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ABSTRACT
In the present study, the antihypertensive, anticancer and melanogenesis inhibitory
effects of leaf extracts dPeristrophe bicalyculatdRet2 Nees, a plant used in South
West Nigeria for the treatment of several cardiovascular diseases, including
hypertensionwere investigated. The antioxidant activities of the extract were also
investigated. Results of the radical scavenging, tyrosinaseitiohitand metal ion
chelating activities of extracts &f. bicalyculatademonstrated its antioxidant activity.
Induction of hypertension in rats with-NAME significantly (P < 0.05)increased
systolicblood pressure (from 113 + 3.71 mm Hg to 212 + 2.08 mm Hg by the fourth
week), which significantly (P < 0.05) reduced when rats were divery/kgcaptopril
(74.00 = 4.36 mm Hg), the partialpurified extract ofP. bicalyculataat 2.5 mg/kg
(103.33 = 8.11Imm Hg) and at 25 mg/kg (94 £ 1.73 midg). Hypertension increased
the activity of angiotensin converting enzyr(®CE) and decreaseithat of endothelial
nitric oxide synthase significantly (R 0.05) in the serum, kidney and aodfrats.
Treatment with Sng/kgcaptopril, the extract at 2.5 mg/kg and at 25 mg/kg significantly
(P <0.05) decreased the activity angiotensin converting enzyna@d increased thaf
endothelial nitric oxide synthase (eNOS) in the kidney, serum and Abttee level of
geneexpressionACE mRNA levels increased significantly? < 0.05) in kidneys and
aorta of hypertensive rats. This significani®/< 0.05)decreased in the kidneys of rats
given 5 mg/kg captopril and 25 mg/kg of the extract, but not in the aorta of these rats
The expression o#NOS, whichdecreased significantl{P < 0.05) in the kidneys and
aorta of hypertensive ratg)creased significantly in aorta of hypertensive rats given
captopril and the extract at both doses. However, treatment did not increase eNOS
MRNA levels in the kidneysln rat aortic endothelial cells, captopril (0.52 + 0.03)

significantly (P< 0.05) deceased ACE expression compared to cells treated with 2



mmol/L L-NAME (0.79 % 0.05 fold). There was no significant difference in ACE
MRNA expression between contia®@lls (0.55 + 0.03), cells treated with captopril and
the partially purified extract (0.64 8.08 fold). The eNOS expression in RAOECs
treated with ENAME (0.48 £ 0.03 fold) was significantly (P<0.05) lower than control
cells (1.71 £ 0.15 fold). This increased significarfily< 0.05)when cells were treated

with captopril (1.01 + 0.10 fold), 16—J PO : IROG DQG —J PO
0.03 fold) of the purified extracihe levels ofthiobarbituric aciereactive substances
present in the serum, kidney and aorta also increased significantty QB5) in
hypertensive rats compared to ratshe control group. This reduced significantly<P
0.05) when rats were given captopril, the extract at 2.5 mg/kg and 25mg/kg. The
induction of apoptosis by the partially purified anticancer fractiorhoman mouth
epidermal carcinoma (KB) cells was siggantly (P < 0.05) higher than control cells
after 24 and 48 hours. The percentageroticcells increased significantip < 0.05)

after 48 hours when compared to 24 hpsh®wing a dosdependent effect. Results of

the melanogenesis inhibitory effeat the extract showed that timeethanolicbutanol
fraction of methanol extract was capable of inhibiting melanin formafidre GC-MS
analysis of the partiallpurified antihypertensive extract indicateth abundancef
P,P,Rtriphenytimino(triphenyl)plosphoranewhile the partially purified anticancer
extract of Peristrophe bicalyculatacontained andrographolide in abundancén
conclusion,this study has providedcientific evidence thaPeristrophe bicalyculata
reduces blood pressupmssibly via therenn angiotensin systerby decreasing the
expression of ACE mRNA and increasing eNOS expression. It has also demonstrated
that thepartially-purified anticancer fraction dPeristrophe bicalyculatas a potential
source of valuable anticancer therapkis finding has alsestablished the potential use

of Peristrophe bicalyculatéor the treatment of melanoma.
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CHAPTER ONE

1.0 INTRODUCTION

Coronary arterydiseases presesbme of the major health problems across the globe
today, with stroke and hypertension being the most common. Hypertensisnaity

called a “silent killer” because persons with hypertension are often asymmdarati

years (Holmet al, 20069. The renirangiotensin aldosterongysgem (RAAS) is an
important regulator of sodium and water balance, as well as blood pressure homeostasis
in man. Angiotensiktonverting enzyme (ACE; peptidyldipeptide hydrolase, EC
3.4.15.1), which is part of theystem found in the plasma and endothelial cells of
animals and humanscts o the decapeptide angiotensirtol form a highly active
vasopressor, angiotensin Il. It also degradespittent vasodilator, bradykinito an

inactive heptapeptiddReeves an®'Dell, 1986;Schmiedeet al, 2007.

Angiotensinconvertingenzyme inhibitors block the activation of theARS by
preventing the conversion of angiotensimo angiotensidl and could retard the
progression of both heart failure and atherosclerosis. Also, studies have demonstrated
that alterations in the expression or activity of nitric oxide synthase (NO®)eor
availability of nitric oxide (NO) plays a significant role in the development of
hypertension (Augustyniaét al., 2005) and cancer (Ragtal., 2004). Epidemiological
evidence from prospective studies points to the possibility that there may ba@ssoci
between hypertension and canbecause of the pathophysiological similarity between

the two. For example, the incidence of hypertension and cancer ircvedisage. Aso

both diseasesave similar risk factorsncluding obesity, alcohol consumptioand

smoking which causeelevated blood pressure and also some form of canBeth
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diseases have some common epidemiological faetwdspathophysiological pathways
(Rayetal., 2004).The search for more efficient agents to replace the current oties in
management of the two diseases has continued for ydaret(al.,2009; Abdulazeez

et al.,2010; Wirtz et al.,2011J).

Indeed, there have been worldwide efforts to discover new anticazmocer
antihypertensiveagents from plants, especially with information obtained from
ethnomedical data, in which selection of a plant is based on prior knowledge about its
use in folk medicine. However, in the case of cancer, which is a complicated and
heterogenous disease, thee of such data alomeay not be reliable, prompting the
need to determine the cytotoxic effects of various plants on different types of carcinoma

(Slambrouclet al., 2007.

Majority of anticancer studies done to determine the cytotoxic effects dfexttmacts

and other drugs are first doine vitro using tissue or cell cultures, before determining
their effectsin vivo. Cell culture can be defined as the process whereby cells removed
from animal tissues or whole animals continue to grow when suppiidnutrients

and growth factors. Thisn vitro culture process allows single cells to act as
independent units much like any microorganism such as bacteria or fungi. The cells are
capable of division by mitosis and the cell population can continuete gntil limited

by some parameter such as nutrient depletion, cell accumulation atot@allcontact.

Cell culture is one of the major tools used in life sciences to investigate the normal
physiology or biochemistry of cellfor example; metabolic pathways can be
investigated by applying radioactively labeled substrates and subsecgeretiyning

the products; to test the effects dlie compounds on specific cell types. Such
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compounds may be metabolites, hormones or growth factors. Synimtentially
toxic or mutagenic compounds may be evaluated in cell culture; to produce artificial
tissue by combining specific cell types in sequence and to synthesize valuable products

(biologicals) from largescale cell cultures (Butler, 2005; Freslgn2005).

The antihypertensive and ACE inhibitory effect extracts ofPeristrophe bicalyculata

was demonstrateth two kidneyl-clip hypertensive rats compared to control rats
(Abdulazeezet al., 201Q. The extractalso reduced plasma triacylglycer@ad total
cholesterol and increased hidansity lipoprotein in Polaxamer 4@Tduced
hyperlipidaemic rats compared to control rats; and was more effective than the standard
drug Atorvastatin (Abdulazeez, 2011This decrease in blood pressure, ACE dgtivi

and hypolipidemic effects exhibited by the plant shows that there is a scientific support
for its traditional use in the management of hypertenSardies by Ogunwandet al.
(2010)demonstrated the anticancer activity of oils frBeristrophe bicalyalata using
MCF-7 (human breast turng) and MDAMB-468 (human breast tumag cells. The
anticancer activity of crude extracts of the plant against EAC cell lines have also been

reported/Ashokan and Muthuraman, 2011; Tanavatal, 2012).

The present studwas aimed at specifically confirming the efficacy Bkristrophe
bicalyculata in the treatment of hypertension; determine the antihypertensive
principle(s) and molecular mechanisms underlying their pharmacological ,abgion
investigatingtheir effecs on the expression and/or control of ACE and eNOS in
hypertensive rats. Also, the cytotoxic activityRéristrophe bicalyculatan five cancer

cell lineswas investigated. ltwas conceivable that thevestigationmay shed more
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light on the arrentunderstandingf the principle component(s) artide mechanism of

action ofPeristrophe bicalyculatéan the prevention and treatment of hypertensibime

components to be identified in the extracts of the plant may be additional dosethal

mana@ment of hypertension and cancer.

1.1

STATEMENTS OF RESEARCH PROBLEM

Hypertension is a common cardiovascular disease which has become a
worldwide problem of epgiemic proportions, affecting 180% of all adultsand

11.2% Nigerians (about7.92 million); with ailments such as arteriosclerosis,
stroke, myocardial infarction and esthge renal diseagé\kinkugbe, 1997;

Ulasiet al, 2011)

Cancer causes 10% of all deaths worldwide. It is second only to cardiovascular
disease as the main causkedeath in developed countrie&ccording to the
World Health Organization (WHO), about 57 million deaths occurred in 2008,
with death from cardiovascular diseases (above 17 million) being the highest.
Death from cancer (7.6 million) was second with lutrgchea and bronchial
cancers being most common. However, majority of cancer patients have
coexistent diseases, with more than fifty percent of them reporting

cardiovascular diseases including hyperteniRlO, 2008)

Although cancer is reported nein the developed world, about tiards of all
cancers occur in developing countries with many of them either not reported or

wrongly diagnosed.

The RAAS and NO are believed to be the possible mediators linking

hypertension and cancer (Carreial., 1998).The nhibition of RAAS has been
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1.2

1.3

an important strategy for the treatment of hypertensiod has been shown to
reduce the risk of cancer in patiertt®wever, there is a need for more effective
and safer drugs as cancer is not a single diseask,the need for seeking

remedy for both diseases cannot be overemphasized.

NULL HYPOTHESES

Peristrophe bicalyculat@xtract does not reduce blood pressure by inhibiting the

rennin angiotensin system.

Peristrophe bicalyculat#s not cytotoxic againssomecancer cells

JUSTIFICATION

Peristrophe bicalyculatais the most common plant used in treatment of
hypertension in many parts of Nigeria, but there is paucity of information on its
efficacy, active principle(s) and possible modaciion.

Most of the antihypertensivand anticancedrugs so far available do not posses
complete curative properties, aresearch into herbs used by traditional healers
hasled to the discovery adeveral antihypertensive and anticancer dralgsirly
showing how the study of natural productaay result in the discovery of
valuable drugs, many of which are yet to be discovered.

Studies have demonstrated that alterations in the expression or activity of
endothelial nitric oxide synthaseelNOS) or the awuéability of NO plays a
significant role in the development hypertension (Augustyniaét al., 2005)

and cancer (Ragt al., 2004). BotheNOS system and RAS are mediators
linking hypertension and cancer, hence are referred to as “gatekeepers” because

their actions are wideanging and findune or override other systems, and
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perturbations in these systems are linked to dysfunction and d{t#aset al,

1999)

Accumulating data fromin vitro animal and clinical studies indicate that
antagonism of the ARAS suppresses tumour growth, metastasis and
angiogenesis in a broad range of experimental models of malignancy, and
retrospective studies in humans provide evidence that-tevny use of
antihypertensive drugs such as ACE inhibitors may protect against cancer
(Ameeetal., 2010).

Drugs that are potent ACE inhibitors have been shown to also inhibit
melanogenesis, hence the interest in determining the melanogenesis inhibitory

activity of Peristrophe bicalyculatgLeeet al.,2012).

AIMS AND OBJECTIVES OF STUDY

The general objectivef this studywas to determine the antihypertensive effecteatf

extract of Peristrophe bicalyculataits mechanism of actioand cytotoxc effect on

some cancer cell¥he specific objectivewere:

To carry out phytochemical analysis of leaf extracPefistrophe bicalyculata
To determine the effect dferistrophe bicalyculataxtracton the activity of
ACE and eNOSn N-nitro- L-arginine methyl ester ({NAME) induced
hypertensive rats.

To evaluate the effect of filtesterile partially purified antihypertensive
component(s) on thie vivo andin vitro expression of ACE and eNOS.

To investigate the cytotoxic effect &feristrople bicalyculata extract onfour

cancer cell lines; Human cervical cancer (HeLa), human colon adenocarcinoma
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(HT-29), human hepatocellular liver carcinoma (HepG2) and human mouth
epidermal carcinoma (KB)

5. To evaluate the melanogenesikibitory effect of the extract oPeristrophe
bicalyculataon mouse melanoma cells;@B;o).

6. To identify potent antihypertensive and anticancer components(s) present in the

plant.
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 TAXONOMY AND HISTORY of Peristrophe bicalyculata

Peristrophe bicalyculata(Retz) Neesbelongs to the Kingdom: Planta&hylum:
Magnoliophyta; Class: Magnoliopsida; Order: Lamiales; Family: Acanthaceadpand
the Genus:Peristrophe It is native to warm tropical regions of Africa, in the Sahel part
of the region from Mauritania to Niger and Northern Nigeria, India, Burma and
Thailand (Burkill, 1985).The Hausas in Northern Nigeria call it ‘tubanin dawaki’
meaning ‘flower of the horse’. In ‘Berer’ and “Wof' languages of Senegal, it is called
‘buben’ and ‘moto, respectively (Burkill, 1985). In the Indore district of India, the local
name is ‘chotiharjori’. The plant is relished for grazing by cattle in Sdneagd
provides fodder in many other countri&sa(vedi, 2002).Peristrophe bicalyculatds a
perennial herb with about 1.50 m high stems that are sparingly gekose The leaves
are subkequal ovatdanceolate and narrowed into winged petiole of uA@a@m long

and 4cm broad, with conspicuous rdide cystoliths on both sides. The flowers are
two-lipped, and very numerous in a lax leafy panicle. The pedicels are angular and
scabrid, the calysegments linear lanceolate and the corolla iscinJong.It has two

stamens, twaelled anthers and 1cm long fruit (Burkill, 1985).
2.2 USES OF Peristrophe bicalyculata

Peristrophe bicalyculatdRetz.) Neess used by the honey collectors in India, due to
the repelling smell and taste of its juice, which when applied on the body drives bees

away. It is used by the traditional healers in the treatment of many skin related ailments,
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an antidote for snake poisavhen macerated in an infusion of rice, and as an insect
repellant. It is also used as horse feed, and ploughed into the soil as green manure
(Chopra, 1959)The seeds carry a certain amount of mucilage which on drying can be
stretched out into a fine #ad usedo removeforeign bodiesand treatment of eye and

ear infections. A yellowislbrown essential oil extracted from the seeds by steam
distillation has been shown to have tuberculostatic activityitro, inhibiting the
growth of various strains dflycobacterium tuberculosi®urkill, 1985). The leaves of

the plant have analgesic, antipyic, antiinflammatory activities(Rathi et al, 2003),

and antibaterial, fungistatic and bactestatic properties (Burkill, 1985, Janakirametn

al., 2012). InSouthwest Nigeria, the plant is used as green manure as well as the
treatment of hypertension and cardiovascuddated diseases (Abdulazeetr al,

2010.

2.3 HYPERTENSION

2.3.1 Definition, Classification and Aetiology
2.3.1.1Definition

Hypertenson, also called high blood pressuieone of the most common diseases of
modern timesBlood pressure is the pressure that the flowing blood exerts on the walls
of blood vessels; and may be diastolic or systbleod pressure. Diastolic blood
pressure refers to the lowest blood pressure value during the diasstlpHase) of the
heart, while $stolic is the highest value of the blood pressure during the systole, when
blood is ejected from the left ventriclé the heart during circulation (Kaplan, 1998).
The WHO has described hypertension as a state ichvayistolic blood pressure isd4

mmHg or nore and diastolic pressure is 80nHg or more (Aftab, 1995). Hypertension
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is an important risk factor for cardios@ular accidents, coronary heart disease, cardiac
hypertrophy with heart failure (hypertensive heart disease), aortic dissection, and renal
failure. It can also accelerate atherogenesis and induce changes favorable for aortic

dissection and cerebrovascut@emorrhage (Holnet al, 2006).

2.3.1.2Classification

Based on the Seventh Report of the Joint National Committee on the Prevention,
Detection Evaluation and Treatment of High Blood Pressure (Qypertension can

be classified into threstagegHermanet al, 2004:

1. Prehypertension Systolic blood pressure 1AB9 mm Hg or diastolic blood

pressure 889 mm Hg

2. Stage | hypertension Systolic blood pressur&40-159 mm Hg ordiastolic

blood pressur80-99 mm Hg

3. Stage Il hypertensionSystolic blood pressures PP +Jdi&stdlic blood

pressuree 100 mm Hg

According to the JN& report, the correlation between blood pressure and the risk of
cardiovascular diseashas been shen to be continuous, consisteanid independent of
otherrisk factors. As blood pressure increases, so does thiitigssf heart attack,
strokeand kidney disease. For patients between 40 and 70 years old, each increment of
20 mmHg inSystolic blood pressurer 10 mmHg indiastolic blood pressur@oubles

the risk of cardiovascular diseasexross the entire range fromlS/75 mmHg to

185/115 mmHg (Hermaet al, 2004.
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2.3.1.3Aetiology

Studies have demonstrated that nearl¥990% of cases of hypertension are idiopathic

or primary and are classified as essential hypertension, while the remaihd%g iS
classified as secondary hypertensioBy definition, essential hypertension has no
identifiable cause (Lifton, 1996). The pathogenesis of primary hypertension is
multifactorial, with genetic and environmental factors playing important roles.
Increased salt intake and obesity éidong been incriminated. Althoudhese factors
alone argapparently,not sufficient to raise blood pressure to abnormal leveds/are
synergistic with a genetic predisposition. Other factors that may be involved in the
pathogenesis of essential hypertension are sympathetic nervous system hyperactivity,
abnorméa cardiovascular development, rerangiotensin system activity, and defect in
natriuresis, intracellular sodium and calcium, as well as exacerbating factors (including

obesity, alcohol, cigarette smoking, and polyegthia) (Haslam and James, 2005).

Secadary hypertensiomesults from an identifiable cause, which when treated can
resolve without the need for antihypertensive medicatiBeal disease is the most
common cause of secondary hypertensionthes longterm regulation of arterial
pressure is ittmately linked to the ability of the kidneys to excrete sufficient sodium
chloride to maintain normal sodium balance, extracellular fluid volume, and blood
volume at normotensive arterial pressufegthermoredisorderdn renal function from
subtle toovert are probably involved in the pathogenesis of ibsiot all, cases of
essential hypertension (Luke, 1993). Othauses of secondary hypertension include
sleep apoea, tumars, GQishing’s syndrome, coartation of the aorta, drugs, apparent
mineralocorticoid excess syndrome, glucocorticoid remediable aldosteronism,

polycystic kidney disease armmtegnancy{Haslam and Jamg2005.
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2.3.2 Treatment of Hypertension

There are many classes aifedications for the treatment dfypertension called
antihypertensive; which by varying means abty lowering blood pressure. Drug trials

to lower moderately elevated blood pressure have failed to reduce overall death rates,
and thetype of medicatiorto be usedat the early stage dfypertension has been a
subject of several studies and various national guidelidegiever, mless hypertension

is severe, lifestyle changes such as weight reduction and regular aerotuiseexe
improveblood flow and help to reduce resting heart rate and blood pressure (Elley and
Arroll, 2002). Reducing dietary sugar and sodium (salt) intake in the diet are also
strongly recommended before initiation of drug therapy (Appelal, 1997).
Antihypertensie drugsare classified intosix categories diuretics, sympathoplegic
agents ACE inhibitors angiotensin Il inhibitors,direct vaodilators and rennin

inhibitors

2.3.2.1Diuretics

Diuretics are listed as the current filiste antihypertensives in tRENC 7 guidelines for

the treatment of hypertensi¢iermanet al, 2004) Their primary therapeutic effect is

a decrease ithe plasma and extracellular fluid volumes resglin reducedpreload
which leads to a decrease in cardiac output and totalheeabresistance, all of which
reduce the workload of the heart. Diuretics include thiazides for example,
hydrochlorothiazide, which axbn distal convoluted tubule to inhibit N&I" symport;
Loop diuretics such asusosemideandbumetanidgincreasairine C4&" contentand are
often used forthe treatment of severe hypertension when direct vasodilators are
administered and Naand HO retention becomes a problgKrsparing diureticsuch

astriamtereneand amiloride (Na" channel inhibitors)and spironolactondaldosterone
p
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antagonist) usedo enhance the natriuretic effects of other diuretics éxample

thiazides) ando counteract their kdepleting effects.

2.3.2.2Sympathoplegiggents
These drugs can be divided into centraltgingadrenergic drugs and drugs that act on

peripheral nervous systefhilley et al, 2010)

a. Centrallyacting adrenergic drugs
The centrally acting adrenergic drugonidine andmethyldopa both act by modifying
the function of thesympathetic nervous systenfihis is kecausestimulation of the
sympathetic nervous systdeads to an increase in heart rate and fofceontraction,
the constriction of blood vessels, and the releaserof from the kidneywhich results
in hypertension. Thesgrugsact by stimuhting the alphaadrenergiaeceptors in the
brain to reduce sympathetioutflow from the centralnervous systempreventing
noradrenalingroduction whichreduces blood pressure. This stimulaidnhe alpha-

adrenergic receptors also affects the kidnbyseducingthe activity of renin.

b. Antihypertensive agents that act on peripheral nervous system
These drugs include
Betaadrenergicblockersreduce heart rate through bdtaeceptor blockade and also
reduce the secretion of the hormprenin, which in turn reduces bothngiotensinll-
mediated vasoconstriction and aldosteroredliated volume expansion. Letgrm use
of betablockers also reduces peripheral vascular resistdacexample,propranolol,

metoprolol anchadolol(Lilley et al, 2010)
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Alpha; adrenergidlockersalso modify the function of theympathetic nervous system

by inhibiting .;-adrenergiaeceptors andhus noradrenalie, which causedilation of
arteries and veins, reducpsripheral vascular resistance asdbsequentlydecreases

blood pressure. They also increase urinary flow rates and decrease outflow obstruction
by preventing smooth muscle contractions in the bladder neck andauréiamples

includedoxazosin, prazosiand terazosifLilley et al, 2010)

Two dual D F W L ®@Q &drenergiaeceptor blockerhiave the dual antihypertensive
effects of reduction in heart rafbeta receptor bckade) and vasodilation (alpha

receptor blockade); for examplabetalol and carvedildLilley et al, 2010)

2.3.2.3Angiotensin Converting Enzyrréibitors

Angiotensin | analages competitively inhibit the enzyme ACE. AGEhibitors result

in reduced cardiac stimulation, with resultant lowering of cardiaputuExamples
include enalapril and captoprihhibition of ACE results in the decreased formation of
angiotensin Il and decreased metabolisrbraflykinin leading to systematic dilation of
the ateries and veinsand consequentlya decrease in arterial blood pressure. In
addition, inhibiting angiotension 1l formation diminishes angiotensimdtiated
aldosteronesecretion from thadrenal cortexleading to a decrease in water and sodium

reabsorption and a reductionamtracellularvolume (Klabunde, 2009).

2.32.4 Angiotensin Il receptoblockers
Angiotensin |l receptor blocke(®\RBs) affect primarily vascular smooth muscle and
the adrenal gland by selectively blocking the binding afiatensinll to the type 1

Angiotensinll receptors in these tissues, thpeevening vasoconstriction and the
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secretion of aldosteroneUnlike ACE inhibitors that block the breakdown of
bradykinins, which accumulate and cause adverse effects such as ABBghdo not
have such adverse effects. They also doauversely affect lipid profiles or cause
rebound hypertension after discontinuation. Examples incliodartan, valsartan,
Irbesartan and candesartdinese drugs antagonize thegiotensin Hinduced biologic
actions such as smooth muscle contraction, pgthetic pressor mechanisms and

aldosterone secretipassociated with hypertension (Kirk, 1999).

2.3.2.5Vasodilators

Vasodilators act directly on arteriolar and/or venous smooth muscle to cause relaxation.
They do not work through adrenergic receptdteyinclude tydralazine which dilates
arterioles but not veinsninoxidil anddiazoxide known to open Kchannelsn smooth
muscles and stabilizemembrane at its resting potentiahdéum nitroprusside, which
works by increasing intracellular cGMP addates both arterial and venous vessels

(Lilley et al, 2010).

