2 inhihitors have been shown o possess hepatoprolective cffect. Farombi er gf,,
(2009) demonsirated that kolavifon inlubits dimethy] nitrosamine- induced liver injuty

by suppressing COX-2 expression
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2.1.3 Mechanisms of drug-induccd hepatotoxicity

A revicw afticie (Lee. 2003) has outlined 6 basic mechanisms of drug induced

liver injury. These include:

). Free radical induced oxidative siress and metabotic bio-activation of chemicals
2. Autoimmunity and infiammation
3. Apoplosis

4. Mitochondrial injury.

3. Disruption of caicium homcostasis lcading to cell surface bichbing and lysis

6. Canalicular injury.
2.1.3.1 Free radical and drug metabolite induced injury

The ¢ytochrome pd50 sysiem compnse of a fanmily of enzymes located in the
smooth endoplasmic reticulum (SER). Although they are also found in many othcr cells
of the body they arc majorly found in ihe liver cells. A major role of this enzyme
sysicm is to mctabolize lipid soluble chenticals (drugs and other xenobioltics) into more
witer soluble forms 1o cnbance their excretion from the body via bile or urine
( Weinshil boum. 2003).

This biotransformation process is typically in two steps: namely phnses 1 and
2. In the phase | reaction xcnobiotics are bioactivated to reuctive intermediates. in
preparation for the phase 2 reaction (Guengerich, 2001). The phasc 2 involves majorly
conjugation of phascl products to polar molecules (such as glucuronic acid) via
covalent bond formation forming a more soluble tnewnbolite which is casily excreted

The production of injurious mctaboliics by tytochromc M50 s5ysicm s
perhaps the most frequent mechanisin of hehawocellular injuty duc to the generation of
reaclive metabolite and free radicals. For instance, carbon tctrachloride is metgbolized

by the cytochrome P450 systen o trnichlommethy) rudical (‘{CCly;, a free rudical 1hat
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induces cell membrane injury, Lesions induced by carbon telachloride are most severe
in the periaeinar (centrilobular) areas. because this is the area where the smooth
endoplasmic reticulum is most abundant, and, therefore, where the active form of the

chemical is present in greatest concentration. Consequently. the centrilebular region of

the hepatic lobule is by far the most common site of acute toxic injuiy.

Acetaminophen toxicity is another and more commonly encountered example
of this inechanism of liver injury (Zhang er al., 2002). Adducts can also form between
bioactivated compounds and nucleic acids. Adducts formed witii DNA are more likcly
o lead to fong-term consequences such as ncoplasia, but adducts fonned it RNA can
interfcre with protein synthesis and lead to acute hepatie toxicity (John, 2005).

Cytochrome P450 2EI (CYP 2L1)). the cthanol-inducible form, metabolizes
and activates many toxicologically important substrates, including ethano!, carbon
tetrachloride, acetaminophen. and N-nitrosodimcthylaminc. to more toxic products
(Guengetich ¢ al., 1990; Koop, 1992). CYP 2E}-dependent ethunol metabolism
produces oxidative stress through pencration of reactive oxygen species (ROS), a
possible mechanism by which ethanol is hepatotoxic (Bondy, 1992; Dianzani, 1985).
2.1..2. Autoimmunily and inflammatlon

[n addition to dircct damage of cellular protein and nucleic acid, adduct

formation i.c. formation of drugs covalently linkcd to cnzytnes cin lead 1o imniune-

medioted liver injury. Adducts that are large cnough to senve as nnmunc target niay.
migratc to the surface of the hepatocyie, where ihey can induce the formotion of

antibodies (antibody-mediated cytotoxicity) or induce direct cytalyitc T-cell responscs

{Robin ¢r «i.. 1997).

The ¢ylokine response is also evoked and this may cause influnmation and

- fidjtl'onal ncutrophil-mediated heptotoxicity (Jaeschbe ¢t al, 2002). This process has
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been demonstrated with several drugs that form adducts witit the cytochrome P450
isoforms that arc tnvolved 1n their metabolism, including tienilie acid and dihydralazine
(Lewis, 2000). There is growing cvidence that the initial NAPQI (N -acetyl-
parabenzoquinonc imine)-induccd iicpatocytc damage may lead 1o activation of innate

immune cells within the liver, thereby stimulating hepatic infiltzation of inflarmmatory

cells (Ishida ¢r of..2002).

It has been demonstraied that vanious inflammatory cylokines, such as tumor
necrosis factor (TNF)-a, interferon (IFN)-y, and interleukin (iL)-1f, (Blazka er o/,
1995; Bla2ka er ai., 1996 Ishidaer al, 2002) and proinflommatory enzymes like
cyclooxygenase -2 and inducible nitiic oxide synthase produced during drug-induced

liver damagc arc involved in promoting lissuc damage.

2.1.3.3 Apoplasis

Apoplosis. a form of organized cell dcath (Rust and Gores, 2000). is
charactcrized by cell organelles and celt membiane {ragmentation into small membrane
bound bedies resulting in ccll death. Classically apoptosis can be tnitiated through two
basic mcchanisms in the hepartocyic interactions between death ligands (Fas-ligand,
Tumor Necrosis Factor {TN¥)) and death receptors (Fas and Tumor Necrosis Factor
Receptor (TINFR-1)) that rigger caspase 8 activation or damage to mitochondrial inner
mcmbranes releasing cytochrome ¢ that binds lo Apaf-1 oclivating il. leading ta
downstrcam activation of caspase 9. These pathways arc nol completely separnte as a
protein named Bid thal is aclivaled by caspase 8 can causc mitochondria to releasc
cytochrome ¢ ($ohn. 2005).

Fiowmmmmed ccll death (apoplosis) can occur in concert with immune-
medloted injuty, desiroying hepsiocyies vis the TNI* and the Fas patimays. with cell

h shrinknge and fragmentation of nucleas chromatin (Reed, 2001). Certain chemicals
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ma) be able to tripger apoplosis by direct stimulation of the pro-apoptotic pathways in
hepatocyles. On thie other hand. other pathways including immunc-mediated cvents can
{cad 10 rclcase of TNF or activate the Fas pathways, and cholestasis is also known 1o
stimulate apoptosis through action of pro-apoptotic bile acids such as giycodcoxcholic
acid (GCDC). Similarly. chemicals that damape mitochondria car also initiate
apoptosis via relcasc of cytochrome ¢ (Bisscl ef al.. 2001; Jaeschke ef al., 2002).

In addition. biocactivation by the cytochrome P450 systeni can produce reactive
molecules that engender oxidative stress which can then be a stimulus 1o induce

synthesis of Fas jigand and increase the susceptibility of hepatocytes to apoptosis (Lee.

2003).
2.1.3.4 Mitochondrial injury

Damage 10 the mitochondtia can be very inimical to the hecalth of any cell
because the mitochondtion is the cnergy or power housc of the cell. Chemicals that

damage mitochondsial structure, cnzymes or DNA synthesis can disrupt f-oxidation of

lipids and oxidative energy production within the hepatocytes (Fromenty and Pessayre,

1995; Pessayre ¢ al., 1999; Bissel et al., 2001).
Some drugs may inhibit B-oxidation (asprin, valproic acid. tetracyclines) and
others may disrupt oxidalive phosphorylation alonc or in addition (bile acids,

amiodarone) depleting the hepatocytes of energy. Certain antivital dideoxynucleoside

anslogucs can disrupt mitochondiial DNA synthesis through inhibition of DNA

polymerase gamma. leading to depletion of mitochondnal DNA and mitochondna

leading to hepotoeyte death (John, 2005). Some other drugs induce liver injury by,

causing the ojcning of the penncability pore (PT)
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2.1.3.5 Disruption of calcium homcostasts.

[n healthy cclls the intracellular free calcium in maintaincd at lower

concentration than the extracellular concentration and most of the intracellular calciun
is sequestered within the cndoplasmic rcticulum or mitochondria. The integnty of
mcmbrancs within and surrounding the cell as well as the balance of intracellular ions

arc maintained by a varicty of cnergy consuming processes involving the Ca™" and

Mg"- ATPases.

Drug-induced damage o these cellular proteins that are involved in ion
balance can lead to an influx of calcium that disrupts, among other processes, normal
actin filament assembly and disturbs ATP production. The resulting dispersal of the
cytoskelctoo lcads to blebbing of the cell membranes. Also. trreversible cell injury and
cell lysis can occur if cell the membranc disruption is of suflicient magnitude (John,
2005).

It has been demonsiruied that biocactivation of cenain drugs {(or chemical
compounds) by the cytochrome p450 sysicm produce reactive intcrmediotes that can

bind to various cellular proteins {including those involved in ion balance) leading to

ccllular dysfunction. (Walanabe and Phillips. 1986)

2,1.3.6. Canalicular and chiolestatic injusy

Any chemical that can damage the siructure and function ef the bile canaliculi
will produce cholestasis (i.c. amest of bile fonnation), Scveral drugs have been

identified that can lead to cholestasis ( [.cwis, 2000),

Bile secretion depend majorly on the function of a series of A'l1*-dependent
export pumps that moves bile salis: and othcr transporiers that export other bile
constitucnts from the hcpatocyte cytoplasm to the fumen of the canaliculus. 1y i known

that sonie drugs (or there bioactivalion prodicts) bind these trmnsporicrs and thus
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impede or arrest bile formation or movement within the canaiicular system {Trauner e/
al-, 1998) resulting in cholestasis. tis worthy of mention that secondary injuty can also

result from the detergent action of bile salts on cell membranes and biliary epithelivm
or hepatocytes during cholcstasis.

2.2 Antioxitdants

According 1o Halliwell and Gutteridge (1989), an antioxidant ;s any substance
that when present at low concentrations compared to those of an oxidizable substrate

significantly delays or inhibits oxidation of that substrate. When there is an imbalance

between the antioxidant system and reactive oxygen species generation, and this

ARY

=]
in

imbalance does not favour the antioxidant defense sysicm. a condition known as

oxidative stress sets in.
2.2.1 Classification of antioxidants

Synthetic and/or nztural compounds with antioxidant functions have been used

AN UNIVERSITY LIB

commcrcially. to minimize the ncgative cticcts of oxidative damage. Two broad groups

byl

t

of antioxidants exist:

(a) Symhctic Antioxidants

(b) Biological Antioxidants

(a) Synthcuc Antioxidants

These are ortificial or synthetic, nonnotuml antioxidunts. Examples of these
synhetic antioxidants include propyl gollate, butylmed hydioxytoluene (BIlI'I), and
butylated hydroxy! snisole (BlHA), Often times these compounds are used as food
additives, Howcver. a fot of these compounds were lound to be carcinogenic or 1oxic,
which excluded them from use in the food industry (Kresowka es oi., 2001),

Ihe formerly used phenolic ontioxidant 31T has been withdrown (romn use

because (n cells it s modified W carcinogenic chinone derivatives, New, nan-toxic
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anlioxidants are very exlenstvcly sought after, on account of their polential application
in the food indusiry or human health management. For example two antioxidants which
arc qualermary ammonium sajts have been synthesized and studied {Krasowka ¢r ai,
2001) -quatcrmary ammonium salt pyrrolidincthyl esters of 3,5-di-1-butyl-4hyvdroxy-
dihydrocinnamic acid (PY A-n) and quaternary ammonium salt of dimethyl aminoethyl
esters of 3,5-di-1-butyl-4-hydroxy-dihydracinnamic acid {PPA-a), with varying number
of carbons (n) in the alkyl chain.

{(b) Biological Antioxidants

Antioxidants that fall in this group could either be enzymic or naturally
accwing. In healthy individuals, the antioxidant syslem defends lissues againsl free
radical attack, Three classcs of biological antioxidants have been identificd:

(i) Pimary Antioxidantsinclude: Catalase. Superoxide dismutase (SOD). Glutathionc
peroxidase, Ceruloplasmin, Transfemin, Ferritin. These prevent the formation of new
{rce radical specics.

(ii) Secondary Antioxidants include: Vitamin E, P-carotene. Uric dcid. Bilirubin,
Albumin. These remove newly formed 1adicals before they can initiatc chain reactions
that can lead to cell damage and furthier Iree radical formation.

(n) Tertiary Antioxidants include. DNA repair enzymes, Methionine, Sulphoxide
teductasc. These ropair cell structures damaged by free radical stiack

Plant mutcriais have been cxplored severally as source ol antioxidants
Fxtracts from difierent types of teas cspecully those obtained from nutursl sources:
planis 10 be specific have been subjected 1o a number of anioxidamt studics (Yen ef .
1995; Von Gadow etul.. 1997 Janping ¢ al. 2000). Polyphenols [rom dilferent nlan

sources have been charucieried and quaniified in antioxsdant studscs.
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2.2.2 Mode of Action of antioxidants

Mode of action of antioxidants can be via any of these four routes:

(i) Chain-breaking reactions e.g. a-locophcrol which acts in lipid phase to trop free

radicals.

(i) Reducing the concentration of 1eactive oxygen species (ROS) ¢.g. glutathione.
(1)) Scavenping initiating free radicals e.g. superoxide dismulase wiich acts in the
aqueous phase lo trap supcroxidc free mdicals.
(iit) Chelation of transition metal catalysts. A group of compounds elicits antioxidant
fitnclion by sequesteration of transition metals that are sveli-established pro-oxidants.
In this way, uanfertin, lactoferrin, and ferritin function 1o keep iron-induced oxidant
stress in check and ceruloplasmin and ulbumsn act as copper scqucstiants.
1.3 Prolocatechuic acid
The study of numerous compounds that could be useful as anlioxidants,
1anging from a-tocophcrol and P-carotenc to plant antioxidants such os tlavones and
tannins. has gained increasing inicrest in the fields of food and medicine.
Prolecatechuic acid (3. 4-dihydroxybeazaic acids PCA) is a natural phenolic compound
found in many edible and medicinal plants (Jusiyna, 2005). PCA, a simple phenolic
antioxidant compound, has been isolaicd ffont the dried Nowers of 1libiscus sabdgyifa
L. (Mnlvaceae), an ingredicnt of a local bevernge and a Chinese herbal medicine ysed

totreal hyperiension, pycexia and liver damage (Chuen-Lan ¢t af., 2002),
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Protocatechuic Acid (PCA)

Figure 1 A

Studies indicate that it could be used as a protective agent agains
cardiovascular discascs and ncoplasms, PCA has been shown Lo have strong antioxidant
and antitumor promoting ¢ffects (Tseng ef of.. 1996. 199¢) and induces apoplosis in
HL-60 human leukemia. Besides thai, PCA has been shown (o possess
chemoprcventive activity by inhibiting the carcinogenie action ol various chemicals in
different tissucs. such as dicthylnitrosamine in liver (Tanaka ¢t af, 1993). 4-
nitroquinoline-1-oxide in the oral cavity (Tanaks er af., 1994), azoxymcthanc in the
colon., N-mcthyl-N-nitrosourca in the glandular stomach tissue (Tanaka e af., 1995)
and N-butyl-N- (4-hvdroxybulyl) nitrosamine in the bladder. PCA has also been shown
lo have in vivo prolective cffect on tert-buty | hydroperoxide-induced rat hepatstoxicity
(Chuen-Lan., er al, 2002)
2.3.1 Mcchanisms of chemeprevention of PCA

Chemoprcventive aclion of protocatechuic acid is pnmanly due 10 of jis
antioxidant propertics. Reactive oxygen species (R@S) and reaclive nirogen specics
(RNS) may damage or modify macrornolecule which may lead 10 muiation gny
dispupuion in the signaling pathw3ays in the cell with consequently the devclopment of

cancer (Klaunig and Kamendulis, 2004).
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Scveral studies using in vitro cellular systein and ROS generation have shown
that protocatechuic acid inhibits both the fonnation (including the highly reactive
hydroxylradical), and the scavenging of f{ree radicals (Yen er af., 2000; Yan e/ ai.,
2004). tnhibition of the formation of free radicals is associated with the abiiity of
protocatechuic acid to form complexes with transition mctal ions; Cu (11)and Fe (I1), or
lowering the activity of enzynics, such as xanthine oxidase catalyzing rcactions in the
coursc of which these radicals are fonncd (Panoutsopoulos ¢r !, 2005: Schmeda-
Hitschmann e/ o!., 2004),

The ncutralization of free radicals is the result of their reaction with hydroxyl
groups of protocatechuic acid. In vitro models showed that protocatechuic acid pnevents
oxidative DNA dainage and lipid peroxidation (Yoshino and Murakami, 1998;
Valentova er af,, 2003). I has also been shown to affect different oxidative stress
biomarkers like glutathione, glutathione peroxidase and glutathionc reductasc by
restoring their levels near to control levels in several in vitro models (Masella er al.,
2004).

Protocatechuic acid at concentrations 0.02-0,1 ing/ml, and 50 andl00 mg/kg
prevented the undesitable consequences of oxidative stress in the primasy culture of rag
hepotacytes and in liver of rats cxposed (o tert-butyl hydroperoxide (1BHIP) (Chen-lan
ef ol , 2002; Tsuda et al., 1999). These findings demonsiraled that protocatechuic acjd
reduced the cytoroxicity of -BIIP. Pyotocaicchuic acld has been shown to reduced (he
inflammation causcd by the administration of 12-O- tciradccatioylpherbal-13- accinte
(1PA). inhibiteq the production of hydrogen peroxide (11:(03), and decreased (he
activily of mycloperoxidase in the skin (Tseng er of. 1998). llowever, protocatechc
acid, like many: other well-known onlioXldamis. 8y cxhibit pro-oxidant acijon under

ceriain conditions (Sroka <t ol,, 2003), Prolocatechuic iseid wurks &3 an antioxidant a1
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low concentrations. whereas at high concentrations. it exhibils pro-oxidant propenics

(Nakamaraet af.. 2000).

The chemopreventive action of protocalcchuic acid is also linked to its eflects
on the metabolism of carcinogens, The process involves two groups of enzymes. Phase
| and Phase |1 of drugz metabolism enzymes (Baer-Bubowska er al., 1998; Ignatowicz ¢f
ai*, 2003; Szacfer et af., 2003). Protocatcchuic acid not only aflfects thic activitics of
enzymes involved in the metabolism of carcinogens, but also ncuiralizes reactive
inictmediate metabolitcs. thereby preventing their binding to DNA. Blocking the DNA
binding silc of carcinogens by protocatcchuic acid is likcly 1o prevent DNA mutations
and 1umor initation (lgnatowicz er ai., 2003).

Rescarch have shown that protocatechuic acid possesses antiproliferutive
action on several human cell lines. including immortatized breast cclls [IBE. 100, breast
coacer cells T47D. gastric adenocarcinoma cells MKN43, lung cancer cells PC 14, and
promyelocytic leukemia cells HL-60 (Kampa ¢ o/ 2004; Tseng ¢ o . 2000),

Intcrestingly, protocatechuic acid suppresses the expression of inducible nitric
oxide synthase (iNOS). cyclooxygenase-2 (COX-2) (Cichocki ¢/ «/, 2010) and wmgr
necrosis factor ( TNF) (Zhou-Suche ¢/ of. 2002) which ore involved in carcinogenesss
andlor inflammation.

Protocatechuic acid also afTects apoptos;s 10 eliminate damaged and ncaplastic
cells {(Lin ¢f af , 2007; Yia 1 al., 2009). Piotocarechuic acrd also inhibited hepilocyte
apoplosis induced by TNF- « In rodent in vive study (Yen and Hsich, 2000; 1in al',
2007, Morikaw ¢/ al, 1999).

Therefoic, the mechanisms of cheinoprevention of PCA 1% associtted with us
oxtdam activity which includes: inhibifivn ol free radicols scucmﬁnn'.-wufng;;,'

!}4 unrcgnfimn of antioxidant cnzynies, ntlucnce
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xenobiotic  mctabolising cnzymes and suppression of the cxpression  of

proinilammatory mediators like cyclooxygenase- 2 inducible nitric oxide synthase,
tumor nccrosis factor, and interlcukin 1- beta (Tanaka er af.. 201 1).
2.4 Nevirapine

Nevirapinc (NVP) belongs 10 a class of diugs known as non-nuclcoside
rev'erse transcriptasc inhibitors (NNRTIs). These drugs prevent the enzyme reverse
transcriptase (RT) from fiinclioning by binding dirccily to it and blocking its RNA- and
DNA-dcpendent DNA  polymcrasc activitics thereby causing a disruption of the
cotalytic site of the enzyme (Mcrluzzi et al.. 1990. Richmon ei al., 1991).

Nevirapinc docs not compete with template or nucicoside triphosphaies. HIV-
2 RT and cukaryotic DNA polymecrases (such as human DNA polymerases «, B, ¥, or §)
butit is specific for HIV -1.

Nevirapinc is structurally a member of the dipyridodiazepinonc chemical class

of compounds. It is a white to ofi-white crystallinc powder with the molecular weight

0f 266.30 and molecular formula CysHidN4O.

