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ABSTRACT

Spondias mombin is used wwlitionally in Nigeria for the management of malana, diarrhoca and
microbial infections but there is insufficient data from pharmacological investigations on its
propertics. The effects of the Methanolic Extract of Spondias mombdin (MES) leaves on

ischemin-induced cardiac and cercbral damoges in ruts were investigated. The antioxidative and
- antiprofifcrative propertics of MES and its {ractions were also investigated.

. The MES was prepored by macerating Spondias ntombin [eaves in methanol and concentraling
the filtrate ohtained and then phytochemically screened acconling o swrdand procedures. Total
phenolic contemt (TT'C), total flavonoid content (TFC), rdical scuvenging acuivities, lipid
peroxidation inhibitoly activity (LPIA) ond rmduciive potentiol (RP) were determined
spectrophotomctrically. Effect of MLS on carlinc contractility was evalualed ex vive in rat hearts
subjectes) 1o ischemia using n GRASS polygraph and compared with that of o standard. ramipril,
In a seporatc {1 viio study, rats were tredied With cartboxymethy! cellulose (vehicle) or 85 mg/8
isoprotereno (ISP) with or without MES (100 and 250 wmig/kg). Thirty days after (rcatiment, sera
plasma and tissue homogenutes were prepared, Levels of maolondisldchyde (MDA), glutathione
(GSH). cholestcrol, phosphnte and nilsite as well as the aciivitics of superoxide dismutase
(SON), cotnlase and luctate dchydrogenase (LDIE) were evalunted spectrophotometrically. In a
ncuropharmacological study, rats wete subjecied to Middle Cerebral Artery Occlusion (MCAQO)
and trcated with velucle or MES. Ncurological deficit (ND) was cstimated from ohservation of
flexion. circling, hemiparesis und non-spontancous movement, Infaret size. MDA ond GgH
levels were also cvalusicd. Protcin expressions of gp91#* and p22™™" (subunits of nicotinamide
adcninc dinuclcolide phosphinic oxidasc). cNOS and aNOS (isoforms of nitiie oXide synthasc)
end SOD were evaluated by Wesiem blotting, 1hie MES was (roctioned into water. n-butanol.
ethyl acclate, dichloromcthune und hexanc., Antioxidint gnd antiproliferative assays wen: camed

out by spectroscopy on the fractlons. Data were anolyzed wing ANOV A und Stident's i-testat £
< 0.08.

Phytochemico! screening confimied the presence wl 1aiming, terpenolids and Navanutde Ihe TYC
and 11

were 3290 ¢ 1Lt m@l gullic acld cquivalent and 2280 &3S pganl quercctin
‘ : I 1

~




cquivalcent respectively, Radical scavenging activities ranged from 43.0 £ 0.9% 1o 88.6 £ 3.0%
while LPIA and RP were 54.0 £ 1.3% and 0.6 £ 0.0 respectively. The MES stimulated
l significant cardiac contractilc activitics similar to that of ramipril. The MES also reduced ISP-
induced clevation of LDH activity and MDA, phosphalce, cholesicrol and nitrite tevels and
lﬁ 1eversed the decreascd GSH level and SOD and catalasc activitics in the ISP-challenged group. It
| rcduccd ND and infarct size by 43.0% and 75.0% respectively and significantly ameliorated
* MCAO-induced clevation of MDA and decrease in GSH levels. 1t suppressed the expressions of
| gp‘)l""‘“ and nNOS but cnhanced those of p22P™*, ¢NOS and SOD. The cthyl acclate and n-
butanoi fractions showed the highest antioxidant activity while the dichioromcthane fraction had

the highest antiproliferative activity. Quercetin-3-0-8-D-glucopyranosidc and undec-1-cne were

characicrized from the cthyl acctate and n-butanol fractions.

Mcthanolic extract of Spondias mombin leaves cxhibited remarkable antioxidant property that

could protect rals from isoprotercnol-induccd cardiotoxicity. ischemia-induccd cardiac snd
cercbral damages.

Keywords: Spondias  mombin, Antioxidant property, Cardiac damage, Ncuroprotection,
Antiprolifcrative aclivity

Ward count: 497
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CHAPTER ONE

INTRODUCTION

Generation of free radicals in the body heyond its antioxidant cepacity ieads (o
oxidative and nitrosative sttesses Which have been implicated in the etiology of many
discases (Tshibengu er al., 2002, Nicolcscu er al., 2004). In particulsr, reactive
oxygen species (ROS) such as superoxide radical (O; ), hydroxy! radical (OH"), and
H;0: together with reactive nitrogen species (RNS) like peroxynitrite (ONOO),
nitroxyl (NO™), nitrosyl chloride (NOCI) and nitrogen dioxide (NO;) arc important
factors in the ctiology of several pathological conditions such as lipid peroxidation,
protein pcroxidation, DNA denmege and cellular degencration relaled (0
cardiovascular, cerebrovascular and ncurodegenerstive discases, diabetes, ischemia-
reperfusion injuiy, locol and systemic iaflemmation, cancer, and many other disorders
(Clayson ¢1 al, 1994, Pucher ¢ al., 2007). The abermant reactions of ROS, produced
from oxygen coniribule to oxidative stress whereas reactions of RNS, produced from
reaction of NO are proposed to contribute 10 nitrosative stress. ln consonance with
this, mitigation of oxidative stress via scavenging of free radicals end pugmentation of
antioxidam defenses in living systems has been advanced 0 be 8 cammon route

through which many drugs and nalural products exercise their healthpromoling
efects.

Plants contain many antioxidstive components which acl as major defense agsinst
1adical-mediated toxiclty by preventing or attenuating the deteterious eflects of frec
radicals. tnhibition of frce radical gencration can scrve as a facile system for
Ideniifying cancer preventive, chemotherapeutic and ptophylactic agents (Halliwell
and Guueridge, 1992; Bauerova and Bczek, 1999; Farombi er al., 1997; Farombi et
al., 1998; Farombi, 2000; Finkel and Ilolbrook, 2000). A sysicmatlo scarch fof usclul
bloactivltics from mexicinal plants is now considered to dc a ratlional appioach in
nutracevlicel 8nd drug research. According 10 a conservative estlmate, 300, 000 1o
400,000 plant species @ow on caith, oniy a small percentage heve had iheir
phytochemist: v and biological function investigated (Kitanl e¢ al., 2001 ). Despite the

upswrge In  phytochemical research, relatively linle informstion [s available
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conceming the antioxidant potential and biological ectivity of plan! species, especially
in Africa which contains one of the richest biodiversity in the world and abounds in

plants of economic and medicinal importance (Farombi, 2003), Accoiding to Hoareau
and Dasilva (1999), interest in medicinal plants as a re-emerging health aid fas boen
fuelled by the 1ising cost of prescription drugs in the maintenance of personal heaith
and well-being, and the bioprospecting of new plant.derived drugs. It was opined that
besed on current rescarch and financial investments, medicinal plants would centinue
to play a leading role in the global quest for a healthier world. Possible toxicity and

general consumer rejection of synthetic additives have also spurred the search for
plant-based altermatives (Namiki, 1990).

Over 80% of the developing world’s population still depends on the complementary
and alienative systems of medicine (CAM) while about half of the population in the
industiialized countries uses CAM (Bodeker and Kronenberg, 2002). It has always
becn an “invisible mainstream™ within the health care delivery system (Penson et al.
2001). The Alma-Ata declamilon in 1978 stated that mobilization of traditional
medicine sysiems is an important way (0 make health for all a reality (Shaikh and
Hstcher, 2005). The WHO in 1970 recommended that proven traditional remedies
should be incoipomied within national drug pollcies (Wondergem ¢ al, 1989),
Ethaobotanical studles casried out throughiout Africa conftrm tliat native plants are the
main constitucnt of tradhional African medicines (Oliver-Bever, 1986). These plants
have 10 be subjected to phytochemical investigations and biocactivity studles in order

o validaie putative claims for them as proven remedies and to comea problems
arising from thelr unorthodox use for mediclnat and allied purposes.

As pharmeceutical and nutraceutical interest in natural antioxidants has skytochered
in the past fcw yeas, a plethora of methods have come into common use for soooning
entioxidant sctivity of various classes of compounds, These Include oxygen redical
absorbance capechly (ORAC), trolox cquivalenl anlioxidam capaclly (TEAC), fervic
reducing antioxldant power (FRAI'), 10l oxidant scavenglng capacity (TOSC), totsl
redical.trupping aniloxidant pemanicier (IRAP), 2,2.diphenyl-l-pleryl-hydrazyl
(PPI1i) resciivily, total phenolic content analysls among others. Typically, the
mahod sciected depends on ease of use and avallability of instrumeniation, and very

oflen there Is lack of correlaiion hetween activity assays and phenolic conteny,

2

ITP* HEALTH REPOSITORY PROJECT



-1 between activities determined on the same material by different assays and between
activities deterrnined by the same assay in diflerent Jabocatories (Schaich, 2006).
Environmental influences such as temperature, g2ades of reagents employed in ass8ys
and source of samples used may be contributory factors to these disciepancies.
Besides these, antioxidant assays do not all measure the same chemical acticn. Some
assays measure hydrogen atom ttansfer copability (classical radical quenching), some
measure clectron transfer propensity. Therefore to adequately and fairly compate the
antioxidant potentials of plant products, a series of methods should be utilized. Plants
differ in the types and combinations of phytochcmicals and antioxidant compounds
they contain and therefore, mechanism of antioxidant action will not always be the

same for all samples (McDonald-Wicks ez al., 2006; Kaur and Geetha, 2006).

Cardiovascular diseases include coronary hcatt discase (heart attacks),
cercbrovascular disease, raised blood pressure (hypertension), peripheral artery
discasc, rhcumatic hcait disease, congenital heart disease and hecart failure. Tobacco
use, physical inactivity, and an unhealthy dict con lead to CVD. Giobally,
cardiovascular diseases are the number one causc of dcath and are projected to remain
so into the foreseeable fulure. An estimated 17.5 million people died from

cardiovascular discase in 2005, represcnting 30% ofall global deaths. Of these deaihs,

7.6 million were due to heart attacks and 5.7 million due (o stioke (WHO, 2007).

A stroke or cercbrovascular accident occurs when the blood supply (o pant of the brain
is: suddenly interrupted or when a blood vessel in the brain bussts, spilling blood into
the spaces surrounding besin cclls. Neurons die when they no longer receive oxygen
and nulrients from the blood or there is sudden hemorrhage into or around the brain.
In 1999, stroke was the cause of death in 5.5 million people worldwide (WO, 2003).
At present, stroke is the thiid leading cause of death, after cardlovascular diseases and
cancer, in moRt develofed countries and the Icading cause of disability in adults
(Ikedo e? al., 2003, Bé&neur er al., 2007), Ivojections to the year 2020 indicale that the
number of people suflering from cerebrovascular discasc cach year will increase
subatantially, and that the majority of these will be in developing countrics (WHO,
2003). There ate. 10 date, no effective curative trcatments for sttoke but plant derived

aniloxldants are very promising drugs in the management of Ischewle stroke.
(Margaill ¢/ al., 2008; Bémceur ¢t al, 2007).

3
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The present study has been designed to investigate the antioxidant, cardiopiotective
and neuroprolective potential of Spondias mgmbin. Ten widely used indigenous

Nigerian medicinal plants were evaluated for antioxidant and free radical scavenging

activities which formed the basis for the selection of Spondias mombin for the
cardioprotective and neuropiotective studies.




CHAPTER TWO

LITERATURE REVIEW

2.1 FREE RADICALS AND OXIDATIVE STRESS

Free radicals are chemically active aloms or molecular fragments that have o single
unpaired electron in an ouler ordit. This unstable configuration creates encigy which
(s released through reactions with adjecent molecules. Exampies of free radicals are
superoxidc radical, hydroxy! radical, richloromethy!| radical (‘CCly). ions of transition
metals like iron and copper, nitric oxide and oZone. The presence of an unpaired
clectron makes frec radicals highly unstable and consequently highly reactive since
they absuiact electron from adjacent molecules in order to ansin a stable state. Oxygen
free radicals or more genernlly, reaclive oxygen Specles (ROS) as well as reaclive
niltogen specles (RNS) are subscts of free radicals which are of special interest to

sclentists. Radicals derived from oxygen represent ihie most impoitant ciass of radical
species gencraled in living systems.

2.1.1 Reaclive oxygen apecica

Reactive oxygen species are cither fice mdlcals. reactive anions conlaining oxygen
atoms or molecules contalning oxygen atoms that can clther produce free radicals or
arc chemically activated by them. They include: superoxide radical (O;"), hydraxyl
sadical (OMH), singlet oxygen ('Oz) and hydropcroxyl radical (HOO). Other non-
radical rcactlve oxygen species include hydrogen peroxide (11:0s), hypochlorous acid
(IOC!) snd ozone (O3). ROS are generated through a number of means including
ultraviolet and ionizing radiations, chemical reactions and metabolic processes. The
pioduction of ROS is actually a nomal part of life, arising from the nhalation of
oxygen. Free radicsl chaln reactlons are usunlly produced in the mitochondnal
respiralory chaln, liver mixed functlon oxidases, by bacterial leboocytes, through

J zanthlne oxidase sctlvily, aimospherlc polluiants, irom trensitional metal catalysag,

' drugs amd xenobiotics. in aldlilon, cliemical moblllzailon of fatl stores under variowm

condltions n:'ch;' n{inzq:l.lon.?uqc*rclgq@ggr.}!nﬁcllon and even fasting can result in
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increased radical activity and damage to the immunc and nervous Systems. Stress
hormones (adrenalin and noradrenalin) secreied by the adrenal glands under

conditions of continuing and cxcessive emotional stress, are metabolised into simpler,
albeit, free radical molecules (Atawodi, 2005). The complete reduction of oxygen is
summarized by the following equations (Clarkson and Thompson, 2000):

O:+¢ —* 0, " (Superoxide radical)

Oy +Hi0 ——+ 0y + Ol (hydroperoxylsadical)
HOO +e —  * H;0;(hydrogen peroxide)

302 +e ——+OH + HO (hydroxyl radical)

Hydrogen peroxide is not a free rodical but it is considered a reactive oxygen specics
becouse of its ability 1o genernte the highly rcactive hydroxyl radical through its
interaction with gansition metals (Aiwoma es o/, 1991). In ccllular oxidation
reaclions, the supcroxide radical is nomally formed fis and is thcrefore considered
the *“primary™ ROS. and can fuither interact with other molccuies to generaic other
kinds of cell damaging free radicals and oxidizing agents, “secondary” ROS, either
direcily or prevalently through enzyme- or melal-calalyzed processes (Valko ef af.,
2005). Verious pethweys of ROS formation are shown in Figure |I. The domaging
action of the hydroxyl radical is the strongest among free mdicals (Liu and Ng 2000).

2.12 Reactive nitrogen specics

The pathologlcally end physiologicelly imponant reactive nitrogen apetics (RNS)
have been B8ining Increasing prominence (n the past few Jecades NO can be
regarded as the primary RNS, NO' Is genernied in blological tissues by specifie nitiic
oxlde synihases (NOSs), which mebolizc arginine to citrulline with the foemoilon of
NO’ viz a five clecuvon oxhlative reactlon (Ghalour/lar and Cadenas, 200S), Nirk
uxbde (NO') is an abundani reacilve radical thai acls as an hnportant axidalive
: largo variety of divero physiolugical fevvesses.

0 eynaptlo plewtlcity in e CNS, hlowd fwassure




regulation, defence mechanisms smooth muscle relaxstion and immune regulation

(Bergondi et al., 1999). Due 10 its extreordinasy properties, NO' was acclaimed as the

“molecule of the year” in 1992 by Science Afagazine (Koshland, {992). In the

extracellular milieu, NO' reacts with oxygen and water lo form nitrate and nitite
anions. Overproduction of reactlve nitrogen species is calied nivosative stress (Klatt
and Lamas, 2000; Ridnour et al., 2004). This may occur when the genermtion of RNS

in a system exceeds the system’s abilily to neulralise and eliminate them. Nitrosative

siress may [ead to nitrosylation reactions that can alter the siructure of proteins and so

inhibit their normal function. Cells of the immune system pioduce both the superoxide
anion and nitric oxide during the oxidetive burst triggered during inflammsiory
processes. Under these conditions, nittic oxide and the superoxide anion may react
together to producc significant amounts of 8 much moro oxidstively aclive molecule,
peroxynitrite anion (ONOQO"), which is a potent oxidizing agent thal can cause DNA
fragmentation and lipid oxidatlon (Carr es al., 2000):

NO' + 03" — ONOO

Thus NO’ toxicity is predominantly linked to its ability to combine with supcroxide
oaioas (Figures | and 2). Nitric oxlde readily binds ceftain transilion metal ions; in
fact many physlological effects o f NO' are excnied as a result of its initizl binding 10
Fe'-1lacm groups in the enzyme soluble guanylaie cyclase (Archer, 1993). The NO
derlved chemical specles most routinely implicated in loxicity have been peroxynitrite
(ONOO"), nitroxyl (NO"), nitosyl chloride (NOCl) and niwogen dioxide (NOj).
Myeclopcroxidese cotalyees the formation of 3-nltrolyrosine. another RNS, [fom the
reactlon of nitrite with proteins. The reaction of NO; with phenols (Including 1)yvosine)
yiclds nitrophenols. in particular, nilrotyvosine (Reiter er al 2000). Both peroxynitrite
and NO; have deen propasel © Inltlate lipid peroxldation and degradation of other
blomolecules (I3yun ¢f al., 1999). Nitrotyrosine Is used as ¢ common marker of

nivossiive sircss. Nlirotyrosine readily decomposas 1o lyrosine and nittite. Hence
nittosslive sireas produces products such as nlirosothlols and nitrosamines bt




2.1.3. ROS: The I’'ros and the Cons

ROS, as well as reaclive RNS, are products of normal cellular metabolism. ROS and
RNS arc well recognized for playing a dual role as both defeterious and beneficial
species, since they can be either haninful or beneticial (o living systems (Valko e al,,
2006). The eberrent reactions of ROS, produced from oxygen contribute to oxidative
sUess, whereas rcactions of nitric oxide are proposed to contribute to nitrosative stress
(Wink and Mitchell, 1998). Generally, RNS could be considercd as a subset of ROS
since they usually contain oxygen and are associated with reactions producing the

lattcr (Figure 1). Similarly, oXidative stress could be considercd o be inclusive of
nitrosalive suess.

Beneficial cffects of ROS occur at low/modersle concentrotions and involve
physiological roles in cellular responses o noxia, as for example in defence agrina
infectious agents and in the fiinction of a number of cellular signalling systems. ROS
al low/moderate concenirations are also involved in the induciion of a mitogenic
response, the coniiol of blood flow through the aneries and in maintaining CNS
health. Some free radicals at low levels are signaling molecules responsible for
turning genes on and of¥, Others, such as nitric oxide and supcroxide, are produced in
very high amounts by Immune celis (0 desgoy viruses and bacteria. Some free
radicals kill cancer cells. Many cancer drugs are actually designed to increase the
production of free radicals in the body. The 1998 Nobel Piize in Physiology and
Medicine was swarded (0 the scientists who discovered nitric oxide's role as a
signaling molecule in the candlovascular system (Packerand Colman, 1999).

The hanmnful effect of free mdicals causing poientlal blological damage, oxidative
eUess and nitrosatlve steas (Kovacic and Jecintho, 2004; Valko er o/, 2001; Ridnour
¢t ol., 2003), resuits from a shift in the balanco of the prooxidant and entioxidan:
homeostatic Phenemenon in the body, Prooxlidant conditlons donilnae eiiher due to

ihe Inaeased genersiion of the free mdicals or due (o the pooe mwnglnglthbg
of the froo mdicais in the body due to depletion of the dietary antivxidants {Dringen,
2000), Oxldollvo stress occure when fioe radicals “go on ranmibege™ and Is assoc latex

" degene dlive discascs. |t has been impliuuxl {n




discases (CVD), cancer and carcinogenesis-induced mutation and tumour promotion,
arthtitis, diabetes, acquired immune deficiency syndiome (AIDS), Alzheimer’s
disease, inflammation and the ageing process; arising from their involvement in lipid
peroxidation, protein peroxidation and DNA damage (Halliwell and Guttenidge, 1992;
Clayson er al., 1994; Knight, 1995; Bauerova and Bezck. 1999; Visioli es af. 2000;
Olinski et al., 2003; Pcuchant er al., 2004 and Necrgheen er al., 2006). As long as the
body's antioxidant defcnse mechanism is still able 10 eontzin or cumtail the sctivitics

of (rec tadicals, oxidative stress and nitrosative stress will not occur. The delicate

balance between benclicial and harmful effects of fiee radicals is a vely impontant
aspect of living organisms and is achleved by mechanisms called “;edox regulation™.
The process of “redox regulation™ protects living organisms from various oxidstive
sticsses and mainiains “redox homeastasis™ by contiolling the nedox status in vivo
(Droge, 2002).
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L4, Oxidative Damage (0 DNA, Liplds and I*rotelns

Oxldative sircss can damage blomolecules Hke liplds, proteins. enzymics, carbohydrmtes and

DNA in cells and tiasues. Thie can resull In membrane demnge, fingmeniation o random Cross
linking of molecules like DNA, enzymes and strsciuml proteins and even 1o cell death induced

by BNA fragmeniation and lipld peroxidation (Rainam er ol.. 2006). The hydroxy| radica! reacts
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'I"with all components of the DNA molecule, damaging both the purine and pyrimidine bases and
the deoxyribose backbone (Halliwell and Guttenidge, 1999). Permanent modification ol genelic
matcrial resulling from these “oxidative damage™ incidents represents the first siep involved in
mutagencsis, carcinogencsis, and ageing (Valko ef af., 2007). ROS also attacks polyunsawrated
fatty acid residues of phospholipids, which ate extzemely sensitive to oxidation (Siems ef al.,
1995). Once formed, peroxy! iadicals (ROO’) can be reasranged via a cyclization reaction (o
endoperoxides (precursors of malondialdehyde) with the finnl product of the peroxidation
process being malondialdehyde (MDA) (Fedike et al., 1990; Wang er al., 1996; Fink eral., 1997;
Moo et al., 1999; Marnett, 1999). MDA is mutagenic in bocterial and mammalian cells and
carcinogenic in mats. Mcchanisms involved in the oxidation of proteins by ROS weie elucidated
by studies in which amino ocids, simple pcptides and pioteins were exposed to ionjzing
rddiations under conditions where hydroxyl radicals or a mixture of hydioxyl/superoxide radicals
arc formed (Stadiman, 2004), The side chains of all emino acid residues of piolteins, in particular
cysteine and metbioninc residues of protcins are susceptible to oxidation by the action of
ROS/RNS (Stadtman, 2004). Oxidation of cysteine tesidues may lead to the reversible formation
of mixed disulphides between protein thiol gioups (-SH) and low molecular weight thiols, in

particular GSY (S-glutathiolation). The concentration of carbonyl groups, genersted by meny

different mcchanisms is a good measure of ROS-mediated protein oxidation.

2.2. Ischemin - Reperfusion Injury

Reperfusion injuty refers to darnage to tisSue caused when blood supply retums to the tissuc afier
a period of ischemin. The absence of oxygen and nutrients fiom blood creates a condition in
which the restoration of circulation results in inflammation and oxidative dasnage through the
induction of oxidative sircss rather tlan restoration of normal function. Reperfusion injusy is the
lexling cause of tissue domaoge occurting in conditions such as myocardial infurction. stroke,
organ tmnsplantation, and cardiopulmonary bypass, as well as a major mechanism of cnd-organ
danwage complicating the cowse of circulatory shock of various ctiologies. In all these
conditions, the initial tiigger of the damage is 1he uansicent dissuption of the normal blood supply
10 larget organs followed by reperfusion. No elVective therapy is currently available to limit
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\ :cperfusion injury, which emphasizes the importance of a better undeistanding of its underlying

xathological mechanisms, to devisc potential future therapeutic strategies (Pachar ef ai., 2007).

1.2.1, Mcchanisms of Reperfusion Injury

An imbalance between oxygen supply and demand due to compromised vascular flow results in
ischemia. In theory, the process is very simple: lack of adcquate oxygen and metobolic substrates
ropidly decreases the cnergy available to the cell and Jeads to cell injury that is of revetsible or
irreversible pature. In practice, the process is very complex. The extent of injuiy is deterrnined
by various factors; the scverity of ischemia (low-flow vs. zero-flow ischemia), the duration of
ischemia, the temporal scquence of ischemia (e.g. short ischemia followed by long ischemia),
changes in mciabolic and physical cnvironment (hypothermiia vs., oormotherntia, preischemic
myocardial glycogen coatent, perfiisate composition) as well as the inflammatoty response.
Reperfiision, gencrally a pre-requisite for lissue survival, may also increase injury over and
above that sustained during ischemia. This phenomenon Icads in tum to cell death (Pantos ¢ /.,
2006). The damage of reperfusion injury is duc in pait 10 the inflammatory response of damaged
tissues. White blood cclls carried to the arca by the newly retumning blood relcase a host of
inflammatory factors such as intetlcukins as well as free radicals in response o tissuc damage,
The restored blood Now reintroduces oxygen within cells that damages cellular prolcins, DNA.
and \he plasma membrane. Damage (o the Cell's membrane may in turmn cause 1)ie relcase of more
free jadicals. Such reaclive specics may also act indirectly in redox signaling to tum on
apoptosis, Leukocytes may also build up in small copillaries, obstructing them and leading 10
more ischcmia, Ncutrophils arc the principal cffector cells of rcperfusion injuiy. Under the
conditjons of ischemia/rcperfusion. xanthine dehydrogenase is converted into xanthine oxidase
which uscs oxygen as 0 substraie. During ischemia, oversized ATP consumption leads to
accumulation of the purinc catsbolites hypoxanthine and xanthine, which upon subsequent
ecpetfusion and influx of oxygen are mctabolized by xanthine oxidasc to produce cnormous
amounts of superoxide radical, hydrogen peroxide and hydroxyl indical (Granger er al., 2001).
Xanthinc oxidgse also produces uric acid, which may act as both a prooxidant and as a scavenger

of reaclive specics such as peroxynilrite, Excessive nitric oxide produced during reperfission

fencls with superoxide to produce the potenl reactive speeics Peroxynitrite. Such rudicals and
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eaclive oxygen spccies atack cell membrane lipids, proteins, and glycosaminoglycans, causing

Authier damage. They may also initiate specific biological processes by redox signaling.

2.2.2 Myocardial Ischemia

Acule myocardial ischemia (ischemic heant discase) accounts for the highest percentage of
morbidity and mortality in the Western world (Lopez and Murtay, 1998). Persistent ischemia can
result in cardiomyocyle death and lead to congestive heart failure. 1t is characterized by reduced
blood supply to the heart muscle, usually due to coronary artery discase (atherosclerosis of the
coronaty artciics). its risk increases with age, smoking, hypercholesterolaemia (high cholesterol
levels), diabetes, hypettension (high blood pressure) and is more common in men and those who
have close relatives with ischacmic heart disease. Coronary reperfusion utilizing thrombolytics
and coronory angioplasty can partially rescuc the ischemic myocardium and limit the
development of an infarct. However, reperfusion, though a prerequisite for tissue salvage. might
also lead 10 increased cell mortality, possibly as a result of the inlwomatory response, o burst of
oxygen free redical production and calcium overload (Bognar ¢/ al.. 2006). In respoase (0 the
increasing toll of ischaemic heart discase, the lasi 50 years have scen an enormous amount of
rescarch aimed at understanding the biotogy of ischiacmia and developing methods to control it
(lleassc, 200t). Myocardial ischemia results in ATP depletion and accumwlation of toxic
metabolites, whereas reperfusion leods to the production of reactive oxygen inlermediates and
caicium overload. The alleestions in cellutas metabolism and generation of toxic molecules
conlribute to myocartial ischemia/reperfusion injury (Marczin ¢/ al., 2003). Myocardial
Ischemio-reperfusion injury may occur as dumage to the myocardium following blood
restomlion after o critical period of coronary occlusion (Goldhaber and Weiss, 1992, Dhalla e/
al., 2000). 11 is now recognized that there are a spectitum of responses of the myocadium (o
reduced coronpry perfusion and ti:at the respoase of the myocardium o ischemie injury con be
modulated by o number of processas, paticularly reperfusion and preconditioning ( Buja, 200S)

There are two majn hypothescs, namely oxidative stress and Cao.overload, which luve been

proposod 1o explain the pathogencsis of myocardial ischemia-reperfusion injury (Figure 3).
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Figure J: Schematic dlagram showlag pathophysiclogle and therapeutic impllestlons of oxidative stress and
endoRenous wntiozidaats Io lschemin— reperfusion lajury in (he hesrt (Dhalla ¢ af., 2000).

