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ABSTRACT

Hyperlipidacmia and oxidative steess are important factors in the pathogenesis of
chronic degenerative and inflammotory discasces. Persea americana (Lauraceac) has been
widely used in ethnomedicine in the trcalment of various ailments including hypertension
‘l’his study evaluated the hypolipidacmic, antioxidative and hepatoprotcciive polentials of

Aqueous Extract of /- anicricana (ACPA) and Methanolic Extract of # awericana (MEPA)

respcclively in rats,

l'l)'pcrlipidncml'u and hepatotoxicity were induced by feeding 4-week old inale ruts
with high lipid dici containing cholesierol and cholic acid, and carbon teuachloride (CCly)
rcspeculvcly. Hypcelipidacmic rats were administercd AEPA or MEPA orally, at 10 mg kg
body weight for 8 weeks while three groups of sots pre-treated with Reducdyn® (consisting
of acetyl-homocystcine-thiolactone and cysicine) 100 mg and AEPA 100 or 200 tng kg/body
\\c;ghl were intoxicated with CCla. Control rats received standard chow. and walcr only.
Hypolipidaemic and antioxidant eflects of the extracls were asscsscd hy determining the
levels of plasma lipids, antioxidant cnzymes and glutathione (GSIt) respectively. The
hepatoprotective effect of £- omericanu was cvalumed by assay of liver enzymes, hilirubin
and histopathology of the liver- Phytochemical constituents of the extracis were delermined
by qualilat;vc analysis. Data were analyzcd using AN@VA.

Admtnisirution of AEPA reduced tatab plasmo cholesterol (T-CHOL), low density
lipopro:clln cholesiere! (1-DL) and triglycerides (TG) by 8%, 19%¢ and 35% respectively,
while MEPA towered T-CHOL (4%) and LDL (20%), Plasma high dcnsily lipaprotein
chulesterol (HiJL.) fevel wos tncreased while the index of ntherogenicity (LD!JHDI.) W 1S

markediy reduced in the teealed rals compared to the hypeeliprdaemic conirod e exteacts
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lowercd oxidative stress as shown by significant decline in plasma malondialdchyde (MDA)

and increase in GSH. The extracts elicited nn increase in the activities of catalase and
supcroxidc dismutase (SOD) compared 10 the hyperlipidaemic control rats. Ficpntoprotectis

cllcct of AEPA wos indicoted by significant decrcasc in totol bilirubin, aspanate
aminotransferase (AST). alanine aminotransferasc (ALY), and alkaline phosphatase (ALP) in
the treated 1ats compared to the control. AEPA was substantially hcpatoprotective against
CCl,-induced liver damage ot 100 mg kg body weight. The highest percentage protcction
was against AST {94%). Pre-treatment with 200 mg kg’ body weight AEPA protccicd the
rots against liver damage (AST, 127%: ALT, 74%; bilirubin, t06%). Pre-trcatment with
AEPA olso lowered 1-CHOL and TG while total protcin concentration was restored.
Adnministration of AEPA reversed the incrcascs in the levels of MDA, GSH, catalase and
SOD caused by CCla-intoxication, Leukocytes counts also incrcased significantly aficr pre-
ircotment with 100mg kg' body weight AEPA. Histopathological anslysis of CCly-
intoxicoted rots showcd that AEPA reduced the severity of necrosis. cellular infiltratton and
fatty change in the liver. Hypolipidactic, antioxidant, ond hepatoprotective effects of £

omericone were comparable 10 Reducdyn®. Qualitative screening of the cxtracts indicated

the presence of atkaloids, Mavonoids, saponins, steroids. tannins and triterpenoids.

Leal cMmracts of P americana passess  hypobipidacmic, antioxiduy, and

hcpatoprotective clfects which may be attribuled to individua! or combined action of the

phyloconstituents, This may occount for its use in traditional medicine ond could be funther

cxploited in the management of discases associated with hyperlipidacinsa,

Kapnwords: £, americuna, Leal extracts, | lyperlipidacmu. tlepalotoxicity, Rals,
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CUAPTER ONE
1.0 INTRODUCTION

Globalization has beneficial and harmful effects on the health of populations {\V

oodw ard
et ol 2001), The direct negative cflects of plobalization are shown by t}

the increasingly
globalised produciion and marketing of tobacco and ajcohol, and salty, supary. and fatty

foods (Beaglehole and Yach, 2003). Diets of Western societies liave been showii to be

too high in calories. with low [ibre. high animal fal. sugar and alcohol content. Dictary fa

intake s higher than recommended in most Westem couniries and it is associated with

the prevalence of cardiovascular distase, obesity and cancer (Velthuis te Wicrik ¢ of.,

1996). Developing countries have adapted agricultural production and food processing

pracuccs. dictary habits and lifestyle of the Wesiern countries without any appraisal of

the health implications. Also, global tade and marketing developments are driving

the nutrition transition 1owards dicis with @ high proportion of saturaied fal and

sugars. This dietl. in combination with tobacco use and little physical aclivity, lcads 1o

population-wide alherosclerosis and the widespread distibution of non-conmimnnicable

diseases (Bcaglchote and Yach. 2003). 11 is now knowi that non-communicable discase

risk factor levels have increased during the past decade and this significs an increase I

e rate of now -conimunicable diseasesin the neat iwo decades

Analyses of available aggregate data sources indicate that o shift towards *Westem diers™

is occurning in developing countries (Reddy and Yusuf, 1998; Popkin 2002 J. In Nigerin,

there appears 10 be a cultural tronsition toward a mote Wesiemijzed lifestyle, The
\raditional feods consisung mainly of ruols, cerenls, beans, tubers und vegetahle

5 are
Eving way 1o faity faods, sweet spocks and drinks which ore

oo calone dense Thee

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



éh:ingcs in dietary pattern among Nigerians, coupled with changes in physical activity
battems. increase usce of tobacco products and alcohol are possible causes of
hyperlipidaemia which is an important risk factor in the pathogenesis of chronic
degenerative discases such as cardiovascular discase, diabetes and cancer. It has been
re‘f)orted that the intakes of meat. egps and milk were high m peoplc with higher
socioeconomic status and total fatty-acids in Nigerians wete shown to be positivel)

associated with chotesterol. low density lipoproicin (LDL} cholesierol and iriglycerides
{(Ych et of., 1996). The final report on the national surnvey on non-communicable discases
in Nigerian estimated the prevalence of hypertension (6 be 11.2% representng not Jess
than 4.33 million Nigerians over I3 years of age. The prevalence of diabetes was put at
272% representing about 1.05 million Nigertans over 15 years of age (IFNOLL, 1997).

High sy stolic blood pressurc levels were recently observed i sotne developsng counlrics,
including Nigeria that had low’ mean cholesierol (Ezzatr ¢ @f , 2005). Denographee and
technological changes are increasingly modifyving the incone patterns of cardiovascular
risk factors and shifing their burden to the developing world  As a nesull. Jow-income
and middlc-income countries increasingly face the double burden of infevtious discases
and casdiovascular risk faciors (Ezzan ef al., 2085). In Nigen, commumicable discases

are still present but non-commusucable discases arc on the tncrease thus creatng o double
burden of diseasc’
The use of aitemalive medictne and the consuniption of plent maicriuls has e teen on the

tnerease in many ¢cuntnies of the world, mostly because plant-dernved Jrugs and herbal

fonnulsuions are commonty considercd 1o be less tonic and frecr fiom swe cllects fian

S)'nlllct;c ones (ML e ol 1996 Bhotcharya vt ul. 197, Aunapuma ez ol 2000) AL
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present, a number of botanicals are still being used in cthnomedicine (or the trecatment of

different discases. Natural substances that can inhibit lipid oxtdation are obtained from

many diflerent sources, including plants (Marcia et af .. 2001).

Avocado (Persea americana Mill.) is onc of the plants that have been widely used in
cthnomedicine. The bark, fruit and lcal arc used in traditionai medicine in South
Amcrica, Wesi Indies and Aflrica to provide remedy for various silnments. The fruit is
cmployed as o vermifuge and remedy for dysenitety: the leal juice has antibiotic activity;

the aqucous cxtract of the leaves has a prolonged antibyperiensive effect while the leaf

dccoclion is taken as o remedy for diarrhoca. sore throai, hacmorrhage ond allegedly

stimulates and regulates menstruation {Morton, 1987).

The lcaf extracts from P. umericana have been shown to have antiviral activily against
Herpes simplex | virus (De Almeido ¢t of ., 1998); human immunodclicicncy vieus (HIV)
| (Wipg et al., 1996) and adenovirus (D¢ Almeida ¢z al., 1998). It has anti-inflammatory
aclivily (Guevasrs of al.. 1998: Adcycmi ¢f ol, 2002) and antihyperiensive/hypotensive
activily (Dc A Ribeiro ef al.. 1936; Girow ef al., 1991; Adcboyc ¢t ul.. 1999), Recently,
the aqueous 1cal extract of P. ymericana was reporied 10 possess hypoglycemic activity
{Anua ¢t al., 20085), vasorelaxant action (@wolabi ¢t wl., 2008), and anticonvulsant effect
(Ojewolc and Amabeoku, 20006).

Since hyperlipidoemia has been anplicated in the pathogencsis of atherogelerosis ¢ i
necessary Lo investigate the possible effect of P umericana on hyperlipidaenin, 1

study examincd the effects of P, «wmerfvuna leaf extracts on hyperlipidaemia and lipid

peroxidation. 'n addition, the hepatopratective eflects of the aqueous lesf extract of P

| americana was Investigated-
I

B
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1.1

t~J

AIMS AND OBJECTIVES

lipid profile in hyperlipidaemic ras

To asse '
ss the efTect of the leaf extracts of P. amerieana on lipid peroxidation n

ral tissues

In rats

To evaluate the protective clfect of the leaf extracts of # americana on CCla-

induced hepatotoxicity in rats.

L

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



CHAPTER TWO
2.0 LITERATURE REVIE\Y

2.1 Lipids

Lipids arc biological molecules comprising a diverse class of organic compounds that are
insoluble in agueous solutions but are soluble in organic solvents. They are functionally,
impornant in b;ol0gical systems where they serve as steuctural components of membranes,
funclion as cnergy reserves, vitlamins and hormones, and lipophilic bile acids in lipid
solubilisation, Lipids are divided into three principal groups viz. fatty acids ([.A),
iriglycerides and phospholipids. Fatly acids which are straight chain organic acsds arc
subdivided into three according to their degree ol saluration or unsaturation __ saturated,
monounsaturaicd and polyunsaturated. Polyunsaturaled (alty acids (PUFASs) have two or
more cis double bonds separaicd by a singlc methylene group (-CH=CLI-Cl1;-CH _CH-),
All lipids are hydrophobic and mostly insoluble in blood. so they are trmnsported within
hydrophilic, spherical structures called fipoprolcins, which possess surface proicins
(apoproteins) that are cofactors and ligands for lipid mclabolizing enzyines. Lipoproteins
can be distinguished according (o the $ype of protein they conlain and their density. Losw -
densily lipoproteins (1.DL.s) are the most chohesterol-rich of all fipoproteins. The I.D!
particle is a sphere with a singlc hydrophobic protein called apoprolcin I3 (apo B)
embedded in 3 non-polar core of choleslerol, which is linked to long-chain Tutty acids 1o
form cholesterol esters. LD is a major cause of injury to the endotheliumn and underly ing
smooth muscle (Griendling and Atexander, 1997), When [.BL particles hecome trapped

in an aaery, ey can undergo progressive oxidation and be miemalized hy macrophages

by means of the scavenger recepiors on the surfaces of the cells. The intemalizaton leads

S

AFRICAN DIGITA‘HEALTH REPOSITORY PROJECT



to the fonnation of lipid peronides

ind facilitates tlie accumulation of cholesterol esters.,

resulting in the formation of foam cells (Dinz ¢/ of. 1997; Han e of.. 1997 Steinberg,

1997). Removal and sequestration of modified LDL are iImportant paris of the Initial,

protective role of Mmacrophage

in the inflammatory response and minimiz¢ the effects of

modified 1.DL on endothelial and smooth-muscle cells {Diaz e7 al., 1997: Han er al.,

1997),

In addition 1o promoting the formalion of foam cells, oxidized LDL has a direct

chemotuctic activity for monocytes and stimufates the binding of monocytes 10 the

endothelium (Quinn ¢/ al., 1988; Frostegard ¢/ af.

199%), Once monocyies cross the

endothelial layer, they become tapped in the subendotheljal space. partly becauge

oxidized LDL inhibits their exit from the arlerial wall (Quinn 1 al., 1987). Oxidized LDL

IS also cyiotoxic to vascular cells thus promoting the relcase of lipids and Ivsosomat

enzymes into the ntimal extracellular space and enhancing progression of atheroscleroric

lesions (Schwanz ¢ al.. 199t). Modificd LDL can induce t)ic expression of” adhesion

motecules. chemokines. hromnflammatory ¢ y1okines. and oher mediators of wtlyumination

in macrophages and vascular wail cells Libby 1 af., 2002). The nflanmatory: respanse

wtsell can have a profound effec on lipoprolein niovement within the aftery. Aedintoes of

inflammavion such as twinour necrosis fucior 4 {TNF- u), interleukin-} (IL-1), and

macrophage colony-stiinulating fuctor (M.CSF) increase binding of [.DL. 1 endotheliingp

and smooth inuscte and increase the transcaiption of die LDL.-recepior gene (S1opeck ¢

al.. 1993: Hagar and Haberlund, 1997),




The oxidative modification of LDL is a plausible link between lipids, inflantnation and

atherosclerosis and this link provides a convenient and simple rationale for ihe beneficial

cilect of antioxidants on coronary artery discasc.

Reports indicate that abnonmal tipid levels predispose individuals to atherosclerosis and
cardiovascular discase (Glew' ¢t al., 2002; Chrysohoou ¢t al., 2004).

Cardiovascular discasc is associated with clevated blood fevels of i.DL, increase
oxidation of LLDL, raised levels of totat cholesterol and triglycerides whereas a low level

of high-density lipoprotein (HDL} is a risk factor for inortality from cardiovascular

discase (Criqui ¢t al.. 1993, Rahman and Lowe, 2006),

According to the guidelines of the Amcrican lHcart Associatton, the optimal levels of

tipids and lipoprolcins are: total cholesterol <200 my/dl, wriglycerides, 200 mg/dl, LDL.

<130 mg/d! and 11DL >0 mg/cll.

LDI_-cholesterol is a primary warger of treatment of hypeclipidacmia  Cholesterol
lowering agents have demonsiraied great cfficacy in prevention ond cessation of the
progression of atherosclcrosis and statins arc the main stay of LDI <cholesterol lowering
treatment (Ballantyne, 1998). Statins arc a class of drugs which are potent 3-Hydroxy 3-
mcthylglutary1 cocnzyme A (I1MG-CoA) redutase inhibitors | IMG-CoA redluctase acts
on the rate limiting step tn cholesterol biosynthesis to inhibit HIMG-CoA conversion o
malaonate and theseby reducing L.D1., very low-density lipoprotein (VLDL) angd
trigiyceride levels (Al-Shaer ¢/ al., 2004; Lutgens and Doemen, 2004) Lxamples of
s.ml;us include lo vastatin, pravastaiin, simvastatin and ator astafin,

The fibrates are wnother class of Jrugs that have been used in lipd-Inwcring therapy 10

the prumary preveniion of cardiovasculur discase, Iibrates are known ta be most cltective

.

-
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r in reducing plasma concentrations of trigiyceride-rich ltpoproteins (i.e. VLDL and

ch)ilomicrons (Gaw and Shepherd. 1999). Fibrates used as lipid-lowering agents include

clofibrate. gem{ibrozil. fenofibraic, ciprolibrate and bezafibrate.

Dietary modification is an imegral pan of the management of patients with
hyperchol@stcroleniia and the magor locus of these dietary changes is to reduce intakes of
high-fat dairy products. red meats and eggs with a concurrent increasc in intakes of fish.
fruils, grains and legumes which are known 10 reduce LBL cholesterol concentrations
and are also associated with stabslization or reversal of coronary. atherosclerosis {Orish
et al., 1990; Watis ¢ al, 1996). Siudies in Nigeria have shown that consumption of {ruits
and vegetables lowcrs levels of 1otal cholesierot and triglycerides as well as reduce
incidence of cardiovascular risk faciors ol major chronic discases (Famodu ¢t al , 1998,
thung et al., 2004, Odetola er ai.. 2004; Adcbavio ¢f «i, 2006; Odclola ¢ al . 2006).

Other dictary modifications in the managcment of hyperliduennia include the use of
probiotics. soy. and soy i1soflovones {Ali er of, 2004: NMcVewgh er al., 2006). The
beneficial effccts awribuled 10 probiolics and probiotic-containing food producis include

the reduction of blood cholesterol and the primary probiolic baciena associted with
cholesterol lowering have been lactobacith and bifidohacteria {Agerholm-Larsen «r ol ,
2000, Ali e al., 2004, Covoallini ¢ af., 2009), Studies in animals and humans have shown

that soy aad soy i1soflavencs may prolect agamsy CVD through improvemem on serum

lipid profiles (Ali ¢r e 2004, McVagh ¢ al., 2006) and increased resstance ol. LOL 10

oxidation (Damasceno ¢t al, 2007)

-
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2.2  Free radicals

A free radical can be defined as a chemical species posscssing an unpaired clecicon and is

capable of independent cxistence. Free radicals and other reactive oxygen snecics in the
human body arc derived either from normal, essential meabolic processes such as
phagocytosis and clectron transport chain or from extemal sources such as cigarette
smoke, radiation and certain drugs. pesticides, anacsthetics, and industrial solvents
(Cheeseman and Slater, 1993).

Free radicals can be formed in three ways:

)] by the hemolytic clecavage of a covalent bond of a normal molecule with each
fragment retaining one ol the unpaired clectrons. ‘T'his generally requires high
encrgy inpul {rom cither high temperaiures UV light or ionising radiation;

) by the loss of a single clectron {fom a normal molecule;
i) by the addition of a single electron 1o a normol molecule ic, clectron  transfer.

This is the more common process in biological systems (Cheeseman and Siater,

1993).

Il free radicals are not inactivaled, their chemical reactivity can damage all types of
ccllular macromolecu!es, including proteins, carbohydrales, lipids, and aucleic acids

Free radicals can be positively charged. negatively charged or efeetrically neutral, They
are generlly moce reaclive than non-radicals due 10 their unpaired electeon hut different

K m;.'of free rudicals vary widely in their reactivity (Slater, 1884. Halliwell ond Chirico,

RicecLyshns wnd Gunion, 1393 O ol ihe mesk iegpagio molgcules fin free



I’%pcci'ai electron arrangement that makes the reactions with oxygen spin restricied
I

'(miu’éll- and Cuub?idgc. 1990). However, when oxygen is pantly reduced, scveral
differemt reactive oxygen species, both radicals and nonradicals may be produced

(Cheeseman and Slater, 1993).

2.3 Reactive oxygen species
Reactive oxygen species (ROS) is u collective term which includes both oxygen radicals
and certain non-radicals that are oxidising agents aitdfor are easily converied into

radicals. Examples of RQOS include radicals such as supcroxide

(01" ), hydroxyl (OH’), peroxyl (RO;), alkoxy! (RO'), nitric oxide (NO') and nitrogen
dioxide (NO;'); and non-radicals such as hydrogen peroxide (H,0), hypochlorous acid
(IHOCY, ozone (O;y). singlel oxygen (' O1) and peroxynitrite {ONOO ).

Reactive oxygen species are produced ecomtinuously in the huinan body as a consequence

of normal metabalic processes. Examples of reactions that lead 10 free radical tormation

are shown below:

Nanthine oxidose
Aanthinc + Q2 + H:Q +Unte + @, + 211

NADPI oxidase
—» NADRP + 20, +iI"




2.4 Examples of Free Radicals
24.1 Superoxide anion (0, )
Superoxide (Oz'_) iS 0 one-electron reduction product of molecular oxygen that is fortned

duringnormal sespiration in mitochondria and auto-oxidation reactions.

O, +¢ » Oy
This free radical derivative of oxygen is found in almost all aerobic cells owing to
electron “leakage” {rom the clectron transport chain. {1 is also formed by activated

phagocytes (monocyles, macrophagcs, cosinophils and ncutrophils) and the production of

®; isan important factor in the killing of bacteria by these cells. Excessive production

and/or inadequatc removal of reactise oxygen specices, especially superoxide anion (O, ),
resuits in oxidative stress which has been implicated n the pathogenesis of muey.
cardiovasculasr diseases, including aiherosclesosis, hypertension. diabetes, and in

endothclial dysfunction by decreasing nitric oxide (NQ) bioactivity (Fukai ct al.. 2002).
Q, is removed in viva by the action of specific enzymes — the supcroxide dismutascs

(SOD) which catolyze the dismutation of superoxide anion into oxygen and hydrogen

peroxide pccording to the follow ing cquation:

20, + 24" _SOD_, H;0; + 0,

The hydrogen peroxide formed is noi a free radical hut o weak oxidizing agent that can

in ipw some cnzymes such as superoxide disinutuse. myeloperoxidase, aconituse ond

a-keto wﬂﬂy&w Also, Hxﬂ@ can cross eell membranes where it may react
P N e L 2 ey o
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In activated phagocytes the enzymec myeloperoxidase is cxpressed. This enzyme
I

catalyzes the fornation of Lhe highly reactive oxidant hypochlorous acid (HOCI) from
hydrogen peroxide and chloride (Heinecke ¢f af., 1994; Van D¢ Berg and Winterboure,
1994), Hypochlorous acid is an impoaant antimicrobial agent implicated to mediate in
the oxidative modilication of proteins and lipids (Van de Berg and Winterboume. 1994).
1 is also reported 10 oxidize cholesicrol with the formation of sierol epoxides and

chlrchydrins which may be both cytotoxic and mutagenic (Heinecke et of., 1994).

242 ilydroxy! radical (O1)

The hydroxy! (Ol) radical is an extremely powerful oxidant formed by the Haber-Weiss
\ransition mectals (Cheeseman and Slater. 1993).

Oz " +H:0: _mceal catalyst _"Oll + Ol1 + O

Mony types of metal ions such as chroinium, nickel. copper and iron arc theorclically
able 10 catalyze the Haber-Weiss reaction. The ion (F ¢!~ dependent decomposilion of
120z is known as the Fenton reaction. "Otl can also be formed fram water by high.cenergy
ionuzation radiation (Packer and Glazer, 1990). h is also pencruted via the oxidant

peroxyatrite with ‘'OH being produced either as a decoinpositinn product (Van der Vlict

et al.. 199.4) or consequent to the 11aberWeiss reaction following peroxynitrite release of
copper from cervloplasmin (Swain of ol., [994). ‘Ol is an extremely reactive oxidizing
radical that v reacl with most biological molecules o difluslen.controlled rutes

_- ceacmuy and Si!i!,lf-f- 1993), It can cause DNA danage and initiate Wiprd peroxidation

owere, fie damage by this ical is non.s cctive bevause it dov: fot suntse fong

- _’H
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rund breaks and base modilicalion in DNA leading to changes in gene expression.

mutation and apoptosis. Oxidation of protcin side chains can result in enzyme, receptor

and carricr dysfunction (Evans and Halliwell, 2001).

243  |lydropcroxy! vadical (1102)

The hydroperoxvl radical (HOx') is formed by protonation of the superoxide radical. Og™
gencrated in or diffusing wnto an arca of low pkl such as beneath activated macrophages

adhering 10 surfaces would therefore cause an increase in the amoont of HO;', ‘this

radicalis thought 10 be able to cross biological membranes which O:™ cannot cross. 110’

is inore reactive than O: ~ and is repeatedly able 1o atinck fatty acids dircctly feading 10

~ lipid peroxidation (Packer and Glazer, 1990).

244 Nitricoxide radical (NO»v)
Nitric oxide (also known as endothelium.derived relaxation lactor. EDRF) is a powcerful

vasodilator and deceeases platelel aggregability, both cflects being induced 1hrough

activation of guunylate cylase (Wennmalm, 1994). Nitric oxide (N®°) Is produced (rom
argainine und molecular oxygen by un cnzyme cualyzed reaction in the wvasculnr
cndothefial cells, in acrvous tissue and in uctivated phagocytes (Wenamnli, 1994) NG|

periorms %!‘ ul physiological functions, such as regulation of vascular smooth muscte

one (h o .ignmq&'p;]_?gi)__' ﬁqmm,‘.)_ md m‘qnmmfnm: aclion (Muncada er af ,
| I |
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4.5 Peroxvnitrite anion (ONOQOQ)
Peroxynitrite anion isan oxidant with reactivity similar to that of "OLL. It is the product of

I the reaction between Oy and NO' (Hopg ¢ al.. 1993; Beckman ¢f alf., 1994). At siles of
inNammation, Oy and NO will be found together in increased amounts, leading to

increased formation of ONOO . ONOO in mildly acidic surrounding becomes
protonated and decomposes rapidly 1o fonm an intermediale with the same fierce
reactivity as the hydroxyl radical (Van der Vliel ef «f., 1994). ONOQ can induce the

sam¢ lype of oxidative damage as the "Oll such as the insiation of lipid peroxidation

(Hogg ¢f al., 1993; Beckman ¢f al., 1994). Also, because of its greater ability o diffuse
away {rom the site of production, the damage caused by ONOO nmay be more selective

and ultimalely haomful.

23 Sources of free radicals

Free radicals are generally produced in cells by clectron transfer reactions. 1hese can be
mediated by the action of cnzymes or non.cnzyMatically, olten through the redox
chemist;y of transiiion meln) ions (Cheeseman and Sluter. 1993). Frce radicals and
various reaclive spegies ore continuously produced in the body (1alliwell ¢r af, 1995)
The mujor sousces of free mdicals and ROS produced i the hody occur via thie leakage
" chondrial and iicrusomal eletron transport chnir gm,,omlm

T gty s T o
wen erating superoxide (Chees eman and Slater, 1993). They may als 0 be
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snzymes can also produce supcroxide or hydrogen peroxide such as the range of flavin

yxidases located in peroxisomes. Another source of Q2" in antmal cells is the so called

uto-oxidation rcactions in which certain compounds such as catecholamines, ascorbic

acid, thiols, adrenalin and reduced flavins wre alleged to react directly with Oz to (orm
0> (Fridovich, 1989). These auto-oxidation reactions can be greatly enhanced by the

involvement of transition metal ions (Cheeseman and Slater, 1993),

Free radical production in cells can be greatly increcased by certain toXic forcign
compounds. The classical example is carbon tetrachloride which was the first such
compound 10 be shown 1o exert its toxicity through a {ree radical tnechunism, being
mectabolized 10 the trichloromethyl free rudical by the action of eytochrome P-450 in the

liver (Slater, 1966: Chceseman cf al., 1985). Most of the H20: and other ROS gencrated

during the normal metabolism of a typical cukaryotic cedl is derived fiom ;™ (hat is

formed from reduction of O2 by components of the mitochondrial clectron trnspost

chain. primarily ubisemiquinone (QI1") in complex Ili and sccondarily NADH

dchydrogenase (complex 1), in what arc believed to he side reactions of electron transpon
(Richter and Schweizer, 1997).