S‘tructurll Formuls of Nevirapine
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NVP was the first NNRTI widely introduced in clinical practice and is

regarded to be a potent (Musphy et al., 1999) and an cffective component of highly
|

~ active antiretroviral therapy (HAART) used in the trcatment of HIV - 1 (Carr e/ al.,
1996: D'Aquila er al.,1996: Harris ef al., 1998; Montancr ¢f al., 1998). Animal studies
have shown that nevirapine is widely distributed to nearly all tissues, and readily

crosses the blood-brain barrier. Its good penetrating ability into the central nervous
system (CNS) makes it an attractive option for patients with [{!V-associated CNS
disease (Y azdanian ef gi., 1999).
2.4.1 Pharmacolopy
2.1.1.1 Dosing

Due 1o its long half-life, NVP can be given as pant of a twice-daily dosing
regimen making a total of 400mg/day (Cheeseman ¢z al, 1995: Miller ¢f al., 1997). The
drug is available as tablets and oral suspension.
2.4.1.2 Adverse effects

The most common advesse cffect of NVP is the development of mild or

or life-threatening skin reactions have been observed in patients, including Stevens-
Johnson syndrome, which is 2 toxic epidermal necrolysis and by persensitivily reaction

(Murphy and Montauer, 1996). NVP has been shuwn (o cause severe or |ife-threaicning

liver toxicity (Gonzélc». de fkequena ¢/ al.. 2002).

2403 Drug inleructions

In vivo. studies in humans and in vitro sludies with hwman liver icrosomes
have shiown 12! Wevirapine induces the cytochrome P450 enzyniavic sysiem (Saby ef
! 1997, Murphy ¢f of, 1999), [ividence 11as shown thal nlampicin decregses senm

ncenirayons (3urman ef al. 1994: Pouniak ¢t ul, F9)-
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.4.1.1 Pharmacokinctics

Absorption and distribution

Nevirapine is well absorbed orally with > 90 % bioavailability, distributes well

to all ussues, and is approximately 60 % bound to plasma proteins (Murphy and
Montaner. 1996).

Mectabolism

NVP is extensively biotransfonmed via cytochrome P450 ihrough oxidative
metabalism (o several hydroxylated metabolites namely 2- and 3-hydroxyNvp
glucuronide (Riska ef al., 1996; Riska et af., 1999). In vitro studies with human liver
microsomes suggest that oxidative metabolism of Nevirepine is mediated primarily by
cytochrome P450 (CYP) isozymes from the CYP3Ad and CYP2B6 families. although
other ispzymcs may have a secondary role.

Excretion

Renal excretion is the prunary mode of elimination, accountiog for 81,3 + | 1.1

% of the radio-labeled dose compared with {acces (10.] % 1.5 %). Excretionof the NVP

parent compound in urine representcd approximately 2.7 % of the dose (Riska ot al.,

1999).

2.4.2 Nevirapine and genotoxleity

1

Nevirapine (NV{’) has been shown to cause hepatoccllular adenomas and

4

cucinomas (Physicians’ Desk Reference USA, 2009). While the reasons for ihe
adverse effecls of NVP are sull uncleur, several in viwo and in vive data are consssient
with the involveient of NV bicactivadion. vis I'hase | oxidation to 12-hydroxy.Ny)»
and subscquent Vhuse (I sulfonation te [2-sulfoxy-NV'P in the onsel of oxic events
°l§9i“n°i by. the parent drug (Papavic ¢/ al. 2006; Wen ef al-, 2009, Chen ¢ at+ 2008:

va ¢ of, 2010), This Phase Il mewboliie is o meactive clectrophile, apg
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erefore expected to react directly with bionucleophiles {(c.g.. DNA) yielding covalent

dducts. Antunes and co- workers (203) showed that nevirapine metabolite has a
potential of fonming DNA adduct and could be genotoxic. There is a dearth of peer

review article concerning the genotoxic potential of nevirapinc,

2.5 Rationalc, Aims and Objectives

Ncvirapine is an important antiretroviral drug and vital in thc managecment of

EHV patients especially in the developing world owing to the fact that it is mostly

prescribed. The high efficacy of the drug, favourable lipid profile (Ruiz er a/ ., 2001)
and suitability for use during pregnancy (Ilaroon., 2002) together with low cost
(Matscille e¢r a/.. 1999) have granted NVP-based regimens 3 significant role in HIV-1
tre2aiment stratcgics.

In spite of the obvious clinical benefits of this drug, induction of lifc-
threatcning liver toxicity, drug induced hypersensitivity, (Manna, 2003; BetsoiY-
Matcha e af, 2001) and increased incidences of hepatoneoplasias in rodents
(Physicians’ Desk Refcrence USA. 2009) are major factors that put pattcnts receiving
Nevirapinc therapy a risk.

Despite substantial cvidence that the use of the drug is associated with ndverse
reactions, very litlle inlormiation is availnble conceming the mechanisms underlying

these reactions. Among the little infonnotion available, is the current evidence that

shows the involvemens of melabolic activation (o reactive electrophiles sn NV toxicity
(Antuncs ¢f of , 2013). 1he gencration of reactive metbalile could lewd to oxidative
damage ond 1t has been cstablished that such exidalive datnsge is involved 1n the
pathogenesiy o’ diseases ond adverse redctions associatesl with drmig usage (Mgmhonr,

2005) This oxfdative daniage can be kepl ot manageahle levels with the mid of

-
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Studics indicate that a natural phenolic compound. protocatechuic acid (PCA -
3, 4 -dihydroxybenzoic acid), present in many cdible and medicinal plants could be

protective against the development of cpithelial malignancy in dilTcrent tissucs as well
cardiovascular discasces (Tanaka ef af.. 2011). PCA has also been shown io have in
vivo prolcctive cffect against tertbutyl hydroperoxide-induced rat hepniotoxtcity
(Chen-Lan et of.. 2002).The mechanism of its action is mostly associatcd with
antioxidant activity, including inhibition of generation as well as scavenging of free
radicals, uprcgulation of antioxidant cnzymes, influence on Phascs I and il xcnobiolic
mctabolising enzymes and suppression of the expression of proinilammatoty mediators
like cyclooxygenase- 2, inducible nitric oxide synthase, tumor necrosis factor, and
interleukin 1- beta {(Tanaka ef of., 2011).
In view of the aforementioncd, this study seeks to:
e Study the relationship between nevirapine -induced liver damage and

dusation of exposure to the drug.

« Investigate the relationship between nevirapine-induced liver toxicity

and oxidalive stress

Investigate whether the stimulation of injlammatosy response s
involved in the mechanism of nevirapine- induced hepatoloxicity,
Investigaie whether the stimulation of apopintic response is Involved in
the meelianism of neviragine- induced hepatotoxicity,

* Investigate the modulatory ellect of protocatechule acid (I'CA) on
nevirapine -tnduced hepatotoxicity and exidative stress.

Investigate the genotoxicity of neviraptne using micronucici assay.

Investigate the modulatory: effcer of protacatechine wid (PCA) op

nevanioe Ipduped ugpojastiity.
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CHAPTER THREE

MATERIALS AND METHODS
3.1 Chemicals

chirapine"“ manufactured by Aurobindo Pharna Limited India.

protocatechuic  acid, 1-chloro-2 4-dinitrobenzene (CDNB). 5°,5'-dithiobis-2-
nitrobenzoic (DTNDB), reduced glutathione {GSH), adrenaline, hyd:ogen peroxide.
sodium acclate, trichloroacetic (TCA), ferrous sulphate, potassium dichromate, glacial
acetic acid, folin- Ciocaltcau reagent were all obtained from Sigina Aldrich
incotporated, USA.

Tumor Nccrosis Factor Alpha (TNFa). interleukin | P, prostaglandin E-2.

Caspase 3. caspasc 9, p53. cytrochromc C protein  ELISA kits were obtained from

Cusabio Biotech Company, Ctuna.

Goat polyclonal anti COX-2 antibody and rabbit polyclonal anti-iNOS
antibody from Santa Cruz Biotechoology Inc. USA. Conjugated seconda:y antibodies
obtained from Vector Labs, USA.

Alaninc amino tansfcrase, asparatate amino transicrase, bilirubin, alkaline

phosphate and pammuw glutnityl vansfecase assay kits ohtnincd from Randox

incorporated. UK.
Sodium chloride, sodium hydroxide, sorbitol, amino Iemous sulphate,
l potassium dihyrogen phosphate, dipotassium hydrogen phosphate, cthinol, and

hydrogen chioride used were of analytical grade.
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_ .2 Methods

321 Preparation of Scrun and Post Mitochondrigl Fraction (PMF)
The rats were sacrificed by cervical dislocation: blood was collected by
cardiac punciurc technique with the aid of clean ncedle and syringc into clean dry
ccmr;fugc tubes and allowed to coagulate by standing for 30 mins. The biood samnples

were Lthen cenirifuged for 10 mins at 3000 g using a bench centrifuge. The clear

supematant (serum) was collected and stored in the refrigerator 47 C.

Liver was quickly rcmoved, rinsed in icc-cold 1,15% KCI, blotted and
weighed. Then nunced with scissors in 4 volumes/weight of ice-cold 0. 1M phosphate
buffer pH 7.4 and homogenized using Potter-Elvehgen homogenizer. The homogenaie
was centrifuged a1 10,000g for 15 minutes at 4°C and the supematant termed posl
mitochondiial fraciton (PMT) were aliquoted and used for the enzymes assays.

3.2.2 Preparation of Samples used for Immunohistochemistry

Bricfly, Jiver sections were tmmersed in 4% phosphale buffer formalin,
dehydrated in graded alcohol and embedded in paraffin. Fine sections were obtyined,
mounted on salinized glass slides.

3.2.3 Preparation of Samples used for Histolugy

Liver sumples were fixed in 10% lormaldehyde, dehydrated in graded alcohol
and embeddcd in parafYin. Fine sections were oblained. mounted on glass slides and
stained with haematoxylin and eosin for light microscopic snalyses:

3.2.4 Preparation of Sam ples used for Tuncl Assuy

Brelly, liver scctions were immersed in 4% phosphate bulyer lormalin,

dchydiated ii praded uicohol and embedded in pareflin. Fine sections were oblnincd,

and piounted on albuminized glass slides
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3.2.5 Prcparation of Samples used for Micronuclei Assay
The method of Schmidt (1975) was emptoyed. Bone mairow was flushed out
of the femur of each rat and spread onto slides. Slides were then air-dried. fixed and
stained with maygrunward stain. Bone marrow cells were then examined
microscopically and scored per animal for micro-nucleated polychromatic
ctythrocytes (PCE).
3.2.6 Determination of Protein Concentration
Protein concentration of the vartous samples was detennined using the Biuret
method as described by Gomal ef al.. (1949) with slight modifications. Potassium
iodide as added 1o the Biuret reagent to prevent precipitation o fCu?' jons,
rinciple
The assay is based on the reaction of Cu®' and protein under alkaline condition
lo form a blue coloured complex with maximum absotbancc at 540nm. This

procedure is usually calibiated with a bovinc serum albumin BSA standard cugve.

Reagenls

* 0.9% NuCl (Norma! Saline)

2.7 g of NaCl was dissolved in distilled water and made up 10 300 sl

o 0.2M Sodium Ilydroxide (NaOII)

8 g of'NaOIl was dissolved in distt]led water and made up 10 1 lire.

» Sitock Bovine Serum Albumin Siandard

0.1 of BSA dissolved in 100m! of normal salinc 1o give o final concenirlion of

Img/ml.
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e Biurct Reagent

3 g of CuS0O4.5H;0 and 9 g of sodium potassium tartaratc dissolved in 500 mi of
0.2 M NaOH. 5 g of potassium iodide was dissolved in and the solution madc up
toalitre with 0.2 M NaOll,

reparition of Standard Curve

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

were made using normal saline. 4 ml of Biuret reagent was added ol ml of cach
protein standard solution and the mixture allowed standing at room temperature for 30

mins. The absorbance of the solutions was then sead at 540 nm and a graph of

. absorbance against mg BSA was then plotied.

~ Table 3.0 Protecol for Protcin Dctermination by the Method of Gornal er af.,

 (1949).
“Tube no. i 2 I I =[5 IE 7

| BSA (ml) 0 005 |00 (02 |03 (04 (03

I:' Nonnal satine (ml) 1.0 095 |09 108 (07 |06 o3

‘ | Biuret rcagent (ml) | 4.0 4.0 4.0 4.0 4.0 40 (40

| | Amount of BSA (mg) |0 | 005 (01 [02 [o3 o3 o5
E\bso,bn.,cc (540nm) |0 ~"5007 [0013 [0016 (0023|0027 [0.037

- Estimatjon of Protein in Test Samples

Procedures id entical to tiose described above for the standard curve were used

except that suitadie dilutions of the test sunples (liver supemnatan! and serum) were
made i.c 1:100 with distilled water, This was donc to reduce the level of protein in the
samples 1o the sensitivity range of the Biurct method. Imi of diluted sample was uiken

& - b ] < ] ’
ad the process for protein deiermination repested. Proten content of sample was
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obtained from the standard curve and multiplied by [00 to get the actual amount of
protein in the samptc.
3.2.7 Esturnation of Reduced Glutathione (GSi) Level
The method of Beutler ¢ o/, (1963) was used in estimating the level of
~ reduced glutathionc in liver superatants,
[ I’rinciple
The reduced fortn of glutathionc comprises in most instances the butk of
cellular non-protein sulphydryl groups. As such dcproteinization of samples with
sulphosalicylic acid is ncccssary and cnsures thatl no protcin cysizine thiol groups can
react with the colour rcagent. This method is thereforc based upon the developmnent of
a relatively stable (yellow) colour when 5°. 5'-dithiobis- (2-nitrobenzoic acid),
(Ellman’sreagent) is added to sulphydtyl compounds.
The chromophoric product resulting from the rcaction of Ellman’s reagent
with the reduced glutathione, 2-nitro-5-benzoic acid possesses a characicristic
absorbance ai 412nm and thc amount of reduced glutathionc in the sample is

proportional (o the absiorbance at this wavelength.

Reapents

* Ellman’s Reagent (DTNB)

40 mg of Fliman's reagent was dissolved tn linle amount of 0, 1M phosphac
buffer, pH 7.9 and made up to 100 mL. 1t was stored at 4°C,

* 0.JM Phosphate isulfer (p!) 7.4)

(2) 11.87 g ol NopH PO, was dissolved In 1800 ml. of distilled water

(b) 2,72 g of K!1:P'C4 was dissolved in 300 ml. distilled water,

4 volumes of solution (&) i-¢. 825 ml. was then mixed with 1 yolume of sulwion

(b)i.c. 175Sml and the pli was adjusted t0 7.4.
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» 4% Sulphosalieylic Acid (I’recipitating Agent)
4 g of sulphosalicylic acid was dissolved in 100mL of distilled water, and then
stored at 4°C.
*» Glutathionc Working Standard (0.04g/mil)
- 40 mg of glutathionc was dissolved in 100ml of 0.1M phosphate butfer pii 7.4 at 4°C.
! Preparation of GSH Standard Curve
Serial dilutions of stock GSH solution containing 20-200pg of rcduced
glutathione were prepared in different test tubes and made up to 0.5 ml. with 0.1A}
phosphate buffer, pH 7.4. 4.5mL of Ellman’s reagent was then added to cach test
tube. Readings were taken immediately as there is a loss of 1-2% of colour 5-10 mins
afier addition of Ellman's reagent. The blank was prepared by mixing 0.5 mL of
phosphate bulfer with 4.5 mL of Ellman's rcagent. GSI4 concentration in cach test
tube was determined and the absorbancc was read at 412nm. A graph of concentration

against absorbance was plotted.

Tablc 3.1 Protocol for the Preparation of GSH Standard Curve

]

;-Tucho. ] 2 3 4 [5 e [7 [8 o

1 B Y STSR L ET R .
GSH (mL) [0.00 |[002 |005 0.0 015 (020 (025 |030 |040
1005 010 |

Phosphaic | 0.50 |0.48 |O. 3 10.40 jo.ss'
buffer (mL)
Ellman's | 4.50 |4.50 | 150 |[4.50

e . o

030 (025 [0.20 lo.10

: . 'l' = . 1 S E— S—
|

350 (450 [4.50 [4.50 [4.50

reagent |
(mL) |

4 ! -t ——fs
IGSI cone. [0 180 (200 [40.0 [60.0 |80.0 |100.0 |120.0 ¢ 160.0

(4 .I

(my/mL) : L | (N
Abioberee 10000 | 0,035 [0.109 | 0.179 [ 0273 | 0.321 | 0.472 (0.580 | 0.745
|

..LHIZ nm) L.— o
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s 4% Sulphosalicylic Acid (Prccipitating Agent)

4 g of sulphosalicylic acid was dissolved in [00mL of distilled water, and ikicn
stored a1 4°C.,

* Glutathione Working Standard (0.0-g/ml)
40 mg of glutathione was dissolved in 100mi of 0. 1M phosphate bulter pli 7. a1 4°C.
I’recparation of GSH Standard Curve

Serial dilutions of stock GSI! solution containing 20-200pg of reduced
~ gluathione were prepared in diffcrent test wubes and made up 10 0.5 mL with 0.1M
phosphate bufler, pl1 7.4. 4.SmL of Ellman’s rcagent was then added to cach 1est
" tube. Readings were taken immediately as there i1s a joss of 1-2% of colour 5-10 mins
| & " ' ' ixing 0. L Of

after addition of Ellman’s rcagent. Ihe blank was prepared by mixing 0.5 m

phosphate buffer with 4.5 mL of Eliman’s rcagent. GSH concentration in cach test

whe was determincd and the absorbance Was tead a1 41 2nm. A graph of concentzation
u

apainst absorbunce was plotted.

reparation of GSI| Standard Curye

— = —

)
I Table 3.1 I’rotocol for the | FER S ' :

—=- —"I:'T,—'_-_TT!_ | S ( 7 8 9
Tube No. |} ~ I i I

| ~{=3¢ 010 10.15 020 [0.25 {030 |0.40
GSH (m).) |0.00 lo.oz 0.05 |

Phosphate | 0.50 {_02@_ 04s |0-0 (035 |0.30 |025 0.20 |0.10
|
I buffcr (mL) | |

o350 (450 430 450 (450 1450 150 1350
man g . I

reagent
| e e ey
i’(:U ‘0__ o200 [400 [600 |80.0 [1000 |1200 Trg00
SH <onc. :
(mg/ml.) 1 L e
I 0321 | 0472 [ 0580 |0.745
4 0,189 |0.179 [ 0273 |
Absorbancc | 0.000 | 0035
{112 nm) : ) I— ~
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rocedure for GS1{ Determination in Samples
0.2mL of samnple was mixed with 1.8l of distilled water 1o give a 1 in [0
dilution. 3 mL of the precipitating reagent was added to the diluted sample snd then
allowed 1o stand for 10 minutes. The mixture was centrifuged for 4 minutes 2t 3000 g,
and 0.35mL of the supernatan! was added 1o 4 mi of phosphate buffer pii 7.4. Finally,
0.5 mL of Ellman’s rcagent was added. The absorbance was read at 412 nm within 30
minutes of the colour development.
3.2.8 Assessmenl of Lipid Pcroxidation
This was carricd out by the method of Varshney and Kate (1990).
Principle
Smoll amounts of malondialdehyde (MDIA) arc produced during lipid
peroxidation and these are able lo react with thiobarbituric acid (TBA) 1o generate a
pink coloured complex whicb in an acidic solutfon absorbs light at 532 nm,

Reagents

* 30% Trichloroacetic Acid (¥CA) Solution

9 gof TCA was dissolved in distilied 110 and made up to 30 ml.

¢ 0.75% Thiobarbituric Acid (TBA) Solutlon

0.225 g of TBA was dissohcd in 30 mL 0.EM HC), shaking in ho! water bath,

* 0.1 M tlydrochloric acid

26 pl of conceinlrated 11CI was added 1o distilled waier and volume made up to 30

ml with the samc
e 0.15 M Tris KCl huffer (p11 7.4
1.52 g of KCl and 2,36  of Tris base were dissalved in 100 ml- o1 dixtllicd wiyer

scpataicly. and the Iwo solulions were mixed together and plladjustalto 7.4
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Procedure
0.4 mL of samplc was added to 1.6 mL of Trsi-KCi then 0.5mL of 30% TCA
was added. Addition of TBA and incubation for 45 mins at 80"C produced pink
coloured rcaction mixtures was centrifuged at 14000 g for 15mins. The absorbance of
the clear pink supernatant was then read at 532nm.
Calculittion

Valondialdchyde (MDA) Concentration (units/mg protein)

- absorbance x volume of mixture
Es3: x volume of sampic x mg protein

Where Es3: is molar absorbtivity at 532nm = 1,56 x 10°

3.2.9 Deternination of Catalasc Activity

Catalase activity was detennined according to the method of Sinha {i972)
Principle
This method is based on the fact ithat dichromute in acetic acid is reduced to
chromic acelatc when heated in the presence of H:02, with the formation of
pcrchromic acid as an unstable intczmediate. The chromic acctate then produced is
measured colometrically at 570-610 nm. Since dichromate has no absorbency in this

region, the presencc of the compound in the assay mixiure docs not interfere at gl

wilh the colorimetric deicmination of chromic acetate.

The catalase preparntion s allowed to split 11:0; tor different periods of tinge,
The reaction is stopped at 8 particular tinle by the addition of dichramaté/ycetjc pc d

mixtuce and the remaining 1120z i8 delermined by measunng chromic acepye

colorometnies!!y afier heating the reaction mixiure
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Reagents

¢ 5% KiCr:09 (Dichromate Selution)

5 g of K2Cr2Q7 was dissolved in 80 ml of distilled watcr and made up to 100ml.

. 0.2 M H,0,

0.67 mi of 30% (w/w) aqucous H20: solution was mixed with distilicd water and

the solution made up to 300 ml.