Calcium dannel blockerslsocause smooth muscle relaxation by blocking the binding
of calcium to its receptorghereby preventingontraction.Examples arenifedipine,

amlodipine(Norvasc) diltiazemandverapamil(Kragten and Dunselman, 2007)

2.32.6Direct renininhibitors

Theyare analoges of angotensinogen that inhibit rennin; for examéiskiren Renin
inhibitors block the conversion ohgiotensinogen to angiotensin I. Thus, they decrease
the level of angiotensin Il andctivate the renirangiotensiraldosterone system to

furtherdecrease the releaserefnin(Lilley et al, 2010).
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2.3.3 Experimental Model of Hypertension

Human essential hypertension is a complex, multifactorial, quantitative trait under
polygenic control. Various models of experimental hypertension have been primarily
developed to obtain information on thetiopathogenesis of hypertension aado in

the pharmacological screening of potential antihypertensive agdiitsy include
rerovascular hypertension, such as two kidney one clip (2K2K) and one kidney one clip
(1K1C) hypertension; hypertension induced by external compression of renal
parenchyma exampés are page hypertension, dietary, endocrine, neurogenic,
psychologenicchronic nitric oxide inhibitioAnduced hypertensigmbesityrelated and

genetic hypertensioB@dyaletal., 2003.

These models of hypertension share many features whiehcammon to human
hypertension. Many of theodels have been developasding the aetiological factors
presumed to be responsible for human hypertension such as excessive salt intake,
hyperactivity of RAAS and genetic factors. Since regulation of blood pmesss
multifactorial, the effectiveness of an antihypertensive agent in one model does not
necessarily mean that the mechanism of actiothefagent inthat given model is

related to the pathogenesis of elevated blood prefBadyaletal., 2003)

24 CHRONIC NITRIC OXIDE INHIBITION-INDUCED HYPERTENSION

The advent of # chronic NOS inhibition model of hypertensioasportayed NO a an
indispensable and irreplaceal&ement in the maint@nce of circulatory integrity,
regulatingdiverse functions asascular tone, renal salt egtion and renin secretion.
Inhibition of NO has been shown iteduce vasoconstriction and arterial hypertension in

experimental animal®©ne of the most frequéy used experimental modeis analyse
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the role of NO inhypertension is that induced by the oral administration of NOS
inhibitors, such adN®nitro-l-arginine methyl este(L-NAME) in rats (Badyalet al,

2003). This results in vasoconstriction, enhanced sodium and water renal reabsorption,
renal vasoconstrictiorglevation in oxidative stress and enhanced calcium signalling in
smooth muscle cells. Nitric oxide inhibition also affects the structure of different
organs, including blood vessgfenal, myocardial and nervous tiss&arciaEstanet

al., 2006)

Subsantial evidence demonstratdsat NO plays a critical role in the maintenance of
blood pressurdilomestasisas teatment witheNOS inhibitorsproduced intense renal
vasoconstriction with marked daction of renal plasma flona smaller reduction in
glomerular fitration rateand significantly increased blood pressure in rats ande
Baylis et al. (1992) reported that hconic administrationof L-NAME promoted
persistent hypertensioand renal damagelso, higher doses of INAME have been
shown to casesevere and progressif@m of hypertension associated with glomerular
ischeemia, glomerulosclerosis and renal interstitial expangjRibeiro et al., 1992).
More recently, disruption of the gene encodeNOS, for example,knockout mice
lacking the gene for theNOS developed systemic andulmonary hypertension,
whereas deletion of the geneiscoding the neurondlOS and inducibleNOS isoforms,
respectivelyled to no detectable circulatory chandkaubachet al., 1995 Nelsonet
al., 1995. The findingsindicatethat NO is a fundamental and irreplaceadilEment in
the regulation ofblood pressureand they gave birth to a new modedf arterial

hypertensior{Baylis etal., 1992;Ribeiroetal., 1992).
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2.4.1 Synthesis of Nitric Oxide

Nitric oxide is synthesized frorh-arginine by the action of N& The enzymeNOS
exists in three isoformsbrain NOS (bNOS) or neuronal NOS (nNOS or NQS1)
endothelial NOS (eNOS or NOS3) oonstitutive NOS (cNOSand inducible NOS
(INOS or NOS2). BotnNOS and eNOSare responsible for the continuous basal
release of NO and require caim/calmodulin for activation, whil@NOS is calcium
independent ands expressed only in response to inflammatory cytokines and
lipopolysaccharides. The three isoformsN®S are productef separate genes that
share 5660% amino acid homology (Nathan and Xie, 19%®ilver, 2011). The
cytochromedfunction as a homodimer during activatiorhey have five enzyme €o
factors, including flavin adenine dinucleotide (FADvin mononucleotide (FMN),

heme, tetrahydrobiopterin (BHand calmodulirfChoet al, 1995 Silver, 201).

An increase in intracellular calcium triggers a cascadeeitg leading to activation of
eNOS and NO synthesis. Intracellular calcium bindgdbtmodulin to form a calcium
calmodulin complex and regulates the binding of calmodulin to the ‘latch domain’,
which permits electron transfer from NADPH via flavin groups within the reductase
domain to a haemontaining active site, therelfgcilitating the conversion of @and L-
arginine to NO and A{citrulline (Abu-Soudet al, 1994). In contrast toNOS, INOS
does not requir@n increase in intracellular calciuas it contains calmodulin tightly
boundto each subunit of the enzyme, whigsults in the permanent activation of the
enzyme $ilver, 201). This explains whycalcium cheltors are capable of reducing
eNOS activity significantlyhowever,the role of calciunwith regard to iINOS activity

remains unclearGeller et al. (1993) showed that calcium chelators significantly

46



reduced iINOS activity, whereas Charksal (1993) reported thaNOS activity was

not influenced by calcium chelators.

L-Arginine is the only physiological nitrogen donor for NO&alysed reactions; hence
its availability determing therate of NO generationArginine synthesis as well as its
transport into the cells caaiso influence NO synthesis. Arginine is synthesif®m
citrulline by the actions of arginosuccinate synthetase aagthosuccinate lyase and
catabolized byarginase (Albinaet al, 1988). The synthesis and transport represent
potential target for experimental and therapeutic manipulation of cellular NO synthesis.
It has been shown thanhdogenous arginine synthesis is coupled to NO synthedis
that induction of arginosuccinate synthetase isseabndary to increased NO&isity
(Morris and Billiar., 1994. Apart from synthesis, transport of arginine into ¢e#is can
also regulate NOS activity. Competitiwehibition of arginine uptake by-lysine, L-
ornithine (naturally occurring amino acids) and-NAME or N°-monomethyil -
arginine(L-NMMA, arginine analogues) results in decreasedsyfhesis (Inouet al,
1993).Nitric oxide synthasgenerate hydrogen peroxide, superoxate NO (Bredtet
al.,, 1999. In L-argininedepleted cells, superoxide generation is increashdreas the
presence of {arginine reduces superoxide generation. Superoxi@€) (generated at
low concentrations of darginine reacts with NO, resulting in increased generaifon

peroxynitrite (ONOOQO) and cell toxicity(Xia et al, 1996).

2.4.2 Transport and Mechanism of Action of Nitric Oxide

Initially, it was believed that NO reaches its intracellular targets by freely diffusing
through the cell membranes. However, because of its-shive halflife (< 30 s) and
high reactivity withoxygen radical.O;"), haem and nehaemiron, the concept of free
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diffusion of NO was hard to accept. NO reacts with thi8H) groups of proteinand

can form stable, biologically activ&-nitrosyl compoundswvhich possess biological
activities idential to those of NOn vitro andin vivo (Keaneyet al, 1993) Also, snce
iron-nitrosyl compounds are associated with ttwohtaining ligandsthe formation of
dinitrosyl iron cysteine has been suggested as a second pathway for NO transport

(Mulschet al, 1993).

Nitric oxide mediates multiple biological effects, although initiallits effects were
thought to be solely mediated via activation of soluble guanylate cyclase and guanosine
3’,5’-cyclic monophosphate (cGMP). Generation of cGMP is known to atesdi
relaxation, inhibit vascular smooth muscle cell grqwtfevent platelet aggregation and
adherence of neutrophils to endothelial cells (Murad, 19R&ent studies suggest that

NO can also induce its biological effects via rasaMP-dependent pathway©ther
relevant mechanisms includ@nitrosylation of thiols, formation of nitrotyrosines, NO
binding to irorsulphur clusters and NO binding to haeontaining proteins of the
respiratory chain (Mohet al, 1996). NO caralso act as a freedical scaveger and
inactivate.O,, thereby preventing cell toxicity (Cook and Tsao, 1993). However, under
appropriate conditions, reaction of NO wi®, can also result in the generation of
peroxynitrite (ONOQO), a potent oxidanwhich decomposes to form the reactive
hydroxyl radical HOONO. Moreover, peroxynitrite and its metab®ktee capable of
inducing cytotoxicity by inducing lipid peroxidation, nitrosation of several tyrosine
molecules that regulate enzyme function and signasthactionas well adNa" channel
inactivation. Together, these findings suggest that the actions of NO in a cell depend on

its concentration, the cellular redox state, and the abundance of metals, protein thiols
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and lowmolecular weight thiols (glutathiopeas well as other nucleophil targets

(Beckman and Crow, 1993)

Nitric oxide (NO)is now known to be produced by various cells in different organs,
including smooth muscle cells, mesangial cells, nesmomlatelets, hepatocytes,
macrophages, fibroblasts and epithelial celisregulates smooth muscle cell tone,
platelet aggregation and adhesion, cell growth, apoptosisptransmission and injury
as well as infectiofinduced immune reaction®O also srves as an endogenous
vasodilator, platelet inhibitor, antioxidant, and regulator of vasculaotealium by

sustaining its antbagulant and antithrombogenic proper(iéatz and Baylis, 1998).

2.4.3 Role of RAAS in Nitric Oxide Inhibition-Induced Hypertension

RAAS is a hormone system that regulates blood pressure and water balance. When
blood volume or blood pressure @, the kidney secretes rennin, whgtimulates the
production of angiotensin | from angiotensinogengiatensin | is then comvted to
angiotensin Il by ACE Angiotensin Il is the major bioactive product of the rennin
angiotensin system, binding to receptors on intraglomerular mesangial cells, causing
these cells to contract along with the bloodse¢s surrounding thenand cauisg the

release of aldosterone from tkena glomerulosan the adrenal cortex. Aldosterone
causes the tubules of the kidneys to retain sodium and water. This increases the volume
of fluid in the body, whichalso increases blood pressyf®olomonand Anavéar,

2005).
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Acute inhibition ofangiotensin, , D Qd@renergic receptors inNAME—-hypertensive
rats almost completelyeversed hypertensipmaising the possibility that the state of
generalizedvasoconstriction characteristic of the chronic NOS inhibition model is
maintained by an interaction between syenpathetic nervous systeamd the RAS.
Also, Ribeiro etal. (1992 showed that concomitant chronic administratidriosartan,
anangotensinll receptor antagonist to rats chronicalgated with ENAME prevented
both hypertension and renal injury associated with this model, suggesting a key
participation of the RAS in these events. These findings héveen corroborated in
several subsequestudies that involvedhronic administration of eithemgiotensinl
receptor antagonists OACE inhibitors (Takaseet al., 1996). In addition, chronic
angiotensinll blockade reversed established hypertension esdliced persistent
hypertension after dcontinuation of NO$nhibition (Morton et al., 1993) raising the
possibility that the RAS plays a causative or permissive role in-NAME
hypertensionevenafter NO inhibition is interruptedlhe angiotensirll dependence of
chronicNOS inhibitionhypertensiommay beassociated with normal amcreased tiss
angiotensinl levels (Garciaet al., 1997),increased sensitivity tangiotensirll and/or

an interaction between Ang Il and tlympathetic nervous systefConrad and

Whittemore 1992).

Plasma rennin activitys unpredictable and beam® consistent relationship with the
protective action of chroniangiotensinl blockade ast may beincreased (Riéro et
al., 1992)unchangedr decrease@Arnal etal., 1992)in this model of hypertensioi
vast amount of experimental dgseovides evidence thaCE inhibitors increase NO
and decrease vasculap @roduction,partly by inhibiting the generation of angiotensin

Il and prolonging the halife of bradykinin. Moreover, reports of an impressive
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protective effect ofACE inhibitors on cardiovascular complications in patieartd in
animal modelgHornigetal., 1997)without decreasinglood pressure suggesteta is
a crosstallbetween ACE and thexRinin receptor, such that the ACE inhibitor group of
compoundsjndependent of ACE inhibition, appears to dde to modulate Bkinin

receptor signallingNlarcic etal., 1999.

2.4.31 Interactions betweeangiotensin converting enzypiennins and iric oxide

Changes in the synthesis of ACBEradykyninand NOhave beerassociated with a
number of cardiovascular conditignsncluding hypertension, atherosclerosis or
coronary heart disease. ACE inhibitors are able to treat these diseadssthby
accumulatio of endotheliunderived kinins and thmhibition of angiotensirl (Linz et

al., 1995) ACE is a transmebrane zinc metallopeptidase that cleaves carbeyinal

and is expressed in great amounts in vascular endothelial cells. A soluble form of the
enzyme is found in plasmavhich is presumably derived from the membraoend

form by proteolytic cleavage. ACE plays a major role in the regulation of vascular tone
by converting the biological inactive decapeptide angiotensin | into the vasoconstrictor
and proliferative octapeptide angiotensin Il. In a similar manner, ACE inactivates the
vasodilatory nonapepde bradykinin, which derives from a numberdifferent sources

(Gohlkeetal., 1992).

Endotheliumderived or exogenously addbdadykininexertsits vasodilatory actioby
stimulatingendothelialB-kinin receptors thereby causing the synthesis and release of
vasodilatorsubstances such as endotheliderived hyperpolarizing factor, prostacyclin
and NO(Wiemeretal., 1991) Many of the effects dNO on plateletssmooth muscle

cells and cardiac myocytes are mediated by activation of soluble guanylyl cyclase to
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synthesize cyclic GMP. The biological function of soluble guanylyl cyclase and
NO/cyclic GMP NOin endothelial cellss not yet completelynderstoodalthoughone
function of endothelial cyclic GMP may be a negative fbadk mechanism to turn off

further NO synthesi@Martin etal., 1988)

Several sudies have demonstrated the ability of NO to modulate the activity or
expression of ACELinz etal., 1999. Micheletal. (1996)showed that ACE activity is
upregulated in tNAME-induced hypertensive rats. Alsemova of endothelium from

rat aortaincreasedarterial ACE activity, possibly due to the presence of ACE in the
adventitia andn the vascular smooth muscle layer. In contrast, it was demonstrated that
enhanced NO or NO releasing compounds were capable of inhibiting the activity of
ACE in a concentraticdependent and competitive mannehlso, stimulated
endothelial NO release fno rat carotl arteries physiologically deicel conversion of
angiotensinl to angiotensinll. This inverse relatinship between ACE expression or
activity and the NO system was also found in hypertensive rats aftetdongACE
inhibition, where inhibitedvascular and cardia@CE expression and activity were
associated with an upregulated eNOS expression and increased vascular NO release

(Linz etal., 1999)

2.4.32 Effect ofangiotensin converting enzynmehibition on endothelial nitric oxide
synthasendnitric oxide

Studies have demonstrated thelative contribution of NGand significance of the
endotheliumto the dilator responsef bradykininand ACE inhibitor§Wiemeret al.,
1996;Linz et al, 1999. According to Linzetal. (1999), be inhibition of ACE using
ramiprilat in cultured bovine aortic endothelial cells stimulai&3 synthesis and

induces eNOS expression with enhanced productionyolic GMP after maximal
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stimulation with the calciunonophore.Wiemer et al. (1996) alsodemonstrated that
ACE inhibition and high bradykininlevels enhanceaccumulation of endothelial cyclic

GMP, anindex for NO synthesis and release

Although he mechanism bwhich ACE inhibition upregulateeNOS expression is
unclear it is conceivablehat ACE inhibitors inducaccumulation of endogenous kinins
to mediate this effectThis was borne out of the fact thidie enhancedaortic cyclic
GMP contentobservedafter treatment with ramiprilvas suppressed by eweatment
with an antagonist of ba#inin receptorjcatibant(Gohlkeetal., 1993) Also, cultured
bovine aortic endothelial cells incubated for 48 h withr8mo-cyclic GMP had higher

levels of cyclic GMP, eNOS mRNA and protéiRavichandramnd John1995)

Another candidate contributing to the upregulation of eNOS expression induced by
ACE inhibitionis cyclic AMP. It is known that ACE inhibitors arfstadykininenhance
the turnover of endotheligdrostacyclin viaincreased intracellular calciymvhich in
turn stimulates the formation a@fyclic AMP (Schroder and Schrp1993) known to
attenuateintracellular calcium increase and NO releg&eickhoff et al., 1990.
Although thereareno available data othe effect of cyclic AMP on the regulation of
eNOS expression it has been shown thatlevated cyclic AMP activated gene
transcription via binding to nuclear factbr(NF1), whichis present in the promert
region of eNOSZhanget al., 1995). This may explain whiprskolin, a strong cyclic
AMP elevatingcompound was able to upregulate eNOS proteigultured bovine
endothelial cell§Schroder and Schrp1993).This intracellular feedback regulation on
eNOS expression by cyclic AMIBs believed to be more potent and rapid when

compared to cyclic GMPRavichandramnd John1995)
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2.5 CANCER

2.5.1 Definition and Prevalence

Cancer is the uncontrolled growth and spread of abnormal cells. It starts in one organ or
tissue called the primary sitgnd if undetected or canndie controlled through
treatment,it spread (metastas®eto other organs throughout the body. Cancer is a
genetic disease that involves alterations in three types of,demasn to be responsible

for tumorigenesis: oncogenes, tumor suppressor genes and stability genes. Mammalian
cellsare able to protect themselves against the lethal effects of gene mutation; however,
if mutations occur from several genes, they contribute to the development of cancer

(Vogelstein and Kinzler, 2004).

In the year 2000, cancer was diagnosed in 10 milleopfe worldwide and caused 6.2
million deaths, an increase of about 22% since 199@auses 10% of all deaths
worldwide and is second only to cardiovascular disease as the main cause of death in
developed countries. Although cancer is usually regardadasblem of the developed
world, about twethirds of all cancer occurs in the thrgearters of the world’s
population who live in developing countries. Worldwide, there are about 22 million
people living with cancer at any one time. Further, the nurolberases of cancer
worldwide is predicted to increase by 5 million to 15 million new cases each year by
2020. This is largely due to the increasing longevity of many populations, medical
advances in the treatment of other ymmmmunicable diseases, andoatairrent trends

in the prevalence of smoking and unhealthy lifestyleading to an increase in the

incidence of certain forms of canc&téwart and Kleihues, 2003
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2.5.2 Stages of Cancer Development

Carcinogenesis (the process of cancer develofrisea multistage process divided into
three distinct stages: initiation, promotion, and progression. Initiation involves an
irreversible genetic change, usually a mutation in a single gene. Promotion is generally
associated with increased proliferatidnirgtiated cells,which increases the poptitn

of initiated cells. Progression involvascumulation of more genetic mutations kegd

to the acquisition of the malignant or invasive phenotgidmzler and Vogelstein,

1998).

2.5.21 Initiation

Initiation is an irreversible event that occurs when a genotoxic chemical, or its reactive
metabolite, causes a DNA mutation in a critical growth controlling gene suchias Ha
(Nelson et al., 19995. Outwardly, initiated cells seem normal, but they remain
indefinitely susceptible to promotion and further neoplastic development. DNA
mutations that occur in initiated cells confer growth advantages, which allow them to
evolve and grow faster bypassing normal cellular growth controls. Three important
steps involvedin initiation are cecinogen metabolism, DNA repaiand cell
proliferation. Chemical agents must bmetabolically activated dfore they become
carcinogenic. These carcinogenmstheir active metabolites, are strong electroplthes

bind to DNA to form aducts which must be removed by DNA repair mechanisims
prevent DNA damagedrailure to repair chemical adducts, followed by cell proliferation,
resultsin permanent alterations or mation(s) in the genomdeadng to oncogene

activation or inactivationfaumuor suppressor genes (Minamatal., 1999).
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2.5.2.2Promotion

Promotion is a reversible process in which chemical aggimsilate proliferation of
initiated cells. Typically, promoting agents are fg@motoxic;that is they are unable to

form DNA adducts or cause DNA damage but are able to stienaé&dt proliferation.
Hence, egosure to tumor promoting agents resulia rapid growth of the initiated

cells and the eventual formation of mmwasive tumars. Importantly tumaur
formation is dependent on repeated exposure to the tumor promoter. Halting application
of the tumar promoter prevents or reduces the frequency with which tsniorm.

The sequence of exposure is important becauseunsndo not develop in the abnce

of an initiating agenteven if the tumaor promoting agent is applied repeatedly.
Therefore, the genetic mutation caused by the initiating agent is essential for further
neoplastic development under theAitX HQFH R1 WKH SURPRWdigQ.) DIJHQW

1999).

2.5.23 Progression

Progression refers to the process of acquiradglitional mutations that lead to
malignancyand metastasid-urther mutations by agents such ksnzo(a)pyrene, -
napthylamine, Acetylaminofluoreneaflatoxin B;, dimethylnitrosamine, -Aminoc-3-
methylimidazo(4,5)quinoline  (1Q), benzidine, vinyl chloride, and 4
(methylnitrosamino)l-(3-pyridyl)-1-butanoneare usually needed for celte acquire
the phenotypicharacteristics of malignant tumor celddrtinezet al., 2003. These
chemicals are converted into positivatilarged metabolites that bind to negatively
charged groups on molecules like proteins mandeic acidsresultingin the formation

of DNA adducts which, if not repaired, leadrwtations. The resudif thesemutations
enables the tumus to grow, invadeurmounding tissug and metastasizg@Martinez et

al., 2003.
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Metabolic activation

Procarcinogen » Carcinogen
Detoxification DNA binding
Detoxification Formation of carcinogesfDNA adduct
DNA repair DNA
Replication
Normal Cell v Cell Death
Initiated Cell

Figure 2.1: Outcomes otarcinogen metabolic activatighlartinezet al, 2003).
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2.5.3 Risk Factors of Cancer

Although the major and specific causes of soraacers are knowrfor example,
smoking for lung cancer, reproductive factors for breast cancer, &odnan
papillomavirus(HPV) infection for cervical cancelittle is understoodibout the causes

of othercommon cancer@llen etal., 2005)

2.53.1 Smoking

It is estimated that tobacco use causes about 4 million deaths eaclstgsear{ and
Kleihues, 2003 Tobacco causes a range of fatal diseabesmost importanbf which

are ischaemic heart disease, chronic obstructive lung disease, and cerebrovascular
disease. Tobacco consumption is also the major preventable cause ohcanaetirect

and avoidable cause of an enormous cancer bufides isbecausesmoking accounts

for about a third of all cancers, including cancer of the dum@ncreas, bladder,
kidneys, larynx, mouh, pharynx (except nasopharyreqid oesophagus. Chewing betel
quid and tobaccpwhich is common in some parts of Sclgast Asia is also an
important rsk factor forcancer of the mouth and phary(World Cancer Research
Fund, 1997) Carcinogens such as polycyclic aromatic hydrocarbons and aromatic
amines,and other compounds including -Nitrosamines and heavy metals present in

tobacco smoke are thougbtt¢ause cancer in humaf#slen etal., 2005.