Oxidative surcss, which is usunlly associsled with increased formation of reaclive oxygen
species (ROS). modilies phospholipids and protcins leading to lipid pcroxidation and oxidation
of thjol groups; these changes are considered to aller membrane permenbility and configuration
in addition to producing functional modification of various ccllular protcins, Oxidative siress
may result in cellular defects inciuding a depression in the sarcolemmnl (SL) Ca-pump ATPase
and Na-K ATPasc aclivilies; these changes Icad 10 decreased Ca-cfMux and increased Ca-inllux,
respectively and the inhibition of Ca scquestration from the cytoplasm in cardiomyocytes. The
oxidative stress-induced changes in the SR Ca-pump as well as SL Na-K pump are not linvited to

cadiomyocyles bul huve also been observed in the coronny artery smooth muscle cells. These

1§
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Lllcrations were markedly reduced by antioxidants such as calalase and superoxide dismutase.
The depression in Ca-regulatoty mechanism by ROS ultimately results in intacellular Ca®"
(ICa}i) overload and cell death. On the other hand, an increase in [Ca); duting ischemia induces
Ethc conversion of xanthine dehydrogenase o xanthine oxidase and subsequently results in
generating supcroxide 1adicals (Dhalla e/ af., 2000).

Another mechanism to explain myocardial ischaemin injuty is from the energy pecspective. With
loss of oxygen, mitochondrial oxidative phosphorylation rapidly stops, with a resultant loss of
the major source of ATP production for energy metabolism. This engenders a compensatory
increase in anacrobic glycolysis for ATP production which leads to the accumulation of
hydrogen ions and lactate, rcsulting in intraceljular acidosis and inhibition of glycolysis, as well
as mitochondrial fatty acid and residual energy mctabolism. Impaired contiaction with persistent
electrical activity (excitation contraction uncouPling) develops in association with alterations in
ion ransport systems in the sarcolcmma and organcllar membranes. This establishes a milieu for
ventricular arrhythmias. Initinlly, there is incrcased K’ cfllux related t0 an increased osmotic
load due to the accumulation of metabolites and inorganic phosphatc. An increase in fiee Mg?* is
followed by a decrease in total Mg". With a substantial dceline in ATP, the Na*, K*-ATPase is
inhibited, resulting in a further decline of K* and an increase in Na'. The intlux of Na*. CI™, and
water |leads 10 cell swelling. An early increase in cytosolic Ca®* also develops due (0
multifactorial changes in Uanspoit Systems in the ssucolemma and sascoplasmie reticulum. Ca?*-
induced &ctivation of protcases causes alterations in contiactile protcing, dootased sensitivity to
Ca*’, and suswioad impairment of conuractility despite the elevated cytosolic Ce?* (Figure 4).
The aecrosis of myocyles and nonmyocyies triggers an inflammatory reaction with subsequent
organization and healing. The progiTasion (0 an advanced stage of cardioniyocytc injuiy is
mediated by progressive membrane damaye involving several mechanisms. The alicred
metabolic milicu with a sustsined inoease in cylosollc Ca’* Icads to phospholipase activation
and phospholipid degradation with rclease of lygophospholipids and free fuity acids. |mpaired
mitochroadsial fosty acid metabolism results in the accumulation of free fntty acids, long~chain
scyl CoA. and acyl camiloc. and these amphiphllic molecules, together with products of
Phospbolipid degradation, incoiporate inlo membranes and impair their function  Toxic oxygen
species and free redicals are genoyatad from ischemic myocytes, ischemic cndothelial cells, and
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Figare 4: Postulated sequeace of allerations javolved In the pathogenesis of lrreveralbie myoesrdial ischemic
Jajury. Oxygeo deficiency Induces metabolle changes, Including decreased adeaosine Iriphasphatc. (ATP),
decreased pli, aad lactaic accumolation, In Ischemie myocytes The aliered metabolic mllica leads (o
impalred membvaoe lramsport whih resullant derangements 1o {alraccllolar elecirolyts. An Iacremse Ia
Ylnolic Ca’* triggess the activatloa of protiemses and phosphollpascs with rcsultaal cytoskelctal damage and
Impaired membraac Phospholipld balacce Ali€ratioas of myofibrillar coatractlle proteias iced 10 decremsed
Ca™ wenalilvily aod decremsed coatraciloo desplie the iaerrascd cytosolic Ca'’. Lipid alieratlons include
leCreased phosPhoiipld (PL) degradation »ith relensc of free fatry acids (FFA) aad lysophosphollpiis {LPL)
Aad drerresed phosphallpid sysibesis. The accumulatios of amphipathie liplds alters membraae Ruldity.
Lipid pe1paidation occuss as @ r3al) of allack by free radicals prodeced, at ieast ia parl. by the generaiioa of

cicess clectrons (¢) la oxygendeprived mitachoadrin: Free radicats also are derived from Ihe metaboltam of
- Aracbidoa)c acid asd calecholamines, lhe melabolism of adenlae nacleolides by isniblne ovidase la

- eadotheiium (gpecies deperadeni). sad (he aclivalion of acwiraphils apd macropbages The Icvevensible phase
| of iajary ls medlated By s ery membrase d?make Produced by phospholipht lams, lipkd perosidaiion, and
 €yUmhrirtsl damage (Buja. 2005)
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activated leukocytes, and they induce peroxidative damage (o the fatty acids of membrane
phospholipids. Activated proteases cleave cytoskeletal filaments, which normally anchor the
sarcolemma to myofibrils, and their anchoring and stabilizing effect is lost. These changes
collectively lead to a progressive increase in membrune permeability, progressively severe
dcrangements of intracellular electrolytes, and ATP exhaustion. The terminal event is physical

discuption of the sarcolcmma of the swollen myocyte (Buja, 2005).
2.2.3 Cerebral Ischemia

Cerebral ischcmia results from a loss of blood supply to a region of the brain due to arterial
blockage or hemorrhage. It is a condition in which therc is insuflicient blood flow to the brain to
meet melabolic demand. This leads to poor oxygen supply or cercbial hypoxia and thus to the
death of bruin tissue. The most common and familiar manifestation is ischemic stroke (Flynn ez
al., 2008) also known as cercbral infarction or cerebrovascular accident. Cerebral ischacmia or
brain ischemia is a major cause of disability and death globally and has a profoundly negative
impact on the individuals it affects, those that care for them and society as a whole. There arc

very few treatments for siaoke and the development of new treatments requires a comprehensive

understanding of the diverse mechanisms of ischcmic brain damagc that are responsible for

ncuronal death (Doyle et ol., 2008).

Siroke can be subdivided into 2 cvicgorics, ischcmic and hemorrhagic. Ischemic strokes make up
approximately 87%% of all cases, and have been the targct of most drug trinls (Rosamond, 2007).

A thrombosis, an embolism or systemic hypo-perfusion, all of which result in a restnction of
blood flow to the brain. can cause an ischemic suoke. which results in insuflicient oxygen and

glucosc delivery to suppoit cellular homeostasis. Brin injury, following stoke, results rom the
complex interplay of multiple pathways including excitotoxicity, acidotoxlcity, ionic imbalance,
peti-infarct depolarization, oxidative and nitrative stress, inflammation and apoptosis (Gongplez
¢t al., 2006). Each of the above pathophysiologlcal processes has a distinct lime frame, some
occurring over minules, others over hours and days, cousing injury (0 neurons, glia and
endothelial cells. Within the core of the ischemic arca, wherc blood flow is most severely
relsicled, cxcitotoxic and necrolic <¢ll death occurs wilthin minutey. In the periphery of the
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ischemic area, where collatetal blood flow can buffer the filll effects of the stroke, the degree of
fschemia and the timing of reperfusion determine the outcome for individual cells. In this
ischemic penumbia, cell death occuts less rapidly via mechanisms such as apoptosis and
inflammation (Gonzalez et al., 2006). The mechanism of ischemia rcperfitsion injury in the heart

and brain are basically similar.

The human brain requires more oxygen (20% of total oxygen consumption) relative o its size
(2% of body weight) (Edvinsson and Krause, 2002). This large amount of energy is needed by
the brain to generate sufficient ATP by oxidative phosphotylation to maintain and restore ionic
geadients, One cstimate suggests that the Na'/KK*ATPasc found on the plasma membcane of
neurons, consumes 70% of the energy supplied to the brain (Edvinsson and Krause, 2002). This
ion pump mointains the high intiacellular K* concentration and the low intraceliular Na®
concentiation necessary for the propagation of action potentigis. Afier global ischemin,
mitochondiial inhibition of ATP sy™hesis leads to the residual ATP being consumed within 2
mun, this causes neuronal plasma membrane depolarization, release of potassium into the
exltacellulas space and entiy of sedium into cells (Ceplan, 2000). Energy failure also prcvents
the plasma membrane Cs** ATPase from maintaining the vety low concentrations of calcium
that are nonnally present within cach cell. The cxtracellular calcium concentration is
approximately 1.2 mM and most cellular proccsses regulated by calcium have a K= value in the
range of 0.1 (0 } uM. During ischamia intiacellular calcium levels rise to 50 - 100 uM, oclivating
many, if aot all calcium dependent proteases, lipases and DNases (Edvinsson and Krause, 2002),
This lcads 0 many cells in the ischemije corc dying from simple calgbolism. Since no ATP 'S
available for the re-synthesis of cellular constituents these catabolic enzymes cause the necrosis
of essentinl cellular structures. Mcmbrane dcpolanization also Icads (0 neurotransmitter rdcase,
with the release of the excitalory neurouwnsmitter glutamatc playing a critical role in ischemic
pathology, A large conceniration gradicnt of glulamate is maintained across the plasma
membrace by sodium-dependent Blulamate transporters located on presynaplic and postsynaptic
mcmbranes. The synaplic glutamale coeccuiralion is in the micromolar range, Whereas the
€ylosolic coacenwration of @ulamate is apmoximaiely 10 mM (Hsu, 1998) Mecmbrane

depolanization and sccumulation of sodium inside cclls duning Ischemia causes reversal of
8lwamaic vansporicrs and allows gluaamale (0 exit cells along 13 concentration gradient. The




L’fect of an increase in synaptic glutamate concentiation is the activation of N-methyl-D-
Eiaspmtnte (NMDA) and a-amino-3-hydroxy-5Smethyl-4.isoxazolepropionic acid (AMPA)
receptors. NMDA receplors are calcium permeable and the opening of these channels leads to
:Txuther membrane depolarization and greater calcium influx, exacerbating intraceliular calcium
”‘bverlond {cxcitotoxicity) (Olney, 1969). Concurrent to the induction of excitotoxicity, calcium
.overload is further exacerbated by acidosis, one of the hallmark neurochemical elements of the
anaerobic metabolism of ischemia. Hypcrglycemia increases lactate in the ischcmic envitonment
further depressing pH. Dissociated protons activale sodium-selective acid-sensing ion channels
(ASICs) that are permeable to calcium leading to further calcium cnboy into the cell

(acidotoxicity) (Simon, 2006).

Apart from excitotoxcitly, acidotoxicity and ionic imbalance, peri-infarct depolanzations also
contribute (0 neuronal death in cerebral iscbemis. Cortical spreading depression (CSD) is a self-
propagaling wave of electrochcmical activity that progresses through cortical tissue in intact
brain. CSD causes sustained (1-5 min) cellular depolanization. depressed ncuro-clectical
activity, incceased glutamate releasc and loss of mcmbrane ionic gradicnts (Gonzalez ef af.,
1992). Peri-infarct depolarizations (PIDs) are spontaneous waves of dcpolarizntion with all of the
characleristic features of CSD that propagate through the penumbra following focal stroke. PIDs
may he caused by the release of polassium and excitatoty amino acids fiom the ischemic core.
Although CSD in the normally perfused bidin does not Iend to cell death. recurrent PIDs in the
ischcmic brain are associaled with incicased ischemic injury. Repeated dcpolanizntion in the
penumnbra may mediale tissue damage by allowing calcium to ceumnulate within neurons. A
ctitical whreshold of calcium could be reached in the casc o (PID due o the compromised encrgy
supply of the lissuc, thus causing damage in the case of PID but without evidence of lasting

damage in the case of CSD. PIDs arc known 0 occur in animal stroke moxdels, where the
incidence and duralion of spreading depfeasion correlsies with infarct nuuration (Gill ¢ al..
1992; Stong ef al.. 2000). Recently Fabsicius and colleagucs deronsimited the existence of PIDs
in the acutely injured humsn biain. Which sugyesis thal inhihition of spreading depreXdion using
a therapeutic appsosch 3Ch e bypothermia or glulamate recepior anlagonlsm could be an
imponant eraicgy W limit development of Ischeanic injury within e penumtna (Chen es al.,
1993; Fabricius ¢! o, 2006).




Oxidative and nilrative stress is another key contributor to brain damage in ischemia- High levels
of intracellular Ca’*, Na* and ADP cause mitochondtia to produce deletcrious levels of reactive
oxygen specics. Unlike other organs the brainis especially vulncrable to reactive oxygen specics
duc (0 ncurons having rclatively low levels of endogenous antioxidants (Coyle and Puttfarcken,
1993). Overly abundant oxygen radicals causc the destiuction of cellular macromolecules and
participate in signaling mechanisms that result in apoptotic cell death (Halliwell, 1994, Sugawara
and Chan, 2003). Nitric oxidc synthase (NOS) is activated in ischcmia and increases the
generation of nitric oxide (NO), which combines with superoxide to produce peroxynitrite. The
Production of NO and oxidative stress is aiso linked to over-activation of poly (ADP-
. riboseypolymerase- 1 (PARP-1), 8 DNA rcpair cnzyme. In responsc to DNA strand bycaks
PARP-1 caialyzes the transformation of P-nicotinamide odeninc dinuclcotide (NAD®) into
nicotinamide (NA) and long polymers of poly(ADP-ribose). When PARP-1 is over-activated it
depletes cells of NAD*, impairing NAD" dependent processes such as anaerobic glycolysis and
milocbondia] respiration, which leads o ATP starvotion, energy failure and neuronal death
(Gonzalez et ai., 2006). Following reperfusion there is 8 surge in production of superoxide, NO
and pcroxynitrite. Formation of these radicals in the vicinity of blood vessels plays an important
role in reperfusion-induced injury. These radicals activate matrix mctalloprolcases (MPs),
Which degrade collagen and laminins in the basal lamina, which disrupts the integrity of the
Vascular wall and increases blopd brain bamier (BBB) permeability. Oxidative and nitragive
Stess gl triggers recruitment ond migration of ncutrophils and other leukocytes (o0 (he cerebal
Vasculpture, which rcleasc enzymes that further increase bassl lamina degradation and vasculgs
PSMneability. These events can Icad to parenchynial hentofthage. vasogenic bigin edema and
fUtrophil infilration into the brain (Crack and Taylor, 2005). The surge in production of free
fadicals associated with delayed icperfusion brings o s€Cond Wave of oxidative and nitrative
133 that increases the 1isk of broin hemofthage and edema (Doyle et al.. 2008). The oxidative
burst Qused by reperfusion afler a period of cercbral ischcntin exccerbate these injuries,

Aﬂothcr Cliﬁcnl mectabolic egvent in cevebrol i5Chemia is the aclivation of Ph%pholimg A
>]

.(pl'Al) occasioned by cxcess glutamate releasc and the Stimulation of its receptors which Iesults
'n the ag, ivation of presphaligasca, hydrolysis of mcmbrane phospholipids and relegse of free
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fatty acids including arachidonic acid, a mectabolic precursor for important cell-signaling
cicosanoids (FFigure 5). Ultimagely these processes lead to apoplotic or neciotic cell death
(Adibhatla and Hatcher, 2006).

Inflammation contiibutes to stroke-related brain injury. However, the cffect of individual
componcnts of the inflammaltoiy cascade can be benclicial depending on ithe stage of lissue
injury, the magnitudc of the response and whether the inflammatory component also activales
ncuroprotective pathways (Bruce ef of., 1996; Nawnshiro er al., 2000; Zhang et al., 2000). The
inflammaltory response is a composite process thal involves many different cell (ypes,

inflanmatory mediators and extiacellular receptors (Doyle ey al., 2008)
2.3. Ap(joxidan s

According 1o plalljwell (1990), on antioxidant is o substrale that when present al a low
CoNcenurmtion compared to that of an oxidisable substmte, significantly delays or prevenls
oxidation of that subsuate. In rccent yeals, antioxidants have gained a lot of impostance becayse
of (heir potentjal as prophylactic and therapulic agents in many discases. Extensive research is
deing cansed out globally on thcse agents. and most of them have becn proven
N‘Bnnuco]ogicu]]y active. Truditionally, herbal medicines with antioxidant properties have peen
"4 for various purposes and epidemiological datn also points ot widespread acceplance and yse
of these agents. Presently, the active phytochcmicals from these herdal sources pre Cxtracted,
PriGed and tested for their octivities and the resylts are promising (Ratnam ¢ al., 2006).
AnitioX jdant constituents of plant matcrials bave becn proved to be important in the maintenapce

orbcﬂllh and pro(cction fmm ngcing-l’dulcd and other ﬁ'cc radical mdN“Cd dim

23.. Classification of Antiozldants

Atitioxidants are classifisd chiclly info enZymatic and non-enzymaltic (Table 1), They are glso
Slassified with regard 1o their souree as endogenous (Produced within the body) or cXogenous
(Produced outside the body) and with r<gard to Uieir mechanism of action ag D1iMary (inhibit
OXidaion vis chain (erminaling reactions through proton ransfer to the free radical spex eg) -
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secondary (decompose hydroperoxides into non-radical, nonreactive, and themmally stable
products). Many non-enzymatic antioxidants are obtained from dictary sources and could be
refered (0 as dictary or nuiritional antioxidants. The main dictaty antioxidants are the

phytochcmicals called polyphenols.
23.2. Mcchanism of Action of Antioxidanis

Although the exact mechanisms and intcraclions among various anii-oxidants are not fully
indesstood, it is possible that one ontioxidant may equilibrate with another to establish a cellular
edoX potential and thus all cndogenous anti-oxidants may act in concerl to protect against
oXidative insul;. Nonethcless. it has been suggested that antioxidants can act through seyeral
'Ncchanisms such as: (a) scavenging ROS or their precursors, (b) inhibiting the formation of
ROS, (e) attcnualing the catalysis of ROS gencration via binding to mctals ions, (d) enhancing
¢ndogenous gnti-lipoprooxidang generation and (c) reducing apoptotic cell death by upregulating

the ariti-death gene (Bcl-2) (Dhalla ef al., 2000).

SOD calyzes the dismutation of superoxide anion (Oz 7) to HOn. Subscquently H,0, js
Meduce 1o H20 and O; by peroxidases such as glutathione pcroxidase or catalase. SOD is plesent
' the cy1oplasm as well as on the endothetial cell surface with cither copper or zinc (CuSOD,
ZIISOD) and in the mitochondria with manganese (MnSOD). Glutathjone pcroxidase catalyzes
the Peroxidation of 16,0z in the presence of reduced gluthione (GSH) to form 14,0 and
Oxidizey glutathione (GSSG). The GSSG is recycled to give GSIH by gjutathione reductase,
Which requires NAD PH from the bexose monophosphate shunt. Catalase is o membranc bound
"TYme which is present in PCroXisomes but its activity los nlso been obgerved in the
"‘i'Othondrinl matrix. Vitamin E is o fat sojuble subsiance and is mainly asspcinted

Ipoprotcing. It nels as o polent peroxyl radical scavenger via breaking the lipid
L
haif faction (Dhalla ef af.. 2000).

with plasmg
PCroxidation
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Table 1: Importaal enzymatic and non-enzymatic physiological antioxidanats

~ Antloxidagts Location Properties
\ Enzymatic
‘Superoxide dismutasc (SOD) Mitochondria, cytosol Dismutaic superoxide
~ radicals
" Glutathione peroxidase (GSH) Mitochondria and cytosol Removes hydrogen
peroxide organic
hydroperoxide,
Cslalase (CAT) Mitochondria and eytosol ~ Removes hydiogen
‘ peroxide
Noa-enzymatic
' Vitamjn ¢ Aqucous phasc ofcell Acts as free radical
scavenger and recycles
vitamin E
Vidmin E Cell Mcmbranc Major chain-breaking
antioxidant in cell
membrane
Urc acid Product of purine mewbolism Scavenger of OH radicals
Glutathione Nonprotein thiol in eell Scrves muliiple roles in

cellular antioxidant defense

-} : :ndogencous thiol Cflective in recycling
polic acid P vitamin C, may also be an
c(Tective glutathione

substiute
Coronegids Lipid soluble antioxidants, Scavengers of reactive
' located in membrane lissue oxygen species, singlet
oxygen quencher
Hllimhi“ Product of heme metabolism  Extracellular antioxidan
in blood
Ub‘qui“o“e‘ hﬁ‘mhondli. Rcduced forms are

cllicient antioxidants

Chelating of metal ions
responsible for Fenton's

rcaction

Tsfevyin, erritin, lactofenin

Chelating Copper jon

— .
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able 1: Important enzymailc and non-enzymatic physiological amtioxidants

Antloxidanis Locatloa Properties
nzymalje
*‘Snperoxidc dismultase (SOD) Mitochondria, cytosol Dismulaic superoxide
radicals
- Glulathione peroxidase (GSH) Mitochondria and cytosol Removes hydrogen
peroxide organic
hydroperoxide.

Catalasc (CAT)
Non-cazym aile

Vilnmin C

Vi‘lmin E

Uric ycid

Glut ath ion c

O-lipolic geid

t““ﬂlﬂiﬂl

T'\l\s[‘qn‘ n,

ferritin, Jactofcorrin

Mitochondiia and cytosol

Aqucous phase of cell

Cell Membrane

Removes hydrogen
peroxide

Acts a3 free mdical
scavenger and recycles
vitamin E

Major chain-bicaking
antloxidant in cell
membrane

Product of purine metabolism Scavenger of OH radicals

Nonprotein thiol in cell

Endogencous thiol

Lipid soluble antioxidats,
locoled in membrane tissuc

Serves multiplc roles in
cellular antioxidant defense

Effective in recycling
vitamin C, may nlso be an
elVeciive gluiathione
substitutc

Scavengers of reaclive
OXYyRen species, singlel
oxygen quencher

p1oduct of heme meiabolism Extmcollular antioxidamt

in blood

Mitochondria

Reduced forms are
efMicient antloxidants

Chelsting of meml ions
responsible for Fenlon's
resclion

Chelating Copper ion




233, Mcthods for asseaament of antlosidant activity

|
There aie numerous antioxidant assay methods and their modifications for evaluation of
anioxidant activily. These include oxygen radicai absorbance capacity (ORAC), Trolox
: equivalent antioxidant capacity TEAC), ferric reducing antioxidant power (FRAP), total oxidant
. xcavenging capacity (TOSC), lotaj rdicol-trapping antioxidant maamcis (TRAP). DPPH
| reaclivily, croton bleaching, LDH oxidalion, liposome oxidation and totai phenolic analysis
(Schaich, 2006). Of these, total ontioxidant activity, reductive potential, DPPI] assay, metal
thelation, gotive oxygen speeics quenching are most commonly used (Chang e/ al . 2002; Gulcin
€ al., 2002). For the most pa:t, assay sclection is basrd on case of use and availability of
""‘Mncnmlion. and very often there Is lack of cofrtlation between aclivilies dctomincd on the
¥he maicrial by diffcrent assays, amd between activiies detarmined by the mame assay in
differen labormiories (Schaich, 2006). This is because sssays do not all maasure the same
themica aclion, Somc assoys mcasure hydrogen alom transfer capability (classical radicql
Wcaehing), some measure clectron transfer propensity. while somo cvaluate the chelating gbility.

4, Phytochemicals

Plas,ig show cnprmous versslility in symtbesizing complex matciials which have no immediage
%vious growtl; or metgbolic finctions. These complex maievials are reforred (0 as secondary
ety iy, Some biological roles of plant secondary metabolites include ability 0 aqy g
Py iotoxjns, Phyloalexlns (defensive chemicals produced by plant), animal repellants, anjmaj
“%nts (for potlingrion and secd dispersal) and insect hormones (1o coontinale growth of the

with that of (he plant). plant secondary nictabolites can also be used by humans g drugs
. Medicines (for cardjovsscular and ncuvloBical dismiders, and as antitumor 8gents),
™Toecs, syimulants, halfucinogens and polsons (incciicides. rodenticides). Secondary

| Ttaby (e are also imporant for developicnt of uits such as flower colour, Nsvor of fogd -

M%‘ agalnst pesls and (Jiscascs.
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Fewre ¢, Clanaification of dlelary phytochemlicals (Liw, 2004)

Plan Secondery melgboliles have reccolly been referred to as pbytochemicals which haye been
defineg a3 bioactive noanuiricnl Plant compounds in fruits, vegelables, grins gnd other plan
M that hgye been linked to reducing the risk of major discases (Liu, 2004), New
"‘no-;hgmi“h xe being discovered on a daily basis, and it is cstimaled 1hat plants contain
of \housands of different Phytochenticals (Liu, 2004). Researchers hove long kngwy

thay Phytochemicats provide heslth benefits for plants, but It is only recenily tho; -t
N’Ytoc’,‘miub have boen recommended for the purpose of trealing varjous Uiscases in hurnang
iy, bgiicved that phytochemicals may be effective for combating of preventing diseass due to
the;, dioxidant cfees (Farombi and Britlon. 1999s; Farombl and liaiton, 1999p, Faramb;,
). The medieing! valucs of plants lic [n their componcnl phylochemcals, which produce o
‘m‘i“' pbyu‘ohﬂ“; action on the human body. Phylochcmicals can hg claxajficy =
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casolenoids, phenolics, alkaloids, nitrogen-containing compounds and organosuiphur compounds
(Figurc 6). The phcnolics are compounds possessing one or more aromatic rings with one or
more hydroxyl groups and are generally categorized ns phenolic acids, (lavonoids, stilbenes,
coumartns and tannins. It is estimated that flavonoids account for approximately two thirds of the
phenolics in our diet and the remaining one third are from phenolic acids. The most widely

studied of hese phytochemicals are the carotenoids and phenolic compounds (Lju, 2004).

25. Squdy Plants

25.L Pyidium guajava (Loca) names: Cnglish: guava; Yoruba: guafa; Housa: gwaaba; [gbo:
ugwoba)

The Plant is used in ethnomedicing as an antimalarial. Infusions of the leaves are used for
reaing fevers, for diarrhoca and as 8 tonic in psychiatty (Oliver-Bever, 1986; Iwu, 1993). The
l’:"‘1“)¢alcmbolic extract was shown to decrease motor activily in mice (Iwu, 1993). The leaves
% 0D essemiial oil rich in cineol, tannins and tniterpenes, Three flavonoids haye been
"“ﬂnd lom ihe leaves (Khadem and Mohammed, 1958; Oliver-Bever, 1986), Tpe anti-
'n'n.nmmafy_ analgesie, antipyretic and antidiarthocal activities of the methanolic extract of the

leaves bave boen reported. Jts CNS depressant aclivity has also been reponed (Olgjide of al..
1999).

2
3.2 Cassia afasa (Local names: English: ringwonn plant, candie bush. Yoruba: esunwoq-
2bo. ogala) '

U is used for many ailments and discase conditions. The dried leaves are taken internally as o
""mﬂllminmnufcﬂﬂﬂjl'ﬂ“"' The upufﬂwlumhlutll*kmwwh
'hl'lvrm' scabies, ulcers, swellings of inflammatory conditions and other parasitic skin discascs
Flojobe, 1989 Abatan. 1990). An infusion of the lcaves and flowens is used for asthma and
Casla alata is reputed 10 prevent or cure hepatic diseases. I s aleo used for the
"-u,;whwi,,,m_mmmmﬂ--m&mtw 195):
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hypoglycaemic, anajgesic and antifungal properties as weil as antibacterial, antimicrobial,
divretic and cholerctic activities. Anthraquinones, anthracene derivatives, {lavonoids, tannins,
SaPonifs, sesquitcrpenes and phenolic compounds have been discovered in eXtiacts from [caves
and finits of Cassia alata (Rai, 1978; Elujoba, 1989). A probable antimicrobiaj agent,
chiysophanol has also been detected in the leaf extract (Ibrahim and Osman, 1995).

15.3. Newbouldia laevis (Local names: Yoruba: Akoko; Hausa: aduruku; [gbo: ogbu)
Itis used for the treatment of various diseases including epilepsy, convulsions, rheumatism,
lhritis and fever. The bark and Icaves are used for the Deawment of breast tumors. Exuracts of
the Jeaf; stem bark and root exhibited ankmicrobiai activitics. The plant has been reported 1o
Possess anti-inflammatoyy. analgesic, anti pyrelic and anticonvulsant activities. The leaf cxtract
“as shown (o pOsscss antimgjarial activily against Plasmodiun falciparum in vitro (Dalzel,
1937, Ogualana and Ramstad 1975; Burkill, 1985; LeGrand ez al., 1988; Gbeassor ef al.,. 1990).

Phytoche mical screening gave positive tests for flavonoids (Olalide e al., 1997).