¢ Dichromate/acetic acid

This reagent was prepared by mixing 3% sotution of K2Cr>0; with glacial acctic
acid (1:3 by volume) and could be used indclinitcly.

o Phosphute huffer (0.01M, pll 7.0)

3.5814 g of Na;HPO,.12 Hi0 and 1.19g NaH-PO,.2 H;0 was dissolved in litre of
distilled water The pH was adjusted to 7.0

Procedure for Colorimetric determination of H:0;

Dificrent amounts of H203, 1anging from 10 to 100 pmolcs was taken jn small
lest tubes and 2 mL of dichromatc/acciic acid was added to cach. Addition of the
reagent insganiancously produced an unstable bluc precipitatc of perchromic acid,
Subscquent heating For 10 mins in a boiling water bath changed the color of the
solution (o stgble green duc to formnation of chromic acetalc.

Afler cooling a1 room (emperature, the volumc of the reaction mixture Was

madc up to 3 m{_ and the optical density measured 81 570 nm. I'he concentrations of

the standards were pioticd against the absorbance:
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"able 3.2 Catalase Standard Curve

(L8
w
&
—_—
wn
O
~

i [ubc no. ]

[1:0:(mL) [000 (010 [020 (030 040 050 |0.60

=

Pichromatc/ 2.00 200 (200 1200 1200 200 200

| (mL)

Tnsctic acid

[ Distilled 100 (090 |08 070 |060 0s0 040

|'swater (mL)

{ H:0: 0.00 |0.67 134 |20 268 335 |4.02

| cone.(mg/mL)

:: .(570nm) |

["Absorbance _10.00 10157 10291 |04a1 10518 |0.704 |0826 |

Determination of colalase activity of samples

ImL of sample was mixed with 49 mL distilled water to give 1 in 50 dilution
of the sample, The assay mixture contained 4 mL of H:0; solution (800umoles) and
Sml of phosphate buffer in a 10ml. Nat bottom lask. ImL of properly diluted enzyme
preparation was rmpidly mixed with the reaction mixiure by gentle swirling motion:

The reaction was tun a2t room lemperature. A ImL aliquot of the regction
mixlure was withdrown and blowa into 2 mL dichromate/ncetic ncid reagent a1 60

seconds interval for threc ming, The hydrogen peroxide contents of the withdrawn

SUNPples were determined by the method described above.

Calculstion of restits

The ﬂlOﬂDﬂUClCﬂl’ VCI“i[}( constand, K. for the dccomposilion of h)*drogc”

i s determined by using the equation for u first order reaction:

eroxide by Cntal

A

=t log S

o
I—
_—
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W'rﬁcre Sv i1s the initial concentration of hydrogen peroxide and S the
cntration of the peroxide at time t mins. The values of the K are plotied against
e in minutes and the velocity constant of Catalase K (o) at 0 min detennined by
rapolation.

The Catalase contents of the enzyme preparations were expressed in term of

1alase feiahigkeit or * Kat.f
atf = Ko
mg protcin/ml

.2.10 Assay for Scrum Aspartate Aminotransferase (AST) Level

Serum AST level was determined following the method of Reitman and
Frankel (1957).
'rinciplc

The enzymc aspantate aminowans(erasc caialyze the transfer of amino group
ffom L.aspartatc to a-oxoglutaralc to form L-glulamate and oxaloacctlale, The
oXaloacetate formed is unstable and is quantitatively decarboxylated to pytuvase
which is then complexed with 2. 4-diniophenylhydrazine (DNPH) to prodyce gn
tntensely. cofoured hydrazone on the addition of NaOl{. This coloured complex
absorbs radiation at 530-550nm.
Thus aspatale aminotransfcrase is measured by monitoring the concentration

of oxaloacetate hydrazone formed with 2. d.dintrophenylhy drazine-
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cagents
¢ Solution 1

Phosphate buffer (1 00 mmol/L, pH7.4). L-aspartate (100 mmol/L), and a-oxoglutaratc
(2mmol/L).
* Solution 2
2, 4-dinitropheny lhydrazine (2 mmol/L).
 (.4molVL NaOH

Procedure

Briefly. 0.1 ml of diluted sc;um sample was mixed with solution | ond the
mixture was incubated for exactly 30 minutes at 37°C. 0.5mL of solution 2 was then
added to the reaction mixture and altowed o stand for cxactly 20 minutes at 25°C-
Then 0.5 mL of NaO}H was added and the absorbance was read against reagent blank
afler S minutes at 546 nm. Reagent blank was prepared us described above repiacing

sample with 0. Im L of distilled water.

Table 3.3 Culibration of AST Standard Cumnve

" [ Absorbance Uil
0.020 : 7
3 0.040 13
10,060 19
! T m 2 S

36




3 211 Assay for Scrum Alanine Aminatransferase (ALT) Level.

Scrum ALT activity was detcmiined following the method of Reitman and
Frankel (1957). The cnzyme alanine aminottansfcrase catalyze the transfer of amino
group [rom L-alaninc to «-oxoglutarate to form L-glutamatc and oxaloacctate.

The oxaloacctalc formed 1s unstablc and is quantitatively decarboxylated to
pyruvate which is then complexed with 2, d.dinitrophenylhydrazine (DNPH) to
producc an intcnscly coloured hydrazone on the addition of NaOH. This coloured
complex absorbs radiation at 530-550nm.

Thus alaninc aminotransferase is mcasurcd by ntoniloring the concentration of
pytuvole hydrazonc formed with 2, 4-dintrophenythydrazine.

Reagents
* Solution |
"hosphate buffer (100mmol/L., pH7.4). L-alaninc (200mmol/L), and a-oxogiutarate
(2mmol/L).Solution 2
2, 4.dinitrophenylhydrazine {2mmol/L).
* 0.dmulVL NaOH

Procedure

Briefly, 0.1 mL of diluted sample was mixed with solution | and the rixture

Was jncubated for exactly 30 minutes 8t 37'C. 0.5mL of solution 2 was then ndded 10

e reaclion mixiure ani aliowed to stand for exacily 20 minutes at 25°C. Then 0.5ml.

r
A

was added and \Ac sbsorbince was read sgainst reagent blank aller §

wies at 546 am. Lzagen bl'il'ﬂ_k: wus preparcd as described above replacing sample
i

S el
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rable 3.4 Calibration ef ALT Standard Curve

Uil

48

57

67

| 0.425 77

0.475 88

3.2.12 percrmination of Gamma Glutamy| Transferase activity (GGT)
Gamma putamyl wransferase activity was detennined by the method of Sasz, 1969
Principic
Gamma- glutamyl uansfcrasc wos detennined using o colorimetric method
Wwhich is based on the fact that the substeide L- Y-glutamyj -3-carboxy-4- niyroanilide

in the presence of glcylglycine is convetied by Y -GI in the sample to S-amino 9

nirobenzoate which can be measurcd 8t 405 nm.




Table 3.5 Reagent Compostion for Gammu- Glutamy| Transferase colorinmetric

assay

——

|| Reagent contents Concentration in test
!
Tns bulfer 100 mnsol/l., pH8.25
{Glycl glycinc) 100 mmoi/L

| L- Y-glutamyl -3-carboxy-4- nitcoanilide | 2.9 mmol/L

I | (substate)

Procedurc
0.1mL of sampie and ImL of reagent was mixed together in the cuvene. The
initial absorbanice was read, and the reading was taken again at I. 2 and 3mjnutes, To
calculatc the GGT activity, the following formuia was used
U/l =1158 X AA405nm.
3.2.13 Determination of Alkaline Phosphatise Activity (ALP)
Alkalinc phoshatase (ALP?) was dctermined by the method of Engichardi
(1970).

Principle

Alkaline phosphalaqc was determined based on the principle that AlP

Catalyses the reaction beiween p-nitrophenyl phosphate and waier o fonn p-

mtrophenol which can be measured at 405 nm
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Table 3.6 Reagent Compostion for Atkuline Phosphatase Colortnictric assay

——

Reagent contents Concentration in test
| DichanlaminebulTer 1 mol/, plH9.8
|
[MgClz 0.5 mmol/l
| (Substrate) 10 mmol/l X

p-nitrophenylphosphate

Proccdure
0.01 mL of samplec and to 0.5 mL of reagent was mixed together in the
cuvelte, The initial absorbance was read. and the reading was laken again at 1, 2 and

Sminutes. To calculate the ALP activity, the following formula was used:

UL =2760X AA405nm

3.2.14. petermination of Bilirubin Conecatration

Bilirubin concentration was delermiined following the principle described by

lendrassik and Grof, (1938).

' Priaciple

This is based on the fact that conjugtated bilirvbin reacts with divzotised

li sujphanilic acid n in alkalinc medium to form a bluc coloured complex thal is

measured colorimetrically at 546 nn Fotal bilirubin Is deicrmined in the presence of
| \

calfeine which relenses albumin bound bilitubin When reacted with diazotised

Sulphanilic acid at 578 nm.
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Preparation of Reagents

1. Reupent kit

The commercial kit contains Reagents 1.2, 3 and 4.

Reagent 1 contains sulphanilic acid (29 mmo?/L) and hydrochloric acid (0.17 N)
Reagent 2 contains sodium nitrite (38.5mmol/l.)

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

Reagent 4 contains tartrate (0.93mol/L.} and sodium hydroxide (38.5mmol/L)
2.0.9% NaCl

|' 0.9 g of NaCl dissolved in 100 mL of distilled water,

Procedure

Biltrubin concentration was determined according o the manufacturer’s

instruction as shown below

. Table 3.7 Assay for Total Bilirubin Concentraticn Determination.

| [ Sample ;mx—‘ -S;;‘pi :
Reagents | 200pL o,
Reagengs 2 .._........ riel 4| ;) n—l.
| thagcnts 3 l_.{;Bal, | I-UIHJ_;:I_ J b
_F_lcagcms 4 / ,:.);p—l_ 00 ul = " &
wq“-'—:a:tly 10 minutcs a1 20°C-25°(,: -
Reagents 4 —P looo_u_l._ B 1000 L.

1h on rnixture was incuhated for a fiuther 3-30 nunutes ag 28°%¢ and the
¢ reacli

‘ﬁﬂncc of the sample rcad against the sample blank a1 $7% nm
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Calculation

Total bilirubin concentration in the sampic (pmol/L) = 158 X ABSrg

Table 3.8 Assayv for Direct (Conjugatcd) Bilirubin Concentration Determin:ttioo

Il Samplc Blank Sample ]
1 Reagents | 200 L W0Wul
| Reagents 2 —ermueee 50 ul
.E NaCl (0.9%) 2000 pL 2000 uL
| Samplc 200 pL. 200 puL
B

Mixed and incubalcd for exactly 10 minutes at 20°C-25°C

The rcaction mixture was mixed and the abserbance of the sample read against

the sample blank at 546 nm.

Calculation

Direct bilirubin concentration in the sample (pmol/L)
=246 X ABSpu

3.2.15 De¢crmination of Glutathione-S-Trunsferase Activity

G'“'alhionc-S-lmnsfcmsc GST activity was detennined according (0 the method of

Habig er of., (1974).

Principle
Ihe assay is based on (he fnct thot oll GiS1] demonstrote a relatively Jugh
aclivity with 1.chlgro-2, 4-dinitrobenzenc 85 the sceond substraic. Consequently, the
cONventjonal assay for GS1 activity stilizes 1-<hlore-2. 4-dinitrobenzenc ay substrate,
When ihis substance is conjugated ‘with reduced Blututhione its shsorplion nisximum
ifis 10 a longer waveclength. T he sbsofpion increase ¥ the new wavelength of 340

, | 1
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Reagents

* 1-Chloro-2, 4-Dinitrobenzene (20 mM)

3.37mg of |-chloro-2, 4-dinitrcbcnzene (CONB) was dissolved in | mLi of

ethanol.

* Reduced Glutathionc (0.1 M)

30.73 mg of reduced glutathione GS11 was dissolved in | mL ef 0.1ivi phosphate

buffer (pH 6.5).

¢ 0.1 M Phosphate Buffer (pH 6.5)
This was prepared by dissolving 4.96 g of dipotassium hydrogen phosphate and
9.73 g of potassium dihydrogen phosphate in little amount of distilled water and
then made up to the mark in a | litre volumctric flask. The pi1 was adjusied to 6.5,
Procedure
The medium for the estimation was pr:pared 9s shown in the table below and
the reaction was altowed to run for 60 scconds each time before the absorbance wyy
®3dagainst blank at 340nm, The \emperature wis maintaincd at approximately 3 1°C,

Table 3.9 Glurathione-S-trunsfcrase Assay Mcdinm

[ Reagent ~ [Blenk _ Test
Reduced glutathione __[ 0 Ul - :‘30 pl. = |
CDNB :. sont. 1150 pul. = —r
| um phosphate buffer, pi !PT'.’E.'SZ_naI - T [219ml. |
& | — |0l ———

Cy1o0s0! R r- |
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- Calculations

The cxtinction coefficicnt of CONB = 9.6 mmo!! cm

GST activity = absorbance «x {
9.6 mg/0.0J—mL prolein

= umole/min/mg protein.

3.2.16 Determination of S uperoxide Dismutase (SOD) Activity
SOD activity was determined by 1he method of Misra and FFridovich, (1972).
Principle
The ability of superoxide dismutase to inhibit the auto oxidation of
€pinephrine at pH 10.2 makes this reaction a basis for a simple tssay for dismuase.
Super oxide radical (Qp") gencraled by xanrthine oxidase reaclion cause the
oxidation of epincphrine to adenochrome and the yield of adenochrome produced
increase per O " introduced with increasing p!! and also increase with increasing
corceniigtion of epinephrine. These results led to the proposal that auto ox;dation of
cpinephrine proceeds by al least two distinct pathwoys. only one of which s a frec

radical chain reaction involving supcr oXide 1odical and hence inhibitable by SOD

Reagents

e 0.05 M Carbonate Buffer (p#10.2)

14.3 g of Na;CO0s.10H:0 and 4.2 g of NaHCQO, werc dissolved in 900 m) of

distilted water and then made up 10 1 livre. The pii was the adjusted o 10.2,

* 0.3 mM Adrenaline

0 0[37 g or a qa]inc ‘cp"‘cphrinc) was dISSOIVCd in 200 n‘L Of dlS“"Cd water
: aarc

and made up io 250 ml.. This solution Was prepared fresh just betore use for the

experiment.
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Procedure

| mL of sample was diluted in 9 mL of distilled water to make a | in 10
dilution. An aliquot of the diluted sample was added to 2.5 mL ot 0.05M carbonate

buffer pl10.2 10 cquilibiate in the spectrophotometer and the reaction staried by
~ addition 0f 0.3 mL of freshly preparcd 0.3 mM adrenaline to the mixture which was
quickly mixed by invcrsion.
The reference cuvette contained 2.5 ml. buffer. 03 ml of substiate
(adrenaline) and 0.2 mi. of distilled water. The increase in absorbance al 480 nm was
neonitored every 30 seconds for 150 seconds.

Calculations

[ncrease in absorbancc per minute = A-Ag

|| Where Ao = absorbance afier 30 seconds

A3 = absorbancc afier 150 seconds

% Inhibition = inerease jnabsorbance forsubsige X 100
[ncrease in sbsorbance o Mblank

1 unit of SOD activity was given o5 the amount of SOD necesstnyto cause

L 30% inbibition of the oxidation o adrenaline to adenochrome during 1 minute.
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.2.17 Dctermination of Glutathione Peroxidase Activity

Glutathionc peroxidase (GPX) activity was measured according to the procedure of
Rotruck et al (1973)
Peinciple
Gluiathione peroxidase i s allowed to congugate hydrogen peroxide and gtutathione for
a [ixed period of time after which the reaction is quenched. The remaining gluathione
s reacted with Ellman's reagent and GSI consumed is then used as a measure of
enzymic aclivity.

Reagents

* Sodium azidc (NaNy; 10 mM)

0-0325 g of sodium nitrite was dissolved in smatl quantity of distilled water and
madc up to 50 m)..

* Rcducced glutathione (CSH 4 mM)

0:0123 p ofreduced GSH was dissolved in in small quantity of phosphate huffer

and made up to 100 mL.

s Hydrogen peroxide (1H302: 2.5 mi)

28 ulL of hydrogen p'ro’,.“..}.: was dissolved in small quantity of distilled water and

made up to in 100 mi..

* ‘I'richolorgacetic acid (TCA, 10%)

2 p of TCA waos dissolved in small guantity of distilled water and made up i 20

mL ,

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Di-petassium Hydrogen Orthophosphate (K:HPO,; 0.3 M)

5 : .
3.23 g of di-potassium hydrogen orthophosphate was dissolved in small quantity

of distillcd water and made uptoin 100 mL.

* 3’-8'-dithiobis-(2-dinitrobenzoic acid) DTNB

004 g of DINB was dissolved in in small quantity ol phosphate bufter and made

up to 100mL.

¢ IPhosphate Buffer

0.992 g of K:HPO;4 and 1.946 g of K112PO4 were dissoived in small quantity of

distilled wwater and made up 200 mL and adjusted to plé of 7.4

J Table 3.10 CJutatbione Peroxidase Assay Medium

Phosphate bufTer s00pl.
| NHN] i 100 A[_
1 ESH 1200 pl.
L8 e e
1,0, 1700 p .
I"S';'Enplc sopL
| Distilled waoter - F_:T‘OF'I_ : O
r e

e ———

The whole regction mixlurc Was incubated at 37°C for 3 minutes afler which

05 ml. of TCA was added and thereafter centrifuyed at 3000 rpmi lor S minutes, To |

ML of each of the supermawnis, 2 mb of K;1IPOs and 1 ml of DTN wus ndded and

the absorbance was reud at 412 nm against a blank.

Glutathtone peroxidasc activiiy’ wis observed by Ploting the standard cueve

__lhc concentrotion of the remaining (1511 was extraparlated feom the cunver
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GSH consumed = 245.34 = GSH remaining

Glutathione peroxidase activity = GSH Consumed/mg Protein

E-.i.lti Determination of Hydrogen PPeroxide Genceration

Principle

The method utilized was based on the method of Wolf¥ (1994).

Principle
In dilute acid hydrogen pecroxide oxidizes Fe(ll) to Fe(lll) which then selectively
forins a blue-purple complex with on absorption maximum at 560 nm. The addition
of sorbitol intiaties a chpin reaction with the produced hydroxyl radical that yield
Fetlll) and therefore greatly amplifies the response per hydrogen peroxide
molceule present. thereby increasing the sensivity of the micthod.
Reagents

* 100 pmol/l xylenol orunge (molecular weight: 760.6)

00152 g of xylcnol orange was dissolved in small quantity of distillcd water apd
made up to 200 ml..

¢ 250 ymol/l ummonivum ferrous sulphate (mw 392.14)

0.0196 g of ferrous sulfate wus dissolved in in small quantity of distilled water und

made up t0 200 mL
I ¢ 100 mmol/l Sorbitol (mw:182.2)

3.64 g of sorbitol was dissolved in small quantity of distilled water and made up
3 o X‘juuu-

200 mL of distilled water.

* 2S5 mmol/L, 11380

up 1o 40 ml. with diskilled water

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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F.

i

e 0.IM Phosphate buffer, pH7.4 0496 g of di-potassium hydrogen
otthophosphate. K:HPO4 ([lopkins and Williams, Lid) and 0.973 g of
potassium di-hydrogen onthophosphate, KH:PO, (Itopkins and Williams f.1d)
were dissolved in 9 mi of distilied water. The pll was adjusied 10 7.4 and then

made up 10 a 100 ml with distilled water

Table 3.11: Hydrogen Peroxide Assay Mcdium

L i

l Reagents Volume 7

1 ‘BulYer 25ml

AFS 250 ul. '
Sorbitol 100 pL X

-iylenol otange 700ml :
.80, 25 pl.

l_Sinmplc YR

The assay mixture was thoroughly mixed by vortexing till it foomed. A pale pink

colour complex is generated alter ‘ncubztion for 30 minules at rootn wempcratwie. The

absarbance was read against blans: (distilled water) a1 560 nm wuvelength.

‘. .on la ¢ . ogcn .}M, rox‘d c

the standard curve.
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Table 3.12 Protocol for the Estimatioa of Hydrogen Pcroxide

Test ube T e T i o e 1
11,0 (mL) 005 [0.10 |05 [020 030 |040 [050
Dichromate/acetic  acid |2.00 (200 [2.00 [2.00 [2.00 |2.00  2.00
(mL) "
Distilled water (mL) 095 |090 (085 |0.80 {070 |0.60 (050
14,0z concentration 10 [20 [30 [40 [e0 |80 [100
(1 moles) i
~ |Absorbance (570 wn) 0.049 | 0.095 | 0.145 | 0.195 | 0.291 | 0.385 | 0.484
. |

J 3.2.19 Determination of ascorbic acid (Vitamin C)

The ascorbic acid concentration was deicrmined according to the method of

Jakota and Dani (1982)

IPrinciple

Reagents

* 10% T'richloroacetic scid (TCA)

has maxiMym Spectrophotometiic ibsorption at 760 nm.

10 g of TCA (BDH Chemicals Ltd., Engiand)

watcr in a conical flask and

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

wde up lo the 100 mi matk with same.