2.53.2 Infections

Infections are believed to b#he mostimportant established cause of cancer after
tobaccosmoking Approximately 18% of cancers worldwide (abdu6é million cases
per year) arattributable to vira(13%), bacterial (5%), and helminth (0.1%) infections
(WHO, 2008, the majority ofwhich occur in the developing world. In theorythese

infectious diseases were controlled, up to mn&®ur cancers in developing countries,

58



and lin 10cancers in developed countries could be preveitien etal., 2005) They

include:

Human papillomavirusesT he HPV infectionis a sexuallytransmitted virus and the
major causativegent for invasive cervical cancer. The most common HPV subtypes
identified are HPV16, 18, 31, 2d 45 although in some Asian countries the subtypes
HPV52 and 58 are more commd#PV infectionmay also cause some cancers of the
head andheck particubrly cancers of the oral cavignd squamous cell carcinomas of
the skin. It has beesuggested that HPV infection may also be rel&wechncers of the

bladder and prostate, althoutie evidence remains scgiffllen etal., 2005)

Hepatitis virusesChronic infection with the hepatitis B virus is responsiblecfausing

up to 250,000 liver canceesch year, which corresponds to about 60% of all primary
liver cancers across the worlfhe virus can be transmittédbm amother to her child,
from person to person durinchildhood, and via sexual or parenteral traission
during adulthoodHepatitis C virus is also involverh the aetiology of hepatocellular
carcinoma andmay cause about 25% of all liver cancers, widrticularly high

proportions in Africa (41%)Japan (36%), and Oceania (33%) (Alétal., 2005)

Herpesviruses Infection with the Epstein Barr virus is involved tihe aetiology of
several types of lymphomancluding Burkitt's lymphoma, Hodgkin's diseasand
immunosuppressionelated lymphomasand nasopharyngeal carcinomand may
contribute upto 100,000 cancers per year worldwittiman herpesviru8 (HHV-8),
or Kaposi’'ssarcomaassociated herpesvirus, is closely reldatethe Epstein Barrirus.
It is considered thprincipal cause of Kaposi's sarcoma. Ht8\sthe most prevalenin

populations at highest risk of developiKgposi’'s sarcoma, such as homosexual men
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infectedwith the human immunodeficiency virus Western countries and in African

populationsvhere the tumour has long been endeflien et al., 2005)

Other infections known taeause canceare Human TFcell leukaemia virus type 1
(HTLV-1) a causal agent of adult -Gell leukaemia/lymphoma human
immunodeficiencyirus (HIV), whoseimmunosuppressive effect appearsfdoilitate
the development of Kaposi'ssarcoma; nonHodgkin lymphoma, squamous cell
carcinomaof the conjunctiva, and probably also Hodgkidiseas and leiomyosarcoma
in children.Helicobacter pyloriincreaseshe risk ofgastric adenocarcinoma, and to a

lesser extengastric norHodgkin lymphoma(Allen etal., 2005)

2.53.3 Dietary-related Factors
The possible role of diet in the aetiology of cancer was highlighted in the 1970s, when it

was notedhat Western countries that have diets high in animal products, fat, and sugar,
have highrates of cancers of the colorectum, breast, and prostate. In contrast,
developing countries with diets that asgically based on one or two starchy staple
foods, with low intakes of animal products, fat, and sugare low rates of these

cancergAllen et al., 2005)

Despiteextensive research over the last two decades, few specific dietary determinants
of cancerrisk have been established, even for cancers such as colorectal cancer where
dietary factors are thenost obvious candidate risk factors. Thesdue to various
reasons, the most important being the difficulty in accurately measuring dietary intake
in epidemiological studies. Other problems with epidemiological studies of diet and

cancer include the relatively narrow range of dietary exposutésvane population,
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and the changem dietary patterns over time, so that it is very difficult to determine
whether dietary habits at a young age may affect cancer risk later (Allga et al.,

2005)

Obesity Obesity is defined as an excemstumulation of adipose tissue. It occurs in
mammalian speciesvhen calorific intake exceeds energy expenditubesity is
associated with an increased frequency of many cancers. Epidemiological data suggest a
significant association between increaseddybanass index (BMI) and several
haematological cancers, pancreatic cancer, prostate cgusimenopausal breast
cancer and other cancefKhandekaret. al, 2011) Several evidence suggests that
combinations of factors amecreted by the adipocyte. Bedactors includencreased

leptin, decreased adiponectin and increased inflammatory cytokine secretion, along with
contributions from the secondary effects of obesity, especially hyperinsulina@chia
hyperlipidaemia, result in the increased incidencecahcer. It is likely that many of

these factors collaborate with other environmental factors to result irutigeesis.
However, there are many unanswered questions as to the precise role of each of these

influencegKhandekaet. al, 2011)

Alcohol: A high intake of alcoholic beverages increases the risk of cancers of the upper
respiratory and digestive tracts (oral cavity, tongue, pharynx, larynx, and oesophagus).
These cancers are also caused by smoking, and the increase in risk is particalarly gre
for people who both smoke and drink heavily. Heavy and prolonged alcohol

consumption is also associated with liver cancer via the development of cirrhosis and

alcoholic hepatitigAllen et al, 2005)
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2.53.4 Genetic PPedisposition

The exploration of the human genome has presented new opportunities to identify the
genetic basis underlying cancer developmé&he evidence for a genetic predisposition

to cancer derives originally from observations of cancer clustering in families. Most
cancers show some degree of familial clustering and, in genegpalksan who has a
sibling or a parent with cancer hasincreased risk of also developitigat cancer. A
family history of cancer may be partly due to common exposure to environmental
agens, as well as shared genetic susceptibility. Some affected families may have an
increased susceptibility to several types of cancer; for example, those with multiple
endocrine neoplasia syndrome have a substantially increased rigvédoping cancers

of the pituitary, parathyroid, adrenal, pancreas, and other endocrine tissues. However, it
should be noted that family history does not account for the majority of cases of cancer

(Allen etal., 2005)

2.5.4 Epidemiology and Pathogenesis of Selected Cancers

2.54.1 Hepatocellular Carcinoma

Hepatocellular carcinoma (HCC) is the fifth most common cancer @nthitid leading

cause of canceelated mortality worldwideAlthough the majority of HCC cases occur

in developing countries of Asia and Africthe prevalence of livecancer has risen
considerably in Japan, Western Europe as well as the United States. HCC most
commonly develops in patients with chronic liver disease, #e#ology of which
includes viral hepatitis (B and Clcohol, obesity, irn overload and dietary

carcinogens, including aflatoxins and nitrosami(&shayeeetal., 2010).
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The pathogenesis of hepatic carcinogenesis remaganpletely understood, but is
believed toinvolve sequential eventsncluding chronic inflammationhepatocyte
hyperplasia, dysplasia and ultimately malignant transforma@ompelling evidence
providesan insight in the role of inflammation in initiation, promotion gmdgression

of HCC. Hepatic inflammation, due to exposure itdectious agentghepaotropic
viruses) as w as toxic compoundsepresers an early step in the development of
malignancywith genetic and epigenetic event&curring as a latemanifestation of a
prolonged inflammatory process\n expanding body of evidence suggests that
inflammationmediated processes, including the productiormydbkines, chemokines,
reactive oxygen and nitrogen speci@®OS and RNS) and mediators of the
inflammatory pathways may contribute to hepaoplasia Oxidative stress, through
generation of RS including singletoxygen, superoxide anion, hydrogen peroxide and
hydroxyl radical, acts as a predisposing factor to hepatocarcinogenesis ahd

common driving force of HCC in chronic liver diseagBshayeeetal., 2010).

2.5.4.2Cervical Cancer

Cancer of the cervix is the second most commorthifeatening cancer among women
worldwide, with incidence rates ranging from 4€8r 100,000 women per year in the
Middle East to 44.3 per 100,000 in East Africa. Epidemiologic and clinical data
demonstree that HPV, especially HPVL6 and HPV18, play a major role in the
aetiology of cervicacancer. However, many investigators acknowledge that HPV is not
sufficient to induce cervical cancer ankat a multifactorialaetiology which may
include herpes simiex virus type 2 infections, cigarette smoking, vaginal douching,
nutrition, and use of oratontraceptives, have been proposed as contributing factors

(Haverkos, 2005).
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Integration of HPYDNA in the host’'sgenomedisrupts or deletes the E2 region, which
results inthe loss of itsexpression This interferes with the function of E2, which
normally downregulates the transcriptioof the E6 and E7 genes. The interference
leadsto increasedexpression of E6 and E7 gen whichsubvers the cell growth
regulatory pathwaysand modifiesthe cellular environment in order to facilitateal
replication The E6 and E7 gene produdsregulate the cell growth cycle by binding

and inactivating theumaour suppressor proteinp$3) and the retinoblastoma gene
product (pRb) thus increasing proliferation rate and genonmitstability. As a
consequence, the host cell accumulates more and more damage DNA that cannot be

repaired, leading to transformed cancerous ¢€lamez and Saas, 2007).

25.4.3Colon Cancer

Colorectal cancer is the fourth most common cancer and the second most common
cause of cancer death in the United States, with approximatelY)Q@thew cases and

55 000 deaths per year. Compelling experimental aplemiological evidence
indicates that components dfVestern diets are important factorstire modulatiorof

colon cancer (Potter, 1999Calcium and vitamin D have emerged as promising
chemopreventive agents, and an inverse relatiortsétiyween dietaryntake of folate

(and of otherone carbondonorg and risk of colorectal carcinogenesis bagn shown

in humans and experimental anisi@lamprechtand Lipkin, 2003).

The inappropriate expression ofcatenin has been indied as thehallmark of colon
cancer.In normal cells, the wildype APC protein controlhe steadyV WDWH OGHYHOV RI
catenin and has an importardle in targeting the protein for degradatidross or

mutation ofAPC function results in the translocatidh | -catenin to the nucleus, where
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it interactswith TCFfamily transcription factors and activates ttranscription of
several genes, including those encodowlin D1, cMYC and the antapoptotic
protein survivin, which is overexpressed by colorectaimours (Potter, 1999;

Lamprechtand Lipkin, 2003).

2.5.4.4Mouth Epidermal Carcinoma

Oral cancer is the sixth most common malignamdth about400,000 new cases
annually.Oral cancer is the commonesincer in the South East Asim Indig oral
cancercomprises 32% td0% of total malignancywheresin westerncountries it is

only 3% to5% of total cancer@illiams, 2000)

Various researchers using microsatellite markergedemonstrated that alterations in
certain regions othromosomes 3p, 9p, fi7/and 18q are related to tHevelopment of

oral cancerThe most common genetic change and an early event is the loss of the
9p21-22 chromosomal region (containing gene 'P18/p14**F/CDKN2A). The p53

gene is inactivateth approximatelyhalf of oral caner casesbut there is debate about

the timing of thischanggWilliams, 2000).
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2.6 HYPERTENSION AND CANCER

Hypertension and cancer are two leading diseases in the world. Hypertension is the most
common cardiovascular disease and a major ptigladth problem in both developed

and developingountries.lt is a major risk factor for stroke, coronary heart disease,
cardiac and renal failure (Benowitz, 200Bpth diseases hawmilar epidemiological

and pathophysiological pathwayss well as riskactors,such as age, obesity, smoking

and alcohol consumptio\lso, majority of cancer patients have coexistent diseases
with more than 50% of cancer patients reporting cardiovascigarders including

hypertensior{Grossmaretal., 2002)

2.6.1 Mediators between Cancer and Hypertension
2.6.1.1Nitric Oxide

Nitric oxide (NO)playsan important pathophysiological role in both hypertension and
cancer.Several studies have demonstrated the development of hypertension in cancer
patients treated withanttangiogenic drugs such as bevacizumataniba and
McDonald, 2007Pandeet al, 2007. This isbecauseascular endothelial growth factor
(VEGF) increases expression of eNOS by activation of kinase domain receptor (KDR)
tyrosine kinase and protein kima< signaling; thusinhibition of VEGF decreases
eNOSexpression and hence NO levelhich increases gan arterial pressur@ig.

2.2) (Pandeet al., 2007).Thus, it is clear thaNO enhances angiogenesis vascular
endothelial growth factor (VEGF) and fibroblast growth factor (FGF) indaiog
require NO to elicit theieffects (Carrizoetal., 1998).Anti-angiogenic therapinduced
hypertension may be causddy increased microvascular resistance and vascular

regression resulting from eothelia cell apoptosis (Lewstal., 2001).

66



Solid tumor ——  Tumor growth —  Hypoxia

TVEGF |— Anti-VEGF antibody (Bevacizumab)
fenos | eNos

l

l Vascular permeability
| Vasodilation

|

T Mean arterial blood pressure

Figure 2.2: Mechanisms oflevelopment ohypertensiordueto antiangiogenic therapy
(Pandeet al.,2007).
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2.6.1.2Renin angiotensin system

There is accumulating molecular amdvivo evidence to indicate that the egpsion

and actions of theennin angiotensin systemfluence malignancy and also predict that
renin angiotensin systemmhibitors, which are currently used to treat hypertension and
cardiovascular disease, might augment canceapies. Studies indicate thegnnin
angiotensin systens frequently dysregulated in malignancy, and this correlates with
poor patient outcome#éntagonism of theennin angiotensin systesuppresses tumour
growth, metastasis and angiogenesis in a broad range of experimental models of
malignancy, and retrospective studies in humans provide evidence thaeriongse of

ACE inhibitors may proteagainst canceiGeorgeetal., 2010)

The association betweenancer and hypertension isased on specificennin
angiotensin systerantagonism rather than on a general antihypertensive .effieist is
becausepatientswho take ACE inhibitors and angiotensin receptor blockéexd a
decreased risk of developing some types of canediie there weralysregulation of
rennin angiotensin systegsomponents in human malignancigeorgeet al., 2010).
Although the role of the renniangiotensirsystem in tumor argiogenesis is not well
understoodboth angiotensirl and angiotensin Il typ€l receptorshave been shown to
stimulateangiogenesis. Angiotensin Il induces VEGF, thereby plagmgnportant role
in VEGFmediated tumar development andngiogenesis. Similarly, trengiotensin Il
type-1 receptorgeceptor pathway supportismaur-associated macrophage infiltration,
which results inenhanced tissue VEGF protein levels, angiogenesis and gafwth

tumaur cells(Egamietal., 2003).
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Several investigators have demonstrated the positive role of angiotensin Il and
angiotensin Il typel receptorin tumaur angiogenesisand the antiangiogenic effects of
ACE inhibitorsand angiotensin Il typ€el receptorantagonistsFor examplecaptopril

and perindopril have been shown to inhibit angiogenesis. Perindopril, which was shown
to be a potent inhibitor of the growth of hepatocellular carcinoma and angiogenesis, also
suppresses VEGF at clinically relevant doges.the contrarysome A inhibitors
reportedly promote angiogenesifor example, avery low dose combination of
perindoprii and indapamide (a n¢mazide sulfonamide diuretic) induces

neovascularizatiofAbali etal., 2002).
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2.7 MELANOGENESIS

Melanogenesis can simply be defined as the formation of melanin in living cells.
Melanin in human skin is a natural solar filter absorbing and reflecting most of the UV
radiation on the skin and thus plays a significant role in skin colour and pigmentation
However, overproduction and accumulation of melanin results in several skin disorders,
including freckles, melasma, age spots and other hyperpigmentation syndromes (Huang
et al., 2011). Upon exposure of the skin to UV radiation, melanogenesis is iditiate
through an enzyme called tyrosinase. Tyrosinase (EC 1.14.18.1), a dinucle8r type
coppercontaining mixed function oxidase, catalyzes melanin synthesis via the
hydroxylation of a monophenol and the oxidation afiphenols into equinones, which

then pdymerize to form brown and black pigments. The enzyme is universally
distributed in animals, plants, fungi and bacteria but much is still unknown about its
biological function. In higher plants, it protects the plant against insects and
microorganisms, catyzing the formation of a melanin scab impervious to further attack
(Kowalskiet al., 1992; Whitaker, 1995Y yrosinase is also responsible for the browning

of certain fruits and vegetables during handling, processing and storage; and both
browning of frut and skin darkening can be suppressed, at least partialighliytion

of tyrosinase (Yu and Kim, 20100he study of tyrosinase inhibitory activity became of
interest in recent years because of the significant industrial and economic impact of the

inhibitors of this proteir{Kowalskiet al, 1993.

Several studiesQhang, 2009Wu et al., 2009Huanget al.,2011) have demonstrated
that gants containing high amounts of phenols, flavonols and flavones are good

antioxidants and are capableidibiting melanogenesis by inhibiting tyrosinase.
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2.8  Free-radical Scavenging Activity By 2,2-diphenyl-2-picryl-hydrazine

The model of scavenging the stable-8ighenyt2-picryl-hydrazine (DPPH) radical is a
widely used method to evaluate the fradical scavenging ability of various samples
(Chang, 2009Wu et al., 2009Huanget al.,2011). DPPH is a stable nitrogerentered

free radical, the colour of which changes from violet to yellow upon reduction by either
the process of hydrogen or electrdonation. In the presence of hydrogen donors,
DPPH is reduced and a stable free radical is formed from the scavenger. The reaction of
DPPH is monitored by the decrease of the absorbance of its radical at 515 nm, but upon
reduction by an antioxidant, ttesorption disappears. Substances able to perform this
reaction can be consideras antioxidants and therefar@dical scavengers (Hebbet

al., 1990).

29 Metal Iron Chelation

Bivalent transition metal ions are known to act as catalysts of oxidatiMeesses,
leading to the formation of hydroxyl radicals and hydroperoxide decomposition via
Fenton Chemistry (Halliwell, 1997). Ferrous ion, known as the most important lipid
oxidizing prooxidant among the transition metals due to its high reactivitg teeen
demonstrated to catalyze the production of oxyradicals, such as lipid and hydroxyl
radicals in its redoactive form Halliwell and Gutteridge, 1999)These processes can

be delayed by iron chelators that mobilize tissue iron by forming solublestabté
complexes that are excreted in feaces and urine. They also redueelated
complications in human, thus improving the quality of life and overall survival in some
complicated diseases such as thalassemia major, Alzheimer's and cardiovascular
diseases Grazul and Budzisz, 200%)ue to the protection against oxidative damage.

Ferrozine forms redolored complexes with ferrous ions, but in the presence of
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chelating agents, the ferrozine complex formation is disrupted with a resultant decrease

in thered coloured complex formed.

72



CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 MATERIALS

3.1.1 Chemicals and Reagents
Gallic acid, vitamin E, vitamin C @(+)-ascorbic acid), 2;8liphenyt1-picryhydrazyl

radical (DPPH), EDTA, sulphorodamine B (SRB), dimethyl sulfoxide (DMSO),
ammonium thiocyanate, ferrozine, ferric chloride (FRECHippurykhistidyl-leucine
(HHL), angiotensin converting enzyme (ACE) from rabbit lung were purchased from
Sigma Chemical Co. (St. L&) MO, USA). Tyrosinase from mushroom (4187 U/mg)
and L-tyrosine were purchased from Fluka (Switzerland), linoleic acid (Wako Pure
Chemical Industrial Ltd Osaka, Japan), hitro-L-arginine methyl (ENAME) and
Captopril (Sigma Chemical Co., St. Loui$fO, USA), NucleoSpin RNA kit
(MachereyNagel GmbH & Co. KG)Attachment factor solution (AFS)Rat aortic
endothelial cef and culturemedium(Cell Applications,Inc., San DiegolJ.S.A). All

other chemicals were of analytical grade.

3.1.2 Instruments

Rotaly evaporator (Buchi, Switzerland)

Freeze dryer (Christ Alpha2 LD, Germany)

Microplatereader (BieRad, model 680 microplate reader, USA)
Spectrophotometedénway 6100, Dunmow, Essex, U.K)
Molecular image FX (BieRad Laboratories, Hertfordshire, UK, Ltd
Cell cultureincubator (Shel Lab, model 2123TC, USA)

Fluorescent light microscope (Olympus CK 40, Postfach, Hamburg, Germany)
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3.1.3 Plant Material

The leaves oPeristrophe bicalyculatdRetz) Neesvere harvested at maturity in the
month of June, 201@t Ibadan, Oyo tte, Nigeriaandin the month of February, 2011.
The plantwas identified and authenticated by the botaaisthe herbarium of the
Department of Biological Science, Ahmadu Bello University (ABBaria, with a

voucher number 2863.

3.2 METHODS

3.2.1 Preparation and Fractionation of Extracts of Peristrophe bicalyculata

The powderedeavesof Peristrophe Iralyculata (500 g) was extracted in-hexane
(defatting) using Soxhlet apparatus, before extracting with methanol (70%). The extract
was then suction filtered, concentrated under reduced pressure using a rotary evaporator
(Buchi, Switzerland) and lyophilized. The methanol extodxthinedwasthen disstved

in distilled water (1000 mL and rtitioned in ethyl acetate and -butanol using
separating funnel, to obtaimethanol,ethyl acetateof methangl butanol and water
fractionsof methanol extraatvhich were concentrated and lyophilizéhother 50 gof
Peristrophe bicalyculatawas extracted in distilled water (50fls) by stirring
(Harmony Hot Plate Stirrer, Japan) for thirty (30) minutes to obtain cold water extract.
Another 50g was boiled for 30 minutes in hot water to obtain hot wexéract. The
extracts were sieved using a muslin cloth and then filtered under suction pressure with a
Whatman'’s filter pape(No. 1) They were then concentrated under reduced pressure
using a rotary evaporator (Buchi, Switzerland), lyophilized (Chrigth& 12 LD,

Germany) and stored al@ until needed.
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Figure 3.1: Extraction and factionationstepsof Peristrophe bicalyculata
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3.3 Biological Properties of Extracts of Peristrophe bicalyculata

3.3.1 Determination of Total Phenolic and Phytochemical Content

Total phenolic content of the extracts was determined as described by Chandler and
Dodds (1993) using gallic acid as a standard phenolic compdtediolinCiocalteu
method is based on the reduction of a phosphotungstatgphomolydatecomplex by
phenolic compound® a blue complex Briefly, the sample (1 mL) was mixed with 1

mL of ethanol (95%), 5 mL distilled water and 0.5 mL of 50% F@liacalteu reagent.

The mixture was allowed to stand for 5 minutes before adding 1 mL AN#5%).

This was thoroughly mixed, placed in the dark for one hour before the absorbance was

measured at 725 nm.

The phytochemicalsanthraquinones, flavones, cardiac glycosides, saponins, phenols,
tannins, carotenoid, triterpines and alkalomesent in the cold water extrasiere

assayed by standard methods (Sofowora, 1993; Trease and Evans, 2002).

3.3.2 Radical Scavenging Assay using 2,2-Diphenyl-2-picryl-hydrazine
Diphenyl2-picryl-hydrazineis a kind ofstable free radical and acceptsedectron or
hydrogen radicato become a stable diamagnetic molecule which is wideid to
investigate radical scavenging activity. In tH2PPH radical scavenging assay,
antioxidants react with th®PPH radical which is a stable free radical and exists
naturally in deep violet color, to turn into a yellow colored-diphenyt -picryl
hydrazine. The degree of discoloratiodicates the radicadcavenging potential of the
antioxidant(Tachibana and Kikuzaki, 2001). Theeéradical scavenging activitiesf

the extracts and standard antioxidants (vitamin C and E) were determined by a modified

DPPH assay (Tachibana and Kikuzaki, 2001). Briefly, pD of five serial
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concentrationg0.01 to 10 mg/mL) of the extracts and standard were dissolved in
ethanol (9586). About 50uL of ethanol solution of DPPH wakenplacedinto each
well of a 96well microplate and the samples adde@he reaction mixtures were
allowed to stand for 30 minutes at 27 %2and the absorbance was measured at 515
nm by amicroplatereacer against a blank (95%, v/¥hanol). Vitamirs C and Ewere
used as positive controls. The experiments were done in tripli€ag percentage

radical scavenging activity wasiculated as follows:

Scavenging (%) =[(A% $@ 1
Where, A is he absorbance of the control

B is the absorbance of the sample.

3.3.3 Tyrosinase Inhibition Assay

Tyrosinase enzyme catalyses the hydroxylation -tyrasine into LDOPA which is
converted by oxidation to -@opaquinone. @lopaquinone is theconverted through a
series of norenzymic reactions to melanin, which is measured spectrophotometrically
(Yu and Kim, 2010). Te tyrosinase inhibdn activities of the extractsereassayed by
the modified dopachrome method using tyrosine as a subsifaitaifu et al., 1998).
Briefly, 50 pL of five serial concentrations of the extraf@s01-100 mg/ml), 50 uL of
200 units tyrosinase solution in 0.1phosphate buffe(pH 6.8, 50 pL of 1 mg/ml
tyrosine solution in 0.1M phosphate buffer, andu&Oof 0.1M phosphate buffer were
added into a 96vell plate. The mixture was incubated at:82°C for 60 mirutesand
the absorbancemeasured at50 nm. Kojic acid (0.00410 mg/mL) was used as positive
control. All experiments were performed in triplicate. The percentygesinase
inhibition wascalculatedhus

Tyrosinase inhibition activity (%) = [(A% i (Ci' $i% @17
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Where:A is the absorbaeoof the blank after incubatipn
B is the absorbana# the blank before incubation;
Cis the absorbanad the sample after incubatioand

D is the absorbance of the sample before incubation.

The sample concentrations providing 50% inhibitions§)Gvere calculated from the
graph plotted between the percentages of tyrosinase inhibition activity and the sample

concentrations.

3.3.4 Metal Ion Chelating Assay

In the metal ion chelating assagrrozine forms redolored complexes with ferrous
ions, but inthe presence of chelating agents, the ferrozine complex formation is
disrupted with a resultant decrease in the red coloured complex féktaedsroiet al,
2010) Briefly, 100 pL of five serial concetrations of the extracts (0.0 mg/mL)
dissolved in95% (v/v) ethanol were added to a solution oim® FeCh (50 pb) in
distilled water. The reaction was initiated by #gdglition of 5 mM ferrozine (50 Yland
the total volume wasdjusted to 300 plwith distilled water. Then, the mixture was left
at 27 +2°C for 15 minutes Absorbance was then measured at 50 using a
microplate readerEthylenediaminetetraacetic ac{@DTA) was used as a positive
contrd. The negative control containe@eChL and ferrozine, which were complex
formation molecules. All experiments were performed in triplicate. Thebitidn
percentages of ferroziffée," complex formation were calculated by the following
equation:

Metal chelating activity (%) = [(A% @00

Where A is the absorbance of the control and

B is the absorbance of the sample.
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The sample concentrations providing 50% metal chelating activitysof C®ere
calculated from the graph plotteetiveen the percentages of methélating activity

and thesample concentrations (Manosetal., 2010).