There also exist speciaiised systems swhose primaty pucpose is to generate ROS for use in

defence systems (hat protect against pathogens. A well-known example is swhen uctivated

phagocstic celis (neutrophils, monoeytes, macrophages and cosinophils) produce 0™

! i i
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1,0, % <ne mechanism to kil bacteria and fungi und tn inactivate viruses (Curnutis
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nrymes, oxidases, carboxylases, hydroxylases, pcroxidases. fruit ripening enzymes and
radical cnzymes (Halliwell and Gutteridge, 1999). For example, HaQ; is additionally

generited in vivo by several oxidasc cnzymwes, such as glycolaic oxidase. Xanthine

oxidase and D-amino acid oxidasc (Chance ¢t af., 1979; McCord, 1987). There is also
~ evidence that O, is also produced by several cell types other than phagocytes, including

lymphocytes (Maly, 1990), fibroblasts (Meier et al., 1990, Murrel ¢t of., 1990), and

vascular endothelinl cells (Arroyo et ¢l., 1990; Britigan ¢7 «f.. 1992).
Such O{- might be involved in intercellular signaling and could serve important

biological functions (Halliwell and Cross. 199.).

Radical production is important in allowing phagocytes 10 Kill some of the bactenal
strains that they engull. This can be illustrated by cxamining patients with chronic
granulomstous discasc, a serics of inbarn conditions in which the membrane-bound

teduced nicotinamide adenine dinucleotide phosphate (NADPI) oxidases system in

phogocytes that makes the ()* f81is 10 work (Cumutte and Babior, 1987). Such patients

have phagoeytes that engull and process bacteria normally but several bacterial strains
are not Killed and are reiensed in viable form whea the phagocytes die. ‘Thus, patients

suffer severe, persisient and muftiple infections with such organisms such as

Y17 Ph;fococcm: Qqureus.

wer killing mechanisms used Dy neutrophils is the enzyme wycloperoxidase (Weiss,
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‘hiol groups are easily oxidized by I1OCI, Elence low molecular mass thiol compounds
such as glutathione (GSH), N.acctylcysicine and mcrcaptopropionylglycine age very
cfiective at prolecting, for example, proteins against oxidative damage by 1iOC! (AAruoma
et al., 1989; Puppo ¢t al., 1990). Many molccules oxidize on contact with oxygen. For
example several sugars including glucose, interact with proteins to produce radicals. It

has becn suggesied that decades of exposure ol body tissues to cicvalcd blood glucose

can result in diabetic paticnts suffering oxidative siress that may contribute to the side

cfiects of hyperglycemia (WollT and Dean. 1987).

2.6 Oxidative stress

While fice radicals arc produced as consequence of nonnal inclabolism, efficient defence
incchanisms cxist in vive 1o remove or inactivate them. thereby preventing or at least
minimizing lissuc damage. In health, the balancc belween ROS and the antioxidant
defences lies slightly in favour of the ROS 5o that they are able to fulfill their biological
roles (vans and [lalliwell. 2007} Oxidative stress is delined a8 u disturhance in the
balance betwecn antioxidants and prooxidants (fsce rudicals nnd viher reactive species),

with increase levels of prooxidunts leading to polential damage (Hatliwell, 1997; Sics,

1997) This imbalonce can be an effect of depletion of endogenous antioxidunts, low

dietarv imgke ol onlioxidants and/or increased formation of frec radicals nnd other
reactive species Oxidant stress can be signilicant especially if the individual s eNPOscy

0 cnvironfacnta challenges which increase the production of reaciive specles shove
-
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!
oxidative stress caused by infection (Golden ¢i af.. 1991). In these situations tnormal

“defence mechanisms are insufTicicat and tissue damage, which may be extensive,
irreversible and fatal, develops (McCord, 1993; Guiteridge, 1994).
Oxidativie damage 10 DNA, proteins and lipids can ultimately result in disorganizalion,
dysfunction and destruction of membranes, enzymes and proteins (Slaler. 1984,
Hallisvell, 1994; 1997). Spccitically, peroxidation of membrone [tpids may causc
| impairment of mcmbranc funclion, decrcased Jluidity, inactivation of membranebound
receprors and enzyvmes. increased penneability of ions and possibly eventual membranc
rupture (Guuteridge and IHalliwell, 1990; Gutteridge. 1995). Free-radical induced
oxidative damage has been implicated in the development of various conditions such as
diabetes. cancer, cataract, rheumatoid arthritis and atherosclerosis (Steinberg ¢f of . 1989;
Parthasarathy ef al., 1992: Cheeseman and Slater, 1993: Cenuti, 1994). Oxidative siress

has aiso becen implicated in the pathogenesis of seveml virsl infections including

hepatitis, inlluenza and acquired immunodeliciency syndrome (AIDS) (Semba and Tang,

1999)

2.7  Lipid perosidatios

Al biological membranes are characterized by the lorge anounts of PUIAs ussocrated

With amphipathic Hipids and & varety of membranc proieins. One striking [valure of

1s that they can undergo oxidation in biological sysicms hy a process known as

oxicion (Porter vl 1995).

S




2.7.1 Mechanism of lipid peroxidation
'
: p'efﬁ-x?déi-fmc syslem. lipid peroxidation is iniliated when a hydrogen atom is
abstracted from a methylene group (>CHis group) of an unsaturated fatty acid (Gutteridge
und Halliwell, ¥990; Halliwcll and Chirico, 1993). PUFAs are parlicularly susceptible to
peroxidation and once the process is initiated it proceeds as a frec radical-mediated chain
reaction involving initiation, propagation and termination (Gutteridge. 1995). Wattiation of
lipid peroxidation is caused by atlack of any' species that has suflicient rcactivity (o
abstract a hydrogen atom fiom a mcthylene group upon a PUFA (Gutteridge and

Halliwell, 1990; Hailiwell and Chirico, 1993; Guttesidpe, 1995). Removal of a hydrogen

atom lcaves behind an unpaired electron on the carbon atom to which it was originalty

attached.




H* Loss of H' 1o a free radical

Molecular rearrangeinent

R
Conjugated
dienc -+ 03

ROO \
Peroxyl —

radical

Uptake of oxygen

Abstaaction of a H’ fiom an
adjacent fatty acid




Ihe carbon centred radical is swabilized by a molecular rcarrangement to form a

o

conjugated dicne, followed by rcaclion with oxygen lo give a peroxyl radical. Peroxyl
radicals arc capable of abstracting a hydrogen atom ftom another adjaceni fatty acid side-
chain 10 form a lipid hydropcroxide, but can also combince with cach other or attack
membrane prolcins. When the pcroxy! radical abstracts a hydrogen alom from a fay
acid, the new carbon-ceatred radical can react with oxygen to form another peroxy)
radical and so the propagation of the chain rcaction ol lipid pcroxidation can conltinue.
Hence, a single substiate radical may resull in conversion of multiple fauy acid side
chains into lipid hydroperoxides. The length ol the propagation chain belore termination
depends on several factoss such as the oxygen concentration and the amount of chain-
breaking antioxidants present. Pure lipid peroxides are repoited to be stable ot

physiological iempcratures, bul their decomposition is stimulated by high lempemlures or

by cxposure to transilion melal compicxes, especially iron salis (Packer and Glazer,

1990).

Ferrous ions reduce lipid peroxides to alkoxyl radicals while lerric ions can {orm both

alkoxy | and peroxy! radicals with lipid peroxide:

R-O0H + I:c:'—t{tmplch —+ Fe''~complex + Ol + RO
(alkoxyl radical)

—» ¢’ "=complex + 041" + R.O;
(pcroxy | mdical)

R-O0H + Fe' ~complex
I'he redox recycling of these irun complexes perpelunles the decosnposition Final
decomposition products of the reaction between lipid peroxides and iron or copper

complexcs tnclude the hydrocarbon gases pentanc, c¢thone snd cthylene, carhoyyl

compounds and aldchydes, such as inalondialdehyde (MDA) and 4.hydeoxyl-2 I-trans.
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noncnal (HNE) (Esterbaucr e of., 1991). The number of double bonds determines the
| susceptibility of a fatly acid to peroxidation (Wagner et al.. 1994: Porter ef al., 1995), An

~ adjacent double bond weakens the energy of attachment of the hydrogen atoms present

- on the next carbon atom. Therefore, the greater the number of double bonds present on

the next carbon atom in a fatty acid chain, the casier the removal of a hydrogen atom, that

1s why PUIAs arc more susceptihle to peroxidation.

2.7.2  Enzymatic lipid peroxitation

The peroxidation of PUFAs can proceed not only through non-enzymatic free radical-
induced pathways, but also through processes that are enzymatically caalysed (Halliwell
and Guiteridge, 1990, Gutteridge, 19957 Brash, 1999). Free radicals arc probably
iinportant intermediates in the enzymaticaily-catalyscd reaction but are localized to the
active site of the enzyme. Cycloxygenase (COX) and lipoxygenase (LOX) fullill the
definition for cnzymatic lipid peroxidation when they catolyze the controlicd
peroxidation of various fatty acid substrates. For example, the ferric form of lipoxygenase

(LOX- Fe’*) catalyses the oxidation of PUFA (RI) to lorm o penadieny! redical (R).

The R reacts with Qg 10 form OO which ahstracts o “H to form ROOIH,




PUFA, RY e — > R

FQJ‘ Felt

v

R-00H < ROO’

Lipoxygenase action (Adapted from Bravh, 1999)

The hydroperoxides and endoperoxides produced {rom enzymatic lipid pcroxidation

become stercospecific and have important biological funclions upon conversion 10 stable

active compounds.

28  Carbon tetrachloride-induccedl hepatotoxicity
Carbon tetrachloride (CCly) belongs to a group of compounds colied holoalkanes_ [t was
oncec used as a solveny, cleoner, and degreaser beth for indusirinl and home use. Over the
yenrs CCls has proved highfy useful as an experimaitol model {or the study of certnin
hepatotoxic cfiects (Slater, 1981). It consistently produces liver injufy in many: speeies,
including non-human primates ond mon (Kumar et of . 1972; Yoshida ot af., 1999)
CCls-induced t1oxicity is an amalgomated term that, depending on dose and duration of
exposure, or time o observation. cnvees o varicty of clfects that in gencral may be tenned

. & 1 < - . i . :b
toxic. Al low doses wansient cffects prevall, such oy loss of Ca®™ scquestemiion,

wopairment of lipid hnmeostasis, release of naxivus or heneficial cytokines. ond apapIletic

v.'% ‘P‘,'Pl'tfﬂ"’_l' _;_ggcucmiiog\ (Weber ot ol 2003). tligher dnges ur longer exposure



pver a long period of time may lead (0 more serious and permianent eflects such as fatly

jegeneration, lbrosis. cirrhosis, and cven cancer.

281 Cellular sites of CCly-indiseed dumage

The toxicity ol many chemicals is thought to originate from destruction of membrane-
bound polyunsaturuied fatty acids during lipid peroxidation processes (Gilette ef al..
1974; Plan and Witschi, 1976).

CCl4 belongs to the lirst group of hepatotoxins, which is usually further subdivided into
substances that are mctabolized by the mixed function oxtdases. and substances that arc
substrates for other cnzyme systems {Monks and Lan, 1988: Nelson and Pearson, 1990).
The toxicity of reactive compounds or (licir metabolites may result ftom covalent

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

carbohydrates, or from the alteration of target molecules via secondary: bond forination
(lipid peroxidation, gencration of reactive oxygen species. alteration of reduced or
oxidized glutathione. GS§I/GSSG). CCla is known to asswine 1 special role in that, once
activated. it affects ccllular homeosiasis through both primary and secondary hgnd
foranation (Weber e al., 2003),

The principal site for the manifestation of the elfccts of CCly poiosoning is the liver and

the pathological changes following (1, poisoming have been identified at the

biochemical and ultrastructural levels. kEndoplasmic reticuluin, plasma membranc,

‘mitochondsin, and Golgi apparutus are the main sub<cllular  siructures of hepatocytes

“affcctes by (Y4 exposuee, suggcsling the hypothesis that primary lipid-conlaining
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administeation. CCly is concentrated in the liver and reaches a maximum level 1102 h of

Bsing{l(cynolds, 1963). The earliest histological cvidence of lissuc derangeinent occurs

5 t0 6 h alier admunistration when necrosis begins (lockard er al., 1983). Central zone

nccrosis and massive necrosis arc reported 10 occur afler 12 h and 24 1o 48 h post

administration respcclively (Zimmermann, 1976).

Liver injury ynduced by CCla is characlerized by the impairinent of 2 number of cellular
functions. An incrcasc in wicrosomal lipids, reduced scerction of triglycerides {rom the
cndoplasmic reticulum into the plasma and a decline in several microsomal ¢nzymas
appear 2 1o 3 h after adminisiration (1’1aa, 2000; Boti er «!., 200 1; Weber ¢7 al.. 2003),

Increased radical formation from sustained CCla exposure, combincel with the presence of
prooxidants such as high Fe*° concenlrations (“iron overload™) is suggested lo
ovenwhelm cellular repair mechanisms end cause penniancnt or even (atal liver damage.
Thus. the sequence of reactions of the liver cetl in response to CCls metabolites consists

of initial derongements of sub-cellular structures. (ollowed by reversible alterations of
cellular mectabolism, causing secondary damage that ullitnaicly may lead to pathological
consequences (Brattin ¢f ail., 1985).

The metabolism of CCly staris with the (ormation of the trichloromethyl free radical,

CCly (McCay of af . 1984) through the action of the mixed tunction eytochrome P50

oxypenase sysicm Of the endoplasntic reticulum {Slater, 1984; Nelson and 1{atrison, 1987

and Recknagel 7 of,, 1989), This process involves reductive cleavage of carbon-chlnrime
bond without the inroduciion of oxygen into the inolecule during the reactinn lyee
| cql. ariss ation of qgl,t, which may contsibuie signiticanily to i1y toxienty, has also

Been obscaved in milochondria (Fomasi cv al, 1987; Wl cr at.. 2001).



The major cytochromc isozynic implicated in the biotransformation of CCly s
cylochrome 458 (CYPY 2E1 (CYP 2E1), but CYP 281 and CYI® 2B2 are alsc capabie of
attacking CCl4 (Raucy et al.. 1993; Grucbele et al., 1996).
The CCly" reacts with various biologically important substances such as amino acids,
nucleolides and fatly acids. as well as proteins, nucieic acids and hipids by abstracting a
Wydrogen ., mostly from unsaturated fatty acids lo form chloroform (Castro, [984).
In the presence of oxygen, the CCly radical is convented (o the trichloromethyl peroxy
radical, CCl; OO which is more reactive and thus more short-lived than the CCE;* radical
(Mico and Pohl, 1983). CCl;00" is far more likely than CCly 10 abstract a hydrogen from
PUF A thereby initiating the process of lipid peroxidaiion, a comples series of reactions
that \erminale in the complete disinlegration of the PUFA molecule with the formation of
aldchydes, other carbonyls and alkanes (Forni ¢t «f., 1983; Cheeseman cf af., 1985;

Comporti, 1985; Tribble ef al., 1987)

2.8.2 AMlechianis of CCla.induced liver dumage

Llaloalkylation and lipid peruzidation represent two distinet mechanisms for CCl,-
induced liver damage (Dianzani, 1984), [t is nov clear, however, which of them plays a
leading tole in liver ceil necrosis (Recknagel, 1983 Recknagel ef /., 1989),

4 he 1w0 mechanisms ore capable of producing cell damage, both in i reversihle fashion

imtially, ns jong as dose. duration of exposure, ond exacerbming luctors do not
overwhehn regenerative capacity (Weber of ot 2003).
__Iver damnge by CCls is upparently @ complicated process tha INAY WM Lo a vicious

~ cifcle Where potentiolly revenible changes. shen sustained hy high duses of, or long-
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fermy exposure to the 1oxieant deprive the hepatocyte of its regenerative capacity (Weber

¢t ol., 2003).

Mehendate (1991) proposed a two-step process for chemical-induced hepatotoxicity.
Firsily, the reactive metabolites of CCl initiute hepatocyte injury, This would lead to
catastrophic cell necrosis, but the toxicant atack also initiales s number of cellular
responses some of which will causc the tissue to reeover provided there is sufficient
encergy supply lefl and the toxicant action subsides within 24 h. @ne important
prerequisite 10 initiate recovery appears (o be the eneqgy state of the cell ; since high

doses of CCly deplete cellular ATP. any treatment that helps to sustain or replenish ATP
levels will allow recovery from an othenwise necrotizing dosc (Sont and Mehendale,
1994).

Recovery from fauy depencration, librosis and ciizhosis can be achieved mosily by
antioxidants or apeats thal counteruct collagen deposition (Ohishi ot af., 2001). I hos
| been sugpested that prevention of haloalkane-induced cancer may be possible wilh

prophylactic use of heebal remedies (Guytonand Kensler, 2002).

2.8.3 Inhibition of liboproicn scerctivn with functianul impaiemicut of the Galpi

aj'paratus
The nitial dumage in CCleinduced stcatosis begins with the inhibhion or blockage of
lipoprulein seccztion from hegpatocytes intu the circulation (Dunnzani and Poli, 1984) the
eatent o ¢ Clg-induced fanty liver formation is relaicd 1o the amount of reactive CCl,
melybosiis produced and peeistent €Cla intoxicion of 1he liver aflecis ity copacity to

s-g}llc_:jm_ I,ipkl;ltl’cnci | &t ol \9RS)- The GCle-induced uccumulation of fal is parilicled

1
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by changes in plasma membrane function. Thesc changes are considered to occur carly
during CCl; intoxication and have been shown to affect membranc-bound cnzyincs such
as adenylatc cyclase, 5°-nucleotidasc and Na" K -ATPase due to a deicrgent-like eflect of
changed mcmbranc lipids and subsequent solubilization of membrane proteins (Paradisi
et ul., 1985). The secrction of VL.DL. from hepatocytcs is highly decreased by CCl,y (Boll
et al., 2001). 1t has been shown that in thc carly phase ot CCly poisoning the Golgi
apparztus of the liver bccomes functionally impaired (Yoli ¢/ al.. 1983). The Golgi
apparatus plays a fundamental rolc in synthesis, maturation and secretion of VLDL, CCl,

~ induces accumulation of labeled lipids and rcduces the activities of glucosyl- and
galaclosyl- transferases in the Golgi spparatus (Marinari ¢/ al.. 1985). Analysis of the
different froction: purificd from microsomes shows that CCly wreatincnt impairs the
secrelony side (friictions Fy and Fa) as well as the formative side (fraction Fy) of the
apparatus (Marinari e7 of., 1985). Ty and F2 fractions are involved in the sequestration of
lipoprotein micclles into secretlory vesicles whereas Fy and endoplastnic reticulum are
invoived in the coupling of apoproiein and lipid 1o lfonn the finul lipoprowin. Thus, CCl,
afVects all steps of lipoproicin formation. Through its eflect on assembly and composition
of lipoproteins, CClL drastically impairs their abllity to act as structutal components of

transport vehicles for lipids (\Weber ef of., 2003).

2.84 Effect of CClion lipid homeostasis

1y degeneration of the liver (steaasis) fillowing CClg paisoning 1s th pan due 10 an

e
mbsal | ¢ hetween: mit& synthesis and Aeg;md.:iiml ond Tq‘;ﬁu‘t @ cansequence of the
-~" = - _—
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“The rate of synthesis ol triglycenides depends on the availability of substrates for de novo
synthesis and the activity of cnzymes involved in the synthesis. Endogenous and
exogeénous lauy acids are mainly melabolized by two processes in the liver: (1)

esterification 1o form triglycerides. phospholipids, and other faty acid esters, and (2) [i-
oXidation to form CO: and ketone bodics. Dcveclopment of fatty hver con be the result of

excessive falty acid and/or triglyceride synthesis, or an inhibited oxidation process. or

both (\Weber ¢t ai.. 2003).

CCl, increases cholcsterol synthesis, the rate of lipid esterification and synthesis ot fatty
acids and triglycerides from acetate (Boll e a@l.. 2001). The increascd csicrification of
fally acids is o response secondary lo other CCia-induced eflects - inhibitzon of -
oxidation and dccreased cellular lipid secretion (Fromenty and Pessayre, 1995; Boll ¢f
al.. 2001). It is postulated that CCly positively ofTects the transport of acctote into the
liver cell resulting in increased substiate availability (Weber e af., 2003).
CCL lowers p-oxidation of fatty acids, hydrolysis of triglycerides, and also the content of
unsaturated faity acids, while e nove fatty acid synihesis and salurated fauty acids
increase thus providing more falty acids Jar esterification (1ol ef of.. 2001),
A major metybolic defect induced by CCla intoxication to the rats appears to b inhibition
of hepatic triglyceride release. This inhibition of outward transpoit would allow the

sccumulation of trigly cerides within the liver and the occuerence of fistty liver assocrtted

With CCl, poisoning (tleimberg ot uf., [962).

| summary, CCli-induced damage is chamcterized by hepatocytle membranc domage

«
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il ¢ d peroxidation, Increased plasma levels ol hepatie enzymes such as A ST,
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tver), reduced B-oxidation of futly acids and necrosis. Thus, quantitative measurements

of plasma levels of liver enzymes. 1otal cholesterol and hepatic teiglyceride tevel, toguther

with histopathological examination of hepatocytes provide a good assessment of the

extent of liver damage or regeneration when chullenged with CCla.

%9 Defences sipuinst Free Rudiculs
The human body has scveral mechanisms for defence against free radicals and
other reacive oxygen species. The various defences are complementary 1o one

another because they act on different oxidonts or in different cellular

compartments ([.angscth, 2000).

2.9.1  Superoxide dismuquscs

Superoxide dismutases (SOD) arc a group of metallocnzymes presenein all respiring cells

that catalyse the dismutation of 0" into Oz and H,0; (Fridovich, 1997).

a-p

20y + 20 _ _SOD _ O:+110:

There are three isoenzymes of SOD in mammals. the first of which was discovered by
McCord and EFridovich (1969). This CuZaSOD was isolated from cytoplasm, nucleus and
peroxisomes. 1L ts o dinuncr of 16 kDo. Iminunchistochemicnt and celt fracqionation

proccdures have supporicd . cYtosolic location for CuZnSOD in many cells. In

hepatocyices. for cxanipte, about 70% is <ytosolic and 12% is in the nucleus (Chang o7 af.,

88), Morc recent cvidence based on itmmunofluprescence with mopoclonal antibody

markers now suggests that CuZaSOD in huntan fibrabliests, hepatoma cells and yeam celb
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rupture of peroxisomes during homogenization (Keller et al., 1991). The second
isoenzyme is MnSOD, an 80-kDa tetramer, which is cytoplasmically syithesized and
located in the mitochondria. "The third isofonin, EC-SOD (cxtracelfular) was discovered
by Marklund, 1982) and is & CuZnSOD with a positively charged binding domain
optimized in the extracellular matrix. This isocnzyme has been shown 10 have
particularly high expression in vascular tissue (Oury ¢ al., 1994) and umbilical cord
tissue (Sandstrom ef «l.. 1993).
The structure of CuZnSOD in bovine erythrocyles hos been determined as homodimer of
16 kDn with the active site located within a cylinder B-structure (Richardson ¢1 af.. 1975),
where it is well protected and is known 1o retain cialytic activity during isolation

proccdures (I'orman and Fridovich, 1973). The mechunism of actron of SOD is that the

copper ion al the active site is reduced by onc O:" nolccule, then reoxidiscd by another

In a continuing cycle. Thus, copper oscillates betvween the monovaicnt and divalent slates,
Mutant fonns of the CuZaSODN appear 1o expluin familisl forms of a futial ncurological
discase known as amvotrophic lateral sclerosis, or motor ncuron diseasc (Hosler and
Brown, 1995). In this condition. the motor degencrates over the course of a few years

lcading 10 \weokness and eventually parolysis, with death from pneuinonia caused by the

nability of the patient to clear respirntory secretiuns, The mutant cnzyines dismutc
supcroxide in a normal fashion. but they lave excess peroxidase activity, an aclivity,
presemt in nunnu! CuZaSOD to only a very linuted extent (\Wicdau-1'azos ez af., 1996). It
Is preseni!y hought that the oxidaive damage inlicted hy increased peraxidase activig y

of the muiant disinumse is responsible for the coarly degth of tlinse ncurons (Rabior,

-

AFRICAN DIGITAL HEALTH ?ELOSITOR\‘PROJECT .
- ad || |



Although SOD is imponiant, an excess of SOD i relation to peroxide metabolizing

enzZymes can be deleterjous (Scott et «l., 1989; Groner ¢ al., 1990; Amstad ¢f of., 199];

White et of., 1991). "This has been shown

by transfecting cells with human cDNA

encoding SOD (Amstad ef al.. 1991). Transgenic mice overexpressing human CuZnSOD

are resistant 1o elevaied O and to cenain toxic agents (Groner ¢ af., 1990: White of ol.,

1991) bu they show certain ncuramuscular abnormalities resembling those found in

paticnis with Down's s\ndrome (Groner ¢/ of . 1990). The gene cncoding CuZnSOD s

located on chromosome 21 in humans and Down’'s syndromc s usually caused by

trisomy of this gene, raising tissue CuZnSOD levels by* about 50%. The data available al

present are consisient with the view that the cxcess of CuZnSOD may contributc to al

least somie of the abnormalitics in paticnts with Down's syndrome (Groner 2 at., 1990),

2.9.2 Catalasc

Cawlase (CAT) is prescnt mostly in peroxisomes of nearly all acrobie cells, It serves 10

protect the celt from the toxic cliccts of H,Q; by catalyzing its decomposition into

niotecular oxygen and watcer. The overall reaction is as follows:
2H:0: ﬁ_' 210 + O,
CAT has a motecular weight of 240 kDa. and is composed of four jdentical subunits

(tetramer), cach coataining a heme prosihetic group

at the catulyiic centre. CAT

monomers fioin certain species {e.8. ¢ow) alsa contain one tightly bound NADPH pee

subunit, The WADPH lies on the surliice, whercas the heme s cnibedded in the midyle of
Hwh LA

acly MU n;;nah{?ul 20/ below the muleculur surface and 23A from the centre
iran L 'i___.t. ) LB i‘. 1 ). T‘ﬁ N ¥ .‘ e " q Il .
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Xidation by its H,0), substrate. Heme consists ol'g protoporphyrin ring and a central iron

atom. The iron can cither be in the ferrous (Fcz") or the

ferric (Fe? ") oxidation state. Each
heme is exposed through a funncl

-shaped channet 30A longand 154 wide (Murthy et of.,
is lined with hydrophilic residues o the channel desce
constricting toward the heme (Belal 1 .,

1981), The channel

nds,

1989). CAT is an cnzyme that can funclion in

is responsible for 14,0, breakdown which is
thought to occur in 'Wo stages (Sichak and Dounce.