This method is based on the fuct that. nscorbic 8cid present in bioloy'cal

Snples react with Folin C reagent. an oxidizing alient 1o give 8 blue colour which

was dissolved with distilled




« Folin-Ciocaltcu rcagent

Commcrcially prepared folin-Ciocaltcu reagent of 2,0 M concentration was

diluted 10-fold \with double distilled water,

e Ascorbic Acid Standard Solution (stock)

0.1 g of ascorbic acid (Sigma Chemical Co.. London) was dissolved in

distilled water and made up to the | litre flask in a round botiom flask such

that the final concentration is 100 g ascorbic acid/ mL.

Calibration of Ascorbic Acid Standard Curve

Procedure

A standard curve was prepared by taking varying concentrations of standard

Solutions of gscorbic acid in water. ranging from 0.05-0.7 mL. Then. 0.8 m! of 10%

ICA was added (0 cach tube. Afier vigorous shaking, the tubes were kept in an jce

bath for 5 min and centrifuged at 3000 g for anothier 5 minutes,

Supcenatant of the seme range {i.c 0.050.7 ml.) were withdrawn and djluted

020m) using doublc-distilled, and after 0.2 m] of diluted {olin’s reagent was addcd,

the 1ubes viporously shaken. After 10 minutes, the dbsorbance of {he blue colour

developed was measured in a spectrophotometer at 760 nm

T4ble 3,13 preparation of Vitamin C Standurd Cunrve

-Eom,,,; [ 2 3 4 5 6 7
Stock AA(M].) 000 003 0. 0.2 0.) 04 0.5
TCA (mL,) los 0og 08 08 08 08 08
Supematant (ml.) | - 005 0. - - . v
1gs 1.9 1.8 b7 1.6 1.5
0.2 02 02 2 02 0.2
5 10 20 30 40 50
ood 006 013 022 030 03!
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'roccdure for Determination of Vitamin C in Tissuc Samples
Procedures identical to those cmployed for the standard cyrves were used in
the deteninination of ascorbic acid concentrations in the test samples.
3.2.20 Determination of Myclopcroxidase Activily
Mjyeloperoxidase (MPQ) activity, an indicator of polymorrhonuclear
leukocyte accumulation, was detennined according ta the method of Eiscrich er ai.
(1998),

PfiﬂCip’c

Mycloperoxidase (MPO) 1s a lysosomal enzyme present in azurophilic

-

@anules of polymorphonuclear leukocytes (PMNs) and is untque to ncutrophils and

monocyles. However, monocytes coniain only one-third of the MPO found in PMNs.

RSITYLIBS

&

MPO utiljzes HyO: produced by the neutrophils 1o oxidize a variety of

aromalic compounds (o give substrate radicals for bacterial activity (l-tampton ¢ g,

19A0AN UNII

1998). This cnzyme is unique in that it can oxidize chlonde ions to produce a strong
non-iadical oxidant, hypochlorous acid (HOC!). HOCI is the most powerful

bactericidal produced by ncutrophils Excessive production of these midicals can caysc

Okidative stsess leading to oxidative tissue injury- In this assay. the ability of MPO 10

Oxidjze tetrarmeihylbenzidine ‘TMB) in the presence of 11201 to gencrate the oxidized

Product, which was then measused s;,-;cuophowmeuicnlly sened us the basis for this
assay,

20xidivcd IMB + 211,0

21D A
1+ HO; (Oxidized tctrsnicthylbenzidine)

" "relmncthylbcnzidine)
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aration of rcagents

» Nall;PO, buffer (43 mM, pH S.4)

This was prepared by dissolving 515.9 mg of Nat:PO, (MW. 119.98) in 80
mb of distilled watcr. The pH was adjusted 10 5.4 with HCl or NGOt and
made up to 100 mL with distilled water.

* Tetramethylbenzidine (1.6 mM)

Tetramcthylbenzidine (38.5 mg, MW. 240.3) was dissoived in DMSO and
made up 10 100 mL

* H;O, (100mM)

0.786 ml. of 30% H:0; was made up to 100 mL with the distilled water.

Procedure

An aliquot (0.4 mL,) of tissue homogenate was allowed (o react with n solution
of l€iramethylbenzidine (02 mL) and 100 mM Ha0s in 43mM NaH2POy (1. 4 mL) in g
bnal volume of 3m]. Ahsorbance kinetics wus monitored Spectrophotometricaliy g
50m. MpO aclivity was defincd as the quantity of cnzyme degrding 1pumol

Pe1OXide min-' and was expnesscd in units per mg protein

3.22) Determination of Protein Carhonyl

Protein carbonyl contents WCFC determined decording 10 the nicthods of
)

* Uchida and Spadimas: (1993)

Prepgrailon of reagents

* 0.1% 2, 4.Dinitrophen)d hydrazine (DNPID)

o wis

I. “'ilh “\c same. AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



'+ 20% Trichloroacctic acid (TCA)

i‘ ] ] . . [
20 g of TCA was dissolved in small amount of distilled water and made up 10

[00mL with the same.
*» 2N HCI

8.36 ml of 37% (w/v) HCI was added to 50 ml of distilled water.
¢ 133 mM Tris (MW= 121.14)

1.61 g of Tris was dissolved in a small amount of distilled water and made up 1o

100 mL with the sanc.
1) 13 mM Acid cthylencdiaminc tetraacctic (EDT A, MV=292.25)

3.80 p of EDTA was dissolved in small amount of £33 mM Tris solution and

made up to ]00mL with the same.

=l 2} 8 M Guanidinc hydrochloride

76.42 g of guanidine hydrochlotide was dissolved small amount of Tis-EDTA
solution made up to 100mL with the same.

3} EthanaVEthyl acctate (EtOH/E10AC) solution

| 150 mL cach of ethanol and ethyl acetdle solutions were mixed in a 1utjo of
(}:1v/v) 10 give a final volume of 300 mL.

- Proceduye

0.5 mL of sample was trested with an equal volume of 0.£% (wiv) 2, 4.DNpy)

2 N HCJ and incubated for | h at room temperature with vortexing every 10 pin.

05 ml. of 20% TCA was addcd followed by centrifugution for 5 min. The precipitaie

Was washed three times with 1mi of EIOH/EIOAC solution aud dissolved in | ml.

guanidine hydrochioride solution for I Smin 81 37°C wuth mixing. The absorbance wyg

fecorded at 365 nin. The results wefe expressed s nmol of DNT'H incorporited /g

-' -' + F
: o 22,000M " cm ° for aliph
ls - - cocflicient of 22, praiig
ein based on the DIOlﬂf cxlinction
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2.22 Determination of Total Antioxidant Aclivily

Total antioxidant activity in samples was detemincd by the method of Koracevic ¢f
al.. (2001).

Principle

A standardized solution of Fe-EDTA complex reacts with hydrogen peroxide
by a Fenton type reaction, leading to the fomation of hydroxy! radicals {OIT). These
reactive oxygen species degrade benzoate, resulting in the release of thiobarbituric
acid reactive substance (TBARS). Antioxidants from the added sample cause
Suppression of the production of TBARS. This reaction can be mceasured

spcctrophotomctrically and the inhibition of colotr development defined as the

antioxidative activity or capacity (FTAC),
Preparation of reagents
o 0.0 Phosphate butfer (pH 7.4)

This was prepared by dissolving 0.496 g of dipotassium hydrogen phosphate

(BDH Chemical 1.4d., England) and 0.973 g of polassiuin dihydrogen phosphate

TONAN UNIVERSITY LIBRAR

$
oy YT T R S R

(}lopkih, and Williarus Ltd» Bngland) in a littlc amount of distifled water ang then

made up 10 100 mi with the same. The pH was ndjusted to 7.4

10 mM Sodium henzesaie

0.144 g of sodium benzoate (MW=144.11) was dissolved in a littte amount of

diﬂillcd water and made up to 100 ml with the same,

* 50 mM Newil

05 g was digsote e cih a litle amount of distilled waler and mode up (0 150 ml with
A VA

l.h: same.

b . :a ’Tl‘)
* 2 mM Acid cthylencdianiine tetraacctic (Ll
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: 01> g of EDTA (MW=292.25) was dissolved in small quantity of phosphate bufer

(p "7.4[) and made up to 25mL with the samc
2 mM Ammonium ferric sulphate

0.0241 g of ammonium ferric sulphate Fe (NH;1S0;; MW= 482.19) was dissolve in
“small quantity of distilled water and made up 1o 25mL of the same

e Fe-EDTA complex

This was prepared freshly by mixing cqual voluincs of solutions 4 and 5 and

lef} to stand 60 minules at room tempcraturc.

* 10 mM H,0,

0.04 ml (30%w/v) 1,0, was made up to 50 m) with distilled waler.
* 20% Acelic 2cid

30 m! aceticacid was added (o 120 ml of distilled water.

* 0.8% Thivbarbituric acid (TBA)

128 TBA was dissolved in 150 m! of 50 mM NaOH
* 1 mM Uric acid

) 0.00336 g of unc acid (MW= 168 1103) was dissolved in 20 ml of 5 mM
NaOH. S olutions 4~9 were prepasd immediately before use. Sodium benzoale can be
kep! a (0~4°C) and the Uric acfd solution in a deep freeze (=20 10 -30°C),

Frocedure

The reaction mixture contuning # 4 ml. of phosphate butler (pH 7.4), 0.5 m

% sodium penzoote, 0.2 mL of Fe- EDTA {2inh EDIA + 2mM fermic ammonium

uPhatc), 0.2 mt. of i1:0; and 0.1 ml. of sample was incubated for 60 sninutes at

P, Thie reacrion was then stopped By gddition of 1 ml. 6f 20% acetic acid and Imi).
-+ [lte regq '

g = Y ] rl
w = i\ tur ,w“ ﬁlf!_hc

o
31 l“q'z “ |] d .

acubated for 10 minutes ol 160°C (in 4

- TR absorivince Wwas measures at §32
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gaInst distilled watcr. 1mM uric acid was used as standard (t.e 0.ImL uric acid

olution in place of sample).

Calculation

TAC of the sample was then calculated by the following fortnula:
TAC (mmol/itre) - (Cua) (K = AY (K — UA)
Where:
K = absorbance of control
A= absorbance of sample
UA = absorbancc of uric acid solution
Cua = concentration of utic acid (in mmoli/litre).
3.2.23 Nitrite determination/ Quantitution
|

Principle

|
Quantitation was bascd on the Griess reaction as described by Navarro-

Gonzalvez e al. (1998).

Nitric oxide (NO) is a molceuiar mediator of many physiological processes,
including vasodilation. inflammation, thrombosis, immunity and neurotransiussion, A

UMDt o methods exist for measuring NO in biological systems:

One of these methods involves the use of thie Gricss dinzotizmion reaction to

formed by the spontangous oxidation of NO

pecirophotometrically detect Nitrite

Under physiologieal conditions. This mcthod involves the use of the Griess
u 1

s . . ' iun o .
A2011zption  fepetion 1O Spcclfopholomclncall) det¢ct nitnic formed by the

I . e e
; - cous o, idaiion of N@ under Physlolos't'nl conditions.

Plty

o rul ety

| 0/i8 (Ne(ienapbihyl) ethylencdiamine dihydmchiorides; 1%
3 reagent [0.1%e  NALETEERS _:' >

= s ik
gt antd

e Vig'e o may R - ;
|.' -||.II. .|1 g -_.‘.1. *-I_T'.':"-:-

¥ s L .:Jr iy
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dure
The amounts of nitrite in supernatants or in scrum were measured following
he Griess reaction by incubating al 00 pLof samplewith 100uL. of Griess reagent (1:1)
at room temperature for 20 min. The absorbance st 550 nm (OD 550) was measured
spectrophotometically.

Nitrite concentration was calculated by comparison with the OD 3350 of a
stiandard solution of known sodium nitrite concentrations.

alibration curve

Various concentrations were prepared by diluting stock 20 mniol/I- solutions

of NaNO; with distilled water. The nitrite calibrator was diluted with glycine bufler

just as the serumn samples were, Calibration cusve was made over a lincar range of

nitrate between 0 and 100 pmol/L.

Table 3.14 Nitrite Calibration Table

, NaNO:Concentration Absorbance
n=
S -

-

2.86 10.015

0.025
, =

= 0.049

i 0.056

.————-




.24 Determination of Tumor Ncerosis Factor Alpha (Tnfu), [nterlcukin 1§,

Prostaglanin E-2, Caspase 3, Caspase 9, PS3, Cytrochrome C Protein  Levels
Principle

These proteins present in a serum sample conjugates with an immobilized
- respective antibody when added into wells. Addition of a secondary aniibody
conjugated with horse radish peroxidase and TMB (tetra methyl benzidine) subsuate
to the well results in an antibody-antigen-antibody colored complex. The intensity of
color developed at 450 nm is directly proportional to the concentration of protein n

the samples

Reagents and Materials

ELISA KITS from Cusabio biotech co limited China was procured for cach of

these proteins

8 x 12 (96) well plate,
Scaled bags.

Standard (450 ng/L),
Standard djluen.
Sample diluent,
Chsomogen solution A.
Cheomogen solution B.
Stop solution,

Wash solution.

ELISA (cader (DMIM 9602 microplate fcader)

Procedyre

Serial dilution of standard solution (450 ng/lL) was prepared with standard
n slutdon ©
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.24 Determination of Tumor Neerosis Factor Alpha (Tnfa), Interleukin 1§,
ostaglanin -2, Caspasc 3, Cuspasc 9, P53, Cytrochrome C Protcin  Levels
inciple

Thesc protetns present in a serum sample conjugates witil an immaobilized
respective antibody when added into wells, Addition of a secondary antibody
conjugated with horse radish peroxidase and TMB (tctra methy] benzidine) substrate
lo the well results in an antibody-antigen-antibody colored complex. The intensity of
color developed at 450 nm is directly proportional to the concentration of protein in

the samples

Reagents and Materials
ELISA KITS from Cusabio biotech co limited China was procured for cach of
these proteins
8 x 12 (96) well plate,
Sealed bags,
Siandard (450 ng/L),
Standord diluent,

. Sample diluent,

Chromogen solution A.
. Chromogen solution B,
Stop solution,

ash golution.

SA reader (MM 9602 microplale e

(450 ngil.) Wi prepused with standard

a'l Swﬂm SOIUtl'tJﬂ
i - ¢ sample were added
, 40 pl.of sundard
o 200, 100 and 50 M8/l 9
), 2040, UV &7 =
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(0 each well (except the first well : Al for blank). The plate was mixed gently and

ncubated at 37°C for 30 minutes. The incubation mixturc was removed by aspication
and each well was washed 3 times with 200 p| of wash solution. The microlitre plate
was blot dry and 50 pL ol HRP-conjugate rcagent (2° antibody) into each well and the
plate was covercd and incubated for 30 ininulcs.

Thc incubation mixture was emoved again by aspiration and each well was
washed 3 times with 200 uL of wash solution. 50 pL of chromogen A antl chromogen
8 was added o the plate and the plate was incubatced in the dark at 37°C for 15
minutes; afler which 50 pi. of stop solution (1 M H2S0.) was added to cach well.

The absorbance was read against the blank well (A1) at 450 nm using an
ELISA reader.

3225 Perermination of Expression of COX-2 and iNOS using Immynpe
| Histochemical Technigue

- Reagengs

~ Goal polyclonal anti COX -2 antibodlics (S#nta Cruz hiotcchnology Inc. USA),

Rabbit polyclonal anti-iNOS antibodly (Santa Cruz histechnology Inc. USA.)

Xylenc: This requires no dilution - The volume required is determiined by the capacity

of the copling jars.

(craded portionsof Etheaol

10U% cthanol

This s apsolute ethanoi it requires N dilution. The volume tequired is determined by

the capacity of the copling jats.

95%
¢ cthanol 9§ ml of absolute cthanol © 100 ml with

#3% ethanol was preparcd by making
ludillec wates Uy adding 5 ml. of distilled water

aking g5 ml of’ ubsoluic cthanol to 100 ml with
maa |

L of distllcd water-
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hanol

stilled water by adding 30 mL of distilled water.
)% cthanol

50% cthanol was prepared by making 50 mb of absolute ethanol to 100 mL witth
distilled waler by adding 50 mL of distillcd water.

sphatc buffer saline (PBS) pH7..}

Phosphate buffer salinec pH 7.4 was prepared by dissolving, 2 g of potassium
chloride (KCI) 80 g of sodium Chloride {NaCl), 2 g Potassium dihydrogen phosphate
and 11.6g disodium hyrogen phosphatc were all dissolved in 1litres of distilled water
:pH 7.2-7.6,

10% Buffcred formalin

~ 10% bulfered Formalin was made by making125mL of 40% formalin 10 500mls w;th
PBS

03% 1lydrogen peroxide

0.3% hydrogen peroxide was preparcd by dissolving 10mls of 30% hydtogen peroxide
“in 1000 mL PBS

Skimmed milk

Citric acid

Methanol

L d L] ’ : AR ll Sl r'
meradishPeroxiduse conjugstcd secondary antihodies in VECTASTAIN kit
»eradlis réxi -

N D IGITFL HEALTH REPOSITORY PROJECT

0% cthanol was prepared by making 70 mL of absolutc cthanol 10 100 mL with
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dure

Antigen retricval was done by immersing the slides in 10 mM citrate bufTer for

L3

minuies, with subsequent peroxidase quenching in 3% H,Oxymethano!. All the

sections were blocked in 2% skimmed milk overnight and probed with Goat
polyclonal anti COX -2 antibody(Santa cruz biotechnology inc)and rabbit polyelonal

ami-iNOS antibody (Santa cruz biotechnology inc,) for COX2 and iNOS expression

respectively for 16 hours at 4°C.
Detcction of bound antibody was done using appropriate HRP-conjugated
sccondaty amtibodies in VECTASTAIN kit (Vector Labs, USA) according 10

manufacturer's protocol. Reaction product was enhanced with diaminobenzidine

(DAB) for 6-10 minutes, with subsequent dehydration in ethanol and mounting on

salinized sjides. Images were acquired with Sony® digital camera.

32260 I)ctecliun o[apopl()sis
Princip)e
The DeadEnd™ Colorinictric TUNEL System is 0 non-mdioachive sysiem

designed (o provide simple, accurate ond topid deiéction of apoplotic cells insitu ot the

Single-cell leve], The system can be used (o 8ssay apoptotic cetl dcath in both qissue

sections and cultured ceils by measuring nuclear DNAfrugnientntion, an jinporan,
iochemical indicaor of gPop10sis in many cell types.

The DecadlidTw ColopMmelric TUNEL System end-labels the {rmgmented

 of gpoptotic cells using modified TUNEL assay. Biotinylated nucleotide js

e 3-0H DNA cvls

".J" "," (FWT) mt)"ml
w these diotinylated nucleotisles, v hich

using the lerminal Deoxynucleotidy

llorscradish  peroxidase-lubele

lhm ,boul'ld
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detected using the peroxidasc substrate, hydrogen peroxide, and the slable

romogen. diaminobenzidine.
gents in kit
s 9.6 mlEquilibration Buffer

* 40 pl Biotinylated Nuclcotide

40 ul TeyminalDeoxynucleotidy | Transferase. Recombinant

70 ml SSC, 20X

10 mg Protcinase K

Preparcd reagent
Phosphatc buffer saline (PBS) pi17.4
Phosphate buffer saline pH 7.4 was prepared by dissolving 2 g of potassium chloride
(KC1) 80 of sodium Chloside (NaCl). 2 g Potassium dihydrogen phosphate and 11.6
€ disodium hyrogen phosphate were all dissolved in 10 litres of distilled water, pH
1276

10% Buffered formalin

10%puffered foymalin was made b)'makingIZS ml of 40% formalin w0 500 mik with

PBS

0.3%Hy drogen peroxide

03% hyd de was p!epumdb)’ dissolvingl0 m] of 30% hydroBen peroxide
° Nydrogen perox:ide

in 1000 ml. PBS

100% cthanol

: ired 1s detetinined by
this is absoluge cthanol il requires N0 dilutjon. Tlic volume required )
¢.C

the capacity of the copping jars:

i by making 95 mL of absulute cthanol to 100" mE with
ethano] wus prepared ©¥

) isti]ley wwater
witer by adding Sml.0 ngRlIgAIN lDIGITAL HEALTH REPOSITORY PROJECT



% cthanol

5% cthanol was prepared by making 85 mL of absolute cthanol to 100 m] with

istilled water by adding 15 ml- of distilled water.
70%cthanol

‘;0% cthanol was prepared by making 70 ml. of absolute cthanol to 100 mL with

istilled water by adding 30 mL of distilled water.
S0%-ecthanol

50% cthanol was prepared by making 50 mL of absolute c¢thanol to 100 mL with
distilled water by adding 50 mL of distilled water.
Xvlene: This requires no dilution .The volume required is determined by the capaciry

of the copling jars.
Procedure

Bricfly, the tissues scction were dcpareffiized by embedding in xylenc,
rchydrated in graded potions of cthanol at dilferent time intervals and washed in PBS,

.i The slides were later re. fixed in 10% buftered formalin solution. Protcinase. k
» (20ug/ml.) was used 10 Ireat the slides to make ihe tissues more permesble. This was
followed by another fixation in 10% bullered formalin. The sections were ]ager

incubated in cqulbration buffer for 10 mins.

Afler this, the sections were nliowed to react with rTDT reaction mixture (98ul

equilibration bufier. 1pL biotinated nuclcotides mix and 1 bl r1DT reaction mixiure)

for Ihr a1 37 °C in humidifice cahamber. iTic reaction was tenninated (he hy

il'um:rsing the slides in 2X SSC in 2 Cogplin jar for 15 minules & room (cmp<ure,

The endogenous peroxidases Were blocked by inunersing the slides in 0.396 hydrogen
PEIOXsde in PBS for 3-5 minutes 8t room temperatuire.