25.4. Alstonia poonei (Local names: Yoruba: awuo. ahun; Others: cghu, akpi)

The Plant has becq reponed 1o possess. anii-venom, anti-inflammatony, antibypertensive,
"Mioyretic and anslgesic properties (Kweifo-Okai, 1991a. b; Kweif-Okai ef al.. 1995), Qjewole
(1984) ang Asuzy and Anaga (1991) Teporicd that the stem bork is uscd for treating ajtments
Ricb 2 malaria, painful miclusition and rheumatic conditions. Extracts of ihe plant hos glsg been
"L 10 porvens antimicrobial property sgainst E colk Salmonella pasatyPht and Shigeita
d’""'"lon Kweifo-Okaj ef al. (1995) remasked 1hat the anti-inflammatofy activily of 4 boonet
U4 be due 10 alpha-amyrin palmitate as the active ingredient.  |lowever, Olajide ¢f af (2000)

itied thay g report on phytochemicat studies on A. boonet has shown the prarge of this
“eund  phytochemicals cstablished © be prESEDl in th extmct of the plani inel e

Wnine, a glkaloid (Ojewole, 1984) saponins and alkalolds, irilcPines and indale ajksloigs
gy, alstonine, prorpluine and astonidine.
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1.5.5. Chromolaena adorata (Local names: English: siam weed; Yoruba: akintola, awolowo;

Igbo: obiatakara, ahihia eliza)

The antispasmodic, anliprotozoal, antititrypanosomal, antibacterial, antidiarrhoeal,
attihypcrtensive, anti-inflammatosy, astringent, diuretic and hepalotropic propesties of the plaot
have been rcported (Watt and BreyerBrandwijik, 1962; Teng er al.. 1964; Weniger and
Robinca U, 1988, Iwu, 1993). It is used ethnomedically in wound dressing, fo ireat skin infection
aad to siop blceding. Phylochemicals shown to be present in the plant include the flavonoids
Quercetin, isosaluanetin and sakuranctin (Mctwally and Ekejuba, 1981), limonenc found in the
leaves and flowers, phenolic compounds found in extracts from the leaves, flavonols (flavones
ed ®alcones), linoleic acid, carnosine and pyirologuinoline quinonc (from the leaves). C
doraq cayses skin izritations and rashes in pcople with allergic reactions to it.  Toxin from it

35 allclopayhic effect on lomatoes (Lycopersicum esculenum Mill).

2.5.6. Globimetula cupulata (Local namcs: English: mistlctoc. Yoruba: afoma; Hausa: kauchi;

Igbo: apari, awususe)

Clobfme,“;a cupulata is used for treating hyperiension. Certnin componculs of the plent glso

bave 20(ican cer activity but the value of the ‘vholc plant in cancer ireatment is not fully accepled

(E.hown’ 1985; Chevallier, 1996). The letves and young twigs arc antispasmodic, cy(ostagic

d‘“’tu'c and hypoyensive. Globimerula cupulola has a repytation for cuning cpilepsy apd othc;

%ch neyvous disorders. It lus also been cmployed in checking intemal hemorrhages and to
Uhritis, chewmnatism, chilblains, leg ulcers at! varicose veins (Brown, 198s),

sy
* Securidgcy longepedunculata (Local names: English: violet iree;

YOruba: imuk H“uﬂ:
U\V‘,m‘gungm sanys; [gbo: CZOOWL, tshi-venda mpesu)

It)

o;‘\lacd & tradjtional Medicine in many pans of Aftica and ogainst s number or{nvmcbute

3 of morey grains. Main volatile component is methyl salicylare, The root bark pq 2.
XY S-tethoxy penzoic acid methyl ester.  Tho xanthoncs 1,7-dimethoxy-2.h, droxy.

% and 1.4 _d‘hydmxy.".mdﬂ]y-lﬂ"hom i’Ol‘w from u” 100t h.W “dVily wn“
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'emclilc dysfiuiction (Rakuainbo er al., 2004), The plant is used 10 teal erectile dysfunction,
' ughs, colds. fever, backache, toothache, slccping sickpess, venereal dismase, malaria,

linlh:mnmtion, theumalism, snnke bite, tuberculosis, ulcers and pocwponia and as a
Contraceplive,

158, Ocimum grotissimum (Local names: English: basil; Yoruba: efinnn, efiniin-nla,
oiomobay; | Inusa: Daidoya; Igbo: Nchenwu)

The plan is used for the treatment of rheumptism, paralysis, epilcpsy, high fever, diasthoea, and
Mental ilincss. Extracts from the plant hove been found lo possess antipyrctic. antidiairthoeal and
llll'l"*wpmu:ctim: properties (Dhawan, ef al.. 1977; Abdulmbman, 1992; Sofowors, 1993).
Essential oil from the plant inhibited protozoan growth. The exsential oil contains Eugenol,
'MOOL methyl cinnainate, camphor and thymol. The cugenol content has antibacterial and
Wtiheminthic actjvities (Holets, 2003). The plant also contains phenolic acids with antibacterial
o Mol luscicidal propertics. The cssential oila have antifupgal activity. The plant extracis is
o 8gainst gastrointestingl heiminths of animols and man and inhibits gluiathioneS.
Vslerasey from parusitic nematodes. 1t is also sed as an ametic and for the treatmen; of

Oids, siomach problcms and eyc/throat inlammation.

289 Morindg tucida (Loca) nunes: English: brimstone plant; Yoruba: oruwo, eruwo: Igbo:
nuke, eze ogu, njisi)

Moring, lucida ig used for the teatment of Malarin and typhoid fever. Currently, Japon impops
ey fifty million dollars woith of Aforinda lucida pes ycar to treat People with chgnic m alarig
" bboid, Although the modern community has given the health benefit of Aforinda fusigg
liw"’d official standing. Therc huve been numerous worldwide scienlific studics by authoriiptive
d "C3pected medicinal rescanchiers regarding the ubiquitous hcalith benelits 1or beople and
el ag el It was notcd that whole feal extrcis could bring complcle resolution of the
felto..,;,,c; typhoid, melaria and jaundice. Morind® lucida i3 hypoalicTBTnic but has side cffoqy
1 taken iq large dosa. it is olso used in treating wound infeclions, abscesses gng chancie
i, 1997). It has been discovered also that treatment of cxherimental animals with cssenlial

{




oil of Aforinda lucid lower the plasma level of dienic conjugates and ketones. The
hypoglycaemic efTect of Morinda lucida has been reporicd.
|

15.10. Spondias mombin (Local names: hog plum; Yoruba: iycye; Hausa: tsadar

lamarudu; lgbo: ijikara)

Spondias mombin is a Wec that is native o Afiica (Duvall, 2006) and aiso found in other

continenys of the world. It is a tropical genus of the family Anacardiaceae with about 14 species

worldwide, Spondias mombin is the only widespiead species in Africa,

Varioug medicinal properties of the plant have been described. These include antioxidant,
%oti mjcropiay, antitumour, abottifacicnt, antidiabetic, sedative, antiepileptic and antipsychotic
Popertics (Ayoka ef al, 2006). The fruit juice is drunk as a diurctic and febrifuge. The decoction
of the astrigent bark scrves as an emctic, a rcmedy for diarrhoca. dysentery, hemotrhoids,
890011 hea and Icucarthea  Spondias mombin leal extiact has wide spectrum antibacteria) e fyect
OMparab). to those of ampicillin and gentamyeif. It is uscd as an anti-infective agent in
raditio na) medicine. Agqueous extract of the [caves possesses abottifacient propeity. Extiacts

bom, the hark have angitymour property and are uscd for the treatment of malignancies., The

Plagy Contains antipacterial and molluscicidal phenolic acids and a siacable amount of vitamin C.




F,m
7 Leaves and (ruits oF Spurndias mombin

1)
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2.6, Aims and objectives of the study

Plant extiacts and plant-based foods are impottant sources of antioxidants. Antioxidants help
protect cells from oxidative siress, a potentially damaging physiological process, which has been
associated with the development of chronic diseases such as cancer, myocardia! infarction and

cerebrovascular accident or stroke (Farombi, 2000; Liu, 2004).

Pb)"Ochemicals are responsible for the antioxidant and free radical scavenging activities of
Plants. Othe, biological propefties of many phytochemicals from different plants have been
documened. There are alsp standaid tests for evaluating bioactivitics of novel phytochepicals
(F&ombi. 2000; Fajombi, 2003; Sun ct al., 2008; Akinmoladun e: af., 2009). Knowledge of the
Opes of phytochemicals prescnt in a given plant could therefore be a usefil guide towards
el"'~'id"ling the basis for their cthnomedical or traditional use and also offer insight into pew
u""‘l’Cutic applications, phcnolics. cspecially {lavonoids, have been mostly credited with (he
8atiox;dant p1opaty demonstialed by plant cxtiacts. A direct proportional relationship between
Phenolic content and antioxidant activity of plant cxtracts has been reported. Accordingly, it wif}
be AXes2ary 16 sereen the study plants for pbytochcmicnl constituents. dctermine their phenolic

°°nlent, and investigate re lationships among phenolic contents and other antioxidant indices,

%"lfovmy currently exists as to the reproducibility and reliebility of results obtained from
Ryx for entioxidant activity (Gemon, 1999; Schaich, 2006). Differcnt askay methods wil be
""mom for the assessment of the antioxidant and frec radical scavenging activities of the
Mgy, A comperison of (he vanious 8ssay protocols will be camed oul to detennine whether or

3 there iy a basjs for such controversy-

QQ"‘I of the first phase of this investi8ation showed (hat Spondias mombin possessey a

¢ antioxidam and free mdical scevenging activity among the ten suuly plants. [t wa,
%ro,c sclectod for funther studies. Spondias mombin s popularly and widcly used jn

icine al| over ihe world. Pharmacological properiies that have been reporied for the
u“ i&'& .‘uwmow' mitmm. lbomfacicnl. wld(‘t‘“‘" mhuvc, Imiep.lqnic and
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antipsychotic properties (Ayoka et al., 2006). Its antioxidant, antiprolifcrative, cardioprotectivc

and ncuroprotective properties have not been investigated (o any significant extent.

These properties have been examined in this sudy. Antioxidant and antilipoprolifemtive activities
of the crude extyact and fractions from the leaves of the plent will be fiuther evaluated with a
view 1o knowing the most active fraction and isolating some btoactive components. Furthermore,

the cardioprolectivc and neuroprolective properties of the Icaf extracts will be investigated.

The objectives of the present study are:

. To Qualitatively confirm the phytochemical groups present in extiacls from the ten plants
under investigation

To examine the correlation between tolal phenolic content and other antioxidant jpdices
To in from resulls of the various antioxidont assay methods whether or not there i s
2 basis for the present conioversy rcgarding he reliability and reproducibility of fesults
from anwoxidant studics

To evaluate the cardioprotective propesty of tlic ctude cxiract of Spondias mombin using
€L vivo and in vivo model systems

To evalugie the peuwOpPfotective propesiy. of the crude extract from Spondias mombin
Wsing (be middje cerebral artery occlusion induce focal cerebral ischemia mode |

To evaluale the antjoxidant and antiproliferative aclivities of the ¢jude extract and
fractions from the lcaves of Spondias mombin with a view to characterizing bioacijve
Compounds from 1he most aclive fraction(s).




CHAPTER THREE

MATERIALS AND METHODS

(A). Antioxidant and free radical scavenging activitics of extracts from ten selected

~ Nigerian medicinal plants

3.1, Chemicgls

Foli"‘CiOCallCU reagent, sodium carbonate, gallic acid, aluminium chloride hexahydrate, sodium
"Wale, quercesin, ascorbic acid, 2,2-diphenyl-1-piciyl hydmzyl (DPPH) radical, mCthanol,
thapo), thiobarbitunic acid (TBA), tricholoroacctic acid (TCA), Iron (IIt) Chioride, [ron (11)
Wpnate, acctic geid, godium dodccyl sulphate. nitroblue  tetrazolium (NBT), Potassium
Micyanide (K,Fe(CN)), ethylene diaminc tetraacctic ocid (EDTA), riboflavin, deoxyribose.
“bic acid, sodium cyanide, hydrogen peroxide (11:02), butan-1-ol, sodium nitrop russide,
Sodiym chlotide, Griess reagent. butylated hydroxyl woluene (BHT), potassjum acclate,
ﬁf‘mpicin. nifedipin. dithiobis niwobenzenc (DTNB), reduced glutalhione (GSH), rodyced

UMinamide  genine dinucleotide (NADH)  niphenyl tctmzolium  chloride (1To).

M""Omlicync acid, 1, 1,3.3-tetracthoxypropane (TEP), bovine serum albumin (BSA), sodium

%ﬁmn tanarate, sodium pyruvate, V-( 1-ntaphthyl) cthylcnediamine dihydrochlojjde (NED),

‘lllﬁlxu,ilamidc. orthophosphoric scid. silica gel (230 — 400 mesh), and all other reagenis used

Yore of analylicaj grade and obtained from standanl suppliers such as Sigma-Aldrich (USA),

BDy, (UK) ang Specirochem Pvi. Lid., Mumbei, India.

32, &
&“d" Plants and paris used

pl.ﬂlt and the m'nc P‘"‘ inmt]g.ldi arc |iﬂ£ﬂ n lele 2. Aulkﬂtiinl\ WA dﬂﬂt at

Patmen of Crop, Soil and P’est Management, Fedenal University of Technalogy, Akure,




il

- Table2: geudy plaats and parts gsed

S

CIENTIFIC NAME LOCAL NAME  pART USED VOUCHER
— NUMBER
Psidium guajaya Guava Lcaves PG-L-001-06
Cassia gig1q Asuuwon Lcaves CA-L-001-06
Newboyidia 156 vis Akoko Stem bark  NL-SB-001.06
Alstonia poonei Abun Stembark  AB-SB-001-06
Globimetiia cuputota Afomo Leaves GC-L-001-06
Chromola eng odorata Akintola Lcaves CO-L-00!-06
Securidaca tongepe dunculara Ipcta Root SL-R-001-06
Spondiag mombin lyeye Leaves SM-L-001-06
Ocimym gralissimum Elinrin Lcaves OG-L-001-06
Morinda 1, cida Orowo Leaves ML-L-001-06

""--5_______ e

2. Extraction of plant parts

Plan, Malerials were obtained from fannlands in Akure, Ondo Stale, Nigeria They \vere dried
Ny &ctive venlilafion al room Icmperature, packed in paper bags and stored. The materials
“re late, pulverized and extracted in 80% mcihang] by maccration for 72 h. The methanolje
2 UTVY was co | in a rotary evaporsloz, lyophitlzed and preserved for funher use. Parts

0 in waler for the purpose of com arativ
e Pulverized samples were also exuacicd £ i

my“"-"‘aniul ECTeening.

3. br.
Phy Wchemical Screening

T

“Quesys 4ng methanollc exiracts were screened for the pwesenco

of alkaloigs, “ponins,

‘an" phl nins anthraquinones, Sieroids, tcrpanoids Navonajds and candisc €lycosides,




J.1. Test for atkaloids

xtiact (S ml) was added to 5 ml of aqueous }HC] (1%) in a stcam bath. The solution was filtered
nd the fltraie treated with a few drops of Dragendorfl’s reagent. Turbidity or precipitate
howed the ptesence of alkaloids (Trease and Evans. 2002).

||'3'3-2 Test for saponins

&

Extract (] ml) was mixed with 5 mi of woter in 8 test tubc and wammed. Frothing indicated the

- PSence of saponins.
3JJ‘ Test fO’ (annfm
s"“’aﬂ (5 ml) was sticred with 10 mi of distilicd water. The mixture was filtered and the fijurate

- trearey With feiric chlori de. A blucgreen — black-green precipitate indicated the presence of
- lamijge (Trease and Evaos. 2002).

134, Test for phiabatannin

Exvracy (s mi) was boiled with § ml of 1% aqucous HCI. A red precipitatc showed the presewe
4 pmoh‘uﬂnins (Trease and Evans 2002).

3. Test for AnthraQuinones

Exirt (S ml) was mixed with 10 mi of benzene and filtcred. Five mi of 10% atnmonia solytian
" added (o the filtrste. The mixiure Wasd vortexal. ‘The presence of pink, red or violet colour in

e Smonigeal Jower phase i ndicated (h

¢ presence of free anthraquinones.




-3.8. Test for steroids

tic acid (2 ml) was added to 0.5 m! of extract. Two m] of H2SO: was therecafier ndded. A

violet to blue-green colour showed the presence of steroids (Edeoga ef al., 2005).

3.3.7. Test for terpenoids

l
Extiact (s ml) was mixed with 2 ml of chloroform. Three ml of concentrated H,SO4 Was then

Q@refully added to fonn a thin laycr. A reddish brown colorntion at the interface indicated
Positive result for terpenojds (Edeoga e! al., 2005).

i3e Test for flavonoids
Dilge ammonia solytjon was added to the extract followed by the addition of c onNCeptrated

Hs0,, A yellow coloration which disappeaicd oo standing indicoted the presence of flavonoids
(SDTOWo.a 1993).

3.3,9. ?'e‘.for cardioc 8{"“”ldﬁ
3
393 Salkowski test

b‘cxuut was dissalved in chloroform and ! ml of 112804 was carcfully added 1o from g lower
L A reddish brown colowr &t the intcaiface showed the presence of cardiae gl¥cosides wip,

SeToidy) ring (Trease and Evans, 2002).

y
192 Keller-Kitttant test

Fxtray Was added to 2 m! glacial acetic sciil conteining a drop of ferric chloride aolyyon:

Seoy

Thiy

iﬂdlc.lcd a
W the brown fing while

deTplayed with 1 mi coocentrated 11:50¢. A brown nng i the interface
M d"ﬂlﬁ(:nnlc of afdﬂiolldcs A violet ting may




B tic acid layer and a greepish ring may form just gradually throughout a thin layer
(Trease and Evans, 2002),

34.  Estimation of total phenalic content

The gssay is based on the reduction of Folin-Ciocalteu reagent (pbospbomolybdate and
Phospbotungstate) by the phenolic compounds, The reduced Folin-Ciocalteu reagent is blue and

thus detectable with a spectrophotometer in the range of 500750 nm (Singleton e7 al., 1999;
McDonald ¢/ al., 200)).

R"&ma

I.Eshanol

2. Folin - Ciocsligy rcagent (Sigma-Aldrni ch)

3. F}allic acid standacrd (s yL)
Fhis Was preparcd by dissolving 0.5 8 of dry gallic acid in 10 ml ethanol in g 100 ml
volumetric flask and then makiog up the volume to mark with distilled water.

%, Sodium carbonate (15%) L. .
This Was prepared by dissolving 15 8 of sodium carbonate in distilled waler and making up the
VOlUmc to 100 ml.

P'Wwe

Serial dilutions of 50 mg/L, 100 m&/L 150 mg/L and 250 mg/L were prepared fiom the gallic
&id Readard go1ution. Gallic acid solation (0.1 mi) or solution of the cxiracts (0.1 ml, 20 ;g /)
s % 02 ml FOlin-CiOCG“cu reagent (diluwd la"fold) and 2 ml of distilled water, Afler a

S Winules, | mi of 15% NexCOs Was thoroughly mixed with the solutios. The solutions were
absorbance was read st 760 nm, Total
h"hted a1 40 °C for 30 min aftes which the conlent of
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3. Estimation of total 1lavonoid content

T b : i g .
olal flavonoid conlent of extract was estimated using the aluminium chloride colotimetric

Rethod of Chang e1 ai. (2002).

Reagenss

l. Mﬂhabol
2 Aluminium chloride {(10%)

| : Ten gram of aluminium chloride was dissolved in distilled water and made up to 100 m).

| Sodium acetate (1 M)
This wae prepared by dissolving 9.3 g ©f sodium aceuite in distilled water and making it up to
100 my. Sodium acetate was used in place of potassium acctate in the otiginal method.

F
- Qarin (100 yg/ml)

‘n)'s wag W b}‘ dissolving h.ng ofquercc[in in methanol lo geta fina] VOllm}c of 10 m).

., h"ﬁm

fach Pan extract (0.5 ml, | mg/m]) in methano] were separBlely nuxed with 0.1 mi of 108

MC'MH,O 0.1 ml of i M odium sccwic und 2.8 mi of distilled water and IcR at room

w for 30 min. The absorbance of the rcaction minUft was measured at 41§ Bm. The
rr : ; tions ol concentralions 12.5.]

T8 flevr0id contens was expressed 8 Hg/mL quersctin cquivalens (QE)

3
- DPPI free radical scaveaging activity

[ (»'P" free

of cxlracts was detominel unng (ho DPPH

indical scavenying SCUVIHY
. nhn,{Mw(Idnzm'"




rinciple

When DPPH reacts with an antioxidant compound which can donate hydrogen it is reduced. The

‘Changc in colour ftom decp violet to golden/light ycllowv can be measured at 518 nm.

] Reagepys

J l.DPPH (9 3 mM)

 Prepaced by g ssolving 0.03 g of DPPH in mcthanol and making up the volume to 250 mt.

Y ol

p Gafhc acid (300 pg/ml)
This wag prepared by dissolving 3 mg of gallic acid in mcthano] to get a finn] volume of 10
m),

3. Ascorbic acid (300 pg/ml)
This was prepared by dissolving 3 mg of ascorbic acid in methanol o geta final volume of 10
ml,

P""duu

D ;
Pp)y Methano! solution (1 ml, 0.3 mM) was udded to 1 ml of cxiract. gallic acid or 8scorb jc
I and a1joweq to react at room lemperature. The absorbaoce values were read after 30 min gag

. . K i I
Convm into percenlage antiox i danl activity using the fornula

AAY = 100 ~ [(AbSusapic= Absans) x 100]

AbSomra

Metiang) (1 m!) ndded 1o 1 m] of extract gcrved os blank. DPPH (1 ml. 0.3 mM) added 1o | ] of
e rved egative cON ol. The positive controls were solutions ascorbic acid ang
es n

Bullic agyy,




%, Nitric oxide radical scavenging activity

Iiuic oxide radical scavenging activily was determined as described by Babu and Padikkala
(2001).

Principle

.J ?ﬁmc oxide, gencrated from sodium niroprusside in aqueous solution at physiological PH,
J ®eracts with oxygen to produce nilrite ions which were measwred by Griess reaction,

Reagenyy

. | Sodi um nittoprusside (10 mM)

Sadijum nitroPrussidc (0.66 g) waos dissolved in phosphate buflered saline arx) made up to 200
mj,

2.Gricas reagent (Sigma-Aldrich)
P hosphate butfcred saline (pl 7:4)
Fhis Was prepared by dissolving 8 B of NaCJ, 0.2 8 of KC|, 0.2 g of KH2PO4 and 1.06 g of

N‘lllpo‘ in distilled watcr and making up the volumc o 1 1,

Procedure

'.

The feaction nuxture (3 ml) containing sodium nitroprusside (10 mM) in phosphate buffered
Mine (PBS) a1d the extract (1 meg/ml) was incubaled ot 25 °C for 150 min. Afler incubation, g_§

) Of Yo feaction mixture was removed and 0.5 mb of Gricss reagent was added. The ahso cdance

p o chromophote formed wes cvaluated ! 546 nm and cxpressed in percentage.,

3‘. ll"“"' retdica!l jt.vcn‘!a‘.t“\f‘u (”ﬂ'l)'ri"ou ‘”'y)

ropae L '_ %Wfﬂd‘

- [

Y = r _m”v -y‘.'.a .F C {l: . -
“YAiOxy) mujical scavenging 961 F Pl

%

|



inciple

method is based on studying the competition between deoxyribose and the test compounds
extracts) for hydroxyl radicals generated from the FFe**/ascorbate/EDTA/H20; system.

1’!!‘ ents

|
1. Deoxyribose (15 mM)

'! Prepared by dissolving 0.2 g of deoxytibose in distilled water and making up the volume
- '0100 ml.

" L FeCly (500 uM)
Preparncd by dissolving 0.008 g FeClyin distilled water ond making up the volumeto 100 ml.
3. EDTA (I mm)
Prepare) by dissolving 0.3 g of EDTA in distilled water and making up the volume to 100 mj).
41,0, (10 mMm)
Prepared by diluting 1.13 ml of 30% },04 to 1000 mk with distilled water,
3-Ascorbic acid (| mM).
~ Prepang by dissolving 0.18 8 of
5. TBA (1%) |
Prepared by adding 1 g of TDA to distillcd wotcr and makin
-TeA (2.8%)
" Prparcd by gdding 2.8 g of TCA!
. 2 Buan_2
2. KH2POLK O} puffer (100 b, P1l 7-4)
A 100 mM solution of KHzPO4 was PI°Pa
0lugjon

Procedure

Al

ascorbic acid in woter and making up the volume (o 100m|.

g upthe volume 10 100 ml.

o distilled wotcr ond making up the volume (o 100 mj,

red and the Pl wat adjusted ©o 2.4 with IM KOU

i

| b x]l;_[’Oc - K

Ol 200 L. deoxyd

| ] ) |
| .J (¥

.D‘jmns mixiure contained 200 ” 5
"0 uL 1131A, 100 . smple (1300 T TEEEE
S L




_%li:xtum were incubated at 37 °C for 1 b, At the end of the incubation period, | ml 1% (w/v)
TBA was added to cach mixturc followed by the addition of [ ml 2.8% (w/v) TCA. The
solutions were heated in a water bath at 80 °C for 20 min to develop the pink coloured MDA-

(TBA), adduct which was cxtracted into 2 ml butan-l-0l and the absorbance measured at 532
um,

i
39, Lipid pecoxidation inhibitory activity
|
l A modified TBARS assay was used to measurc the lipid peroxide formed using cgg yolk
- Somogenaie as Jipid.rich media (Ruberto e af., 2000),

Reoperas—

1-Fe50, (0.07 mM)

Prepared by dissolving 0.001 g of FeSOs in distilled water and making up the volume to |00
m}.

VT
Actic acig (pH 3.5, 20 %) " |
Thiy Was prepared by mixing 20 M) of 100% acetic acid with distilled water nnd making up
. h“"bmcw 100 mL mpllwnsadjusted 101.3.
2505 (1.1 %)
This was grepared by dissolving 1.1 g of SDS in distilled water and then making up the
: Yolume 15 100 ml,
.TBA ‘0.8 % .fy)
This was prypased by

. l”tnlwin,m_
+Buagy ] -0l

issolving 088 of TBA in SDS (1.1%) and making uP the volume ¢

P’*“wc

F.“ } (0.5 ml. 16% V) w8 ached 10 0. ol of extrmey () llli_ﬁnl.l. The volume sl
. I mml‘ . m ] | . i £
I W | mi with distilled WS Inmu_ﬁ.q-’ ik i m‘?{'.h mﬁm

| CRD ¥ 1_"'?5:‘1 .rfFl O _I" by ; 5
R “}ﬂfﬂl My

el ) 2




I'§DS The resulting mixture was vortexed and heated at 95 °C for 60 min. After cooling, 5 ml of
buka ~ 1 — o] was added and the mixtwie was centrifuged at 3000 rpm for 10 min. The

8bsorbance of the organic upper layer was measured at 532 nm and converted to percentage lipid
eroxidation inhibition using the fonnuia

(1- E/C) x 100

Whete C < gbsorbance of fully oxidized control, and

E = absorbance in the prescnce of extract.
0. Evaluation of the reductive potentizl
The Method of Qyaizu (1986) was employed in determining the reducing power of the exyacls.

Reagens

: Phospbate bufler (0.2 mM, pH 6.6)

e compined yolume to 500 ml with distilled water.

2. Potag; : .
4ssium ferricyanide (1 %) o |
Prpacd by dig:zlviﬂg {g of powssiun ferticyanide in distilled water and making up the

) volume 10 100 mi with same.
“TCA (lo%
) 3
Perparey by dissolving 10 g of TCA in water und moking up the volume 10 100 ml.
ssolving
4.P¢C|) (1%) o
=d Issolvin




Procedure

Extract (150 pg/ml) in 1 ml distilled water was mixed with 2.5 m! each of phosphate bufter and
Potassium ferricyanide. The mixture was incubated at 50°C for 20 min. TCA (2.5 ml) was then
8dded and the mixture was centrifuged at 000 g for 16 min. Thercafler, 2.5 ml of the upper
layer of solution was mixed with 2.5 ml of distilled water and 0.5 ml FeCl;. The absorbance was

®ad a: 700 nm. Higher absorbance of reaction mixture indicates greater reductive potential.
(B). Studies on extract of Spondias mombin

311 Experimental Animals

Adult mae Sprague-pDawley (SD) rais weighing 150-200 g for cardioprotective studics and 250

*20 B [Or ncusoprotective studies werc procured from National Apima]) l.aborstory Centre

(NADC) of Central Drug Rescarch Institute (CDRI), Lucknow. Animal expcriments were

©nducted after approval and in accordance with the guidelines of the Institutionat Animal Egpjes

C"mminec (IAEC). Rais were housed in an air — conditioned room and kept in standard
RUOY conditions ynder 12 b light-dark cycle.

2
< Preparagion of cxiract of Spondlas mombin

"Bas mombin leaf extract was prepased RS described in section 3.2.1. and was used for e
eal e .
C¥men of cardioproteclive and neuroprotecuve properties.

A
3‘Clrtliopl'otcc:tl\fc studies

iy, Inotrople. ch trople #ud anli-tschemic effects of Spondias mombin exiracy gp
> nolropile, chrvaecire

tated gy heart preparstion

M £S) was investigdted for per se (intrinsic) and eqj .
“$nolic cxiact of Spundias momdin (M
Y

pe lo Sprague-Dewtcy mts (150 = 200 g) ysing (he
\Wc eflgcts on isolaled hea® ofe
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gendorfY NON-recirculoting technique. Ramipril (10 uM) and Nifedipine (1 BbM) were used as
Control standard drugs.