1986: Halliwell and Guutteridye,
1999):

Iwo distinct modes. The catalylic mode

20; + FC(”I)-CI\T — |{:0 +0=TFe(\)-CAT

H102+ O = Fe (V)-CAT

» Fe (H}-CAT + 11,0 + O,

Fe (111)-CNT represents the native calalase molecules and O=Fe (V)-CAT represcnts
catalase coinpound | which was [(irst described by Chance ct al (1979). l.omation of
compound Icads 1o charactenzation changes in the gbsorbance specirum of catalase. Also
calalasc cornpound | can react with a limited number of hydrogen donors such as clhan’ol
or sncthanol and oxidize these substances by utilizing O, in the fonn of H.‘O: molecule in
a lwo-etectron oxidation stcp. This s the peroxidatic mode ol CA4- action (Sichak and

Dounce. 19806).

o]
O = Fe(V}-CAt + RCH:OH ——+ e (IN).CAT + RC’-H + H,0

CA L can also oxidize nitrite (NO3 ) into nitrste (NQ3 ) 7 vatro (Chance ¢! uf , 1979).Ihe
can ulso

ale ol 11O s reinoval via CA1 is 10" times fuster than the dismutation of 11;3; to 11,0
ale ol 1134 remov e - |

{ @3 6rman ond Fisher, 1981),meaning tha it is ity impossibe 1o saturte CA4
* el ol St 1‘.4 o 1r'ﬂ,_,-|
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cavenpce t 5183 ‘(i
8¢ not only H0; produced Wilkin the neutrophil but also 4203 added exogenously

1o cell preparati
Preparations because H,0; can frecly move across the cell membrane (Voetman

and Roos, 1980), CAY is cerroncously said 10 w

ork only at high concentrations of 11,0,

and lo serve princi i
principally as v backup for the glutathione dependens systems. However, the

cnZyme has a bindinp site
) as a binding site for NADPH at 11207 concenteations in the vicinity of thosc at

which ‘ : |
1¢ glutathione-dependent Systeins operate (Gaciami et of., 1996). [t i therefore

likely' that some half the H20: produced in the cell is destroyed by CAT.

293 Glutathione peroxidase

Glulatinone PPcroxidase (GSVIPx) ts a tetramer with a molecular weight ok between 76
and 105 kDa, with four selenium (Se) atoms per molecule. GSHPx helps prevent lipid
peroxidation of cell membranes by consunning free peroxide in the cell. fhe summary of

the reaction is:

GSH+ H0. Gsups  GSSG+ 11,0

GSHPX uses giutathione (GSH) as the reducing agent. It differs not onty frotn species to
species bul also from ticsuc to lissuc. 76 4: ) kDa for rat liver, 84 £ kDa for bosine
erythrocylc and 95 & 3 kBa human crythracyle (Roger and William. 1980). It 15 present a

high fevels 1n kidney s. ceythrocstes and livers.

GSHPN is a letrumcliric protein cemposed of two dimmers and is almost flat swilh

dimensjons Of 90 x 109.5 x 58.6A. The four aclive sites are loeated on the surlice and

:“1 laims {in form of sclenocynicine) are found in each actise site. The Se aloms in cach

ner " 1A wt (Roger und '\}.fl-llidml. 1980), ‘fi_'ho-sc.lcnucys_l_ciu(;.ib:'jnlmclluccd 1o the
o - = - - - J— . - : : - B
cin by a special RNA that s initially char, _,‘;,."‘ b serine but undergues a scrics 0!:

.
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ICHONS (0 convert it o 1-RNA scicnocysicine. Sclenocysteine is cncoded by the riplet

UGA, which ordinarily imrodyces y Stop but in the context of the glulathjone

mRNA is
recognized by the seleno.

cysteinc-linked 1-RNA (Chambers and Harrison, 1987). The

large distances of the Se moms in Ictrainer allow the formation of Intra-molccular

disclenide bridges during catalysis.

which plays an important rolc in the cnzyme function.
Sc

IS important [or the enzymatic activity of GSHPx. Release of Se lrom the cn2ynic can
icreversibly lose 1he

lenction of the GSJiPx activity. X-ray photoclectron spectroscopic

studies show that the protcin-bound Se undergoces reversible substrite-induced redox-
selenol derivatives. (R-Sell)

in reduced form and g scleninyl (R-ScO-OH) or sclenenyl

(R-Se-OLt) in oxidized form (Ladenstein et af., 1979).

Animals having Sc-delicicnt dicts show rapid decrease in tissue GSH Px activity through

Sc re-supplementation., [t has been found that a single large oral dose of sclenite or

selenomcthionine given 10 Se-deficient rits resulted in signilicant increases in kidncy,

liver and siomach GSi{Px activity after 48 hours (Roger and Williom, [980). lodnacetate

selectively inhibits the cnzyme by reacting with the selenocysteine resiilue in GSHPx.

The inhibition can be reversed hy addition ofun amount ol hydroperoxides stoichiometric

With the sclenocysteine residues ( Roger and William. 1980). It has been deinonstruted

thal o substrate-dependem reversible redos change of the selenecysteine residue is the

basic catalytic process in the fenction of GSHPx, Substrote-GS|

iPx 15 readily reoxidized

spomaneously and gencrally cxtreme precautions are required 10 preseeve selepacysicine.

. fﬂ""""‘?% chzymes in the physiological state. The first step of the catalytic cycle or

GSHP can bo described os the oxidation of an jomzed seleavd by 4 hydroperoxile '\

y e - . - Ea =G ¥ » [ : |
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followi [
\ 3 3 (] ° [
8 1wo consecutive reactions Invelving the selenic acid re

sidue and GSHN,
Intermediute of g sclenosullide is

formed between the cnzyme

. and GSH. The series of
reactionsis as {ollows:

-CysSe™+ H' + ROOH ——» E. CysSeOH ROH (1)
E-CysSeOH + GSH *————+ _ Cys50-5G + M0 (2)
E-CysSc-SG + GSIH «——, L.

Cys Se + GSSH + H* (3)
GSHPx ¢

an scavenge both |x@2as well ag organic hydrope

roxides and has g high afinity
~ for such peroXides.

2GSH + 1110, GSHPx . USSH + 2H,0

2GSI11 + ROOL GSHPx __ GSSG + ROH +H;0

Ll-hc cf I’ncnlcnc)' by which GST1iPx can scavenge bydroperoxides incrcases with increasing
GS1i concentration (Paglia and Valentine. £967: Ursini ef al_ 1985, Eswonhy ¢t af,
1993). |
Lipid hydropcroxides which are formed during 1the peroxidation of lipids containing
unsaturuted falty acids arce reduced: not by the usual GSEIPx but by, a special ¢nzyme
known as phospholipids hydroperoxide glututhione, designed specilically to handle
peroxidiscd fatty' acids in phospholipids. This enzyme can reduce bnth 11;Q: and lipid
hydroperoxides 1o corresponding hydrnxXides {(water and a lipid hydrnxede respectively).
In contrust 10 the phosphnliid hydroperoxide glutathione peroxidase ardinary glutathione

pcroxidasc is unable (o act on |ipi(.| hydIOpCmXich. Families with inhcrited deliciencies

of GSITPa have been reported (Anonymous, 1980 Cohen e of, 1985). Affected
members manifest a mikd 10 mudcfile severe hacmolytic anacmita it is Aggravated hy

infection gnd Wy oxtdam drugs stich as nitrofiraninin and certain sulfrnamides,
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294 Gelutaithiope S-transfee;ses

Gluathione S-Transfernses (GSTs; L.C. 2.5.1.18)

are a multi-gene family of cnzymes
involived in the detoxilication and aclivation of a wide variety of chemicals.

GSTs caulyse the nuclcophilic aitack of glutathione (GSH) on electraphilic substrates,

thereby decreasing hcir reactiv

ity wwith celfular macromolecuies (Armstrong, 1997),

Most GSTs exist gs solublc enzymes, although a smakl lamily of microsomal GSTs has

been characterized (Anderson ¢/ i, 1994; Jakobsson ¢f «f., 1996). and 0 mitochondrial

GST(GST1 Kappa) has also been identificd (Pemble o7 al.. 1996).

The solublc forms of GSTs exist as dimeric proteins, with subunit molecular weights of

approximately 25 kDa. Each subunit of the dimeric ¢nzyme has an active sjte composed

of two distinct functional regions: a hydrophilic G-site, which binds the physiological

substrate glutathionc, and on adjacent fl.site which provides a hydrophobic cnvironment

for the binding of structurally diverse clecirophilic substrates (Armstrong, 1997). The G-

stte is highly conserved between all GSTs duc 1o its high specilicity for GSH, while (he

I-sitc can be quite divergent between different GSTs, and cxhibits brood and varjable

Substratc binding specificity. The manvinaliun soluble GSTs are divided ino four main

classes, aipha (A), mu (M), pr (), and thew (T) (Mannervik o al.. 1992; Itayes and

Bulford. 19935; Coggas v al., 1998).

GSTs catalyze the general reaction:

GSH + R-X GSY GSR + HX

-

e functien of die enzyme is1a (1) bring the subsimte into close pProximity
l -

inding both 5511 and the clecirophilic substrate to the rciive site ol"the princia, and (2)

with GSi by

tivate the thydry| group on :_ o HIERED, .'F"ﬁ.

-I’ﬂ'_‘_r, ™ i-:l

T, AUHOER O Gl =
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clectrophilic substralc (R-X) (Armstrong, 1997). The formation of g thioethcr bond

the cysteine residue of GSH and the clectrophile usually results in g jess re

aclive
° more water-soluble product,

and thus GSTs are usually detoxification reactions

(Armstrong, 1997). A large number of diverse chemicals such as 1-Chiorg-2.4-
dinitrobenzene (CDNWD),

l.2-dichIoro-4-nilrobcn2cnc (DCNDBY,  and cumenc

hydroperoxide serve as substrates for GSTs (| layes and Pulford, 1995).

the ability of many phytochemicals to induce GSTs has generated much interest and

fesearch in the role of dictary GST induction as a mechonistic cxplanation for the
anticarcinogenic cffects of fruits and vegelobles. Presently, there js substantial

experimental  animal cvidence demonstrating that GST Induction can reduce the

clicetiveness and potcncy of a varicty vl chemical carcinogencsis (Iaycs and Pulford.

1995; Clapper and Szarka, 1998; Williamson ¢t ol., 1998).

29.53 Glututhione

Reduced glutathione, most commonly called gluthione (GSH), is g relatively small

imwlcellle ubiquitous in living systemis (Kidd, 1997; Sen, 1997), Occurring nuturatly in all

human cells, GSil is a water-phase orthomolecule, Its intracclular depletion ultimately

Fesults in ecll death and sts clinical relevunce has been rescarched Jor decades. GSI is the

smallest intrmecliulue thiiol (-SH) molccute. Iis high cleciron-denating capacity (high

negative redox potential) with high intencellular concentrolion generute greal reducing

PO r i-l('?fdf_d. 1997). GSI1 leveds in hwnan tissues noimally: range fron 0.! o 1o

mo! i';ﬁl )- . m::%rm_ﬁﬁhn. Itveq W‘O Kb.m\-l), Q*'ht the ;‘c

lens. erythrocytes and leukocyies (Nirener vr al., 10R1),



23 1s a linear | . 1
near Iripeptide ol L.-glutamine, L.cystcine and glycine. ft is synthesized

COO 1 \
ceording Lo the following two reaciions:

L-giwlamic acid + L-cysteine + ATP

I glutamyl-cysieine synihase

L-~ yglutamy I-L-cystcine + ADP + P;

h.-~ velutamyl-L-cysteine + ATP + glycine

|

Gluathione + ABP + 2,
Techmcally. N-L-gamma-glutamyi-cysteinyl-glycine or L-glutathionc. molecule has a

1] %

sulthydryl (-SI1) group on the cysicinyl portion. which accounts lar 1ts strong electron-

donating character.
SH
|
0 Ci la “
C“w
Cl 2 \Cll:

l
Il—C —Ni1;°

I
cen

Chututhione (r-phutamyt-cyvietmd-glicine)

 electrons oo iost, the molecule becomes oxidized ond 1wo such molecules hecome
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cc is maintaj ' '
amtained between GSH synthesis, its recycling fion GSSG and its

tlization. GS11 g SIS
ynthesis involves two closely linked, cnzytnatically controlled reactions

that utiliz ) '
¢ ATP (Anderson, 1997). Cysteine and glutamate are combined by r-glutamyl

ystecinyl
cy Yl synthetase, and then GSH synthctase combincs -glutamyleyeteine with glycine

10 gencratl : '
gencrale GSI. if GSH levels rise, they sclf-limit further GSE| synthesis, otherwise

cystcine availability i imiting. Fasti
lability is usually rite-limiting, Fasting, protein-cncrgy malnutrition, or other

dict : - SN O,
clary amino acid deficicncics limit GS} synthesis (Verjee and Behal 1976; Whitcomb

and Block, 1994),

GSH ca vidat
n be depleled by oxidative stressors such as uitraviolet and other radiation. viral

inrec‘io 3 1 i .

inlamwnation, burns, septic shock and dictary deliciencics of GSIt precursors and
¢nzyme cofactors (Spics ef al., 1994, Whitcomb and Block, 1994, Kdd. 1997; Look e/
al., 1997; Luo ¢t al.. 1998)- Direct altack by free radicals and other oxidative agents can
also deplete GSH as it is being consumed (Scn, 1998) The liver is the Jacgest GSI
reservoir. The parenchymal cells synthesize GSH [or P-450 conjugation and numerous
other metabolic requircments, then export GSH as @ systemic source of -Sl¥/reducing
power (Anderson, 1997). GSI equivalents citeulnte m the blood predominantly as

cystine, the oxidized and more stble forrn of cygteine. Cells inport ¢y stine (rom the

blood, reconvert i 10 cysteine and fram it synthesize GSHE_ Converscly, nside the ecll

GSH hejps re-reduce oxidized fonns of other antioxidunts such as ascorbute and alpha (q)

-

sophe vl terster, [994).
15 9 «sticmels importans cell protectant. I directly quenches reuctive hydrosy | frec

- . N, . - .
] ygen-centred {rec ralials, ond rudical centres DNA o i her




ecules (Kidd. 1997). GS1H ; 1S an essential cofactor for many enzymes which require

I-rcducmg equivalents and helps keep redox- sensitive aclive siles on cnzyimes

2s th the
1ccessary’ reduced stale {Weber,
|

1999). GSIH/GSSG balance is crucial io homcosiasis.
stabilizing the cellular biomole

indicator of
celi functionality and

viability. As inwacellulgr GSH becomes reduced, the cells

functionality is progressively reduced until it dies. In humans, GS}| depletion is linked 10

a2 number of discase states (Kidd, 1997; Sen. 1997; Gul ¢ al., 2000). Individugl with

inherited deficiencies of the GSH-synthesizing enzymes exhibit limited or gencralized

GSH delicicney with haemolytic anacmia,

spintcerebellar dcgeneration, peripherm)
feurorrathy, myopathy and arninoaciduria and oflen dcvelog: severe ncurological

complications in the fourth decade of life. Low erythrocyte GSIY also manifcsts in

hereditary non-spherocytic  lymphocytic  tcukemia and glucose-6-phosphate

dehydrogenase (G6PD) deficiency (Meister und Larsson,

t995; Scn. 1997; Gui o al.,
2000).

Immune cell funcrionality and proliferziion rely on udequate tmrucellular €SIl and

healthy humans with low iymphocyte GSH can have low: CDA counts, Chronie viral

infections may trigger GSII depletion 1 circulating immune cells or GSH/CISSG

imbalance. Paticnis with chronie hepatitis C virus were found (o have low GSH i their

Circulating tnonociyes (Anderson, 1997). liwinan immunotlchcncnc) virus ()iEV)
e

* iér-lloﬂ and scyuclae feature systemic GSH depletion {Aadeewn, L99%, axidative
|

5 ;‘mml ot all stages of HIV discase; HHV infection lowers. CSH in (he Plasena,

. k
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ytes, T-cells and othee Iynphocytes . :
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hildren with HIV also demonstrate |ow

GSH (Look er al. 1997 Gul et al., 2000).

Plasina and erythrocyte GSH can be Jow tn patients with Cirrhosis or result lron) acute or

chronic alcohol intake (Gu| ¢f al., 2000). [n non-alcoholic tiver discase. livey GSH can bc

abnormally low and GSSG high (Altomare ¢/ al.,

1998. GSH deficiency has been hnked

10 varjous pulmonary discascs including chronic obstructive pulmonary

disease (COPD),
aculc respiratory’ distress syndrome (ARDS), neonamial

lung damage and asihmg (Sen.
1997; Anderson, 1997: Gul ¢/ ol

. 2000). Patients with gastritis and /or duodenal ulcer

linked to /felicobacter pvlori infection can have low GS! H{Gul er e, 2000), In diahetics,

the erythrocytes and platelets can be low in GSH (3 oshida ez al., 1995; Gul er al., 2000).

A variely of neurodegencrative diseases manifesi sbromally low GSH. In Alzheimer's, a

decrease in lymphoblast GSIH has been reported (Kidd,

1997, sen, 1997; Gul et al,
2000).

249.6 Scilenium

A -, C ‘ . i s l un'u’]

- seleniom supplementation swdy in children living i a Se.deficient region
mied owt a
i

on

oputhy s o ' bt s et
d omyoputhy that wiis ollen firad- [t then became clear that selenium was
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clenium is yn essential micronulrient of major metabolic signilicance. [t is incorporated
a5 sclenocystcine a1 the getjve sile of a wide range of proteins. nder physiological
conditions, the selenium in sclcnocyteine s almost fully ionized and conscquently is an

extremely efficient biological catalyst (Arthur er qf., 1997), Many selenoproleins mav

CXIst in mammalian Systeins and up 1o 30 have been identificd by ™ge labeling in vivo

(Evenson and Sunde, 1988; Burk and Hill, 1993). or these, IS setenoproteins have been

purilicd or cloned including the glutathione peroxidase enzymes which represent a major

class of tunclionally importan selenoproteins (Burk and il 1993). Sclenium is present

in soil and enters the food chain through plants. We obtain most of our dictary selenium

from bread. cereal, meat and poultry, Tissue leve

Is o' selenium are readily snfluenced by

dictary intake which itself is govermed by geographical differences in avaitable selenium
in soil (Brown und Arthur, 2001).

Sclenium has a number of biochcmical functions as cvidenced by the list of
selenoproteins. For example, the glutathione peroxidases remove hydrogen peroxide and
lipid hydroperoxides at the expense of reduced glutaihione (Burk, 2002) The antioxidant
nature of sclenyum is different from that of other antioxidunt nutricntsh Selenium
functions as n component of antioxidant cnzymes cg glutathione peroxidase and

thioredoxin reductase (Burk, 2002). Pan of the evidence that seleniuni 1s an gntioxidant 1s
ore Uy y .| .

the obsersauon thai the nonselcnium-dependent antioxidant enzyines heme-oxygeiuse. |
nd glutathione. = transfernse ure induced i selenivm deliciency (Burk, I983) The

wuction ‘F osiviated to compensaie for the decrease that occurs 1In gtiox
{

idant



ypothesis (Burk ef af.. 1995). Oxidative injury does occur, however, in selenium-

M £ & A i 5 . age . . . .
icient animals that are stressed in certain wavs. The induction of vitamin £ defictency

he selenium-deficient animal causes oxidative tnjury with severe organ damage and

death (Schwarz and Foliz, 1957).
There is evidence that selenium deficiency may contribule to development of a fornm of
-cart discast:, hypothyroidism and a weakened immune system (Combs, 2000;
Zimmerman and Kohele, 2002). It is well established that diciary sclenium is important
for a healthy immune response. The effiects of scicnium can include reduced 7T-cell
counts, impaired [ymphocytes prolifcration and responsiveness (Kiremidjian—
Schumacher ¢t af.. 1994). Dietary supplemcentaiion of humans with 200 ng of sodium
sclenite cnhances T-lymphocytc immune respenscs (Roy' ¢/ af,, 1994), Selenium has been
suggested to be a cancer chemo-preventive agent. Tiis proposal is based on studics
showing that supra-nultritional intakcs of sclenium oficn defay or reduce the devefopment
of cancer in animal modes of the disease (Ip, 1998). It has also been reported in humans
that secondury cndpoint cancers were apparently prevented by selcnium supplementation
(Clark er u!. 1996). Sclenium may also prevenl or slow wmour grosth, Certain

brezikdown products of sclenium are believed (0 prevent (umour growih by enhaneing

immune cell activity and suppressing development of blood vessels 10 the wmour

(Combs ¢t 4!, 2001),

l.ow blood selenium concentrulions have been associsied with jncreased Cardiovasculy

dhiscase monatiiy- and rieumatojd artheitis (Brown and Asthur, 20015 Kose o7 af., 1006).

elenium ma; iclp to relicve symipioms of athritis by contralling levels of Iree radicals
deplete levels of many mariengs

h e of , 199 /A IIYS malabsorption




ncluding sclenium. Selenium deficiency is associated with decreased immune cell
s, :ncr’cascd discasc progression and high risk of death (Look ¢/ «if., 1997; Singhal
d Austin, 2002). HIV/ALDS gradually destroys the intnune system and oxidative stress
may contribute 10 fusther damage of immune cells. Antioxidani nuteients such as
selenium help protect cells [rom oxidative stress, thus potentially slowing progression of
the discase (Romero-Alvira and Roche, 1998). 1t has been suggesied that selenium status

may be a signilicant predictor of survival for those infected with HIV (Baum and Shor-

~ Posner. 1993).

2.9.7 Vitamin E
Vitamin E is a fat-soluble vitamin. Eight difterent naturzlly occurving substances have
Vilamin E activity in animals: a-, $-, v- and 5-tocopherols and e-, -, y- and &-
locotricnols. The four tocophcrol and t1ocolricnol isomcers struclurolly consist of a
chromatin head group snd a phyty! side chain giving vatamin 1= compounds cmiphipaihie
character (Kamal-Eldin and Appelgvist, 1996), a-locopherol 15 the most active form of
vitamin E. |t is a highly lipaphilic melecule and is the chicel antioxidant in biological
mcmbranes. Vitamin E is a chiin-breaking antioxidant preveniing the chain pfopagation

siep during lipid auto-oxidation (Serhinova ond Packer, 1994). It reacts with alkoxy

mdicals (LO"), (ipid peroxy! radicals (LOO') ond with alkyl mdicals (L*) defived from
.’ JA oxidalion (uctiner, §993; Kamal-Eldin 8nd Appel-qvist. 1996). It ha< been
e i than #,}Och!lﬁfO"'-chlﬂm 1.DI, is able to underio repid lipid pcruxidation,
eas LD isuluted 'ﬁmwﬁtﬁﬁmﬂoﬁ:ﬂlﬂfi lﬂ,&fﬁiéu-» exhibits jicreased



J" oncc 10 e¢x-vivo copper-induced oxidation (Esterbaucr er of, 1987 Dicber-
otheneder cf i.. 1991).

The reaction belween vitamin E and lipid radical occurs in the membrane-wailer

interphase where vitamin E donates a hydrogen ion to lipid radical with consequent
rlocophcroxyl radical (10°) fonnation (Beuttncr, 1993). Regeneraiion of the tocophcroxy!|
radical back 10 its reduced form can be achieved by ascorbate. GSH or co.enzyme Q. a-
tocopherol tends 10 ocalize in membranes and lipoproteins and is quantitatively and
qualitatively the major antioxidant in extmacts prepared from LDL and centsal 10 the
control of radical-induced pcroxidation. In addition 10 scavenging pcroxyl radicals «-
tocophcerol can also react with sunlight oxygen ('Oy) and the 2¢ oxidants HOCI and
- ONOQ". L.DL is a key carrier of vitamin E in the circulation and it is estimated that, for
individunls who arc receiving ony suppiement, the average LDL panticle conains 7
molecules of u- and 0.5 molecules of y-tocopherol. It has been sulticiently demonstrated
that as the vitamin E content in LPL or endothelial cells is inereascd, there 8 an overall
protection against [.DL oxidation {Steinbrecher cf al., 1984; Dicber-Rothenceder o1 of,

1991). Some studies have indicated that ¢-1ocopherol con act as a pro-oxidant in LDL. via

u-tocopheroxyl radical-madiotcd formation of lipid radicals (Bowry and Stocker. 1993;
Kamal-:¥din and Appelgsist, 1996 Neuzil et al, 1997).  Also, in vitro ond tn vive

nt of | DI with a-tocopheral accelerales fither than Inbibits the initial stoges of

LDI, o) tdation (Bowry and Stocker, 1993}, It bas been clearly shown that proaxidang
10N of **.l rol on DI, vas .'.__r~.l | b *MW{&'HI-IPQN;I] &8s
; 3 d \Ur + -
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Il.\‘ﬁ also been suggested that it is the lack of availability of co-antioxidanls rather than
'cb'lelfon of vitamin [+ that explains why lipids becomc incrcasingly oxidized as lesions
cvelop (Lerentis er al., 2002). The fact that advanced human atheroscierotic lcsions
contain ascorbate suggests that vitamin C may be localized within cells, whereas
lipoprotein lipid oxidation may occur outside cells (Terentis ¢f of., 2002). Incrcascd
adherence of monocytes to the endotheliuin constitutes one of the early visible changes in
cxperimental athcrosclerosis (Chan. 1998). Exposure of oxidized I.DL 10 endothelial cclls
stimulates the expression of endothelium derived adhcsion molecules: endotheliuin
Icukocyies adhesion molecule (ELAM), intercellular adhesion molccule | (ICAM-1), and
vascular cell adhesion molecule | (VCAM-1). These proteins promole monocytc
adhesion and subscquent migration into the intima where monccytes diltrentiatiate into
macrophoges (Holvoet and Collen, £994).
Enrichment of human endothelial ceils in colture with vitamin E causes o down.

regulation in the expression of YCAM-1 and a functional chonge in the reduction of

monoty e adhesjon 1o endothelial cells, presumably due to decreased expression of

adhesive molecules (Devaraj of af.. 1996: Comindcini ¢f of., 1997: Mortin e af., 1997)
Results [rom nnimal models show that vitamin £ supplementation significantly jnhibited
! ;A ccumulagion of macropliages in the nonas. |t was also cflective in the reduction of
AR -; crosis. cxpression of VCAM- | and reducuon of smeoth muscle proliferation in

« o - ey %_ I.S_i"ﬁii Meydoni, 2004). These obsepvations in animal madels

he concept thut down-sregulaiion of ddhusion molesule expression: suppressian
' L. : | L.
Q Lo ' ond inhibition of s h moscle peolifc

=
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vc-l"'(')‘pmcnt of atherosclerosis. Inhibition of smooth muscie cell proliferation by vitamin
‘could be directly scavenging ROS or by an inhibiting protcin kinase C (PKC)
tivation and associated ROS production (Boscoboinik ¢/ «f., 1991. Keancy er of,
996).

Animal studies have provided constituem evidence for a beneficial effect of a-tocopherol
“on vasodilation as well as insight into underlying mechanisms. Supplementation of
cholesterol-fed rabbits with a-tocopherol increased both the resistance of LDL to
oxidation and agonist-induced relaxation of thoracic aorias (Keaney e of., 1993). It hds
been proposed that a-tocopherol acts in the vascular wall by inhibiting PKC-mediated
Phosporylation of endothelial cell tnuscannic tecepiors and enhancing agonist-induced
nitric oxide symhase (NOS) activation (Kcaney ¢f al.. 1996).