Slides wene later incuboled with SUCP|8\idin""Rl’ for 3mins ol 0N

- iperagyre. After this. slides were stuined with DAB 1 the dark and then nnsed

Ol times in distilled ‘watcr, Shides wete mounied 1n {00% glyceroi’ A light

-ms used (0 obsentc StnA"FlI;'I{:lA]r\gTGITAL HEALTH REPOSITORY PROJECT



3.2.27 Micronuclei Assay
Principle
‘the principle of the micronuclei assay is based on the fact that polychromatic
ctythrocyle (PCE) cclls have a staining property that is different [rom the normal
natural crythrocyte. The polychromalic staining property resuits from the presence of
ribosomal RNA 24 hours prior to the formaltion of the ceil. As PCEs develop into
malure erythrocytes, they lose the ribosomal RNA and the staining property. In
mammals, malure crythrocytes expel their nuclei 8-12 hours after the last mitosis
preceding the formation of an cryihrocyte. The micronuclei for some reasons are not
expelled complctcly. Micronuclei are not normnally found in the circulaling
erythrocyles 1n blood because they are filtered out by the spleen.
Reapents
Bovine scrum albumin
Absolute mcthanol
Xylence
0.-4% May Grunwald Stain
3% Giemsa Stain
0.01 A Phosphatc buffer pl{ 6.5

~ Depex (DPX) mountant

Pnp“miﬂn of hone wsrrow $MCars

¢ Schmidi (197 §) was adopted 10 the preparstion of bonc marros
chm

The method o
{ dislocation and the femnur of cach rut

: il
- Alter the jats were sncnﬁccd by cervic

| tissue. A pair of scissors wis used 1o muke
C '

oved and stripped €lean of ms$

emur n was then introdticed into the
I the femuf

: A small pi
in the tliac region O
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‘Marrow exuded through the hole at the iliac end.

2dded 1o the smear using a [Pastcur pipette. The whole was mixed to become

'hbmggcnous by using a clean edge of another slide. The homogenous mixture was

then spread on the slide as a smear and allowcd todry.

Fixing andStnining of Slides
[Procedure for staining and lixing the slides involved the following steps:
® Slides were fixed in absotute methanol for 5 minutes
* They were dried to allow for removal of the meihanol.
* They were then stained with 0.4% May Grunwald stain | and 2 and gir dried.
* The slides were again stained with 5% Giemsa for 30 minutes and rinsed in
phosphate bulfer for about 30 seconds.
* Theslides were rinsed indistilled water and allowed to air dry.
| * They werc finally fixed in xylenc for 20 minutes and air dricd.

® The slides were mounted i DX (a natural mountant) with cover slips so that

they could be viewed under the microscope,

Seoring of she Slides
. The fixed cells on the slides were viewed under o light microscope o detect

ce of micro-nucleated polychromulic crythroc) (es (PCE)‘ A 1ally counter
B A 48 .

J ; A ( :
L

ed for scorine. The Slides Were firsy sCreenc
o o i bluc witile normal ,

d at medium magnification to get

i )
> Bay | £
'l

1 ' rd.
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ow canal at the epiphyseal end. As the pin was pushed inside the canal, the

The marrow was placed on a slide and a drop of bovine serum albumin was

Bt
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| St _;!iﬁ data arc expressed as mean + SD and analyzed with Microsoft Excel

Z""ﬂ' S statistical packages. Siatistical analyses were performed by Student f-test
' onc way analyses of variancc (ANOVA) 7 value of less than 0.05 was considered

tistically significant.




CHAPTER FOUR
EXPERIMENTS AND RESULTS

i1 EXPERIMENT I: EFFECT OF NEVIRAPINE ON THE LIVER WITH
RESPECT TO TIME OF EXPOSURE

INTRODUCTION

Non-nucleoside Reverse Transcriptase Inhibitors (NNRTIs), constitute a class
o medications 1hat have contributed significantly to the management of Human
Immunodcﬁciency Virus (HIV) infection. Some approved drugs in this class include
cfavirenz, nevirapinc. ctravirine and rilpivirine (Schafer e of., 2011). Although
NNRTIs have contributed tremendously to the light agoinst HIV/AIDS, there are
f&ervations on some of their side eflects. Nevirapinc - a drug of keen interest in this
Study has been pssociated with hepatotoxicity dcpicted by clevation of sransaminases

(ASF and ALT) levels and hepatocytes necrosis (Elias and Brambaifa, 2013; Eligs ¢4

at., 2013),

Although hepatotoxicity of ncviiapine is established. cffect of nevirapine on

the diver wiilh respect to time has not been well-explored. It is important 10 know if

A&t of nevitapine induced liver damage is dependent on the dumition of ¢xpasure to

% drug: since (he drug is used by the paticnts almost for a life time,

p‘mscm SIUdy lhcmpculic dose of ncvimpinc Was administcrcd for diflerent
- ?

dlons (1.4 weeks) 1o assess the relationship between nevirupine-induced liver
- T s wegks) Lo

. jomarkers of hepatic damage
v <& rug. Various biomar
d duratio sure 10 the d
uration of capo

e &l ‘m assess lhe exten

W

(of the damaye.
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PROCEDURE

Forty male albino rats of Wistnr strain weighing between 125-200 8 \erc used
in this study. They were purchased from the animal house of the Faculty of Basic
‘Medical Sciences, University of Ibadan and housed in cages in the animal house of
Biochemistry Dcpanment, University of Ibadan. The animals were given pellet feed
and water ad libitum.

They were randomly assigned to five groups with eight animals cach. Group ¢
(control) reccived only watcr orally. Ratsin Group 2. 3, 4.and 5 received 5.71 ing/kg
(therapeutic dose) of ncvitapine orally for 1, 2. 3. and 4 weeks respectively, The rats
WeIt sacrificed by cervical dislocation 24 hours afier the last day of drug
administration; blood was collected by cairdiac puncture technique with the aid of
¢lean pecedle and syringe into clean dry centrifuge twbes and alloved to coagulate by

Sanding for 30 minutes, The blood samples were then centrifuged for 10 mins a

JWOg using a bench centrifisge. The clear supcraatant (serum) was collected and

Slored in the refrigerator.

Liver was quickly removed. rinsed n ice-cold 1.15% KCl. blotted and

' . reparcd for histological examination as
Waghed. A portion of the liver was P™P

* [ ] sl .. 5 P
previo ys) d 1 in section 3. and the remainder was minced with scissors in §
usly described in sccti o)

Volumes of i old 0.1M phosphate byiTer pll 7.4 and homogenized using potter-
ice-¢

iftged 21 10,000 g lor 15 minutes
gie was ccntri
IWCR homogenizer, {he homogen

' 4 post niitochondrial fiaction (PM1°} were aliquoted
I.l"'\ . l 1 ltm1c
i IMd RS : wmp[“ were used 10 deteemine ALLT and
The scrun

Lhe €N zyines DSsay’s.

"Reytni4n

thod (4];

h&mt Lendrissih and Cirof (1938}, PME - nl Jiver
cn

and F1aikel (1957) and aiso hiliruhin

of

i
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'ROCEDURE

Forty male albino rats of Wistar strain wcighing between 123-200 g were used
in this study. They were purchased from the animal housc of the Faculty of Basic
Medical Sciences. University of Ibadan and housed in cages in the anima! house of
Biochemistry Department, University of Ibadan. The animals were given pellet feed
and water ad libitums.

They were randomly assigned to five groups with eight animais cach. Group |

(conusol) reccived only walcr orally. Rats in Group 2. 3. 4. and 5 received 5.7 mgikg

(therapcutic dosc) of nevirapine orally for 1. 2. 3. and ¢ wecks respectively. The rats

were sncrificed by cervical dislocation 2¢ hours after the last day of drug

adminisyation; blood was collecicd by cardiac punctuce technique with the aid of

clean pecdle and syringe into clean dry centrifuge 1ubces and allowed to coagulate by

standing for 30 minutes. The blood samples 1w then centrifuged for 10 nuns at

3000g using a bench centrifuge. ‘The clear supcrnatant (serum) was collected and

slored in the refrigerator.
Liver was QUICk!y cemoveds nnstd in tcc-cold 1.15% KCI. bloicd und

weighed. A portion of the liver Was prepared for histological examination as
Ih 4 on Ve

Previously described in section 3.~ and the remuinder was minced with scissors in 4
escnbeda in g

0. . 1’ II -
‘;(')]mncg of i old 0.1 M phosphalc buﬂ'cf P” 14 and homOgcmLCd using l'ottcr
1Cc-C .

was cenlrifiged il 10,000 g for 15 minutes

wochondrisl fraction (PMF) were aliquoted

Eh hgen homogenizer, The homo#ienate

4 Cand the supcrnatant termed post ™

cruin samples were U
J Feonkel (1957) and also hilitubin

sed to determinc ALT and
1 The S

ised for the cnzymes sS8YS: [he

e g wman 8n
civities v ording the method of £

ding to the msthod ©f - |

- ione level aecordin
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@ $1793), ipid pcroxidation using the procedurc of Vashney and Kale (1990)

superoxide dismutase activity was dctermined as described by Misra and Fridovich
(1972) and catalase activity according (o the method of Sinha (1971) and protein
concentratton using biurct method as described by Gomal ¢t al., (1949). The different

assay procedures are  described under materials and method in section 3.26103.2.14,

RESULTS

The result of the present study has showcd that treatment with therapeutic dose of
Mevirapinc orally caused clevation of scrum levels of alanine (ALT) and aspanatc
(AST) aminotransferase compared with control throughout weeks 1. 2. 3. and 4. ASYT
kevel was significantly cfevated at the weeks 2. 3, and 4 (p<0.05; 11.29%, 33.2%. and
18.2% increase respectively compared to control); while ALT Icvels were significantly
devated throughout the period of keatment (p<0.05; 300%. 547%. 946%. and 660%
Increase respectively compared to control) (Tabte 1A). A similar increase was ylso

®served in the levels of direct bilirubin (p<0.05; 15.5%. 29.9%, and 24.1%

Rspectively at weeks 2, 3, and 4) (Table 1A).

Similarly. (eatment with therapeutic dose of nevirapine incfeased oxidative

SVeS5 of the liver by significantly decreasing reduced glutathione (GS14) level at wecks

2 204 3 {p<0.05; 62% and $5% decrease rcspccli\fd)‘ compated 0 control), increasing

Moudiald‘h)’dc {MDA) concchiition &t weeks 1,2, 3. and 4 (p<0.05: 231%, 62.7%,

“0%, 2ad 110.0% increass respectively compared to control); (Teble 1) and
. 0% -
feduction (sigrificant 8t %ecks | and 4) in SOD activity throughouit the period
32.6% reduchion respectively). A decrease in

alment (59.3%. | 1.6%, 9.3%, and

d with control.
| : ksl 2, 3. and 4 compare

ity was obscrvied througliout ¥We¢

jlicant al week |, 3, and 4 (pn<0.05;

: M;FBC"\'“

)l* WS slg“
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I ﬂ%’gdﬂiﬁnm decrease in protein concentration was observed in all groups
d with control during the course of the study, (Table 1 B)

Histopathological analysis showed increase in the severity of hepatic
{fe neration during the course of treatment. At the fitst two weeks of drug
Iministration, there was moderate diffuse hepatic degenetation (Fiates IB andd I1C

respectively). Conversely, by the third and fourth weeks of administration there was

mare severe hepatic degencration (Plates LD and LE respectively).

CLUSION

.is study shows that nevirapine induces hepatotoxieity and oxidative stress and the

daration of exposure afTects the cxlent of the damage.




1A. Effect of Nevirapinc on Biomarkers of Hepatic Damage

e " DIRECT DILIRUBIN
estment | ALT(U/L) AST (U/L)
(ng/ml)
ol 1.3£0.3 33.0%1.00 34.8+0.5
Week ) 5.3+1.15%(300%) ** 34£7.0(5.2%) ** 10.237.9(15.5%) * *
s 8.8£2.7*(577%) ** 36.7+2.34(11.2%) ** 45.246,4%(29.9%) *°*
Week 3 13.6%1.7°(946%) ** 44.045.7%(33.3%) ** 43.213.8°(21.1%) **
Week 4 9.9£1.2°(660%) ** 94.7:4.2"(187%) *¢ 55.8+4.5°(60.3%) **

" p<0.05 when compared with control
** Percentage chan ee compared with control alane.

"~y

PROJECT



 Tremimeot

;;Ji),[ | B. Effect of Nevirapine on Liver I’rotein Concentration, Murkers of Oxidutive Stress and Antioxidant Enzy me Activities.

** Pervemaage chan e cxnpoad with control akme

o8

75
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Protcin concentrution MDA Reduced gluinthienc SOD nctivity Catalase activity
| S : (Unit SOD) (umoles 13:0/
\ (mg/ml) (nmol'g liver) concenlration (mg/ml) L
Controh | 250442 35,1351 1.3 10.0£1.9 43104 0.2610.04
Week | | 164243°G6.0%)°°  116.3812.20231%)°°  9.0£1.9(10%)°* |.840.5°(59.3%)*°  0.1240.03%(53.3%)**
Weeh2 | 872210(652%)0  S7.1273°(62.7%)°°  3841.4%(62%)" 3.8:09 (11.6%)** 0.240.04( 16.4%)"*
Weel 3 \ 5211.1%(79.2%)"" 643+ 55%(83 0%  4.5£1.0°(55%)"* 3.9:04 (9.3%)"* 0.1240.03°(53.3%)°*
Weekd | 10383 19058 8%) " TU08T9NIIO%)T  9.0£22(10%)° 29107(32.6%)°*  0.09:0.01°%(34.5%)°"
*0<0.05 oenpwred wiab control
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| 400) of normal Iver from rat treated with watcer

Plage 1A, Hislological sections

only {Control) showing no Visible lesions.
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of liver from rat treated With 5.71 mg/ke

Plate 1B, Histelogical scctjons (x400)
for 1 week. Scction shows modcrute

(therapeutic dosc) of nevirapine orully

diffuse hepatic degencration.
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i ith 5.71 mg/k
Plate 1C., Yistological scctions (x400) of liver from rat treated with 5.71 mg/kg

Secti « mod
(therapeutic dose) of Devirapine orally for2 weeks. Section shows Moderute

diffusc hepatic degeneration:
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Plate 1D, Histological scctions (x400) of liver from rat trcatcd with 3.71 mg/kg
c . 1118to

: diffoe
{(therapcutic do } of nevirapine orally for 3 wcelis. Scction shows severe UilTuse
pcultic dose

hepatic degencration.
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AR A

| Plate 1E, Histological sections (x400) of liver from rat treated with 5.71 me/ig

. 5
{therapcutic dose) of nevirapine orally for 4 weeks, Stction shows severe diffuse

kepatic degeneration.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Plate | F. photomicrographs of r
A- Centrol (water only) showing 10
hepatic degeneration al week |
al week 2. 1D- Shows severe diffus
severe diffusc hepatic degeacration !

C-Shows modcrate diffuse
¢ hcpalic

st liver scclions (x-100).

isiblc lesions. 13- Shows moderate diffuse
hcpatic deRenceration
degencration at week M E- Shows

week 4.
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T .
EXPERIMENT 2a: EFFECT OF NEVIRAPINE ON ANTIOXIDANT

STATUS AND SOME INFLAMMATORY BIOMARKERS
NTRODUCTION

Nevirapine a NNRT| is known to induce life-thrcatening liver toxicity,
Marina. et al'* 2003; Berso/T-Matcha. ¢r al.,, 2001) and for incrcased incidences of
patoncoplasias in rodents (Physician Desk Reference USA. 20609). Inspitc of
'ubsmntinl evidence that the use of the drug is associated with adverse reaction. the
IffreChaniSms for the adverse effects of Nevirapine are still uncicar.

Hepatotoxicity is often caused by the dircct action of a drug. or more often a
reactive metgbolite of a drug. against hepatoeytes. In most instances of drug induced
Wver injury, i appcars that heputocyte damage trigeess the activation of other eclls
Which can jpitjate an inflammatory reaction and oxidative stress. These events may,
OVerwhelm (he capacity of the liver for adaptive rcpair and regencration thereby
“O0lrbuting 10 the pathogenesis of liver injury tHolt and Ju, 2006),

From the aforementioned. it will be rcasonable to investigate whether these
feess orc involved in ncvimpine-induced liver injury. Therefore. the present
Xperimen, was' undertalkien (o investignte whether the stimulation of inflnmmatory
®IPoses and oxi datjve stress is involved in the mechanism of ncvimpine-induced

hq’a‘“'oxicily,

ackyy i

. - welphing bemween 130175 ¢ were

4 for the assay. They were putchused fiom the animal house of the Faculty of Rasic

&

icnees, University of Ibwdan und housed in cages in the aniinal house of

The animals were given pelict feed

¥

P.anmcnl, University ol lbad
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ihey w '
y Were randomly assigned to two groups with seven animals each., The

{
0Ups \Vere treat - i
p ed as follows: Group (control) received water only orally while

foup 2 - receiv ;
Up = =received 5.71 mgrkg (therapeutic dose) of ncvirapine orally for 3 weeks.
The rais were sacrificed by cervical dislocation on the last day of drug

A
dminisization: blood was collected by cardiac puncture techniqQue witi: the aid of

-5
L}

Jean needle and syringe into clean dry centrifuge tubes and allowed to coapulate by

fanding for 30 minutes. The blood samples were then centrifuged for 10mins at
000 g using a bench centrifuge. The clear supematant (sesum) was collected and
stored in the refrigerator.
Fiver was quickly removed. rinsed in ice-cold 1.15% KCI, blotted and
Weighed. A pottion of the liver was preparcd for histological examination as described
insection 3.2.3 and the remainder was then minced with scissors in 4 volumes of ice-
= cold 0.1 phosphate buffer pH 7.4 and homogcnized using Potter-Elvehgen
Bomogenizer. The homopgenate was cenirifuged a1 10,000 ¢ for 15 minutes at 4° C and
the superaant termed posi mitochondsinl [raction (PMF) were aliquoted and used for
the enzymces assays.

The serum sainples were used to determine AL T and AST setivitics according

Y methog of Reitman and Frankel (1957}, ALP by the method of Fnglehorddt (1970),

GG o thod of Szasz (1967) INFa and IL-1B concentrativns were
+ ¢ me¢ c :

Measured in eay serum by using an ELISA technique- PME of liver was used 10

|
| "i" reduced giutathione level gcconling to the method of Beutler 7 al, (1963),
X poroxidution 1sing the procedure o Vashney
> - J . Misca and Fridovich (1972) |
T L ._ ".{ #nﬁfﬂd “ dmcn'xd b) I8ro
yF - & { :
i l ﬁqm‘lh“d of Sinha (
. | o al, (1949), 100 concentrution
escribed by Gomal «f ol |
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v d-
cording to the method of Wolfrf (1994), GPx activity was determined by the method
ot Rotruck er a/., (1973), Vitamin C level was detennined according to the method of
15 - t
akota and Dani (1982), The different assay procedures were previously described

1 der materiais and method in section 3.2.6 10 3.2.18.

!;RESULTS

The result of the present study showed that trentment orally with therapeutic
dose of nevirapine caused elevation of serum levels of alanine (ALT) and aspartate
(AST) aminotransferasc compared with control at the third week of administration
(Figure 2A). ALT levels was significantly clcvated in the treatmem group (p<0.05:

31.9% tncrease compared to control tcspectively) while AST level was elevated by

TAR Y

Al

11.3% compared to control. There was also a signilicant elevation (p<0.05) in serum

ALP and GGT levels during the course of administration (Figure 2A), (ALP
Incregsed by 189%, while GGT incrcased by 25.14% at the third week of

adminisyatjon when compared with contioi).

—
=
-
|
i
L)
a:
.
—
-
-
=
1=
-3
!"l-_

AISO o’al realment With |hc,a‘)‘_;‘1"3.‘ dosc Of chirapinc incrcasc(l oxida[i\'g

sing reduced glutathione (GSH) level at week

*Wss of the liver by significantly decrea

) (P<0.05; $3.1% decrease compared to control) (Table 2A); increasing

increase compared to control) {'Tzhle

%"diﬂldchydc (MDA) concentsation (29.0%

L A% 20d induced redyction in supeioxide dismutasc (SOD) activity (25.8%) (Table

BB A e recc o f 1569 wais Obscrved in catafuse (CAT) actitity affer wecks 3
9 : ‘ _ The octivity of the cnrymr

olsy lowered By 16.7% when compared with
s

Hhione peryiquse (GPx) wa

|
) o .ha-:.i‘ } "
l'-r.'

n T i « kvdeopen Peroxide concentration by
\DINC rlu I'*. ,-.Mf-1 an }"Muﬂn Qt h,'d‘os
- with conteol Table 2A). Viamin

- - | J i ‘c.’
al - = ﬁl : 1 W . campa
. r — AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




concentration was lowered by 33.3% at wecks 3 when compared with control

able 2A). Furthermore, nevirapine also caused a significant elevation of tumor
necrosis factor alpha (TNF a) and interleukin 1-beta (IL-IB). TNF « was increased by
.‘52.5% at week 3 and 1L-IB was increased by 25% when compared with conirol
(Figure 28).

ltistopathological analysis showed severe hepatic degeneraiion, by the third
week of administration of the drug when compared with control (ates 2A and B
respectively),

Cenclusion

Nevitapinc has shown the potential of inducing inflammation and oxidative
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Liver Enzymes

" p<0.05 when compared with control
0=7

rs of llepatic Damagc.

