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XXIX

ABSTRACT
This study involved the isolation, purification and characterisation of the bioactive
phytochemicals from the ethanolic extract of young twigs and leaves of C. bonduc, the
determination of the antimalarial activity of each isolated phytochemical, and the investigation of
their in vivo toxicological effects. Further extractions were carried out using petroleum ether,
ethyl acetate, butanol and water. Bioassay-guided fractionations of petroleum ether and ethyl
acetate fractions were carried out with a series of chromatographic separation techniques.
Structural elucidation of the compounds was done by spectroscopic methods. The in vitro
antimalarial activity and selective indices determinations of the extracts and compounds were
carried out on chloroquine sensitive strain of Plasmodium falciparum FCR-3 and mouse
mammary tumor cells FM3A respectively. The anticancer activity of the extracts and compounds
was carried out on BGC-823 and HeLa cell lines. In vivo toxicity studies of the ethanolic extract
of the plant were also undertaken. Recovery was assessed 14 days after dosing. Biochemical,
haematological and histopathological examinations were carried out. The percentage yield of
The ethanolic, petroleum ether, ethyl acetate, butanol and water fractions were 12.7%, 13.4%,
10.7%, 15.1% and 56.3% respectively. Phytochemical screening revealed the presence of all
major classes of phytochemicals except phlobatannins. A total of fourteen characterised
compounds (1 - 14) and thirteen uncharacterised pure samples (TCB 28 - 45) were isolated from
C. bonduc. Two new compounds, 12a-ethoxyl-1a,14B-dihydroxyl-cass-13(15)-en-16,12-olide
and la,7a-diacetoxy-5a,6B-dihydroxyl-cass-14(15)-epoxy-16,12-olide, are reported for the first
time. Eleven others are reported from C. bonduc for the first time. The antimalarial activity of
the ethyl acetate and petroleum ether fractions showed moderate activities. Three compounds

also showed antimalarial activities. Moderate anticancer activity against HelLa cell lines was



XXX

observed with the petroleum ether, water and ethyl acetate fractions. Six compounds showed
various anticancer activities against HelLa cells. However, only two compounds showed high
anticancer activity against BGC-823 cell lines. The 28 days toxicological assessment of the plant
indicated that evaluated biomarkers remained unchanged in rats dosed with extract at 200 mg/kg
body weight, while significant changes were observed in rats at extract doses of 400 mg/kg body
weight and above. There were no noticeable histopathological alterations in the cellular
architecture of the tested organs of the control rats. Similarly, there were no alterations at an
extract dose of 200 mg/kg body. However, at extract doses of 400 mg/kg body weight and above,
there were induced histopathological alterations in the cellular architecture of the liver and
kidney. No significant change was observed in the tested groups and the recovery groups in the
sub-acute toxicity study. In the acute toxicological investigation, there was no mortality in the
experimental animals at all treatment doses. However, there were significant alterations in the
biomarkers of toxicity and induced cellular damage to the liver. In conclusion, the ethanolic
extract of C. bonduc could be toxic to selected organs in the rat body on continuous high dosage.
Moreover, C. bonduc contains a wide range of bioactive flavonoids, most of which possess good
anticancer activities; some have moderate inhibitory activities against P. falciparum, but have

poor selectivity indices for the mouse mammary tumor cell line.



CHAPTER ONE

INTRODUCTION

1.1 Background

Areas of high biodiversity, including tropical rémmests, are domains of chemical warfare.
In the battle for survival, plants have evolvedhamany chemical defences as means of survival
to ward off attackers such as bacteria, insectgjiflsevere weather and, in some cases, mammals
that may threaten their existence. Secondary mktedowhile not essential for growth and
development, do promote the spread and dominanqdaot species in an ecological setting
(Fellows and Scofield, 1995). As a result of thisl ahe reported therapeutic activities associated
with different phytochemicals, they are therefor@rtiv the effort in research into the discovery of
new drugs or as a viable alternative to the exgstirugs.