Reagents

Nomal HEpEs Tyvode (NHT) BufTer

The €0mPasition of the physiological salt solution NHT buffierin mM was: NaCl 137, KC| 5 4,
HEPES (N~[2-Hydroxyclhyl] piperozine-N'-2-ethanesulphonic acid) buffer 3.0, CaCl 1.8, MgCl,
1.0ang glucose 11.1, For the preparntion of 1 L of NHT buflier.CaCl; and MgCla were dissolved
*pamicly in distilled walter. The remaining reagents wese dissolved sepaiately glso in djstjljed
"BEL The two solutions were mixed and the volume was made up to 1 L. The pH was adjusted
074 USing | M NaOH. Fresh buffer was prepaed on each day of the experiment. Both buflir
ad solutipn of exteact were filtered through a 0.22 pm Millipore filicr before use,

El’perfmema’ Procedure

2:::’?18 wf:rc smacsthetized with cljloml hydmic and cxsanguinated. Heasts w’cm rapidjy
» Tinsed in jce cold perfusion bufler and perfuscd rettogiddely (hrough an aogjc canula jn
I‘a"gcﬂdorl'l' mode in g Non-recirculating manncr at a constdnt pressSure of 80-90 mmHg with
“Minuously oxygenated NHT buflicrol & constant temperature of 37 °C. The pecfusing solujons
T It through glass coils enclosed within glass Jackets through which warm water was
Ped by 5 recicculating whler bath. Sponiancously beating hearts were given a resting (cnsion

or3 «d through a force displacement ttansducer (FT 03, GRASS

% 80d contractions were 1ecord o e300
“llmc,,., Company) on o GRASS P olygmph. For the evajuation of nolropic an chronoygpic

efl, AT 30 i of cauilibrmtion in which perfusion wes done with the NMT buffer, tpe
*fision med;wn \ched to the NITT buffir comsining the extract or standards. yatues of
WM was swilc :
%pﬁ"“k ond heary 1ate (HR) for lest compounds were measuied and compared with the volues
0

the NIIT puMm d expressct 09 perceMiage volue. For the nnti-ischemic study, 30 min o,
uller ang & :
Quibipyry, . . bal ischemia. Reperfusion was done for 30 min with
N brajion was follpwed by 45 min of 8lo

I ;)
SuTer with or without MES {l:13gure 8).

|
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R Prrfision with Peefusion with lest subsmxore

NHT Byf¥er > (45 min) "

oy A T

> Bquilibration ___,, - Olobal (schemis —— oo Reflow—
(30 min) (48 min) (30 min)

0. A. Per ag ellect of NITT buffer; B. Peroc effect of test substances; C. A8U-bebemie effecy
| bl "hl..m

q Tevee % Eiperimcnial protocol for ex vio canlioprotective stgdics ming the Lasgeadory
|
;

"dlas momhin was invesligated for i yitrp canjioprotective propery using the mode] of
M' (181 induccd myoconlial Infarction. Ramipel (1.25 m@/ka) was uscl as the control

Nm




Boproterenal (1SP) (85 mgig,
Ramipril (1,25 me/kg)

E‘W"m ntal Pm'd ure

Male §
Ptague-Dawl| iahi E
( : cy rala weighing 150 - 200 g were randomly allocated 10 five maln groups

Group | Control; Rats received equal volunes of vehicle and no other Special reatment other
Q) the normal free access (o slandasd pellet diet and water or a month,

Group 5 ISP conuol: The animuls were treated a3 8 Geoup | for a month and 1n pddition
| “eived |5p on the 29th and 30th day at an intczval 0 24 h.

d

Ooup 3 MES tresicd: This was sub-divided info 1wo gloups

e e

Group 3a (SM100), sdministered 100 mg/kg MES
4 Group 3b (SM 250), admlnistercd 250 mg/xg MES

The Sheciive dose of MES was suspcnded in 0.2 % carboxy mecthy! celluslose (CApC) and
|
Y fed 10 4y animals once dally for 8 month.

g 4:1SP _ challenged, M:S-trcated grovp: This group also had two subgroups 1

+ ISP), adminisicred 100 mg/k8 MIS and |Sp
+ ISP), adininisteied 250 my/kg MES an [Sp ’

Group qe (SM 100 ng/kg
Group 4% (SM 250 Me/kg




In addition to receiving the treaiment given to animals in Group 3. animals in this group received
ISP (85 mg/kg) on the 29th and 30th day.

Group 5: ISP — challenged, Ramipril ireated group: Animrals in this group were administered
Ramipril (1.25 mg/kg) for two weeks and also ISP on the 29th and 30th day.

Twenty four alter the second dose of ISP, animals were anaesthetized. Blocd was withdrawn
by 1e1roorbital vein puncture and used for the estimation of glucose and for setum cholesterol,
Phosphate, MDA, LDH and plasma GSH levels. Rats were saciifioed. heatts excised, frozen jn

liquid nitfogen and stored at -85 °C until used for biochemical analysis.

i : : :
W stored in liquid nitrogen were weighed. A 10% homogenate wos prepared in phosphate

BulTer (50 mM, PH 7.4). An aliquot was used for the assdy of MDA. The homogenate was

“Wrifuged g 15 000 x g ot 4 °C for 15 min and the supematant was used for the estimation of
30D, cat and protein.

3,
13‘2"- Biochemical parameters evaluaied

.
Blooy Glucose

904 lucose was estimated using a glucometer (Accu-check® Active) with strips supplied by
'hemﬁallﬁlc(urcr. The test suip gavea colowr change on aPplication of a drop of blood by

m"m“dyc oxidoseductasc mediated reuction,

l
Serum Cholestervl and Phosphate

Sﬂum choleserol and phosphate wefc pnolyzed USING the Beckman Coulier Synchron cx9 Pro
thin; !
wal ¥ystem with kits supplied by the manufacturcr

3)
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|
4, Plasmanissye Glutathlone

rGlutahionc was estimated according to the method of Eliman (1959) and Anderson, (1985). The
Usgy is based on the reaction of GSH with S, 5’- dithiobis (2-nitrobenzoic acid) (DTNB) (also
Down as Efiman's reagent) that produces the 2-nitro-5-thiobenzoic acid (TNE) chromophore

which is measured at 412 nm.

Reagens

L Qg ;
.Sodlum Cltrate (3.8% w/v) ~ This was prepared by dissolving 3.8 g of sodium ciirate jp
distilied water apd making up the volume to 100 ml.

E- ; 3 . .
Ace"c acid (6% V/V) B ThlS pl0pﬂlcd by mixing 6 mi of acetic acid with diSli“d water
0d gt -
Waking up the volume to 100 mi.

ki, : . : ;
S"'ph%&licylic acid (10% w/v) — Sulphosalicylic acid (10 g) was dissolved in distilled wager

W the volume was made up to 100 ml.

ft NB (5,5 Dithio-bis(2.nilrobenzoic ocid)] (1.98 mg/ml) — DTNB (19.8 mg) was djssolved
&
GsH buffer and (he volume was made up 10 10 ml,

v, ﬂ."ﬂm; buffer (50 mM, pH 74) (homogenizing buffer) — 77.4 mi of |M Ne;HpO,-2H,0

( : .
’fm by digsolving 17.8 g in distilled wetcr and making up the volume to 100 ml) \was

ey With 22.6 m] of 1M Nall2PO4 11,0 (preparcd by dissolving 6,9 g in disulled water andd
king uP the volume 1o $0 ml) and the volume was made up 10 ] L. Appropniste volumes \vepe

%dilu"d with distilled wotcr to #ive 8 50 mM conceniration.

M. (
Pesphate pufFer (0.1 M, pli

?l\fi’m 17.8 g In Jdistilicd wolcr end

making UP the volume lo 100 mi) was mixed with 6.8 -
g 0.9 gln diatilled water angl making up the yvalume

. 104 N‘"zl’orlho (prepared bY dJissolvin
'J!) & the volume wos maic UPp 10

l .|ln




)
)
J

o was greyao by collecting 0.5 ml of blood into 2 ml cppendorf tubes containing
TS Gtrme (0.1 mi). Acctic acid (0.1 ml. 6% v/v) snd sulpbosalicylie (0.4 ml, 10% wiv)
t‘i&dmﬂhuﬁmmh@dnllmmfmmmin Hewrt tiasint was weighed
2 b 2ogeyi 2 i 10 volumoes of phosphmie buffer (50 mM. pH 7.4) Immadistely. to 100 u) of
e w tual volume of sdphwlicylic scid wes adided and the miixture wits contrifaged
HU090 rprn o 10 caim, To 0.5 el of plasra/100 il of supematant. vas added 2 M40 ] of
bufler folowny) by the addition of 20 ul'4 ) of DTNB and 480 i ul of Giple distillod
rmmmmdmmwufchmmmmwm-
T 8412 om n 2 Shimmdrs UV - visble spectophotamerer, GSll concentrations wery

from 2 mandand carve prepered using muhentic GSH (Sigma. Adrich X 0400y §/ml).

dismutase (SOD) casalyzes the dismutation of superox; o hydrogen

D2 and _mtmlw.ﬁmﬂllmm‘HHﬂhm-
Nl Ao 2 b g ._m_mummhm

hhhﬁ.-d (1984)




-NAD : ' i
NADH (780 uM) — This was prepared by dissolving 30 mg of NADH in TDW gnd making up
volume o |0 m.

Acetic acig (AR grade) - glacial.

(190 1) and 300 ) of NBT were soquentially addec! to 1.4 m! of pyrophosphate buffer.
l ml of sample was added 10 the systcm and it was incubatex at 37°C for s min, The
Was staned by the addition of 200 ul of NADH and the mixture was Vortexed. The

Wirhioe was incubated at 37°C for 90 . The feaciion was stopped by the addition of |
thacia) celic acid To this system was added 4 ml of n-butanol and the mixture was voitexed,

em was centrifuged 1 4000 1jpm for 20 min. The absortance of the butanol — gich bnyer
" a1 560 nm,

r'm Llvisy (tnivmm powcn) was aalcuiased using the formula:

Activity = 1/0.5Z x Abs of sample/mg protein x 1.5

l'kz ~ Ablsortapce of blank sampic
Ilc..,-'

The assay
“alyzey the docompusition of 170, into water and oxygen. e e mayme

J W“bmwm




- Phasphate pufrier (50 mM, pH 7.0) — Disodium hydrogen phospbhate (2.8392 p) and 2.72 g of
tassium dihydrogen phosphate were separately dissotved in TDW. The combincd volume of
wsoliuions was made up to 200 ml with TDW.

l Buffded substrate — Hydrogen peroxide (34 pl, 30% w/v) was mixed with a few m] of TDW
¢ 1Be volume was made up (0 10 ml with phosphate buffcr.

B! :
Wered substrate (2.95 m]) was pipetied into 2 3 ml cuvelte. The reaclion was stated at 37°0C
l mcaddilion of 50 Kl of sample. Absorbancc was followed for S min at 240 nm. The change in

' tbance Per minute was calculated.
1 b
thgem ab&o"b&ncc per minute/0.04) (COCmCicnl factor) = Z

Catalase acyjyity = (Z / mg protein in 50 k1 enzyme source) x 3

| & l‘
ctate dehyd, ogenase(LDI)

| s LOH was agiimated according (o the method of Scth et ef. (1994).

iﬂh‘bhng bufler (50 mM., p3s 7.4) _25miof 0.IM Nul1;P0« was prepared by dissolving g 39

“the 4 TDW. 100 mi of Nazt PO« was prepared by dissolving |38 g of salt in TDW. 59
| g) ml of Na;t[I'Oq

Q
Ny POy was then mixed with

'.I' i -II_— .-F:h-—. 'L_ "':'__ -
| PrTuvaic (10 mM stock)} = 12 T8 T
Eoufley,




NADH ~ 3mg of NADH was dissolved in ! ml of TDW.

°‘ii“m pyruvate (1,44 ml) was added to 10 ul of the sample and the mixture was incubated at 37

' for 10 min. Then 50 pl of NADH was added and the change in absorbance was followed for 3
in at 340 nm

M ‘mol¢/mitml) = Change in OD/min x dilution factor x volume of assay
1; 6.22 x cnzyme aliquot uscd/assay

’ M"fondlﬂldeh yde (AMDA)
" ®A vas esliMated gecording to the method of Colado e af. (1997).
Reageng,
P05t ey (50 mM. pH 7.4) - This was preparcd as described in section 3,13.2.1.

o ) .
'mad:chlc)r ecctic geid (TCA) (30 %) — 30 g of TCA was dissolved in TDW and the votumc Was
P 10 100 m.

i
(L “C'(S N)._This was p g by approprin[c dilution Oflhc 1M SlOCk “C' Wi‘h TDW,

iV, 2a. !
moh&,ﬁim.ic acid (TBA) 2 % in 03 N NaOIll) - 2 g of TBA was dissolved in 0.5 N NaOF

Qy;
100 ey e volume was madc up lo 100 ml-




enun was prepared by the centrifuging 1.5 ml of blood at 3, 000 rpm for 10 min. A 10% Uissue
0;no'gcnalc was also prcpared in phosphate buffer. To 500 pl of the serum/homogenate was
1 300 pl of TCA and the mixture was vortexcd. Then 150 pl of HCl was added and the
IXure was vortexed. This was followed by the addition of 300 pl of TBA and then 1750 ul of
PW, Ibe mixiye was boiled at 90 °C for 20 min. 1.5 ml of the pink upper layer was
ifuged at 3000 tpm for 10 min and the absorbance of the supernatant obtained was read at

) »
2 0m. The values obtained were read on a standard curve prepared wath an MDA standard (0-
4 mg/ml).

& Nitrige Levad
|

.Wl"ic Oxide (NO) is a molecular mediator of many physiological provesses including
[ "‘Nilntion. inflammation, thrombosis, iMMunity and neurouaAsMission. A number of methods
:qm for Maasuring NO in bioloip‘c-l systems. One of these methods involves the use of e

G'h" diuoljuu'oa reaction (o SPCCt!“uPhOIOmclricnlly detect nitrite formed by the sponlancous

i ‘o0 of NQ under physiological canditions.
i

1) ethylenodiamine dihydrochioride (NED) dissolved i

|, 8t T00.04 g of N-(1-naplith e
mol'onhn hosphoric acid 4aed 0.4 gofmlplmnilmmdc. e volume was made up 10 40
.. ecid wil ]
"
"h Tow and stored away fiom light

ﬁ.‘“u,,

Cog Grieas rcageni were nj
WaS read ai 548 nm and the BVl
oy by using MNaNOs.

xed in a1l ratio and incubsted for 30 min st 37 °C_ T,
M"‘J‘OM wese ﬂmllwﬂ fiom o sQandard




13.2.2 Histopatholo gy

yomxdml lissue was perfused with saline and then 4 % paraformaidebyde. It was then fixed in
L f;arafonnaldchydc for 24 h. The tissues werc routinely processed and embedded in paraffin
en ) |
Nd? sections were cut and each scction was stained with hematoxylin and eosin. The stained

ctions . , y
Were exnmined unde; a microscope and pholomicrograpbs were taken,

'_3'“ Neuroprotective Studics
314
11 Middle Cerebral Artery Occlusion (MCAQ)

:;:Ql Cevebral jechemia was induced in male SD ratg by occlusion of the middle cerebral artery
A sing o modification of the intraluminal technique of Longa ef a/ (1989). Animals were
.r% . i2ed with chlogal hydrate (350 mgtkg i.p.). The body temperature ot'. the animals was
] hb;‘w at 37°C during and afer suigery by the uscof a thcﬂnoreg.uh.;tal.dns_g.ca,'ng surgical
. The 1A common carotid artely (CCA) was cxposcd through a midline incision in the neck

- “Bon. e neck muscles were carefully scparoted further to cxposc the intemal carotid astery
(Ca) %ad external carotid artery (ECA)- A 3-0 monofilament nylon suture (Ethicon. Johnsons &
Lid. Mumbaj) was intreduced into the ECA lumen through a small nick and gentjy

.I fom the EC A (o the ICA lumen (about 20-22 mm from the CCA bifurcation) 1o bjock
g ®UPPly 10 the MCA. The ECA nick wao lightened by tread around the intraluminal ylop

4 M Prevent bleeding. Recireulation of cescbral blood flow was aliowed by removing the
S"mﬂmm carcfully afier | b of ischemla followed by 24h of reperfusion. In AlWn-0peragxd

r *
%lk 8l the procad copt fior the insation of the nylon fllament was curied out. Anjmals
. e 1oy, & were adminisicred
Yehicle group received 0.2 % CMC while the treated groups i 100 mg/xg

|
Mmﬂbfne ’dmog%CMC.
- AMesment of peurviogieal defich p— -

o
g
i g
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“ewological Deficit Neurological Score  Description

o
b

t :-blq 3:Scoring for neourological assessment

? neurological geficit 0 Rormsl
;Fc':m 1 Mild
l-H em;ng . 2 Moderate
'-rNon. Pasesis 3 Severc
*Pontancous movement 4 Severce

.- lh- = — . EEE——y  S—

3.1 .
13 Qlllﬂﬁﬁution of infarct sizc

Ras WET® enapsihetized with ether and the brains were taken out. Each brain was cul into seven
%thick slices and {ncubated with 1% T1C (dissolved in 0.IM phosphatc buffered saline) gt

i ] . . A
"c for 30 min, The slices were scanncd and analyZed by using computcnzcd image analysis

TRem (Biovis Image Plus). The infarct asea of all brun slices of each mt was multiplied by the

thickness 1o give the infarct volume.

3
*4G5H and MDA cstimatlon In the brain

Wele ctimated as desctibed under the cardioprotective studiecs.

114
~ Weatern bloi anwlyses

0 oeraed rais and mis subjected 91 b of MCAO followed by 24 h of reperfusion, were
Nifigeg by gt ancsthetic cther. TH ipsilaeral POrion of brain dsue subjecied 10
M""vc:::’:m . ckly exciscd a0d homogeoized in ten volumes of ke cold Iysaie
N© 0% o WT::S Jm 75), 250 mmell sevose. | mmoll dithloiheeitol, |

V&RI2, | omumot? KCI, tmmal EDIA TR 5 ing @ 1eflon hamoemin

S ...gl : - - rataln, : rﬁv_...?':&.a_.‘; UR} USt o e O g e S
"B/l leupepUn, JFEFTT Y
] Lk W e | i I I

-y

- o




t‘r’ celtular fractionation was performed as follows. The homogenates were spun at 800 x g for
0 oun. The 800 x g supematants were spun at 20000 x g for 20 min. The rcsuitant supematants
rc Used for the evaluation of gp91phox, p22phos, eNOS, nNOS and SOD. The protein
CeNtration of each sample was determined using the Lowty method (Lowry ¢/ al., 1951). An
9ot 020 g of protein was subjected 10 10% or 12% Sodium dodecylsulfate polyaciylamide
l electrophoresis, The separated proteins wcre tiansferred onto nitroceliulose membrane. For
unoblotting, goat polyclonal pimaty antibodies were used. The sccondary antibodies used

® HRP conjugated anti-1gG. The immunorcactive bands were visualized by enhanced
i]“"ﬁflisc:em:e (ECL) detection. The band intensity was measured using spot densitometry

lysis software of Alphamnger ™ 2200.

§°). Studies ¢y fractions from Spondias mombin and the isolation of pioactive
*-lmml‘o“uds

R}
lsP""'l‘ttiOn of Fractions

Ear of Spondias mombin was prepared as desciibed in section 3.2.1. The crude methanolic

: , ; 1, ethyl acetatc. dichloromethane and
i% Was thep fractioned scquentially into water, butmiol, cifly et

| (Figure 9). Aptioxidant and opuprol iferative esta twere carried out on the crude exuact

ihe fractjops.

;3. ".
l ' Deriy Jree radical scavenging acsivisy

ol using the DPPH pholomeyric

Opp
X i free radical scavenging 8cts

ion 3.6.
of Mensor 7 af. (2001) a3 described in 8CHON

, was deteimin
vity of extrac!s




182 Nitric oxide scq venging activity

e ay: . o

e oxide avenging activity was caitied out as described in section 3.7.
;hllmu
} Gri
1688 reageny was prepared ag described in section 3.13.2.1.

|
316 -
2 Superoxide radicat scavenging aclivity

's?'::toxidc arlions wcre gencraled non - enzymatically by phenazine methosulphate and
I: bluc tetrnzg lium in thc absence or presence of compounds in 100 mM phosphate bulfer (plj
). The reaction mixtures were incubated at 37 °C and afier 30 min the reaction was stopped by

il L)

l‘ddlng 0.5 m| glacial acelic acid. The amount of formazone formed was measwed al 560 am on

Q Spee
' iPhotomecr.

Ry
b, O:1scavenging activiry

Thi Was assesse by the method of Ruch ¢ al. (1989), H:On (2 nM/L) was prepared in

}M’um buffeeed saline (PBS. pH 7.4). O0¢ m| of extriict was added o HiOz solution (0.6 m)
" . ion contatning cxtiact (1 mY) |
,‘|wlh° absorbapce was read at 240 nm against a bisk SolAdn S8% 8 SELLALY

“ill\om 10,

Y|
M""’fblﬂon of iipid peroxidation In rot braln

NGt s - o evnluate lipid peroxidation jnhibito
] 'bwihﬁ method of Olikawa ¢ a@l- (1979) wus uscd ry

E ' hate bulfcred saline (50 mM,
L!‘Thx' ”°moBCnatc of ra1 brain (0.5 m), 10 ¥ viskin phase ! 2]

acentrations of exUTel or fractions. The volume was mage

o - » -l-— : -

_ 0.05 mi 0f0.07 mM FeSOq Wy added and the mixtyro

; - " : 1 | g " & (L - ' bl. o

C '-'J,‘l*m,?fﬂﬂml_’ cd follosvwed by 1.5 mp
’ 3 -_ e | |

il o R R .
e 'r NOt%D s
o W "l.' K" :T* T‘ N0 VIEDICU A ‘a“: 0 (]

1xnt

'-'_.-' added 10 0.1 mi of vanous €

L l‘w’th_ﬁ_islilled walce. Thercall¢ N

ey for i« 1 1 & mj acclic acid a<id
v 10| m) - -ljmm ‘p“_u‘.;\. o

v -if-'} In '5!'-"'&' f‘ _1_.}_@_ 1"1r. e TSI




» Afler cooling, Sm! of butan - | ~ol was added and the mixture centrifuged at 3000 rpm for

min. The absorbance of the organic upper layer was measuted at $32 om and converted to
Teentage inhibition using the formula (1- E/C) x 100, where C is the obsochance of fully
idized control and E is the absorbance in the presence of extract, fractions or standards.

17 Screeqing for Antiproliferative Activity

i tolorimeyic sulphorhodamine B {SRB) (Sigma) essay was used for measurement of cell
Poliferation (Houghton e /., 2007). Briefly, [0 cells (in 180 ul) were added to each well of g
| el plate incubated ovemight to allow for cell auschment. Cells were then treated with 50
Heml of MES or its fractions, Untregted cells, receiving Uic same volume of medium served a5
'1'%"‘ After 48 j, exposure time, cells were fixed with ice~cold 50% TCA followed by staining
't 0.4% (w/v) SRB in 1% acetic acid, washed and air dried. Bound dye was solubiliaed with
::150 W of 10 mMm Trig base. The plates were read at 540 nm absotbance- The cytotoxic effect of
A and fractions was dssessed as the percentage of inhibition of cell growth, where
_ Cells were tajcn as 100 % viable. Percentage cell Browth inhibttion was determineg
g e formyla [100 - (Absorbance of treated cellsIAbsorb&lCc‘ of untresicd control cells)) x
%, Four ecll Jines were uscd: KB (Oral cancer), C — 33A (Cevical cancer). MCF - 7 (Breast
e nd A - 549 (Lung cancer). NIH3T3 (Mousc fibioblast) was used as control cell line,

b -
-

were soyrced from ATCC.

i
3,
y q"“tcrizn tion of Blosciive Compo unds

Protocol followaed is shown in Figure %

Coy
“n Chromusug raphy

®l (230 scd for column chromatography. The solvent system used o
- 'I‘ h U““ u ’ . a i ‘ ( .
% ¢heo e h ~ Chlom[onn;mc"wwl:\wlc: (65:25:20). Tho soivents were f
A ¢ Malography wus ixed

U ratlo, the upper eateous liyer NEE iyt L
i . ‘
My I g N 1 .

the remaining mistur was clarifiexd

i L
10 ul.:




in loyer C’H‘OMa(ograp[, )

C was jun on precoated silica gel 60 Fys¢ and RP — 18 F (Sigma — Aldiich). Detection was
one yoder UV light, by iodine vapour, spraying cither with ceiric sulphate in !M H2SOq or
raYing with 10% methanolic sulphuric acid followed by heating at 110 9C. The TLC profiles
' hexane and dichloromcthanc fractions were obtoined using the solvent system

:cthylacetatce (70:30) while those of the cthyl acctaie and n-butanol fraclions were
. using the solvent system Ethyl acctatc:methanol:water (8:1:1). The solvent system used

1":'0 the TLC of fractions ohtained from column chromatography was chloroform:methgnol
(80:29),

H
e Petformance liquid chromatography

1%ic Was run on Shimadzu, UV SPD-10 AVP sysicm, using RP-18 (Shim-Pack RRC-ODS 20
25 em) columns

W spectrq

15 UV/Visible spectrophotometer using

. UV spectra were rocorded on Terkin Elmer A —
were obtained as mcthanol as well as by

| as soivent. The UV spectra of the lavonoids
sodium mcthoxide, alwninium chloride ond sodium acetote as diagnostic reagents.

flm
T

R P ing either KBr pellets or,
PO RX-) specuoplot using \D ttat.
| were recorded on a Perkin-ElmeT

fad NAtg

70 ¢V Mlh ol
)i 300 unauupho‘ﬂmdcr at roct inle
_ Ms were rocorded on @ Jeol-IMS- e rye! pm Jeol m-woq

; / | b r.l_ jon | S -
i l. PA“MS WC e ': -, 0 on 8 _.‘h *h:?‘ 200 . 1 R"
. g 32 ek , ) ”‘_ T, BB Te |

u'j_,; < 1!’)‘- VAIR als ‘ '



J—

MR and 600 MHz Varian Inova spectrophotometer. The chemical shifls are reported in
: m) downfield from TMS which was used as intemal standard. The optical rotation was
'mnmed on an Autopol III automatic polarimeter using sodium D-line (c in g/100 ml)

tal gnalyses were obtained in a Carlo-Erbai 108 CHN clemental analyzer.




Spondias mombin + 80% methanol

Filtration

|

Crude methanolic extract

I‘ractionation of crtude extiact

T T

; ~= Dichloromethanc  Ethyl acctate  n-Butanol AQucous

Fraction [‘raction Fraction Fraction

\_Y_J

Column chromaiogsaphy

pure compoutds from sub - fmctions




.Stllistical Analysis

S were expressed as mean + SEM or SD. One-way analysis of variance (ANOVA) was
_ for data analysis. Significant differences between groups were detected in the ANOVA
g Diican’s multiple range test at p < 0.05. Statistical differences between mean values of

Vidual (ests were detected using independent-sample Student’s r-test.

;
|




CHAPTER FOUR
EXPERIMENTS AND RESULTS

NVESTIGATION ONE

4 -l
L Autioxidant and frec radical scaveaging activities of cxtracts from (ten selocted

Newooe
geriag medicinal plants

::ms Conlain mapy hjpactive compounds which counteruct fn.x rndiﬂ.ll medfnt.ﬁ.d toxicity
| Ougb the prevention or attepuation of damages causcd by the radical species. Inhibition of frec
M"-‘al 8cocration s now being cmploycd os a facile system to carry out the primary scrcening
1 ::"O'hcmpcmic agents. A sysicmatic scnn':h for useful bIOHC!W'N&;.fmm mod.lcmnl plants

dered rationa] approach in nulraceuical and drug Tescaich. Bioprospecting for pew

I:’h'dcﬁvw drugs has been on the increase in recent times because these drugs have fewer side

than the Sy nihetic oncs (Farombi, 2003) and many jmpottang leads nre continuously being
n medicinal plant research, relmively Jjtye

7ed (Negi e/ al., 2008). Despite the upsurge i ; .
- potential and biological activity of pram

“aion iy gvailab nceming the antioxidont i
ha“". Sxcia) r i .:ﬁco “llich contains one of the richest biodiversity in the world and
| y in Africa w

0&,“” bi. 3
1 n Plants of geonomic and medicinal impoitance (Farombi, 2003)

" :
1, EXPERIMENT 1 Phyfochemical Screening

discwsc due w0 their

Y9b; Fammbi, 2000).

- fhlll= =
g4 p ach
|

[Ear m




‘hanaps, Phytochemical

plant,

Screening invelves performing simple qualitative chemical fests on plant

e of dctccling/idcmifying the different chemijcal groups present in the

PROCEDURE

The aqueoys gnd methanolic
@iy,
tiog

extracts were screened for the presence of alkaloids, saponins,
S Phlobatannins anthraquinones, steroids, ictpenoids flavonoids 2nd cardiac glycosides
Ihe methods described in section J3.3.