Figure 2A: Effcct of Nevirspine on Biomarke
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Ic 2A Effect of Nevirnpine on Biomarkers of Hepatic Oxidative Stress

ey

e —

Treament | MDA GSH 11,0, VIT C
- k'nmol!g liver) (mg/ml) (nmolH;0; (ug/ml)
| il consumed/min/
" mgprotein)
B .61.47t21.13 3.0910.75 0.034+0.02 0.33+0.0067

a

v ﬁmis.atlls(zq.M) v 1453038°(53.07%)°°  0.056£0.019(64.7%) **

0.221£0.022(33.3)**

=

- p<0.05 when compared with control

* P'creentage change compared with control alone.
-- i

87
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Table 2B Effect of Nevirapinc on lcpatic Antiexidant Enzyme Activities

“Treatment | SOD

Nevirapine | 0.04620.0052(25.8%)**

CAT GPx
(Unit SOD/mg protein)  (umol 1202 consumed (unimg protein)
: /min/mg protcin)
“Control | 0.06240.022 0.045£0.02 1152418

0.038£0.0043(15.6%) ** 9.5810.50(16.7%)**

F
- — e —

* p<0.05 when compared with control

=7

i Percentage change comparcd with control alone.

|
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Serum Concentration '('nq/ﬂ‘l,'

0L

Tol-o

IL-18
Blomarkers of Inflammation

;’:’305 when comp.]rcd with contiol

Figure 2B Effect of Nevirapine on Biomurkers of Inflame’ i
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Plate 24. Ilistological scctivns (x400) of liver from rat treated with 5.71 mp/kg

> difFu
f.lb(‘rnpeulic dgse) of nevirupine orally for 3 weeks. Scction shows severce dilfuse
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ated with wuter

iv ( tre
Plate 23. Histological scctions (x400) of mormal liver froft <

Ualy (Control) showing no visible lesions.
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f rat liver sections

'E'HC-Summln' of Photomicrograph © le lesions. B- S

'E-IJ-C“"'WI (water only) showing 19 visib

L = i

URENeration at week 3.
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XPERIMENT 2b: INVESTIGATION OF THE GENOTOXIC POTENTIAL OF

NEVIRAPINE USING MICRONUCLEI ASSAY
A

ntroduction
|

‘The micronucleus test is one of 1i:c most widely applied shott tenm test used in
genctic loxicology and has become one of the most imporiant tests implemeniced by
he regulatory cntities of diffcrent countries to evaluate mutagenicity of, and
|- itivity 1o, xenobiotics (OECD, 1997; EPA. 1998).

Nevirapine (NVP) a non-nucleoside reverse transcriptase inhibitor (NNRTI), a

dig of high efficacy has been shown to causc bepatocellular udenomas and

€arcinomas (Physicians' Desk Reference USA, 2009).

i . several in
While the reasons for the adverse cilccts of NVP arc stif) unclear. several i

e 1 I e & ) 2 ) [
¥itro and in vivo data are consistent with the involvemcnl of NVP bioactivation, via

: .
Phase | oxidation to ]2-hydroxy—NVP and subsequent Phase [1 sulfonation 1o 1.2

1 1.
sulfoxy-NVP in the onset of toxic events clicired by the parent diug (Popovic ¢t d

: 2010).
> 2006; Wen et al.. 2009; Chen e/ af, 2008; Stivastava ¢! @), 2010)

-active cldetrophilc. and

valent adducts. Antuncs

therefore is cxpected o
This Phase 1] metabolitc is 8 r
(c.g., DNA) yiclding €O

Teacl directly with bionucleophiles
tial of forming DNA
89 coworkers <howed that nevi mapine metabolite has o pdicntl
s

therefore hims at investiguling §cnotoxic
¢

Mduct and could be genotoxic. This study

| Lo
Potenla) of chitnpinc using MICI'O“UCICUS AssD)

Praced |
b g swechs with pody weight tanging from 40 -

: . apes b
Fourteen ma!le albino rats. 96 rom the animal house of the

in cages in the

(X
)

_ﬁc'“"d jor the study. They Were
0|

University o -
e of [tusdan. Thie animals wrTe
{niversity ©

! 'tflﬂ.pdi'cnl Sciences,
-
ouse of Bioc c#g:m,
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'oﬂ)ﬂlﬁ feed and waler od libitum. Rats were divided into two groups of 7 animals
. _ The groups were treated as follows:; Group [(control) reccived distilled water
only while Group 2 (test group) received 5.7t mg/kg (thecapeutic dose) of nevirapine
orally for 3 wecks. Rats wcre sacrificed 24 hours after Jast administration through
terVical dislocation and bone maitow was flushed from femur of each rat and spread
nto slides. Sjides were then air-dried. fixed and stained with maygruaward stain,
Bane marrow cells wcre then ¢xamined microscopically and scored per animal for
micra-nuc)eated polychromatic crythrocytes (PCE). The ass3y’ procedure was
reviously described under materials and method in section 3.2 27.

RESULTS

Resuliof our above study indicatc that treatment with ocviripioe caused a significant

clevation (P<0.05: 52.6%) in the number of miconucleated polychromatic

Hhrocyies when compared with control.

CONcLUSION

This study supgests that nevirapine ma) be genotoxIc.
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43 EXPERIMENT 1. TIE
PROTOCATECHUIC AcIp
NEPATOTOXICITY

MODULATORY
(rca) oN

EFFECT OF
NEVIRAPINE INDUCED

INTRODUCTION

In our previous study \Wc demonstrated the involvement of oxidative stress in
nevirapine induced hepatotoxicity. This finding is also corroborated by the work of
Adatamoye ef gf., (2012), and Adikwu ef o/, 2013. Among the mechanisms involved
n 'hépmotoxicity induced by several xenobiotics is the oxidative damage due to fice
R cal generation (Uma and Rao, 2005). Oxidative darnage can accumulate in animal
cells when the critical balance betwcen gencration of reactive oxygen species (ROS) /
reactive pitrogen species (RNS) and antioxidant defensc is unfavorable. a condition
letined oxidative stress, [t has been established that such oxidative damage is involvcd

12 the Pathogenesis of diseases and adverse reactions associated with drug usagc

Blomhoft, 295),
Protocatechuic acid (3, 4-dibydroxybenzoic acid; PCA) is a natural phenolic

€0mng nd found in many edible and medicino] Plonts (Justyna, 2005). PCA, n simpic
Phenolic antioxidant compound, has been isolated from the dried tlowers of HHibiscuy

bl if, L. (Malyacese), ond is an ingeedient of a locn] deverage in Chinese herbal
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(9.9 PLAVFLIKINV T
f MENT 3. THE  MODULATORY  EFFECT OF

ROTOCATEC(
SOTOCATECHUIC  ye1p  (PcA) ON  NEVIRAPINE  INDUCED
EPATOTOXICITY

INTRODUCTI®N

In our previous study wc demonstrated the involvement of oxidative siress in
LS
mevirapinc induced hepatotoxicity. This finding is also corroborated by the work of
‘Adaramoye et al-, (2012), and Adikwu et al., 2013. Among the mechanisms involved

‘I hepatotoxicity induced by several xenobiotics is the oxidative demage due 10 free

radical generation (Uma and Rao, 2005). Oxidative damage can accumulate in animal

tells when the critical balance between generation of reaciive oxygen species (ROS) /

reactive nitrogen species (RNS) and antioxidant defense is unfavorablc, a condition

1aMed oxidative siress. It has been established that such oxidative damage is involved

)

ERSITY L /BRA:

|
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in : ; .
’ i the Pathogenesis of diseases and adverse rcactions associated with drug usage

(Blombhofy, 3005,
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Protocatechuic acid (3, 4-dihydroxybenzoic acid; ¥ CA) is a nawral phenolic

®mpound found in many edible and medicinol plants (Justyna. 2005). PCA. a simple

Phenolic gucioxidant compound, has been isolated from the dried flowers of Hibiscus

Subddorify 1 (Malvaccae), and is on ingfedient of 8 local beverage in Chincse herbal

MiC{ne used (0 treal h,'*v,ncnSiOn. p)-mxiu and liver dnmngc (Cheno[.nn ef (J’,

2002),
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icals in dilferent tissues. such as dicthylnitrosamine in liver (Tanaka et dal..

993), 4-nifroquinoline-l -oxide in the oral cavity (Tanaka et ai.. {994), azoxymethanc
in the colon), N-mcthyN-nitrosourea in glandular stomach tissuc (Tanaka er al,

':I‘)OS) and N-butyl-N- (4-hydroxybutyt) nitrosamine in the bladder (Hirose er ai..
1995).

In view of the hepatoprotective and strong antioxidant potential of PCA, the
present study was carried out to examine the protective influence of protocatechuic
acid (PCA) on oxidative stress observed in nevirapine-induced hepatotoxicity in malc

Wistar aibino rais.

PROCED(RF,

Thinty six malc albino 1ats of Wistar stiain weighing betveen §50-170 g were

w fOl’ [his slud},_ ‘rhcy were pu’chased ﬁ'om lhe animal hOUSC Of lhe Facu'l) Of

{ h ' in the animal house
Basic Medical Sciences, University of Ibadan and houscd in cagesin the an

: - :
of Biochcmisuy Department. University of ipodan. The animals were given pelle

ivided 1 . The groups
fed and water uu fibitum. Rats were randomiy divided into 6 groups. Bhic group

i { \ B‘c om]l)li

only orally. Group 3
pcutic dose) ot nevirapine only orally.

eccived 100 me/kg (PCA)
Grow 3 received 50 mg/kg (PCA)

’ ° m PR
Sroup § eceived 5.71 me/ke (therapeulic dose) of nevirapine A1 -
b mg/k
received S, B/t of nevirapine and 100 mgrkg

03] od
Y. Group 6 received 3 24 hours afier the last

Fea orally, The ¢nts were sncrificed bY
| .t by cardioe pu"
ariluge Lisbes and all
centrifuged for 10 mins ai

cture lechnique with the aid of

\stration; [;'ood wos collect owed lo cosgulaic hy

o«<h
Cdtg and S)'Imgc into cledin dfy

cre then
1 30 minutes. The blood sapiples ™

=
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)0g using a bench centrifuge. The clear supernatant (scrum) was collected and

ored in the refrigerator.

Liver was quickly removed, rinsed in icecold 1.15% KCl. bloted and weighed. A
pottion of the liver was prepared for histological examination as described in section
3.2.3 and the remainder was then minced with scissors in 4 volumes of ice-cold 0.1\
phosphate buffer pH 7.4 and homogenized using Potter-Elvehgen homogenizer. The
homogenate was centrifuged at 10.000g for 15 minutes al 4°C and the supernatant
leemed post mitochondrial faction (PMF) were aliquoted and used for the enzymes
8ss2ys. The secrum samples were used 10 detenninc ALT and AST aclivities according
the method of Reitrnan and Frankel (1957), ALP by the method ol Englehardt (1970)

and GGT using the method of Szasz (1967)- PMF of liver was used to determine

reduced glutathione level accordipg fo the method of Beutler er af., (1963). lipid

Peroxidation using the procedure of Vashney and Kale (1990). supcroxidc dismutasc

Vil was determined as described by Misra and Fridovich (1972), catalase activily

aceotding 10 the method of Sinha (1971) P olein concentration using biurct method

concentration according to the method of

Bdescribed by Gormal er af., (1949), 1:0:

Wolff (1994), GPx by the method of Rotruck ¢f di. (1973), Protcincarbonyl contents

. \ joxidant

¥%Cording (o (h thods of Uchida and Stadiman (1993) and towl antioxidan
c me f

s o encavic of uf., (2001).
vty in samples was determined by the method of hormect! d ;
s ibed under mealcrials
The differcnt osssy procedures were Previousty L
iffercnt 0sssy

“aethod i seciion 3.2.6 10 3.222.

A ke -
1 «ls of ALT, AST,
in c:)usod elcvation of serum levels

lﬁ"““‘ with neyiraptine

1 55%, 20%
-reatment wh
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clively caused 8% and 25% reduction in ALT, 172% and 81% reduction in ALP.

% and 8.4% reduction in AST, 54% and 60% (p<0.05) reduction in GGT levcls

Table 3A).

Similarly, nevirapine decreased significantly the reduced glutathione (GSH)
level (p<0.05, 133.6% decreasc compared to control); whereas co-adminisication with
30mng /kg and 100mg/ kg PCA amcliorated this condition by increasing the GSH level
significantly when compared to the nevirapine only group (p<0.05: 74.6% and 50%
respectively) (Table 3B). Also, nevirapine induced significant lipid peroxidation
demonsirated by the high concentration of MDA compared to control. Co-trcatment
with PCA was able 10 ameliorate this condition by causing 4 significant reduction in

MDA concepgration when compared with nevirapine 2lon¢ group (Table 3B).

There was also a 1 6% increasc in hydrogcn pCIO.YIdC conccntreiion n

fevmapine alone treated rats when compared with control. 50 mg/kg and 100 mg/kg

PCA however, brought about a 9% and s34 decrease in the hydrogen peroxide

i 2virapi + group (Table
COMentiation respeclively when compared with the nevirapine only group (

. 8.6% in ncvimpinc-lreated
38). Vitamin C concentration was however lowercd by 8.6% In ncvifap

: : 100 mptkpg PCA
@ When compared with control. Treaiment with 50 mg/kg and O

by t4.9% and 23.6% respectively (Tuble 3C).
alion .

dﬁw the Vitamin C concent:

as obscived in the group of rots that took

A 410 in GPx gctivity ™
1% decreasc tn 100 me/ke PCA improvcd the GPx

*¥apine alone, Treaiment With 30 my/kg and

' ed in
yer, @ 1584 incicasc WIS obscrved 1

Ktivity by 35% gnd 33% pespectively. iy 3

1s (Tsblc 3P
&elivity of il nevitapine 8lone treated 12
&lvity of ih» nesaraping - soD sl ity comparcd to conlrol

. O actv

tment with S0mg/ne and |00mg“8 o while 1reatment

" jowered cutalasc activity hy AN :
e oW
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with 'ﬁ()'r’ng/kg and 100mp/kg PCA reversed this condition by increasing the enzyme
activity 29% and 30 % respectively (Table 3D).

Nevirapine also brought about a significant (p<0.05. 22.6%),) increase in
‘bmle;rf carbonyl concentration and decrease (p<0.05; 36.9%) in tolal aniioxidant
capacily. Co-treatment with PCA at both doses was able to ameliorate these effiects by
causing a significant (p<0.05) reduction in protein carbony! concentration and
significan (P<0.05) increase in total antioxidant capacily {Table 3C).

We found that liver samples treated with nevirapine exhibited severe hepatic
NeCrosis (Plate JE) compared with control (Plute 3A). However, in PCA treated
_groups. inteprity of the liver cells were well prese;ved (Piate 3B and 3D) while Plates

3C and F show that PCA attenuated the hepalic necrosis induced by nevirapine.
CONcLUSION

In conclusion, PCA exhibited the ability 1o allcviatc liver injury associated

With nevirapjne drup adminisuation by ~ducing oxidative stress and hepalic damage.
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{ | a

stocatcchuic Acid (PCA) on Bivmiarkers of licpatic Damage in Ruts Treatued with 'N‘H‘impinc

TALT(UL) ALP (U/L) GGT (L) AST (UNL)
3.210.7 15.2+2.0 2.70+0.7 8.1£0.8
3.7£0.5(16.3%) ** 15.93.5(4.5%) **  4.0i2i.5(48.5%)*®  8.6£1.8(5.7%) **
31.3%1.1(33%) ** 17.4£4.2(14.6%) **  4.2£1.8(55.6%) **  8.5%1.0(4.4%) **
NEVIRAPINE 8.1040.5°(155%) *°  40.0:+9.8°(163.6%)°° 62£0.7°(129%) **  10.340.2(27.0%)***
PCASOmE/keg+ 7.4%0.7°(8.6%) *** 14.741.6°(63.1%)°°°  4.130.9"(33.4%)°**  9.03 £2.9%(13%)°***
NEVIRAPINE
S.7imeg
PC A 100mgike+ 6.431.3°(21.0%)°°* 22.14£3.90" (45%)°***  3.940.7°(37%)""" 9.5+1.8(8.1%) ***
NEVIRAPINE
£7imgkg

" <005 when compated with egrarot
* p0.03 wixn epepwred with novarapine alone
Pooagre change campered with conurol

*** Peuagrchenge compared with nevirapine alone,

a-6
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I
Tahle 3B. Effect of Protocatechuic Acid (PCA) on Liver Lipid Peroxidation

- (MDA), Reduced Glutathione (GSH) Level and Hydrogen Peroxide (H:O:)

- Concentration in Rats Treated with Nevirapine

Treatment MDA (nmol/g Iij\-cr) GSH (mg/ml) H,0; (pmo! H:0¥/
min/mg protein)

Control 1 188.28.7 1.6£0.4 0.225+0.04

PCA 50mp/kg | 213455.7 (13.3%) **  1.120.3 (35.2%) ** 0.2490.01(9.2%)**

PCA 100mg/kg | 214.541.2 (13.8%)%*  1.120.4 (30.9%) *° 0.2240.03(3.6%)°**

NEVIRAPINE | 366+30%(04.6%) **  0.40.1° (78.4%) °° 0.26420.05(15.7%)**

PCASOmg/kg+ | 245.5420%(33.06%)%* 1.3720.7¢* (291%) **°
NEVIRAPINE

S71mgkg
PCAIQOme/ke+ | 262.8:47%(28.4%)°**  0.7520.122°°(114%)%%
NEVIRAPINE
S71mgng

0.2410.03(9.09%)***

0.25£0.07(5.3%)**

:9‘005 when compared with contol

.ECU.OS when compared with Nevimpine alone
Pefeentage change compared with congl

** Peccennage change compared with Nev(rapine alone
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Nevrapine

able 3C. Effcct of Protocatechuic Acid (PCA) on Vitamin C (Vit C), Total
Antioxidant Capacity and Protein Carbony] Levels in Rats Treated with

Treatment Vit C (pg/ml)

Total antioxidant

capacily (pmol/mp

'ratecin carbony!
(nmol/g tissue)

protein)

Control 0.13910.019 0.6500.006 0.100£0.015
PCA somg/kg 2.040.03%(42.3%)** 0. 72+ 0.04 0.0980.011
PCA 100mg/kg 0.3£0.03%(117%)** 0.60+0.09 0.1172+0.008
NEVIRAPINE 0 1340.02(8.6%)"* 0.4140. 16* 0.131£0.015°
PCASOmg/Lg-i- 0.1 1100054'(]49%)000 0.69-5'\,(,%“ 0.099+0.02°°
NEVIRAPINE:
5.7]m%g =
PCAIOOmE/ke+ | 0.15740.023(23.6%)"**  0.34£0.12 HTGRR.03%
NEVIRA pINE

ST mg/kg

. <005 when compared with control
.IIKU 03 when compared with Neviraping alont

tage change compared with cantrol

;;"““““Ee change compared with Nevirapine £
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Ifu" Protocatechuic Acid (I'CA) un Antioxidunt Enzyme Activitivs in Rats Treated with Nevirapine

'CA S0me'kg

PCA 100mgke 8.41+2.3(34.4)**
NEVIRAPINE 5.71mp/kg | 7.541 2°(41.47)°"

PCASOmg/g+
NEVIRAPINE $.71mg/kg

l
PCAI100mp'kg* ‘ 12,112 8%(61.33)°°°
NEVIRAPINE £ 71mghkg |

12.7£1.01%69.33%)* * **

0.27+0.02(6.9%)*"*
0.3440.03%(14.7%)°**

0.22£0.007°(35.2%)** *

0.3210.006(5.9%)***

0.1410.04(4%)°**
0.0610.03(40%)**

0.064+0.008(6%)***

0.1420.01%(333%)** *

G Px (unil/mg protein)  GST (llll.)r SO {(unit/mg protcin)  CAT
(numol H2O/min/mg
protcin}
12.883.3 0.2910.03 0.11£0.05 0.51001
\ 11.621.5(10%)° ¢ 0.3620.04(24.1%)** 0.1410.02(4%)** 0.410.07(20%)**

0.3620.07(28%)°**
0.3510.06°(30%)**

0.4940.05" (40%)***

0.500. 1°(42.9%)°***

* ¢-0 05-when aempuored with control
*5r 005 when compared-w ith Novowpine
** Pucepapechang—compared-with-emnirol

¢ ¢ Preeniage changerommmred with Nevirapine nlone
n=Y.
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P
ate 34, Histological sections (x400) of normal liver from rat treated with water

|

only (Congrol) showing no visible lesions.
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Plate 3. Histological sections (x400) ol liver (rom rat treated with S0mg/kg PCA

alon o’
¢ 0rilly. for 3 wevks. Section shows no visiblc lesions.
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Mate 3c; Histojogical sections (3300) of liver from rot treated with S0m/lig PCA

wd s me/kg Nevirapine orally for 3 weeks. Scction shows no visible lesions.
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Plate 3. His¢plogical sections (x400) of liver from rat treated with 100mg/kg

PCA s no visible lesions,

alone orally for 3 wecks. Section show
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Plte 3E: Histobaical scctions (x400) of liver from rat trented with 5.7Im/kg

N i 1 [ d s . 2
rapine slone orally fer 3 weeks. Scction shows scvere necrosis.
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Ph't 3F: Histological scctions (1400) of liver from rat trenicd w ith lﬂﬁmg{kg

PCa

and 5.71 mg/kg Nevirupine orally for 3 weeks. Section shows severe Bo

‘Iigiblc 1csio ns.
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10).
¥ t liver sect § kg I'CA alont Shows
A ‘°P|l0lom{c,-og,-gphs e ible leslons 5 (::‘[‘gi/ﬂf shows RO visible

~0ntpp| (Water only) showing n:’CA+5 71 mp/kk Nevi S, 71mp/kp

*bible 1o - Somg/ki | isib1e lesions, E- §71
D. |0(:;:;§/ig l’(n‘,),f/kalolw "l"’:’"03:’R;k“|ic,\+5.7l“'8/kﬂ Nevirapine

 F-1
_.‘“l' alone shows scvere necrosis

® visiblc lesions.
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EXPRRIMENT 4

LR

THE PROTECTIVE EFFECT OF
PROTOCATECHUIC ACID ON NEVIRAPINE INDUCED
INFLAMMATION.