3.3.5 Lipid Peroxidation Inhibitory Effect (Ferric Thiocyanate Method)
The antioxidant activities of the extracts were determined usingdire hiocyanate
method(HudaFaujanetal., 2007).In thisassay, linoleic acid is used as a model system
for measuring the levels of lipid peroxides. The lipid peroxide formed reacts with ferric
chloride to form ferric ionsFerric ions themeact with ammonium thiocyanate to form
ferric thiocyanate the concenation of which is measured spectrophotometrically.
Briefly, 4 mgof each extract was dissolvéa 4.0 mL ethanol (99.5%) and kept in a
dark bottle. Each sample was then mixed with 4.1 ml linoleic acid, 8 ml phosphate
buffer (0.02 M, pH 7.0) and 3.9 mdistilled water to make up to 20 mL. Butylated
hydroxyanisole anditamin E were used as positive controls and another bottle (no
sample) was used as a negative control. The sofuti@meincubated at AT and 0.1
mL taken from each sample. To each sampl& mL ethanol (75%) and 0.InL
NH.SCN (30%, as a colour reagent) wer@ddedand pecisely 3 mintesafter 0.1 mLof
FeChk (0.002 M) in HCI 3.5%was added to the reaction mixturéneTabsorbance of the
resulting red colour was measured at 500 nm ussEeEtrophotometerJenway 6100,
Dunmow, Essex, U.K every 24 hour until a day after the absorbance of the control
reached maximum value (day seven). The inhibition of lipid peroxidation was
calculated as follows:

Percentage%) Inhibition = 100-[(A1/Ay) X 100]

Where A is the absorbance of the control reaction and

A1 is the absorbance in the presence of the sample extracts.
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3.3.6 Determination of Angiotensin-Converting Enzyme Inhibitory Activity

Angiotensin converting enzyme conveftgppurykhistidykleucine (HHL) to hippuric
acid andHistidyl-leucine The concentration of hippuric acid formed is measured
spectrophotometrically and determines the activity of the enzyime.assay for ACE
inhibitory activity wasdetermined using the Cushman and Cheung method (1970) with
some modifications on the assay conditions. Briefly, the inhitstdution (purified
extract) wasadded taa testtube containin@.1M potassium phosphate buffer (pH 8.3),
5 mM hippurythistidyl-leucine (HHL), 0.1M potassium phosphate and 0.3 M NaBl (p
8.3). Then the enzyme, ACE wasded to the mixture and incubated al@Tor 30
minutes. The reactiowasterminated by adding 0.25 ml of 1 M HCI, and then 1.5 ml
ethyl acetatavasadded to extracahe hippuric acid formed by the action of ACkhe
ethyl acetatevas removedby heat evaporation, residual hippuric acid (HA) dissolved in
1 ml of deionized waterand &sorbance of the solutiowas taken at 228 nm to
determine the hippuric acid conceatton. The inhibitionwas calculated from the
equation:

Ec-Es X 100
Ec—Eb

WhereEs is the absorbance of the reaction mixture (absorbance of HA generated in the
presence of ACE inhibitor component)

Ec is the absorbance of the buffer (the absadasf HA generated without ACE
inhibitors)

Eb is the absorbance when the stop solution was added before the reaction occurred (the
absorbance of HA generated without ACE, corresponding to HHL autolysis in the
course of enzymatic assay). The inhibitory\attiis the amount of inhibitor solution

needed to inhibit the original ACE activity by 50% {§jC
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3.4 BIOASSAY-GUIDED ISOLATION OF THE
ANTIHYPERTENSIVE COMPONENT(S) OF PERISTROPHE
BICALYCULATA

3.4.1 Animals
One hundred (100ppparently healthy male Sprag-Dawley (SD) rats of about eight

(8) weeks old, weighing between 180 and 230 g obtained from the National
Laboratory Animal Centre, Mahidol University, Salaya, Nakhon Pathom, Thailand, and
maintained in an aiconditioned animathouse of the Faculty of Pharmacy, Chiang Mai
University, Thailand. They were fed normal rat chow and allowed access to clean water
ad libitum The rats were allowed to acclimatize for two weeks beftre

commencement dheexperiment.

3.4.2 Preparation of P. bicalyculata Extracts for Antihypertensive Screening

To determine the antihypertensive activity of the cold water extract and water fraction
of methanol extractdoses were calculated based on the estimated quantity of leaves
ingestedocally as drug (10 kg body weight The active component was assumed to

be present in 1 g of the crude extract.

The powdered plant5Q ¢ yielded 9.03 g cold water extractherefore, 1 g of the
powdered plant contains 1 x 9.03/50 = 0.1806 g activeponent locally believed to be

effective in reducing blood pressure.
This implies0.1806 g is taken by a 7@ kdult Nigerian man (0.1806 g/7@)k=

2.58 x10° g/kg bodyweight = 2.58 mg/kg bodyweight.
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However, the extract was found to be ineffectiveatsat 2.58 mg/kg until its dose was

increased to 10 mg/kg.
For the water fractionf methanol extrac41.44 g powdered plant yielded 8.49 g

Therefore 1 g = 1 x 8.49/41.44 = 0.2049G0 ky bodyweight = 2.93 x 1®g/kg

bodyweight and it equals 2.93 rkg/

Thus 3.0 mg/kg of water fractionf methanol extracvas given to rats and was found

to be effective.

3.4.3 Preparation of Partially-Purified Fractions of Peristrophe bicalyculata used

on Hypertensive Rats

Doses of each fraction given to rats weadculated based on the percentage of initial
dose (10 mg/kg) and amount obld water extract (Figure 4.2ised during column
chromatography (3 g):

Percentage dfaction= Weight of fraction (obtained after fractionationX 100

Weight of extractused for fractionation (3 g)

Dosage calculation = Percentage of fractdrnitial dose of extract used (10 mg/kg)

Fraction 1

0.0104/3 x 100 = 0.35%
0.35/100 x 10 = 0.03 mg/kg
Fraction 2

0.2127/3 x 100 = 7.09%
7.09/100 x 10 = 0.709 mg/kg

Fraction 3
1.3438/3 x 100 = 44.79%
44.79/100 x 10 = 4.48 mg/kg
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Fraction 4

0.2431/3 x10=8.10%
8.10/100 x 10 = 0.810 mg/kg
Fraction 5

0.9028/3 x 100 = 30.09%
30.09/100 x 10 = 3.009 mg/kg

3.4.4 Experimental Design

The antihypertensive activity of extra@ad fractionsof Peristrophe bicalyculatavas
investigated in rats induced witicute and chronic hypertension. Acute hypertension
was induced at the preliminary stage of the experiment terrdme the most active
extract. Rats were divided into five ggmsiof six rats each: group 1 (control group),
group 2 (hypertensive group), group 3 (hypertensive and given the standard drug
Captopril at 5 mg/kg), group 4 (hypertensive and given water fractiomethanol

extract & 3 mg/kg) and group 5 (hypertensivadagiven cold water extract at 10

mg/kQ).

3.4.4.1 Induction of Acute lpertension

This was done as described by Magos and Vidrio (19Rdis were fixed on a supine
position on a dissecting table and anaesthetized with an intraperitoneal injection of
Penbbarbital sodium (40 mg/kg). Amgitudinal midtracheal incisionapproximately 2

cm long was made in order to expose the trachea, the right jugular vein and both
common carotid arteries. The trachea was cannulated with a polyethylene tube (2.75
mm diameter) to maintain a free airway. For the administration of extracts and isotonic
saline solution, the right jugular vein was cannulated with a shliee polyethylene

tube (1 mm diameter). The systemic blood pressure was recorded froamtheated

left carotid artery, connectdd a Physiological Pressure Transducer (Statham P23 AC

Strain gauge Tansducer, Laboratories, Inc. Hato Rey, Puerto Rico) and displayed on a

83



Grass 7D Polygraph (Grass Instrument Co., Quincy, Mass, USA). The cannulation of
the carotid artery was performed in the same manner as that of the jugular vein, and the
polyethylene tube (1 mm diameter) filled with heparin sodium in saline solution was
used. Bood pressure and heart rate werenitored until steady badime levels were
obtained. ENAME at 3 mg/kg was administered via venous cannula to induce
hypertension. After the blood pressure was stabilized, the extracts were administered

through the jugular vein cannula and changes in blood pressuedetermined.
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Plate I: A rat with cannulated jugular vein and artery attached to 1 mm polyethylene
tube filled with saline and heparin sodium.
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3.4.4.2 Induction of Chronic Kpertension

Chronic hypertension was induced in rats after partially purifying the most active
extract. Twenty five (25) apparently healthy rats were divided into five (5) groups of
five rats each: Group (Control group, given the vehicle onlyGroup 2 (hypertensive
control) group 3 (standard cont)pladministered with captopril at 50 mg/kgroup 4
given the active fraction at 2.5 mg/kgnd group padministered witlthe active fraction

at 25 mg/kg All rats in groups 2 to 5 werenduced with hypertensiomy ord
administration of ENAME at 40 mg/kg body wt/day in drinking water for four (4)
weeks (Pechanovat al., 2006). The reatment lasted four weeks also. The SBP and
DBP of rats in althe groups were measured weeklging a taHcuff with a UR5000

progranmed electresphygmomanometer (Warmgal., 2008).

Sample Collection:At the end of the experiment, rats were decapitateder
areesthesiao collect blood and tissue samples foe determination ofACE activity,
eNOSactivity and thiobarbituric acideactive substancd$BARS). Kidneys and aorta

were removed, cleaned of fatty and connective tissues and blotted dry. They were flash

frozen in liquid nitrogen and stored-Z0°C until required (Gallaghestal., 1999).

Quantitative Determination of Ligp Peroxidation This wascarried outas described by
Okhawaet al (1979. Briefly, 0.2 mL of 8.1% SDS, 1.5 maf 20% acetic acid solution
adjustedto pH 3.5 with NaOH, and 1.5 maf 0.8% aqueous solution of TBA was
added to samples less than 0.2 ofL10% (w/v) tissue homogenatehd mixture was

made up to 4.0 mhith distilled water, and then heated in water bath at 95°C for 60
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minutes. After cooling with tap water, 1.0 mbf distilled water and 5.0 mlof the
mixture of n-butanol and pyridine (15; v/v) were added and shaken vigoroudipis
was centrifuged at 4000 x for 10 minutes andhe absorbance of the organic layer
taken at 532 nm. 1,1,3;Betramethoxypropane was usasistandard and resultsere

expressed as nmol of malondyaldehyde (MDA).

Determination of Angiotensi@onverting Enzyme dlvity: The ACE activity was
determined as desibed by Cushman and Cheung (1R7rgans were homogenised in
cold TrizmaHCI buffer pH = 7.8) (Sigma) and centrifugeat 4°C for 15 minutes and
5000 xg. Thesupernatants were used for theas Briefly, the sample (0.2 mlwas
added to ACE solution (50 pL) and thesaction started by adding 0.2 mE5 mmol/L
hippuric histidyl leucineThis was incubated at 37°C for 15 minutes. The reaetias
terminated byadding 0.25 mlof 1.0 N hydrochloric acid anthen 2.0mLethyl acetate

to extract the hippuric acid formed by the action of ACE. This was centrifu@&0at

x g for 2 min, and 1 mL of upper layer transferred into a microcentrifuge tube and
heated by drypath at 100°C for 15 minutes to remove ethylacetate by evaporation. The
resulting hippuric acid was dissolved in 3.0 mL of distilled water, and the absorbance
read at 228 nm using a spectrophotomgtenway 6100, Dunmow, Essex, U.KThe

activity was deermined by:

Units/ml enzyme £A228nm Test A228nm Blank) (2) (3)
(@) (b)(c)(d)

Where; 2 = Conversion factor since the hippuric acid deteeted 1/2 of the total
amount produced in the ass&ymL of ethyl acetatevasadded and 1 imof the organic
layer containing the product, hippudcid, was removed.

3 = Total volume of hippuric acid solution
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a = Millimolar extinction coefficient of hippuric acid at 228 1{gn8)

b = Time (in minutes) of the asgas per thenit definition (15 minutes)

¢ = Extraction efficiency oéthyl aetate(0.91) d = Volume (in milliliter) of enzyme
used(0.05)

Serumenzyme activity was expressed in unighich corresponed to 1 -mol of
hippuric acid released by hydrolysis BHL per minute pemilliliter serum while
activity intissues was expressed in units which correspeshid ol of hippuric acid

released by enzymatitydrolysis ofHHL per minuteper milligram oftissue

Determination of Nitric Oxide Synthasetiity: The activity of nitric oxide synthase
was determined as described by Ghigo (200@) some modificationsThe principle

of this assay ibased on theonversion of nitrate to nitrite and thpegtrophotometric
quantitation of nitrite using GrieseagentsBriefly, tissue samples were homogenized
in 1 x PBS (pH 7.4) and centrifuged at 10,009 at 4£C to obtain supernatant. Serum
was also otained from blood samplesd pippetted into welabelled Eppendorf tubes
before adding0 -+ assay buffer, 5 substrate, 5= NADPH (1 mM), 13 & nitrate
reductaseand 1 -k glyceraldehyde8-phosphate dehydrogendeor sample blank, 10
-+ distilled water was used instead of substrate BAdDPH. The NOS working
reagent (100-k) was then added to each tube and incubated & ®¥ 20 minutes,
before adding 7-& zinc sulphate and 7-& sodium hydroxide. The mixture was
vortexed and centrifuged at 14,0009 for 10 mintes and 100t of the clear
supernatant was transferred to a clean tube. Nitric oxide formed was determined by
adding100 pLsulphanilamideand100 pLN-(1-Naphthyl}ethylenediamiato all tubes
before ading 200 pL of theNO working reagento each sample anstandardiube

This wasincubatel for 5 min at 60C, centrifugedo pellet any condensation a@80
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pL of each reactiotransferedo separate wells in a 9&ell plate and absorbance read

at 540 nm.Standard curve was prepared using standard nitrate, by sulgréwtin
absorbance of blank from absorbance of standard and plotting this against standard
concentrations and slope calculatédlues ofNOS activity were obtaineds follows:

Nitric oxide synthase activity AbS sample= ADS plank X 1/t

Slope
ADS sample @and Abs pank are absorbancealues of the sample ansample blank
respectively and is the reaction time (20 miteg. One unit ofNOS catdysed the

production of 2-mole of nitric oxide per minute at pH 7.5 and@7

3.4.4.3Partial Purificationof Cold Water Extract of Peristrophe bicalyculata

The cold water extract ¢feristrophe bicalyculatawhich had the mosantihypertensive
activity, was partially pudfied by column chromatographyafter thin layer

chromatograpic separation

The thin layer chromatography was carried out usiiylacetate:formic acid:methanol
(1:1:3) solvent which gave five separate constituents, visible undespdé¢trum(Plate

V). Column chromatography using siliceel was then rurwith ethyl acetate (100%),
ethyl acetate:formic:methanol (15:2:0.5), ethyl acetate:methanol (1:1), ethyl
acetate:methanol (1:3), ethyl acetate:methanol: formic acid (113d1lnathanol: formic
acid (9:1) and ten fractiesnwere obtained (Table 4.7The fractions were reduced to

five (Figure 4.2)after thin layer chromatograje separationRlate V).
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3.5 DETERMINATION OF ANGIOTENSIN CONVERTING
ENZYME AND ENDOTHELIAL NITRIC OXIDE SYNTHASE
EXPRESSION

3.5.1 Rat Aortic Endothelial Cell Isolation

Rat aortic endothelial cells were isolated from Sprague Dawley rats by the enzymic
technique as described by Cheh al. (2004) with some modificationsRats were
anesthesized with nebutal (40 mg/kg), washed clean and sterilized by cleaning with
70% ethanb A midline lapaotomy was made, and the aorta isolated and removed
carefully. The periadventitial fats around the vessels were carefully cleaned under a
dissecting microscope using forceps and iris scisdosh ends of the aorta were
cannulated with lmamedic® PE20 tubes (inner diamete6.04 cm, outer diameter,
0.13 cm) and tied.The aortas were soaked for 20 min af@4n phosphatdéuffered
saline (PBS) pH 7.4 containing 100 mg/mlpencilin-VWUHSWRP\FLQ DQG
amphotericin BThe aortasvere then flushed with 0.5 mL PBS, pH .7Ater which 50

ML of 0.25% trypsin in PBS was instilled into the aorta, allowed to deel fmin, and
drained into a 1%nL tube containing 10 mlrat aortic endothelial cell culture mediym
supplemented with 20%oetal bovine serum (FBS), 50 jagi- amphotericin B and 100
mg/mL penicillin-streptomycin. This process was repeated five to six times for each
aorta. The collected outflow was centrifuged at 30§ for 5 min. The supernatant was
discarded, and the celkjtet resuspended in 1 mL complete rat aortic endothelial cell
culture medium with 10% FBS and transferred to av24 plate, one well per aorta.

The cells were grown at 37°C in 95@% and 5% CQ. After 10-14 days, trypsin was
used to detach cells for ther subculture in 25 chplastic culture flasks. The cells
were identified by their cobblestone structure. They were also compared with rat aortic

endothelial cellsising an Olympus culture microscope.
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3.5.1.1Rat aortic endothelial cell culture

The culture flaskwvas firstpreparedoy adding 7.5 ml attachment factor solutighFS)
to a T-75 flask under a biological safety cabineicked gently to distribute the solution
evenly to cover the whole culture surface and incubated for 30 minutesGito8 2
hours.The eyopreserved vial ofat aortic endothelial celRAOEC), wasthenremoved
from the liquid nitrogen storage tanksing proper protection for the eyes and hands,
thawed quickly by placing the lower half of the vial in a 37°C water athi minute
and resuspended by gently pipetting tleells. The cell suspension (1linlwas
transferred into the AFS coated/b flask containing 15 ml ahtaortic endothelial cell
medium and incubated at 37°C in a humidified 5%, @@ubator. The medium as
changedafter 24 hours to remove all traces dmethyl sulphuroxide EMSO). The
medium was changeelery other day until the cells reached conflu&he cells were

sub-cultured

3.5.1.2Cytotoxic studies

Cells were seeded at 1 X18nd doseesponse studies performed using the active
IUDFWLRQ DW FRQFHQWUDWLRQV RI —J PO DQG
mmol/L to determinethe least cytotoxic concentration. The cells were cultured in

RAOEC medium at 37°C in a huniigéd 5% CQ incubator. Two concentrations (10

DQG —J PO RI WKH IUDFWLRQ DQG PPRO / FDSWRSULO

and were used for further experiments.
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3.5.1.3Protocol of incubation studies

Confluentendothelial cellsvere washedvith PBSand seeded at kX 10° per well into
24-well plates 20 +-of 2 mmol/L L-NAME added to all groupsexceptthe control
before adding test samples. The total volume was adjusted to 1000 pl with RAOEC
medium and incubated f@4 h (Morita et al, 1995 Sekiet al, 1997) at 3%C, 95%0,

and 5% CQ

3.5.2 Protocols for RNA Isolation and Quantitation
3.5.2.1Harvesting of cells

This was done according to the manufacturer’s protoBakfly, the cell culture
medium was aspirated before adding PBS to whsltells. Trysin/EDTA (0.10.3%)
was used to detackhe cells, after which culture medium was added to stop

trypsinization. Tlis was centrifuged for 5 minutes gd30x g to obtairthecells.

3.5.2.2Isolation of total RNA from kidneys and aorta of rats

The frozen kidneys and aorta were disrupted by grinding into powder using a mortar
and pestle in liquid nitrogen. Buffer cddtL Q L-Qefcaptoethanol was added to the
powder, mixed immediately and homogenized with a NucleoSpin filter. This was
followed by addition of 350 plof ethanol (70%) whilst still mixing vigorously, loaded

on a column (NucleoSpin RNA column) and centrifdiger 30 s at 1,000 x g. 350 ul

of membrane desalting buffer was then added and centrifuged at 11000 x g for 1 minute
to dry the membran The DNA was digested in 95 pDNase reaction and incubated at
room temperature2426°C) for 15 minutes. The meméne was then dried and RNA

eluted by centrifuging for 1 minute at 11,000 x g.
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3.5.2.3RNA Quantitation, Integrity andurity

Total RNA was quantifiedising aNanoDrop 1000spectrophotometerThe integrity

was determined using 2% agarose gel electnagsi® Briefly, 100 ml of Triscetic

EDTA buffer (24.2 g Tris, 5X g glacial aetic acid and 0.5 mM EDTA) was added to 2

g of agarose in a 250 mtonical flask. The suspension was heated in the microwave
oven to melt the agarose, before pouring intoatip@ose gel rack with the combs well
placed. The gel was then loaded with samples after solidification, placed in the
electrophoresis compartment and 1XTAE buffer added. The set up was then connected
to a power pack and ran for 45 minutesl@t V/am, after which it was soaked in
ethidium bromide for 15 minutes before viewing. Discrete and thick 28S: 18S rRNA gel

bands with an approximate mass ratio of 2:1 indicated high integrity.

3.5.2.4Primer Design

The DNA seqence of the genes of intereSiGE andeNOS DQG FRQW&attp JHQH
were obtained from NCBI website
(www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Nucleotide), before designing appropriate
primers. Care was taken to avoid raoding regions within the sequences. Also, a
BLAST search was run on gkimers to be suref their norannealingo other targets.

Primer  sequences were as follows: ACE: forward primer - 5
GCCACGTCCCGGAAATACGAAGAATTGG3, and reverse primer &
GCGACATAGTGCCTCGTGGAACTGGAAGS, (GenBank accession no.
NM_012544.1); eNOS forwargrimer 5-TCCAGTAACACAGACAGTGCA-3’ and

reverse primer 5CAGGAAGTAAGTGAGAGC-3, (GenBank accession no.

518B D eAGtin forward primer 5ACAACCTTCTTGCAGCTCCTCGE3’
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and reverse primer 85AAGCATTTGCGGTGCACGATG3’, (GenBank accession no.

NM_031144.2).

Conditions for angiotensigonverting enzymélhey werecDNA synthesis at & for
30 minutes, 30 cycles of denaturation al®@5annealing at 8C for 30 seconds,

elongation at 72 and final elongation at 7 for 10 minutes.

Conditions forendothelial nitric oxide synthas@hey were:cDNA synthesis at &
for 30 minutes, 30 cycles of denaturation at 95°C for 30 sec, annealing at 55°C for 30

seconds, elongation at 72°C for 1 minutes and final elongation for 10 minutes.

&R Q G L W L-RdfnV The&yWverecDNA synthesis at & for 30 minutes, 30 cycles
of denaturation at 95°C for 30 sec, annealing at 55°C for 30 seconds, elongation at 72°C

for 1 minute and final elongation for 10 minutes.

3.5.2.5Reverse Transcriptasend Real Time Rever3eanscriptasePolymerase Chain
Reaction RTRT-PCR)

cDNA was prepared from RNA of cells and tissues and then reverse transcribed using

Superscript 1l onestep RFPCR system with platinum Tagq DNA polynase
,QYLWURJHQ oRW L5H.IBO L forward ID Q G —/ UHYHUVH SULPHUYV

2X reaction mix buffer (0.4 mM of each dNTPs, 3iM MgSQO, DQG —O RI 7DT

enzyme were added into a PCR reaction tube, and mixed geatlgrde transcriptase

polymerase chain reactiavas then run after setting apprigppe conditions on thBCR

machine(Kobayashiet al, 2000;Meis and Khanna, 2009Quantiative real time PCR

was runusing SYBR greertore reagentsas described by éhmanufacturers (Sigma
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Aldrich) andperformedwith a stepOne real time PCR systet0.UL H | O\ —/ RI F'1$%
—/ IRUZDUG DQG —/ UHYHUVH SULPHUYV —/ ; 6<%
(containing HotStarTagPlus DNA PolymerasedNTPs, MgSQ@and SYBR Green dye)
DQG — O -firek Wétdd Wete added into a PCR reaction tube, anddngietly.
Melting curve analysis on final PCR products were done by heatind@a8i cooling
to 50°C, before gradually increasing temperatufbe relative quantification of ACE

and eNOSexpression was normalized teactin and calculatedwith the Pfaffl method

using the Relative Expression Software Tool (RESHttp://www.rest.gene

quantificatior).
Ratio of ACE or eNOS/-actin =

E “Ct target (contrebample)
(_targeb

“Ctref (controksample
(Ereferencé ( ple)

Where
Etarget= Real time PCR efficiency of target gene (ACE or eNOS);
Ereterence= Real time PCR efficiency of reference genegtin)

“Ctuarget and "Cter = Ct deviation of controt sample of target and reference gene

transcript resectively

Purification of PCR Poduct: The PCR products obtained above were purified to
remove traces of unused primers using the Nucleospin Extract Briefly, Buffer NT
—/ZDV GLOXWHGUWQOH ZBbWHU E HI RfUHd ATR @adQdl. —/
The mixture was loaded on a Nucleospin extract Il column and centrifuged for one (1)
minute at 11,00& g and the flowthrough discarded. The column was placed in another
FROOHFWLRQ WXEH DQG — O RI EdXgdda1n,006 @ GrGHG 7KLV .