RESULT

,Hmochcmfical Sc

:kaﬁon of their potential medicinal properties. Phytochcmical screcning gave positive results
" Seroidy, tefpenoids, and cardiac glycosides in all extracts. Alkaloids, tonnins, and lavoooids
Uso detecyeg in many of the extiacts (Table 5). Some chemical groups which were por

N one golvent were detected in the other. This cxplains why hydroalcoholic solvents gre

" ployed i preparing herbal extracts. The results show that the studied plants are rich jn
e Phlochemicals, which are Probably respansible for their medicinal propetties (Tablc 4),
N U2 ofen demonstrate multiple biodctivities because of the presence of varied
Mi% with distinct or Overlapping medicinal properties. This syncrgitic or
h‘ﬂoniguc inleraction o swoehe micals have bcen shown to modulae the bioeflicacy of

“*'n%

reening gives an overvicw of thc major chemical classes in the extiacts and an




__________

Part rad¥rional use

Leaves Used for trealing fevers and diatrhea and as & tonic in psychiatry

Leaves Laxative, remedy for parasitic skin diseases, uicers, asthma, and bronchitis

Stem Febnifuge, used for the treatment of epilepsy, convulsion, rheumatism, and arthntis

bark

Stemm For wucating malania, painful micturation, and rheumatic conditions, antivenom, and
bark antihypertensive
Leaves  Anshypertensive, for ircating epilepsy, intemal hemorthages, asthntis, theumatism, chilblains, leg

ulcers, and varicose veins

Leaves For wound dressing, (o treat skin infection and stop bleeding

Roct For erecnile dysfunction, coughs, colds, fever, backache, toothache, sleeping sickness, and
venerea) disease

Leaves Diurctic, emetic, febrifuge, and abaitifacient; also used for diarrhea, dysentery, hemorrhoids, and
gonorTics

Lexves  Used for the treaiment of theumatism, paralysis, epilepsy, high fever, diaithea, and mental illness;
as an emetic and for hemorrhoids. stomach problerns, and eye/throat inflammation

Leaves Used for malana, (yphoid fever, and jaundice and for treating wound infections, abscesses, and
chware

69
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e —=—,

Methanolic extract Aqucous extiac?

Alk Sap Taa Phl Anth Ster Tetp Flav CGI CG2 Alk Sap Tan Phl Anth Ster Terp Flav CG] CG2

A. boone] H e . o T FE e+ 4 e m B : + + + 4+ +
N. loxvis =5 Ti=LS BRI + +« <+ + + 3 U + £ - 1+ =
P. gugjova SO - O T L e . + + - + + + + + + + + +
s iata + + - . . o+ 2 . o+ TE s S T T
C odorata £ - 02" - L2 o ) ATl O + + + 4+
0. pimirnon S 4 L+ + = - < 4+ + + 4+ + + + +
C alata + - + &+ + o+ o+ TN 4 s -+ ¥ o0 4 BYE L M
S swmbin SRR i RN I R Y + + - + + + + y 5 3
M lucida s 4+ o+ -+ A+ o+ o+ - + + + o+ o+ o+ o+ o+ %
G ogndas CREPREE Ve e U™ ' 4 M - o+ 3 4 =0 & BN SR
REY
- = ahsent

Alk = alkaloids. Sap = saponins, Tan = tanains, Phi = Phlobatannins, Anth = anthraquinones, Ster = steroids,

Teap = terpawids, Flsv = flavonoids, CG) = Cadisc glycoside with steroidal ting, CG2 = Cardiac
glyvoside with deoxy sugar
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4.1.2. EXPERIMENT TWQO: Evaluation of anlioxidant and free radical
scavenging acfivities.

INTRODUCTION

Numcrous assays exist for the in vitro evatuation of antioxidant and free radical
scavenging capacity of extracts from plants. The total antioxidant activity, reductive
Potential, DPPH scavenging aclivity, mctal chelation ability and active oxygen
Species quenching aclivity are often cvaluated (Chang ¢f al., 2002: Gulcin er af.,
2002), Evaluation is usually done using multiple assays becausc cach assoy evaluates
3 different aspect of the antioxidant action. In this cxperiment. seven tests for

antioXidant and free radical scavenging capacity of the study plants were camicd out.

PROCEDURES

Total phenolic content and total avonoid conlent were estimated as described in

ScCtions 3.4 and 3.5 respectively DPPH Ireeradical, nitric oxidc radical and hydroxy!
% 2N . 3

ibed in sections 3.6, 3.7and 3.8
radical scavenging activitics were detennincd as described in sections

Ty ac
Tespedtively. Lipid peroxidation LALeb tively
determined as described in section 3.9 and 3. 10 Icspec :

tivity and reductive potential were

RESULTS

15 are shown in Flgure 10 10 16. P Sulong

68 £ 151
L1 values In alf assays except NO (21.68 £ 1.51%),
act showed consistently 3:‘ et udicd plants. [t had the highest valucs for
Where it had 1he least valus 9920

o0% RP (0.79 £ 0.04). In the
Gy, LPIA (10,822 090 €0 f
TPC (380,08 + 4.40 mg/t AIJ- fsa ignificantly dillcrent from those of the
DPPII ang TEC asseys, lis v2iues

tively (Teble 6)-
“hich reoonied the highest Yalus> et

The results of the in vitro anjioxident K

d m“yc|y. h!hw P. ‘% in

» asu third,

el JJ40 have high valuea of anlioxidant
[V¢]
PP 0.55%) vahue for 4. boum} &

S mombin and G. cupulits *<
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maskably higher than the values (or the other plant extract. C. odorara showed a
remarkably high value (or TFC (272.12 + 2.32 yg/mL QE) and hydroxyl radical
avenging activity (56.53 = 0.86%). The NO value (or §. longepedunculara was high

(43.90 » 0.04%). Only M. lucida appeass 10 have consistently low values in the
assays.

The correlation cocliclents confirm that there is a high level of agicement between
Pai1s of some of the assays (Figs 17-20). DPPH assay lud an extiemely significant
correlation with total phenolic content (7= 0.76, £ = 001) and RP (r=0.81, P < .05)
(Fig. 17) and a significant correlation with LPIA (r = 041, P < 05) (Figwe 19A).
Theve was also an excellent significant comrelation between TPC and RP (r = 0.79, P
= 0.0006) (Figure 1BA) nnd a signilicant correlation between TPC and LPIA (r =
0.55, P= .01) (Figurc 18B). A significant corrclation was also observed between TPC
and TFC content (r = 043, P < 0.05) (Table 7). A (air correlation was Obseived
between LP gnd DPpHl (- = 0.50. P <0 .05) and LPiA @nd RP (7 = 0.40, P <0.05)
the level of correlation observed batween DOR and LPIA (- =
p > .05) was somewhal tow (Figure 20). The
wlata, C. alota, and O. gruiissimum fot DPPH

reflect (hese obstivalions. The
free radical scavenging Copacity, TPC, LPIA. and RP L

H jants is spparenily the same,
: essays for the five P
Wend of the results in the four % R

(Figure 19), whereas

0.31) wid DOR and TPC (r = 033
values of P, gugjava. S. mombin, G. 4P

"OWCVtr. the levely of aBreement bEOves

hsignilicant (Table 7).
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Figure 16: Reducige property of extracts: Bars with differcat lower case Ictters

are significanily different (P<0.05).
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%ﬁlaiionship between (A) DPPH scavenging aclivily (%) versus total phenolics (in

: R'ED and (B) DPPH scavenging activily (%) vessus RP (absorbance at 700 nm [abs700]).
* Relationship between (A) total phenolics (mg/L GAE) versus RP (absorbancc at 700 nm
)) and (B) (0tal phenolics (mg/L. GAE) versus LPIA (%).

- 19. Relati onship between (A) LPIA (%) versus DPPH scavenging activity (%) and (B)
(%) versus RP (absorbance at 700 nm [abs700]).

-20. Relationship between (A) hydroxyl radical scavenging activity (%) versus LPIA (%)
(@) hydroxy! radical scavenging activity (%) versus total phcaolics (mg/L. GAE).




_‘___.‘ Correlation between assay methods

Corrclation Coefficient (r)




INESNGATION TWO

42. luotropic

+ chronotropic and aati-ischemic effects of Spondias mombin cxtract on
Bolated 154 b

Gart preparation using the Langendorff technique

I‘WRODUCI]ON

M’%ardinl ' - 1 i
Isebemia resulls in ATP depletion and accumulation of toxic metnbolites, whercas
perfus;
%l'ons i cellyja, metabolism and gencration of toxic molecules contribute to myocardial
Walteperfusion
_ 9 for studying
%ia and ¢

on Icads to the production of reactive oxygen intermediates and calcium overload. The

injury (Masczin et al., 2003). The Langendorr? techniQue is a popular
the modulnioy effects of drugs and other variables on partial or glopal
eperfusion in organs ex vivo. In this expenment, ikie con-recirculatiog Langcendorrl
Gue was Wsed 10 evaluate the per sc and anti-ischemic cfTects of MES on exciscd rat heays.

"'DCEDURE
i

ents Were performed as previously described (section 3.13.1)

Q. .
l""“"3'“1\'"2!«7 3: Evaluation of inatropic (foree of heart contraction) and

“'bpk {heart ratc) eifects of MES

| ."‘Ul.r\-

’"“
- el

®t of bufrer (Conirol)

Ty,

s thoy,

the i erinsi evaluated as a7

s intrinsic efMects ( cotc that test substances (which would be disssived

e from the perfusion madium. The regults

in the 1‘080"0’“ mode with NHT bufTer

more than 90 minutes. This implics yhay

plitude and beart rote) of the NHT buffer on

\& Sotarey rat hepris. The csults ind
& ‘::“"N mediun) would be free of 10!

N, |ha excised hewts reirogr3d¢lY m{usuf
\m i the o, R orwnunﬂlon (or
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dvjation from this patiern in subsequent tests may be attzibuted mainly to the modilication of

axpnmenta. conditions or the introduction of cxtracts/compounds into the perfusion medium,

1able 8: perfusion with NHT buffer for 90 min

Time (min)
7 90
e 30 45 60 h]
?I:""") 1000 10040 9840 10242 10043
(%) l 98
; 99+ | 9712 +|
e 100+0 991

Whp]ilude; HIR: Heast 10tc. Results ate p!tSCﬂtC‘I as mcan x SEM (n 6)

lagy
Pl and chronotropic effect of MES

e g
e :I‘ lhe inotropic (force of beart coatraction
g

Mlq.% of the extract pnd standasds on the 150l8

g
\a

or amplitude) and the chtonotioPic (heart
¢d rot hears. The results indicale that

Mombin had no si ghilieant d dclerious or cyloloxie cfiect on the isolated ml heans. The
18lica

ained ineil while nifedipine on the other
for : ble to that of ramipsil W
the exyact is COMPAD

biom:
Cn:f“hntly decreased the ainphtude.

8S
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Caogrol Test Compounds
15° 30° 45’
AMP HR AMP HR AMP HR AMP HR
100 100 8749 9246 7829 8645 8411 861
100 100 11022 93+4 11821 8813° o
100 100 119:6 905 12127 8545 12147 80:4°
100 100 §9:4° 10443 9825 9545 1104¢ 10027
100 100 10143 9216 10545 8625 10729 80<S
Nifedipine (1 1M) 100 100 47x14 81210 57413¢ 83£1] 54413 88419

m HR: Heant rmies 15°, 30°, 45°: 1 5th, 30th, 45th minute of reperfusion; SM: Spondias mombin. Results are presented as mean
*J (c =6} “Significantly differem from conuo! (p<0.05).

= -
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ULTS

e ——

PERIMENT 4: Evaluation of the anti-iscbemic effect of MES

R |
:: five minutes of global ischemia followed by reflow resulted in the significant reduction of
Hiplitide of hearts perfused with the NHT buffer alone (control) at both t5 and 30 min post
a(Table 10). MES was cfectivein reversing the decline in the force of heait contraction

tde) produced by global ischemia especially at 0.005 g/L.

wbie 10 .
10: Global ischemia followed by reflow with bufferor cxtract

Compound used  Pre-Ischemic value

Post-Ischcmic value

fOrmﬂo“.
1s' 30

.. Amp Rate Amp Rate Amp Rate
N'"'Buuﬂ 100 10040 66+6* 13310 73+8* 10913
M (0.00sg/1 100£0 10020 122£3* 110219 122+¢7" 104410
SM 0011 100:0 10040 87428 105+4 10047 10447
SM | 14147 12124° 11249

0 84 3
—_ Mg, 10020 10020

“%1 Iy d;

e Presented as mean + SEM (n = 6)- Sign
Werent from NIIT Bufier

< 0.05)

ficontly ditfcrent from pre — ischemie value;




NVESTIGATION THREE

3. Protective Effect of Spondias mombin exiracl against Isoprotcrenol-Induced

Myocardial Infarction

3.1, a0 oy
| : EXPERIMENT S: Modulatory cffect of MES on antioxidant indices and markers of

tsye damage in isoproterenolchalicnged rats

L"TRODUCI'ION

$pong .
las mombin was investigated for in Vivo cardioptolcctive propeity using the mode} of

4

:u *To] (ISP)-induced myocardial infarclion. Ramipril (1.25 mg/kg) was used as 1he
: ol Standard drug. lsoprotcrcool, a synthetic P-adrenoceplor agonist. has been found to
“ MYocardial infarction in rat as a result of disturbance in physiological balance berween

Mutio, of fice radicals and antioxidative defense system. It is well known to geperate frec

and sﬁmu]ale ]ipid pCIOXidﬁlion. Whlch iS a CnuSﬂtch fBClor for imVCfSiblC damagc 10

&"'Lﬂeg, [ <zrum and myocardio] }ipids, which in tum Icads

o Utun. |( also jnoreases the leve's o

%Wy bean disease (Nair and Devi, 2006: Zhou et al., 2008).

"‘“CEnu s

s"‘B“C-Dawlcy rats weighing 150 - 200 g were rsndomly allocated to five main groups

V&b g o oups Were trealed a9 described in section 3.13.2. On day
N ooy “hals in cach group. The Bw i punctute and usod for the estimation of glucose
Was withdn Lroorbital V€10
%ﬂ&k' wi dach by re e cholesterol. phosphate (Beckman Coyjier
Qetiycipueometcg _1997), LDH (Seth e al.. [994) ang

. Gs)y (Anderson, 198S) levels.
"‘h'n . bioc

“ »;.:M Stored at -85 9C until used for . phosphate buffer (0 mM, pll 7.4), Ap

‘:‘:‘“’- A 10%% homogensio w]‘l i £ was centrifugod 02 15000 x gy 4 O

&y | used for the pasay of MDA. 1w u::di“““ on of nitnte (Oriess dinzotizayion

R g jhe supernalant Was used for
48
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o),
.m; ;Cz)l) (Kakkar ef al., 1984), CAT and prolein (Lowry et af., 1951) as described in
182, k.

.r ﬁC\l!'!2] shows
8 that possibly caused inflammation of the heart MES extiact and Romipnl were able

bﬂdn
9 the elevated hcart weight/body weight ratio. Adminisiiation of the plant extragt algpe
% agy,

that ISp administration led to an uicresse in the heart weight/body weipht ratio

3¢ effgct on the hean weight/body matio.
: Mﬂ'ntlmntiom

| N’"‘Zl o 34 lustrate (he dissuption csused by ISP odminisiration on the levels of diffeyent
B, Plasma and (jssue metabolites ond endogenous systeras. The endOogenous

- Soridan GSH was depictod (from 1.72 + 0.09 for conitol group to 1.26 £ 0.01 M for the

h -
| " %‘d &9up in the plasma and from 3.53 £ 016 for contro] group 10 2.85 £ 0.17 units/mg
| for e lSP.mwd group in the heast lissue) while pnoduction of MDA was exacerbated

"1 4021 for the control group o 3.00 + 0.12 pM for the ISP-treated $oup in the sarum

g 8.<2 4 2.00 units’m8 protein for the ISP-treaicd

b.m 14 S+ 0.94 for |h¢ contfol g/oup o |
.: e heart (issue (Figures 22 and 23). Administration of SM exuact and Ramipri]
in Ure selum as well as the hean tissue. In the ISP

‘ Y feversed 1hese deleterious rends
2 hese delete | wete incteaser! to 1.73 2 0,12 phg angd

: M‘ SM group, pl and $18su€ tevels of GSli
M . G13 unita/m PP a,’m;p“tjvdy comparcd 10 values for ISP'-challenged 870up while
::'id lingye lcf;pm:.:ap,\ were reduced (0 2.11 « 0.05 pM and 5.7 £ 028 uni\y
\ cls o

) . These values \were compaghe ¢
A, PSively compared to the I'S-challensed 8707 eascs I 13S0 SOD activi il
4 w uDs- Mo'wVQ;' dec n “ll\lty ([m
Y, for the mmiprii-treated $0VP

0.1 1 0,08 unitvmg protein) sl calalase Tt
'\ ] -}mwms protein for the contsol to 3.52

N 2 937 for the conprol 0 108 ¥ 006) occasioncd bY i:“ intoxication yepe
: l ; f :
N’ Wnocwdo::y wcnt o1 with cxtrocts and Ramipril (Figures 24 and 25). SOB qqy
ireasmic

89
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P“'”‘ act.vity for the ISP + 250 mg/kg SM group were 4.39 + 0.09 and 2.05 + 0.08 units/mg

E:e: Jﬁ::;ilvely- The inc.r’ease in tissue nitrite level observed in the ISP intoxicated group

. th)' decreased m.the 250 mg/kg exuact-treated group by about 33.3% which is
€ 36.1% reduction inthe Ramipril-treated groups (F igure 26).

_[SP dminisicayjon probably causcd disturbances in glucose metabolism resulting in
MiYca-mia (Figure 27). The SM extract seemed to offer protection against the [SP —
M hyPerglycaemia only at 250 mg/kg. Blood giucose level was not lowemwd in animals
%S!ered SM exwact gjone. Ramipril seemed 10 correet the imbalance in blood glucose leve)
:s:dz;;‘:mem with [SP. Seaum cholestero] level elevated as a result of ISP administ:ation

. Y SM at the dose of 250 mg/kg (p<0.05) (Flglfre 28) while the elevated phOS].Jhale
¥ challenged group was reduced by SM at the two doses employed (p<0.05) (Figure

l
| Qdm“)xjcauon led 1o the massive leakage of LDH into the serum (Figure 30). Both SM extract
&Nnipm were effective in decreasing e elevated LDH Jevels (p<0.001). The 250 mg/kg

a«1.
iicd g OUp degreased the elevated LDH level Dy OVer e
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L P
ny,,

perimental animals. Results are prescated ag

Heant weighibody weight ratio of €x
igh y +p (reared (p<0.001); ‘significantly difTcrent

SEM(U 6). *Significaotly diflcrent from 15
P ey (p<0.05)

9)

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



X issue GSH

R Plasma GSH

b

2.0

GSH (umol/mg protein)

™ N - Q

S e W l.1..l.l..]||l PR S RN RN

L L L e

........... e T
_._.l.._l..l.l ll_..l....l.l..l.t'l...'.“.l_-l.ﬁ-.l?ll
D s S R

JE N E EE N E s NN s e e

Oo
f 4
R R R i R e QS sm.

llllllllllllllll

HEEEEE SN
........ O - e e o . l.l.l.l.l.l-
Rt

-
O
(]
)
]
[1d
o
>
e
O
=
[%2]
o
o
LUl
x
ag
T
—
<
L
T
Z
E
Q
(@]
=z
<
)
'd
L
<




&3 Tissue MDA

BB Serum MDA

MDA (umol/mg protein)

AOI x> w0 < o~ o

¥
2
..
.
]
5
:
]
L]
in) MDA levels in scrum of control and test

e e e s

M (n = 6)-°* significantly different from ISP 1reated
E :

Serum (M) and tissue (pmolmg Profe
S are presented as meon = S

Resy

I
’(0.05)_

'h't 2}
Py
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srescnted as mean & SEM (n = 5). * Significamily

Tissue SOD activity. Results are |
from |sp treated group (p < 0.03)
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- b. . .

L DH (uM/min/mi)
QO NNWWEELNADD
[ =) [ =)

*
X *
* i .
) Q . A 2
gé o8 ks
> *
S S o W S 5y
T S e S o
o
5 Z
::h 30: Serum LDH levels. Results are presented s mean + SEM (n = 6). * Signiticanly

Hrom ISP 1reated group (p <0.001)
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432 EXP -
L. ERIMENT ¢: Amceliorative effect of MES on histopsthological alterations in rat
subjected to Isoproterenol-induced toxicity

NTRODUCTION

.lwpomm”d is a synthelic catecholaminc with increasing attention owing (o its application in
%1083- Catecholamines are i mportant regulators of myocardial contractility and mectabolism.
i‘:’l‘:‘;\v::,b’: Bas been known for a long time that excess catecholamines are responsible for
88e. obscrved in clinical conditions such as tansient myocardial ischemia, angina,

. C?m"a'y inSufficiency, and subendocardial infarct (Vclavan er al, 2008). The excessjve
:n::::; of. beqa-ad renergic receplors in.lhc h.cnu induccs.myocmdinl hypc:flophy (F3usau0 el
RLS: High dosages of catecholamines induce cardiomyoCyie ncCrosts aad pterstitia]
N 0 rgy (Grimm ef al., 1998). Administration of large amount of calecholamines,
l'my 150Psotereno] to cxgarimental animals constitutes rapid and reproducible means of
“Hing Myocardia) jschemia (Velavan ef al., 2008). Isoproterenol causes severe sicess in the
lum resulting in infarct Jike necrosis of the heart muscle. [t also incrcases the levels of

10d my ocardial |ipids, which in twm leads 10 coron® heart discase (Nait and Devi, 2006;

¢l g ’s 2008).

oty
B

i "o @ouped a9 descaibed in section 3132 The dosc of Sndias 'f“’”'b‘.“ used for the
%, Uon wag 250 mg/kg body weight. Myocardial lissuc was perfused with "“““ aod then 4

N%h od in 4 % puafommldchyde for 24 h. The (issucs were
\%I Yde, It was then fix R i e

y
Ny el ' b : :
B e S
s n

were laken.
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¥is a massive disruption and fragmentation of heart myofibrils in ISP administered

 (Figure 31) but administration of SM (250 mg/kg) remarkably mitigated the ISP-induced

1" igure 32). The myofibrillar structure of the heart in the group treated with 250 mg/kg

ct alone seemed 1o be enhanced (Figure 33).




4 (0)

neasts of SH 260 + ISP group(Mag. x10).

10)
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(B)
$ chicle ireated (control) group

A
tly . . from hearts €
(A ang B): Representative scctions
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BVEsneaTiON FOUR

4. Evalati
100 of the Neuroprotective property of Spondias mombin exiract in rats using

[

middl .
€cerebral artery induced focal cerebral ischemia model

‘;;Q:;Tai:‘udamageo 1s the major cause of permanent .disability in young adults. It has been
e o m'cn:: to 80% of all strok;es n":sull from jscbemic fiamagc in the middle cerebral artery
:"amt R 8.l for clinical application of pbm'-maco]oglcal agents has generated cnormous
.- : enifying the underlying intracellular signaling pathways and (o develop therapeutic

that can benefit jschemic stroke injury in patients (Tsai es af.,2007). Growing evidence
::m the Pamicipation of oxidative stress in brain injury mediated by cerebral jscbemia and
ﬂ.Po)(:::dqnm“ and Harrison, 2001). Reactive oxygen species (ROS) and lipid peroxidation
. © been proposed to be impontant factors in reduction of cerebial blood flow and
j::‘ perfusion injury. Oxidative stress has been regarded as a subsiaotial underlying cause
w:“’“agc and neuronal dysfunction afler ceicbral R (Chan 2001). The high demapd for

Oxygen, the high levels of polyunsaturaied faty acids in newral membranc

Qu"""-‘lipidsi. and the hijgh jron content aic important factors rendenng cells in the ccotra]
Stem (CNS) susceptible (o oxidative stPss (Sun er ai., 2008). The polyphenolies

™ gy
::1% fNavonoids, which are found in many heibal cxtacts bave been shown to be strong
'“Vcngm’ antioxidants and protcSters Of Ncuons from lethal damage iz viire. Phenolic

¥ from medicinal plants hove olso been cvaluated irt ¥iv0 &s neuroprotective agents in

N%h of IR induced oxidative stress (Yodium ef al,, 2002; Takizawn e/ al., 2003),

. interrupts blood flow 10 tho vascular erritory
o 00l the of its origin In .

8 e middic cescbral sriery ey T infarction With sevetity depending on
\Q Y- This reguiyg in neuroiosical 941i¢

fusion.
Of the |g.ppamis and the period o P
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'mocmm

;:w Cerebial jschemia was induced in male SD rats by occlusion of the middle cerebral artery

Section 3.14.1. In sham-operated animals, all the procedure cxcept for the insertion of the nyton

CA) using a modification of the intraluminal, technique of Longa er al. (1989) as described in

I‘h”ﬂ“ Was camed out. Animals in the vehicle group reccived 0.2 % CMC while the (rcated
ﬂbups WCIT administercd 100 mg/kg Spondias mombin extract suspended in 0.2 % CMC. On
f’“""ﬂy rom anaesthesiar rnts were cxamined for neurological deficit on a ten — point scale as
Yoy i Table 3.

K

¥ e Quantification of (he infgrct size, rats were anaesthetized with ether and the brains were
e oul. Egch brain was cut into scven 2mm lhick slices ond incubated with 19% TTC
IMV&! in0.1M phosphate bufiered saline) ot 37°C for 30 min. The sliccs were scanned and

y using computcnzed image annlysis system (Biovis Imogec Plus). The infasct arca of
i slices of each rat slicc was multiplied by slice thickness (o give the infarct yolume.

l’;slfl.'l‘at:r

)
%bﬂ“f defleit

N
, 'a:!wogi“l deficit caused by

| ) 1¥ reduced (43 %3) by preireatment with 100 m&/k

.

[ h of cercbral :schemia followed by 24 h of repeifusion was
g SM extract prior ©0 MCAO (Figure

e and yolume

|

infarct siae and infarct volume
IM by reduced cercrel in
s 0 SM cnurgle e {1 followed by 24 h of reperfusion by
B, 2537 and 41) of rats subjectcd 18 MCAC "
W 0
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-I-.‘

Average neurological score
il

SHAM VEHICLE SM 100 mg/kg
Group

5&;‘ 35; NCUrologica] scores far all groups. Results are presented as mean £ SEM (n = 7).

ficantly gifYeren (p <0.001)

Infarct size (rmm~)

e

SHAM VEHICL

|p‘.‘
| aled as mean &+ SEM (n = §)
: itg &F¢C prese
L : Infarey gize in o grovps ROV

Y different (p < 0.05).

t0?
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Vehicle ‘3 .

Vehic)c 1 Q

1k o
Petreayment/

i Repﬂﬁxsi:n Q O

Ih Preveatme
oY/
4 Reperfusion m m
T :
Mlmc nV
U Reperfusion

SHaMm

SHAM

Pb' 37

D il goups
Representaiive sections f brains from oil &
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Figure 38: A section of fat brain subjected to 1h MCAO and /24 h reperfusion

————

e —

-—-—'_."

. . S
Figure 39: A section ©

24 h reperfusio?
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Figure 40: A section of rat brain from the sham treated group

-
g
*

£

Infarct volume (mm~)
#

VEMICLE SM ¢ 00 mo/kg

mean £ SEM (n = §)
e ESEnied @8
RS 1 alze Nl volume were

infarc
o‘O‘iCG’ dcﬂclt.

Y differeny (p < 0.09) NN;IOO"W‘I SM,,,,,,mmMcAo
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-4}5. IRXPERlMENT 7B: Evaluation of GSH and MDA levels in cortical and striatal
} e
regions

NTRoDUCTI0N

Oxidatjve siress is implicatcd in the pathogenesis of ischemic brain injury. L.cvels of endogenous
= . . [ -
allioxidants ;g activitics of antioxidant enzyines have been found 1o decrease in ischemic
Rrfusion byrqin injury, In particular. GSH aad MDA levels arc routincly uscd as markers of

rebial damage and for the evaluation of potential neuroprotectants,

’ mﬂCEDURE

| Gs"a”d MDA I¢yels were cstimated in the cortex and striatum of the ipsilatcral portion of (he
| . of SXpetimental animals as described in scction 3.13.2.4. Animals in the vc.hlclc group
ved 02 o4 CMC while the treated groups wcfc adminisicred 100 m&/kg Spondias mombin
racy ; undenwent all the procedure ¢xcept the

|I _"Uspended in 0.2 % CMC. Sham-operatcd nimals P

*% of the nylon filamcnL.
' .5'-51’1_1»5

&y

&nd MDA jevels he brain cortcX snd strintum of the animals were Jecreased and
Cvcis 1n the br

"SSpectively following | h of ischemin and 24 h of reperfusion. In the cortex. GSI4 fevel
cly following

‘ni comparcd o sham gioup put
1. adipinisicred groud
\q’ by 37.5% in the vehicle 8CINFEEE
\

by 28.6% ; redted BFOUP compened (0 the vehicle-adminisicred gioup., In
ig 0% in the extraci-I 0 3).3% respeciively. A

6%
%‘Q M. the comresponding ligures were 37
ot ¥

hcreasay oIt of MCAQ but decreased by 26.1% by the exinact, The
| \u by 34.8% as a rcs

Ing (: \ %% any
ihg ligures in the strigium WETC 75

(2546 respectively.