The vitamin E status of an organism is determined by factors other than the level of
vitamin intake and it has been suggesied that a high degece of interaction exists among

antioxidant nutrients (Chan, 1993). For example, vitumin C reinforces the antioxidant

effect of vitamin C by regenerating the active form of the vitamin alter it has reacted with

a free rylicyl,

bn inact animals. o sparing cllect of vitamin C on viwmen I status has been noted 1n (he
: u'l’nca pigs and lish (Bedich er al, 1984: llomre of al, 1997) In human plaiclei
' MOgenate, oxtdiza vitumin iz wos shown to be regenerated by vitnmin € or reduced
' u'q‘,, J,C!.lﬂﬂ etel, 1991), Recycling uf oxidized tocophcerol lias alsa been shoswn 1o

* afforded u; iiponte snd ubiquinol (Podda ¢r ul. 1994 Stoyanovsky et b+ 1995,
Qb SICH AL 't ule 19940 Stoyanovsky o 1993,
v e, I TR B s ot P w3
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fic intricate co-operation that cxists between diflerent antioxidants in the antioxidant

efence system:

298 Vitantin C (Ascorbic acid)

Vilamin C is a water-soluble vitamin that exists in the body primarily in its reduced fonn,
ascorbic acid. The oxidized form of the vilamin, dchydroascorbic acid (DHA) is casily
reduced intraccllularly to ascorbic acid. Ascorbic acid recycling process is as shown

below:

CH-0OH
CH>OH
GSSG GSH

I-IOCH(‘ O ‘\_,,_.c'i HOCH 0
‘....-r"' S
— ;(K*
H ._\: od I H y
2¢
OH OH 0 / ;J\\

Ascorbic acid Dehydroascorbic acid

Vitamin € is an clectron donor (reducing sgent) and probably all of its biochemical and

molecUlar functions can be accounted for by this function. The ability of the vitmin 1o

Provide clectrons and be rerdily converted back to its reduced form by GSII gecounts Jor

S paticulur effectivencss as an i ¥ino antioxidmit {Jacob and Sotoudeh, 2002), The

on of vitumin € in body tissucs and Ads varies greatly, with high levels

!
P
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-‘u
|
o

e \ = Ee
ed in lekox AT WP
. ; 1 -y |
~ ':\ a (Jacob and Sotoudeh, 2002), ¥ amin C readily undergnes reversibie

| nnoltonl mle oy r!l-"_:Pil' n hislogical
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..‘Iicntus (Kuroyanng; e/ al-, 2002). lis best understood function is in the synthests of

ollagen which promotes the formation of hydroxyproline (Peterkofsky.. 1991).
bnh:.*drox)’lnted collagen is unstable and cannot form the triple helix required for normal
siructure of subcutancous tissuc. cartilage, bone and 1eeth. The failure of cells to deposit
c"oﬁngcn lbrils and intracellular cement substance leads to delayed vwound healing (Bsoul
and Verezhalmy, 2004). Vitamin C is specilically required for the activity of cight human
enzymes involved in collagen, hormone. amino acid and camitine synthcsis or
metabolism (England and Seafter. 1986). As a co-facior for propyl and tysy!
hydroxylascs. ascorbaic is an esscntial part of the molecular cross-linking that gives
collagen its clasticity. Ascorbic acid is also involved in the synthesis or modulation of
SOMC components of the nervous sysicm. tic microsomal drug-mictabolizing system,
synihesis of corticosteroids and conversion of cholesterol to bile acids (Katsuki, 1996).
Ascorbic acid reacts with free radicals that arisc in the aqucous comnpartments of tissucs

forming the innocuous ascorbate semiquinone (Koyama ¢/ al. [994; Roginsky and

Sicgmann, 1994).

o

HOCH




HOCH HO?H

CHOH CH.Of CHa:0H

# .

The dchydronscorbate is then cnzymatically reduced back to ascorbate by
dehydroascorbate reductasc, Ascorbic acid is a poweriu! antioxidant because it can
donalc a hydrogen atom and lorm a relatively stable ascorbyl free radical. As a scavenger

ol ROS, nscorbalc has been shown to be effective against O, H:0,, OH™ and 'O,

(Weber o of, 1996). The ascorbyi frec radical can be converted back to reduced
ascorbatc by accepting another hydrogen atom or it can undergo further oxidation to
dehydroascorbate. Dchydroascorbate is unstable but s more fat soluble than ascorbate
And is taken up 10 — 20 times more rapidly by erythrocytes, where it will be reduced back
|L°_ﬂ$c9rbatq by GSI! or NADPH from the hexose monophosplate shunt (Homig, 1975)

L hzdl’OOSC(eric acid is repoited to be undetectable in plasma (Levine ef af., 1993). This
L

1_'}
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that the fate of oxidized ascorbic acid is either immediate redox recycling 1o the

uced orm, ' immediale jurther oxidation With consequent destsuction ofthe Vitanun,
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CH20!H CELOI

. HOCH HOCH
| H + e H" + ¢
O 0] 0
e < = ~
AN == H
el
Ho Q° 0O IO
Ascorbic acid Scmidchydroascorbic Dehydroascorbic
acid radicol acid
2H' + ¢

Dchydroascorbic acid reductasc

GSSG 2GSH
(Oxidiscd Glulathione) (Reduced Glutathtone)
The existence of a mechanism 1o mainwin plasma ascorbate m (he reduced state means
that the level of vitamin C neccssar) for optimal activity is not absofule because the
Wmover will change in response 1o oxidant pressure. Recyeling of vitgmin € will depend

on the reducing cavironment which exists in metabolically active cells,

It has been suggested that vitamin C can protect circulmting and membranc lipids from
"' rudjcals. Vitamin C is uiso belicved 1o protect lipids mdirecily by sparing or
’ 'Uiﬂf} the active forms of vitamin L (Tappel, 1962). Athcrosclerolic plagues
e othetium dependent vasodilution in humen coronary and peripheral proog
_1"'".*7" sinisteion of vitamin € may mevense this endothellal dyyfunciion

B I r.“l‘ A : v [ 1
Ae s e/l 3001). There s cvideace Kin¥ng high intake of <iom
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pivo. vitamins C and E have been shown to reduce oxidative stress tn 11V infecled
natients and 10 reduce the viral load (Allard et ul., 1998).
Antioxidant action of vitamin C inhibits the fonnation of carcinogenic N-nitroso

compounds that are implicated in gastric and lung cancer (Carr and Frei. 1999).
he possible anticarcinogenic effect of vitamin C appears to be related 10 its ability to

dctoxify carcinogens or block carcinogenic processes theough its action as an antioxidani

or as a free radical scavenger (Rock ¢7 al., 1996).

2.10 AVOCADO (Persea americana)

Planis were the major source of materials which the ancient man resoried to for
conibaling various aitments and thus preserving his health (Akah and Ekckwe, 1995;
Calixto, 2000).

- The usc of altcrmative medicine and the consmnption of plant matcrials have been on the
Increase jn many countrics in the world. mostly because plant-derived drugs and herbal
formulations are commonly: considered to be less toxic and freer lrom side eftects than

synthctic ones (Bailey and Doy, 1989: Miwm ¢t ol 1996; Bhouucharyo e of., 1997;

ANnaPuma ¢s of, 2001), it is estimated thut about 65-80% of the world's population

- Which lives in developing countries depends cssentially on plants for primary health care

£aUSC 0f poventy. and lock of access to modern medicine (Akenelere, 1993),

=
t pres b, & number of botanicals are s1ilt being used in (olk-medicine foe tecatment of
fent diseases, i n g;lwlgcﬁqgnﬂqmmchcpfﬁals.'hm.p'w in food systems
|

L ean be or orporated into food.delivery systens or "'*l‘l.'lmﬂémcnt{ hald
\ , ]
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' “:;ig‘c':"hur?fbcr of herbal drugs which have been evaluated in clinical trials are currently.
g used in herbal medicine, They include the cxtract of Ginkgo biloba for the
eatment ol CNS and cardiovascular disorders (Brautigam e? of.. 1998), [vmericum
perfaratum (St. John's wort) used as an antidepressant (Viticllo.1999), Panax gmseng
(ginseng) herbs used as a tonic (Tylor, 1994), Tanacerun parthenivm (feverfew) used 10
lreat migrainc headache, Allium sativum (garlic) used 1o lower low-density lipoprotein
cholesterol (Aouadi ¢t al.. 2000), Sifybium marianun (milk histle) uscd for repairing
liver function including cirrhosis, Valeriano afficinalis (vaicrian) used as a sedative and
sleeping aid (Wagncer et al.. 1998), Cussia centfalia (Scnna) and Rhumis purshiana
(cascata sagiada) which are used as laxatives (Calixto, 2000), Echinacea purpuro
(Echinacca) uscd as an anti-inflammatory and immunostimulant (Calixto, 2000). .{rnica

meniana (armica) uscd 10 treat post-traumatic and postoperative conditions (Karow ¢r of.,

2008). and Serenoa repens (saw palmetto) used for the treatment ol benign prostntie

by perplasio (Gerber and Fitzpatrick, 2004),

Avecudo (Persea americana) is an important edible fruit belonging to the Lavrel family,

{-abmcesc. The avocado tree may be erect, usually up to 9 mi but sometimes up to 18 m or

More with a trunk 30 ~ 60 cm in diameter or it may be short und wpreading with branches

a

clos¢ 1o the ground (Morton, 1987} Almod evergreen, being shed briclly in

time, the lcnvcs are alternate, dark green and glossy on the upper

ide: varible i * (o M"W‘ﬁ oval, ovate or

2 Y ]
ool i

ATk as avikada pear) Is pear-shaped,




al or nearly round and may be 7.5 — 33 cm long and up 1o |5 cm wide. The skin may
E";'cllo'w-'grccn; deep-green or very dark-green (Morton, 1987).

Persea americana is indigenous to Centrul and South America. Although concentrsted 1n
the Latin American countries, the teee is now cultivated in the United Siates, Asia, parts
of Europe and tropical Africa. [t grows well in soils that arc loose, wetl-drained, slightly,
acid and rich in organic matter (Tokura et al.. 1996). The tree grows at elevation from sea
leve! 10 2400 m with average temperatures of 16 1o 24°C.

Avocado is one of the plants that have been widely used in ethnomedicine. The bark, fruit
and |cafl are used in teaditional medicine in South Anerica, \West Indies and Africa to
provide remedy for ailments such as hypeniension. hacmorrhage and menstrual disorder
(Morton, i987). The fruit skin is antibiotic and is employed as a vermiiuge and remedy
for dysenlery. In Nigeria, the leaf has various focal names such as Ewé pia (Yoruba),
Akwukwo Ube oyibo (Igbo) and Ganyen piya (Hausa). The lcaves are chewed as a

femedy for pyorrhca and the oqueous cxtract of the leaves has a prolonged

antihypertensive cffect. The leaf decoction is taken as a remed) for diarrhoea, sore throat

l " Y
i haecmorrhage and it alleged!y stimulaies and regulutes mensiruation (Moston, 1987),

The aqucous feuf extructs froim £ @nicricams have been shown o have amiviml activity

e

‘ { 1pes simplex | virus (De Almeida ¢f of.. 1998} human immunodeticicney

V)1 ( ‘:“ ot al, 1996) and qﬁuoﬁr\m (De Almeida e af.. 1998). It has wmmi-

I

;- u\\'..‘! varrl ¢ JH_II_‘H- 11 vetal, 2 .'.I and untihy pertensiv e

1901 -

i "-



qeﬁvﬂ.v- (Antia ¢! of., 2005), vasorelaxant action (Owolabi ¢ af., 2005),

sant effect (Ojewole and Amabcoku, 2006).

A ™
¢ arc no documented rfeports on the hypolipidsemic. antioxidative and
g WL ; - :
» to;:ro\hﬁwc cifects of P americana. This study investigates the cffects of P
'r*cana'on lipids, indices of oxidative siress and antioxidan: status in diet-induced

e L . ) .
‘Fc}lipidacmia. fn addition, the protective effects of P. americana on CCle-induced liver

.‘ Ik ° I (]
nage were investigatled.




CHAI'"I'ER TUREE
MATERIALS AND METHODS
3.1 Materials snd Equipment
Gilass Wares

§ On wool

\atMman filter paper

yringes & peedles
S rgical gloves
Potassium oxalute bottles
Lithium heparin bottles

Ethylegedimmincictrmacetic ocid (EDTA) bottles

Paper tape

Paraliim

-~ &ppendoct yybes

]
vefManent mmarkers

el "gl;,‘c_s {(disposable)
i




ers (-20°C, - 80°C)
o air oven

Veighing halance

Vortex mixcer
]

bator
aker bath
Sohxlet E xtructor

pH meter

Biofuge (yefrigerated)

UV spectrophgtometer

Groundny il

Olive g1

32 Reagents

Nloroagetic acid

'3 - Dithio-bis Y-nitrobenzoeic ncid (DTNB)

1= Chloro-2, 4-dinitrobenzene (CPNB)

Grand. Nigeria

Goya En Espana, Spain

Sigmao-Aldrich, Germany
Sigma-Aldrich, Germony:
BD!1. England

Knoll AG, Germeny

Sigma-A Mt‘jl;lll.. Germany'

A o A

sma-Aldrich, Gen l 3



L
0

C _f.i:un.\_thbri’dc
S0dium carbonate

nitropheny fhydrazine

Cholest¢rol

Cholic acid
Ghiathione (neduced)
Methanol (A nalar)
Hydrochloric acid

Coomagsice Brilliam Blye

Phosphoric acid

Cyclohexane

Carbon (¢irachloride
Cthyy acclatc

TN
! Etlanol

-
]
¥ I - =

O ’ ) .
Hasstum dihydrogen orthophosphate

Di-sodium hydrogen orthophosphate

BOH, England
Avondale, England
Fisher Scientilic, U, S. A,
BDH. England
Mecck. Germany
Merck, Gennany
BDH. England
BDIi, Eagland
Roche. Germany
BDUH, England
BDI. England
Merck, Gennany
M & 8, Gennany:
Fisons Scientilic, Englend
BDLI, England
BDIE, England
Fisher Scienlific. ). K
M & 3, Genmony

Sigino-Aldrich. Gemany:

! m'uw;lnu

MEN I
W Lhpland

-| =
WA %0 e
. L 1N\

|



assium phosphate

acial metaphosphoric geid

odiwn hydrogen carbonate

. forolom)

utathione peroxidase assay kit (RANSEL)
Bilirubin assay kit

Cholesterol assay kit

Glucose assay kit

Triglyceride assay kit

Alkaline phosphatase assay’ kit
AAsPaniate aminotransferase assay kil

Alanine anvinotransferase assa y Kit

Merck, Germany
Sigma-Aldrich, German ¥

Sigma-Aldrich, Germany
BDH. England

Randox, U, K

|'luman, Germany
Randox, U. K.

Randox, U. K,

Randox, U. K.

TECO, U. 5, A,

Randok, U, K.

Randox. U. K,



Materialg
3.1 Animals

veek old > albi i
0ld male albino rats were obtained from the animal colony of the Nigerian

stilute ) |
of Medical Research, Yuba. Rats were housed in coges aad alloved 19

cclimatize Wi i
¢ for one week with o 12-h light: dark cycle and had free access to water and

landord ryg chow: purchased froin L.adokun Feeds, Ibadan.

3119 .
|;-3°~ Plant Nuaterialy

-fJiCSh leaves of 2 americana were oblained froin a cultivated plant in Lagos and were
Senl for authentication at the Depariment of Bowany & Microbrology, University of
ibﬂdﬂn- The lcaves were air-dried and stored unti! needed. Dried leaves were pulverrzed
ina Waring blender and the aqueous and methanolic exircts prepared by meaas of

Soxhler extraction, The extruds were evaporited 10 dryness and stored in clean sicrile

Vials uniil reqUired.

9.3 High Lipid (Modificd) Diet Composition

Iigh lipid diet was prepered foliawing a moditied method of Yuan and Kites (2003).

Mhaosition of the divi is as follows:

)
T

-

% 0.5 %
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A0 Phytochewmical Sereening
Juafitalilive analysis of thc cxtracts was carried out using standard procedures as

escribed by T1arbome (1973), Trease and Evans (1989) and Sofoworn (1993).

3411 Test for alkaloids

;.S-'g'ol"éxuact was diluted to 10 snl with acid alcohol. boiled and liliered. To 5 mi ol the
lilirate was gdded 2 ml of dilute ammonia and 5 ml of chioroform and then shaken gently
0 extruct the alkoloido! base. The chloroform layer was extracted wilh 10 mi of acelic
“acid and divided im0 1wo portions, Mayer's reugen! was udded to one portion and
- Draggendor('s reagent 10 the other. The lonnation of a cream and a reddish brown

Precipitate witly Mnyer's and Deaggendorf™s reagents respectively indicate the presence of

slkaloids,

3412 Test for qannins
0’3 8 qf CXIr3Ct was boiled in 10 mi of water in o test tube and then (iltered. A few drops

of O.p. lertic chtoride was added and cbserved for brownish green or bluehlnck

1 . OlOH\]lmn

for saponins

| as dissolved in 3 "anrd'qiucd waler in & test Wwhe: The solution
ACE Was diIss0lv ' :

'*f" 1ing was mixed with 3

| ’ 'F-.'i "_-:‘l. ‘.n ]
e W

a e
1 vigerotisly and obscry




1

Fy L

:l1
U

l‘ L4 L e +* L4 -
ops of olive oil and shaken vigorously afier which it was obscived for the formition of

L
ulston.

3.4.1.4 Test fur Muvonoids

1rcc methods were used 10 test for the presence of 1lavonoids in the extract.

5 mll of dilstc ammomu was added to a poriion of an aqucous filtrate of the exteact
followed by additioa of 1 ml concentrated H:S04. A yellow colouration that disappears

On stunding indicates the presence of flavonoids,

A few drops of 1% aluminium solution were added 10 a portion of the filtmte. A yellow
colouration jndicates the presence of finvanotds,

A portion of the extract was heated with 10 ml of ethyl acetatc over a stenm waer bath
or 3 min. The mixtuee was filtered and 4 il of the tiirate was shaken with ) ml dilute

MMonia golution. A yellow colouration indicates the presence of flavonoids.

3.‘.1.5 Test for terpenoids (Salkowshi test)

Y # L3 . t d Il‘ ‘.
0.5 ¢ of extract was mixed in 2 mi of ¢hloroforn. 3 mi of conccntrated 11;504 was

'_'_-j ully added 10 form a laycr. A reddish brown coloueution of the interface indicates the

£NCe of |erpenoids.

L 2l . _ .;,-_‘ = ] I - '.!. m
ceding of vuts with chale wo&:ﬂéﬁhﬂtw' induce Jf?lﬂl’[llﬁdll!lt.

L ¢ . -_ -
"% e e g0 feeding groups (AL 8. C and D) of six ris in
\rh'a.'. - s = :‘ -

. e rats with [1""".“".*'.}"
Q‘v
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up A (normal control): standasd rat citow + water only.

roup 13 (negative control): high lipid dict + water

wroup C: high lipid diet + 10 g kg™ bt aqueous extract of /. americana (AEPA).

Group DD: high lipid dict + 10 mg kg b.wt methanolic extract of 7. americana (MEPA).

The nmmals were obseved daily and weighed weckly for eight weeks. At the end of the

]
I'

IT'c'cks [eeding period, rats were anacsthetized with sodium pentobarbital, 100 mg kg"
_ 'bi\;l (Wang ¢ al., 2004). Blood was withdrinwn via cardiac punciure when animals were
rendered unconscious under pentobarbital anaesthesia. The blood was collected in
hcpzsr;n;scd ubes follawved by centrifugation at 3,000 m for 5 minutes at 4°C to
SCPafate the plosmu. The plasma was stored in clean wbes at -20°C pending analysis.
0.5ml gliguot of the whole blood was also coliccted in heparinised tubes for GSHPs
assay,

Afer sacrificing the rats, the livers, hears, brains, Kidneys and lungs were quickly

eXCised and perfused with chifled 1.15 %e (vsv) KC] solution n order to remove all ymecs

of Memoglobin, The tissues were bloned dry, weighed and stored at -80°C pending

nalysis. Some portions of the livers wene prescrved m 10 % Fomwl saline Jor

| '>'°'Pnihological analysis.

el 2 s : WA city
"9 Treatment of ruis with CChata inducee heputotanicity

thirty {30) albino ans were

udwe the | ;',@R,m mﬁmpj' P, cwericand.
) eats each,

4 .;-”I‘ = -"1 ‘ .v. l ol .I‘ '.l*_.‘_ A




--L . o | .
Sroup IV: pre-treated with ALPA o 4 dose of 100mg ke/day orally for 7 days

s :
. foUp ¥ pre-trcated with AEPA at g dosc of 200mg/kg/day orally for 7 days

On the seventh day, animals m groups Il — V were injected with a fresh mixture of equat

| volumes of CClsand olive oil (3mlskg, sc) half an hour after the administration of the fast
‘Efbsc of the pre-ircatment drug/extract. Rats in group [ were injecicxi with olive oil
(3mifkg. sc). All animals were starved overnight and sacrificed by, cervical dislocation.
Biood samples were collected by cardiac puncture into plain sterilc tubes and allowed to
coagylate. The serum was separated by centrifurdtion at 3,000 rpm for 10 min a1 4°C. A
Pttion of the blood was placed in heparinized tubcs for determination of some
hacimatolog;cat parameters.
Alter Saerificing thic ruts the livers were quickly excised nnd perfused with chilled 1.15 9%
wivy ke solution in order o rernove all tracits of haemoglobin. The livers werc biotted

thy, weighed and stored ot -80°C pending anulysis. Some portions of the livers were

P%rved in 10 % rrornol saline for histopathological analyss.
1

4. -’i . .
- EXlrachon of Liver Lipids

EClipids were extracicd nocording (o the method of Foleh ev al. (1957).%

oy
. -

| — =~
N el - ——
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liver was ' :
homogcenized with 17 mi of 2:] chioroform.methanol mixture (v} for g

rough 4 foy- i ’ i
UEW 4 fat-free filer Paper into a glass centrifuge 1ube. 10 m! ofthe crude extact was

ixed thor i :
oughly with 2 ml or Wnler and the mixture was allovied (o scparute inlo 2

35€s \vi 3 . : ..
S without interfacial Mufl by standing it for few hours. As much of the upper phase

t‘- possible was removed |y siphoning and removal of its solutes was completed by

- o i -
rInsiftg the interface three times with small amounts of purc solvents upper phase in such

a\vay os ol to disturb the lower phase. The exlmct was stored ol 4°C.

345 Prepuration of Tissue 1 lomogenate

A 103y (wiv) homogenate was prepared from fiver, kidney, heart and tung accoiding 1o

the ineth oy of Y'uan and Kitts (2003), Bricfly, 1 g of iissuc was homogenized i 10 mi of

loe-€old lomogenizing buffer (8 MM NoofIPOs, 12 M Nali:PO., 1.15 % KCl, pit 7.4)
and centrifuged at 12,000 rpim for 20 min at 4°C. Portions of the homogenate were used

for‘""“mhlring the levels of oxidaiion products (malondiatdebyde. conjugated diencs and

Protein carbonyls). Another portion was immediately stored at -80°C for analysis o SOD,
i

CAT 4pd GSHPx.
0 Drepare the bmin h omogenate, 18 of rissue was subjecied to homogenization in 10-

! ve aq jeecold 0.25M sucrose solution. The homogenate was cenirifuged w

]
T 4

d Q
W or )i "I D
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%0 Determityyien of total ¢lyolestero|

lotal cholesterol (T.C HOL) was dere
(1969).

nni- [ [
tned enzymatically ustng the method of Trinder

' rineip|e

tolesterol iy doterms :
$ determined after cnzymatic hydrolysis and oxidation, The indicator

m cim » 2

finoncimine is forned from hydrogen peroxide and 4

-aminoantipyrine in the prescnce
"‘Phc"O' and peroxidase,

| Cholesterol
t’hOjes[chI ester 4+ 14,0

» Cholestcrol + Faity acids
Esterase

{Chojes Cholestcrol
erol + O, + Cholestiene-3-one + Ha0a

oXidase

peroxidasc
—— guinoncimine + H:0

2“";0! s

phcnol * 4-aminoantipyrine

The cape
~ T€08ent ysed contained 80mM pipes buller, pHi 6.8, 0.JmM d-aminoantipyrine. smM

enol, 0,5 peroxidase, 0.15U cholesterol esterase and 0.1 cholesicrol oxidase, The

c . ] .
CuvClte contnined 0.01 mi of test sample o which was added | inl of reagent

| "' blank had only | ml of reagent. Simtluriy. | inl of reagent was added to 0.0 1 mi

d cholesterol (200 mgidl) in another cuvclle.

A

enls ¢ g he cuveites were mixed thoroughly wid allowed 10 incubate for 10
10 ) T'* J .- ‘.'m_ .ﬂ v iy 3"”‘*’*‘ | - _M\S_HEK;‘-INM‘ l.ﬂ

.\\ 2 : -'.:II-1 ] r‘_ J_"—_' t""- "IF‘ _'h-if'h}h L m‘,rjl ;

g L wWith SO <1ron: " Helios Ga

-
L3

3 | o8 _il "



™

oficentrglion of Cholesierol jn sample =A gmple

x Conc. of stancard
Astandard

Agample = absorbance of sainple

Astandard = absorbance of standzrg

347 e

lerminatioy of high density lipoprotein cholesters!

High density lipoprolein cholestero] (HDL-CIIOL) was de
n

iermined according 10 the
thod of Lopes-Vicella et g1, (1977).

Prinipe

low"dens'ily lipoprolcins (LDI. and VIL.DL) and chylomicron fraclions arc precipiloled

Joany ic acid i 3 sium jons.
qoantitatiyely by the addition of phospholungstic acid in the prescnce of snagne

- L tion which remains in the
After cenlrifygation, the cliolesterol concentration in HDL. frac

SPEMNInt s derermined.

-"wdu"'-c

ip: :ﬂgcm used s made up of 0.55 mM phosp]w[ungslic acid .'l!]d 258 m\ magnesium
b

*
]

0.5 ml of diluted peecipiiant was added to 0.2 ml of sampie in & wbe. Atter
ixing i Bhly the 1ube was alfowed to stand foe 10 minutes ol coom temperature
'-'-’.r‘lr- " {[e
CTTEEHR L . e P
1'1. |_r ‘ H-.':".'R" "",.fd. ':‘IM'HII‘T1IE_;LE_-l‘__' -'# 1
Ur \ | | W

! o a -
- 7
\D‘ O | i

' ! ‘ ing clerr supematant was
-2 minutes at 12,000 fm. The resulting ¢ p




Agample = absorbance of samplc
*fk'!umdard = absorbance of standard

JAR

Determiinution of triglycerides
glycerides were determined according 0 the colorimetric method of Tictz (1990). This

boa ; : . .
nethod involves the measurement of triglycerides after enzymatic hydrolysis with

ipascs,
:l"f_h_l_tiple

[.ipascs

r'_‘g""-‘ridcs + 1,0 _» Glycerol + Fuity acids

GK

Glycerol + Ap - » Glyccrol-3-phosphate + ADP

Gl GPO
Ferol-}phosphalc + Oz -+ Dihydroxyacctone phosphate + H20:

2 rOD
'101 * d.aminophennzane + 4-chloroplicnol —

» Quinoneimine + HCI + JH;O

B '
heindicaor is quinoncimine formed from H:Os, J-aminophenazone and 4-chlorophienol

1
€ thE catalytic injluence of peroxidase.