1 minute. The silica membrane was dried by discarding the flow through and
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centrifuging again to remove all traces of NT3. The column was incubateiCafors
minutes to remove all traces of ethanol from buffer NT3. The columrtiveaisplaced

in a new microcentrifuge tube (1.9 100 — buffer NE added and incubated at room
temperature for 1 minute. This was centrifuged at 11x0@r 1 minute to elute DNA

from the PCR produc¢Kobayashet al, 2000)

Agarose Gel Electrophesis PCR products were separated by electrophoresis on a 1.8
% agarose gel using TAE buffer (1X) and ethidium bromide and were visualized by
ultravioletinduced fluorescence. Briefly, the buffer (50X) was prepared by weighing
tris base (242 g), glacial etic acid (57.1 g), 0..nM EDTA (pH 8.0) and made up to

1000 mLwith distilled water. TAE buffer (1Xas prepared by measuring 20 mL of

20X and made up to m1000 mChe agarose gel was prepared by adding 10@inthe

buffer (1X)to 1.8 g of agarose in260 mL conical flask. The suspension was heated in

the microwave oven to melt the agarose, and then poured into the agarose gel rack with
the combs well placed. Tteafter, the gel walwaded with samples after solidification,

was placed in the electrophesis compartmerand 1XTBE buffer added. The sgb

was therconnected to a power pack anadhrier 45 minutes at 12 V/cnafter which it

was soaked in ethidium bromide (2 mg/L) for 15 minutes before visualizing by
Molecular image FX and amount of mMRNA wa&SHVFULEHG DV -atikH UDWLR V

(Kobayashiet al, 2000)
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3.6 ANTICANCER ACTIVITY OF PERISTROPHE
BICALYCULATA

3.6.1 Cell culture

3.6.1.1Preparationof Media

Incomplete Dulbecco’s Modified Eagle’s Medium (DMEM) was prepaby mixing
10.43 g of DMEM, 2g sodium hydrogen caobpate (NaHCOs), 3.57 g 4(2-
hydroxyethyl}1-piperazineethanesulfonic acid(HEPES) and 140 —/ -
mercaptoethanah a flat botom flask and made up to 1000 mtith distilled water.
This was then sterded E\ 1L O W H U L QW pdrk ¥izK cellulose acetate membrane

into a sterile bottle. The medium was stored’@t dntil needed.

Complete Dulbecco’s Modified Eagle’s Mediur@MEM) was preparedn a sterile
hoodby adding 9 mLof fetal bovine serunfFBS) and 1 mlpenicillin-streptomycin to

90 mLDMEM. This was adequately labelled and stored’@t 4

3.6.1.2Sample preparation

All extracts were dissolved in DMEM to fanal concentration of 10 mg/mLThe

solutions were centrifuged &t700 x gat room temperaturf4-26°C) for 2 minutes

and sterilized by filtration with 0.22m pore sizecellulose acetate membrane. This was

WKHQ GLOXWHG ZLWK WKH FRPSOHWH '0(0 PHGLXP WR FRQF

All samples were stored €0°C untilrequired.
3.6.1.3Cell lines

HelLa, HT-29, HepG2 and KBwere obtained fromthe American Type Culire

Collection and stored in nitrogen tanks.
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3.6.1.4Cell culturing
A stock of eacttell line from the nitrogen tank was quicktilawed in70°C water by

swirling gently. This was transferred in®5 cnt plasticculture flask containing 5 mL
CDMEM under a sterileaminar hood. Theedls were incubated in a temperature
controlled and humidified incubataeratedwith 95% G and5% CG at 37C (Butler,

2006).

Cell Harvesting When cells reached confluence, they were washed with PBS and
trypsinized to detach cellSrypsin was discarded and 10 wi CDMEM added to
neutralize any remaining trypsin. The cells were then transferred?fin? culture

flasks(Freshney, 2005)

Cell counting Cells were counted using sasdmocytometer as described by Butler
(2005). Briefly, the cell culture suspension obtained after trypsinization was centrifuged
at2,200x g for 5 minutes and %. The cells were then counteddaapproximately 1 x

10° cells/mL_ was transferred to abmocytometer slide and counted using a mups
(Olympus CK 40, Japan). The countwgs repeated three times ahd average taken

(Freshney, 2005)

Cell plating Aproximately 10,000 cells werseeded per well into a 98ell plate, total
volume adjsted to 200 plwith the MMEM medium and incubated in a temperature
controlled and humidified incubator (Shel Lab, model 2123TC, UgAatedvith 95%

0, and5% CQ at 37°C for 24 hourgFreshney, 2005
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3.6.1.5Thesulphorhodamin@ssay

The anti-proliferative activity of the extracts on cancer cell lines was determined by the
modified SRB assayP@pazisiet al., 1998) The assay relies on the ability of SRB to
bind protein components of cells that have been fixed to tissue culture plates by
trichloroacetic acid. SRB is a brightnk aminoxanthene dye with two sulfonic groups
that bind to basic amino acid residues undid acidic conditions, and dissociate under
basic conditions (Vichai and Kirtikara, 2008)he culture plates wereivided into 3
groups: the reference platey(dlate), the treated plate k) and control plate (C). For

the reference plateT( plate), after 24 hincubation, the cells were fixedith ice-cold

50% trichloroacetic acid (TCA) solutiost 4°C for 2 h The plates weréhenwashed

with distilled water five times and adfried overnight. The fixed plate waked by
adding ® pL 0.4% SRB solutin to each well to allow stainingt room temperature for

30 minutes,before washingvith 1% acetic acido remove unbound dye. The plates
were therair-dried overnight againhe bound SRBvas solubilised by adding 100 pL
Tris-solution to each well andsh&ing for 30 minuteson a shaker platform. he
absorbance of all plates was taken at 540witin a microplate readefAll experiments

were done in triplicate.

For the treated plates &y, after the first 24 lof incubation, he cells were treateaith

20 pL of the extracts at the diffent concentrations, while 2Q_jcomplete DMEM was
added to control plate (C). The plates were theimaebated for 24 houydixed and
dyed usingthe same steps described above for reference plate. The perceditage

growth (%G) wagalculatedthus
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%G = (-I_treat— TO/C - TO) X 100

Where Teatis the absorbance of the extréictated plates,
C is the absorbance of the control plate, and

Ty is the absorbance of the reference plate.

The concentration oéxtract providing 50% inhibition (I mg/mL) was calculated
from the graph of correlatioof percentage growtlagainstconcentrations of the
extracs. In addition, the cytotoxitevel of the extracts was classified based on the IC
value obtainedas described by Boyed (1989)Potentially very toxic (<10—J R/
potentially toxic (10 to — JL)Ppotentially harmful or moderately toxic (2@ 500

—J pPdnd ptentially noanWR[LF ! )—J P/
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Plate II: A filter under suctiorattached to a culture botile the laminar flow.
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Plate III: Plating of cells under a sterilized hood in preparations for the SRB assay.
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Plate IV: A cell culture incubator containing cell culture flasks and plates.
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3.6.1.6Partial Purification of Ethyl Aetate Fraction of Peristrophe bicalyculata

The ethylacetate fraction ofmethanol extracof Peristrophe bicalyculatawhich was
most cytotoxic against human mouth epidermal carcinoma (KB) was partially purified

by columnchromatography aftehin layer chromatographic sepéon.

The thin layer chromatography was carried out using ethylacetate and Hexane (5:5)
solvent which gave six separate constituemisible under UVspectrum Rlate X.
Column chromatography usingilica gel was then run with hexane (100%),
hexane:ethyhcetate (8:2), hexane:ethgtetate (5:5), hexanehgt acetate (3:7), ethyl
acetatechloroform (9:10), ethyacetatemethanol (9:1) and ethgicetate: methanol (1:1)

and ten fractions were obtainéfiable4.11). The fractions were reduced to seven after
thin layer chromatographic separatid?lgte 10. The first fraction from hexane:ethyl
acetate (&) (fraction 2a) was labelledraction 1, while fractions 2b and 2c were
combined to give fraction ZThe hexane:ethylacetate (5:5), hexane:ethylacetate (3:7)
and ethylacetate:chloroform (9:10) solvents each gave three different fractions with
different characteristics (fractions 3, 4 and 5). The fractions from ethylacetate: methanol
(9:1) were combined tgive fraction 6, while fractions 7a and 7b were combined to give

fraction 7 fFigure 415).

3.6.1.7Acridine orange/ethidium bromide (AO/EB) staining

Morphological assessment of apoptotic cells was performed using thelBbased
AO/EB staining method adescribed by Ribbletal. (2005). Briefly,10,000cells were
seededper well in 96-well microtitre platesdivided into different groupsbased on
sample concentration and number of incubation .d&yter 24 h of incubation in

appropriate medium, they were treated with the standard depipstin at 1000, 100
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DQG —addfhe e WUDFW DW BridiGcubatedfod aRather 24
and 48 hat 37C in a95% G and5% CQ DWPRVSKHUH 7 KHAQHED tyé H U —/
mix was added to each well. The cells were then viewed and counted under fluorescent

light microscopeandmicrophotographs taken.

3.7 MELANOGENESIS INHIBITORY EFFECT OF Peristrophe bicalyculata

3.7.1 Cell Culture

Mouse melanoma cell8{sFi0) were cultured under standard conditions in complete
culture mediumcontainingDMEM supplemented with 10% (v/vpétal bovine serum
penicillin (100 U/mL) and streptomycin (100 mg/inLCells were incubated in a

temperatureontrolled and humidified incutor with95% G and5% CQ at 37C.

3.7.2 Inhibitory Effect of Melanin Biosynthesis of B;cF19p Melanoma Cells

The cytotoxic effect of all extracts ondB1o melanoma cells were initially determined
using the sulplorhnodamine B colorimetric assaydpazisiset al., 1998) before
determining the in vitro melanin production of the least cytotoxic extracts. The
inhibitory effect of melanin biosynthesigas done as described by Aruregaal (2007).
Briefly, confluent cultures of BFio melanoma cells were rinsed in PBS arypsinized
using 0.25% trypsin/EDTA. The cells were placed inv&ll plastic culture plates at a
density of 1 x 18cells/well and incubated for 24 h in media prior to being treated with
the samples. After 24 h, timedia vasreplaced wih 998 pL of fresh media and L

of DMSO were added, with or without (control) the test sample, at various
concentrations (n = 3). Kojic acid was used as a positive control. The cells were
incubated for an additional 48 h, and thbe medium was replaced. After 24 h, the

remaining adherent cells were assayed.
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3.7.2.1Determination of melanin content indB10 melanoma cells

The melanin content of cells after treatment was determinddsasibed by Arungat

al. (2007): afterremoving the medium and washing the cells with PBS, tHepe#ét

was dissolved in 1.0 mbf 1 N NaOH. The crude cell extracts were assayed using a
microplate reader at 405 nm to determine the melanin content. The results from the cells
treated with theest samples were analyzed asato of the results from the control

culture.

3.8 GAS CHROMATOGRAPHY-MASS SPECTROMETRIC
ANALYSIS of PARTIALLY PURIFIED FRACTIONS OF
PERISTROPHE BICALYCULATA

The gas chromatographyass spectrometridGC-MS) analysis was conducted using
Shimadzu machindGC-201Q Shimadzu Scientific Instruments, Tokyo, Japate
mass analysis machine (GCMS QP2010) was connected to the colun#dNRF R0

m.0.25mm internal diameter.

3.8.1 Sample Preparation for GC-MS

Into samples from both fractions, L Milli -Q waterwas added, vortexedgorousy
and kept at room temperature forhl The resulting solution was vortexed again and
centrifuged (MaxSpeed/RT/15’). The supernatant was frdaed for 2 h and re-

suspended in solution of Ethanolatehloroform @:1).
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3.8.2 GC-MS Procedure

The samfes were filtered with a microsyge 0 micra) and 2t of each was injected

into the GC(on-column injection) Care was taken not to use plastic syringe. Using
hexane as blankhe machine was adjusted to detect molecules with molecular mass
ranging from 50 to 28Maltonsover a temperature gradient of 50 to 280 Spectra

were generated using the-built softwares (GEMS solution version 2.5 SUI). Gas
chromatographynass speobmetric realtime analysis and GRS postrun analysis
were evaluated using three libraries: NIST, Wiley intergrated and a domestic library
using a CAS number of EMBRAPA Genetic Resources and Biotechnology. Each
spectrum was confirmed by two replicateddiegs to ensure reproducibilitgll peaks

were further analysed for compound identification, based on their similarities with

structures available in the libraries.

3.9 STATISTICAL ANALYSIS

Data obtained were expressed as mean + standard error of(meam + SEM) and
analysed using SPSS 17. The significance among groups was determined by one way
analysis of variance and LSD post hoc test was applied for multiple comparisons.

Values of P< 0.05 were regarded as statistically significant
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CHAPTER 4

4.0 RESULTS

4.1 YIELD AND BIOLOGICAL ACTIVITIES OF PERISTROPHE
BICALYCULATA

4.1.1 Percentage Yield of Extracts of Peristrophe bicalyculata

The percentage yields of extractsReristrophe bicalyculatare presented itable 4.1
The yield from 50 g of the cold and hot water extracts were®@34and 7.7% 2.24
g, respectively, while extractioof 500 gwith methanol yielded 41.44 5.87 g. Further
fractionation of the methanol extract with ethgletate, butanalind water yielded 12.28

+4.37,8.61+ 2.66and 8.49% 3.46¢, respectively.
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Table 4.1: Yield and percentage yield ektracts oPeristrophe bicalyculata

Extract Yield (g) Percentage Yield (%)
Cold Water (50 g) 9.03+0.44 18.06+ 0.88

Hot Water (50 g) 7.79+2.24 15.58+ 4.49

Hexane (50®) 461+1.17 1.00+0.23

Methanol (500 g) 41.44+ 5.87 8.29+1.15

Ethyl acetatef Methanol  12.28+ 4.37 2.46+0.88
Butanolof Methanol 8.61+ 2.66 1.72+0.52

Water of Methanol 8.49+ 3.46 1.70+0.69

Values are Mean + SEM
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4.1.2 Phytochemical and Total Phenolic Content of Peristrophe bicalyculata

Results from the pltochemical analysis (Table 4.2f cold water extract of
Peristrophe bicalyculatsshows the presence of flavones, cardiac glycosides, tannins,
steroids, saponins and alkaloids, with cardiac glycosides, flavones and alkaloids at very

high concentrations.

The total phenolic contents of the cold water extract (152.35 + 14.02 mg/g), olethan
extract (150.00 + 17.25 mg/g) and ethyl acetate fraction of methanol extract (140.00 *
15.45) were not significantly different, but were significantly (P < 0.05) higher than that
obtained in any other extract. The hexane extract (40.65 + 2.09 mg/ghéndeast

phenoic content (Table 4)3

4.1.3 Antioxidant and Biological Activities of Peristrophe bicalyculata

Results of radical scavenging, tyrosinase inhibition and metal ion chelating activities of
extracts of Peristrophe bicalyculatawere expressedbased on theScavenging
concentration$Gso), Inhibition concentrationlCso) andchelating concentratiorCCsg)
values defined as the concentration of the extract required to inhibit 50% activity
respectively,(Table 44). The SGs, of butanolfraction of methanol extrac{0.530 +
0.01 mg/mL), methanolextract (0.579 = 0.02mg/mL) and ethyl acetatefraction of
methanol extragt0.510 £+ 0.04ng/mL) werenot significantly different from each other,
and weremost effective as thehibited the enzyne at tle lowest concentration3he
SGsp at which the standarantioxidani vitamin C (0.705 + 0.08 mg/m)Linhibited 50%
activity of the enzyme was significantly @ 0.05) lower than thevater fractionof
methanolextract (1.768 + 0.04 mg/mL), cold water (0.768 + 0.04 mg/mL), hot water

(1.708 £ 0.05 mg/mL) and hexane (0.908 = 0.03 mg/mL) extracts.
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Table 4.2: Phytochemical composition of extract odld water extract oPeristrophe

bicalyculata

Phytochemicals Observations

Anthraquinone -

Cardiac glycoside +++
Tannin ++
Phenols ++
Carotenoid -
Flavone 4+
Alkaloid +++
Triterpenes/steroids +
Saponnins ++

(+), (++) and (+++) represent intensity observelirdpresent absent
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Table 4.3: Total phenolic content afold waterextracts ofPeristrophe bicalyculata

Sample Total Phenolic Content (mg/g)
Hot Water Extract 48.80 + 4.06

Cold Water Extract 152.35 + 14.02

Methanol Extract 150.00 + 17.2%

Hexane Extract 40.65 + 2.09

Water Fractiorof Methanol Extract 48.43 + 3.96

Ethyl acetate fractionf Methanol Extract 140.00 + 15.4%

Butanol Fraction 120.67 £ 11.60b

Values are Mean + SEM.

abcd= yv/zlues with different superscript letters in the same column are significantly (P < 0.05) differen
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The concentration required to inhibit activity of tyrosinase by 50%o)I@ere not
significantly (P > 0.05)different from those of the butanol fraction of methanol extract
(0.557 £ 0.04 mg/mL) and ethyl acetate fraction of methanol extract (0.520 + 0.08
mg/mL), hexane (0.560 + 0.06 mg/mL) and cold water (0.550 + 0.05 mg/mL) extracts;
but were significantly lowe (P < 0.05) than the inhibition concentration for water
fraction of methanol extract (0.810 + 0.07 mg/mL), hot water (0.740 = 0.04 mg/mL) and
methanol (0.65& 0.07 mg/mL) extracts. However, the inhibition concentration of the
water fractionof methanol gtract (0.810 + 0.07 mg/mL) and that of the hot water
extract (0.740 + 0.04 mg/mL) were not significantly different. On the other hand, the
tyrosinase inhibition concentration of Kojic acid (1.070 * 0.05 mg/mL) was

significantly (P < 0.05) higher than tresf all the extracts (Table 4.4).

The chelating concentration at 50% activity ¢g@f EDTA (1.210 + 0.24 mg/mL) was
significantly (P < 0.05) higher than that of any of the extracts: ethyl acetate frattion
methanol extracf0.503 + 0.02 mg/mL), butanh fraction of methanol extrac{0.653 +

0.05 mg/mL), waterfraction of methanol extrac({1.380 + 0.15 mg/mL), methanol
(2.050 = 0.02 mg/mL), hexane (0.763 = 0.05 mg/mL), cold water (0.933 + 0.06 mg/mL)

and hot water (1.460 + 0.18 mg/mL) extracts.
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Table 4.4: Scavenging, tyrosinase inhibition amdeal chelating concentrationsf

different extracts oPeristrophe bicalyculata

Sample SCs (mg/ml) IC50 (mg/ml)  CCsy (mg/ml)
Hot Water extract 1.708 +0.08  0.740+0.04 1.460+0.18
Cold waterextract 0.768+0.04  0.550+0.05 0.933+0.08
Water fractiorof Methanol Extract 1.768+0.@°  0.810+0.07 1.380+0.15
Vitamin C 0.705+0.08 - -

Hexane extract 0.908+0.8° 0.560+0.08 0.763+0.6'

Butanolfractionof Methanol Extract 0.530 +0.01  0.557 +0.04 0.653 + 0.6

Methanol extract 0.579+0.@" 0.650+0.0f 1.0500.@Y

Ethyl acetatdractionof Methanol Extract 0.510 + 0.8¢"®  0.520 + 0.08 0.503 + 0.02
Kojic acid - 1.070 £ 0.6% -

EDTA - - 1.210 £ 0.3

Valuesare Mean = SEM.

&2 = Values withdifferent superscriptetterswithin the same columare significantly

(P < 0.05)different

SG;, = Scavengingancentration at 50% activity (mg/ml).

CGCs = Chelating oncentration at 50% activity (mg/ml).

ICso = Tyrosinasénhibition concentration at 50% activity (mg/ml).

EDTA = Ethylenediaminetetraacetic acid
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Thelipid peroxidation inhibitory activity of extracts &feristrophe bicalyculatéFigure
4.1), expressed basedhdhe absorbance of the samplesdirectly proportional tahe
concentation of lipid peroxides fored. The result demonstratéde ability of all
samples to inhibit the formation of peroxides at levels not significantly diff¢Rent
0.05)from those of vtamin C and BHAafter 24 h of incubation (day 2jowever, the
inhibition decreased with increase in incubation period in all the extracts, except the
cold water extract (CWE) and butanolfraction of methanol extract{BE), whose
inhibition also decreaseditiv incubation but was significantly higher €20.05) than

that of itamin Eor BHA on day?7.
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4.2 ANTIHYPERTENSIVE EFFECTS of Peristrophe bicalyculata

4.2.1 Angiotensin Converting Enzyme Inhibitory Activity of Peristrophe

bicalyculata

Results of théACE inhibitory activity of allthe extractsare presenteth Table4.5. The

standard drugeaptopril inhibitedACE activity at a concentration (2.31 —J P/

significantly (P< 0.05) lower tharthe extracs. The concentration at which theold

water extrac( “ — YinRibited the enzymeas not significantly different

from that ofthe water fractiorof methanol extract “ —)J bRt it was

significantly (P< 0.05) lower than theoncentration obtained for th®t waterextract

(27.03 £ 2.96— J R butanolfraction of methanol extrac{20.26 + 1.40— J Pdnd

the hexaneH[WUDFW “ ). Howevel, RPhe ethylacetatefraction of

methanol extracand methanol extractyith ICsg R | “ —J P/ DQG “
—J Rgpectively, inhibited thenzyme atthe highestconcentrationswhich

were not significantly differerftom each other
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Table 4.5: Angiotensinconverting enzyme inhibitory effect of extracts &
bicalyculata

Samples ICsy —J PO
Captopril 2.31+0.17
Cold waterextract 11.84 +0.88
Hot waterextract 27.03 +2.96
Hexane extract 24.38 +1.958°
Methanol extract 34.82 +3.58
Ethyl acetate fractioof methanol extract 34.32 +2.06
Water fractiorof methanol extract 15.16 +3.82
Butanol fractiorof methanol extract 20.26 +1.40

Values are Mean + SEM

" = values with different superscrifgttersare significantly(P < 0.05)different
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4.2.2 Effect of P. bicalyculata on L-NAME-induced Hypertensive Rats

The effect of Peristrophe bicalyculataon L-NAME-induced hypertensive ratis
presented oifable 4.6 Theadministration of ENAME to ratssignificantly (P < 0.05)
increased blood pressure by 65 + 5%@&ompared taats in the control grouf?.13 +
0.03%). The increaskeblood pressureras significantly (< 0.05) reduced by captopril
(62.70 = 5.56%), water fractioof methanol extrac{15.67 = 1.02%) and cold water
extract (15.16 + 2.09%). The reductionsiystolicblood pressure was significanilly <
0.05)higher in ats given captopril62.70 + 5.56%jhanin those given water fractioof
methanol extragtl5.67 + 1.02%pand cold water extra¢l5.16 + 2.09%)However, the
effecs of the water fractionof methanol extractand cold water extract on blood

pressure ohypertensive rats were not significantly<®.05) different.

The heart rate of rats the control group (0.10 £+ 0.0@ was significantly lower (R

0.05) than that in rats given captopril (2.45.@%0), water fractiorof methanol extract
(2.67 £ 0.84% andcold water extract (4.33 + 0.9d). Heart ratevaluesof rats given
captopril, cold water extract and water fractioh methanol extracof Peristrophe

bicalyculatawere not significantly different.

Theduration of actiorof captopril on hypertensévratslasted for oved80 minutesand
was significantly(P < 0.05) higherthanthose ofthe water fraction of methanol extract
and cold water extract, which lasted 88.33 = 4.01 and 150.00 + 39.50 minytes
respectively However, the duration of action of the cold water extiadtypertensive
ratswas significantly higher (R 0.05) thanin those given water fractioof methanol

extract
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Table 4.6: Effect of Peristrophe bicalyculatan L-NAME-induced hypertension rats.