4,

-3
-

GSH (uWg tiamuen)
0O = 4 NNW W

=

VEHICLE SM 100 mg/kg

P
BT 42: GSH level in the brain cortex of all groups. Results are prescated as mean £+ SEM (n

§ eq: .
L S;ml.ﬁc‘mﬂy diffcrent from Sham and treated groups

~»

fx

i -y

MDA (Mg tiasue)
[ =]

0.

SHAM

}

B g

9.

ps. Resulis are Presentad as mean & SEM (n

A MDA level in the brain COMcEx of oll Brou

. cd proup®
licantly iffereni from Sham ond (e
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12,

GSH (Mg tissuo)
w N S

p

e

SHAM VENICLE SM 100 mg/kg

r
fure 44: GSIH4 level in the brain Striotom of ail groups. Results arc presented as mean + SEM

(e
9. All groups are significanily diffceent (p <0.05).

ol ol okl 25

MDA (UM g tissue)

- _.”.

SHAM VEHIC

j UIts 14 pfﬂtﬂl‘d a3 mean & SEA‘
%"‘ 5. mp - jum of sl B1UUFS i
W, A level in the bruin 5ind

All

%) . «0.05)
&0ups arr signific unly differcrl i

11}
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i .i,
443, EXPERIMENT 8: Assessment of protcin expression of gp91, p22, eNOS, nNOS and
S0D in rats pl.'c(rcatcd with MES and subjccted to MCAQO

INTRopUCY ION

NADPH oxidase (NOX) is a major sourcc of reactive oxygen specics (ROS) which has been

mplica e i0 jschcmic and other types of brain injury. NADPEL oxidase is a pre-oxidant enzyme

1halls

M"subu"i' complex whose functional subunits include gp9 1" and p22¥* (Chen, 2009; Lo o

CXpressed in various prain regions and i1s level is regulated by ischcmia. NOX s g

al, 2007). | has been reported that gp91”™™™ KO mice showed significantly jmproved
t:“t::rlogica{ scores compared to controls (Lo ¢f al.. 2007). Ovcrexpression of the p22M ¢ byniy
chial 8chemia is indicative of ncuroprotection. NO, produced by NOS. is on jmportant
%8"’ molecule javolved in many physiological and pathological pProcesses (Mayer npg
1% 1998). ‘there are differcnt isoforms of NOS. Puring ischemia rcperfusion injuwy, NO
uced mainly by <NOS) mediates clects that would be protective following cercbrul
I, |, conlrast, cxcessive NO (produccd initially by nNOS. and later by iNOS) mediates

%%'Oxic‘ny effect of cercbral ischemia (Li ef @, 2010). Transgenic mice overexpressing
less byain infasct and edema (Chen. 2009).

&

hay el
€ been repotted 10 cxlubit sigmllcanl')f

rlﬁc'zﬂ*lllttl-:

k,}“m PCrated d wiccted 1o | hof MCAO followed by 24 h of reperfusion. were
\}ir‘w by rats and rats sud) : The ipsi'l!“""" mnion of brain tissue subjected 10
[ anestheljc cther. |

overdose of thetic ized in len volwnes of ice cold |ysaic

&h Uftmrm;on was ‘IUiCk!y cxcised ond hoinotcn
200 mmov nepgs @r-1.5), 250mmol/

¥ L] } :
Meei2.t0m. 11 wecet 1memgf DTA. 1mmiol EGTA, 1mmol Pheasl methy] sulfony,
v R mol/! k.Cl. priang in. 2pg/ml apfotinin) using a ieflon hamogenizer,
\lq:ﬁ/ﬂﬂ Icu;)cptm, Sug/ml P Section 3.5 $. The immunoreactive hands wepe
W

' "'H% Were neocessed as dcscfiw’ ":-'Cl ) detection, Ihe harmd 1ensily was mcasunsd
r\ by enhanced ¢hemiluminiscenee (=
|

Sucrogc‘ l mnlﬂln l'“h‘O'h’t“O'ol.s

™ 9900,
I Alphama g’ 2200

& dm""OmﬂJy analy:iis sotwwre ©




ULTS

ol
Tbe studies on protein expression showed that expression of gp9i was decreased in the MES
r

Irajed group compared with the vehicle teated group (P<0.05) while the expression of the p22
subinit was enhanced in SM trcated animals compared with the vehicie Urested group (p<0.05).
:Tbc expressions of eNOS and SOD were also enhanced while that of nNOS was decreased in
MES.!Mled animals compared with the vehicletreated group (p<0.05) (Figure 46-50).
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in vcf!idc m’ministcrtd and MES trealed group.
ues are sihificantly dilferent (p<0.05).
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Relative differences In protein

“Vehicle  Spondias mombin
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1
‘ 8 mean + SEM (n = 3). Valucs are SIgni

eNOS cxpression in vehicle administered and ME
ficanlly different (p<0.05).
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INVGESTIGATION FIVE

‘. O . °
5-.Actmly puided isolation of Quercctin-3-O-f-D-glucopyrunoside and Undec-1-cne from

euniey of Spoudias mombin

L\‘bm()l)ll(v"u()m

Bt . : : :

Ative naturo) products havc an enormous €conomic importance as specialty chemicals. They
Wb used g drugs, Icad compounds, biological or pbarmacological 1ools. feedstock preducts
(o Ml crials for (he production of drugs), excipicnls and nutraceuticsls. When comparedwith

of synthetic subswnces, natural products offer the Prospects of discovering a greater

P o compounds, with stcrically more complex stuctures. Bioguided isolation of

MBCQIOSicnlly aclive plant componcnls is a voluable simiegy for finding ncw jead

|
@ .
Pounds (Pcters and Vlictinek, 2005)

1, EXPERIMENT 9. Anfioxidant activity of frctions from methanolic cxtract of
r : ¢

‘ ndiay Mmoppin

I
RODUCT 0
;s mombin hos been confirmed from

e, .
WX Bant - ogiv ;.. extrocl of Spomd
t aclivity of the mcthanolt€ € | | - o
- Carligy : . fivg lrmctions obtained from SM have been evaluued for

. Sludics. [n (his expcrinicn et

Wlioxidant aclivily using sclceied dsitioN!
Bieye.

oy,
LS

\"io
Q. “$ anjioxidant lesls \were
S hetd
g evalugied by the methodl of Ruc

described 10 Scclion 3.16. 11302 scavenging
: as

gmicd oMt

, 1. (1989).

1k
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\ I.'ESUHS of the (vec radical scavenging activity for Spundias mombirn and its fractions (Figure
, 5‘) showed that cthyl acctaic and n— butanol fractions have the highest activities in most of
" 3%9YS whiic the dichloromethanc fraction showed the least activity. The hipid peroxidation

Rhtbitoy aclivity of all the fractions in rat brain was gencratly high with the dichloromcthane

2y '. 0n i i
Shﬂwmg a particularly remarkable activity.

"1
Il } . N
1 B 120 -
2
‘ '3 100
| | & 80
‘ E —o— Spanadlas mombin
! iy —&— Dichioromethana
| I Ethy! acelate
' : a 3= n-Butanol
1 “ 40 +AWN
I —o— Asardic acid
| 20 e
| 0
Concentration (wgrml)
D ; t;ons from MES. Results are prescnted
. S)» D[JPH free radical scnvcuginl! calacity of fmct

e
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l’% $2. ‘ {ractions {lom MES. Results are p;esented
h * Superoxide radicnl scovenging copucity of frac
T80 (n =3y,
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—— Ascortec acxd

Concentration (HG/MI)

e —— -

o " rmc tions from MES, Results are Presented

o 3): 1:;;

—_—

Ific oxide rudical seuvenging capacity ©
8D (n = 3).
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B Spondias mombin W Dichloromethane  ® Ethyl acetate
® n-Butanol ® Aqueous u Gallic acid
= 2:5 1
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ytachemicals detected in fractions of MES

o terpenoids =

Dichloromethane n-Butanol Ethyl acctaie
4 -+ -
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2. EXPERIMENT 19: Antiproliferative activity of fractions from mcthanolic extract of
ondias mombin

WTRODyCTION

s of Sponcias mombin were screencd for antiprolifcrative aclivity using lour ccll lines
Y
ustalldurd.

:nQCEDuRE

* losimeri, sulphorhodgmine B (SRB) assay was uscd for measuiement of celt PRIMCTEES

Neion e al., 2007), The cytotoxic cffect of the extrcl and fractions (50 ug/ml) was assessed

"- i Pereeniage of inhibition of cell growth. where untreated cclls were taken as |00 % viable.

Wtﬂcll lines were used: KB (Orol cancer), C - 33A (Cervical cancer)- MCF - 7 {Breas! canccr)

A contro| cell line,
A~ 549 (Lung cancer), NIH3T3 (Mousc fibroblast) was uscd as contro

J h‘SULTS

F" 3 howed >50% h
] ' i : ycthanc fracnnon SOW s SIowt
. Miproliferatiye gerivity, only the dichloronic

{t ajso had the highest Percenuige growth

lion g, ; Il hnes.
Ry . bainst KB and C-33A cancer crude cxtract! and tlic various fraetions did not




HKB mC-33A ®mMCF-7 mAS49 mNIH

[y FESR

57: A“'iprolifcmti_vc ac;\_fit;/ of MES and 1S {ractions agains! some cancef cell lines. l

2 ¢ presented gs mean + SD (n= 3). i




¥ PERIMENT 11: Isolation of Qucrcctin-3-0.p.D.glucopyranoside and Undee- |-
Cirom Spondigs mornbin

RODycTION

&sults obin ;

> oblnined fiom the jn vitro antioxidant studies showed that the cthyl acctatc and n-Butano)
Xli0) N : N i :
. S demopstrated (he highest activilies and sccmed 10 be equipotent. This is in dine with

s im’esligalions which showed that phenolics are usually concentrated in the cthyl acciate

dn, :
Butano) frmctions of ptan extraets (Zhou ¢ af.. 2011).
‘. i EDURE

“b| acerme and n-Butgnol fractions were pooled and sublccied 1o repeated column

i 0BT aphy using the sol vent system chloroforin:methuncl:water (65:25:20). Isolated pure

| POUBs wre characterized ps described in Scction 3.18. Thc only stotionary phase used was

¢ Bel,
I i
| 5
l '.‘-._'1-

LTy

(Tables 12 oand 13) revealed the compounds

)
b
qucrcctin«3-0‘f - D-glucopyranoside (Figuee

. chy )

b NzZ0tion combining UV, NMR and MS

. . PN
"avono) glycoside, tentatively identified as

Win, undec-J-cne (Figure 59),

" 4 fmly c}

|
|
|




c. Glucosc noicty s antached 1o

g\, 58: OJ‘O.p.D‘giucopyMOSid

Struciyr, celin : ]
ure of querce g consiant {of anoroctic p1oton) is 7.53

S estapfished by HMBC correlation. Couphtt

d%blcl 50 1115 3 glycoside.

| 10 8
; 8 9 7
|

| &
| My
| 59_3'“‘“0“ of undec-1-<n¢

P E—_—




13

Al
1

. Values of parameters evaluated for the stsuctural elucidation of quercetin-20-B.D-
i |
0pyranoside

Nk, 1in | C COSY HSQC HMBC
herez)
- 158.90
: 135.88
. 179.65
E 163.1}
407 STES TR =T Cs.C10.C9.C7
- 166.17
ST 5563 - C5.C6.C1.CI0
. 158.55
: 105.71
B 123,66 YT
284%) 117.90 112116
145.94 e =
B 150.08 — C1.CQ.Ce
_6.87I(d,|179) 116.23 :'5 s —| c1.c2.c1
_7.536(4.3.64} 123.05 c
SI6KL7S3) | 10395 i, e
3.24m 7331 2N
_S_Eim 3396 1y -h4 - J
-3_._'.’6m —— 19y - 118 - .
3.7 77.30 gLl == 1
<10m 62,04 s
4.)5m e
| f—



/81ues of parameters evatuated for the suructural elucidation of undec-1-ene

"Y3(multiplication, e HIMBC
coupling constant)
5.024 . 11429 H1 -C2,C3
4.950(dck,j=9.38.9.38)
5.820(m) 139.49 112. CI.C).C4
2.050(q) 34.60 113-C1.C2,C4
1.382(m) 29.86 114.C2.C6
0.893(m) 29.75 t5-C7.63
0.893(m) 29.60 116.C3.C3
| 0.893(m) 2940 17-C9,C5
0.893(m) 29.20 118-C10,C6
0.893(m) 32.17 H9-CI1.C?
1.592(m) 22.9) i116-C11.C8,C9 ,
oy 33 11.C10.C9 '




CHAPTER FIVE

DISCUSSION AND CONCLUSION

F
| wt:cf:smfdicina| propertics of nalural products especially thosc .ol’planl origin have been
e, ) a c.,,f recent times. In particular, rescarch on the lhcrape‘unc and chemoprophylactic
;@ungo individual and combined phytochemicals ogainst chronic and debilitating diseases
Man has been on the increase, The distinctive sdvantages of plant-based remedies over

Hlde,
lic . e Ea .o
[ diugs such as reduced odverse or side cffects, affordability ond availability have fucjied

o “gc In the rescarch. Another iniportant foctor is the positive results confirming the
vi , :
ey o ol Phyoconstituents which are emanating from laberlories all over the world, Only
e , . ! .
Vo the Known plant spccics hove been investigaied. Tlus nccessitales increasing and

Ned o :
*rch for hioactive coniponents that might still be locked up among the thousonds of

s

No( :
Yet evajuared for their medicinal properuics.

‘Apy

Ry

‘oﬁd“‘" and Iree radical scuvenging activitics of squdy plunts aad correlutions

53y methogs

‘ .
(] n .
N\w al ized in plnt chemistry that the mode of picporation and sdiinistration of herbal

i g cflicacy for phannacologiea! evuluations

Oflen cnucial varigbles in determimn

7 s . ;
b, “al., 200 I). In the uaditionol usc of these plants, dccoctions of infustons of the refevant
LA The natuse of solvent may

| solvenl,
M aualyy Modc with cither wuicr of alcohol as the :
4 by plunts becayse solvems eximct antioxidant

| ‘ L
\%":c Medicinal or oer ¢ilects exhibite
\ IOdL"‘cml dcgrca.

N
Stivity in highcr plants hus of

- ' :
L\, "9, 1998), 15y alition to their oles !0 "’m: |
' chion'c

4 benefits associoted with feducey riskieh

’ been a”ocinlgd wilh phenolic compounds
c 4 L}
phenolic compounds in our dict ypay

discases (Liu, 2004). Flavonoids
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'f“” largest group of phenolics. They have been identified in fruits, vegetables, and other plant
P anx linked (o reducing the tisk of mujor degenerative diseases. More than 4,000 distinct
fvonoids have peen identified (Liu, 2004), The antioxidant activity of plant exiracts hos been
h Pared o correlate with their phenolic content (lidalgo e al.. 1994. Jayaprakasha ond
"maan, 2000). Data from the present work indicate that this correlation is dependent on the

|
B of (he ontioXidapt gsspy ctnploycd. The results of this work clearly illustratc that different

 &Vodologics can provide completely differcnt responses with respect ta tie antioxidant

Rty of o purc compound or 8 mixture of compounds.

i
1 Nt correlgijons were observed between sonic of the ossay methods. DPPH free radical

Neno; ol . :
i §tng acliVity had an excellent correlation with TPC and RP (Fig. 17). These three methods

l A r ° .
Simijor under| ying mechanism of rcaction. The DPPII assay cvaluales antioxidant aciivity

lestis g
th.ng the ﬂbility of compounds (o uc! as freec dical scavengers or hydrogcn donors
My " 2001). The aniioxidant sctivity of phenolics is moinly, due (o their redox propertis,
alloy, s 0 oct s v ducing agents. l,ydrogen donors. and singlet oxygen quenchers.
& have 3 metal chelating potential (Lewis ef al.. 1998): IPEREAS NI P

iedg . :
. Propeties of substances being investigated. Each asssy or group of assays with a
gtoup of antioxidant SUbSlOI‘ICcs.

/1] . ? :
N, etlying mechanism may be specifie for u particular 11 yicld high
) _ L
N 'h“EI’OUP occurs in a substantial omount. such tests Will Y

‘t thrc these rouns are bound or maskcd lcnd|ng 1o their nondctection by the specified
8), ]‘hﬂe group < i plants. There are clements like sclenium,

\‘5- are different lypes of antiox 1dani
N e .~uls such as
M a3 aseorbic ncid, and phylochemicy

, Positivn of functional s

A0y .. compounds. Ihe Nature and POsIiUN groups ip
nitrogen-contoining e _ A

N .‘";Oxida | groups of flavonoids. influence their peactivity

g,

!
iy Pon coftclation between antloxid

t
'lrn-') cd by Odabasoglu 7 al.. (2005) thiat there Wos no E

8

values, Exceplions

curotenoids, phenolicss orgunosulfyr

Al compounds, e.g.. the hydroxy
Ueilly their aciivity.

. ) iction to previous repotts (| Jida|
¥ "o 1y of lichen species- @ contrictio . s
" exiracts of some esent investigation also contradicts (he

g, ). Thep
\I ' "Yapmkmm and Jugnnmoh‘"" 2000 coﬁei.gions between TIPC on (v onc

'\N {)Ot'dﬂbmou,lu et of, 2005). There “T s::voni:; 76. 0.1, and 033, rexpeciively), A
Bpj) R the Other & =7
+ RP, ind [.PIA ossoys 0
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I
"

l"’lfgcnrilr'clmion between reducing power and totul nntioxidant activily was howcscr reported
lm"ﬂ'ﬂ ef al. (2005). In linc with this, the present investigation also revealed significant
felations beiwcen reducing powcr on one hand nnd DPPH and TPC on the other. It was

 Regesied by them that individual phcnolics may havce distinct antioxidont activilics, and there

&% be anlogonisyic or syncrgistic incractions between phenolies and other compounds like

Soobydrotes and protcins.

;.Z:::'m_h"io" bctween antirmdical activity (DPPII) and TPC was reported by Miliguskas er

- m:mdm'gg lrom the present work agrec with this. The results of the prescnt work also

I 3 T:(:Tndmss that there was low correlation between TFC and DPPH assay and belween

: * The values for the correlation coeflicients between TFC and DPPH assay and
1 w.a"’ TPC ang TFC in our own study (r = 0.2§ and 0.43, respectively) were similar o those
¥ Milinuskas o f, (2004) (032 and 0.43, Fspectively).. The resuls of the presen
| g, wed on) ¥ a low cosrelation between TFC ond TPC (Table 4) and also between TFC and
E L :" Cnging assays. or cxample, Uic correlation coellicieni between the DPPH assay and
0.21, ana that of hydroxyl rudicul scavenging copacily and TFC was 0.03 (Table 7),

TN
I L
Il SUlS also in pgreement with the findings of Miliguskas ef al. (2004).

| L

'.’nh 'NWestigation further rc
\n %‘O“tf 2s3ays that were cazricd oul,
Lllj 7 antioxi dant perjvities of herbal extucts ofe E

A Prey USed very few assays or few plants for the puflw
iL- been cmployed to ensure more accurnic

| oy,

vealcd that DOR anid NO showed no strong correlation \with
1¢ il therefore be logical 10 includc these (wo
ing cvaluatcd. Although prcvious
sc of investigating corvelations, jn

Rudy, seven askays and len planis hase

t
> of a ccrgin stnicture wnd, in pasticular, the hydroxy!

- b""ohnmd Il
\ ) that enly {lavonoldas srties. These Properiics, in general, deopend

e " e molec iox idant ProPe:
’ & il ule detegmilne untio + fhec radical Millanskas ¢t of. (Q004) found, jn
|

Navenels. In suppont ot the above
of 8 prealinl antfoxidant with

Y10 donaie hydregen or clectron n

Y L3 11'Cc ond
) llua,_ some corrclution Detween R
nteyuetlon

0 . hat the
| Chal ¢ o1 (2002a) reported | | thig ptructond requirement s comrelaicd

. {ln
On Is stniciuml copfunnaticn e

¥ -.‘-

- - -..q."— "L.'- = _ e e —



_ﬁhl}w presence of hydroxyl groups on the flavonoids. Cos ef al. (2002) reportcd that

_3|‘°'Winol showed remarkable activity in inhibiting xanthioe oxidase ond scavenging superoxide
Adicdl, whercas (axifoline showed relatively weak activity. The difference in activitics was
&idied 10 variation in the location of the hydroxyl groups and double bonds.
i o (2002b) found that the scavenging activity of flavonoids on pcroxynitrilc was
N‘?mcd by the position of e hydroxyl group. o-tlydroxy! structures increased the scavenging
:\":? '0“ peroxynitrite, Struciuy;al comparison of the tlavonols in tlicw study and their
08 aclivijjeg clearly shows thyt the C-3 hydroXyl group plays a pivotal rolc in the
ed avenging activity. Thesc authors inferred that the higher scavenging potency of

tin com pared with gylgngin 3-O-mcthyl cther may suggest that C-3 methoxylation reduced

Bl
e
**48iIng cllect of t1avonols.
Mato, . L g,
bemi cajs arc complex in nature. Therefore, the antioxidant activities of plants cxtracts

be cvaluayed by only a single methad. The antioxidunt dclense sysicm of the body is
%%ﬂed of difTerent witioxidant components. The antioxidant capacities of these antioxidant

TS depeng upon which free radicnls or oxidanis are produced in the body. The vasious
Sog #ed in evalualing the aniioxidant activity of samples can gIvE varymg results
\f Ll Specificily of the free radical beingused as a reactant. The results of the prescnt

hlgl“' b y { pIcScnl
- 1 gntioxidant species bascd on the picchanjsm

in plont extriacts and the

Wy of 4
qbqion.or dflerent gssay protocols fo

ing tota) antioxidant cnpacity of

Iasgg . ple mcthod of meastl
\bt: Y appears to be a relioble three other methods used in qltis

: 1 boul
b’:r SYstems. Jis values correlated well with 3 dlfnc pensive and 18 valucapplics 10
., ). Ax ¢ popid, simplc. an bt
* A% noted by Prokash, it is O

L . is NOL &
\(M"o"'dnm capacity of the sample Frchs

N, e
\ 'thncy of high amioxidan! copacity values 05
| < mambits, and G. €W

necific (o any pasticular antioxidag

e basis, resultsobtained in this work
wlatu demonsirated consistent high

XCIS rom /* guajua,
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o
I-acrmi(ies in the vasjous asgays. followed by C. afata and O. gratissimum. 11 should be noted that
0% of the remaining plants have higher activities in some assays than the plants lisied above.
fnﬁmmlc, the NO radical scavenging activity of A. boonei (44.88 £ 0.35%) was higher than

that of p, gudjava (21.68 £ 1.51%) and O. gratissimmm (30.576 £ |.61%) (£ < 0.05) butiressing

B fact ahgut the complexity of phytochemicals and their mechanism of action.
I

|
m | - [] L[] [
el the results gbtained indicaied that Nigcrian indigenous medicinal planis could be p

E of natyrg| chenioprophylactic antioxidants against reactive oXygen specics and as such
l be l'C'Cvam in the treatment of cardiovascular discase, cancer. atthsitis and other
OBics in Which fice mdical mechanisms have been wnplicated. In vicw of the poicngip|

'. ’|Iciaj Properties of the studicd plants, our resulls led to funher investigations of the

' h“"‘idanl

* @ntilipoproliferative, cardiopfotcctive and ncuroprolective property of Sposmdras

"schemic and cardioprotcclive propertics of SpoAas Jroriom

.m |
Ig [an&“dom‘ studics revealed that Spamfia-f mombin leaf cxiract al 0.005 g/L INIPFONVCES the

. jlily of (he o (h R b s bttt cakcncd by ischemia. Spondias mombin showed
' cost which has

j , .
Y 4 etropic and gyti-ischemic propenics. A cOmpar ison of the per se cffect of the buffer
18- -
o o ndias ,0mibin showed thet the=cxtmact did not exhibiv bdverse cfiect on e
- maon! ‘ !
' "WL 3 . havc 1
Me oo Jiovasctlor dsugs
P ew d g L ] approved annually. While treotment with these

Nic s. For example. alpha blockers
fb* dmgg !
. T usually cffective, thet

ncregsed tremendously in 1he

¢ o1c oficn side eflcet

Jypolension. nausen and palpiwtions,

t in . otthoSintic

| ¢ ux a . -
'\n and (crpzosine may Co ‘ A enalopriTore Ak T
*Qk m"VCﬂing cnzyntc inhihilols

N,
r : cousg o
t:::“‘wn than in Whites and msY jc. Anticoogulants, antiphiclels g

e gn, : tremely 10% .

e ik sianifipog et = uh'l Doip hlockers fay couse nightmare gng
ile :

W s ™ ombin methanolic leaf enimict

hacking unpredictable cough. Some

ity May cause cxcessive blceding

i\ 1992). S

hy
lw'm““c attack (Cohen ¢f ul,,
i ‘0'3
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P the in vivo cardioprolective studies, isoproterenol was used as the cardiotoxicant,
:"m"f’c“d, asynthetic B-adrenoceptor agonist. has been found 10 induce myocardial infarciion
| '.ill;isa.rcsull of disturbance in physiological balance betwcen production of free mdicals and
::""d"‘""c defense sysiem. It is well known 1o gencrate free radicals and stimulate lipid
at::dt‘!:::‘ .which is 0 causalive factor for irreversible damage 10 the myocardium. It causcs
~ " SUGSs in the myocardium resultling in infarct like necrosis of the heart muscle. It also

Rrese
Sthe fevels of serum and myocardial lipids, which in tum leads (o cotonary hcan discase

.
I

{ '
- ¥4 Devi, 2006; Zhou er ar.. 2008),

y
26
<A *€veals that gdmipistration of the SM cxtract alonce had no advesSe cflect on the heart
u . o o 4 [ .
b°d)’ talio and also suggests that jL May pPOSSCSS anti-inflammntory polcntial since il was

b TR o (]
& sigml'cam’)' reduce the Heart weight/Body ‘wcight ratio which was clevated by SP
lion, Abad e al., (1996) had reportcd thal extract from the bark of SM showed weak

. Wory aciivity.

Wioy; e .
1 Xdant 504 lipid pcroxidation inhibitony activitics of S™! are also clcarly dcmonstraicd
.ﬁ TGUhs oblajned in this study. The endogcnous anlioxidant GSJ! and Malondiatdchydc

biomarkers of oxidauvc damage in |iving

e ——

[} : .
* major product of lipid peroxidation afe
: reflection of changes in the enzymes

\&Q]Ch‘mgs in the serum or tissue level of GSil is a .
peroxidase, glutathionc icductase and

N;%_wuh the mcwbolism of GSI1 such glutathionc

B b e . 1 oth S and Yeder, decponsed G511 Jevels cfusedibyil Stawsre

\1 y AUgnienic l;y the administmtion of SM! while clevated MDA and nitiite levels
C R

b’ ]Sp £ atienuated in bath inslancess 10 a |evel
L L, ) . ficantly @ticnuadicd ;
\k administration were  sight s 27.30, 33). the in vivo antioxidalive

With | , pril :
the effect shown by ramip e 1oati increascs in the activities of jhe
ril-Ucoicd BiOUPS compared with (he

Yor
e 1M WS further demonsisaied bY

Q'QO YMies SOD and cattlse in the SM and rwilt
“IQ]Q‘ s
Boup (p<0,05) (Figures 31 and 3=

the administration of ISP already:

! %gc S . cs as 0 esull of .
Used (0 the cardiomYve)! and tissue antioxidative indices was furiher
serum
by

by delelerious altegagions in the , (Figure 37) in the ISP intoxicatwng

. 10 1he scrub
the Massive lcakage of LD In
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bU_\EJcomp:;red with the remaining groups (p<0.001). The leakage of LDH was significantly
®heed in the SM and Ramipril treated groups (p<0.00t). Since leakage of LDH into the blood

RT3 when the plasma membrane is dmnaged, SM could be said to restorc membrasne integrity

“apromised by ISP intoxication.