A disease can be defined as an abnormal conditfeatiag the body of an organism. It is
any condition that causes pain, dysfunction, distrand/or death to an organism. Malaria, a
vector-borne disease caused by protozoan parastesdespread in tropical and sub-tropical
regions, including parts of America, Asia, and &dri About 124 million people in Africa live in
areas at high risk of seasonal epidemic malarizr&are many more in areas outside Africa
where transmission is less intense (Hay and Sn@®6)2 Malaria remains a major parasitic
disease in many tropical and sub-tropical regioh¢he world (Frederictet al., 1999; WHO,
2011a). It appears to be the most prevalent of hudiseases; as such it constitutes a major
health hazard. About 500 million malaria casesraported annually, resulting in 1 - 2 million
deaths (Bradley, 1995), the most vulnerable grdogasg pregnant women and children under the
age of five living in sub-Saharan Africa (Tracy awkkbster, 2001). In fact, malaria accounts for

more than 90 % of deaths of children in Africa beld years of age (Sachs and Malaney, 2002).



As a result of its associated high morbidity andtaldy, concerted research efforts are currently
being channeled into the eradication of the disaasess the globe (Good, 2001).

The challenge of malaria, especially to sub-Sah&faican nations, continues to widen
without easily defined limits as drug resistancentwst antimalaria drugs, insecticide resistance in
mosquitoes and other climatic and socio-culturelidies complicate malaria research (Kredtlal.,
2001). The development of resistance to antimaldrisgs by malaria parasites is the most
disturbing of these factors. Today, the malariaapiée has been confirmed to show notable
resistance to inexpensive drugs like chloroquingnige, sulphadoxine/pyrimethamine and a
number of other drugs in this category. Newer dribgsvever, cost 7-60 times as much as these
(Olliaro et al.,1996).

The challenge of drug resistance is leading malegsearchers in the direction of
antimalarial medicinal plant research. Accordinghte World Health Organization (WHO), 80 %
of the world's population uses medicinal plantshie treatment of diseases. In African countries
this rate is much higher (Ajose, 2007). In receaarg, medicinal plants have represented a
primary health source for the pharmaceutical ingu¢Phillipson, 1991). No less than 400
compounds derived from plants are currently usetienpreparation of drugs, such as vincristine
and vinblastine used in the treatment of canceng@j 2007) and quinine and artemisinin used as
antimalarials (Phillipson, 1991). Investigationtbé chemical constituents of medicinal plants has

become a celebrated research issue (Phillipsord)199

1.2  The Study Plant:Caesalpinia bonduc (Linn) Roxb
Caesalpinia bondudfamily: CaesalpiniaceaegenusFabaceag commonly known as

Gray Nicker nut or Fever nut i&nglish Séyo or Ayoéo irYoruba(Sonibareet al, 2009) and Bois



canic inFrench is a prickly shrub with grey, hard, globular skdseeds with a smooth shining
surface (Nadkarni, 1954) (Figure 1.1). It is a mogdil plant predominantly distributed in the
tropical and sub-tropical regions of Africa, Asiadathe Caribbean (Gupt al., 2003). It has a
lot of applications in folk medicine. The pharmamgtal screening of the plant extract has
revealed its anti-helminthic, anti-cancer, anti-anal, anti-hyperglycemic, anti-inflammatory,
anti-rheumatic, anti-measles and anti-pyretic &gty (Chakrabartiet al., 2003; Guptaet al.,
2004; Sonibarest al, 2009). Its anti-diuretic and anti-bacterial (Neagd Nayak, 1958), anti-
convulsant (Adesina, 1982), anti-anaphylactic, -drgirheal and anti-viral (Dhaet al., 1968)
activities have also been reported. Additionaltg, anti-asthmatic (Gayaragt al., 1978), anti-
amoebic and anti-estrogenic activities (Gugttal.,2003) as well as it nematocidal (Kjuddtial.,
1989) and abortifacient (Datet al., 1998) activities have been documented. Hepatoproéec
and antioxidant properties d@. bonduchave also been reported (Gumt al., 2003). The
phytochemical analysis of the plant shows that dhtains saponins, alkaloids, flavonoids,
triterpenoids, diterpenoids, tannins and sterdidsaret al.,2005).