1’ene

re

g

ANDOX kit procedure was used. The rengent uscd contained
0.5 mM taminophcauzmie,

J0mM PIPES hufYer,

5.5 mM 1ch crogheal. m,;amm_.m;tgnaimmions.
-. \ i

P 1 K e 1.5 U ¢
4 < ’ DI C | - _._ ':".l“ 3 uh 1 B l-..-

crol-3-phesphate oxidise



1 e ; '
nperature. The absorbances of the sample and

standard weec measured against the

Y \ i . X .
M blank at 500 nm with Spectronic ® Helios Gasmma & Delta spectrophoiometer.

Calculgtion

Teiglceride concenyration

-
——

Asample

X Conc. of standag!
!\\Tl} ero A vzndard

Asamplc = absorbance of sample

A uged= absorbance ol standard

Y e
Deterininggipn of Low density lipoprotein cholesicrol

LDL¢po1 Conecntration was estimated according to the method of Friedewald o7 of,
1972) using the fonnuia:

ADI"(:”OL- = Total Cholesterol - Trigiycerides - HDL-CHOL

L4

3,
110 Determiingtion of glucose

Glyeose Was detennined yecording to the method of Borhom and Trinder (1972) using

éohimerc'ual Kit manufictured by RANDOX Laboratorics Lid. Ceumiin, United

| ’iﬁlgqtmr, The RANDOX resgent is composed of: Bufler (100 mriol/b. pliosphate buaer,
pll 30

«Phenol | | mmoy/L): ensyinc reagent (0.77 mmokl. d-amtnophenazone; 1500 Uil

Rlcose Oxidase; 1500 Uyt peroniduse); and glucose standard (100 mpA)

Weipe
1lugo, "i;h-dcicrmincd R oxidution i the presence of glucose oxidase, The

O4CN peruxige formed seacts, under catalysis ol peroxiduse with phenol and 4-



r' a I

cd. :

Glucose + O, i
O + 11,0 _Q_le, Gluconic acid + 14,0,

| POD
21,0, + 4-0minophenazonc -+ phenol

» quinoncimine + 4H.0

"

Frece|yre

1
Pml-hrthc < ’ »
workmg, reagent was added to 0.01 ml of the plasma and 0.01 m! of glucose

siandard, | gy of |
M of the working reagent was taken in another tube to senve as blank. The

contents of the tubes were mixed thoroughty and then incubated lor 25 minutcs af rooin
o

| ,&cmpér'ﬁture. Ihe absorbances of the standurd and 1he plasma sample were read against
cagony ' :
blank at sgonm with a Spectronic” Hclios Gawnma & Dclia spectrophalomeicer.

Plasna
| N3 glucose yas calculated thys:

— Concentration of Standard

“'htrc’

A = ,

o absorbince of sample
i -

ey ubsorbanc, of standac!

I
R ."'" “f.‘

n H 5 .
" Protein vag delermined by the Brudford assay (13raford. 1976).

lermingtion of tatal proteis

P
L,J 1)

I - |
| t 4 " - N

M Of Conm. o 1ot st 250 shills from 463 am to 595 n when hinding

- i X .

> L1

b 3
- [



oceurs, Both hydrophobic and

I0NIC jnteractions gigbilize the anionic fonm of

-
1\

€26 causing & visible ¢olor change.

"roccehy e

DUl of sampl e - '
. MPle was taken i1 g clean test ube. To this was added § ml of Bradford

i:l'll‘n.nd t-nt |
UbﬂlCd r ¢ r ] r W r

73nm with g « ic” Leli
Spectronic™ Hetios Gamma & Delta spectrophotometes A standard

I’ nle in . - .
sohilion was similarly (reated.
n‘llcilluliull

ASarbane op sample

- Absorbance Hsardonr x Concentration of standard

311
412 Determinutijon of aspurtate sminotransfcnse

Asparge oo -
aminClransferase (AS1) was determined by the method of Restman and Fmnkel

(959) ysing
) using commercial kits manufactured by RANDOX Laboratories Lid., Crumlia,

Unileg Kingdo

"""SCMI:

exoplutrate

m. The kil contained two reugcits:

- 100 mM IPhosphate builer, pti 7,4, 100 1inM L-aspurtate, 2 mM u-

Re ]
WENL 23 g 2, 4-dinitroplicny lhydrazine,

(4] “cil, ll'

AST

."0‘ XOglU[arnu- + L,aspurlul‘- —t L~glu!.1nl.llc + oxalaacetsle
.
Ty

- SBoacelale \hay is formed §s rencted with 2, 4-dinitraphenylhydeuzine. The resulting
...

ONe Of gxuloaceiate is highly coloared. The AST is measured by moniloring the

ilion f' loacetote h -'rhl'.ut .
L w4 d .-—“I"""' ""-I -




‘Ml of sample was gdged 100.5 ml of reagem | (100 mM phosphate pyfler.

4 M L.aspanaie, 3 mM U-oxoglutarate), mixed and gllowed o incubaie jor 30

Hlies at 37°C. 0.5ml of 2, :l--dinilrophcnylhy
for 20

pll 74.

drazine was added. mtxed and allowed o

minules a1 room Iemperure. 5 ml of 0.9 M NaOF wae added and after
Xing (horo

ughly, the absorbance of sample was read against reagent blank gfter 5

Ninules g1 546 it a Spectronic® 1elios Gamma & Dela specirophotometer, The

agent blank yqs made up of'0.5 ) of reagent [, 0.1 ml distilicd water and 5 m| NoOI ],
ﬁiculﬂﬂun

m""i"l'l}' of AST was obtained froin the 1able
the ki,

provided in the instruction manual for

4,13 Determy fittion of ylanjue a minotriansferuse

1"'? method

of Reitman and Franke! (1957) for the detcrmination of alanine

l"sh"""ﬁ‘"srcraSe (ALT) was ydopled.

-0l it froin RAND®X Laboratories Lid., Crumlin, United Kingdom was use

ki €Nlained 1\vo sotutions:
-alaninc. 2
Bl{"ﬁ'l’ = 100 mM\ ph()sphmc bt f{er, p“ 7.4, 200 mM L.-alaninc

a-oxogluiarate

L=l
L.

“mM 2, 4-dinitrophenylhy drazine

Prinei.

T | .
. umq.k_wnh‘: ﬂ—_—l' _L-'l!umm.* pyruvale
D .
I




ate formed g reacted with 2, ,

ciazone is highty coloured gnd jis absorbance gt 530 _ 550 nm s

ptoportional 1o the
ration of ALT.

d after S minutes against the reagent

. 0.1 ml distilled 11,0 und 0.5 m| NaOH), at 346 nm in

SPectronic® |1 -
Petronic Helios Ganmima & Dejra specttopholomeyer,

'C“lcﬂlﬂ!itvno
The achvily of ALT in the sumple was obtained from the tahlc provided in the ki
MaNygl,

3.3 13 :
14 Deteriingtian of ulkaline phusphatase

Alkaline Phosphatase (AIP) wasdeiermined using cornmercind kit manu(actured by
Teeg o :

o U"‘-g""slks. Angheima, .S, A. The kit contained:

|

~ Alkajine phosphrtase substrate: 3.6 mM Sodium thymolpthalein monophosphate

02 A 2-Amino-2-mecthyl-1-propano) bufter; 1.0 mb 1 Mugnesium chloride; pH

d

N inc \&Tﬁ‘{llﬂfprcplpur dc\’C!OpL‘ﬂ"O_Ql A Sodiam hydroxide, 8.1 A1 Sodium

- {1 ;']L'“Ey;:—_h,_ Ewa‘ci". 1“[‘: I%pﬂ nﬂr



teaction principc
I

! L"] I@I i"c hOS') SC | ¢
| p hala aclts upOﬂ thc ANIP-bUl l'cd sodium [h)'mOIPh h ’ ]
thaicin

Mulancoysty develops g pluc chromggen

At timed ;
intervals !

B + 0.5 ml of standard, conirol, and sampic was added to jis respeclive test

u fO"O\s'cd by .

. b gentle mixing. 0.5 ml of deionized water was placed inanother tesi wbe

1or rea g blank.

Ire

The conients ot the wbes were then aliowed to incubate for 10 min a

Mthe g
of the n.. : -
| the Incubation, 2.5 ml of alkaline phosphatase colour developer was ndded
With ||I01’0u 1 P
Bh mixing, The absorbance ol'the colour developed wis read at 590 nrn using

CUonict {1

. Helios Gamma & Dela spectrophoto mcter,

Alkajine
phosphajasc activily was calculated as follows:

Misor,
sorban
e Of sample Concentration of standanl

-L1S :
i Determing i of tetal bilirubin

“ltiliybin

| 11

<) was detemiined using commcreial kits prepared by Hluntun,

Shage . ! : .
‘S’&'mw")'- Liic test kit coMained

“al biliubiy agent (TBR): 1.1 mM Sulphunilic acid. 300 mM Iiydrochloric acid,

ILIII - -~ )
Ll 4 1 Sa

ot U L

TNR): 39 '-"F*L_'.'":* *.u""ﬁ‘r'-



rna H

., |

[

O RCActS with ding ogi e -
ouized sulphanilic geid 1o form a red gz0 dye. The ab
S TR > 1Ne
IS "'f at 46 nin IS dircct[y p : e

B roportionak to the bilicubin CONCENUALIon in the «
Frocedure " the sample,

| !

Wyl o )
FINR was added to 1900 | of TBR, mixe

| d thoroughly and incubated for 5 minar
Ehpenyre,

ftes gy poony tenp

EISPdahncc of samyil

1% Gonyng 4. Delta spe

[OO Q * .
il ol sample was added to the mixture and allowed to siund for 2¢

crulure, A sample blank was prepured bul without TNR.

Cy » {
¥a5 measured yguinst sample blonk ot 546 nm with Spectronic

ctropliglomeiter.

_“iﬂﬂlra.lio y R
: Aot tolal bilirubin \vgs calculaied as foilows:
“Nl.hllil)ﬂ'
.
iliyyb;
in CONCentratign [mg/dl] = A s X 13.0

|
: (mg/dl) x 17.t = [umoliL)

4,16
i“J : ""'(L'T"'imllitm of
s 'l|Eh)'dc

malondiatdehyde
was determined hy the mcthod of Buege and Aust (1978) for

| HM;“ acid reactive sybsiances (TI3ARS). Malondialdehy de, formed from the
g of Polyunsaturated rany acids, serves as a convenient index for determining
g liEFn peroxidation reaction. The thiobarbituric actd assay is the mos
Fu1 R I meito | for determining the extent of lipid peroxidation in-yitro.

75 beert identified as the product ol lipid peroxidation thal reacts with

N

serane (1) sesrt '."--".



Reagent

(]

‘reagent siock IS TCA-T

-TBA-L 3 :
| BA-HCI (15 o (W/V) trichloroacetic id
obasbiuric acid. 4 actd. 0.375 % (ywiv)
| acid, 0,25 N hydrochloric acid.

OCCyre

m! of biolog;

ical '
i §ical sample (plasma or {issuc homogenate) was combined with 2
k TBA-HC reagent and mixed

9 boiling

ml of

thoroughly . The solution was heated for |5 minutes ip
vaterbath.

Centnfy the flocculent precipitate was renoved by
Eation ar [0 ¢ g for 10 minute

s. The absorbance of the clear supcmatani was

ﬂlem'u;cd -
against 3 plank i
K that contains all the reagents minus the sample in a Spectronic ¥

“eiiOs G
| 4MM3 & Delta speclrophotometer.
Galey [2g54,,

* malony;
aldchy ; |
ialdehyde was calcyhted using extinction co-eMicicntof 1.56 x 10° M ¢,

3449 :
l'""""nnﬁon of conjuguted Qienes

g"m"w"d dicnes yepe quanti
Aust (193,
:"’i'n'“jplq

fted by the dicne conjugaged assay described by Buege and

Linig
p’“’“dslion ts

l accompanied by a reamrangemene of the I'UFA double bons,

"b'
. B8 the formumion of conjugated diencs, which absorb ar 233 nm. | herelore, {ipid
"o on

: €4 be sssuyed by recording the increasc in shsorbdnce of entrocied

_ U ipids o 233 nm.

[
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- L — Jr——



By

he ragent stock js TCA-TBAACI (15 o

(W/v) trichlorogeotic acid, 0.375 % (wiv)
O%%hiwric acid, 9,25 p hydrochioric gcig.

Clyre

-mi of biologijcal sample (plasma or (issyc homogenate) was combined
d '*T'EA~HCI reagem gnd myxed thoroughly. The solution was heated for [ 5 minutes in
ﬁﬁling Walerbath, Aler cooling,

with 2 ml of

the flocculent precipitite was  removed by

trilugagion 4 1000 x g for }g minutes. The absorbance of the clear supematant was

i [ ] [ . b
*Ured against 5 blank that contains a)i the reagenis minus thic sample in 2 Specironic

spectropholomeiter.

. . : :
""'](’ndna}dch:,-dc was calculated using extinction co-eflicient of 1.56 x 10° M”' cm

4 s
b1 ue"&'rmmuﬂon of conjugated dienes

MuRaed dienes were quantified by the diene conjugated assay described by Buege and
D198,

i, -
2 ffﬁlu l’t ¢

g _
Petoxidarion

- - - ¢ Q) eniradicyl

- Mlatioy can be assayed by recerding the increase in absorbance o ow

<.,‘|F.- : .

W Linids a3 am.

'$ accoinpanicd by s rearrangement of the PUFA double bonds,

Therclore, hpid
the ferinution of conjugated diencs, which absosb of 233 nm. Therctare. hij



4

[ c .

ﬂlrifu atio : H
| €2l1%n at 1000 x g for 5 mMINLICS to separate (he nhases
PPt phase wag e |

On ..“' ! e
A O%ed by ce

Most of
moved by syction gnd 3 mt of the {ower,

. chloroforn phase are
e ¢hioroform |ayer vwas placed in a 1est jube and

-
9
-

laken 16 diyness iny wilter

edint.5 ml cyclohexane, and

as defermined g 233 '
at 233 nm against a cyclohexane blank in a Spectromic®

Heli
% Gamma & pejia Sepctrophgiometer.
ilcuhﬁon

The 4
ount of hyvdrone .
effici 280peroxides produced was colculated using a molar extinction
, l'cltnl 0f2.52 X |0‘ h’l cﬂ‘l"

l r
SA08 )
Ay Clerm; i i
: Ination af protein ca rbonyly

Prsein
carbogy
B B¥] content was determined by the reaciion with 24-dinitrophenylhydmzine

]

) Yas descriped by Levine e7 ul. (1990).
| -'p!c

] “Ea "
15 usey as an indicntor of protcin damaye by free mdical reactions,

Srbonyl BrobP reacis with 1INPH 10 form the 2. $-diniirophenythy drazone which

B red sPectrophotometrically st 370 nm.

:i*‘:"

of

M homesenate was taken in a cleun dr)‘cppcndod'mtwaml SO0 pl of 10 mMt

I

k¥ Wﬂﬂ (DNPI3) in 2 M EICT was wided. The minture wiis allawed so
1o At et e . . v “ " ‘hy “ ‘_\_ " *.Ml'&l’

lure {o. _rli. 3 V. i 2y



% 1o o AP
¢ lrichlorgpcetic acid (TCA), centrifyged g | 1,000

hm for 3 minutes, The pellct was

d wit
th | mi of cthantolethy! scetate (1:1;

¥/V) 10 remove frue DNPH neggen

nenules, The il
samplc \qs centrituged for 5 minuies at 1,00

and the SUPCrnatang 4 i

S discarded. The washi
Fhe ashing procedure was repeated two jimes for g

ashes. The resulii ng proiein pellet y

. as resuspended in 600 () of }
SM‘um h)‘dfoxide SO'UliOH. } . '“A"

n )

SOMDlemeny g
Y blank treated i :
ith 2 M HC _ _
vels Cl instcad of DNPH. The prolein carbonyls

¢ calculatey ¢ : g
UsIng a molar absorption co-clicjen of"22, 000 M 'em,

d4.49 :
l)clerullnulion Of g lutnthione

The 1hi
ngU l ’ M =
| P glutathione (GS!1) is a potent reducing ngent, rendering GSH the inost
“dang iMigcell

Ular ' ] ' |
ar small molecule thiol. GSH plays a pivotal defensive role agains

oidy;, . -
NC tsulis
@ Oit endogenous scavenger of free radicals and its level in the blood is

Y sesiy indi
7 CoIOr ol antioxidyni status in circulation (Cooper and Kristal, 1997;

Monye ol., 2001). 1 pl

dy's its antioxidant role in the deioxification of o varicty of
“Hlrophy
Ompounds and peroxides v catalysis by GST und GSIIPx.
Ko blooy

cell glutathione s determined aceording to the incthed of Beutler ¢ of.

'P'-""ﬂlﬂe

Ijuu"u)’ ) X

'lh RoU-Draicin sulthydsyl ol red blood cells is in the form ol GSIL 5, 5*-
10h; . :

s-lnilrobenzoic acid (DTNB) is a disullide compound which is readily reducesd

Lhy g : “the

ydryl COMPounds forming n highly colourcd yellow snion. Tlie uhsothance ot the

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



|
] l,. Y .
0N IS measured colorlmmricnlly a 412

< M and is (i .
Ky, Irectly
M EONCe peration, RIS Cud 38 B

N
cCOO

NO =
G S e, + IIQ—QN{:,

COO coo’

NDTNB
Thionilrobenzogie

Iml of
distilled
water and 1,5 m| prcmpuntu% 2 solytion (1.67 ¢ g Btacial mctephosphoric

hlﬁ' 0.30 .
B Napl:
a2.BI'A, 30 o & NaCl, 100 m| distitied [120) were added to .1 m} of blood

and
mixeg
10r0tl R
Shly. After 1S ntinutes of thcubation at room (emperalure the reaction

||)|‘\|nr e W
"3 centrifbiged ot 3000 | g for 15 minues at 4°C.

3 M Phosphate solution gnd 250 pl. DTNB solution (200 mg in 160 o1l of | %6
U Cigray
¢ solution) \vere added 16 500 uL of the clear supematant. A blank was

ﬂ mu “’I[h ] ‘nl

nd 254

phosphate solution, 1 m| distilled H20. 0.5 m precipitoting solution,

]I'. DTN . . ;
TNB solution, Jloth the blank and sample reaction niixtures were read

-
Uistitled \,g4er ot 412 nm in Spectronie” ilclios Gammia & Delia

SOPhOtam g

-GSy .
WS estimaied in other lissues (liver. Kidney, heart, lung and brain) by the

r :
Sedlag and Lindsay (1968).
"y ® homog,nate wus sdded o | nil of 0.2 M Tris.ED TN huffer, M1 8.2, 0.9 il

= e

il 4.7 foﬂmw by 20 pl. [0 i0M DTNH. Aller 30 niipntes of meubation
w:malan! read

]
2.0 a e 4 absorbance of U
e, | mixluce <hl J o @l = S Y :

3 &



¢rand 20 i pNTB
leufagion
coucgnll.'ation = Aunvnlt v
—— X —p—
- £ 2nm X

¢
Vargy “’abSOrbancc ofsamplc
i = oxtine::

™ = extincyion co-eflicient (13,600 M’ Icm.,J

b L]
tota| !
volume of reactjon mixture

Vo
Volume [
Ol sample in 1he reaclion mixture

Ultray;

viol . : : :

y Ct fangc 11,0, shows a continual increase in absorption with dccreasing
L}

\‘QIQ
ngih,
s The decomposition of 1i205 can be followed dircetly by the decrease in

P
bance 240 p.

A1,0 CAT __ 2H:0+0:

M absorhince (AN a9g) perunit time is o measure of the cataditse activity,

mi :
of ) o, Triton X.100 was added to 0.01 ml of rissue homogenale. The mixture

led
with | g ml of S0 mM plasphate bufferand mixed thatougitly.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



N SE Y : : : : :
30 mM 11-02 was added to the final mixture in a cuvelte. mixed and the change in

'ticihc‘r read ot 240 nm for 3 minutes in a Spcctronic® Helios Gamma & Delta
of I;O!G'r;i'itlcr.

o By W= Y . - = . ~’ .1
*‘“"‘)’ of catalase was calculated using & molar extinction co-cflicient 0i 40 Al"em™,

A2 Determmution of glutnthione peroxiduse activity

athionc peroxidase (GSHPx) was delermined according to the UV method of Paglia
* Valentine (1967) using the RANSEL kit, a commereial kit for i vitre delermination

o GSHpy in whole blood manulaciured by RANDOX 1 aboratorics. Crumlin, United
Kinggam,

: "f’“ihl ¢

O8H by cMolyses 1he oxidation of GSH by cumicne hydroperoxide. In the presence of
|ﬁiaiﬁ.ionc reductase (GR) and NADP1 the oxidized glutathione (GSSG) is immediately
. "\‘c.nc d o
NADP*

the ceduced form (GSH) with n conconitont oxidation of NADPH 1w
-The decrease in gbsorbance at 340 nm is measurcd.

28 GSHPy
1+ rooi; —» ROH +GSSG +11:0

i Git :
*NADPI| 4 TN » NADP' + 20SH

r?:"-.‘a“ re

\f 9 mi of the dildling

'miof . 10 diluti ith
™ o0 hepaginise.d whole blood was diluted (1210 dilution) wil

. Tl nsspy. The assay
"ovided in he it 0.02 ml of the diluted somple Was used for the nsso)
I s R o G ; ) lj
M s 1M phosphaie buller pi1 7.2, 4.3 ml EOTN; -+ mM GSH; 0.5
o | ; E ) ' . . .»" ,



enl of the cuverre
‘\ . . . L)
as thoroughly mixed and the jpitial absorbance of the sample

'SMECirophotometer. The

Laleulyting

agent
blank was Imcasured at 340 nm with a Spectronic® [felios Gainma &

absorbance was read again after i and 2 minutes.

' conc ] - ;
Px enlratton was cglculated using the formula:

lr2":‘HltcmOI‘\;fsmc =8412 X AO.Dyyomm /min

ey
F

M fmin = change in absorbance g 340 nm per minute

34
~ Beterninag: : 1 :
RIAIGE of superoxide dismutise activity

L0y 1 .
€ dismuase (SOD) activity was detcrmined in the plasma and tissue

KNMORe,. .
Senates aceording 10 Whe method of Misra and Fridovich (1972).

r."iltiplc

~ USSay

e Hitial

ofSOD s an indirect method which is based on the inhibitory ¢lfcct of SOD in

rate of epinephirine auto-oxidation ut elevated pH. The oxidation of cpinephrine

l Howeg N termy of

! the production of adrenochrenic, which exhibits an ahsorption

b n‘. 1 e L
3 . .
Cum g {80 nm. !f R 2" represenls L‘pinc hirine and R represents adrenochrome, the

0! n owe 5 5 . 8 .
Sreactions represent the chain reaction as il might occur at high pH:

I RH; 4 Me"

» Rl + Ne™ (a)

lrrl:m-"" 0, — s R+ O+ (b)
: .'j* 02+ p{* > UL #1120 (c)

RI 4+ 10 . R4 O+ 2H (d)

T o RHY# 10, (c)

- - L



-
‘o

W)\ one initialing event, here show:

N as the ynivalent oxidation g epinephrine

0N In which 0, is g proPagating species. [t is clear that SOD should strongly inhibit

mﬁ’mmSm. At tower pli, the organic radical gencrated by the Initiating event
i

0 adrenoch rome formation by g s

could

v

crees of dismutation reactions such as:

RH;" + RHy —— Rz + Rl

(n
R+ i, — RH' + RH, (8)
RHCA i — R + RH, (h)

Bis case s@m could not inhibit adrenochirome formation. The reduced metal generated

"

S3CtoN (a) would, in any cuse. be reoxidised by reaction with oxygen.

Me™! + 0,

—— Me"+0;° (i)
0 SefERed By reaction (5) could cither dismutote or react with epinephrine as in
ctlan (g) (Misra and Fridovich, 1972).

i
I'focey i

0.0

,- 3 » 3
il or samplc was ydded to 3 ml of 50 mht sedium carbonate bufler, pif 10.2 0

Wilibrae. The reaction was initisicd by the nddition of 0.03 ml of freshly prepared 3

"M : e ]
- Pncphtine a5 the subsirate 1o the bufTer sample nusture and quickly' mixed by

002y of distillcd w

; J *ni inc
A The reference cuvettc contained 3 ml of butler, 0.03 ml of 3 mAt cpincphri

Mer. The inercase in absorbance at 480 nm due to the

mm . A . _ ’
™ inutes | Helios Gamma &
~ € formed wag monitored for 2-3 minules in B Spectronic

& Othomc:cr.

id

!::- o 2 e ;e = . T EA r
 cuf) be expressed as: o e presence 0f SO

(] . Cogt rie ) g v - —

Ji nn 100 _.-j_l»_ ".“|_*_._.-:- J!__- e —

i
—
- =



rite of epinephrine oxidation in the gbsence of SOD

and Stem, 976)

50D getivity = gmouns of SOD giving 50 % inhibition
il wel tissue =

% inhibition y | 1000
| A 50
ore;

A =M ofticene : -
| tIssue in the reaction mixture

| -
0= conyerts 10 50% inhibition

)=
€OMveris 10 g of wet (issuc

3423

- -])cle_rmiuutinn

of glutnthione S-(runsferase nefivity
chlllllhionc g

-transicrase (GST) activity was assayed by lhe method of Habig o af

1974)
with |~Chloro-2, <-dinitrobenzene (CDNI2) as substrate. GST is involved in the

°‘<H'ﬁca
lion of g \wide varicty of chegmicals. It catalyzes the nuclecphilic attack of

lonc on Clectrophilic substrates, thereby decreasing their reactivity with cellular

f
I 0m0lccu Ic

| S{Armstrong, 1997),
ll'i“ci]llc
“alyzes the

conjugntion of 1.Chloro.2, <I-dinitrobenzcae (CDNB) 10 form: 2, J-

B I.bc!lnnc-

.,'dlﬂ'e

S-Blurathione which can be monitored spectrophotometrically at 340 nm.

ol o 2 .M CONB and 1.7 mi of distilled waoter were added to | mi of 0.2 M

Me by e, (0! 6.5). The mixture was incubnted at 37°C tor 5 minuics. Afler

Ty

il of (issue homoxenaie and 0.1 mt of 20 M GSH were added and

4 '. * ‘I y

B3 harce was monitored for § minues using Spectronic Helios Gammia &
= Ve -, " -

A astng he extinesion -

!r“:'l:lh T _.| .:- 3C B \ 1 ".‘ 1 > o A I “;n \.Lr_l."-rl-" -ﬂ_ -‘. b l-- | r-. i ! | i -




ralc ' ] idation i
of cpinephrine oXidation in the gbsence of SOD

8and Sicrn, 1976)

it of SOD aclivily = Vi
Y =ahount of SOD 81ving 50 % inhibition

ents (10 S0, inhibition

1000 =
\ o '.. Al
CONVerts 10 g o wep tissuc

3423 :
Deteeminggion of glutathione

S-trunsferase netivity
O'U'athionc

S. : -
s (Rasferase (GST) aclivity was assuyed by the method of ilabig c: al
4) with
. |-Chlore.2, d-dinitrobenzene (CDNB) as substcate. GST s involved in the
0N of a wide varicty of chemicals. It calalyzes the nucleoplulic attack of

Blutyihi
on¢ on clectrophilic substrates, thereby decreasing their reactivity with cellular
= 0 °
"okcules (Annstrong, 1997).