TROBUCTION

Stimulation of inflammatory response is one of the molecular mechanisms
wolved in hepatic damage. Adducls that are large cnough 1o serve es immune larget
‘may migrate 1o the surface of the hepatocyte. where they can induce tie formation of

infibodies (antibody-mediated cytotoxicity) or induce dircel cytolytic T-cell responses

Robin e/ 4l 1997). The cytokine responsc is also evoked and this may cause

l2ammation and additional neutrophil-mediated heptotoxicity (Jecschke ef al..2000).

jous i ny cmes, such as umor
1 has been demonstiated that various inflammatory cytokmes

terlcuki 1B, ka et al.,
8108 factor (TNF)-a, interferon (IFN)-Y. and interleukin (I1L) 1B, {Blazka «f a

1995; Blazka er qf. 1996: Ishidaet al., 2002) and proinflommatory cnz)mcs like
| ing diug-induccd
kbco")’ﬂﬂﬂsc -2 and inducible nitric oxide synthasc produced during cug-(nduce

| kcy mediators can
E damage are involved in promoting (issuc damage- These Kc)
‘nducing changes in transcripiion

KUraee signal transduction cascades 05 well as

nses.
» Which mediate immediote cellylar stress 1€spo r
ich suggests that nevirmpine may

ur previous study Wh
NamMatory response: it

ity is copable of reducing

Bascd on the result of 0 ig possible that a

“H1IS (oxicity hyough the stimulation of In

ginflammatory profs

j 1 chemical gpent ihat possesses IN
| n|u”nugﬁﬂi0fh

fruil and wgclabl
y be aitsibutohlc to the

“lating nevirspinc- induced i

ption of fresh
and cancer: This Mo

mu“ d} 11“1' hﬂ\

cs ts usuall ussocioted

he frequ=nt consum

W incidence of hepatotoxi€iy ¢ SnuONidalie

3 S|y O<tuiring phenolic g

. some
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Ifsfoiiﬁ;c's. A natural phenolic compound, protocatechuic acid (3, 4-dihydroxybenzoic

acid}is present in many cdible and medicina! plants.

Protocatechuic acid has been shown 1o suppress the expression of inducible
niric oxide synthase (iNOS) and. cyclooxypgenase-2 (COX2) involved in inflaramation

and carcinogencsis (Cichocki et af.. 2010).

| Although scveral studies have shown PCA as a potent antinfiarnmatoly” agent
via s anticacinogenic activity, to the best of our knowledge there has becn no study
BOWINg modulatory cfect of PCA on nevirapine induced inflammmion: Therefore. the

speetlic aim of ks study is to investigate modulatory capabiliies of PCA on
|

Reviiapine induced inflammation.

PROCEDURE

- ed for this
Thirty six malc albino 1ats weighing between 150-170 g werc used lor
Xudy, They were purchased from the asimal housc of the Faculty of Basic Mcdical

d houscd in CIBES in the

o animals were given pellet feed

Sci animal house of
Iences, University of Ibadan an

Bioche msiry Department. University of baden. Th

Toupls were
mly divided into 6 groups. 1he group

W water ud libitum. They were 1ando
ed only the waler orally. Group

¢ control recers

ed for 3 weeks as follows. Group ! s
~ed 100 ing/k
rgly. Group 3 recery

zfeccivcd :

5 only ¢
0 mg/kg (PCA) J " = dose) of ncvitupine only orally.
then

Y. Grou ived 5.71 mB/kB
P 4 reccived sof . irapine and 50 me/kg PCA

dosc
Gmp 3 received 5.71 mg/hg (therupeuic

tjc dose) of nev irapine and 100 me/kg
u

I’ Group ¢ received 5.71 m@/ks (therdP€

| disl 34 hours afler the last
{«]
y ¢ cerv:

T”l") The 1als were sacrificed © ¢ with the afd of

punClUﬂ [C\fhmqu
allowed 0 coagulate by

ed tor 10 nyiny at 3000



; gusing a bench centrifuge. The clear supernalant (serum) was collected and used 10

delermine TNFa, [L-1}, PGE2 concentrations using ELISA technigue as previously
described in section 3.2.25. A portion of liver samples were processed and used for
immunochemistry assay of COX-2 and iNOS enzymes as previously desciibed in
scction 3226 and fiom the remainder, post mitochondrial fraction (PMF) was
oblained as previously described in section 3.2. The PMF was used to measuce protein

concenlzalion using biuret method as described by Gomal er al, (1949)

mycloperoxidase (MPO) activity was according 10 the method of  Eiserich er al.,

(1998) and nitrite level as described by Navarro-GonZalvez ei al., (1998). The

il i i ion 3.2.6
diflerent assay procedures are described under malerials and method in secti

103225,

»levily ]c\"els Of, it.-
Iresiment with Nevirapine alone resulicd in clexation 0 { serum

N

18, ™NE —a and PGE2 by 28 279%. and 48%, comparcd to control respecuvely
% cised the observed

However, co-treatment with PCA at SOmg /&8 and 100mg’kg f*

[-tf, 29:1% and 21.6 % (p<0.05) for

eles ations by 12.5% and 19.1% (p<C 05) for

PGE2 respcc[l\c]y (Figures I, Band C

INF « and 2.7% and 23% (p<0.05) for

tes o AT
- clevated by 86%

MO were gniticantly

MpQ snd
¢ levels of [ co.ndmmis‘mtion e

¢ alone EroupP bu |
Jition b} significantly decreasing

1S 346 and 1§ 484 respectively

Similarly, tissu

0 respectively in the nevirapin
iofaled this con

r0 levels by’
levels by 29% and 28,5 %; 80 4N B
) and I mpmwe!, )

o ures 31 »
o -u',pd wilh control (“gurﬂ ) INDS CApressins.



uced COX-2 and iNOS expressions, Intensity of the brown colour showed the

tefit to which the cnzyme was expressed. The finding from this study shows that the
¢ -@ME only group showed the most inlense brown coioration; with the brownness
oned down in the PCA co-administered groups (Plates JA and 4B).

CONCLUSION

It can be therefore be inferred that nevitapine-induced hepaiotoxicitly
associaled wish jncreased expression of COX-2 and iNOS, can bec allenuated by
Hot0Catechuic acid as demonsirated by the result of our study. Resuit of this study

he'efore, demonstrales that PCA possess anti-inflammaioty properties and can

Encliomlc inflammation mediated nevirapine induced hepatotoxicily 1n vivo In rals.
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Livers from treated rats were used for immunohisiochemical analysis of COX-

sing goat polyclonal anti-rat COX-2 antibody as a primary antibody. Positive
-2 staining yielded a brown-colored product. Intensity of the brown colour showed
|
e extent {0 which the enzyme was expressed. The finding fsom this study shoiws that

nevirapine afone proup showed the most intense brown colouration indicating

increased expressionof COX-2 compared to the other groups.
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' :
Livers ftom treated rats were uscd for immunohistochemical analysis of iNOS

L <

" g rabbit polyclonal anti-rat inos antibody as a primary antibody.

ik

o Sl . .
e INOS staining yietded a brown-coloured product. Intensity of the brown colour
I . - .
bowed the extent to which the enzyme was expressed. The finding from this study
hows that the ncvirapinc alone group showed the most intense brown colouration

.r aing increased expression of iNOS compared to the other groups.



44 EXPERIMENT S THE MODULATORY  EFFECT OF
PROTOCHATECUIC ACID (PCA) ON  NEVIRAPINE-INDUCED
POPTOSIS.

INTRODUCTION

Programmed cell death (apoptosis) can occur in concert with immune-
mediated injury, destroying hepatocytes by way of the umor necrosis factos (TNF) and
the FAS pathways, with ccll shrinkage and fragmentation of nuclear chiromatin (Reed.

2001). Certain chemicals may be able to trigger apoplosis by direct stimulation of the

pro-apopiotic pathways in hepatocylcs. On the other hand. other paihwoys including

imnunc. mediated cvents can lead to release of TNF of aclivaic the FAS pathways, and

eh()]eﬂ&ﬁs i1s known 10 stimulate apopgosis lthUgh aclion of pf0'3p0plOliC bile acids
Rlch os glycodeoxcholic acid (GCDC) (Lee. 2003).

s P o handra can also initiate 2poplosis via
Similarly, chemicals that damage mito€Hioncns n

fdese of cytochrome C (Bissel et al., 2001 Jacschke ¢t al.. 2002). Thus induction of

mechgnisms of the toxicity of drug. Some

“PPI0SIS is also be involved in the
¢ have been shown lo induce

i ' = - P idanosin
| Bieoynals jike zidovudine, swvudine and di

Posis.

has shown the involvement of

¢ no StUd)'

To the best of our knowlcdg

be the mechanism
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oxidant protection |
qjm Of this study’ is 10 #Wo
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¢ PCA on nevirapine
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. | A W2 N NEVIRAPINE-IN
\POPTOSIS. B

TRODUCTION

Programmed cell death

(apoptosis) can occur in concert with immune-

eciated injury. destroying hepatocytes by way of the tumor necrosis factor (TNF) and

FAS pathways, with cell shrinkage and fragmentation of nuclear chromatin (Reed,
001). ; : :
1). Certain chemicals may be able to trigger apoptosis by direet stimulation of the

10-ahoptotic pathways in hcpatocytes. On the other hand. other pathways including

Wunc-mediated ¢y

ents can lead to release of TNF or activate the FAS pathways, and

Sholcstasis js Known to stimulate apoptosis through action of pro-apoptotic bile acids

=8 glycodeoxcholic acid (GCDC) (Lee, 2003).
Similarly, chemicals that damage mitochondria con also initiatc apoptosis via

lease o f cytochrome C (Bissel e al.. 200!; Jaeschke ¢t af., 2002). Thus induction of

J e
POPIOSIs is also be involved in the mechanisms of the toXicity of drug. Somc

PRI s ke Zido vudine, stavudine oid didanosine have been shown to induce
Poptosis,

To the best of our knowledge no study hos shown the involvement of

)i ; g - L demonsuated that the mechanism
1$in nevirapine loxicity, Howcver, It has been

‘ ; »clion | regubating the
: hp“’lOCaICchuic acid offess it antioxidant protection 18 through regulating
|

= controj .the m
.'| lf_Olltng npopfosis. (rﬁnﬂkﬂ ef af.’ 201 ]), HCncc | |
{ of apopisis in nevimpinc-induced

m of this study is in two

 to investipnic the involvemen o
| PCA on Ncvimpine-induced
' and secandly the modu

' stpin Weighing between 150-170 8 were

| A ‘aculty of Dasi
Fa mvaoﬁhﬂ’mult) of llasic
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Medical Sciences. University of Ibadan and housed in cages in the animal house of
Biochemisuy Department, University of Ibadan. The animals were given pellet feed
a0d waler ad fibitum. They were randomly divided into 6 groups. The groups were
reated for 3 weeks as follows. Group i(control) received only the water orally. Group
2reccived 50 mg/kg (PCA) only orally. Group 3 received 100mg/kg (PCA) only orally.
Group 4 received 35,71 mg/kg (therapeutic dosc) of nevimapine only orally. Group 5
reeived 5.71 mg/ke (therapeutic dose) of nevirapine and 30mg/kg PCA orally. Group
6 received 5.71mg/kg (therapeutic dose) of nevirapine and 100mg/kg PCA onitly. The
18IS were sacrificed by cervical dislocation 24 houts after the last administration: blood

as collected by cardiac puncturc technique with the aid of clcan needle and syringe

MO ¢lean dry centrifuge 1ubes and allowced to coagulate by standing for 30 minutes.

T blood samples were then centrifuged for 10 mins at 3000 g using a bench

: ' = frigerator,
Califge. The clear supcrnotant (serum) Was collected and stoted ia the refrigera

i e 3. caspasc 9.
e saum samples were used to MEAsUrc concentrauon Of €aspas po

' jous! tibed
Yochtome C and p53 protein using ELISA yssoys lechnique 0S previously desc

Y for tunnel assay as
mlon 3.2.25. ]-hc ]iVCf Samplff were pmcCSSCd Dnd USCd or

' jon 3.2.26.
mw”"‘lf described i n section 3.2.4 and section 3.2

RESUL TS

els of cuspase 9,
Nevirapi d s signihcant elevation of sctum levels
evirapine cause
(p<0.05: 23%.
100iIny/kB pCA caused o significant
on¢l

s 9) snd ‘50% a)
wpﬁ“ﬂf p53} (Flgu Fes

g5% and5.2% conttol

|
!

“Xhrome C. and 1umor supresser p$3

’ /&
with 20mg kg 1d 5198 in reduciion

0,75 nn} 282 % (p<0:05) 1"

wd 2.3% in tumor
26% (00
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Ncvirapine caused an elevation of scrum levels of caspase 3 by, 33% and 12%
‘fo'mparcd to contol). Co-trcatment with 50mg /kg and 100mg/kg PCA causcd a
ction (33.8% and 27.5.2% in caspasc 3) (Figurc 4D).

The measure of nuclear DNA fragmentation is an important biochemical
icator of apoptosis in many ccll types. Using a modified TUNEL assay showcd that
wirapine induced apoptosis and lhis is depicited by the deep intensity of the brown
loration when compared with the control in (Plate 3A) as PCA a1 50mg /kg and

rDOmglkg was able to ameliorate this condition.

Cenclu sion

-. (] L] . . .
S result therefore shows the involvement Of apopiosis In nevirapine induced

s T

loXicty and secondiy ability of PCA 10 modulale nevirapinc induced apoplosis.

VIZADEN UNIVESSITY L IR Ar
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46 EXPERIMENT 6.

PROTECTIVE EFFECT OF PROTOC
ON

NEV] RAPINE-INDUCED
MICRONUCLE] ASSAY.

ATECIIUIC ACID
GENOTOXICITY USING

.--\'TRODUCn()N

The in vivo micronuclei assay is a mulagenic lest system for the detection of

bemicals which induce the formation of small membrane bond DNA fragments i e.

Actonuclei in the cytoplasm of intezphase cells.

. ,I. ] " '
Evidence gathered from our previous study showed nevimpine as having a

. ' ; ' ' leated
éenotoxic polential \ijth a significant increase in number of miconuc

Plychromatic erythrocyte when compared with conirol. Aniioxfdanis are known o be

4

PR a0ains) DNA damage and mutations induced by reaclive oxygen species

1ROs), Evidence galso abound that the antioxidon! protocaiechuic acid possess

a1, L ‘ : 2 -
MWlgcnic propenties (Demetrios e al., 2004; Jaoued et al, 2011)
i el [
The objeclive of this work is to investigate the modulaiory ellect o
using Micionuclei assay,

‘ iC nci —— ~ citly
Xatechyic 5cid on nevirapinc-1nduced gcnoloxiCily

J .CEUURE

s with body weight
A total of 36 male albino rats aged between 6-8 weeks Wi

ndomly divided tnto 6

| L T ard
P8 from 40_ for this study. Animats

70 g wete used
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‘ed
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100nmwkd (r

 og :
Y. Group 3 wodived CGiroup 3 texveived 5.71 mg'kg
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: " & ol
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16 EXPERIMENT 6: PROTECTIVE EFFECT OF PROTOCATECHUIC ACID

ON NEVIRAPINE-INDUCED GENOTOXICITY USING
MICRONUCLEI ASSAY.

-

INTRODUCTION

The in vivo micronuclei assay is a mutagenic test system for the detection of

bemicals which inducc the formation of small membranc bond DNA fragments i.c.

'R o il o
micronuclei in the cytoplasm of interphase cells.

Evidence pathered from our previous study showed nevilapine as having a

#foloxic notential with a signlficant incrcasc I number of miconucleated

Pychfomatic erythrocyte when compared with control. Antioxidants are known to be

BPOnan( againsg DNA damage and mutations induced by reactive OXygen specics

L] . . iy : s
03) Evidcnce also abound that the antioxidant protocatechuic acid posses

! | =Tk a1
“mutagenic propertics (Demctrios ¢! ¢l 2004; Jaound et al. 2011

' latory cffect of
The objcctive of this work is 1o investipale the modulatory

-~ g ’ I . \Ci hl
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ON NEVIRAPINE-INDUCED GENOTOXICITY USING
MICRONUCLEI ASSAY,

NTRODUCTION

. The in vivo micronuclei assay is a mutagenic 1est system for the detection of
hemicals which induce the formation of small membrane bond DNA fragments i.e.

s - _
eronuclet in the cytoplasm of intciphase cells.

Evidence gathered f[iom our previous study showed ncvitopine as having a
BN0lOXic potential with o significant increase in number of miconuclcated

Xlychromatic erythrocyte when compared with control. Antioxidants arc known fo be

BIpoy|aui against DNA damage and mutations induced by reactive oxygen specics

R0S). Evidence also gbound that the antioxidant protocatechuic acid  possess

‘ : wal. 2011).
“Wiagenic properties (Demetrios ef ul.. 2004; Joouad et al., 2011)

- - '+ cffect of
The gbjective of this work is [0 investigate the modulator? cflect o

| .11 usin Mictonuclci assay.
=uAtechuic acid on nevitapinc-induced BenolOXICH) using

ROCEDURE

» l‘. .. ‘
A 101a) of 36 male albino m!s aged between 6.8 weeks with body wesgh
m
m . divided into 6
> ‘ng {10 40-70 g were used for this S(Ud)’. Animn‘s werle I'andoml) §
gr follo\vs:
e oups were treated orally for 3 weeks 0S

(he Water orally. OtouP 2 reccived 50 mikg
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sceived onl
Group } control receive oy only orely Gioup 4 feceived
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with ma '
yérunward stain. Bonc mamrow cells were  then  examined

L)
I
N

scopically and scored per animal for micro-nucleated polychromatic erytsocytes

inPCE), The the assay was carried out according to procedure previously described in
is and method section 3.2.27,

ESULTS

Similar 10 our previous cxperiment. nevirapine caused a signilicant increase

9<0.05; 68%) in the number of micro nuclcated polychromatic crythroeytes when
fompared with control. | fowever, co-treatment with PCA at boih concentrations used in

W8 study ancnualed this effect. Our results show that PCA at $0mgskg and 100mp/kg

W

d a signiticant reduction (p<0.05; 37.5% and 32.8%) respeclively in nuinber of

l‘fo.nuclealcd polychromatic cryth rocyles.

CONCLUS 0N

| . tenmine May be genotoxic and
The syl of this experiment shows that ncviraptne Ma) g

. snine | oxicily,
Polecatechuie eid may offer protection 2gainst nevirapine induced genot )
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CHAPTER FIVE

DISCUSSSION

. .

'il!\nft"lnodcﬁcich)r virus ({11V) infection. They are used to achieve the highesi posstble

clinical penefit, and to diminish the risk of developing resistance, The use of these
drugs however has heen associated with toxicological effects which include

bematologic disorders, myopathy hcpatoxicity and cardiotoxicity just io mention a few.

These

S effects are militating against the success of antircirovita! therupy and may resuh
] "% :
decreyse adherence 10 (reatment which conscquently lcads to clin:cal failure. therapy

Mli"\lﬂﬁon and even death (Domingo and Lozano. 20} I: Eera ¢f al.. 2012).

One of the major loxicological efTects of antisetroviral agents is hcpatoloxicty.

e rason for this is duc to the fact that the liver 15 ceniial 1o the metabolism of

hin i re nccessaty 1o
ally cvery foreign substance that enters the body. [t1s therefo :

=i . 5 ] B vical
Sy thetapies (hat adversely affecy the livers identify their - texicologica

and ways of amcliorating their effects.