The isolation ofCaesalpin-Ato -F (Pascoeet al., 1986; Peteet al.,1997a) Caesalpin -Y,
-J, Caesalpinin -1(Peteret al, 1997b),Caesalpinins -C to -G and Norcaesalpinins -A to -E
(Banskoteet al., 2003; Linnet al., 2005) has been reported in the literature. Theadtarisation
of Neocaesalpins -A to -D, -WKinoshita et al., 1996; Kinoshita, 2000; Wt al., 2007),
CaesalpinolideA to -C and -E (Yadaet al.,2007; Yada\et al, 2009),Caesaldekarin -A, -C, -H
to -L (Lyderet al, 1998), 17-hydroxy-campesta-4,6-dien-3-one, 1-3debstigmasta-5,14-dien-
3a-ol, 13,14secastigmasta-9, (Udenigwet al.,2007) has also been reported. The reports on the
isolation of Bonducellpins -A to -G, Caesalpin {Rgeteret al, 1997a; Pudhoret al., 2007),e-

caesalpin, caesalpinins -K, -P and -C (Pudhairal., 2007), Caesalmins -C to -G (Jiaagal.,



2001), Caesalpinianone (Atat al., 2009) and 7- hydroxyl-4-methoxyhomoisoflavones
(bounducelling have also been reported (Kunedral.,2005).

The antibacterial and antifungal activities of benkide, a diterpene from the seed<Cof
bonduc,have also been reported (Singhal, 2001). The bioactive constituents ©f bonduc,
caesalpinianone, 6-O-methylcaesalpinianone and toswylal with moderate glutathione-S-
transferase activity and 6'-O-acetylloganic acid;O4cetylloganic acid and 2-@D-
glucosyloxy-4-methy benzenepropanoic acid with -aatidida albicans activity have been
reported(Ata et al.,2009).Caesalpinolide A and -B(Yadavet al.,2007), isolated from the seeds
of C. bonduchave been shown to have inhibitory activity agagacer cell lines. New cassane
furanoditerpenoids from the seed kernelGfbonducwith good antimalarial activity against
multidrug-resistant K1 strain ¢flasmodium falciparurhas been isolated and repor{@ilidhom
et al.,2007). Isolated diterpenoids from the seed€.ofristashowed significant dose-dependent
in vitro inhibitory effects on the growth éflasmodium falciparunFCR-3/A2 clone (Linret al.,
2005). Diterpenoids with cytotoxic activities agstitiL-60 (Human promyelocytic leukemia) and

HelLa (Human cervical carcinoma) have been repdBedet al.,2010).
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One of the basic criteria set by WHO for the usdarbs as medicines is that they should
be shown to be non-toxic. Although the use of ettmaalicine is widespread in Africa, most of
the plants have not been thoroughly investigatedtteir toxicities (Sowemimet al., 2007).
Scientific studies show that some medicinal natpralducts are potent organ toxins and also
possess anti-fertility properties. These propertiesve been documented for quinine and
chloroquine (Sairam, 1978; Meiset al., 1993; Adeeko and Dada 1998). The anti-fertility
activities of extracts oCarica papayaQuassia amarandAzaridiracta indicahave also been
documented (Loyiha&t al., 1994; Raji and Bolarinwa 1997; Rait al., 2003). Since there is no
scientific information on the substantial toxicfyofile of C. bonductoxicity data are required to
predict the safety and effects of long term expesarthe plant (Aniaget al.,2005). It has been
discovered that the young twigs and leave€ .dbonducare readily used in the Southwestern part
of Nigeria as antimalarials. Thus, the need foetsand therapeutic evaluation pre-informed this
study. Most of the studies previously carried outlas plant have been done on its seed extract.
This study however reported detailed studies ore#tacts from the young twigs and leave£of

bonduc.