Gy
i Salyzes pe

.dilnitmbt.‘nz cne. s

]
ocedyy

L

*"’hlc

Rlign,

conjugation of [-Chloro-2, 4-dinitrobenzene (CDOND) 1o form 2, 4-

-Elutathione wliich can be monitored speetrophotometrically at 340 nm,

MmN CDNB and 1.7 mi of distilled water were added to | ml of 0.2 A
bufler (ni1 6.5). The mixture was incithated al 37°C for 5 minutes. Aller

0.1 wi of (igsyc homogcnate and 0.1 mi of 20 mM GS§4 were added nnd
In i e
i uh‘“tbuncc Wils monitored for S minules using Speciranic tichos Gamma &

faphoromuter. The enzyme gctivily wis enlculoled using the extinciion gup =

85
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6 mA nt
mhte

+ Onc unit of enzyme activily was defined as the amount of cnzyme that

falalyzed the conjugation of | umoi CONB per minute,

Y= pmoles of GSH.CONR3 conjugate formed /min/mg protein).

g
“ . . . [ ]
N m-‘-‘ollﬂ"lOloglcal cxanninution of liver

i

Ve of rats [tom different groups were perfused with 16% ncutra! formalin solution,
toPatic tissuc \vas dehydmted and embedded in parafiin. Parallin sections were made
swined using hacmatoxylin-cosin (H&E) dye, The stained sections were examined

“ml-ﬂ 3 o o . . 9 1 1 Iy “lCil’
| % mucroscope for histopathological changes in lver architecsure, and

phlomrcrogmphs were taken,

3425 Satisticy)
Datg

f\llﬂ'_\'sis
eI expresscd as nican + standard crror of ineans (S, E. M) and anatyzed by

Y% o saniance (ANOVA), Statisicatsignificance of the diference of the means
““"c\*ﬂ'*’atcd by Student®s t-tesi. Differences were considened sigtistically significant if
| I

PVl g < g g5



CHAPTER FOUR
) EXPERIMENTS AND RESULTS

ﬁpcrlmcul I: Lipid lowering sictivity of ngucous and miethanatic leaflextracts
of P, untericarna vn dict-induced h}pcrllplducmm in rinls

Introduction

I T " .
yperliprdaemia s an important risk factor in the pathogenesis of ciironic degencrative
43¢5 such as giherosclerosis. diabetes and cancer. Cardiovascular discase is associated
Wh elevated blood Ivels of [.DL. increase oxidation of LD, raised levels of total

- cholesierol gnd triglycerides whereas a low level of high-density lipoprotein (HDL) is a
ek |

*K lactor for mortalily from cardiovascular discase (Criqui ¢ al., 1993: Rahman and

o , :
MO, 2006), A logical strategy to prevent or treat :therosclerosis and reduce the

inci . . . " 1
ldence ol cardicnaiscular discase events is to target the hyperlipidaemia by dict and/or

lipid-lowering drugs (1.0 Rosa ¢t al., 1990). Cholesterol lowering tgents such as statins

and fibratcs have demonstrated great eflicacy in prevention and cessation of the

Progees,; '
%8Cssion of otherosclerosis.

Mdiesin Nigeria have showa dint consumption of fruits and vegetables lowers Iegelsgy

. cho,c‘slcrol and lriglyccridcs as wel] as reduce |nc|dcncc Orcardl()’hlscu,l" risk

act, . o al.. 2004; Odetola o2 al.,
O CEmijor chronic discazes (Famodu et af., 1998: Hung ¢ al.

L]

*Adebiwo 1 o/, 2006; Odctola ¢t al., 2006).

IS ¢ id-lowcring propertics ol aqucous and

“HMent vias pimed at evaluating 1he lip

1 X ?S_Of-ﬂ, americana.



: _'I'Els:(i-d)' were divided into lour feeding groups (A, B. C and D) of six rats
h*Group A was fed with standard it chow and water. Groups B to D were fed with
 modificd dict and waterlo provoke hyperlipidaecmia. In addition. experimcntal group
“;"'« reated orally with aqucous extract of /. umtericana (AEPA)at a daily dosc of 10
: E“U.\\'!. Similarly, group D was treated orally with methanolic extract of P,
:'l:au'u('MEl’r\) at adaily dose of 10 mp kg“‘ b.awt. Rats in gioup G received no
*alMenl and served as negative control. The animals were observed daily and weighed
|' ckly for cight wecks.
Mihe end of me § weeks feeding period, rats were anaesthelized with sodium

X003biral, 100 myg kg b.wi (Wang ¢t al., 2004),

Bloog vy \V rendered unconscious

ithdrawn via cardiac puncture \when animals were

=T phlobarbital gnaesthesia. The blood was collected in heparinised tubes followed

¥ SR fupation at 3,000 ¢pim for 5 minuics at 4°C to separate the plasmit. The plasma

\ : :
' stond N clean ubes at -20°C pending analysis.

10

. . | gof
4% (wiv) homogenate was prepared {roin liver. :

kidney, hean and tung. Brictly,

i isi A Noyl 1PO,, 12
et s homogenized in 10 m! of ice-cold homogeniZing buffer (8 mM NoliHUs

i : for 20 min at 4°C,
> .qu.po“ 1.15 % KC), pil 7.4) andeentrifuged ot 12,000 mrn foF

described in scclions 3.4.6 o 3.4.13

P
N

3 \.1ri - 3 i i
- "Maus bjochemica! paremelers Were assayed a8

- detailed insection
e 1o

- R ;ons was dune as
pathalogical cxamination of e [iver SEEHONS

9

I. = 1

Y .
Il



able | shows e g -
the mean weckly weights of rats In the four groups. The body weights of

| Sin all the proups increase

d throughout the study’ period, Howea er, pody weight

“‘ilSl ol il ;
ngher (p<0.05) in the hyperlipidacimic rats compared to norma! control during

.. j-ﬁrs‘ ! 3 & . .
week. Also, body weight gain in the 3" and 8% weeks was signiticantly (p<0.05)

) I'I|1' -
Ser AEPA and MEPA treated rats (Groups C and D) compared to hyperlipidacmic

control -
(Group B). The overall body wecight gain per cent for rats in groups A, B. C. and

h’*fb 131 9%, 132 %,
the

80 % and 74 % respcctively showinp that there was a decrease in

Ov¢rll body \weight gain in AEP/A and MEPA trcated rols compared with
mxr“pid“cmic control.

MR Frver weight of rals in the three groups fed high lipid dict (Groups B — D) was

"?r"lli .
Cantly higher (p<0.05) compared with the mean tiver weight of normal control ats.

Loup 4 (Fig

+ 1)-There was however no significam diffcrence in the mean liver weight of

fed igh lipid diet (Groups B, 7.15 + 0.97 /8 wecks) and those ireated with AEPA

u..' g 2aras fui
“MEMA (Groups € and D, 7.43 + 157 and 6.89 £ 0.60 /8 weeks cespectiely)

2 show the brain, kidney, heant, and lungs weights in the four experimental

4° : . . ' ’ : I’)A

m (G’OUP C and I, 1.60 + 0.08 and 1.57 & 0.04 g v fespectively) are geeater

pcrlipidncmlc comrol tats (Groups

W the mean brain weight of normal and hy
_ cight ol the rats

,-J' T'and 142 £ 0. 08 g respecuvely). The mcan fungs »

PA wrd ME N biﬂllﬂiﬁ‘“"ll 1) was higher than mean lungs weight of
r .ﬂ" - Wwere No S Pﬂ’ﬂbllt

--\ idticmnic '."a Mol rgis _.I ': L"" TT ,; 1.| -
' - il:t.‘

- - g
. | ¢
N Y ] WE | N E

i

aid




0,09, 083 % 0.10 and 0.80 0.14 g respectively) or heart weight (Groups A, B. C and

0353 £ 0.14, 0.5
053+ 0.14,0.53 + 0.07, 0.55 + 0.07 and 0.55 % 0.12 g respectively) among the

BUrC 2 shows plasma T-CHOL concentration in rats across the four groups. Plasma -
£ - + I
WOL. concentration was significantly (p<0.05) elevated in rats {cd high lipid diet

|' m
(Goups 8, C and D - 95.01 £ 16.47, 87.03 £ 17.07 and 90.62 + 20.72 mg/d] respectively)

€0 Ir .
PAred with rats fed siandard rat chow (Group A. 50.72 + 2..15 mg/dl). There was no

Signili

Bhlicant (p>0.05) gifrerence in the concentration of plasma 1-CHOL among the rats
I. 1 * ~

ed high lipid dict (Groups B, C and D). However. the hyperlipiducmic control rois

(G .
P 1) showed remarkable increasc in plasma T-CHOL than the mis treated with

AEP
Aand MEDPA (Groups C and DD respectively).

Plas .
Ma RDL-C1i0L conccntration was significantly  (p<0.05) lover in the

Mpeelivid. .. !
Petlipidacmic conicol rats (Group B, 7.72 2 3.28 mg/dl) compared with nornal tahiix]

Bl (Croup A: A resulted in

1635 4 7.72 mg/dl).Trcatment with AEPA and ME!
HUevatioy OFHIDL.CHOL. to values significantty (p<0.05) higher than the hyperlipidacmic
by (Y Groups € and ®: 14.3] + 229 and 12.94 = 4.3 me/dl respectively) but not
_signilimnu}' diltere
'}]El'.uc-q

nt from the vatlues in the normel control (Fig. 3).

1 i the four experimental groups.
3hows the plasma concentration of triglycerides in the [our exper &

LY ] : high lipid dict
"8 triglycerides concentration was incrcased (p<0.03) in rats. fed hieh 1P

. re 0.05) plasma
gt o nonnal control. [{oswever, treatment with AEPA lowered (p<0.03) 7

i . uts tecated with
s coripascd with the hyperlipidacmic control s ko, the

than normul control rnts and rats

" highcy (5<0.05) iriglyccrides concentrton

P,




LD -%I'Iél:. concenteation was increased (p<0.05) in the rats fed high lipid diet
ps B3, C and D: 80.01 + 18.37, 64.54 + 17.76 and 64.13 # 19.41 mg/d respecirvely)
npared with normal control rats (Group A: 18.87 £ 15.59 mg/dl). LDL- CHOL
acentration was not significantly (p>0.05) different among rats fed high lipid diet,
‘ "” the hyperlipidaemic control rats (Group B) exhibited higher levels of plasma
-"'-a'lm'*'lhnﬂ the treated (Fig. 5).

DL-CligL: HDL-CHOL. ratio (a useful index of atherogenicity) was highest in the

WRipidaemic control ryts (Group B. 11.81 % 4.85) and icast in the norinal control rats

SO ACLS50 £ 0.87). Inter-group comparison also shows that the L.DL-CHOL: HDL-
oL falio in the hy perlipidacmic control rats was signilicantly higher (p<0.05) than in
e

-~ HRted groups (i, ),

-» !' 3 ) . . -
- Sbws the liver 1.CHOL, 11DL-CHOL and 1G concentmisons in rats Jdccoss the

SPCimental groups. iver T-CHOL concentration wis mised (p<0.05) in rats fed

w"l'md dict (Groups B, C and D: 655.65 + 27.38, 616.43 % 23.19 and 610.30 £ 17.65

2/db ‘ |
e d m||eclch|)’) compitred with the normal contre! rois (Group A 47.53 #3.03

&lt), Similar pattems were obscrved for liver LDE-CIHOL and TG concentrations.

[ ' : | . 5 .dﬂ‘mlc
8N hepaic 111 CHOL, concentration was higher (p<0-05) i the hypertipides

e . 12.4) = 1.76
I'mmup B. 11,67 = 1,52 mg/di) and MEPA tecated rats (Group D: 1 4)

nf - dl).
OMPared 10 normal control rots (Group A, 5.11+0.73 m/di)

' : imentol groups o6

WM Plasma plycnse concentrations of Futs 1N the four experimentol EEOLP

i ) ‘ ed in rats ted high
' Bigure 7, plasmo glucose Was sigmlicantly (p<0.05) Increas

with AlPA mq}: MLEPA induced

EY

Pored with noanal Control. 1redtment



|‘|Un (16% and 11 % respectively) in plasma glucose of treated rats compared to the

hpidacmic control.

.hiwiwof-asmnate aminotransterase (AST) in plasma of rats is shovwn in Fipure 8.
cline observed in the activity of plasina AST in rats treated with AEPA and MEPA
oups C and D: 31.20 + 6.62 and 36.83 £ 10.5¢ U/) respectively) was nol significant

p>6.05) campared to the hyperlipidacmic control rats (Group 13, 42,48 £ 6.98 U/t) and

-1 activitics in the four groups of rats are shown in Figure 9. ALT activity was
'ldw"'(p‘o-os) i the hyperlipidaemic controt rats (17.13  2.32) compared to AEPA and
T iredicd (42.04 + 5.8; 44.25 + 3.75 respectively) and normal control rats (30.20 *

h j . . - 3
=) However, there was no significant difference (p>005) M ALT getivity in AEPA

Wd MR
MEPA trcated yais compared with normal control rats.

) »
i p'}oto'“icrogmphs of the liver sections Stained with H & F dycur 03 shownin Plates

P ‘ ' ile fanny
14 The liver of rats fed standard chow had prescrved lobular architeciure & ndtlnlly

!’H’lg“lv\cp observed h |ipid diet. The fatty changes were

in the liver of rats [ed hig

RVCIC in the hyperlipidacmic mut,

' S—_  weipht goin (14 ond
W% ration of ACPA und MEPA resulted in @ ceduction in bod) weight goin (

xtract
i could be thnt the ex
l’ﬂl‘{‘ﬂi\ach’) compared with the h) pcrlip‘.dacmlc control. It

'iW)‘, weight.
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I
¢ver, adr i ‘ 3 -
Yer, administration of AEPA and MLEPA lowered plama T-CHOL in the treated rats

ing that the extracls ' -

Tl ' possess hypocholesterolemic clTect.

d I]" & - . .

erer, lrzgtmcm of rats with AEPA and MEPA clicited significant restorayion of
‘o = U - | _
L-CHIOL. in the 1reated animals compared with the hyperlipidaemic control. This may

{

Ly ﬁfdcb' against lipid pcroxidation and development of atherosclcrosis.

= 2UE%s extract afone was able to lower triglycerides in rats fed high lipid diet

Yodably py SuUppressing synthesis 1hus suggesting that AEPA could be used in

I'hrmi“'gh)?l’ﬂ'lriglyceridcmia.
“OVeing of L DL.CHOL and the index of atherogcnicity by AEPA and MEPA in this

U\’ -
Could rcpresent a proleclive mechanism against the development of atherosclerosts

l,‘l

us : . ) )
1 €0uld yecount for its use in ethnomedicine for the treatment of” hypertension.

N :,Id ) . .
U concluded 1hay P. umericana has hypoglyceniic properly it rats.
)

“OM with AEPA and MEPA did not have significant eftect on AST and ALT

4

lies ; | '
1N the pqrs suggesting that the treatment was well tolerated by the animals.

., TN with AEPA g MEPA amcliorated the severe faity changes cavsed by the

"Pid giey thus prov jding a supportive evidence for the lipid lowering ¢fTect of the

\ry



Mean weekly body weights (g) of rats fed high lipid diet.

!

=

69.5247.80

1454 6,93
90.13£8.64
10758 £ 9,59

N

" .
1884946

,I‘Eb 6.84

1312937

8 (_: D
65.88+11.23 93.13 + 9.62 27.37 + 11.01
77.95 + 13.89° 101.99 + 12.30"° 0564 +9.18

85.12 £ 14.61
94.20 = 17.34"
97.19% 15.52

115.24 £ 17.21
125.27 + 19.60

135.60 %+ 16.5+4

116 £ 14.24
11762+ 1512°
12420 £ 16.19
134.92 + 19.99
152.86 £ 21.72
160.18 = 24.65

167.56 £ 25.74"

108.10 = 1040
11141+ 10.40°
112.89225.82
124.45 + 27.44
141.53 £ 29.88

150.55 = 30.1

152.35 + 29.93°

154134 950

152.59 + 20.80"

o

iﬂ
r-

s :‘u"*lh XBressed as means + SEM fer six rats.

NE A common superscript differ sigm I’:cuntl-y at p< 0.05.
i 415 W fed high lipid dier; C, fid high lipi
“Pledict + 10 mg kg b.wt MEPA daily.

d diet+ 10 mg kg bowt AEPALD,



093 20.05 0.88 +0.04 0.83 £ 0.04 0.80 £ 0.06

0.76 + 0.03 0724 005" 087005 0.90 % 0.10°
0.53 =0.05 0532003  0.55 = 0.03 0.55 £ 0.05
1.40 = 0.04 1422005 1.60+003° 1.57 + 0.02°

Values are expressed as means = SEM for six rats.

Values nar sharing a comumon supersaipt differ significantly at p< 0.05.

A, fod Sandard chow: 1, fed high lipid diet: €. fed high lipid dict + 10 mg kg™ b.wt AEPA; D, fed high lipid diet + 10 mg kg
b.wt MEPA daily-

95
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Mr S Eflixct of aqueous and mcthanolic leaf extricts of 2. ame ricuna on liver total cholesterol, -
fng'h density lipoprote cipholesteral and trighveerides (me/dl) ruts fed high lipid Jict '

Group

T-CI1OL 3753 +3.03  655.65 = 2738 616.43 +23.19* 610.30 = 17.65"

LDL-CHOL 35.15%3.89 529.04 4 18.73° 415.54 41991 416.28 4 3.62°
HDL-CHOL 3.1 20.75 11.67 £ 1.52° 9.68 = 2.33" 12.41 £ .76
TG 3630+£355 102198 =59,13" 739.65 = 65.52* 787.2| <+ 76.79"

Values are cxpressed as means =+ SEM (or <ix rats.

* Sipnificantly different from normal control (- 0.05).

A—fed-stoetyd chow:, B, fed high lipid diei, C, fed high lipid dict + 10 mg kg b.wt AEPA: D, fed high lipid dict 4 10 mg kg
h.wt MEPA daily.

96
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P!atc 1«9
l W"!"V"sea}on {rom noimal rat showing

®patocytes [H&E, x 108,

prescrved lobulorf (| ) mehiteciure with
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m‘”

[H&E»x 100].

= L S change fe=)
* Liver section from hyperlipidaemic rat showing severe fulty 8
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PA with

Mae 3.

LT Liver section from b yperlipidacmic rat tr
| chnngcfﬂ} jH& ., x 100],

] Nt
cated with 10 g KS b. wt Al
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1 MLEPA with

-
meu: L treated with 10 mg kg™ b.w

Mot IVer section from hyper)ipidacomic rat
e Rty change (ewe) [H&E. x 100).
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- 1 . .
Aaperiment 28 Antilipoperoxiclutive and antioxidant properties of agucous
‘methunolic leaf extracts of 2. wmnericana in rats fed high lipid dict

duclion

ﬁkﬂl membzanes are charuclerized by he presence of large amounts of PUFAs
i"ch can undergo oxidation by a process known as [ipid peroxidntion.

mmals have scveral ynechanisms for defence against tree radieals and other reaclive
XEen specics. These include radical-scavengers and chain terminators such as vitamins
Cad g, anlioXidant enzymes such as superoxide dismutasc (SOD), catalase (CAT) and

Blutalhione nepoxidase (GSHPx), and nonen,ymatic antioxidant glututhione (GSH).

The gy
*r0us defences are complementary fo onc onother because they act on

illereny oXidants or in difTerent cellular conipartinents (Langseth, 2000). Natural

Sitbstan _ .
DStan cgs. (a1 can inhibit lipid oxidation are obtsined fiom many diffcrent sources.

inclugy;
Cluding plants (Marcia ef of., 2001).

Quanitgyjy, h 5 1 ¥ 3 by dciermining the
ative cstimation of Iipid peroxidation <an bc done bY g

I i ‘ id reactive
“Mration of pcroxidntion products in the form of thiobaruric seid

Mhstances (AR, n carbonyls,

conjugated dienes and protel

| CAE MEPA on lipid
Yy SXPeriMent was carried out to determine the effects of AEPA und MEFEA 0t 1ip

Rrgxi g e
*Hdation 24 antioxidant status in rats fed high lipid dict

meurg

' Wi scribed in section
Were fug high linid diet to induce hyperlipidaemia as previously desc

Was - re fendered unconswious
withdruwh vin cardlac puncture *hen animals We
v

in heparinised tubes fiflowed

collectcd
Pehtobarhiqa| anacsthesia. The blond was
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.ii’ugatibn at 3.000 rpm for 5 minutes at 4°C 1o separate the plasma. ‘The plasma
yved in clean tubes ot -20°C pending analysis.

% (W/v) hotnogenate was prepared from liver. Kidney, heart and lung. Briefty. | g of
su¢ was homogenized in 10 mi of ice-cold homogenizing buffer (8 mivi Na:HPO,, 12
MNaH: P04, 1.15 % KCI, pH 7.4) and centrifuged a1 12,000 epm for 20 inin at 4°C.
'dﬂndialdehydc (MDA), conjugated dienes (CD) and protein carbonyls were quantified

described in sections 34.16t0 3.4.18.

USH, €AT, GS1{Px and SOD were deterinined as outlined in sections 3.4.19 10 3.4.22.
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10 shows the level of plasma MDA in the rats. Plasma MDA concentration was

ed (p<0.05) in 1he hyperlipidaemic control rats (Group B) compared with the

| contro! (Group A) and treated rats (Groups € and D). Ths indicates that

s""’“""'.-"“7’“’0" of both aquecous and mcthanolic leafl extracts of /. awmericany inhibited

#lasma lipid peroxidation.

' ' . - . jon wis
Table 4 chows 1he NIDA concentration in ral tissues. Liver MDA concentration

i : 12 = 0.06
efeased (p<0.05) in rats fed high lipid diet (groups B. C and D: 032+0.08, 04220

M5 0.50 £ 0.04 pM/mg protein respectively) compared to the norntal control (Group A.

o - + + l
21 0m pM/ng protein). Similarly. MDA conceatration In the lungs of treated rats

’ .0.07+0.04
nusslightly pigher compared with the hyperlipidaeriic control rats (Group B

e \'DJ“\
VMg proteiny but ignificantly (p<0.05) higher compared Wil the iungs

in). Biain MDA
Mcentraion in normal control rats (group A. 0.05 + 0.01 pM/mg prolcin)

| 4 with the cximcis
*MCMration was not statistically different (p>0.05) tn s treated

I (IU
M I)A concen " d llﬂ n.‘i I.tmO ns [hc |
)

mlm"‘es (p>0.05) in hecart and kidne

“PTimeptal groups.

¢ pre as shown 1
The

) arious lissue
. % ienes (CD) in the V |
oncenqrations of conjugated dicnes fed high lipid dict

$ higher in tals
Bure | (, Tissue CD concentrations Mcf¢ Bcncmlb : with MEPA
fC‘ouDs 1 n was lower i s

, However, CD concentratio "
D) I.ib g c i&Cl’ or rals tmolﬂi \\llh J\i [ A

’ﬂﬂ) , in the [
D, 042 4 0.14) and declined (p<0.05) pidacimic comm! s

the hyperli
iﬁmupc 0.28 £ 0,15 pM/ng prolein} comparcd with the

[ ey C12 concen
U1, 0,66 2 0,15 uMimg protein), Alsa KN
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(broup C. 0.70 = 0.06 jM/mg protcin) was higher than the hyperlipidaemic
!l_‘!Group B. 0.58 + 0.08) and MEPA treated rats (Group D. 0.50 = 0.09).

CD concentration in hypcrlipidacmic control rats (Group 3. 0.52 =+ 0.07 pM/mg
in) was higher than in rats treated with AEPA and MEPA (Groups Cand D, 0.31 %

and 0.47 + 0.04pM/mg protein respectively).

Proiein cacbonyls concentrsttions were lower in the plasma and liver of ircated rats

mpxed with the hyperlipidacmic control (Fig. 12). Also. protein cacbonyls were
ncreased (P < 0.05} in hyperlipidacniic control compared lo the normal conirel rats.

- ; on in the
However, rars weated with MEPA showed higher protein carbony) concentration in

kidiey 431d frcar compared to the hyperlipidscmic control rats.

n in Figure 13- 11 as
Meduced glulgthione (GSH) levels in the four groups orc shown in Figure 13- 1Rere w

idacmic control rats

HBMilican (p<0.05) deplction in the plasmd GsH level in the hyperhip

G A,
Coup 0.67 £ 0.22 uM/mg protein) comparcd with normal conteol rats (Group

698 . 1.0 AEPA and MEPA clicited @

kKM/mg proicin). llowever, reatment With ;
5.83 + 134 piviimg
™ (p<0.05) of GSH level (Geoup C and D: 5.58 0.82 and

PN respectively).
Iah]c 5

g lissucs of rats in the {our Broups:

b, s JOU
shows the ion of GSH in the vaf!
the concentraiio 16,01 & 153 RM/my

Th AEPA (GI’OUP Co
s in the hyperlipidiemic

Liy, :
r (; .
("S” conceantration in rals ln:.'llcd Wi

pared 1o GSIH level

contrul,
Mein) W35 Jower (p<0.05) com
ups B A and D:
). Also, kidncy GSH e
17.43 + 1.62 hh/mg

Mma) 4
Contfol gnd MISPA treated PLS {Gro wels were

1 g - Hld n rcspccaiscly
ith AEPA (Cironp C.

9440 + 2.4 u Mg ptotein)

(iMing  protei

Sy
U 'itanlly (0\51.05) lovwer in 101S llt.‘llc" by Heart

hl' b \ : A.
b Compared 10 norinal convol rats (GrouP
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was decreased (p<0.05) in hyperlipidacmic control rats (Groups B. 13.07 £

compared to normal control fas (Group A: 27.12 + [.89 pM/mg protein).

1 TS '
tmet with AEPA and MEPA increased heart GSH level (Groups C and . 17.85 +

2, 19.3] + |68 and 24.87 £ 2.44 pM/mg protein respectively) compared to she

Iﬂﬁlrdled' rals. Brain GSHH concentration was lowest in rats treated with MEPA (Group D:

0894 0.2 pM/mg protein).

bungs GS concentration showed a decline in hyperlipidaemic control rats (Groups 13.