. 1ase inhihitor (NNRTI)
Nevirapinc (NVP) is a non-nucleosid¢ reverse (rnsCrpLise r

Ryt - . T idely used anti-§ilV
G the lf&lmcn[ of ]”v-l infcction. CUUCD“)’* inis thie most widcly

glion theraPy and 10

\ NVP produccs a vanely uf

prevent molher-to-
ﬁl"dc""cwpi"g countries. boih in combin

: 18 - we ! | lll
AWmisston of IV, Despite ils eflicac) against

B o

‘ 1ty skin

OMses, jncluding hcpatotoxicith pnd

i rodents (Antuncs €
ecqve Ageats in the

 al., 2013), 1t therefore

‘l

: S ol ﬂcpaloncoPmSia’ i treatinent

- ol
erallve 1o consider the inclusion of 477
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Several antirctroviral drugs have been devcioped for the treatment of hiuion
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| EFFECT OF DURATION OF EXPOSURE ON NEVIRAPINE

HEPATOTOXICITY

Nevirapine, the drug of interest in this study is associated with hepatotoxicity
'clcrized by hepatocytes necrosis and clevation of transaminase scrum levels (Elias
ld Brambaifa, 20t3; Elias er al,, 2013). Although hepatotoxicity of neviragine is
: blished, eff'ect of neviirapine on the liver wvith respect to duration of drug exposure
25 nol been well-explored. [1 is therefore important to know if exient of the liver

&tage nevirapine induces is alfected by the duration of exposure to the drug since it 1s
Wed by ¢he paticnts almost for a life time.

In the present study, therapeutic dose of neviropine was administered for

s " o = .“ . [ -r d c d
&<nt dusalions (1.4 wecks) 10 assess the felaonship between neviropine-induce

' Various biomarkers of hcpatic
Fdamage and duration of cxposure to the dnig. Varous D10 P

2 ' e ¢ damage. Resulls
Ay - cviropine caused marked
“hed showved that treatment with therapcuti€ dose of n P

e | : levels of alanine
“liver damage as cvident by the sigmificant elevation of sctum
comptl!Cd with control 1hl'OUgh0Ul the

i 'U) and 8spPartate (AST) aminou“,,:‘.'?mscs "
dinp agrees with the study of Umar v al., (2008).
nding

on of the treatment. This fi
' ect o major permeability problem

&

Serum Jevels of ALT and AST digectly T .
2008). AST exinb

-

its high activity 1n
Relf "Uplure (Benjomin, 1978; Umaf et al
"Pa ver, hearl.
M. mitochondrjon and microdonics of ltver |
wcinc pﬁnClpJ“)

ad with scuic fiver and

’“dncy ll“(l bfﬂin (Bcnj"min'

found In the

WiBer ¢ ¢, 1979); while

ALT is hepos
. associdl
%ﬂ and ¢levated ALT levels o

; ""- : ' - . -
e (W f. 2003)

in Serum
s cani Incienses in
slgnificon
¢ Wene

atign ther
wtion < of impairment of the

||
ddition 1o tran: yminase €ley :
.',. rr " . is l'ndfc"’ll\

vl e rdTIF A--b-ilu"ﬁlam

EALTH REPOSITORY PROJECT




Re_ e BN & T Tet ¢ G e e A6 WYV

HEPATOTOXICITY

ch;'rapinc, the drug of intcrest in this study is associated with hepatotoxicity
liacierized by hepatocytes necrosis and clevation of transaminase serum levels (Flias
I Bambaifa, 2013: Elias ¢s al., 2013). Ahthough hcpatotoxicity of nevirapin is
blished. cftect of ncvirapine on the liver with respect lo duration of drug exposure
35 not been well-explored. it is therefore impostant 10 know' if extent of the liver

L age nevirapine induces is affected by the duration of exposure to the drug since it is

tsed by the paticnts almost for a lifc tinic.

In the present study, therapeutic dose of pevirapine was administered [or

: < bo hetw irnpinc-induccd
.' flerent durations (1-4 weeks) to assess the relationship between nevirmpine-in

fer damage and duration of cxposure to the drug. Various biomarkcrs of hcpatic
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analysis also showed increase in the severity of hepatic degeneration during the course

eatment.

Results from this study showed that the scverily of liver damge increascd with
\rased time of exposure, The 3rd and 4th weeks of exposure resulted in e most
prenounced hepatic damage.

Reduced glutathione (GSHl) was measured as a marker of oxidative stiess in
Vet of rats. GSJ1 is a tripeptide and the major endogenous antioxidasnt produced by

®ils. Tt helps 10 protect eells from reactive oxygen species (ROS), free radicals and

Perd¥ides (Pompetla ¢r af., 2003), It is well eslablished that ROS and clectrophilic

“’m“icals can damagc DNA and that GSI1 can pI’OIC"' aguinSl this typc of dumugc
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“bolism and sybscquent export of these chemicals from the cell, We obscrved a

i iment bul
in GSH fevel when compared 10 control throughout the period of treaim

LA X

wceks 2 ond 3. This suggests the ability

m . 11° ,’ .
! signljicant decrcasc was obscrved &t

of the
e therapcuic dose of the diug to inducc OXIdstIvE Segss

catolase (CAT) play kcy roles in the

SuPtroxide dismutase (SOD) and
:de respectivcly, thereby

" ' rroNid
"eagion of supcroxide A2aion and hydiogcn pe -
| (; Fridovich. 1995), Reductions in

8 againsi ROS-induced domage (Eaton. o
gmulation of supe

pecies have the potential of

;oxide onion und

Mvity . acc
ity of these cnzymes result in an

I.. L cn S
80 peroside jn wne liser. These feace O X
_ I e . This radical in ur
R with . ydroxyl radical-
RN o d scqucnll)' damunglhcm.
an con

course
Lty throughiou! the

1 activity decreased

s lile protein lipid gnd DNA
in SO sclt

cvirap inc causeda decrense

ok | ond + Si

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

'

#
=€ LTF
O

/e

PSITYLIBRAR

NINIY




ver. cxcessive hemolysis. or obstzuction of the biliary tract, Histopathological

2 51 also showed increase in the severity of hepatic degeneration du ring the course

o reatmeny.

Results {from this study showed that the severity of liver domge increased with

increased time of exposure. The 3rd and 4th weeks of exposure resulted in the most

ponounced hepatic damage.
Reduced glulathione (GSH) was measured as a marker of oxidative stress in

Iiver of eats. GSH is g tripeptidc and the major endogenous antioxidant produced by

s | helps 10 protect cells from reactive OXygen specics (ROS). free radicals and

Peroxides (Pompella er af., 2003). It is well established that ROS and clectrophilic
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amughout the period of the study. The observed decrease in catalase activity was

sguificant at week 1, 3 and 4. Taken together, the study indicates that Nevirapinc
ndoces oxidatve stress and significantly wilh tncreased time of exposure.

' Furthermore, nevirapinc-induced lipid peroxidation as judged by the clevated
eoncentration of malondialdchyde (MDA) compared to control throughout the course

Ithe sjudy. MDA, a product of membrane lipid peroxidation, has becn shown to react

h critical biomolecutes such as nucleic acids, thus damaging the cclls (Cuzzocrea ¢f

2001,

rapine-: 1oxicity’ xidative
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. - b ° - . . o .
rase, alanine aminotransferasc, aspartale amino transferase). lipid peroxidation
1

nd hydrogen peroxide concentration after three and wecks of drug administralion_

Results obtained corroborate the {tnding of the previous study that nevirapine
sases an clevation of biomnrkers of acute Jiver injury such as ALT and AST.
Likewise, the reduction in SOD and CAT activities by Ircatment with nevirapine was
#:0 reconfitmed in this study, Similacly, this study also reconfirmed the involvement
Hipid peroxidation and GSH depletion in nevirapinc-induced iiver damage: Apan
M all \he reconlimmation, there was also a significant clevation (p<0.05) in serum
ALPand GGT levelsin this study AST. AL.T. ALP and GGT are considered as hcpal;c

0 enzymes and therr serum concentrations are used as diagnostc indicators of

¥asic .: ’ . - the hepatic cells. Alterations in
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be correlated with GSH depletion (an important cofactor GPx needs to function),

d also with increased lipid peroxidation observed in this study.

Nevirapine also caused marked elevation of hydrogen peroxide concentsation.

Tlus can be associated with the reduction in catalase and glutathione peroxidasc aclivity

since they help to detoxify the cell of hydrogen peroxide.
Vitamin C concentration was also obscrved to be lowered by nevirapine.
Vitamin C s a potent waler sojuble antioxidant in biological tluid (Frei ¢ al., 1990).

Also, there are evidences that vitamin C regenctales other endogenous antioxidants like

GSH, wiate and B-caroteac [tom their respeclive tadical species (lalliwell. 1996). This

O etrati Arapi. verwhelmed the
sesult indicates that the administration of ncvirapine scems 10 have o

‘ i ilami tration |
antioxjdant defense mechanism thus causing n reduction of vilamin C concentral in

the gells.
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53 NEVIRAPINE-INDUCED OXIDATIVE STRESS AND PROTECTIVE

EFFECT OF PROTOCATECHUIC ACID (PCA)

Antiretrovirals, the class of drugs to which nevirapine belongs, is associated
with 1oxic effects and induction of oxidative stress via the generalion of oxygen
radicals. decreasc in inicaccllular antioxidants and perturbation in the activities of

anlioxidan enzymes (Adikwu er af.. 2013). Phenolic compounds. ‘vhich are widcly

distributed in plants, have been considercd to play an impoiinat role as dietary

antioXidants for the prevention of oxidative damage in living systems (lHcrtog and

| Feskens, 1993),
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‘Treatment with PCA aitenuated these increased enzyme levels indicating that

PCA m vivo has hcpatoprotective propettics against nevirapine-fnduccd liver toxicity.
lis is consistent with the work of Thangaiyan ct al., (2011) which showed thai PCA

could offer protection against clevation of these enzymes.

Similarly, ncviiopinc significantly decreased GSH levels and co-

administration with 50 mg/kg and 100 mg/ kg PCA ancliorated the oxidative stress by
siflilicantly increasing GSH level when compared to the ncviropine only' group.

lowever, the 50 mg/kg was more eJective than the 100 mgkg dosage. This shows that

PCA' could affect GSH hepatic concentration in dosc dcpendent manncr. This is

eo1toborated by Nakamura and co-workers. (2000) who demonstiated that high doscs
reduction of GSH level and antioxidative enzy'me

ofPCA cause tyrosinasc-dcpendcnl
ial intracellular reducing agent

achivitics, The physiological role of GSH is as an csscnt
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FECT OF PROTOCATECHUIC ACID (PCA)

Antirctrovirals, the class of drugs 1o which ncvirapine belongs. is assoctated
ith toxic cffects and induction of oxidalive siress via the genecration of oxygen
dicals, decrcasc in inteaccllular antioxidants and perturbation in the activities of
antioxidant enzymes (Adikwu et af., 2013). Phenolic compounds. which are widely

disbibuted in plants, have been considered 1o play an important role as diclan’

aioxidonts for 1he prevention of oxidative damage in lising systems (Hfertog and

Feskens, 1993).

In the present study, investigation of the eflect of protocatechuic acid on

EVIpinc-induced hepatotoxicity and oxidative stress was camed out Protocatechuic

id 3, 4-dihydroxybenzoic acid, PCA) - 3 natural phenolic compound found in many

} e ' chl
Wible and medicinal plants (Justyna, 2005) and have becn shown by s¢
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Dlativ [P poeruxiaanon. t nese resuils are consisicnt wilh (nosc ol { 1 nangaryan ¢¢

7 2011 .Jong Moon Hur et al., 2003 and Chucn-Lan et of , 2002).

[ncrcase in lipid peroxidation is an indication of the inability of the antioxidant

I " [ 3 . . g » :
defence mechanism 10 prevent excessive formation of free radicals. Treatment with

FCA. which caused a significant decrease in lipid peroxidation level, suggests that PCA

may exent stabilizing elfcct on liver cell membrane.

Glutathione peroxidase (GPx) is an enzymatic antioxidant which catalyses the

reduction of hydrogen peroxide and hydropcroxides to nonioxic products and

Seavenges the highly reactive lipid peroxides in the aqucous phasc of the cell

Membranc, GPx and the cellulac NADPH gencation mcchanisms together form a

sislem for removing hydroperoxidcs from the cell (Halliwell, 1977).

ivi . nevirapine alone.
We observed a decreasc tn GPx actviy of the rats that ook nevirapine o
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ceirations of A restored (he condition to normal by increasing the enzyme

activity.

This swudy shows that PCA affccts the activity of these enzymes in a dose
dependenmt manner. Equilibrium between ROS and enzymatic antioxident enzymes
including superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase
(GPx) arc crucial and could be an important mechanism for preventing damage by
oxidative stress,

The efficiency of enzymatic and non-enzymatic antioxidativc systems could be

detected by the deterinination of single components of this system which s known as

0l agtioxidam capacity (FA) (Kankofer ¢f af. 2005). In the present study, a

ieni s TORE irapinc trealed rais was
Significant Jecrease in total antioxidont capacity in nevimpine
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oncentrations of PCA restored the condition to normal by increasing the enzyTac
activity.

This study shows that PCA affects the activity of these enzymes in a dose
dependent manner. Equilibrium between ROS and enzymatic antioxidan! cazymes

“including supcroxide dismutasc (SOD), catalasc (CAT) and glutathione peroxidase
{GPx) arc crucial and could be an important mecchanism for preventing damage by

oxidative siress,

The efficiency of enzymatic and non-enzymatic antioxidative systems could be
detected by (he deterenination of single componcnts of this sy stem w hich is known as
ol antioxidant capacity (TA) (Kankofcr ¢r al.. 2005). In the present siudy, a

enilicant decrease tn total antioxidant capactty in ncvirapine trealed 1ats  was
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Nevirapinc  brought about a significant increase in protein carbony!

concentration. Co-trcatment with PCA at both doses was able to amelioraic this

- condition by causing a significant reduction in protein carbonyl concentration.
In conclusion, PCA exhibited the ability to assuage liver injury associated with
nevirapine drug administration by reducing oxidative stress and hepaiic damage. In
view of the present findings, fruits rich in protocatechuic acid couid be consumed by

patients under nevirapinc antirctroviral therapy. PCA could preveni nevirmpine-induced

oXidative damage because it is considered an antioxidant that cxeits direct cllecls by

scavenging free radicals (Chuen-Lan et al., 2002) ond indirect cffects by inducing the

¢xpression of antioxidant enzymes.

34 MODULATORY EFFECT OF PROTOCATECHUIC ACID (PCA) ON

NEVIRADINE- (NDUCED INFLAMMATORY RESPORSE
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ty an: involved in promolting lissuc damage. Cylokines arc low-molccular-weight
prateins thal regulate diverse physiological processes. such as growth. development.
dilferentiation, wound healing. and immune response (Miki e+ al.. 2007 Lu et al.,
2066). In response 1o inflammation, cytokines are secreted from cells of the immune
systemt,
Sonic cylokincs stimulale or even aggtavate milammation. whereas others
sitcruale inflammatory responses. Several proinflammatory cyiokines. especially tls
d TNF-u, have been rmplicated in inflammation-associated carcinogencsis and

bepatoxicity (Lin e/ al . 2007; Noguchi ef al.. 1998. Rigby ¢/ ui, 2007. Tselepis ef ol .
2002),

The results from this study further feveal that nevirapinc-induced

mmatory cytokines
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Cyclooxygense-2 is a proinflammaloty mediator and the rate limiting enzyme
presiaglandin biosynthesis from arachidonic acid. It  has been implicated in liver
inflanmation and fribrosis (Horrillo et al., 2008). Inducible nitric oxide synthasc is an
inducsble member of the three nitric oxide synthase isoforms (endothelial niiric oxide
syithase (¢cNOS), ncural nitric oxide synthasc (nNOS) and inducible nitric oxide
synthasc (iNOS)). They catalyze the oxidation-reduction reaction ol L-argimne in the
presence of oxygen 10 form nitric oxide (NQ) and L-citrulline. Under pathological

tondilions, howcver, {NOS is strongly up regulated and lacge amounts of NO are
‘catment with Nevirapine brought about a

In this study. i1 was observed that |

®nifi . vpIeSS! verified by immunc-
Sgnificant inductjon of COX-2 and iNOS expression &3

\on 'mcs explains why
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. Thus. the suppression of NO overproduction represenis the therapeutic
approach to nevirapine-mediated liver injury. PGE-2, a product of arachidonic acid
preakdown via COX- 2 pathway has also been implicated in inflammation. It is onc of
‘the effcctor molecules through which COX-2 links inflammation to cancer.

Protocatcchuic acid has been shown to suppress the expression of iNOS and

COX-2 involved in inflammation and carcinogencsis (Cichocki ¢ «i., 2011). Co-

reatment with PCA in our study achieved a reduction in the levels of these

proinflammatory mediators. This further demonstiates that PCA via its anti-inflamatory

£ . = ° [ H » 4 n.
property is capable of ameliorating nevirapinc- induced inflammatio

 that nevirpine-induced hepatic
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uld reduce activity of myeloperoxidasc in the skin induced by the adminisuation of

-Ouctradccanoyiphorbol |3-acetate (TPA).

NEVIRAPINE-INDUCED APOPTOSIS AND PROTECTIVE ROLE OF

PROTOCATECHUIC ACID
Apoplosis is a genctically c¢ncoded form of cell suicide central 10 the
development and homeostasis of multicellular organisms {Zhang ct al. 2003: Ravagnan

& al, 2002). Findings suggest that increased hepatocyte apoptosis is an importanl

mechanism contributing to inflammation and fibrogenesis of the fiver (Wu 2006)-

In this study, wc mcasured the expression of pro-npopiolic prolcins caspasc 3,

*&5pasc 9, cyirochrome C and p53 as biomarkers for detection ol hepatic apoplosis.

Mlso, the jmmunohistochemical analysis for 2poptosis Was performed by TUNEL

‘methog,

ifi . o group of protcascs.
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( -t I o ! . A . . . . o o
er imestigate the involvement of apaptosis in ncvirapine-induced liver injui},

‘caspasc 3 was assayed for as a representative of effector / cxecutional caspases in this
?slﬁd;i The scrum level caspase 3 was also clevated in the nevirapine-ireated rats when
compared with the control. Resuits from this study is comparable 10 the work of Tarek

€ 0/.(2014) which reported the elevation of serum caspase 3 in rats treated with carbon

tetrachloride g siandard hepatotoxin. Thus, it can be inferred from these results that

there is induction o f apoptosis in nevirapine- induced liver damagc.
The level cytochrome C. an important apoptogenic [actor (Kiuck ¢7 af, 1997)

which interacts wvith the scatTolding protein Apaf-| and subsequently activales caspasc-

9(Lictal, 1997) was also measured, There was a marked significant increasc 1n the

fovel of ¢ytochrome C in nevirapine- trcatcd rats when cor iparcd with control.

The tumor suppressor p53 has been iﬂlpliCzllCd in the iﬂdUCliOﬂ of the

ivolf ' den
XPlession of apoptotic genes or direct aclivation of the apoptolic cascadc { Vous
cutor of apoptosis) isat [eas!

4 Ly, 2002). The activation of effector caspase 3 (an cx¢
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neviapine induced apoptosis. Although some studies have shown the involvement PCA

i premoling apoptosis, ours showed the anti-apoptotic ability of PCA which is tn

consonance with the studies of Morikawa er o, (1999): Lin, (2003) and Yen, (2000).
To the best of our knowledge, this is the [irst time a study will show the involvement of

8poptosis in nevirapine induced toxicity and the protective role of protocatechiuic acid.

56 NEVIRA PINE-INDUCED GENOTOXICITY AND PROTECTIVE ROLE OF

PROTOCATECHUIC ACID.

PCA is known for its fice radical scavenging and ants xidant activities. These

aribies make it a pood candidate for presceving the iniegnty of biological molecules

like protein and DNA by preventing their oxidaton. The micronuclet fest Is one of the

- : ' ' s becomc one of
Most widely gpplied short term test used i gENCHE joxicology and ha

erent couniries to
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ed th .‘.‘ﬁmwmc and antigenotoxic activity of PCA. [n conclusion, it can

rom this study thm PCA con protect agoinst ncvirapine-induccd



CONCLUSION

fh‘e cesults of our study demonstrate that ncvirapinc can induce hepatoioxicity,

nd with pronounced scvcr;(y upon cxtended duration of exposure te the drug. Also, the
e lts showed that the mechanisms by which ncvirapine exert its toxiciiy ma)y. be
though the stimulation of inflammatory responsc and oxidativc daninge due to free
iadical generation. Also. the observed increase in formation of micronuclei following
treaiment with ncvirapine suggests that it may possess genotoxic potentials. Ncvirapine
4% jncreased the conccntration of apoptotic biomarkets. This shows that the
mechagism of the toxicity of this drug may involve induction of apoptosis.

Furthermore, the study demonstraied that PCA can ameliorate nevirapine-

Oxido jve stress This protection of nevitopinc-induced

signaling  pathway.

hep‘"‘oloxici(y by protocatechuic acid is associated with its ability' fo [ower the Jevels of

m-fnnammo,y cytokines and prosiaglandin [2 gs shown by the results of the study.

Srme i . 3 ¥ ‘. i
tlmllafly_ protocatechuic acid offercd protection qgainst nevirapine induced apoptosis

8 tieaiment with PCA reversed the formation of micr onuclci.
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CONTRIBUTION TO KNOWLEDGE

[n this siudy, cfforls were made to clucidaic the possible molecular

schanisms that are involved in nevirapine- induced hepatotoxicity. The findings of

‘he present study showed that prolonged oral treatment witl therapeutic dose of

mevigpine damaged the tiver, Resullts showced that this nevirapine-mediated toXicity

|
iilidlion of apopiosis. The hepatoprotective role of protocalce

oocurs via generation of free radicals, stimulation of inflammatoty responses and

huic acid was also

: i ia i joxidant
explored; and results demonsirated that it can ofTer protection via Ils anlio
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