» Tum phosphate concentration has been linked with cardiovascular and renal diseases.
Icalty, phosphate excess has been implicated in the substantial cardiovascular morbidity

& 3
| Monajiyy obserycd among people who receive chronic dialysis. Hypecrphosphalcmia has

' inde . 1
i Pendently finked with calcification of the coronary arteries and aofta as well as

gy and gll-causc monality in the seting of end slage renal disease (ESRD)

!
¢l ai., 2000, Raggi ef af., 2002: Kestenboum et ol.. 2005). ISP intoxication led 1o a

;lmﬁca,., Merease in the pbosphate | evel which was decreased by trcatment with MES (Figurc

ooy

A Q‘tosc level was noj lowered in groups ueated with MES alone compaied with the ISP

\ EIoup (p>0.05). However, the blood glucose level in the group administered ISP and

H With 250 mg/d! of MES was signiﬁcnnll)' Jower Compared 10 the ISP

08 L imi ,e
oy 'FiBure 34) The antidiabetic activity of SM hos been reponcd (Fred-Jaiyesimi and Kio,
1 y was based on acute adrninistration of

intoxicated group

B TVer, the evaluation of the antidiabelic activit
" Whigh s with induced diabetcs. There appears 10 be

SXposurc 1o SM was <24 h in enimal Ful
0 the hy o 1o coermic activicy of SM in lormoglycacntic animals. In the present study,
By poglycaemic scrivity . 5. SM could be hypoglycacmic
\'\%“incrcd to the expenmen'al animals for 30 o =

pe following chionic use. Also, (ke

\H, adminisiration bu! nyperglycaemie

%’Mc e - in o hym”‘cacMic slale. ||0wc\¢r. S&'
\% BCuvily of SM may only be ¢ wd"’"whkh e e

. 10 4y (p<0.05)

ek uce the cholesiero! level :

izm’“ of ISP (Fj o ggents that SM possibly posacs3cs hypocholesierolemic

Wl (Figure 35), This sV 0 hypolipidemic propeny of the pla.

'\mﬂ R SM was sbie 10 prevent (e gl =
‘ ies show that 1 1he results of the LD1{ asagy.
Mol g (Figues 38-41) which ig in consonance paitid =
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lotbe presco study, SM showed similar effects to that of Ramipril. an angiotensin converting
all)mc (ACE) inhibitor, in most of the parameters evaluated. Experimental investigations and
1 clisical yrials have shown that ACE inhibitors prevent deleterious events related to
Sheviia-reperfission injury and atherosclerosis (Juggi et al, 1993; Heusch er o/., 1997 Remme,
%0 5 pasticujar, Romipril has been demonstrated to be beneficial in a wide range of patients
"o 3¢ 8thigh risk of cardiovascular events and has been indicatcd for congestive heart failure,

Venlricu)ar dysfinction and the prevention of myocatdial infarction, stroke and

otascylar death by the FDA (Annapumna and Kumar, 2000). Rawiprit has a higher

§‘!’hilicity and therefore penetrates lissues better than other drugs m its class. ACE inhibitors

ML the degradation of brodykinins. Possess vasodilatory activity and have oxygen free

[ Xavenging propetty which hasbeen postulated to contribute signilicantly to the reduction

Mocrgis) inforetion (Annapurna et ak. 2000). 1he excellent antioxidative activily shown by

 this study and jis anti-ischemic activity which is suggestive of a vasodilatory activity
avonoids in foods and extructs froin plants

oM similarit; i1 Phenolics and f1
ey . Imilarities to ramipnl. . (Actis-Gorctta et al., 2006: Park and Jhon.
g fported 10 possess anti ACE actwvity

| ; ., 2010).
§ lies are present in SM (Ayoka ¢f ol.. 2006; lgwe et ol )
|
I'&‘bq,,

'N O0scrved (hat taken alone, urdividu

p}n 8 1 . the SO
| (N Y€ cOpsistent preventive cifects as 2 ZopGALL P o
f"' 3 'e: com"c’““d in extiacts or fraction
\,-\. ,h of syncrgistic interactions MoNE
R $9un by exvacts from medicinal plants ©

: isojnted compeyn
| R ioactivity studies Of lations will be mosl
:‘:'m‘q' csujts o [ bioactivity . which phnnnn‘°|ogical formu m

. or {roclions lo 8sccrid

ol antioxidonts studicd in clinical trials do not

diverse phylochcmicnls. For these peasons,
¢ obtaincd 1N this study should not be

ds should be juxtaposed with

. 1he cardioptotective propeny’ of
y le’lmn:‘ﬂ) and In vivo protective effect
Romis ‘:;;opolcclion secny 10 jnvolve
he stren 8"“"‘“ of the cardlac myoflbrils,

throuBll ! e,
\5- f the contmetility of U¥ heart ofthe m)Oflb‘*ls. prescryBlion 0 nieghy of
n

| \r:.‘hﬁoll appears © be the st mgjOl’ :‘Dd
. ] ti-isc
| \ b gy, SM demonstrated ex V0 r
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f*"""“yocﬂe membrane and reduction of oxidative stress. Morcover. the lowering of blood
lsierol evels in SM treated animals suggests that inhibition of atherosclerotic plaque
Daaiion May also be a contributory mechanism. Further investigations especially at the
- Wierylar level are nceded 10 unravel the precise mechanisms and bioactive principles

Bpousite for the cardioprotective propetty of SM and to ascertain whether cardioprotection by

0 . .
$atiribyable to an individual compound or a group of phytochemicals.

"\"‘roprotcctivc property of Spondias maombin in middie cercbral artery occlusion

had ) .
et brain 10farction

e .
‘ Nc“‘npmlcctiy ¢ property of MES was evaluated in the MCAO-induced focal cerebral
2 Wodc. Ischemia of cerebrgl tlissue and cellular death underlie ail fornns of siroke,

%g Ocal ischemia. |n the ischemic brain, cells die by means of two major processes:
St A 3poplosis, Cells in the ischemic core die with the necrotic process and, depending
locaginn .. . - : ' hod { Smith. 2004). Salva
[ 2ton within 1he penumbra. cells die by menns of either meth A ). Salvage
] lsang lissue jn the penumbra is a targel for stroke therapy. A single dose of 100 mg/kg

Nin Was chosen bascd on results from pilo
% M%w cxcellent ncutoprowclion in the modc

. ologica) delicie. This justifies the folkloric usc of the plant for_ l'fc weatment of
M 4. ~Since cxecssive apoptosis is a [ealure of

thsor ' orl
\U B dcrs in some parts of the “’ mechanism Of Spandias mombim may be
\" i3, one of the neuroprotective

OI%P‘O“C cell death in the penumbia.

oy imbay - burst folloming reperfusion oflen manifesta in
\ M ance iriggered by the 0X1dali i alierations in the levels of these
\QIDA levels qud reduced GSII levels: T nl giof
el 1€

A oy oroxidmi"c suress in both corucal ond 5118

. s ioticoled (hat 2001
Orageg by Spondids mombin This indi redox siaus culminating in the

| ¢mploycd remarkably freducing infarct

;s of the bruin following ischenjia
per key mechsaizm of MI:S.

v . r the
\ Pratection is through 'he nophalisstion ©
of

®Mdative stress in the brain.
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(18 L
| hbi(;oxidc (NO) generated by endothelial NO synthase (eNOS) plays a crucial role in vascular
| fﬂmoa and homecostasis. NO possesses vasodilatory, anli-inflammatory, antithrombotic and

aprliferative propertics. Scveral modalities that upregulate ¢NOS cxpression and/or activity

ke j0 "

| beeh shown 10 enhance protection fiom ischemic stroke (Endres ef al., 2004). Depending
| @l .

| b Cellulas source and the stage of evolution of the ischemic process. the tole of NO might be

, ::‘m IV or destructjve. This dual role of NO in brain ischemia underlines the neeessity for
¢ lhcmpcmjc approaches 1o inhibit nNOS and iNOS and augment eNOA. This is because

l.'“iblc s
Mne gxide synthase (iNOS) have bcen found to play an important role in the

| ety oY process afier ccrcbral ischemia which contributes to increase cerebral cdecma or
| . volume (nliyagarajan and Sharma, 2004) and nNOS have also been reporied to
%h.b“tc 1© neurgnal damage aker ischem ic or excitotoxic insult (Bayir e¢r al., 2005), The

| ‘t ’ . o X
| x “pfcguln"on of eNOS CXDTCSSE.OD and dO\VRIegUIﬂ"Oﬂ of the cxpreseion of INOS mlgh(

Mechanism of neuroprotcction by MES agains| cerebyul ischemia.

“:mmion W35 also upregulated in MES-tremed animals. Supcroxide along with hydroxy!
Poduce modification jn ptimary, sccondary and tertiary structure and aggregation and/or
SOD  and peroxidase. Dysfunction o

\Mm of ccllular protcins including . |
ion of SOD may result in loss of its ‘prorective function which manifcsied g5
. ay | .

3' :ked “Wiistion i many studies (Thiyagdrajan and Shawna, 2004). Superoxide anion
| t“taa 3 resul of IR injury rcacts with nitric oxidc to arm petoxinitrite which can produce
| \n 10 neurons by oxidizing the sulfbydryl 60UP> v
Ny, “TliPids. [hus ihe cnhanced expression pESOD.TY
\ ction gous
- - 'nﬁs is o "m d b rcpons lhal homOZ)B ‘

\. msol)au- . conlimycd by 35,/.dccm in infosct volume comfrcd with control
& vity) demonsgated 8 jon ranging fiom 25 10 30% inncuronal cel

a
g . - reduci
\I'g. : YNt focal ischemia model, A fed in SOD).overexPressing mice.

refo
k% & inangjent MCA occlusion has also been fel

v na ¢ throwgh the blockaps of the carly rclcase
"%% ere linkd 1o desrensed ONA dﬂ‘“::“gly auce lacking SODI demonstruted ay)
\ € from (he mitochondria. A el

| ischemia h
\ ® bogp | ing tranucnt focat carebrol 156 (Taylor and
), Infarct sjzc and ocdema followinB
).
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Neobramide
W@jor so11rre
:aﬂ"llbutli(

adenine dinuclcotide phosphate (NADPII) oxidasc (NOX) is well known as a
for superoxidc radical gencration in Jeukocytes (Chen, 2009). NADPH oxidase is a
- compleX composcd of membranc-associated gp91™* and p22™* syubunits and
ic - .
. subinits, including p47°™*, pe7M°* and p40™. As NOX is activaicd, cylosolic
Bv M?M. ‘)6‘70"‘"
B SRl y activated enzyme complex transporis clectrons to oxygen, thus producing
Supeco, - i .
T oxide anion (Oz17). a precursor of reactive oxygen specics (Bedard and Kiausc, 2007).
Fadivajion
.. of
~subypjy

]

. and p40™™, translocalc into membranes and fusc with tie catalysic

the pp91**°% sypunit enhances ccrebral damage whilc the activation of the

gjeh

s neuroprotcctive. Chen (2009) reporicd that gp cxpression increascd after

| | %‘q’ and wyy luether apgravalcd by genctic copper/zinc-sup¢roxide dismulase (SODI)
i . blIl a

%\‘c sin . J o u
'Il “‘bd and inftammation, thus contribuling 10 ischemdic brain infury. MES-treated rats
| Ty expression of p22®** compared (o vehicle 2ated animals while the cxpression

1v

b 89 ey s : di s

|' " Was suppressed. From these results, the mechatisnis involved in acuroprolec tion by
= g expression of cnzymes and other

I '.""'aoa

Mclioraled in SOD | -overcxpressing ncc. This suggests that NOX plays a rolc in

N€lude aitenuation of oxidative Slress: incrcused
U bolster Neuronai preservation and the decreased rexpression of those thal promolc of

uronal damage
I 1

' KM the bfoaclivily studies taken toget Fo - T
| \ll?:m @nd asenustion of lipid pcroxidation ¥18 diffcrent roules arc principgl

b which MES extiibited its medicinal propeties:

her Sugges! that augmentation of tlic ecndogenous

| ar‘c' - ’ . . l
’ \ fMation orQu"“,;n-}O-p-l)-g|ll"'|’¥"n°’"

g
I squdics was the basls for ils scleclion fur

.\'q:"mldunt profile of SM in our pV! The high @tioxidsnt indices for the n.

W . ‘ ’ . s !

k‘l% © and ncuropsolective mvdllgwo"] ion for clwomalographic analyses which
ety L ir $€lect '

LY lacetate gractions informed their o were characierizzd. Previous

l Y 0y of Which 3 .
N fead COOP™ Ooceiics and albeny| phenols
.bj'd h aguivirs! s )

¢ and undcee-t-¢ne from n-

ethyy acetale fractioas of MES

k .

“lation of  some compouﬂd’ oul

hane fepoyicd the isolation of 30/ *%
_ wit

Mysoble annins and cafleoy! 7

41

1
L




“'1" molluscicidal and insecticidal properties (Pieters and Vlictinck. 2005). Although phcnolics
 many other compounds have been reported to be isolated from SM leaves (Ayoka ef ef.,
' m Feed-Jaiyesimi et af.. 2009), to the best of our knowledge there is no previous record of the
®hiion of yhe flavonol plycoside Quercetin-3-0-B-D-glucopyrunoside and the fatty chain
Wee-I-ene from 1he leaves of the plant. The strong antioxidative property of Quercetin3.O-J3-
: Pyranoside has peen reported (Hlai-Lan ct al.. 2007, Liu ct al.. 2010). The relative ease of
&:olalion of this compound and the strong antioxidant and other bioactivc properties that have
, a.lluded 10 1t in previous works sugpest that it may be abundant in MES as well as be the
%'vc ©*MPOund in the extract. Undce-1-cne ay also contsibute to the antioxidant and ot her
e PPy of MES. The relative case of the isolation of the compound may also be
ive of its abyndanc e in the plant- Along with other esseMisl oils. undce-1-cnc was found

Bi: ..
Wiy LPS.induccg N@ and PGE(2) production in RAW 264.7 cells. These inhibitory effecs
Csentigl oils were ac companicd by dose-dependent deerzases in the iNOS and COX-2

<1
Pression (Kim ¢/ at., 2008).

Qh'ipr

oliferativ activity

h

vy
any; £ . . fraction showed >50% th

n; tip ’Ol'fcmtwe activity, only the dichloromecthanc tracti Brovv

. anst and C-33A canccr cell liaes. (t olso had the highest peecentoge prowily
and thc vorous fructions did not

\ ror [hc 1\549 cc" “nc' Gcncfa"y' |hc Cl'udc cxlnlcl ‘ l.r . ol r
€ aniipr I (yvities. Thic Strong ﬂﬂ[;pm ifcrative  activity of the
‘T;‘:."'hﬂm: fi R e 50 het S may contain othcr bjoactive
faction suggpests that Of
P onl
M, O As such, focus must ot be centered ©N

e

fiactions from ME
y the phenolic fich n-butanol and
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|

Present Invesligadtion corroboraled reports from previous studics on the cardiotoxicily of

e

CONCLUSION

=
‘)0

%l ad cerebral infarctions. Results from this study indicated that mcthanolic extract

*hol and substantiated the role of oxidative stress and ischemia in the pathcEencesis of

be feaf of Spondius mombin possessed antioxidant. antiprolifesstive. casdioprotective and

| .' Oleclive proPertics. The micdicinal properties demonstested by MES aore prinCipally

lp,."‘ o, k . = e - - .
I| Vi 113 amieliorative effeet on oxidalive stricss. Thesc properties are duc to the bioactive

e
X

[5 Yeficia) Mcdicinal cffects. The presenl investigation Scts the tonc for lurther evaluation of

Present in (pe plant, Quecrcetin-3-0-B-D-glucopytanoside and undec-t-enc

2ed fiop, MES may be two of the biooctive compounds in MES responsible for the

rd-

mombin for (he management of cafdiovascular diseases and stroke. Further

. bgical and mechanistic studies arc nceded.
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CONTRIBUTION TO KNOWLEDGE

Phenolic content. totat flavonoid content and the antioxidant protiles of ten indigenous
ens -
< medicig| plants were presented in this study. Corrclations among the diffcrent assay
s \ere analyzcd.
I.
I < mbutang) and ethy| acetate fractions of MES showcd strong antioNidant acrivity while the

 PChane frnction exhibited significant antilipoproliferative activity against KB and C-

S
4

W;S at 0905 g/l dcmonstated ex vive aqti-ischermic propey

e
YA 100- 30d 250 mg/kg.

amd in vive cardioprotective

| :Mr.s
9
"' 0 “Ppessed the cxprcssion of gp91™" and nNOS

™S0p in rot brain subjected to $ hof MCAQOan

but cnhanced the exprw.sion of p:)_zP"m'

d2d hof reperfusion.

(ool glycoside) and undec-tcnc {8 [ty chain).
avo

.. Qm:"o'ﬁ'o.glucopymnoﬁdc (a
zed from MES.
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PROPLRTIES OF NIGERIAN MED]ICINAL PAANTS

Phytochemicals, especially phenolics in fruits and vege-
bles, are suggesied 1o be the tajor bicactive compounds
f?tmiblc for their health benefits. Most of these bereficial
cilecs are duc 10 the antioxidant and mesal clhelating abil-
s of phenolic compounds. Phienolics have been shown 10
be Righly effective scavengers of mosi types of oxidizing
moltcules, jncluding singlet oxygen and other free radicals

by lipid peroxidation.’?

A plebors of methods have come into common use for
ecning ontioxidonl aclivity of vagious classes of com-
 Bounds. This & due to the search for novel natural ntioxi-
‘h’“',“ in medicinal planis and vegelables thal may be
| .‘l In pathologies invol ving reactive oxygen species, as
1 | Prarvation of [ood suhstances against oxidetion :n
m“ﬂ%‘h include 22 diphenyl-1-piciylhydrary
1%‘0 FEactivity, towal phenolic analysis, Trolox cuivalent

Want cpncity, fesric ceducing antioxidam EUwe, and
]Q{P.@al abeorbaoce cagmeity ?
len‘ﬁfm numerous food plants asc used IS_W and
. M" foods and for therapeutic purposes. ‘This is the frsd
,.q:: it kind 1o repon the antioxidant eifectiveness of
tionig B0 indigenous plunts (Psidium gucjore. Al-
ey 00e ) Cansla alata, Newbouidio loevis, Spondios
Sty C1o0nenda cupulaum. Chromoloena oorsta
MM / longepedunculota, Ocimm 8'0“5“",‘“’"- “"g
ifee ucida) (Table 1), Therefore. the anlioxidant on
Nigery ) $6aVengiDg capacitics of sclectod plans from
b’l.i thllg mediciaal i have m evajunied
m}gm mecthods 11 Jevel of cooelalion among ibe
VA also eqamined.

MATERIALS AND METHODS
gy,

Prepararion and exrocrion
Pimy

Malertals were odisined fcor farinlapds in Ak
%%" Nigeria. in the laster part of 2003, They were

445

dried wder aclive ventilalion at room temperature, packed
in paper bags, and siored. The plant malerials wese later
pulverized with @ Retsch Muhle (Haan, Germaoy) blending
machine. The powdeied samples (200 g) were exiractied by
maceration in 500 mL of a solution of methanol and weler
(4:1 vol/vol) for 72 hotus., The mixtures weee fliered,
firet with a mesh ond then with Whatmao (Maldsione, UK)
No. | filiec paper. The Gltrate was conce ntraled using a
rolary evapolator (Resona, Gossav, Swilzerlond) and then
lyophilized with a Modulyo (Edwards, Crawley, UK) SB4

frerz drycr. The lyophilysales were (¥eserved in dessica-
won at —4°C,

Phyrochemiceal screening

Extracts wore aaeencd lor the [xesance of epecific pby-
tochemicals like alkaloids. tannins, cardiac glycosides. ter-

penoids. Ravonoids, and siroids as previoualy described. t©

Test far alkaloidt

Plant eatract (0.5 g) was added 10 Smb of aquenus HQY
{(1%) on a steam Bath. Thesohution was fltered. and the
filtrule was Ueated with a few drops of Drsgeadar(T's re-

agenl. Twbidity or precipitate indicaled the presence of
alkaloids.

Test for saporning

Plant extmet was shaken with 3 mL of water in a test tube
and wamal Frolding indicated the Presetwe of tapodiaa,

Tess for tannins

Aboul 05 g of eatmct was allrred with 10 ml of distilled
water. The mlature was filictal and the flloate was oeated
with fctric chlonde. A bluc- grocD- Hlack-2IoOn orucipltale
indicala) the prescoca of 1atmins.

|, MEpsCINAL PLANTS Ussn N T STUDY

e ————

T rdssiowasl wae

Tasir

b“*—-__

:‘\"'*"‘-——l. Comman name P“."_:f

< g Cuava :*"':::

¥ Asunwen o
Siom bark
Leaves
Lesves
Rl
|eaves
|saves
[ravis

ol for treating fevers and disrmhes and as 2 tonic in puychiatry

:J;ulur, remedy for parasitic shin diseases, uboomy,
asthima, and bromchitis

Febrifuge, used for the treatment of epilepsy, convulsion,
rheumatism, el arthrius

fuw treating malania, painful micturathon, amd rhewmate conditons,
sniivesom, al antihypericnaive

Antihyporiensive, for trealing emubepsy, inlernal man. artbriply,
iheurnalism, chilblains, kg whoorn, and vercose veing

mwhﬂuimwﬂlnmﬂwml

For evectile dysfncuion. coughs, colda, fever, bachache. foothache,
e e cifge, o scrifacient;aloo e for dhrhes

et
R hemswrhonds, amd gremsThes
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est for phivdotannins

The exiracl was boiled with t% aqueous HCL A red
late showed the presence of phlobatuwning

/
I'T‘” ﬁ’f ﬂn'hfaqufnmcs

i,mﬂwao.s g of exiract was shaken with 10mL of benzene

filiered. Five millilitera of 10% smmonia solotion was

:E'hd 1o the filtrste. The mixture was shsken. The presence
O . ced, o violet color in the ammoniacal lower phase

\he peesence of free anthraquinoncs,
r‘”lof .ﬂfmid’

c Bic acid (2mL) was added 10 0.58 of extract Two
3 of H;SO, was then added. A violet lo blue-gieen
Uowed the picsence of sicroids.

1452 for terpencids
The

iy, 2! was mixod with 2mL of chlorofoem. Theee
form of coaccnintierl H,SO, was then aefully add
lufh-l '.h"' Iayer, A reddish brown coloration at the (N
Idicaled a positive result for lerpenoids.

feu Jor Rovonotdy

b?:k Cumonia gojution was oddad 1o the exunct fol
s o addition of concenlrgled 111504 A yellow color-
"'m‘:':fm" on ctanding indicsied 1be of

L")
92 for Iota) ppenolic content (TPC)

of the exiacts assscd s described by
&b"'}"’"a‘-“ Saria) diltlons of S0mB/L- T

Rg/L. 200
Wty mg/L. and 250 mg/L waT
gy, 8l acld (sigme Chemica) Co., L Louls. MO,

“®ica Gallic acid solution (0.1 mL) o ‘*““‘ﬁ L
&L‘;' ml., 20mg/mL) was added 10 0, 2ml- b; L f
N“ FFageay (Sigma) and dijuied10.fold, '”dL o? I59‘
r% Valer was ekied. Afmal’c_:w minges I M The so-
May 357 lhen Incubaint w 40°C for 30 o

was read @ 760am waing *

» UK) DV.Vis ol
% of phenoll¢c CO“‘N'M“ [a plm "‘w’(m
Wy ™ expressed o gallic ack) equivalents (

I
A,
'\I;é“dhw conlens (TFC) e
[ : of 1 @
R e e Ty o e with
3 n
N ) plan et 030 1797510
08440, 0\ oo ane, wd 28k of G
N mises. 73C was eapressed
l QE) (1o jug/mr).

s ARINMOLADUN E1 AL

Evuoluation of DPPH radical scavenging acrivity

The DPPH radical scovenging activily of the cxract was
deteamined accoiding 10 the method of Mensoc er af.??
DPPH methanol solutica (1 mi, 3 mAf) was added 1o | mL
of 300 ug/mL mewanolic solution of extracl and allowed 1o
react al ;vom emperalure. The abwartaace was tead alter 30
minulcs anid eonverted inlo prrcantage aniioridant activily.

Evalugnon of nitric oxide (NO) radicel ¥cavenging activisy

NO scavenging activily was determined spectrophoto-
mcuically as previousty desceibed.!* In bref, the maction
miature (3mL) conlaining sodium nitroprusside (L0 mAf) in
phmpiule-wlfcred saline and the exiract () mg/ml) was
iocubaled a1 25°C kv 150 minutes. Then 0. Sml. of the re-
action mixture was removed, and 0.5 ml. of Griess (eagen!
was adkied. The abmartance of the dvomophare fostasd was
evilualed at 546 nm. The resuils wae expwessed in pes-
centage radical scavenging aclivily.

Decxyribose {DOR) assay

Hydioxyl (adical scavenging aclivily was evalualed ac-
cardiog, 1o the prolocol descrided by Newrgheen ef of.3* The
mcthod is dased on saudying the compelitlon between DOR
and the esuracs for hydiosyl mdical generaled by 1he
R2* Jaxcortaie /EDTA /H O sysiem. The seaciing mixlure
m“m ins finsl volume o lmL. kal. of KHJ_m‘-
KOI4. 200ul. of 1SmAY DOR. 2004ul- of 500 1Af ¥ieQls.
100 L of | ot EDTA, sample (100 ul 1.5 mg/ml. ) K;04
(1001 10 mAf), and 100 L of | mAf escordic acid. The
resclion mixiufe was incvbated at 37°C for 1 bowr. afier
which | mL of 1% (wt/vol) thicbarbitwic acid (TBA) was
added 10 the miasuce (oliowed By mbditios of | ml. of 2.8%
(wi/vol) tichlaraacrtic acid. The solulion was lated in &
walzr bath at 80"C for 20 minutes 1o develof a pink color
charxienstic of maloatialdehyde(TBA): adduct This
compound! was then calracted into 2mL of butan- 1ol The
shsotance axaswt af S32nm was convened into po-
centage inhibitioo of DOR degradation,

Evoluation of lipd peraridation inhibitory
octhiry (LPIA)

A modified TBA-reactlve cintarces 6ss3y was used (o
mesure the lipid pesoride fomed isting cgg yolk hamog.
casic m lipid-rich medivm '® Egg homogenale (0.Sml..
10% [vol/vol]) ves addal 1o 0.1 mi, of eauact () mg/mL).
el the volume +0s pade v (0 I mL with digillanl waler.
Then 005 L of 007 mAM PeSO+ was mided, and the mix.
ngo was incubated for 30 mioWes Thesealler 1S ml of
of 1.5l of O6% (wt/ vol} TBA=-0dlum dodecy | gulfsio
(1.1%) The rooulting Misture was vortex.m beaion
ot 98°C. for 60 minuea. Afler cooling. Sml. of butan.} o)
was adicd, and the mbsiure was cenyrifugal m 23008 for
10 minutes. The absstancs of the argralc vppay layer was
maanved at 332em and converted 10 fEoen Y | hitign

of lipld perosidation.
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| = TasrLe L Purtociinocal Prosut oF @ETeACTY OF STUDY AlarTs
i Phytochemical
F‘ Alkalotds Soponing Tarwnins PN Anvh Sie roddy Teporalds Flovonords (& ¢f] CG?
.,c:':"’ - + + - “+ + + + 4 +
h!mﬂ + - + + + + + - + +
‘\ o = — + = = + + + + +
I + + + - - + + + + +
w1 - + - + + + + + + +
lowg, + - + - = + + + + +
Pelocuiats | 3 S = ¥ - Y
Vo - + + < + + + + + +
X gy + - + + - + + + + £
. 7‘._.‘ - <+ <+ + - + + <+ + +
_ﬂl-% 10ng)TB: CO!. canlinc §i7coeids witd arvibds) rag (02, cwdic glyoonids wih deiY m 68 (<} m abient: () w fVeenD,

Eralugsiy of reductive potenrial {RP)

T

130:/ d of Oyaiz'? was used. Estrct (lwl,

- ) was mixed with 2wl cach of phosphate
i .:';d polasaium feriicyanide. The Mixwre was ncy-

10% sy 0°C for 20 minwes. Trichloroacelic &id (2.5ml~
'1‘ lmo"”'h Was ihen added, o i Mittuse sentrifiuged
Ay 8197 10 minutes. Theeafies, 2.5 ml- of thc upper
g o 1€ solution was mixed with 25mL. of sy
¥y et O3l of 1% (uy/vol) FeCly, The absortisme
wﬂa M 700 e Higher absowbance values indicate
R¥ of ihe extracta.

a::‘““wym
g e UMica) an3yses were performed using the G-
I"‘.&g:' TTRoD 3 soflware ?énphl’ad InSt Software
0 4 0o D80, CA. USA), Results are ex ‘dﬂ;
Mgy M VoS (1 3), One.way snalydis of v

for Aate apjysis. Significam diffesrcnces delween
Borg ™™ detecied in he anslysls Of ud
‘hh.mwﬁm

Sog .50 mcan vajoes of ind) vitua) test
%Nﬂﬂmc Swdent's ¢ est,

J

RESULTS

Phenolics are one of Ui Imigest and e most widely
stixlicd groups of phytochericats. They are widely reposted
1o paasas iemaikable anlioxidant and medicinal properties.
Fisvonoids astsaunl for app:oximately Iwo-thinds of the

enolics in our diel’® and are the major focus of researches
invesi jgaling ptetolies. Mast of e antioxidenl and me-
dicinal ies cvediled 1o phenolics have bee n atnidited
o the Aavoooids. TPC meanues the total amoont of phe.
nolics. which Include tlavonoids. TFC is a specific test to
quentify il eroount of Asvoonoids. The TPC and TFC of
exiracts are g10ss indices of piomising medicinel and ny-
aiponal benefits. DPPIL and hydroxyl rsdical scavenging
aciivilles are dilfcrent mdical scavenging assays. The DPPH
radical aavm%r;gmoy evaluaes Ui sbility of 11 eatracis
1o querch the H radical, whereas ibe hnjrfoayl radical
scavenging assay evalaales the abllity of eatracta to Inhibit
OOR kegradagion by the hydroayl 1adicals genesmted vig
Fentoon's reaciion-