11854 02 PM/mg protcin) and rots treated with AEPA (Group C. 19.31 £ 1.68 pM/mg

HHolen) compared vyith nonnal control and MEPA ueated rats (29.58 + 3.42 and 24.87 £
e WM my protein respectively).

M3 and yissue caralase (CAT) activitics are shown i Table 6. Plusma CAT activity

o SIEMficantly diffcrent (p>0.05) across the groups. Eiver CA' aclivily was higher

98) in rats treated with MEPA (Group D. 4.78 1.04 Mg protcin) than the

B0erlpidac i control | 34 + 0.41 pM/mg protein), nonnal control

rats (Group 13.

- "'
i A, 12 5 0.26 yMymg proiein) and rats treated with AEPA (Group C, 085 +0.24

My : ) (p<0.05) in rals treated
"4 Protcin), Also, fiver CAT activity was sigificently lower <P

with v
M"PA than in norinal conirol rots,

CA)” activiyy'
; Mere no gignificant difTerences (p>0.05) in kidney, heant and brain CAT activi
8 L 05) decrease in the

the groups. Lungs CA'l activity showel a signfscant (p<0.05)

M pegy . . in tats Wreated with MEPA
lp'ﬁemic conisol rats (1.9 % 0.19 pMimg prutein) an

/mg protein)
(1s7 £0.38 vy tein) compared to nomal corleol (3.89 « 0.88 pM/mg Prote:
IE protein) ¢o

+ * loa und
ke and |; Gl IPy) octivitics o shown in Figures
er Glutathione l’croxldnsc( 2 SHIE

' | y fed high lipid diet
""‘l’cclivcly - T hasarin RIC (1SHPX activity in my fed Rig
» There way a
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s B. Cand D: 6032 £+ 4.79, 35.00 + 3.99 and 37.62 = 9.58 U/mg prolcin

vely) compared to normal control rats (Group A. §21.02 + 26.67 Uhng prolein).
C GSHPx activity was signilicantly (p<0.05) lower in euis treated with AEPA
'_'pam} 10 the hyperlipidacmic and normal control rats.

Efl;ui!arly. liver GSHPx activity declined (p<0.05) in rats fed high lipid dicts (Groups B,
€and D: 107.82 + 3371. 31.75 + 6.36 and 38.01 = 0,90 U/mg protc;n respectively)

€Mmpared 1o normal control rats (Group A, 215. 13 £ 36.26 U/mg proicin).

18le 7 shows plasma and tissue SOD uctivity. There were no significant (p>0.05)

. PO . However,
@erences in he plasma SOD activity across the four experisnental groups

- . 230 %
Platma SOD activity was lowesl in the hyperlipidaemic control rats (Group B

29 = 0.64 U/mg
“49Ulmg protcin) and highest in the notmal control fais (Group A. 3-29

1 TH { tats (Group B.
PICin), | iver SOD activity was clevated in the hy perlipidacmic controf 1278
51 £ 1.32 Uimg
248+ 055 U/mg protein) and in rats irealed with MEPA (Group D. 6.3 _
0.66 U/mg protein)
PRUIEIN) when compared with normal conttol (Group A, 480 * 6

panndD 3.65 £ 0.47 and 314

xldney S0n aCi]VilY was lower i the treated rots (Grou

: ipida of rats (Group B, 4.2
1 Uing proiein respectively) than in the hyperhip

2049 U/mg protcin) and normal contiol fats (Group A

ats Fed high lipid dict
cespectively) compared with normal

: (Geoups B. Cand D, 3.88
K et SOp activity was feduced inf

t 0,54 rotein
Fl i ih the heart SQD activily M the

J sigullicamly lower

s although lungs
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acﬁzribr was slightly lowcr in the hyperlipidaemic control rats than in the other

Iment with ALPA and MEPA lowered plasma MDA conccntration in the rats
SURBesting (hal the extracts have antiperoxidative effect, The Jeaf exiract of P, americana
"% abic 10 reduce conjugated diene concentration in the lver and hean of the rals

P -
NREesting that i protects against oxidative damuge in thesc tissues.

ABPA reiuced prolein carbonyls in all the tlissues while MEPA reduced protein

Qrbony,
5 ihe plasma and liver of rats. it could be concluded that the leaf extraci of 2.

amepj, . . e
fi&na would inhibit oxidation of proteins during oxidative stress.

T3tmen with AEPA and MEPA caused repiction of GSH in the hyperlipidaemic rals

4 i : 1EPA W re cllective
HTBINg the gntioxidant status in circulotion. Howaeer, MEPA was mo

AEPA in the liver, lungs and kidncy-.
frea

; i A . 1 olignics in the octivity of
MEM with ALPA and MEPA did not produce substantial chonp

i : o wie clevated in the
in the lissues of hyperlipidacmic rats. llowever. CAT activity ¥

‘@ . . e ABPA raised CAT
80 hearr of rals treated with AEPA while tredunenl with

: ey : (
t'“' - : : : activi indicalcs chhasccment O
5N the: fiver and kidney. The increase in CAT Setvity

the et
&loxidan Cnzyme.
The 4, .- |
cchnc in GS"PX in rals trealed with ALPA

e ¢
“"0lvenen; or GSHPx in free tadicol 5€8

and MEPA pnd this could be attrrthuted

yenging in the 48,

involvement in s enging the free

Ihe T
devreaye in plusma SO sctivity SUBRESS .

g

ca’s U 2 3
8Sncraied jn the antrnals.

AFRICAN DIGIT‘\LIIﬁ‘\LTH REPOSITORY PROJECT



T el

. - -
TP S N raX of‘pm;gm;(m methanotic feat’ estrace: . NNVK:

a

C:i THINON (p\ g proteing) o mis ted ?r'f;jrﬂl' *prd -d'_it:_{_

Group -
_ A B C D .
Liver 0.22 £0.02 0.32 +0.08" 04!z 0.06" 0.50  0.04°
Kidney 0.02 20.0! 0.07+ 0.01 0.08 + 0.01 0.07 £ 0.01
Lung 0.05 0.0\ 0.07 + 0,04 0.08 £ 0.02* 0.09 £ 0.02°
Heart 02901} 0.30 £ 0.04 0.24 + 0.10 0.3240.07
Brain 0.40+ 0.02 0.4120.03" 037 £0.01° 0.32 +0.02°

Values are expremed as means £ SEM for six rayy
Values not shaning @ comumon supasenm differ significantly at p< 0.08.

A. fed stardasd chow; R, fied high lipid diet: €, fed high lipid dict+ 10 mg kie* bt AEPA: . fed high lipid diet + 10 mg kg™
bt MEPA daily

117
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Rty Aviph T s i -

on revined glutathione o els (A Lmy protein) in aus fed high 1y et

Group | =
A B C D -
Liver = ;s + ;_44 2337+ 2.83° 16.04 & 1.63° 2498 £ 3.14°
Kidney 2440 £204 21484137 17.43£1.62" 2094 £ 1.11
Lung 20582342 17.85+202% 19312168 2487+ 2.44

Heant 27,12+ 1.89 13.07 = 1.18* 1960 0.36 18.85 = 0.60

Brain 1.39=0.10 1.96 = 0.45 1.54£0.26 0.89+021®

Valucs ane eagressed as means £ SENY for <ix s,

Vul;;s not slmit;goi comman suPctseril ditfer significantly at p< 0.0S,
A. fed standard chow: B fed high lipid dist; C, fed high lipid di s ke Bwt AEPA: ieh linid di L
b WB R ghlipid di ed high Jinid dict + 10 mg kg’ bwt AEPA: D, fed high lipid dict + 10 mg kg’

118
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fr— —_— e —

Plasma 0.90 + 0.25 0.71£0.19 076+0.17 0.79+£0.38
Liver | 82026 1.34+£041° 0852029 478 +1.04°
Kidney 1.1840.29 0872034 0.65%0.i3 097£0.20
Lung 389+0.88 .19+ 0.19° 2434063 1572038
Hean 1774028 1502046  1.86£079 126 0.40
Brain 126 0.53 087019 0942025 1.56+0.33

Values ane eafressed as mesns = SEM for six rts,
Values not sharing o commen superscript difter sipnificantiy at n<0,05.

A fed Sandar dchows B fod high lipid dist, €, fod high lipid dict + 50 mg kg bavt AEPA: B, fed hiok linid di -
bwt NEPA daily gnip g kg” b1 ALPA: 9. fed high lipid diet + 10 mg kg

119
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PANRLLS 7. 8 Rt o agicots and micil;

ranolic et
Jrsnnnave Soncenirelions in s vEﬁMrgL’fr erﬁf;)? ]

|

Group -
A B C D

Plasma 329x0.64 230049 2.69+0.54 241 £0.12
Liver 4.30 £ 0.66 5.48 £ 0.55 4.62 + 0.84 6.51x1.32
Nidney 443 =0.38 4.29+0.59 3.65+047 3.44 £ 0.63
Lung 143 £ 089 3.05 £ 0.40 4.12+ 089 4.§6 £ 0.59
Heanr 649 £ 098 388 £ 0.54° 450x0.14 4.13+£0.22
Brain 229+ 040 212 =036 2.58 £ 0.37 2.30+ 0.3}

Valuas are expresal as meams = SEM {or six eats.,
‘Sipruficanety diflerent from normmal eoizol p< 0.05.

A, fed sandand chow: B. fed high lipid diet: C, fed high lipid diet + 10 mg ke” b.wt AEPA: D, fed high lipid dic .
b.w1 MEPA daily g N ed high lipid dict + 10 mg ke

120
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18| Elh on Plasma
| : f ol p. emericetita £ |
IIJ ‘. lo aquyeous and acthunolic feaf extracts P

3ldeby e in rats fed high lipid dict.

(Mo
o MR means 4 G (g = 6 0.05) »
gy ALY differeay from n)onnal COWQLJ °':‘_’p;dm6[‘.:1"?:;(£g kg bast AEPA, b, high lipi
e+ 19Tt choyys 13, high Jipid diet; C, Digh1h

~ Omglgth g MEPA.
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i A

08 - - -

sC
G.7 -

=D

pPm/mgprotein

Heart

Liver Kidney

f:"ﬂ-ll liver,

kidpe,. i of agueous and methanoiic Icafc:flru

>0 hean conjugaled diencs in 1 fed high

v

A:?\:f neans x SEM (n = 6)

e g dnt chow; 1, high lipid diet;
Mg kg’ b. wi MEPA

c\s of 1. americana on
lipid diet.

3 b libd
C. high lipid dict ¥ 10 mp kg howt AEPA; 1) high
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B Plasma

l ] A tiver
4 1 # Kidney
ok B Heart
: E 0. -
{
v
a
¥
3
\
2
¢
D
A g C
fie of P. americana on plasma,

v ’2'.En°" of agueous and methanolic lcuch{lln::tss

% kidney and heart protein carbonyi content n

Vi

-&l u“'t Means + SF—N‘ (n - 6)

G mn’ rat chows; 18, high lipid dict: Cs
mgkg' b. wi MEPA

i fcd high lipid dict-

igh lipid
4l b wi AEPA, D, ligh
i diet + iomgks >
high lipid 1€
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#Plasma
i Liver
i Xidney
B Heart

/B Proteein

D
A b (
Fig |2 o P umericattu On plasma,
.t fect __ ie leaf exqucts of A4 ot
IV2r Lidn of agucous and methanglic Ieal €x fed high lipid dict.

e and heart protein carbony! content in MRS 5

Y% 1
2% meanc < TPA; D Nigh bipid
A Qg Qns = SEM (n = 6) » LW [0 ™ kg' h.awi ACPA
et R chow; I3, hig); bipid dier; C. high lipid diet + 1078

"mgke? b wi MEPA
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,on red blood cell

1 : vl O
¥, i ElTecy of aqueous and mcthanolic leaf extracts O P 4mIEric
" 8luhione in rats fed high lipid diet.
ot - = | s T h.“h "P'd
'It* oo (PE03) et - it ipid et ¢ 1018 kg! bt ALPAIDT
ey oo 8 Chow: 13 high lipid diet; G b
KB b, w1 MEPA.
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on red blood

B4 ¢ A
JF t?;“' of aquenus and methanotic 162 rcf“mf_“fjfdfc"d”"‘m

- SMathione peroxidase activity in rats fed high P

N : “’f- ’Tm : hs;l-:m (n=6) b

Dby, it rats {10, e ok
by 1 chaw, 1 gl 1nid et €. high i it + 1078

b, wiMUPA.

g BVt ALPA, N, lighlipd
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e cq of aqucous and methanolic leafl extrcts of £ americotae on hiver
Pefoxidase nciivity in rai fed high lipid dict

G 8% Meang 4 g1, (n=G)

~ I._I e .“y' h‘mr thaﬂ " . ’
-l' [ o cath n“s ‘l'<0'05) T - il "‘ b lA[‘:"A; l,. hlw, 'lpid
10, POz 13, high lipid dict; C. ligh lipid dict + 10 Mg kg bw

k8" b wi pipa,
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!Jpcruncnt 3: lepatoprotcctive activity ol'.lqueous lcaf extruct of
P. americana on CCly-induced hepatotoxicity in rals.

|
ﬂlimﬂu&’“un

The experimental intoxication induced by CCly is widely used for modcling liver tnpur),

.
4 -

mrats, l{epatotoxicity is connected with severe impaintnent of cell proleclion

mechamisms. The liver is the principal site for CCly-induced eliccts io manifcst
Pemselves. It is gencrally accepted that the hepatotoxicity of CCly is the result of
Oichrome P-450-dependent reductive dchalogenation to form a highly reactive

lei
“otomelnyl free radical, CCly’ (McCay er al.. 1984).

I 1k :
€ presence of oxygen, the CCly' radical is converted to the trichloronielhyl perosy

icy) . , Coa
‘cal, CCl 00 which is more reactive and thus more shoet-lived than the CCls’ radical

{Mic
€0and pol, 1983). CCLOO" is far more likely than CCls to abstract a hydrogen from

PR
A [h AL = . . SCeries of rcaclions
erchy mitisting the process of lipid peroxidatson, 4 complex

®nhinge N the complete disintegration of the PUFA molecule with the formation of
'&h)dcs
Com

Poeti, 1985; Tribblc ¢/ ul., 1987).

(Q)...
“induced damage s charactcrized by bepatocyte membnin

o1y,

’ ., 1985;
» olher carbonyls and alkanes (Forni et al., 1983 Cheeseman ¢/ of

o damoage caused by lipid

, © ALP ond ALT,

ion, incregsed plosnia [evels of hepatic en£yMes such a5 A3]

&y liver), nexluced B-
Y de&ncm“(,n (steatosis i.¢, nccumulation of mgl)ccndcs in the liven),

.

bhe

¢ mca_surcmcntaofplnsma levels ot

i .
MOF Rty yids and necrosis. Thus, quantital®

. with
irlgl yeeride ey ol, 10geibicr

cnl |
’m(‘S. f'llu' cholcstc‘,ul ﬂnd hcpa"c |
ood a3scsament of the cMcni ol

: hologica) cxaminalion of hepatocytes P rovide u &

o CCly.
8¢ of reycncrarion when chollenyed with €

i
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ived natural products have reccived considerable attention in recent years duce to

diverse pharmacological propertics including antioxidants and hepatoprotective

wily (Banskota ef l., 2000; Takeoka and Dao. 2003).

experiment was designed to cvaluate the hcpatoprotective and antioxidative

pertics of AEPA against CCI4-induced hepatotoxicity in rats.

Hepar , : .
POoxicity was induced in rats by treatment with CCl, as described in secuon 3.4.3.
God :
samples were collected by cardiac puncture into plain sterile tubes ond allowed to
e ulye. The serum was separated by centri fupgation a1 3,000 pm for 10 min a1 4°C. A

PRlCn of |1 o blood was placed in heparinized tubes lor determination of some

hagr '
Blol ogical paramclers,

Af o™ . . G'
lffsacrmc’mg the rats the livers were quickly cxciscd and perfused with chilled 1.15 %o

W) KCi solulion

d"ﬁ 3
"€ighed and siored at -80°C pending anal
Ned iy g

T o W " blotted
in order to remove all traces of haemoglobin, The livers were

ysis. Some portions of the livers were

< it 1 n l iSl
% Formol saline for histopadiological anAlys

L “Qpro . - ation of the octivities
' : tion ol the
lective aclivity ol °. americana \Was gssessed by the estima

, total bilirubin.
) . , levels of serum
alkajine phosphiatase and transamindses and the

n"ﬂis re deiermined 85 previousty

1ies ol 1 enzymes AST. ALY and ALP W€

% . {ding o
Ibed ; : e wgs delermined 9€€0
bed in sections 3.4 12 1o 3.4.14, Also total bilirub

“lepm
; Ure guili
d

e ehzymes CAT, SOD,
ved in scction 3.4,15. Finally. the levels oF the £070

SI : 2 o 3,4 ‘,30
“'land GST B e ke o dcscflbfd i)y SEChONS 34,20 -
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rotective activily of the extract was calculated according to the formula of Singh

998).

olcctive activity (%) = | — [PC — W] x 100
[C—-W]

C.and W are the measurable variables in rats treated wilh £. omericana leaf extrict

Cli. CCl: and distilled water treated animals respectively.
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elfects of AEPA on serum AST, ALT, ALP activitics and total bilirubin

tration in CCl,-tntoxicated rats are shown in Table 8. Intoxication wiih CCly
used hepatocellular damage as shown by ¢levation (p < 0.05) in scrum AST(83 %),
ALT(586 %) and A LP (195 %) compared to normal control. However, pre-treatment of
#With AEPA (100 mg kg™' b. wi) protected against CCL-induced hiepatotoxicity as
‘tidenced by reductions in serum AST (43 %), ALT (66 %) and ALP (28 %) compared

: T
©¢Clconrrol. gimilarly, pre-treatment with 200 mg kg ' b. wi AEPA causcd sigitican

RIctions (n<0.05) in serum AST (57 %), ALT (63 %) and ALP (20 %) compared Lo

in signilicant
Hlicontool, Pre_(geatment with the stundard drug Reducdyn® also resulted 1n S1E

Teases . ALT, 69 %and ALD,
(p<0.05) in the activities of these enzymes (AST. 5| %: AL

- = H i ! <0.05)
3 }comf’amd to CCls control. Totsal bilirubin wis significantly clcvated (P !
o y s 40 100 and 200 ME kg
e im(”‘ic‘“iorl of rats with CCls Pre trcatment ©l fals with |
(36 % and 78 %

HIAEPA resulied in sybstantial decrease 0 total bilirubin

| el 10ls.
¥ely)in the treated compared (o the CCl; contrul | h
od serum total bilirubin D)

Al : decreas
HC-lealmyent with the standard drug Reducdyn®

51

% %ompared to CCl, controi, o go.and AEPA
ol . or, as provided bY Reducd
SIS of the calculation of hepatoprotection

olcchofl Jhows that both

{
"mm@d N Table 9. The calculaicd percentage P
%ucd ve, The calculted

&

hcp...wprolccu\c

Y% and the »xiact were hepatoprotect! 1, 779 for

p. wi Was 04 %o lor AS

i3 :
i OFAEP/\ 2! a concentrution ol 100 Mg ny
Jhife the Iep

5 for AT, 0

AtPrOLESIIve getivity ot @

Ay .
3% for ALp and 49 % for tota bilirubin® o for ALD

' : for AST. 74
"Nion-or 200 nig kg | b, wi was 127 % 10
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% for total bilirubin. These results are comparable to the hepatoprotective

{lﬁ"obzaincd by prc-trcatment of rats with the standard drug Reducdyn®.

Ti'b!le 10 sium's the cfTect of pre-treatment with AEPA on liver antioxidant enzymes in
Lintoxicated rats. CCly administration resulted in significant elevation (p < 0.05) in
1be activties o[ CAT and SOD (294 % and 155 % respectively) compared to control rats.
Pelteayment ywith ALEPA at 100 mg and 200 mg kg b. wt produc:d significant

RALion (p<0.05; 55 25 and §3 % respectively) in liver CAT activity.
Smilarly, SO activity was significantly decreased (p < 0.05} by pre-treatment it
ng and 200 m8 kg™ b. wi AEPA (58 % und 56 % respectiveldy)-

Lu . . i ) y
SEGSHIX activity was slightly incrcased in CCla-intexicated tats. Howcvcr. pre

“AMent of rys with AEPA and Rcducdyn® decreased GSHPX activity to lower levels

thy
19Mnal control ¢pys.

ST s mackedly decreased (p < 0.05. 46 %) in CCli-intoxicoted (21s Gl

I’ -1 . caused an
LX) control. progreatment with 100 mg and 200 m8 kg b. AEPA

anim;
lv) in GS T aclivity compnrcd to CCY control nimals

by 36 %o,

whig

% rcspectivel?

Pre-treatment with Reducdyn® increased GST activity

109 9%) by CCla intoxjcation but pre-

i I concenirarion was clevated (p < 0.05.

k
Nt ywith

+4 { concentrlion hy25%

b. wi AEPA reduced OS54
the

100 mg and 200 myg kg™ .
g 16). Pre-tredtment with

{2
4 fespectively co mpured with CCly controt (1

g isp by 45 %6
dd '"8R¢ducd}. centra ion Y

. con
® decreased GSH ol

' cfo
liver GiSH concentration @

There
! *2300 signilicant ditference (p>0.05) 0
“Pkig ),
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Is and protein carbonyl content are shown in Tablel 3. Liver MDA and prolein
1 concentrations in CCls-intoxicated rats increased by 128% and 61 % respectively.
pared to normal control rats. Pre-treatment with AEPA and Reducdyn® provoked

ficant (p<0.05) reductions in tissue MDA and protein carbonyls compared to CCly
lrol.

I : . : .
€ 14 shows some haematological patameters obsenved in the experimental animals.

mm Was g decrease (p > 0.05) in the packcd cell volume and hacnlogIObin

o : [
Seehlation of CC,-reated rals compared 10 normal controi. Also, total white blood

dils{-wgc) counts and neutrophils were significantly reduced (p <0.03) hilc
I -
Pphocytes were increased by CCly admninistration cornpared to normal control. Pre

PSR i 100 mg and 200 mg kg™ b. w1 AEPA restored WBC counts “hile pre-

T2 ey with 100 mg kg b. wi AEPA only ticreased neutrophils and (5

| o
m Mes counts.

&uq . : ~ 5, Liver scetion$
S of the histopathological ¢xaminaiion are depicted in Plates t -2
! dividing them
o control rats revealed hepatocytes with numErols portal tmets =

- ad necrosis ofF
bt Livers of CCly-treated rots showed marked ¥ idespread

e,

ﬁﬁ“'“"'on.

185 with areas of [alt)‘ change. p duced

y) k
However. pre-trcsiiment with 100 mg and 200 Mg *6

mild, diffuse falpy chenge 8nd less

enl)‘ thcp:“ic dh'“bg'. os shown b) lllc

i Lol
n.05)1n the activities ol AST, ALT an
p<v.

§ g % = d ﬂll..:'

| s, Also the concentration of
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inistration. These increases indicate cellular leakage and loss of functional

ity of the membrane resulting from liver damage.

sipnilicant reduction in liver enzymes and bilirubin after pre-treatment with AEPA

geesis that the extract is hepatoprotective. Also. the reduction in the scverity of

Pectosisand fatty infiltration shows that pre-treatment ‘with AEPA has licpatoprotective

vl against CCly-induced liver damage in the rat.

PR ament with ALPA decreased the activitics of CAT. SOD and GSHPx enzymes
rml | H =
~"€rised by CClsvintoxication. The extract may have scavenged the free rdicals

tPncale thereby dccreasing lipid peroxidation and oxidative stress in the animals .

e tevaiion of serum GSI{ in this study may be due to frec radical generated by CCla-

oy’ ... : : |
‘meallon, Pretteauincnt with AEPA decreased GSL{ concenration that was clevated

‘hl’t
Ponse 10 (e loxicant.
] r p . -1 scation Wis
Inerease i lipid peroxidative products resuling (rom CClyintoxication
Moy - . x{ricl pOSSesscs

Wl o
Peroxidative propertics.
H, iy - Pre.tredtment

supgested that AEPA has

re forc be

“ih
: AEPA ameliorated hese conditions, It could the

e pox

emotological paruiciers in L.

Mial 0 restore CCl,-induced alterations oM
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B et of_"J_.w-twarmcth ayucous leal extract of . americuna on CCli-induced liver

Treatment AST ALT ALP TBL
(Dose. mgkg) (LeL) (U/L) (U/L) (pmol/L)
Control 64.18 £11.63 117923235  27.63 £9.32 12.75+6.19
CCl.+ AEPA (100) 6736 « 1504* 27.74+934°  58.52480 31,12 £ 8.07°
CCL + AEPA (200) 500545360 29.68 £5.18°  65.57 £3.75 1078+ 1.50°
CCL + Reducdyn (100) 57054153 2487:470° 51461 8.62 21,08 +2.73°
CCl only 11744 £2078> 80.52+23.80° 81.51 £21.17 48.46 + 1887

Values are agresed as maan £ SEM (n = 6).
Values not shaning a common superscript diifer significantly at p<0.08S.
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L |
.l! '.

I-:J paloprotective activity of aqueous leaf extract ol P. emericuna against
uced hepatotoxicity in rats

Pre-treatment
AEPA Reducdyn
(100 mg kg™*) (200 mg kg') (100 mg kg™)
|% protection] {% protection] [% protection]
94.03 126.53 113.39
42.67 29.58 55.77
- -
Bilirubi, e 105.52
i, S ‘
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Nt At ity Fear oxtrIet of 2% wmeriims on liver catatase. gl

\ AT . : .. 1 SIS o e -
ndd phnathione S aran sterise activitics in CCl -induced ~héf.'1_n£q'lb. Sty "‘:‘"F"g:

- e R

3 earmcn! CAT GSHIN SOD GST
(Dose. mg kg™ (Umg! protein) (Umg " protein) (uM ag”' protein)  (uM myg”' protein)
= ~ N - —— =
Contral 0.17 £ 0.01 147.63 + 50.98 J2.80 + 128 26.18% |.75
CCli + AEPA (100) 0.30 £ 0.01* 13578 + 14.41° 46.40+ 0.85° 19.46 + 1.05
CClL + AEPA (200) 0.252 0.06° 136.44 + 13.82° 4746+ 1.40" 15.99 4 | 20
CCl + Reducdyn (100) 0.18 2 0.01® 122.0523.4.38° 4330+ 1.5¢° 19.31 £ 0.84
CC\, 0.67 =0.20° 157.03 £ 648" 108.93 &+ 1829" 1421 &+ 1.07

Values ore o pressad 8 maans £ SEM (n=§).
Values not sharing a common supaseripn difler significantly at p<0.09,

136
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. =

L ,‘-é‘—u..h‘-;-:i et ':H* -, ven ' aqirsurs ke ‘-‘_-~ if"l : :E:"'. N2 .'{‘:.L rum s *&H&hm.h-l nal
holesternl and taglsverides in €Cl i ducer hepatotosfeity i rs - .