Extract Dose SBP Change HR Change  Duration of
(mg/kg) (%) (%) action (mins)

Control - 2.13 £0.08 0.10 £ 0.02 Infinite

L-NAME 3 +65+5.06 9.15+224 >720

Captopril 5 62.70 + 5.58 2.451.09 > 500"

Water fractiorof 3 15.67 + 1.02 2.67+0.84 33.33+04.04

methanol extract

Cold Water Extract 10 15.16 + 2.09 433+0.7f  150.00 + 39.50

Values are Mean + SEM

1 = values with different superscripta the same column are significant® < 0.05)

different
+ : Increase in blood pressure

- : Decrease in blood pressure

L-NAME = N-nitro- L-arginine methyl ester

SBP = Systolic blood pressure

HR = Heart rate
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4.2.3 Partial Purification of Cold Water Extract of Peristrophe bicalyculata

After thin layer chromatographic separation of the cold water extract (Plate V), column
chromatographic separation yield&0 different fractiongTable 4.7)with the ethyl
acetate (100%), ethgicetate:methanol (1:1), ethgtetate:methanol (1:3) and metiol:
formic acid (9:1) solvenisgiving one fraction each (fractisnl, 3, 4 and 6
respectively); while ethyl acetatdormic: methanol (15:2:0.5) andethyl acetate
methanaformic (1:3:1) yielded three (3) fractions each: fractions 2a, 2b, 2c and 5a, 5b
and 5¢ respectively. The yield fronrdction 2c was the highest (1.3738 which was

about 50% of the extract used; and the least was fraction 2a (0.0042 g).

Thin layer chromatographic separatidtate M) of all fractionswere carried out; and
the fractionswere reduced to fiveFgure 4.2. Fractions 1 and 2a were combined to
give R; spotl; fractions 2b and 2c ga® spots2 and 3respectively; fractions 3 and 4
were combined to givBs spot4; while fractions 5a, 5b, 5¢c and 6 gd¥espot5. These

fractions were then administered to hypertensive rats to determine the most active.
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Plate V: Thin layer chromatographic separation of tléd water extracof Peristrophe

bicalyculatafor its antihypertensivactivity.
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Table 4.7: Fractions and yields of cold water extract Péristrophe bicalyculata

obtained by column chromatographic separation

Solvents Fractions Yield (g)
Ethyl acetate (100%) Fraction 1 0.0062
Ethyl acetatdormic: methano(15:2:0.5) Fraction 2a 0.0042
Fraction 2b 0.2127
Fraction 2c 1.3438
Ethyl acetate:methanol (1:1) Fraction 3 0.2043
Ethyl acetate:methanol (1:3) Fraction 4 0.0388
Ethyl acetateMethanotformic (1:3:1) Fraction 5a 0.6499
Fraction 5b 0.1936
Fraction 5c 0.0516
Methanolformic acid (9:1) Fraction 6 0.0077
Total 2.7128
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Plate VI: Thin layer chromatographic separation of fractions obtained from cold water
extract ofPeristrophe bicalyculata
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Peristrophe bicalyculata (50.0 g)

!

Cold Water extract (9.03 g)

!

Cold Water extract (3.0 g)
Fraction 1 Fraction 2 Fraction 4 Fraction 5
(1&2a) (2b) (3&4) (5a,b,c&6)
0.0104 g 0.2127 g 0.2431¢g 0.9028 g
Fraction 3
(2c)
1.3438 g

Figure 4.2: Yields and fractions obtained from cold water extract Béristrophe

bicalyculata
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From the results, blood pressure ofNAME-induced hypertensive rats increased
significantly (P <0.05) from 1.21 £+ 0.06% (control rats) to 60.00 £ 9.02%. This was
significantly (P < 0.05) reduced by 40.14 £ 9.08%, 21.00 = 2.94%, 12.67 + 1.60%,
29.33 + 2.26% and 25.17 = 1.11 in rats given captopril, extracts Riddpots 2, 3, 4

and 5 respectively. e percentage blood pressure reduction in hypertensive rats given
captopril (40.14 + 9.08%) was significantly (P < 0.05) higher than rats given other
fractions. Extract fronR; spot 4 reduced blood pressure of hypertensive rats by 29.33 +
2.26%, which wasignificantly (P < 0.05) higher than reduction percentages induced by
extracts fromRs spot 2 (21.00 £ 2.94%) anBs spot 3 (12.67 = 1.60%), but not
significantly (P < 0.05) different from the percentage induced by the extractRrom
spot 5 (25.17 £ 1.11%Conversely, the extract froR spot 1 increased blood pressure

of hypertensive rats by 13.17 + 2.43%.

There was a significant (P < 0.0bjcrease in the heart rate ofNAME-induced
hypertensive rats (12.15+ 5.62%), compared to those given other fractions. The
percentage decrease in rats given extracts Rpapot 4 (4.33 + 0.80%) and 5 (2.33 £

1.11%) were not differ significantly (P > 0.05)

The action of captopril on blood pressure eNAME hypertensive rats lasted for over
480 minutes and was significantly (P < 0.05) higher than the durations of action
recorded for any other fraction. The duration of action of extract Rospot 2 (18.83

* 43.32 min) was significantly higher (P < 0.05) th&rspot 3 (116.67 + 37.16 minfRy

spot 4 (69.17 = 13.57 min) amd spot 5 (65.00 + 3.16 min).
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Table 4.8: Effect of partially purified fractions d®. bicalyculataon hypertensive rats

Groups Dose (mg/kg) Change in Blood Change in Duration of
Pressure (%) Heart Rate (%) action

Control - 1.21 +0.08 1.67+0.10 -

L-NAME 3.0 +60.00 + 9.02 12.15 + 5.62 > 720

Captopril 5.0 -40.14 + 9.08 3.13+1.06 > 500s

Rr Spotl 0.03 +13.17 +2.43 9.17 + 0.6% 48000+ 80.5¢

R Spot2 0.71 -21.00 +2.94 4.67 £0.76 130.83 + 43.32

Rr Spot3 4.48 -12.67 + 1.60 6.00 + 2.65™ 116.67 + 37.1%

R Spot4 0.81 -29.33+2.28 4.33+0.80 69.17 + 13.57

Rr Spot5 3.00 -25.17 + 1.1%¢ 2.33+1.17 65.00 + 3.16

Values are Mean + SEM

&% = Values with different superscripts the same column are significani3<0.05)

different

R = Retention factor
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4.2.4 Effect of the Partially Purified Fractions of Peristrophe bicalyculata on

Angiotensin Converting Enzyme Activity

As shown inTable 4.9 captopril inhibited50% of the ACE activity (IGy) at a

concentratiaQ : Ysigrifficantly lower (P< 0.05) tharthat recorded for

any other fraction. The ACE inhibitory activities @ktracts fromR; spot 5 (11.85 *
—J)RMd Rr VSRW “ ) wereJnd® significantly (< 0.05)

different; but were significantly lowdahanthose ofR; spotsl and 2 which inhibited

the enzyme at the highest concentrations9@4t 1.73 DQ G “ , —J

respectively).
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Table 4.9: ICso values ofpartially purified fractions of cold water extract®éristrophe

bicalyculataon Angiotensin converting enzynaetivity

Samples ICsy —J PO
Captopril 2.38+0.19

R Spotl 24,98 +1.73
Rr Spot2 27.23 +1.60
Rr Spot3 15.86 +1.78°
R Spot4 19.40 +1.58
Rf Spot5 11.85 +0.88

Values are Mean + SEM
&€ = Values with different superscript lettege significantly different (R 0.05)

R = Retentionfactor
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4.3 ANTIHYPERTENSIVE EFFECTS OF PARTIALLY
PURIFIED EXTRACT OF PERISTROPHE BICALYCULATA
INVIVO

4.3.1 Effect of Partially Purified Extract of P. bicalyculata on Body Weight of L-
NAME-induced Hypertensive Rats

The partially purified extract oPeristrophe bicalyculata was administeredto L-
NAME-induced hypertensive rats for four weeks and body weights and blood pressure
of rats recorded we&k From theresults (kgure 4.3, the body weights of rats in all
groups rosesignificantly (P< 0.05) in the second week tife experimentcompared to

that ofthe first week. However, the increase in weight of rats in the second, third and
fourth week werenot significantly different (P 0.05). There was a significant inease

in bodyweight of hypertensive rathan rats in control groypwhile the increase in

body weight ofrats given captoprilvas not significantly different frorthat recorded in

rats giverthe partially purified extract d?. bicalyculata.
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Figure 4.3: Effect of partiallypurified extract of Peristrophe bicalyculataon
percentage change lmdy weight of ENAME-induced hypertensive rats.
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4.3.2 Effect of Partially Purified Extract of P. bicalyculata on Blood Pressure of
L-NAME-induced Hypertensive Rats

There was no significar® > 0.05)change insystolic blood pressure of rats in the
control group from the first to the fourth week. However, the blood pressure of rats
given LNAME increasedsignificantly (P< 0.05) from 113 + 3.71 mniig to 1693 +

3.48 mmHg in the firstweekand up ta212 + 2.08mm Hg by the fourth weekThere

was no significant (P > 0.05) difference in blood pressure of hypertensive rats (169.3 +
3.48 mm Hg) and rats treatevith captopril 172 + 5.85 mm Hpand thepartially
purified extract of Pbicalyculataat 2.5(176.00 £ 5.7anm Hg) and 25 mg/kgl@0 *
10.12mm Hg) in the first week of treatmerBy the second, third and fourth week of
treatment, the blood pressure rats given captopril and both doses of pgaetially
purified extract of Pbicalyculatadecreased significantlp < 0.05)when compared to
hypertensive ratsAdministration of captopril significantlyP < 0.05)reduced blood
pressure from 172 £.8 mmHg in the first week to 74.00 £36 mm Hg by the fourth
week. The partially purified extract ¢ bicalyculataat 2.5 mg/kgsignificantly (P<
0.05)reducedsystolicblood pressure of hypertensive rafcom 176.00 + 0 to 103.33

*+ 8.11 mm Hg by the fairth week while rats given the extract at 25 mg/kg had their
systolicblood pressure reduced from 18010.12 to 94 + 1.73 mnHg by the fouth

week showing a dasdependent responseigbre 4.4.
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Figure 4.4: Effect of partiallypurified extract ofPeristrophe bicalyculatan systolic

blood pressuref L-NAME-induced hypertensive rats

a bocde_ Mean values within the sameeek having different superscript letters are significantly

different (P<0.05)

L-NAME = N-nitro- L-arginine methyl ester
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4.3.3 Effect of Partially-Purified Extract of P. bicalyculata on the Activity of
Angiotensin Converting Enzyme in the Serum, Kidney and Aorta of L-

NAME-induced Hypertensive Rats

There wasa significant (P< 0.05) increase imhe activity of ACE in the serumof L-
NAME hypertensive rats compared to rats in the cogr@lp(Figure 4.5. The activity
decreased significantly (R 0.05) when ratswere given captopril (0.11+ 0.01
-mol/min/mL), and 2.5 mg/kg (0.28t 0.03 -mol/min/mL) or 25 mg/kg (0.19+ 0.05
-mol/min/mL). There wasmo significant differencen ACE activity in serumof rats
given captopril (0.11+ 0.01 -mol/min/mL), ratsin the control group (0.05 + 0.01

-mol/min/mL) andthosegiven theextract at 25 mg/k¢0.19+ 0.05 -mol/min/mL).
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Figure 4.5: Effectof partiallypurified extract ofPeristrophe bicalyculat@n activity of
angiotensin converting enzyngCE) in the serum of LNAME hypertensive rats (n =

25).

ab.c.d- Mean \alues having different superscript letters are significantly different (P<0.05)

L-NAME = N-nitro- L-arginine methyl ester
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The kidney ACE activity of hypertensive rats (2.3 = 0.HAol/min/mg was
significantly (P < 0.05) higher thanthat recorded imats inthe control group (1.38 +
0.07 -mol/min/mg. Administration of captopril (1.45 = 0.04 -mol/min/mg
significantly (P< 0.05) reducedACE activity compared tthat obtained irrats given

the extract at 2.5 mg/kg (1.66 + 0.8#ol/min/mg, but was not significantly different
from those administered witthe extract at 25 mg/kgl.56 = 0.02 -mol/min/mg.
However, he kidney ACE activity in rats given the extract at 25 mg/kg (1.56 + 0.02
-mol/min/mg was not significantly diffenat (P < 0.05) fromthe activity recorded in
thosegiven the extractat 2.5 mg/kg (1.66 + 0.07mol/min/mg, ratsgiven captopril

and rats in the control groypigure 4.6)

Induction of hypertension significantly €0.05) increased thactivity of ACEin aorta
of rats however, administration alaptopril (1.07 + 0.13mol/min/mg and the extracts
at 2.5 mg/kg (1.35 £ 0.05mol/min/mg and 25 mg/kg (1.25 + 0.09mol/min/mg
significantly (P < 0.05) reducedthe activity. The ACE activitiesh aorta of rés given
the extract at both doses wer®t significantly different, butthe activity was
significantly (P< 0.05) higherin the aorta of rats in the control group atisegiven

captopril(Figure 4.6).
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Figure 4.6: Effectof partially purified extract oPeristrophe bicalyculatan activity of
angiotensin converting enzymeAGE) in the kidneys and aortaof L-NAME

hypertensive rats (n = 25)

ab.c.d= Mean values within the same group having different superscript lateesignificantly different

(P<0.05)

L-NAME = N-nitro- L-arginine methyl ester
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4.3.4 Effect of the Partially Purified Extract of Peristrophe bicalyculata on the
Activity of Endothelial Nitric Oxide Synthase in the Serum, Kidney and
Aorta of L-NAME-induced Hypertensive Rats

Results of the effect of partially purified texcts ofPeristrophebicalyculataon eNOS
activity in the kidneg, serum and aorta of- INAME-induced hypertensive rats are
presentedin Figures 4.7 and 48. The results demotrated that induction of
hypertension significantly (R 0.05) decreased the activity eNOSin the serum and

aorta compared tinat recorded inats inthe control group.

SerumeNOSactivity inaeased significantly (R 0.05)in rats given captopril (833 *
0.53 -mol/min/mL) compared tothose in the hypertensive group (3.99 $€.61
-mol/minmL), but the difference was not significant when compared tovithees
recorded incontrol rats (9.50 £ 1.22 -mol/min/mL) and thosegiven the partially
purified extract at 25 mg/kg (#4 = 0.74 —mol/min/mL). There was a significant (R
0.05) increasein serumeNOSactivity of rats given the partially purified extract at 2.5
mg/kg (5.92 + 0.67-mol/min/mL) and 25 mg/kg (7.44 + 0.74-+nol/min/mL), thus,

showing a deeresponse effect.
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Figure 4.7: Effect of partiallypurified extract oPeristrophe bicalyculatan activity of
endothelial nitric oxide synthaséeNOS in the serum of INAME-induced

hypertensive rats (n = 25).

abed Mean values havindifferent superscript letters are significantly differenk(@.05)

L-NAME = N-nitro- L-arginine methyl ester
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The eNOSactivity in the kidneys of hypertensive rats (5.43 + 0-2%l/min/mg) was
not significantly different fronhat obtainedn controlrats(6.27 = 1.25-mol/min/mg).
However,eNOSactivity increased significantly (R 0.05)in rats given captopril (7.53
+ 1.15 -mol/min/mg) and the extract at 25 mg/kg (6.44 = 1.13wnol/min/mg)
compared to hypertensive rats ahdsegiven 2.5mg/kg (4.69 = 0.50+0l/min/mg) of

the partiallypurified extract, demonstrating a dedependence effe¢Figure 4.8.

Induction of hypertension significantly €0.05) decreasedorticeNOSactivity in rats
(5.40 £ 1.03 -mol/min/mg compared tahe values obtained mats in the contro(11.97

+ 0.81 -mol/min/mg) andall the treated groups. Rats given captopril (9.84 £ 0.67
-mol/min/mg) hadsignificantly (P < 0.05) higher aortieNOSactivity thanthose given
the partiallypurified extract aR.5mg/kg (7.90 £ 1.65+0l/min/mg, but the difference
was not significant when comparedti® activity recorded imats giver25 mg/kg (9.42

+ 0.75 -mol/min/mg of the partially purified extractThere was no signitant
difference in the activitieef eNOS in aorta of rats given the extratt2.5 mg/kg (7.90

* 1.65 -mol/min/mg) and25 mg/kg (9.42 £ 0.75mol/min/mg.
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Figure 4.8: Effect of partiallypurified extract oPeristrophe bicalyculatan activity of
endothelial nitric oxide synthageNOS)in kidney and aorta of INAME- induced

hypertensive rats (n 25).

a.b.¢.d= Mean values within the same group having different superscript letters are significantly different
(P<0.05)

L-NAME = N-nitro- L-arginine methyl ester
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4.3.5 Effect of the Partially-Purified Extract of Peristrophe bicalyculata on the
Levels of Thiobarbituric Acid-Reactive Substances in the Serum, Kidneys

and Aorta of L-NAME-induced Hypertensive Rats

The levels ofTBARS present in the seruffrigure 4.9) kidneys and aortgFigure 4.10)
increased significantly (R 0.05) in LNAME-induced hypertensive ratsompared to

that inrats in the control group. The serum level of TBARS in hypertensive rats (35.43
+ 1.98 mmol/dL) was aboutfive timesthat in control rats (8.82 £ 0.1&mol/dL).
However, administration o€aptopril (13.56 £ 0.79 mmol/dL the partially purified
extract at 2.5 mg/kg (23.83 = 1.65 mmol/dhda25mg/kg (17.75 £ 1.08 mmol/JIL
reducedserum TBARS levels significantly (P< 0.05). The partially-purified extract

demonstrated a doskependentesponse.
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Figure 4.9: Effect of partially purified extract oP. bicalyculataon thiobarbituric acid
reactive substanc€$BARS) in serum of LENAME-induced hypertensive rats (n = 25).

a,bc,de_

= Mean values having different superscript letters are significantly different (P < 0.05)

L-NAME = N-nitro- L-arginine methyl ester
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The TBARS level in the kidney(79.06 + 3.59mmol/100g) of rats increased
significantly (P< 0.05) to 152.85 + 6.20 mmol/1@Don induction of hypertension, but
administration of captopril (89.20 £ 4.11 mmol/1§) the partially purified extract at
2.5 mg/kg (129.36 = 5.17 mmol/10§) and 25 mg/kg92.94 + 4.14 mmol/10@)
reducedthe levelsignificantly (P< 0.05). The reduction ikidney TBARS level in rats
given captopril was not significantly different frorhat of rats given the partially
purified extract at 25 mg/kg (92.28 + 4.14 mmol/100g}, was significary (P < 0.05)
higher, when compared to those given at 2.5 mg/kg (129.36 + 5.17 mmod)00

showing a doséependence respondggure 4.10)

There was a significant (R 0.05) increase in aortic TBAR®vel (128.51 + 8.41
mmol/100 g) of L-NAME-induced hypertensive rats compared to rats in the control
group (68.12 = 2.16 mmol/10G). The TBARS levelwas significantly (P< 0.05)
reducedn rats given captopril (83.05 + 3.01 mmol/1§)Q the parally-purified extract

at 2.5 mg/kg (99.56 .92 mmol/10Q) and 25 mg/kg (93.94 + 5.20 mmol/1gp
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Figure 4.10: Effect of partially purified extract oP. bicalyculata on thiobarbituric
acidreactive substance€TBARS) in the kidneys and aorta of EINAME-induced
hypertensive rats (n 25).

ab.c.d= Mean values within the same group having different superscript letters are significantly different
(P<0.05)

L-NAME = N-nitro- L-arginine methyl ester
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4.4 Molecular Effect of Partially Purified Extract of P. bicalyculata

4.4.1 Effect of Partially Purified Extract of Peristrophe bicalyculata on the
Expression of Angiotensin Converting Enzyme in the Aorta and Kidney of L-

NAME-induced Hypertensive Rats

As demonstrated iRigure4.11and Plate VII ACE mRNA was significantly(P < 0.05)
expressed in kidney(1.14 + 0.04) of hypertensive ratompared tdhatin the kidneg
(0.35 £ 0.09) ofats in control group. After treatment with captopril at 50 mgAQE
MRNA expressiomeducedsignificantly(P < 0.05) to 0.46 + 0.03, arttievaluewas not
significantly different fronthat obtainedn rats given theartially purifiedextract at 25
mg/kg (0.53 £ 0.02), but significantlfP < 0.05) lower than that inkidneys ofrats

treated withthe extract at 2.5 mg/kg (0.84 + 0)pghowing adosedependeneffect.

The aorta of hypertensive rats hsignificantly (P < 0.05)higherlevel of ACE mRNA
(1.04 = 0.17)thanin aorta ofratsin the control groug0.69 = 0.06).Treatment with
captopril significantly reduced (R 0.05) ACEmRNA expressiorto 0.73 = 0.06and
was not significantlyP > 0.05) different from ACE mRNA levels in rats given the
partially purifiedextract at 25 mg/kg (0.90 = 0.06), but significar(f®y< 0.05)lower

than that iraorta ofrats given theartially purified extract at 2.5 mg/kg (1.21 £+ 0.03).
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Figure 4.11: Effect of partially purified extract ofPeristrophe bicalyculateon the
expression of angiotensoonverting enzymgACE) in the kidneys and aorta of-L
NAME-induced hypertensive rats £125).

a, b, c, d_

= Mean values for each tissue/serum having different superscript letters are significantly different
(P<0.05)

L-NAME = N-nitro- L-arginine methyl ester
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Plate VII: Agarose geklectrophoregram of angiotensionverting enzym¢@ACE) and
-actin from the kidneys and aorta of control, untreated and treated hypertensive rats.
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4.4.2 Effect of Partially-Purified Extract of Peristrophe bicalyculata on the
Expression of Endothelial Nitric Oxide Synthase in L-NAME-induced
Hypertensive Rats

As shown inFigure 4.12and Plate VII) the induction of hypertension significantly €P
0.05) decreased kidney expressioreBlfOSmMRNA (0.76 + 0.02) than kidneys (0.94 +
0.06) of control rats. There was no significant difference inetkgression of eNOS
MRNA in the kidneyg of hypertensive rats (0.76 + 0.02pts given captopril (0.84 £
0.01), the partialhpurified extract a.5 mg/kg (0.86 + 0.04) and 25 mg/kg (0.74 +

0.07).

The expression of eNOBIRNA in the aortaof hypertensive ats (0.49 + 0.08)also
decreased significantly (0.05)compared tdhat inaorta of control rats (0.88 + 0.01).
The eNOSmMRNA levelsin the aorta ofats given captopril (0.83 = 0.05pe partially
purified extract of a.5 mg/kg (0.91 = 0.03) and 2&g/kg (0.77 = 0.03) was not
significantly (P< 0.05) different from tht of control rats, but significantly higher than

that in hypertensive rat&igure 4.12.
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Figure 4.12: Effect of partially purified extract ofPeristrophe bicalyculataon the
expression of endothelial nitric oxide synth&sblOS)in the kidneys and aorta of L
NAME-induced hypertensive rats £125).

ab.c= Mean values for each tissue/serum having different superscript letters are significantly different
<0.05)
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D Q &ctin from the kidneys and aorta of control, treated and untreated hypertensive

rats.
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4.4.3 Effect of Partially Purified Extract of Peristrophe bicalyculata on the

Expression of Angiotensin Converting Enzyme in rat aortic endothelial cells

As demonstrated in Figure 8,ireatment of rat aortic endothelial cells with 2 mmol/L

of L-NAME significantly (P < 0.05) increased the expression ACE mRNA. The
expressiorsignificantly (P< 0.05) reduced whethe cells were treated witbaptopril (1

mmol/L) and the partialyS XULILHG H[WUDFW DW TFhereRva@s no “ IRC
significant difference iNnACE mRNA expression bet@en cells obtained fom the

control cultures(0.55 + 0.03) thosetreated witheither captopril (0.52 £ 0.03br the

partially SXULILHG H[WUDFW DW —J PO “ IROG
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Figure 4.13: Effect of partially purified extract ofPeristrophe bicalyculateon the
expression of angiotensgonverting enzym¢@ACE) in rat aortic endothelial cells

abe= Mean values having different superscript letters are significantly differen® 5)
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4.4.4 Effect of Partially Purified Extract of Peristrophe bicalyculata on the
Expression of Endothelial Nitric Oxide Synthase in rat aortic endothelial

cells

The mRNA expression &@NOSreduced significantly (R 0.05) in cells treated with-L
NAME (0.48 £+ 0.03 fold) compared to control cells (1.71 + 0.15 fold)t the
expressiorsignificantly increased in cells treated with captopril (1.01 + 0.10 fold), the
partiaO O\ SXULILHG H[W@DFW DWR OG—JDRYG (0.95-+D.08/
fold). There was no significance difference XF.05) in expression #NOS mMRNA
between cells treatedith captopril and the partialpurified extract at both low and

high dosegFigure 4.14and Plate IX.
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Figure 4.14: Effect of partially purified extract ofPeristrophe bicalyculataon the
expression oéndothelial nitric oxide synthageNOS)in rat aortic endothelial cells

ab.c= Mean values having different superscript letters are significantly differen®.@5)
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Hypertensive Captopril Extract Extract
Control control (1 mmol/L) (10 pg/ml) (100 pg/ml)
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Plate IX: Agarose geklectrophoregram of angiotensinnverting enzyme, endothelial
QLWULF R[LGH -ddt WohDraf ldoriiceothelial cells following treatment
with L-NAME, captopril andartially purified extract oPeristrophe bicalyculata
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4.5 ANTICANCER ACTIVITY OF EXTRACTS OF PERISTROPHE
BICALYCULATA

The extracts oPeristrophe bicalyculatavere tested for themnticancer activity in four
cancer cell lines: human cervical cancer (HeLa), human colon adenocarcinos28)(HT
human hepatocellular liver carcinoma (HepG2) and humamth epidermal carcinoma
(KB). Fromthe results (@ble 4.1, the ethylacetate fractiof methanol extractith

an 1Gy R “ —inhilbtted 50% of KBcancer cells at concentrations
significantly lower (P< 0.05) than thehexane extractwith an 1Go of 328 £ 52.1
—J PThe IGpvalues of thanethanol extract, water abditanolfractiors of methanol
extractwere> — J .MHowever, the standard drugs, cisplasgir3 + 0.09—J R/
doxorubicin 0.43 + 0.02—J Pdnd vincristine @.05 + 0.01— J Pinhhibited 50% of
KB cancer cells at concentrations significantly lower (P<OtB&hthose ofthe ethyl
acetatefraction of methanol extract “ —)JaRd hexane (328 + 52.1

— JLPextract.