Pltywochemical ScTeening gave positive results far sieraids,
ey, and canilac glycoskics in all cxowcts. Alksloids,
Ianning, and flavonaa=weve—aise delected in many of the
cirwcts (Table 2). Tho results show that e studied plasis

\__ Tasie 3, Pumnotsc ConTeNT ___!:‘D' = = DOk —
or % indabdinom
_p (% scavenging | :
(N TPC (mg/L TFC (pa/md f‘-mﬂ,“‘ actrviry ) of degrodation)  LFIA (%) kF
E\.‘h\“ e O ——hm @IS ﬂfﬂigrﬂ; ;Tﬁi&m: 0.79 4 0.04¢
=~ R aansiw BPAAVC (it RILATT. LI32AIE aM s
th‘ﬂ n-_r_ui m; 77916 % 1 62 “”*nﬂ. 3657 £ 027 -Ilmtnn_ ::. 12048 07 40000
Ih“u I e 00209y MR L0 38440 X -;gilﬂ‘ 032 £ 00|
| E""'"- :ﬂ::'::: 442 :.:‘?,:ﬂ'nr V.69 & 101 ﬂ:g:ﬁ_ :;u:““‘ :;::n.m*
‘i‘ ' ' ' ' 10974 10T O1y= oy
o mexir WREML paialen TNloge 776k ¥ anioe
| 1354257 DAME '-”. 7137 £07F £
Lr! k.‘ 113904754 196002 i
o)
"'I.:'::"ul-u.n “_MMIH
SPEracrpy Ty up 4 poluene
E

B
——
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cdWEEEBIABE S

0 100 160 200 2356 300 X0 40
Total pherokcs (Mg OAE)

L] '#lﬂ_ﬂl--‘m

- activity (‘F)
-uh"“"“"""“"“i” DPPH scavenging obtnul

!&L" diverse phytochemicals, which are probably €
P b O their medicinal (Table ).
+Java exiract showed consistently high "“:; e
Mg Pt NO (21,68 + 1.51%), where it had the 00
.'""'"Ih:undhdmnu It had the highest %0%).
mg/L GAE), LPIA (70.8220.

assa {0
0.04). In the DPPH and TFC wﬁuw"

(215.16 162
which recorded the highest values respective

AKINMOJADUN ET AL

A w

G 400
3 »

£

S

160
50
ol -
¢ 0l o2 035 04 05 G0 OFY 08 OB
Reduct)ve proviiel (aDeT00)
Bm

y=LITT1n- 25738
" = 08840

o i 2 b < 50 ® 0
Ugptd pero1idation dniditary actvivy (%)

FIC. 1 Relmlamhy seecn (A) wral pAenalicy (mg/L GAR)
vows RP (edrardancy 11 TIDam (abe700]) and-tB-iasal pheaolicy (1a
mg/L GAR) remn LPLA (%)

assays (Figs 0—4). DPPH assay had an cxtreanely sig-
nificant correlation with tots! phenolic content (- = 0.76,
Pea.001) and RP (P a08). P<.05) (Flg. |)and a sig-
nificant cormelation with LPIA (7= 0.4), £<.03) There
was al¢o sn excellent signlficant correlation detween 1PC
and RP (1 @0.79, P @ .0006) aril 1 signléicant correlation
petween TIC and LIIA (P=0355. P=.0)) (Fig. 2). A
slgiiAcant cmlﬂ’l,on ::; l;so asb:a:‘c‘:l becween TPC
nl 203, r'<C. ( not s
o T s Sherved betwees LPa o "B0p

(,1-0,_;0. P <.05) and LPIA and R’ (P = .40, P< .08)
(Ing. 3) whoreas 8 low comelation was obsorved te.
lween hydiory! mdical scavenging ctivity and 3 piA
(A= 031) amd hrdroayl radical wcavenging gepivity
and TPC (P = 033; £>.05) (AL 4). The vatuea of p
WM,S mambin, G cupulate, C alata, gpa 0. gro.
fmw for DPTN (oo Mlcnl scavengiag capacity,
1PC. LPIA, ol RI* reflect 1his observation, The yend of
0N '“"“ in e (o aAny2 for (be Ave planta le P
parcally the wame. Nowever, the levels of agroerpeny
betwren 00T Olhes palrs of asvay methods ase {naigall.

lcan! (Tablca 3o} 4}
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450 AKINMOLADUN ET AL
_TAME 4. LevEL oF CommELaTION BETWEEN Assay METHODS T 1esults of the present work showed ooly a low cosre-
Assayy > i latioa betwecn TRC and TPC (Table 4) and also deiween
™C/Tre Corpelasion coxfliclenir') TFC and radical scavenging assays For example. the cor-
DPPH /TP 0.0 relation coefficicnt between the DPPH assay and TFC was
TRC/NO 076 021. and thal of hydmzsyl radical scavenging capacity and
TPC/DOR g‘g TRC was 0.03 (Tabile 4). Thes € results are also in ngreement
TPC/LP1a 0.8 wilh the fintings of Miliauskes ¢f gl 2
TrC/Rp 079 The presenl investigaljoo goes fizther to show thas DOR
W o2l and NO showed an strong conclation with any of the oiher
029 assays thot were camried out
m ao0J Allhough previous investigators used very few psays or
TRC/Rp 0 few plants for the pwposc of iovestigaling correlations. the
DFP Mo 3 0%_, oot study vsed scvem ossays and 10 plapis to ensure
Doy 0 more acrule cesulls
) okl [nvestigators necd © be move specific wheo reparting
LT o8 sntiesidant acfivities of phylochemicals. Terms tike “total
m‘?ﬁ 0.0l antioxidant capacity” or “towal antioxidant aclivily”™ ase too
010 and could ba misimding. Tests used for aascIamEnL
' % 040 should be cleaily indicaled 10 leavo oo romm for ambiguity.
W2 gy 0.40 11 haa becn obzsved that only llavonoids of & certain
- Bnog 007 swrociure and, in Particular. the hydroxyl Posiion in the
e 2 molecule daenrenc anlioxidant 4 Thes wopes
ties, in gSnon), Yspand on theabilily to donate hydrogen-or
=g clectron 10 8 [ree radical. Miljauskas ¢t of 2 found, in the
will v . . occur where same stuly, some correlation between TPC and flavonols. In
& Y¢ld high values. Exceptions can SUPPOY of IFic abOve obnarvalions, Chai ¢r .2 ropurted thay

ed, leading lo their pon-

! are bound or mask

| hhﬁw&dmﬂn.mnﬂﬂm'w

| "‘::““" in plants. There are metals like sclenium.
®ich a5 ascorbic acid, and phylochemicals such

the iniecmction of a potcotlal antioxidant with DPPH de.
[rends o i sUuCtrn] confaomai/on ami {hat this @ruchom)

girement ls comelaled with 1he preo of h)droxyl
:2upo on [he flavoncids. Coe ef gl.”' tepriend thay allop-
rinci showed rcmaskable activily in inliditing xanttune
oxidase and sCavoging 51"Poxide rulxeal. whereas taxt-
foline ahowed relatively weak activity. The diffaresce |n
sctivitics was mribl:l:il;; vanslioo in the localion of the
bydiox Igmnr and e bonds,

’gbolya at® found that the scavenging activivy of Aa-
vonoids on peroxyfiiie was fovoned hy the Position of
the hydtoay} group. o-3tydrony} stnxiures Incremsed the
scavenging activily on peroryNitie, Souciural oM™ i
son of the flavonols lo 1beir study and sheif scavenging
scrivhies clearly sbows that the C.3 hydtocyl group plays o
pivola) role n the obaeTvod sCavenBing &UviLY, Theee
suthoey inferred L the bigher o 5veN8ing pouency of
galangin copas) wilh galaagin 3-0.methyl oshey may

that C.3 methoaylalion mhaed the ocavenglag

effecy of favoaols.
s arv comgin o manme. Therelom, Ve
Mﬂvmdﬁm:mum be cvaluaied
by only .Mmmﬂm*ﬁu sysmm of

mm‘l“mdddlwm&m

The Of theae s hixmt oumpensonts
# T varaa wwithods 18ed in exalusnng W

ai ativéy of SamOla A give varylag reapim

e frve radical
mafr'u remda 0f 1he PFISrmwrek w,:
aveniy snd ca?ple 18y of phykxhsmncals 1y wat i plass

bow




PROPERTIES OF NIGERIAN MEDICINAL PLANTS 451

Penfic antioxidant species based on the iechanism of
reaction.
The DPPH assay sppcass 10 be a reliable method of
B e manlioxiid::& mpT';ity ohf s.:::fu::s or osym:-
correla well with about theee r
i hads used in this study (Fig. 1)- As noted by Prakash 2 it
) stmple, and inexpensive. and its value applies to the
Wag M‘““‘”‘g"" capacily of the sample and is rot specific
 "WUGUiar antioxidant comparent.
ul:?g:? frquency of lligh antioxidant capacity values
v, SU, resulls obtaioed in this woek 1eveal lhal 7.
Mj‘mwfn. ad G cupulara arc the plants that
f Connss| high activilies in the various assoYs,
%‘d by C. alatg and O, granssimuon. it Mus! be noted
i ' 1eBViniog plants have higher activities than
& no lhthe list above: in some of the assays. For cxamplc,
035, fadical sqvcnging activity of A. boonei (44.882
g :"‘,&;3"“ than that of £, gudiave (21.68 £ 1. 51%)
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Ramipril-Like Activity of Spondias Mombin Linn Against No-Flow
Ischemia and Isoproterenol-Induced Cardiotoxicity imRat Heart

:Iohhl C. Akinmoladun + Efere M. Obuolor -
%00j K. Barthwal - Madhu Olksht -
T O. Faromb!

inhibitor, ramipril. Altcrations to markers of
C7oandial injury and indices of antioxidant capacity by
:z“'“"' (ISP) intoxication werc significantly cor-
= In groups wreated with SM. The inflammatory index
.""“"ﬂbrhi in 1SP-intoxicated group compared

ol (P < 0.001) but reduced in the groups

175, gp 7o ISP and treated with 100 or 250 mg/kg SM by
g 4 2001) and 11% (P < 0.05) respectively. S
o activity and cholestcrol level whic

M::-'“ﬂlllr increased in ISP-intoxicated F::
g ‘ﬁmﬂmmﬂlnm'h: Y
By, | 0 reated with SM. Serum phosphatc Ieve't
g ISP and treated with SM were UE
...::rw-cnmunmw-nd

SClvities as well as glutathione level were

—— -
& £ O, Peronil
d £l

' R Aedend M. OVl
¥, Carunl Dwg N S mmben:

sgpnificantly ingeased 0 ZroPs administered ISP and
ocaled with SM compared w0 ISP-inloxicard group while
MDA and npitrite Jvels weve dovaasxd Digruption (b Lhe
spucture of canlise myoblwils by ISP inoxication was
sedoced dy veatment with SM. Comparsdie results weve
obsincd for ramnipiil. These rexults are indicalive of the
polent candiopeotective propesty of SM.

Keywords  Spondlas mombly . Oardiatanissity -
tscbemnia - lsprotoanl - Ramipril - Aotioaidam

IntrodocUon

Canfiovascular discases (CVD) include coronary hean
discase, cerebrovascular discase, hyperiension, peripheral
wmﬂkﬁdh.mﬂcﬂuﬁmnh
MmtﬂﬂMlﬂmumhﬂ
uwpcwhhwm.nnm.
.....uumnmmphmmw#
cases In 2003, representing 30% of all global deaths (1),
Acule jal lschemia (ischemic heant disease)
for the highest percentage of morbidity and
in the Western world [2]. Myocardial isxchemia

results
whereas reperfuson keabs 10 the provection
r::ﬂm_ﬂ-lﬂ“m
mmhﬂmmﬂmi
ﬂ“ﬂnwm
“““;W“h“ﬂ
anined for prolongnd periads remlu s myocandal
infarction (4} |
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dica) generation I Usually employed us a facile System 10 Preparation of Extract
z'm fotr chemavherapeutic 2ESTHA. A syslomalic seach
3 :el'nl blaacyvities from mediCinal Plaots Is considesed  Leaves of Spondias mavdia (SM) were obiained from
4 nooal approach in nubeceutical and dug farmlends in Akure. Southb-Weuzyp Nigetis snd sutheng-
:dl BicProspecting fur ncw plant-devived digs has  qued in the Ocpartmene of Qop, Soi) end Pess Manage-
3 %0 the incTease in ooent times boamuse these disgs  mem, Fedctel University of TexAaogy, Akure They were
¥ lewer alde cffocta 1han the synthetic ones [$] and  driod wadcr active veatilation a1 room temierature, fucked
BMY ImPonteot keads are beling discovered [6). i papcr bags and worcd The Plag malcrial was later
mﬁ:'m mambin (SM) is a Irce that Is natlye to Aftica  pulverimi with & Reoch Muhle bionding machine. The
A 8130 found In oYier continents of die world. In parts  powdered sample was eavnaal by macgatian in ¢ metb-
th Weskay Nigeria, 11 is wsed in tmdional medidne a0l equesms nux (4:1). The metheanad blirste was cvapo-
for T Mansgaman: of diabeits mcllitus, Ux veatoxnl of  mmied in vacoo to Bve Ihe ovuds axthaniic eatract which
Pychiag; disorders gnd to gein and seidin §ood OeNary was used for the ensacy of card oproalive propestics.

“-",I]' [n othet parts of ilie country, it is used a3 an aph- , _ ,
ddec 19 15 geat gonants, fibfoid. fever. and oher  Anti.lichonic Sradics Using the Logenaarf?

QU (1) Spondias monwin ls elso widely used for the Techajque

| %1 of vai |
B m,m vmwlmu diuma::l O::‘:':: g: "l;m Extract of SM uws Investigued (or o se gnd anti.lschomic
:.""‘ﬂ described. These include antloxidant, antimi-  effecd on lsolstod hearts of oale SD rats wmag ihe Lange-
b diproiozcal, gpesmalytic, abortifecient. angidia-  ado(f paN-MEXUTVjalicg Wxhakiee RAMiH§] (10 WM) and
Mabujve, pnicpilcptic, apd anuPéychotic opertes  BifediPlac (1 uM) srre usal as cantrol andand dugs.
- HO'WH, of repotp o its—c
2 Il;c.nlnlt‘:‘:gn: “::;. he cadio  Prepavation of Noemo! HEPES Tyrode (NHT) Bsffcr

h & ﬁ;v"om-d.-n‘l.p!.‘“ has mn.:x'lﬂrwp|u‘ ﬁ Tne mmm of the mow salt solatos NIIT
% i vin '&m""“““‘ t::f: L:"d“m """“ l"w‘",,o, bafTer-trmdv-wms a1 (olloey: NeQl 137, KO $4. HOPES
o “ijm ::n y ’I:: ACE inbibitor (N.(2-bydrusyethy |} gipei g |0 7-2 thancso) phanic acid)
Qo Onpee) wi 0 bulfer 30, CaClz 1.8, MgQYy 1.0, ¢nd Bhamee 1} 1. Ror the
of | | of NHT bullcr, CaC); and MgCl; were
drsolved «wpaetely In tphe digilled waer (TDW). The
w weslissolved eyanud)y alssio TOW

MIHM I mdl:oh:ﬂmjmmmed.dmemrmmmcp
0 1 I. The pll was afjusued to T4 wing | M NoOl4. Frad
M-ﬂhlﬂnu buffer was (vepasd oo cash day of the capoument Boqty
buffer aml sOtatioo ofummwlummhndw
:;.._d (ISP, ramioet, 3.5 ithiobis (2 arobentoic @0.22:DS Milipae s before mac
DTNG), nicotinamide mamine dinucleetide (NADID-

lic acid (SSA), nitro bluve wwﬂ""“.‘f"ﬂ Epirs
Methosulphate (PMS), trichlom ac<t The animals were @asterizd with chiara hydrae and

s

ity
: froen SIgma— : \
% Emm were ﬂﬂﬂ'“"c - als 00 cysanguinaiod [6easD were By excised and rinscd In
'h.‘-dlmm MO, USA). Other chen \oe cohd rerfusion tuffer Ty weve perfuaed-reavgraiely
were of analytical prxde dlw;hlﬂ“"‘m" in U Logouorll_gak-—ig-a

glitg OEUEY Al & cumian) gwexzre of 830.
d 8 ((suBl XTPOUWT of IT°C with coe-
yeendml NIT duflee. The (ar\alag utiom

[

Animaly o0 ounlig

ol

e Spraguc-Dawley (SD) rats welghios Lo
“&La"“"" from Nations! Asimal mml:ﬂ" Byl which sam ?0“|alla:‘t:c‘mm‘dm::  rCuTOlatiag
h’. u‘m b [nstitote (CDR [0 (DI githerv) Y} Quemane.
; Dvug Resesrc .nn*-"’“““"" ol mlummglmuﬂiumcizl
M Flperiments weic H"""""l Lines of the wrrnunﬂhlﬂ' were froeeded Uetagh & foece diapla, ‘:
*d In accordsnce with the gukde wett v (17T 03, ORASS lagunenty Cwapmy)
T N Animal . iiee (IABC) hores el irsnadn L e
‘.‘:_* Hﬁ“h:ﬂ.ﬂtrﬂ"w . URASS Ialygrordh. 150 U evalusdhan of fee w effuy,
1 <conditionsd o,
' Condithons uider a 12-h light-dark €7
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fples oo g

for ex vive
weadics using the Langendorf!
-+ Perfusion for 105 min with NHT Buller —
®)
Peyfusion with Perfusion wilh test sube e
G ———— -
NHT Bufler (4S8 min) -
(30 min)
{©
D8 W BT R W T . P A

g— W*Im.uw *Gw iw - et p e RC“O"_.‘

{30 mio)

Yler 30 min of equilibration in which perfusion was done
*h the NHT buffer, the perfusion medium was switched
' the solutions of extract or standards (Fig. 1b). Values of
™ tension (amplitude) and heart rate (HR) for test
b were measured and expressed as percentages of

Yulues for the NHT buffcr. For the anti-ischemic study,
%0 Mia of equilibration was followed by 45 min of global
> flow) ischemia. jon was camicd out for 30 min
-‘HHTMHHEIMmﬂH substances (Fig. 1€).

M .lEﬂ'nn Against Isoproterenol

(43 min) (30 mmin)

The repeaive dose of Spondias mombin wese sus-
peadod in 0.2% carboxy methy! cellulase (CMC) and
araily {cd o \be animalis ooce daily.

Group 4 (I5Pchallenged, SM-ueated group): Thils grovp

also las two sudbpoups

Group 4a: (SM 100 mg + {SP)
Group 4b: (SM 250 ;g + ISP)

lo eddifion 1 cocxivitg the treadimexn Bivon 10 animals ia
Geoup 3. animals io this gyoop roceived ISP (A3 mgixg) on
days 29 and 10,

Grovp $ (Remipn| 4+ ISP): Animals in this povp were

ad minissered ramignil {125 mg/kR) atu} also ISP an days

29 ard 30

SM ant rzmifni| were aknintooed aally whilke she
abvalenioo of ISP v doae sbogamsunly
Twanty.fow doun sfter 1he axxami doso of ISP, ualmals
oo wnmmbwdzal. Blood wat wi\Nbawn by reoawbwal
veip puiwe ad van) (or 1he cstimation of gucwe
(LD1) scivity; an) snwm chabempygl phos-
photo aad calobalicinde (MDA) conmmtnitons. Ran
wore wacribced bafs exchial, frows n Uquid pijcogen
and mora) Al =A3°C uotll asd for béochomical enalyws
Jicwts sawe ia ligald mOUPN wae wrighnl A (109
boawgeatic wa prefured-in-58-mhi e iOa® buffey (pif
7.4) Analigen! was erod for the amay of GS1 and MDA,
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in paafb o Serial scceons were cul, and cach scction waa
Mincd with hemeioxylin and eosia. Tdc sieined seclions
¥ere cxamined uader n microscope (Leica DFC 320 Fivo-
tescenl mjcioscope, 1ype DM S000B. 1cics Microsystems
Ltd) and pholotnicrogrophs were (aken.

Antl-infammasory Potentiai

The bezn weightdbody weight ratio of ihe animals in each
g was determined sod used as an index ol the eati-

i“mwvy potealial of SM and Ramiptil.

Qrhemicp! Estimanons

g:: was esynated using a glucooler (Accu-

Acgve) with strips supplicd by 1 he manufacrer,

Sown xAery) ang wa:yamlyud using the

bkman Coulier Syachrap (X9 Pro clivical system with

Ripplicd by ibe manufecturcy. GS}H oas eslimaled

WER 15 1he methad of Andcnon {22). MDA was

accordiog to the aethad of Colado & al. (23]

“"'1241 using the Grics:. diazotizatioo reac-

Lowr Protein was enimalad acovding to the ma) of
€t al. (29).

'&”WDM

ioﬁ:';‘lmnﬁn;w metho deacri bed by Ketdar

Gty

rﬂwmwwmﬂ"
i w
“ﬂunmm"""htT on. Bricfly,
295 m of buflcerd substrate (30 HyOy 1 10,ml of
”"‘Mhﬂmwwm'}ﬂﬂﬁ
"".n e reaction was staried a1 37°C by the additos

,I};ilmm
carmed oul by

240 nm.
'l':-uu,"j.-u:l.:n:ul'l!llll‘-il'l"""“""Il ;
%ﬁﬁywukﬂudhﬁrﬁ“wd‘:;
h"‘“nmh’m-‘ﬂ'l’“‘“
e
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Statisiical Analyscs

All siniislical analyses weie perfumed using the GraphPad
Prism 4 wofiwee (Grepdfad Software Inc., San Diego,
USA). Results were expeessexl as mican + SEM, P < 005
was considered mgnificanl

Hesulls
Anti-lscheroic Srudies

Tbe inuinsic eflects (evaluatel as candisc tersico o
ampliude and beart rate) (Fig. 18) of the NHT buffer on
perfused isolaled 2 bxaris erc showe in Fig. 2. Thbe
cvalonation of the per s« cifecs of the bulfer was (o
ascoytaid |hal sesvlts obtained on Destuent wilth test aub-
stances which wore Jissolved in (| be bulfer ware feee feom
inizferoxe by the pxsfusioo gwedium.

Table | e the (noDopsC (cardiac tensioo or ampli
tukc) and Lhe chromotomce (hean race) elfoct of the exoract
arx) saandanis on tsolmed rat beas. The results odeaioed
for the extact is compashic w that of 1amipnl while
nifcdipioc fignificanily deoeased the mnplitude.

Forfy-five miomes of glotml jmcheowoia followed by
1eflow rcsulled in 1he siguibociat rohxction of the amplioade
of bearts pafual with e NHT buffer alonc (cantrol) at
bolh 15. end 30-min Poot-jschemia (Table 2). Sporudias
mardin was elfective In reveniag (e docline in 1he car-
diac tonsion producryl by globel (00-Bow) ischemmia. These

ne
] ] ) —

! - ouws =
i |

" ““‘?%&«{\\i
! ”

g ) Confiar wwiss oul buart et Ieéflowing purtiinicn wo NIY
wh“‘ﬁw“..l
Vahee 2 = o

asciine t mal) snd wigned (00N Velun ctagnnd 5

when @ &»
"_-_‘mwuud-"duhnb.
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Table | Per s effects of extract and standands
Reperfasion mediom Cungol Test compounds
(Do)
AMP HR 19 W 4y
AMP IR AMP HR AMP MR
e s——
M (0.001 g 100 100 81%9 92 46 B L9 8643 2441 8 |
582 (0005 gn) 100 100 100 + 2 9344 N8 &1 88 £ 30 ND NO
M (a0l gn) 100 100 1946 0L 12147 B3+ S 12047 80 & 4°
M @; ¢n) 100 100 89 2 4° 10443 9% +5 93+ 3 EE 100 +7
Reipe (10 pm) 100 100 101 £ 92+6 10545 xS 07 £9 20 %3
Nibtipine (1 um) 100 100 a7+ 14 i+ 0 51 £33 O+ Mt 33+ 19
Rembn e prescated m mean + SEM (v = 6)
f“’w:uﬂmmxs.w, 49 154 30N, 45 min of reyefaion S/ Spandias aambiv ND oot drtormiand
Wmeuuﬁmmd(?«c&m}
Tabie 2 Gilobal (80-flow) ischemia followed by reflow with bulfer or extract
N
N : Pt -achemiic va) ue
mod aloc sy ———
Y e Pro- Labesrc v ’ — =
Amp Rate 5 -
Amp Rase Acap Rae
e 34 10 Nt 109 + 3
NHT Batler 10040 66 + 6° b .
M 1m0 s 100 4 0 1243 MO X 19 b-PS. 104 £ 10
M (o e 100 + 0 A 04 28 WS £ 4 1w 17 1% +7
(4 100 £ 0 s & 21 141 27 121 £ 4* 9
0 g jon £ 0 100 £0

. P in heart rale o
Matistically wignificant differences
% Nirr perfused and Spondias mombin-treated proups &

thast
“]M.Hﬂﬂl gl
r < 0.03)

'
:
{
g
2
-
X
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'i
Mean waight/Body seght
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h’“t:., " Efoct of SM Against Isoproteresiol 1000

B ) thows that mmmnmﬂm““?:p:
S bty weigh 1o 1S Ly wer
of the heart. SM extract and

weight
:hmm” n’tﬁlﬂt:r:w..
1Ny of the plant €%
= tflect on the heart weightbody 0y ) 5P v
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GSHM (M)
(upeiosd Bwpow) yso

:l"" Plasma GSH (M) and tissue GSH (umolimg prosein) levels
ia nd tesl proups. Results are as mean & SEM
* 3). *Significantly different from ISP (P < 0.0%)
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Py wein) bevels
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‘hk i i
oy Production of MDA was cLsccysie st

b CAUract and rarmipn| ”‘m!l'n.l.rﬂa; [ i

"ﬁ;w rends in (he serum a9 well l;_:"i;-
L . GeCTeases In DASUC 500 - antly cormested
Mh ISP intonication wert wagnif & and T),
\1:‘.'“- with extracts s rarrapet] (Fg merved
ol ™ Se ICTease in nssuc wilrite iﬂﬁ‘_"'“' e ™

u..mnl“d

~ - - .
i L L j

$0D (unita/mg protein)

Fig. & Tiusue SO0 scuvity. Resalts wre presented s mean £ SEM
(n = 5). *Significantly differema from ISP (P < 0.0F)
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I |
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I pngnl pop Soum choleseru] rvel waa oo
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:}lm'!'imu levels hnﬂummtnwdum:mtsﬂnl
= 3). *Significantly different from ISP (P < 0.05)
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Bl d A ¢4
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o
slevaind phos-

¥ tmipnil (P < 0.05) (Fig. 10). The by SM ad

vel in 1SP-imos icaled growp was reduced ;:mlﬂll'
"0 doses employed (P < 0.05) (Fig. 11} 5

oy U0 lod 1o massive leakape of | O into the "‘""'m”

P 12). Boy SM cxtract and rasipn] wert g

Nhl the elevated LD Jevels (F <000

o

“a calenmive diorupsio® | 1), bust

mhﬂrmmnﬁ-ﬂllﬁl ’
:"'-r-n.. of SM (2350 n.i.m]:-'““’

155 Fig. |3b). The
M‘hﬂ dasccee  (Hig

g

M
of the heart in s prowp ':lmw
Sone scemed i he eohanced (Fg- |

&

i

Cholesterol (mg/dl)
s

Fiz. 10 Scum dolaiou kicla Racks st promeacd e ;e £
SEM (n m 5). *Signbcantly diflerent from (ISP (P < Q.0S)

Phaosphate (mg/dt)

O NIV m b N mow

Ng 11 Sows phovghate fsvvis Reinlu en PYwmied m weas £
SEM (A o 5} “Siguifcn Oy difaw v UP (7 < QM)

[ Mo usadon
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bsoproterencl, a synthetic f-adrenoceplor agonist, is
*¥l known 10 gencrate free radicals and stimulate lipid
idation, which is a causative factor for imevensible
h"Ilt 0 the myocardium. It also incrcases the levels of
and myocardial lipids, which in turn leads to coro-

Y heart discase (28, 29).
h:ilit ) reveals that administration of SM leaf extract
% adverse effect on the heart weight/body ratio and
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improvement of cardiac contactile fuiction, preveonon of
the &siuption of cardiac myofibrils, grescrvation of the
incgiity of cardiomyscyle membrane, aod seduction of
oxidative stress Prevention of atherosclecotic plaguc for-
mation may also be a coulritiitory mechanisro. Fuiher
cych is weeded 1o unravel the precise mechasisms and
biaxtive priiciples responsible for e condioprateciive
Pogei(y of SM and 10 asaxrtain whethies cudiopiotection
%y SMiis ausibutable to an individua) compound ot a gloup
of phyochemicals. Invesligations along those lines are
@going in our jaboraorics,
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