——— g —

Toial Protein

 Treatment - T-CHOL. TAG

(De se, n_,gsqg) (mg/di) (mg/dt) (my/j tissue) -
c;:ml _ 63.05 £ 4.76 59.65 + 3.96 84.88 £ 2.33 :
CCla+ AEPA (100) 57.35 +2.66" 44.68 + 3.95° 85.07 £ 1.39°
CCle+ AEPA (200) 1657 £7.10° 4628 : 6.67° 89.11 = 1857
CCl. + Reducdyn (100) 33.89 « 0.33° 58.42 = 3.96° 82.62 + 3.60"
CCl 70.79= 895 12694 £ 11.63° 38.79+ 4.91°

Vilies ¥ cxprencd as means £ SEM (n = 6).
Valucs not shanng 2 crmman suparscript differ sipnificomly at p<0.05.
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____ _.1._ e U - -
vith aqoc o, o r""_"r"ﬁr:

3
"y F-" m,m&:ué'; -u-#r-tuw hep: ;rqtmitmr*" s N

T-CHioL TAG © Total Protein

— — — S

__"-_: - {'h‘ @5’7 (mgsdl) (mg/di) (mg/p tissue) .
¢ m:! 36.95+ 8.93 1764241393 4496073
_ CCly+ AEPA (100) 19.04 £38° 395.56+ 53,557  42.02 £ 0.44
|
CCl, + AEPA (200) 1773+ 798 388.11+£ 31,08  40.80+0.72
CCl + Roducdvn (100) 53.87 +9.07" 37153 £2051" 43492035
CClL 11313 £8.50° 795.50 + 412" 36.77 + 0.54

Valucs are apresacd as means = SEM (n = 6),
Values nox sharing a couwmon supenerin differ significantly a1 p<0.05.
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A |

g3 :@‘brﬂfeqrca: ment with aqueous leal extract of £, americana on lipid
stion in CCls -1n toxicated rals

. Liver MDA Liver Carbonyls
ME/kg) (#M/mg protein) (uM/mg protein)
0.25 + 0.06 4,964 0.17
4T AEPA (100) 0.27 + 0.06* 3232085
-Clir AEPA (200) 020 = 0.01* 242 +0.14°
CCl, b
* Reduedyn ( 100) 0.28 + 0.04° 199+ 0.8}
+ 1.26
0.57+0.03° AR

& CxDresgad as means = SEM (n = 6).

"800t sharip g 5 cammon syperscript differ significantly at PR
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) gt s Fe ORI o7 omncevemt on pertph

PO\ b N I

Control 8666.67 +785.99 3608 +1.5¢ 1203+0.51 45602815 5580+ 8.50 020£020 0z0 0+0

CCL + AEPA (100) 870000268775 38.67+325 1289+108 33502648 66.17+633 033+021 00 00

CClc+ AEPA (200) 9683.33 265697 27.08+3.10 9.77+088 2000297 77.60+1.12 020+ 0.20 040+ 040 0=+0

CCl + Reducdyn
(100) 10066.67£ 63596 3433+ 145 11612061 3960642 6020 £637 020+£020 00 00

CCy, A83333 81108 3350x170 11.17+0.57 22604266 76.00+268 060+040 020+020 0£0

WHRC. white blood celis (10™ut. PCY, packed cell volume (%); Hb. hacmoglobin (g/d1). N. neutrophils (%), L. Iy mphocyies (%), M. morocyies

{7}, E. camnoptiols (°4); B. basophils (%).
All thevaloos e prooned as mean ¢ S EM

140
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g normal v

Py :
EH. 15 - ‘
-Liver section from mormal rai showin hem into lobules (1

“th aumeroys poital tracts () djviding t
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| ot b, wi ALEPA
Phc i ® 8, \\ ilh'oo mg kg ' " cc“
| !hos\iﬁr; Liver gection from CClg-treated rat pre-ireticd s (4 ) and mononuclear

' Emild, diftuse faily chane («), PEO
A, - y ¢han
akl’almn ﬁ’..,) (”&E. g 100)

portpl necros
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1ot b, wt AEPA
g with 200 M8 K€ (H&E. s 100).

h‘e ! ipoﬂa] necrosis

-

' s-lreat€
+ Liver sectlon from CClastreared 131 i’r:css i
8 mild. diflusc laity change («—) with
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b, Wi Reducdyn® showing dilfuse

L H&E, ~ 100).

Hge g
(o) (

fmy |-| LiVCr sc<lion ﬁrOn. rot pre-
H1%age («— ) and mild mononucled

treated with IOQ 't}
¢ infilgrauon
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late g - asis (4 0f
| sjve Necrosis (4 i
I.&-hq: Li\rchccu'm from CCI;-CONFO] nonuclc*‘f ,.,ﬁ“rminu
Mgy 168 With arens of fany clonge () N

X 100).

* ° l‘
o1 showing exle
J diffuse MY
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CHAPTERFIVE

0 DISCUSSION AND CONCLUSION
5.0 Discussion
This present study examincd whether the Icaf extracts of Persed americona would lower

MPercholesicrolemia and lipid peroxidation in rats fed high lipid diet. and amcliorale

bivet injuty caused by CCl;s-intoxication.

‘i in among the four
Bz on the non-significant difference in the ovesall body weight gamn among

- sistration of the high
EUPS of rals it could be inferred that the test rats toleraied the administ

fed on standurd chow. Plasmu

WP dicy and plant extracts when compured With ruts

s been demonstrated tha

glucose Pr oduction I

“otkers 43 TR T
that fecding ith high lipid diet |
B rats with hegh hip ¢ clevayens

Stinivasan ., al., 2004; Schoalan e .. 2009). 11 ha
.I ancd cndogcnous

“Iu:a‘cd f . 4 ] ' inc
atly’ nSSOCIﬂh\' witn :
) ﬂCldS drc : y ] . : : ‘l l

suggESlil!g that if
¢ may play on M

¢ been shown (0

M diaberic subjects (Clore et ol . 2004) thus rotant ole

: . thest
fay %103, derived cither from dict Of cndoBenous Sy

L4

the ce fatty neids ho¥
FeRutation of hepatic piucosc d

ispasal Elevaicd fr

odcn, ] 997 }

b .
Ib”ﬂ’“tOsc oxidation and alycogen synthesis (3 e

] 'd
A high lipid Jict in this ~fudy cou

i 7 . 4 fed iy
"teasey giycose concentrmition in fls encsis OF glycog cnoi3is.
E

3 cither gluconco

ehasy ’ _ :
"3% of jice plucose derived fron i feration indicating  That
leg . projlertte
Y OXidiscd DL stimulgics merophes F duce Mocrophuge
| 8 o c
g . may W
: o] ycemtd
Hipidsemiy in combination With hyperi
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iferation in vivo (lLamharzi et al., 2004). Studics have implicated the proliferation of
hage-derived foam cells as a critical event in the evolution of atherosclerotic
ions (Gordon ¢f al.. 1990: Roscnfeld and Ross, 1990). It is therefore possibie that

nreated hyperglycetnia and hypertriglyceridemia could contribute to the development

of atherosclerotic lesions. Treatment of hyperlipidaemic rats with AEPA and MEPA had

low eri : ith the ted eats.
Flowering e fliect on the plasma glucose concenlrations comparcd with the untrea

' harl . hvperglycemic and anli-
he'bark extract of /. gmericana has been shown Lo have anu hypergly

' . : ces with
dabetic propertics (Alarcon-Aguilara et af.. 1998). The result of this study ageees w
s hynaglycemic

' 0sSESSC
Csfier report that the aqucous lenf extme of P. amcricans P

~ use of theextrnc in the trcatment of

livity (Antig ¢ ul., 2005) and this could justify th

diabeyey

els. Rats are
( increasc i cholestcrol levels.

Hh rcd - > "'
with ivh linid di cd signilican
the high 1ipid dict show o arkedly inCTEase

M 10 Jgve
Clagr

symhcsis and can aiso

(. They respond

high ratc of hepatic cholestcrol o
A . rats d
¢ of bile acid synthesis \JONSC‘IUC"“)' &

holestero! dic
i?mﬁnlcir. gh ehole

cids when fcd

cholesterol and fatiy & e s)_nlhggig and vp-
:

down-regulating i

n cholesterol concenlration

m"l,ui')_ to dictnry cho]cslcvr; c’mllu:ngc b)’
®Rutar: linoprotel
"Whlmg hepatic bile production so tha! the plasmi PP =
h *e® h)‘ l9‘)7 o
g relatively gnchanged (Kris-Etherion and DI¥1s€

o

- ~ in Pasma and
. |4-fold Incredse
fold and 4

(T ! : 2“
YEL results from this study show 8 1 inid dict compared 0

I y ively I | 1
¢ chulcsmol concentgptions respecuve Y found a tG

oM of 1V

Shct'cr od ol

ol 1992) which

7 (1992) ohtaincd 0 2

e .
al conico!, This is in linc with the

‘ A mice:
Vietease i hepatic cholesteral ! ¢sTBU6
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increase in hepatic cholesterol in rats relative to controls when both were fed a high-

alherogenic dict containing cholic acid. The increase in cholesterol levels in this Study

an be atiributed to the inclusion of cholic acid in the diet since cholsic is known to
&iliaie micelle formation in the intestines thus enhancing cholestero! absorption leading
0 cholesterolemia and changes in the lipoprotcein concentrations (Shefer e al.. 1992,
SN 1 al, 1999, \vang er ol 1999. Bobkova e al. 2004). Treatment of
l’wsd-if'i‘-’“cmic Fols with AEPA and MEPA lowered both ptasma and liver cholesterol

1 :
e ch°]c5‘°'°|'|0“’¢fi"8 activity observed in this study could be sliributed to the

e a_ * JNO\W lo POQSCSS
MEence of |lavonoids in the cxtracts. Flavonoids arg. -knioivh

jon i be by inhibition
hmxho'wcmlcmic activity and the mechanism of action is thought (o be b}
limiting step in the biosynthesis of

et al.. 2000, Koshy ¢/

of § '
HMG-Con reductase, which catatyzes the rak

1erification {Theriault

chol !
&slerol, gnd suppression of cholesterol €5t

vels of cholestcrol In the

]’
dl., 20(”, Anila gnd Vijﬂ)’ﬂ'ﬂkShmi, 2002). The lowere] I

° ~ Sy ] f
ma due to Inhibition o
n and jiver of AEPA and MEPA reated rats could be due

the)
mtmgcﬂcsis.

n of fiver trigglycerides by

the AccuMmulatio

Dc
ald Cholesterol appcars 1o ¢ niribule O :
| - onigation ©
g gy J ocreBse I oxidy
%00 of hepatic TG biosynthesis and ade
yn
E%¢etal, 1993,

'“ Le )
i3 Sludy, there was o 28-fotd wrereast !N i
rol. Ji 1s NO

oSis. Ninnich ant
ed. chalesterol

|;¢p.-uic

¢ well Known how' Plasma

byl |

o of atheros® ter

: “Cntru 1cnl
Clljons | ¢ ihc dcvclopn :
s jnfluence th ' L

H‘[x’

ltca

R N 1 R [
jdcm""slm‘t‘d that severe hyper trighy ceride
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d diabetic rabhit modcl of atherosclerosis can only partially be attributed to VLDL
\persecretion, whereas a removal defect. resulting in saturation of the TG-removal
anis’n was shown to be largely responsible. The impaired remova! of plasma TG
WS alsorelated 1o the presence ol cholesterol predominantly in lipoproteins of increased

s2¢, which pesulted in protection of atherosclcrosis duc to the exclusion of \cry large

tholesterol-containing lipoproteins from the artcrial wall (Minnich and Zilversmit. 1989).

: C liver
Iatiment with AEPA significantly lowered plasma TG level as well as decreascd

: iver only. It
¥Gevel in hyperlipidacmic rats while MEPA decreased TG level in the liver only

H I 1 : L action b)
STmS that poth AEPA and MEPA cxert their antibypeariglyceridemic 4¢

Ppression of '1°( synihesis,

LDL-CHOL catio (which is 0 more

b’ HOL-ClioL concentiation and the JDL-CHOL:

To]] .. rats. | lowever
ugﬁl' indc.‘{ Of athngCﬂiCily) were lO\\cred in ["c h) pcﬂ'p.d“emlc llOL
iy incre in 11DL-C
™ with AEPA and MEPA causcd signilicant increases I -
idoemic conirol LS. Epidemiolog!
p

Cory- . .
"Kenthitions when comparcd with hyperh
.C1HOL. protee
1986), HDL-

1his process nia)
4004). Also, the mMajor

P

 against die develoPment of

Rud;
b show (hat high levels of IHDL 01, has the ability 10

X - 1 Cf ul., :
%scicrosw (Gordon ¢t ul.. |977; Castelll mininWze the

M"‘Ot - cells.
€ the cffiux of cholesterol rom

wall (Barter of il

Mulation of foam cclls in the ariery
as othe

. 3
f ¢ pioteins sich 38
us W

%)

.CHOL, apo A-l #nd 9P9

. o ol
*ohase (i cotransport with I-10L 0 RIS :

. . rosteiic
F the athe rog

o inhabt the oxidat

N . has g
miles, As o COnsCquUEnce, HPL-CIOL ity ot these

: redut®
iﬁ“"*’" of |.DL-CHOL. in m protes® that
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ins (Barter ¢ al.. 2004). The restoration of HDL-CHOL levels in rals after

nent with AEPA and MEPA in this study may therefore serve to protcct against

popioiein peroxidation and the development of atherosclerosis.

Raised fevels of LDL-CHOL as well as reduced HDL-CHOL: LDL-CHOL rotios are risk

1 : » bee Wwn 1o possess
fictors in atherosclerosis. The leaf extracts of £. americanda have been sho P

- . 2 | anti-
wknflammatory (Guevorra  ef al., 1998, Adeyemi et af., 2002} ant

1991; Adeboye el al. 1999), The

h)Ptfth:ns’we,f"hypotcnsivc propertics (Girow' ef al.

, 3 . of plasma T-CHOL
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observed, mcan plasma concentrations of glucose in rots fed high lipid diet were

icantly increased compared to the nonnal control rats. Hyperglycemin kads to

cif glycation, glucose auto-oxidation and fotly acid oxidation which may contribule 10

Weased ROS gencration (Latha and PPari, 2004). There is some cvidence thot glycation

tself may induce the formation of oxygen-derived free radicals (Inouye ¢f al.. 1998)

AB0, glucose is known to induce lipid peroxidation through activation of ipoxygenase

[ 2 4 t
S2yMes (Rajeswari es of., 1991). It has been confirmed that hyperglyceinia s reloted to

increased oxidative siress (Cameron and

%e activation of 1he polyol pathway feading to

| tocelc ioh lipid dict in
Cotter, 1997). I*robably, the increase in plasma glucosc ¢ .els in rats fed high lip

| ' ions of lipid
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Increased incorporatio

shown to increase both
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erved, mean plasma concentrations of pglucose in rats fed high lipid dict were

ficantly incrcased compared to the normal control rats. Hyperglycemiu leads to

¢in glycation, plucosc uuto-oxidation and fatty acid oxidation swhich may contribute o

mereased ROS generalion (l.atha and Pari, 2004). There is somc evidence that glycation

&IF may induce the formation of oxygen-derived free radicals (Inouyc ef ol 1998).

| o ivoti ipoxypena
Also. glucose is known to induce lipid peroxidation through activotion of lipoxypenase

- orm v N 1 » ¢
Mymes (Rajeswari ¢f al.. 1991). It has been confinned that hyperglycemia is related (o

i : adati Cameron ond
0% adtivation of the polyol pathway leading to increased oxidative stress (
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e, 1997). probably, the increase in plasma glucosc jevels in rots fed high hif
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ipercholesicrolacmia is associated with increased oxidant stress (Prasad and Kalra,

. As the precursor of a large number of highly reactive oxidizing agents. superoxide

the porential 1o infict considerable damage 1o biological systems {Babior, 1997).
Daniage 10 DNA, proteins and lipids have all been documented os coiiscquences of

exposure 1o 07 ~ and its descendants (Thomas ¢f al.. 1985; lmlay and Linn. 1988; Atkens

wd Dix, 1991; Stadunan, 1992). MDA is known (o causc cross.linkage of mcmbrone

' : . i amcron and
Mponenls containing amino groups which makes the membeane fragile (C

Coner, 199.4).

1 _ , e et and kidney of
e incrcyse in protcin carbonyls content In the plasma. liver. heart

- . chemical modification
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). These changes could sterically hinder diffusion of ftee radicals and restrict
peroxidative reactions. Hence it may be possible that [lavonoids are responsible for the

mitioxidant ¢fTect of AEPA and MEPA.

Cluiathione |evels are maintained by the activitics of glutathione reductase and GSI1

synthages, GS1-| plays a pivotal defensive role against oxidative insuits as an endogenous

. - (e c
Svenger of free radicals (Cooper and Kristaf, [997). its level in the blood is a scAsiiy

indicator of : asa 10-fold
icstor of antioxidant status in circulation (Piemonte ¢/ al.. 2001). There was

I T *. rats compired to
decline in plasmia GSIH concentrations in the untreated, byperlipidacinic P

Jd MEPA restored plasina GSH
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erol dict containing lard fat (Velera er of.. 2003). The pathophysiological

consequences of GSI depletion have been extensively studied. GSH, GSHPx. and GST
ion promotes gencration o f rcaclive oxygen specics and oxidative siress with the
bsequent cascade o f cflects affecting the functional and structural integrity of cell and
organelle membrancs (Rozo ¢f of , 2000).

90 functions as an antioxidant to convert (o the less toxic H:0zand therefore has o
Boieclive action ageinst the possible deleterious cffects of O: (Murmy ¢f of.. 1993) This

*ld account for (he higher levels of plasnia SOD activity' in hyperlipidaemic rals’ L

' G # . 2 : e sC lo
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ncluston. feeding rats wilh high lipid dict containing cholic acid causcd 2-fold and
Igfitbfld increases in plasma and hepatic cholesterol concentrations respectively. The
&i:nisudlion of AEPA and MEPA at a dosc of 10mg kg b. wt caused a reduction in
bedy weight pain. a lowering of both plasma glucose and LDL-CIIOL and mainicnance
9HOL-CHOL conceniration in the rat. It could be hypothesized that the leaf extract of

- @MEHCyna increases catabolism of lipids accumulated in adipose tissue thereby

QUsE a decrease in body wweight gain.
fbe daty obgined in hyperlipidacmic rats treated with the icaf extracts of £. dmericand

povide cofut - : : :
% usefuy information by showing that the cxtiacts have antihyperglycemic and

ik .
?I!‘crnholestcrolcm:c ctfccts.

Mminicirat; . , oxidative stress in the
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rto ascertain whether the aqucous leafl extract of P americana (AEPA) would

|Iiix"e hepatic lipid accumulation in fatty liver discase and aincliorote liver damage rats
e pre-treated with ACPA and intoxicated with CCly
M;"‘i"iﬁcriﬂ_g CCla 10 rats markedly increased serum AST, ALT and total bilirubin

el Increasc in the levels of serum aminotransferases is known to reflect the severity

' - i symes into the
offiver injury (Lin ¢f al., 1996). The leakage of large quantities of cnzymes IR%0

' . ' onin dcgcncmlion
bood stream is ssociated with massive centrilobular necrosis, ballooning

| i integrity of the
| oy functional Inicgrity ©
Pephatase is a clenr indicotion of cellular |cakage dnd 1035 of

lotal

i . itics of enzymes ond

fAne (Soraswat e/ af., 1993). However. the inereascd activities 0f €AZ) |
I . pre-treatment with AEPA suggesting
bid in this study were considerably reduced by pre-tre:
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opathological injurics (such as necrosis. batlooning degencrution and cellulor
tration) by CCla.
Saum ALP and bilirubin levels arc related to the function of the hepatic cci! and increasc

Wseum level of ALP is duc to increased synthesis (Ivloss and Butterwonh, 1974).

) . sed
Resolis from this siudy demonstraic that pre-treatment of rats with AEPA cause

. o - 24 tbr
ubtantial decrease in ALI® and bilirubin levels and this decline was signiftcant

. : oy ol - cl
Silingin extract concentration of 200mg kg" b. wi. Effective control of bilirubin leve

i . mechanism of the
AP gcitvity points towards on carly improvement in the secrelor)

heponig ¢l (Gupia ¢r uf., 2004).
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Apincrease in the Jevels ol cholesterol and triglycerides  ore noted in serunt and hepatic

psswes. It has previously been reported that carbon tetrachloride treatment provokes

uctease in chiolesterol and weiglyceride levels in rat liver (Seakins and Robinsoa, 1963;

|
Veswkumar and L atha, 2002; Kamalakkannan ¢/ of.. 2005), CCls increases the s} nthcsis

of fatly acids and iriglyccrides from acetate. This could be due to the transport of ucctale

o the fiver cell, resulting in increased substrale availability. Alse. ihe major metabolic

| defest jnduced by CCly intoxication Lo rots appears to be inhibition of hepatic triglyceride

Tledse. This jnhibition of outward transport would altow the accunuiation of

or associated with CCl

I
Wyeerides within the liver and the occurrence of fatt) liv

isoni s ol
Poning (1cimberp o of., 1962). In CCly toxicity. the synthesis of cholcsterol is Biso

me
*Bcd (Boller al., 2001).
: .« of trigfyccrides.
e othes hand, CCls lowers B-oxidation of 1atty acids and hydrolyse af (gl
e oy 15 ‘o 2000), Sevcre
oxidation causes mictovesicular Sleatosts:

L :
Ment of mitochondrial fatty acid |
n the cytoplasm O

f hepatocyies

cier zpg by accumulation of tiay Jipid vesicles i
ﬂ’lllochondrtul oxid
jlicd tnto (riglyecrides

alion, nonesterificd

fF
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| R, . G osler
’ d . ccome
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and triglyceride transport and result in the development of a fatty' liver (Recknagel e
al, 1960 Heimberg ¢f al.. 1962, Pencil ¢f ol.. 1984; Honma & Suda, 1997).
Ihese factors could help to explain the significant increase in hepatic lr;gl)'ccridcs

®senved in CCla- intoxicated rats in this study.
Howcver, pre-treatment with AEPA produccd a substantial reduction in the clevated

i . . A i
hepatic cholesterol and triglycerides levels, suggesting that the cxiract prevented CCI -

adiced hyperlipidacmia probably ducto its hepatoprolective aclivity.

i I biotransformation of
M€ mechanism by which CCls causes liver damage invoIves the

ic trichloromethy! fice radical

Claby the cytochrome 1-450 cnzyme system (O the tox
tcichlotomethyl

‘CC + . . : 11 g more I'CGCli\L‘
| W), and then iransforming this free rodical 10 i |

i X slasis
croxidation, disrupss ¢a’" homcoSlosis,

p rodicol (CCLO:"), which causcs lipid P

1989:; Fnromdi, 2000).
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roxides generated by CCls treatment may be scavenged by the extract resulting in

Gpression of lipid peroxidation in the liver.
Jthas heen suggesicd that the protective cftect of plant extracts against CCi3-induced

liver damage may be attributed to the presence of constituents including Navonoids,

Hins, triterpenoids and alkaloids (Gilani and Janbaz, 1995 Tran ¢t al.. 2001 Gupta ¢

LR} i »ngers and
d, 2009). Flavonoids arc known to be antioxidants, frce rudical scavengers

. : - % . and Samman
wiilipoperoxidonis |cading to hepatoprotection (Yuting ¢t al.. 1990; Cook an

' 2 , Many’
%6, Khalid ¢t a).. 2002; Al-Qorawi, et al. 2004 Mankoni ct al., 2003). Man

e liver injury cxert their
PmPUNds known 10 be beneficial against CCls-mediated liver jury

: e via o deercosed production
FECtive action by 1oxin-miediated lipid peroxidation cither via 4

— v of Lhe protective ngems
of CCl,-derived free cudicals or through the antioxidant activity af the p

lhemel\-cs-(Thnbrcw el al., 1987; Jayatilaka ¢/ ol.. 1990)- ld
{induced liver domage €oU

: . : C
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ays a pivotal defensive role against oxidative insult as an endogenous scavenger

lree radicals and maintenance of liver GSLI under conditions of incrcased
roxidation has been suggested as a supportive and compensalory mechanisim

per and Kristal. 1997; Spolarics and Meyenhofer, 2000} Also, CCly is known 10

@se lipid proxidation but do not deplete GSH (Jaeschke et al. 2002). These

' i 1 : in the non-
oenalions and the free radical scavenging activity of the extracl could cxplain 1l

r&p!tl;on of GSH in liver of rats in this study.

- . L compured With
Liver cy10s0c GST aclivity was slightly decreased in CCls tregted rats g

» nt with CClL
il [epatic GS'T is known 1o be relensed into the serim after trealme

1989). The reduction in GST activity in this

(niya gnd Anders, 1985; Recknagel ¢f al.,
scrym following CCls-
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$ 10 near control levels, implying that £, gmericana may prevent CCla-induced

d peroxidntion.

i i : is in the
inisiration of CCly alone caused leucopenia, ncutropenia and lymphocytosis int

: . The
8, This obscrvation is similar 10 the findings of Mandal e al. (1998)

7| { restored
minisleation of AEIPA at u concentration of 100 mg and 200 mg kg b. wtre

| . It could
W€ count by 99% and 85% respectively compared 10 CCl, control rots

| -i fterations of
Uerefure be suggested that AEPA has the potential to restore CCL-induced oite

h"’”*"lological paramcters in the rat.
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Cenclusion
suits obtained from this study indicate that the extracts of the leaves of 2.
ericana lower plasma glucoses total cholesterol and LDL cholesterol in the
pcholestcrolcmic rat. Also. the extracts cavsed a decline in the indices of oxidative
Wess and asestoration of I1DL cholestcrol and glutathione. Furthermore, the aqueous
@l passesses sipnificant protective efTecl ugainst CCls-induced hepatotoxicity in the
83 the hepatoprotection appears to be dose dependent.

these bencficial cfiects may be attributed to the individual of combined action of the
PNOCOns ity on s,

This, his study shows for the first time thut 2. emericana Waf extcis POSSESs
h)PO!ibi'dacm,'c, antioxidative and hepatoprotective effects. This may account lor ils use
nagement of discases

M =y o
"hnomcd'c'"c and could be further exploiied i the ma

Bsogiat od with hyperlipidacmia.
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1.

. The extracts help to reduce the index of athcrogenicily

. The aqucous icaf cxtract of . unme

Contsibution o knowledpe

resulls of this study' shosv for the [irst time that:

Aqueous and methanolic leat extracts of 2. americana lowcr low density

lipoprotein (LDL.) cholcsterol in hyperlipideemic rats.

TUAlL ' terok.
The extracts increase the level of high density lipoprotein (HOL) choleste

which may represent 8

athcrosc lcrosis.
protective mechanism against the devetopment ot therosc

P i increasing the
r in ct ion by Incrcastng
. americana could improve antioxidant status In tculat

concentralion of reduced glutathionc (GSH).

.« linid peroxidation:
- ; . protective against lipid P
The extracts ol /. wnericana e

Ij;

cflecy against CC ls-induced hcpolo:n»:"'/-
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