The lGo YDOXH RI YLQFULVW/)&painst HeLa was significantly lower

than WKH YDOXHV REWDLQHG IRU HlLdo®S@RNW2LA + 0.15 “

—J Pdndall theextracts. There was no significant difference>(8.05) between the
ICso of the methanolextractand ethylacetatefraction of methanol extractwith the

valuesof 430 + 34.0 —J Rahd 450 + 25.60—J Prkspectively; while thénexane
extract, waterand butanolffractions of methanol extrachad 1G, values above 500

—JLP
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Also, with respect to HR9, the 1@ value ofvincristine (0.07+ —J PO ZDV
significantly lower thanWKRVH RI1 FLVSODVW L)Qdoxorubic¢in (1.13—J P/
— L)Rand all the extracts tested. Thesd@alue of thebutanolfraction of
methanol extrac298 + 20.50— J Pwassignificantly (P < 0.05)lower than the value
obtained forthe water fractionof methanol extrac{490 + 42.6 —J R /while the
hexaneextract methanokextractand ethylacetateraction of methanol extradhadICso

values above 506—-J P/

The [IGpvaluesf cisplastin §.52 + 0.76—J } loxorubicin 0.42 £ 0.25— JLJPand
vincristine .87 £ 0.71— J Pdgainst HepG2 were significan{liy < 0.05) lowerthan
those ofthe ethylacetate fractiorof methanol extrac{395 = 37.0 —J R hexane

extractand butanofractionof methanol extradfTable 4.10.
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Table 4.10: The ICso (-g/mL) values for antcanceractivity of extracts oPeristrophe

bicalyculata

Sample ICsy values (ug/ml + SD)
KB HeLa HT-29 Hep G2

Hexane extract 328 £52.1*  >500 >500 >500
Methanol extract >500 430 £34.056 >500 ND
Water fractionof methanol >500 >500 490 + 42.6' ND
extract
Butanol fraction of methanol >500 >500 298 +20.50 >500
extract
Ethyl acetate fraction of 15.6+0.52" 450 +25.60° >500 395 +37.0°
methanol extract
Cisplatin 332+0.09° 3.42+1.95°  1.12+0.56°  5.52+0.76°
Doxorubicin 0.43+0.02¢ 2.74+0.15" 1.13+024"  0.42+0.25™
Vincristine 0.05+0.01°  0.02+0.001" 0.07 +0.031' 2.87+0.71"

Values are meah SEM

&P = Values withdifferent superscrigettersin the same columare significantly different (R 0.05)

> 500 = IG values is higher than 500 pg/niibactive)

159



4.5.1 Partial Purification of Ethyl Acetate Fraction of Peristrophe bicalyculata

Thin layer chromatographic separation of ethyl acetate fraction of methanol extract
carried out using ethyl acetate and hexane (5:5) gave six constituents visible under UV
spectrum (Plate X)Column chromatography using silica gel run with hexane (100%),
hexane:ethyhcetate (8:2), hexane:ethgtetate (5:5), hexanehgt acetate (3:7), ethyl
acetatechloroform (9:10), ethyacetatemethanol (9:1) and ethgicetate: methanol (1:1)
yieldedten fractions (Tabld.11). The fractions were reduced to seven atvan layer

chromatographic separatioRléte X).

160



Plate X: Thin layer chromatographic separation of the ethgktate fractionof
methanol extraadf Peristrophe bicalyculatfor its anticancer activity.
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Table 4.11: Fractions and yields obtained from column chromatographic separation of

ethyl acetatdractionof methanol extraadf Peristrophe bicalyculata

Solvents Fractions Yield (g)

Hexane (100%) -

Hexane:ethyhcetate (8:2) Fraction 2a 0.0704
Fraction 2b 0.2104
Fraction 2c 0.1426
Hexane:ethyhcetate (5:5) Fraction 3 0.3603
Hexane:ethyhcetate (3:7) Fraction 4 0.5901
Ethyl acetatehloroform (9:10) Fraction 5 0.7139
Ethyl acetatenethanol (9:1) Fraction 6a 1.2204
Fraction 6b 0.3771
Ethyl acetate: methanol (1:1) Fraction 7a 0.3964
Fraction 7b 0.1413
Total Yield 4.222
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Plate XI: Thin layer chromatographic separation fodictions obtained from ethyl
acetatdractionof methanol extraatf Peristrophe bicalyculata
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Peristrophe bicalyculaté50 g)

l

Ethylacetate extraci@.28 g

l

Ethylacetate extract (69)

Fraction 1
Hexane: EtOAC
(0.0704 g)

Fraction3
Hexane: EtOAcC
(0.36039)

Fraction5
EtOAc: CHCI
(0.7139q)

Fraction7
EtOAc:MeOH
(0.53779)

Fraction 2
Hexane: EtOAC
(0.353) g)

Fraction4
Hexane: EtOAC
(059019)

Fraction6

(1.5975q)

EtOAc:MeOH

Figure 4.15: Yield and fractions obtained from ethylcetate extract oPeristrophe

bicalyculata
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As shown inFigure 4.15, the yield from fraction 6 (1.5975 g) was highest followed by
fraction 5 (0.7139 g), fraction 4 (0.5901 g), fractior0B877 g), fraction 3 (0.3603g),

while fraction 1wasthelowestwith ayield of 0.0704 g.

All seven (7) fractios were tested for their anticancer activity against human mouth
epidermal carcinoma (KB) by theulplorhodamine B $RB) assay.From the results
(Table 4.2), R spotsl, 2,4, 6 and 7inhibited 50% of the cancer cells at concentrason
above 500-g/mL, which wassignificantly (P< 0.05) higherthan the concentration at
which Rs spot3 (235 + 33.05-g/mL) inhibited the cellsR spot5 inhibited the cancer
cells at a concentratigi3.5 + 0.21 -g/mL) significantly (P< 0.05) lower than fraction 3
(235 * 3305 -g/mL), fractions 12,4,6 and 7 (>500-g¢/mL), but not different fronthe
standard druggisplatin 8.32 £ 0.09-g/mL). The G values of the standard drugs,
doxorubicin 0.43 + 0.02-g/mL) and vincristine §.05 + 0.01-g/mL) were significantly

lower thanthat ofR; spot5 (3.5 + 0.21-g/mL).
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Table 4.12: Anticanceractivity of fractions ofP. bicalyculata

Fractions ICs YDOXHYV —J PO
R; spotl >500

R; spot2 >500

Rr spot3 235 + 33.08
R: spot4 >500

Ry spot5 3.5+0.2%
R; spot6 >500

R; spot7 >500
Cisplatin 3.32 +0.09
Doxorubicin 0.43 +0.02
Vincristine 0.05 +0.0%

Values are meah SEM
abcde= yalues with different superscrifetttersare significantly different (R 0.05)

> 500 = IG valuesarehigher than 500 pg/ml (inactive)

R = Retention factor
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4.5.2 Acridine Orange/Ethidium Bromide Assay Staining of Human Mouth
Epidermal Carcinoma (KB)

4.5.2.1Apoptotic Effect of Partially Purified Extract of Peristrophe bicalyculata

There was a significant (2 0.05) increase ipercentage apoptotic cellgl hand48 h
aftertreamentwith the partiallypurified anticancer fractionf Peristrophe bicalyculata
(fraction 5) and cisplastin compared to control ceflSgure 4.16§. The percentage
apoptotic HOOV LQ FXOWXUHYV WI13.B62 \2.31G0)Zigpledin was—hadt P/
significantly different from cultures treated with fraction 5 at 260.49+ 1.96 %) and
500 —J HZ¥6.25+ 1.87 %); whilethe percentagapoptoticcells in altures treated
with 100 — J Reisplastin (22.74 £ 2.44 %) was nsignificantly different fom that

REWDLQHG LQ FHOOV Wifth@itv3 R12RK %). —J P/

Forty-eight @8) hours after treatmentthe percentageof apoptotic cells inceased
significantly(P < 0.05)compared tdhe percentage recorded after 2#datmentandin
the control cultures. There was a significant incre@i3ec 0.05) in the percentage of
apoptotic cells in cultures treated with 1000- JLPcisplastin (81.22 = 3.62 %)
comparedo cultures treatewith 100 —J R63.35 +3.84 %), D —J R49.73 £5.23

%) andthose treated with fraction(&igure 4.16.

4.5.2.2NecroticEffect of PartiallyPurified Extract of Peristrophe bicalyculata
Treatment of cells with cisplastend partially purified fraction (fraction Safter 24 h
resulted in a significant (R 0.05) increase in necrotic celtsompared to control culture
(figure 4.17. Thepercentageecrotic cells in culires treated witthe partiallypurified
fraction (fraction 5) at 1000— J Rwas significantly higher tharthat of cells treated

with 500 —mhL (24.77 + 3.68%)D Q G —18.28 + 2.12%put was notifferent

167



from cultures treated with cisplastin at the same conceniratia000 —J R37.33 +

3.229.

After 48 h the percentage necrotic cells increased significgRtky 0.05) in cisplastin
and extractreated cultures at all concentratiar@mpared to treatment after 24 hours
Cellc XOWXUHV WUHDWHG #Z1LW Bo) cisptastinPiad significant{i? <
0.05) higher number of necrotic cells than thoseWwdd G ZLWK fractiend 5P /
(37.84 £5.68 %). However, tftewas no significardifferencewhencellsweretreated
with 100 —J HK35.61 £ 698 %) and 1000—J R®©5.56 + 3.07 %) cisplastin and

those treated with fraction 5vd —J PO “igure 4.17%. )
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Plate XII: Effect of partially purified extract oPeristrophe bicalyculatan KB cells
showing characteristic normal (N), necrotic (Ne) and apoptotic (A) morphology when
stained with ethidium bromide and acridine orange stdirlO0 magnification A:

Control culture; B: cisplastitreated culture; and C: extraceated culture

169



90 -

80 -

70 -

60 -

50 -

40 - :

30 - H 24 Hours
20 - M 48 Hours
10 -

0 -

Control |fii1 RP| bia RPIU|0 RPILiO1] RPIum RPIuml RPluo
Group

APOPTOTIC CELLS (%)

Cisplastin Extract

Figure 4.16: Percentage apapic human mouth epidermal carcinoma cells after 24 and

48 hours treatment witpartially purified extract oPeristrophe bicalyculata.

ab = Means with different superscript letters are significantly (P05) different
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Figure 4.17: Percentage necrotic human mouth epidermal carcinoma cells after 24 and

48 hours treatment witpartially purified extract oPeristrophe bicalyculata

ab = Means with different superscript letters are significantly (P < 0.05) different
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4.6 MELANOGENESIS INHIBITORY EFFECT of Peristrophe

bicalyculata

To determine the effect of Peristrophe bicalyculata on the viability of BieFio
melanomathe cellswere treated with various concentrations of extractBewistrophe
bicalyculataand results expressed as peragaviability relative tothe control (fgure

4.18). The percentage viabilities of the cold wagstract(99.58 £7.01%), hot water
extract(100.0 £ 4.52%), water fractiasf methanol extragtL03.0 + 2.05%) antutanol
fraction of methanol extracf96.0 + 6.56%) were significantly higher €0.05) than
hexaneextract(75.0 + 12.286), methanolextract(72.0 + 11.53 %)and ethylacetate
fraction of methanol extrac{70.0 £ 10.26 %ptthe ORZHVW FRQFHQW)UDWLRQ
The percentage viability of the extracts decreased with increasing concentration of
extract but at the ik HVW FR QFH QW U D Wih& €@ldRvater extract] ieat

and butanofractionsof methanol extraclvere most viable at 113 + 5.50, 101.23 + 6.25

and 82.36 + 10.56 percent respectively.
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Table 4.13: Percentage iabilities of extracts and methanolic fractions .

bicalyculataon B;sFiomelanoma cellgt varying concentrations

Extracts Viability (%)

01 —J PO1 —J PO 10 —J PO100 —J PO1000 —J PO
Cold water 99.58 +7.01 103.0+7.20 91.42+690 8880+4.3% 113+5.50
Hot water 100.00 +4.52 8852+6.50 95.02+7.60 70.82+1253 79.11+8.90
Hexane 75.00+12.28 7239+14.29 71.00+9.6% 70.00+11.29 70+9.02
Methanol 72.00 +11.5%3 66.10+17.28 65.18+10.26 76.72+9.70 63.31 + 11.45°
Methanolic 70.00 + 10.26  66.10 + 12.5¢ 66.52 +9.76 62.15+ 13.04 55.01 + 8.23
ethylacetate
fraction
Methanolic 96.00 +6.56  100.0 +6.43 94 +552 78.83 +13.06 82.36 + 10.56
butanol
fraction
Methanolic 103.00 +2.05 99.69 + 4.02¢ 09356 +5.67 93.71+6.52 101.23+6.28
water
fraction

Values are meah SEM

Values with different superscript the same columare significantly different (P<0.05)

(PRINT FIGURE FROM LANDSCAPES)
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The effects of the extracts oni1#wo FHOOV DW detdrniir@d Ard UHeir
viability expressed a®ld change with respect to control group. Results showed that the
ethyl acetatefraction of methanol extracthexaneextract hot waterextract water
fraction of methanol extracind methanoéxtractwere1.87 + 0.03, 1.80 + 0.13, 1.74 +
0.05,1.71 + M9 and 1.64 £ 0.13 folds of control (1.012 + 0,G&¥pectivelyandwere
significantly (P < 0.05) higher than the butandtaction of methanol extracand cold
water extractwhich were 1.18 + 0.03 and 1.05 + 0.03 folds ohtcol respectiely

(Figure 4.B).
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Figure 4.18: Cytotoxic effects of extractand fractionsof Peristrophe bicalyculatan

B16F10 melanomeacells.

abe= Means with different superscript letters are significantly different (P < 0.05)
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Figure 4.19shows the melanin content BfisF10 melanoma cell cultures treated with
Kojic acid, butanofraction of methanol extracand cold water extract ofPeristrophe
bicalyculatacompared to the control. Frotine results,the butanolfractionof methanol
extractsignificantly (P < 0.05) reduced melaniontent than the standard drug, Kojic
acid and cold water extract at all concentratiohiso, the effect of all extracts on
melanin formation was dos#ependent, with melanin content decreasing with

increasing extract concentration.

The melanircontentof B;gF10 melanoma cultures treated wittojic acid at 0.001, 0.01
and 0.1 mg/kg (1.52 0.07, 1.35 + 0.08 and 0.86 + 0.1 mg/kg fold of control
respectively)was significantly (P < 0.05) higher than in cultures treated with butanol
fraction of methanol extract0.98 + 0.04, 0.81 + 0.04 and 0.59 + 0.01 fold of control
respectively)and cold water extract (1.58 + 0.06, 1.50 = 0.08 and 1.20 + 0.12 fold of
control respectivelyt similar concentrationdHowever, the melanin content in cell
cultures treatedvith Kojic acid at 0.1 mg/kg (0.8& 0.1 fold of control) was not
different fran cells treated withbutanol fractionof methanol extracat 0.001 and 0.01

mg/kg (0.98+ 0.04 and 0.81 + 0.04 folds of contra¢spectively).

The melanin content of cell cultures treated with cold wex#ract at 0.001 and 0.01
mg/mL (1.58 + 0.06 and..50 + 0.08 fold of controrespectively) was not significantly
different from those obtained incultures treated with kojic acid at the same
concentrations (1.52 + 0.07 and 1.35 % 0.08 folds of cqntespectively) but was
significantly (P < 0.05) higher when compared at 0.1 mg/kg @.2 0.12 fold of

control) with Kojic acid (0.86 + 0.1 folds of control).
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Figure 4.19: The melanin content of8F;o melanoma cells after treatment with Kojic
acid, butanobf methanol extracind cold water extracts &feristrophe bicalyculatat

various concentrations.

abc— Means with different superscript letters in the same column are significantly different (P < 0.05)
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4.7 GAS CHROMATOGRAPY AND MASS SPECTOMETRY ANALYSIS OF

PARTIALLY PURIFIED ANTIHYPERTENSIVE AND ANTICANCER
FRACTIONS OF Peristrophe bicalyculata

4.7.1 Gas Chromatography and Mass Spectrometry Analysis of the Partially
Purified Antihypertensive Fraction of Peristrophe bicalyculata

The results of the G®IS analgis identified the various compounds present in the
partially purified fraction. Figure 4.2Ghows the gas chromatograwith five (5)

distinct peaks identified btyhe GC-MS.

The major compounddentified by GGMS in the partiallypurified antihypetensive
fraction of Peristrophebicalyculata was P,P,Ptriphenytimino(triphenyl)phosphorane
with retention time RT): 47.33 and moécular weight 278 g (Figure 4 10ther
compoundgpresentare ehyl propanoic acid (RT: 3.41; molecular weight 102 g),-2,4
Dihydroxy-2,5dimethyt3(2H)-furan3-one (RT: 11.71; molecular weight: 144 q),
1,1,1,5,7,7,Heptamethy3, 3-bis(trimethylsiloxy) tetrasiloxane (RT: 42.79; molecular

weight: 444 g) and\ndrographolide @BH)-furanone (RT: 57.39molecular weight: 350

9)-

178



x1,000,000)

Abupdance
24
3

1$

19

0: ”
- N
S g

D ammtaae
IllllllIllllllllllllllllllIIIIIIITTIIIIﬁII IIIIIII]IIIIIIIII

50 10.0 150 20.0 25.0 30.0 35.0 40.0 450 50.0 55.0 60.0

Retention time (minutes)

L 6LTY

Figure 4.20: Gas &romatogram of partiallpurified antihypertensive fractionfo

Peristrophebicalyculata

179



¢
%

m 0

il " It

gL S0 Il
O 6 0 10 [0 M 1010 2 20 4% % W0 % %000H4H940W0

Molecular Weight (g)
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time: 47.33 minutesC;1gH1s0P; mol. Wt: 278 g)
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4.7.2 Gas Chromatography and Mass Spectrometry Analysis of the Partially
Purified Anticancer Fraction of Peristrophe bicalyculata

The gas chromatogram of the partially purified antihypertensive fracti®erngtrophe
bicalyculata is shown in Figure 4.22Six distinct peaks were obtained and the
compounds identified werendrographolide 2(3Hjuranone (RT: 58.63 minutes
molecularweight 350 g) 2,4,5trimethoxybenzaldehyd@T: 47.34minutes molecular
weight: 196 g), diazoprogesteroneR(T: 50.22minutes molecular weight: 338 ggis-Z-
.alpha:bisabolene epoxide(RT: 52.04 minutes molecular weight: 220 @),
aromadendrene oxidgRT: 5758 minutes molecular weight 220 g)nd 3,11
bis[(trimethylsilyl)oxy]androstasl 7-one eabenzyloxime(RT: 56.33minutes molecular
weight: 555 g). Howeveandrographolide 2(3Hjuranonevasthe most abundant of all

the compounds identified.
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CHAPTER 5

5.0 DISCUSSION

5.1 Antioxidant Activities of Peristrophe bicalyculata

Reactive oxygen speciefROS) including free and norradical moleculesplay a
significant role in the development of various diseasesluding atherosclerosis,
hypertension, ischaemi@perfusion injury, inflammation, cystic fibrosis, diabetes
mellitus, Parkinsois diseasgeAlzheimers diseaseand cancer (Benz and Yau, 2008;
Semchyshyn and Lushchak, 2012), hence the interadeimtifying alternate, natural
and safe sources dadntioxidants from natural plant produc#héng and Wang, 2002;
Hajighasemi, 2011) Results of the radical scavenging, tyrosinase inhibition and metal
ion chelating activities of extracts Beristrophe bicalyculatéTable 4.4 demonstrated
the antioxidant activity of the planthe fact thatradicalscavenging concentratisiof

the metlanol extract (0.579 + 0.02 mg/mlbutanolfraction of methanol extragt0.530

*+ 0.01 mg/ml), and ethylacetatefraction of methanol extrac¢0.510 + 0.04 mg/ml.
were not significantlyP > 0.05)different from one anothegnd thatthe values were
significantly lower P < 0.05)thanthose ofthe standard drug, vitamin ©.705 + 0.08
mg/mL) and all other extracts, showed tltae methanol extract, butanol and ethyl
acetate fractiomof methanol extracinay be considered better antioxidants than other
extracts.This finding is in agreement with the results obtained by Sawadbgd
(2006) and Charoenchaat al. (2010) that extractsof plants belonging to the family
Acanthaceae contain potent antioxidants, possessing these therapeuticlValaghe
scavenging ability of the plant wapparentlydue toits ability to reduce DPPH radicals

by donatinghydrogenions (Duaretal., 2007; Liet. al, 2009).
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The results of he inhibitory effect othe extracts ofPeristrophe bicalyculatan lipid
peroxidatiorwascompared witlthoseof commercial antioxidants based on the amount
of peroxides formed during seven dayk incubation period.The high absorbance
obtained wasssociated with high concentration of formed peroxidibs.resultsof the
present study showed that masttractsof the plantexhibited he same pattern of
activity as vtamin E and BHA at different cubation timegFigure 4.1)demonstrating
the ability of theextracts to inhibit lipid peroxidatioThis finding is in agreement with
the results obtained Bbrahimzadelet al (2010)thatthe ability of someplantextracts

to inhibit lipid peroxidationdecreases with increasing incubation

Extracts of Peristrophe bicalyculatademonstrated &onsiderable capacity for iron
binding. Exceptons werethe hot water extra¢i.460 + 018 mg/mL) and wate fraction

of methanol extractl.380+ 0.15 mg/mL),suggesting that thability of the extractsto
inhibit peroxidation was related to their feousbinding capacity (Table 4)
(Ebrahimzadelet al, 2010).Althoughthere is paucity of informatioon the antioxidant
properties ofPeristrophebicalyculatg the result of the phytochemical constituents of
the plant(Table 4.2 showed that it is rich in flavones and phenols. This finding is in
agreement with the results 8pitz et al, (2009 and Siriwardhanaet al (2003 that
plants containindnigh levels offlavones,flavonoids and polyphenol possess very good
antioxidantpropertieslt has also been reportéuht other bioactive componergsch as
flavonesand phenols founah proteins polysaccharideand pigments present in plants,
exhibit antioxidant activities Quan et al, 2007; Liet. al, 2009. Thus, all the
phytochemical constituents of the plad#monstrated that the extractsRéristrophe

bicalyculatapossess strong antioxidant activity.
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It has been reported that plants containing high levels of phenols are good antioxidants
and are capable of inhibiting tyrosinase (Huaigal, 2011) hence, the tyrosinase
inhibitory activity of Peristrophe bicalyculatavas determined in the present study
Results showed that the hexane (0.560 + 0.06 mgand cold water (0.550 + 0.050
mg/mL) extracts,butanol (0.557 + 0.04 mg/mLand ethylacetate (0.520 + 0.080
mg/mL) fractions of methanol extracinhibited the tyrosinase enzyme at very low
concentrationsand so may be useful in preventing fruit browning and skin pigment

formation (Chang, 2009).

5.2 Antihypertensive Effects of Peristrophe bicalyculata

The cold water extract and water fractioh methanol extractvere investigatedfor
antihypertensivectivities based on the result of a previatisdy (Abdulazeeet al,

2010. The water (aqueous) extract was found totlhe most dfective, while the
angiotensirconverting enzymenhibitory activity of the weer fraction of methanol
extract(15.16 + 3.8 — J )Rvas not significantly different frorthat ofthe cold wagr
HIWUDFW “). This finding? validates the claim that the aqueous extract
of the plant pesess antihypertensive activity, and demonstrated that the plant exert its

effect va a mechanism involvinighibition of angiotensiftonverting enzyme

The consistent and normal systolic blood pressure in ratsnwite control group is
evidencethat the rats were healthy and nbtypertensive The significant (P< 0.05)
increase in blood pressure observed wtherats were giveil.-NAME both on acute
and chronic administratiomaybe attributed to the inhibition of endothelial nitric oxide

synthase by INAME, known to inhibit the synthesis of nitric oxide fromalgnine,
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therebycausing severe and progressive arterial hypertension and renal injury {Garcia
Estanet al, 2006; Pehanovaet al, 2006) The inhibition, apparentlypccued as a
result of vasoconstriction associated with enhanced sodium and water renal
reabsorption, ioreasedoxidative stress and enhanced calcium signalling in smooth
muscle cells (Zatz and Baylis, 1998). The inhibition eMOS also explains the
significant (P< 0.05) decrease ieNOS activityin serum and tisges of LNAME
hypertensive its. Furthermorethe finding of the present study is in agreement with an
increasingly large body of literature suggesting #itgration in the nitric oxide system
plays an important role in the development or maintenance of clinical hyperterisson.
finding supports that cAugustyniaket al (2005) who showed thaedain forms of
secondary hypertension are usually accompanied by accumulation of endoge@&is

inhibitors, which may contribute thé development of hypertension.

Studies by Salazaet al. (1992) demonstrated that administration ofarginine
competitively reversg eNOS inhibition and therefore obliterate L-NAME—-induced
hypertension, only partially reduced blood pressure after a week; and the igffect
reduced further after-8 weeksadministration of karginine (Qiuet al, 1995). This fact
demonstratethat once nitric oxide has been inhibited; the hypertension induagaho
longer dependengxclusively on inactivation of the-arginine/nitric oxide pathway.
Indeed, the RAAS plays & important rolebecause arterial hypertension and renal
alterations which occuron inhibiting nitric oxide are prevented, or almost completely
corrected, by inhibitingACE or type 1 angiotensin Il receptors (GarEistanet al,
2006). Therefore, the radtion in blood pressure amCE activity in serum and tissues
of L-NAME-induced hypertensiveats given captopril wasvidencethat theRAAS

plays an important role in alleviating hypertension causedNi®Sinduced inhibition
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(Fortepianiet al, 1999) Mombouli and Vanhouttg1996 demonstrated thaACE
inhibitors, such as captopril, prevent the conversion of angiotensin | to angiotensin Il
and thus prevent degradation of bradykinin, causitite synthesis of vasodilator
substances such as endothelideived hyperpolarizing factor (EDHE)prostacyclin

and nitric oxide (Wiemeet al, 199]). Thus, themechanism underlying the action of
the cold water extract and partialjyurified antihypertensive fraction (fraction 5) of
Peristrophe bicalyculatawhich in the present study wefeund to bepotent ACE
inhibitorsmay be linked to the prevention of conversion of angiotensin | to angiotensin

Il and synthesis of vasodilatory substances.

The significant increase RCE activity observed irthe serumand tissues of INAME
hypertensive ratsvas due tancreased expression &iCE mRNA (Figure 4.11). The

ACE mRNA expression in the kidneys decreased wtienrats were gien captopril

and the partialhpurified antihypertensive fraction (fraction 5) dPeristrophe
bicalyculata demonstrating that the decrease ACE activity was caused by the
treatment at the level of gene expression. However, there was no significant difference
in the expression cAACE mRNA in aata of rats given the partialyurified fraction

even though the activity significantly (® 0.05) decreased, showing that the fraction
may decreasthe activity of ACE in aorta by other mechanism. This mechanism, may

however, not be d@he level of gene expression of the enzyme.

The eNOS mRNA expressiondecreased significantly ithe kidneys and aorta of
hypertensive ratsapparentlybecause chroni@NOS inhibition not only causesa

decrease ieNOSactivity, but alsaheexpression oENOSmMRNA. This isbecause the
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physiological bioavailabilty of nitric oxide is dependent on steady state leveN@$%
expression and a function@NOSactivity (Linz et al, 1995). Michelet al. (1996) also
reported that chronic inhibition cdNOS by L-NAME upregulates # activity and
expression ofACE and downregulateeNOS activity and mRNA levels whereas
treatment with nitric oxide or inhibitors &CE inhibit ACE activityin a concentration
dependent and competitive mann€his inhibitionreduces conversion of anggmsin |

to Il. Although not yet understood, it is believed that the effects of nitric oxide are
mediated by guanylyl cyclase activation to synthesise cGMP, which acts by a feedback
mechanism; such that when nitric oxide is inhibited, low levels of cGMResa
increase iPACE activity and decreaseNOS activity. The mechanism by which ACE
inhibitors upregulateNOSmMRNA expressiorhas not been elucidatdout studies have
demonstrated that ACE inhibitors induce accumulation of endogenous kinins to mediate
this effect. Another mechanism islieeed to be through cyclic AMP. This is because
ACE inhibitors and bradykinin enhance the turnover of endothelial pyadita via
increased intracellular calciumns. The increased intracellular calcium ions in turn
stimulatethe formation of cAMPknown to activate gene transcription via binding to
nuclearfactor1(NF1), which is present in the promoter regionedOS Therefore, the
regulation ofeNOSis involvedin the development of hypertension, atherosclerosis and
heart failure,in cases involvingimpairenent of endotheliumderived nitric oxide

(Augustyniaket.al 2005).

Hypertension and other cardiovascular disgalselieved to be related to endothelial
dysfunction are known to cause an imbalance in the endothelial production of NO and
O?. This imbalance resulis oxidative stress, which is associated vgdroxidation of

cellular lipids Eemchyshyrand Lushchak2012).Measurement of lipid peroxidation
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end products such aBBARS is a good index of cell destruction, because cells and
tissues damaged by any mechanism tend to peroxidize more rapidly than normal
(Yokozawaet al, 2000). Therefore, the concentratioh lipid peroxidation products
reflects the degree of oxidative stre@dalliwell, 1997) This explains the gh level of
TBARS in serum and tissues of-MAME hypertensive rats. The administratiom
captopril and the partialgurified fraction of Peristrophe bicalyculatasignificantly
reducel thelevels of TBARS; probably becaus&CE inhibitors accumulate endogenous
kinins, which activateeNOS and increaseéhe synthesis of nitric oxide, known to
scavenge reactive oxygen spediéshlkeet al, 1993. Also, the antioxidant activity of

the partially purified fraction oPeristrophe bicalyculatanayexplain theability of the

fractionto scavengeeactive oxygen species.

53 Anticancer Activity of Peristrophe bicalyculata

The anticancer activity dPeristrophe bicalyculat{Table 4.10 shows that the hexane
extract methanolextractand butanol fractionof methanol extractvere active against
some of the cell linesbut they nay only be classified as potentiallyatmful or
moderately toxic (Bog, 198®). The ethylacetate fractiomf methanol extractwith an
ICs0 0f 15.6 + 0.53ug/mL may be classified to be potentially very cytotoxic against KB.
Further purification of this fraction gave seven fractions; five (TLC spo2s4,,6 and
7), which wereinactive, with 1Go values above 50@ug/ml, and one (TLC spot 3)
moderately toxidraction (235 + 33.051g/ml). TLC spot5 was most active with an &
value 0f3.5 £ 0.21ug/mL. This resultsupports théindings ofOgunwandeet al. (2010)
and Ashokanand Muthuraman(2011) demonstratinghe anticancer activity oéxtracts

and essential oils ofPeristrophe bicalyculatan different cancer cell lines. &reral
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studies havelso reported potent anticancer propertieextifacts ofplants belonging to
the same family aReristrophe bicalyculataAcanthacea¢Khajure and Rathod, 2011

Ashour, 2012jsmailet al.,2012)

It is a conceivable fact thaine essential strategy for cancer therapy is to target the
lesions that suppresgpoptosis in the tumw cells, as can be found in most cancer
chemotherapy drugs whiclxert cytotoxic effects on malignant cells by inducing
apoptosigTu et al, 1996 Kaufmann and Earnshaw, 20@yan and Vousden, 2001).
Thus, t is suggestive that thpartially-purified anticancer fraction (TLC spot 5) of
Peristrophe bicalyculatanay be a pasble anticancer drug candidate. Thidbecause

the morphological changes observed on treating KB cells with this fraction
demonstrate its ability to induce apopsis dthough very little has been done to
determineits mechanism of actionBesides the anticancer activity oPeristrophe
bicalyculatamay be attributed to its high antioxidant activétgd its phenol, flavone
and alkaloid contest Thesecompounds areknown to inhibit cancer cells by
metabolizing xenobiotic enzymes that alter metabolic activation of potential
carcinogens, altation of hormone production, inhibdn of aromatase to prevent the
development of cancer cesdby disturbingthe cellular division during mitosis at the
telophase stage (Zhaa al, 2007). It has also been reported that phenols reduce the
amount of cellular protein and mitotic index, and the colony formation during cell

proliferation of cancer cells (Gawron aKduk, 1992).

54 Melanogenesis Inhibitory Effect of Peristrophe bicalyculata

In the present study, the tyrosinase inhibition concentration at 50% actiwty ¢fGhe

butanol fraction of methanol extrac{0.557 £ 0.04 mg/ml), ethyl aceate fractionof
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methanol extract0.520 + 0.08 mg/mL), hexane (0.560 + 0.06 mg)ratd cold water
(0.550 £ 0.05 mg/m)extracts were significantly lower th&ojic acid (1.070 + 0.05
mg/mL). On assessing the effects of these extracts on cell viability, only the butanol
fraction of methanol extraeind cold water extracts were found noet@rtsignificant
effecton dHO O S UR OLIHUD WThRQthE ¥ffects diexaheRef@ractot water
extract ethyl acetateand water fraction®f methanol extracon melanin poduction
were not studied due to the high cytotoxic effeathough the extractexhibited active
antityrosinaseactivities. Also, the methanol extract was not considered due to its low
antityrosinase activity (0.650 + 0.07 mg/ml) and high cytotoxi(iy.31 + 11.45%).
This was done to ensure that the ability of an extract to inhibit melanin formation in
BieF10 cells was not as a reult of its cytotoxic effects on the cells (Yu and Kim, 2010;

Arungaet al, 2007%.

The butanol fractionof methanol extracsignificantly (P < 0.05)reduced melanin
contentmorethaneitherthe cold water extraar Kojic acid. This findingdemonstrated
the potential use dPeristrophe bicalyculatas asource of akin whitening agent, or a
new source for melanoma treatmentlt has been documented that most
antimelanogenesis agents function specifically to reduce the activigyadinase (Yu
and Kim, 2010)Consequentlythe antimelanogenesis activity of the butaridction
of methanol extraadf Peristrophe bicalyculatamay be attributed to its ability to inhibit
the tyrosinase enzyme, althoulginther studies are required to elucidagemechanism

of action.
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5.5 Gas Chromatography and Mass Spectrometry Analysis of the Partially
Purified Antihypertensive and Anticancer Fractions of Peristrophe

bicalyculata

P,P,Rtriphenytimino(triphenyl)phosphoranie the most abundant compuai present in
the partiallypurified antihypertensive fraction oPeristrophe bicalyculata This
compound whichis a derivative of immunophosphorane bagndemonstratedor the
first time, in the present study to possesgihypertensive activityAlso, the presence of
a naturall-occurring immunophosphorane may be novel asctimapound is usually

synthesized via th8taudinger reactio(Ghaiket. al, 2009;Ramzaniet al.,2011)

Other compounds present in the fraction include ethyl propanoic asat, in the
production of perfumes and figrances, while 1,1,1,5,7,7,/Heptamethy3,3
bis(trimethylsiloxy) tetrasiloxandike many other low molecular weight siloxanes, are
used as vapaable carriers in cosmetic preparationsedto their high rate of
vaporigtion and pleasaneél on the skin (Eversheist al, 2008).2,4-Dihydroxy-2,5
dimethyt3(2H)-furan-3-oneis a malliard reaction product formed from carbohydrates

(Marko, 2007).

The presence of compounds known to be cytotoxic against canceirctils partially
purified anticancer fractioobtained in the presestudymay play major roles in the
anticanceractivity of the plant Andrographolide 2(3Hjuranone, the most abundant
compound present in the partiafurified anticancer fraction ofPeristrophe
bicalyculata is a derivative of andrographolide, the principal bioactive chemical
constituent isolated frorAndrographis paniculatdNees Andrographoidehas shown
credible anticancer potential in various investigati@@isunet al, 2010;Varmaet al,

2011) In vitro studies demonstratats ability to induce cell-cycle arrest and apoptosis
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in a variety of cancer cells at different concentrati@fsn et al, 2005) It has also
shown potent immunomodulatory and atngiogenic activities iritumorous tissues.
Synthetic analogues of the compoumale alscexhibitedsimilar activities (Varmaet
al., 201). Both Peristrophe bicalyculatand Andrographis paniculatdNeesbelong to
the same family anchence, thdinding of the present study is irg@ement with the
report of Geethangiliet al. (2008) andChun et al. (2010, who demonstrated the

presence of similar compound and action in plants belonging to the same family.

Aromadendrene oxidleas been isolated and characterized ftbenstems oSandorium
koetjape and demonstrated toe significantly cytotoxic against many cultured human
cancer cells especially P388 cells (Kaneda et al, 1992). 245
Trimethoxybenzaldehydeas been isolated froAntrodia camphorataandshown to be
chemoprotective gainst colon and breast cancer (Kokit al, 1999), and
antiimflamatory by inhibithg cyclooxygenase 2 in MEMB-231 cells (Tsaiet al.,

2005).
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CHAPTER SIX

6.0 SUMMARY, CONCLUSION AND RECOMMENDATIONS
6.1 SUMMARY

This study haslemonstrated thahe leaves oPeristrophe bicalyculataeducel blood
pressure by actingia the renin angiotensin system as thartially-purified extract
decreased the activity and expression of A@RNA in serum andtissues of
hypertensive ratsThe mechanism of action of the extract was exhibited appartently
inhibiting the activity ofACE, so that angiotensindonverted to angiotensin7 by
prolyl endopeptidases (PERactivates B kinin receptors to release vasodilatory

substances such as nitric oxide.

The anticancer activity dPeristrophe bicalyculatashowedthat extracts of the plant was
cytotoxic against KB cells. This study also demonstrétedPeristrophe bicalyculata
inhibited cancer celldy inducingapoptosisalthough the exact mechanistvy which

apoptosis was induced was motestigated

Thebutanol fractiorof the planthad the highest amyrosinase activity and significantly
reduced melanin formation, demonstrating the potential uBerdgtrophebicalyculata

as a skin whitening agent and a revurce formelanoma treatment.

P,P,Rtriphenytimino(triphenyl)phosphoranelentified in the antihypertensive fraction
of Peristrophe bicalyculatanay be responsible for its antihypertensive activityit or

may enhancehe biological function of other components presertheplant to exert
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this effect. he anticancer activity of the plamay be attributed tcandrographolide
2(3H)furanone aromadendrene oxidand 2,4,5Trimethoxybenzaldehydeknown to

possess such property

6.2 CONCLUSIONS
1. The leaf extracts of Peristrophe bicalyculatacontain potent antioxidants,

inhibitors of lipid peroxidatiorand tyrosinase.

2. Peristrophe bicalyculatanayplay an important role in alleviatingypertension
caused by NOS inhibition via th&AS, by decaeasing the activity and

expression of ACENnRNA in serum andissues of hypertensive rats

3. The extract increaseNOS activity and expressigrobablyby accumulation of
endogenous kinins and entelial cGMP,which isan index of NO synthesis

and release.

4, The extracts of Peristrophe bicalyculatasignificantly reduced levels of
thiobarbituric aciereactive substances; probably because ACE inhibitors
accumulate endogenous kinins, which activat©8Mnd increase the synthesis

of nitric oxide, known to scavenge reactive oxygen species

5. The partiallypurified anticancer fraction dPeristrophe bicalyculatgromoted
apoptosis, which madthe fraction a potential source of valuable anticancer

therapy
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6.3 RECOMMENDATIONS

1. Further purification on the extrashouldbe conducted and investigation on the

anticancer and antihypertensive compounds be performed.

2. The mechanism of apoptotic taam of the anticancer fraction needs to be

elucidaed.
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Appendix 1

Lipid peroxidation inhibitory activity of different extracts Bf bicalyculataat different incubation times

APPENDICES

EXTRACTS DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 DAY 6 DAY 7

Control 0 0.16+0.02 0.25+ 0.03 0.36+ 0.01 0.44+0.01 053+0.03 0.65+0.03

Vit E 0 0.04+0.01 0.07+0.01 0.13+ 0.05 0.18+0.02 0.28+0.04 0.33+0.02
0.14+ 0.02 0.17+ 0.03 0.22+ 0.03 0.39+0.01

BHA 0 0.04+0.03 0.28+0.01

Methanolic water 0.16+ 0.04 0.3+ 0.02 0.39+0.02 0.42+0.02 0.56+0.04

fraction 0 0.08+0.01

Hexane extract 0 0.13+0.01 0.05+ 0.01 0.28+ 0.02 0.44+0.02 0.48+0.02 0.53+0.04

Hot water extract 0 0.08+0.01 0.12+ 0.05 0.28+ 0.01 0.35+0.06 0.45+0.03 0.54+0.02

Methanol extract 0 0.13+0.02 0.06+ 0.01 0.23+0.01 0.3+ 0.02 0.36+£0.04 0.46+0.04

Methanolic butanol 0.14+ 0.02 0.15+ 0.02 0.16+ 0.03 0.2+ 0.02 0.25+0.03

fraction 0 0.11+0.01

Methanolic ethyl 0.11+ 0.02 0.06+ 0.01 0.15+ 01 0.28+0.02 0.33+0.01

acetate fraction 0 0.14+0.02

Cold water extract 0 0.13+0.03 0.04+ 0.04 0.12+ 0.04 0.11+0.02 0.14+0.04 0.19+0.03
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Appendix 2

Effect of partiallypurified extract oPeristrophe bicalyculatan body weight of L

NAME-induced hypertensive rats

Captopril Extract Extract
Control Hypertensive
group group (50 mg/kg) (2.5 mg/kg) (25 mg/kg)
Week1 9.66+1.02 14.13+1.55 12.59+1.92 13.17+1.15 11.54+1.55
Week 2 15.54+1.36 20.15+2.47 18.38+2.43 19.47+1.75 19.53+1.11
Week3 18.23+£2.49 23.19+281 2151+2.10 21.58+2.98 22.26+2.47
Week4 21.02+1.09 26.08+1.24 23.11+1.05 2352+2.62 24.72+151
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Appendix 3

Effect of partiallypurified extract oPeristrophe bicalyculatan systolic blood

pressure of tINAME-induced hypertensive rats

Captopril Extract Extract

Control Hypertensive

group group (50 mg) (2.5 mg/kg) (25 mg/kg)
Basal 10900+ 2.65 113.35+3.7F° 110.67+2.3F 11000+ 4.0#  108.67+3.1&
Week 1 111.33+1.20 169.9D+3.48 17200+5.8% 17600+57¢ 18000+ 10.12
Week 2 11200+ 2.65 18900+ 4.81° 14200+4.16 172.33+4.33  144.33+12.73
Week 3 113.33+2.91 19500+3.86 118.67+4.67 138.33+4.1&  107.33+8.19
Week 4 110.9+2.60 21200+2.08 74.00+ 4.36 103.33+ 8.17° 94.00+ 1.0C¢°
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Appendix 4

Effect of partiallypurified extract oPeristrophe bicalyculatan activity of

angiotensirconverting enzyme the serum kidney and aortaf L-NAME

hypertensive rats

Control Hypertensive Captopril Extract Extract
group control (50 mg/kg) (2.5 mg/kg) (25 mg/kg)
Serum 0.05+0.0f 044+0.04 0.11+0.0" 0.28+0.03 0.19+0.05"¢
—PRO PLQ P/
Kidney 1.38+0.07 2.3+0.17 1.45 + 0.02° 1.66+ 0.0 1.56 + 0.02°
—PRO PLQ PJ
Aorta 1.08+0.05 1.87+0.1Y 1.07+0.1% 1.35+0.05 1.25+0.08Y

—PRO PLQ PJ
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Appendix 5

Effect of partiallypurified extract oPeristrophe bicalyculatan activity ofendothelial
nitric oxide synthaséNOS) in the serum, kidney and aorta el AME-induced

hypertensive rats

Control Hypertensive Captopril Extract Extract

group group (50 mg/kg) (2.5 mg/kg) (25 mg/kg)

Kidney —PRO PLQ 627+1.25  5.43+0.23 753+x1.15¢ 4.69x0.50" 6.44+1.13"¢
Aorta —PRO PLQ PL97+0.81 5.4+0.03 9.84+0.67 7.9+1.65 9.42+0.75"

Serum —PRO PLQ 23%0+1.22% 3.99+ 0.61° 8.33+ 0.53 5.92+0.67 7.44+0.74
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Appendix 6

Effect of partially purified extract d?. bicalyculataon thiobarbituric acid reactive

substances (TBARS) in serum, kidneys and aortaMAME -induced hypertensive

rats
Control group Hypertensive Captopril Extract Extract
control (50 mg/kg) (2.5 mg/kg) (25 mg/kg)

Serum 8.820.16  35.43+1.98 1356+0.79  23.83+1.65 17.75 + 1.08
(mmol/dl)
Kidney 79.06 +3.59 152.85+6.20 89.20 £ 4.11 129.36 +5.1B  92.94 + 4.18
(mmol/100g)
Aorta 68.12+2.18 128.51 +4.86 83.05+1.74j  99.56 + 3.4% 93.28 + 3.01
(mmol/100g)
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Appendix 7

Effect of Peristrophe bicalyculatan the expression of angiotensianverting enzyme

in the kidneys and aorta ofNAME-induced hypertensive rats

Control group Hypertensive Captopril Extract Extract
control (50 mg/kg) (2.5 mg/kg) (25 mg/kg)
Kidney 0.35 0.0 1.14+0.04 046 +0.03° 084+004  0.53+0.02
Aorta  0.69 +0.08 1.04+01%" 073+0.06 1.21+0.03  0.90 % 0.08¢
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Appendix 8

Effect of Peristrophe bicalyculatan the expression of endothelralric oxide synthase

(eNOS)in the kidneys and aorta ofNAME-induced hypertensive rats

Control group Hypertensive Captopril Extract Extract
control (50 mg/kg) (2.5 mg/kg) (25 mg/kg)
Kidneys 0.94 +0.08 0.76 +0.02 0.84+0.01" 0.86+0.04" 0.74+0.07
Aorta  0.88 £0.01 049+008 0.83+0.08 091+0.08 0.77+0.08
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Appendix 9

Effect of Peristrophe bicalyculatan the expression of angiotensianverting enzyme

andendothelial nitric oxide synthaserat aorticendothelial cells

Control L-NAME Captopril Extract Extract
group (2mmol/L) (1 mmol/L) (10 ug/ml) (100 ug/ml)
ACE 0.55+0.08 0.79 +£0.08 0.52 +£0.08 0.76 + 0.64 +0.08
0.03
eNOS 1.71+0.15 0.48 +0.08 1.01 +0.16 1.05 + 0.95 +0.08

0.09
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Appendix 10

Percentage apoptotic human mouth epidermal carcinoma cells after 24 and 48 hours

treatment withPeristrophe bicalyculata

24 Hours 48 Hours

Control Group - 1.84+0.13 5.23+1.15
Cisplastin —J PO3488+2.74 81.22+ 3.62
—J PO 2274+ 2.44 63.35+ 3.84

—J PO 15.06+£2.31 49.73+5.23

Extract —J PO21.D+217 67.6+7.90
—J PO 16.25+1.87 54.88+5.77

—J PO 12.49+1.96 35.05+ 5.68
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Appendix 11

Percentage necrotic human mouth epidermal carcinoma cells after 24 and 48 hours

treatment withPeristrophe bicalyculata

24 Hours 48 Hours

Control - 1.22+0.11 3.71+1.77
Cisplastin —J PO 37.33+ 3.22 65.56% 3.07
—J PO 21.24+0.79 55.61+ 6.98

—J PO 20.17+ 2.63 48.30+7.10

Extract —J PO 33.62+ 2.94 65.70 £ 6.93
—J PO 24.77+ 3.68 47.42+ 441

—J PO 18.28+ 2.12 37.84+5.68
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Appendix 12

Cytotoxiceffects of extracts and methanolic fraction$efistrophebicalyculataon

B1sF10 melanoma cells

Extracts Fold of Control
Cold water extract 1.05+0.03
Hot water extract 1.74+0.0%
Hexane extract 1.80+0.13
Methanol extract 1.64+0.13¢
Methanolic ethylacetate fraction 1.87+0.02
Methanolicwater Fraction 1.71+0.09¢
Methanolic butanol fraction 1.18+0.03
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Appendix 13

The melanin content of 810 melanoma cells after treatment with Kojic acid, butanol

and cold water extracts Bferistrophe bicalyculatat variousconcentrations

0.001 mg/ml  0.01 mg/ml 0.1 mg/ml
Kojic Acid 1.52+0.07 1.35+0.08 0.86+0.1°
Methanolic butanol fraction ~ 0.98+0.04 0.81+0.04 0.59+0.01°
Cold water extract 1.58+0.06 1.50+0.08 1.20+0.17
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Appendix 14
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Appendix 15
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Appendix 16
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