1.3 Justification/Rationale for the study

Malaria remains a major parasitic disease in maogital and subtropical regions of the
world (Frederichet al., 1999). It appears to be the most prevalent huniseasge, especially in
those areas, and constitutes a major health haktardccurrences in 2006 were estimated in
Africa (86%), followed by South-East Asia (9 %) abB@stern Mediterranean regions (3%)
(Oliveira et al, 2009). According to the World Health Organizat{g®HO), 80% of the world's

population uses medicinal plants as the main pgniegalth care source in the treatment of



diseases. In African countries the rate is muchdrigAjose, 2007). Limited scientific evidence
regarding safety and efficacy to support the camththerapeutic application of some of these
herbal remedies exists compared to such evidemcgyfohetically formulated drugs (Sowemimo
et al.,2007). The utilization of the medicinal plants fseo based on ancestral experience. With
the upsurge in the use of herbal remedies, thesenised for a thorough scientific evaluation to
validate or disprove the supposedly therapeutiecesf of some of these medicinal plants.
Moreover, a number of compounds extracted fromiticahl plants have not been thoroughly
studied for toxicity and efficacy. The leaves amdiyg twigs ofC. bonducare used in Nigeria by
herbal practitioners in the treatment of malariedtion together with other medicinal plants.
There is therefore the need to study the toxicityCo bondu¢ and to determine its biological

activities as well as its efficacy.

1.3 General Objectives
The current study aims at investigatimgvitro the folkloric claims for the antimalarial
activity of C. bonduc againstP. falciparium. The research also aims at determining the

phytoconstituents of the plant, as well as assgsbmtoxicity profile of its extracts.

1.4 Specific Objectives
The specific objectives of the study are to:
a) determine the phytochemical constituents and caurtypartial characterisations of the
extracts of the young twigs and leave€ obondug¢
b) determine the chemical structures of the isolateddtive components;

c) investigate thén vitro antimalarial activity of the extracts; and



d) determine the toxic effects of the extract€obonduan albino rats using

biochemical, haematological, and histologicdices of toxicity.



CHAPTER TWO

LITERATURE REVIEW

2.1 Medicinal Plants

Plants provide a variety of resources that conteilto the fundamental needs of food,
clothing and shelter. Among plants of economic irngrace are medicinal plants. Medicinal
plants are groups of plants with vital roles irealhting human suffering (Baquar, 2001). Plants
have been utilized as therapeutic agents since imm@emorial in both organized and
unorganized forms (Giracét al., 2003). The healing properties of many herbal medgihave

been recognized in many ancient cultures.

2.1.1 History of Medicinal Plants in Phytotherapy

To trace the history of medicinal plants in phyestipy is to trace the history of humanity
itself. The discovery of the curative propertiesceftain plants must have sprung from instinct.
Plants must have first been explored as sourcésodf As a result of food ingestion, a link with
some plant properties must have been establishedddhca-Filho, 2006). Medicinal plants have
been used for the treatment of various diseasahtdoisands of years. The use of terrestrial plants
as medicines has been documented in Egypt, Chridea &nd Greece from ancient times, and an
impressive number of modern drugs have been deseltypm them. The first written records on
the uses of medicinal plants are from Sumerians Akkkhidians, who described the well
established medicinal uses of laurel, caraway agthe; this record was dated about 2600 BC
(Samuelsson, 1999).

The “Ebers Papyrus”, the best known Egyptian phagutcal record, which documented

over 700 drugs, represents the history of Egyptiedicine dated from 1500 BC; garlic, opium,



castor oil, coriander, mint and other herbs havwenlested as medicines. The Chinese manual,
Materia Medica“the Shenlong Bencao Jing”, a documented recorthgldtom about 1100 BC,
also listed over 365 medicines, 252 of which wemditinal plants (Cragegt al., 1997). The
Ayurvedic system recorded the use of turmeric adicne in Susruta and Charaka dating from
about 1000 BC (Kappor, 1990). The Greeks also tmrted substantially to the development of
herbal drugs. Pedanius Dioscorides, the Greek plys{100 A.D.), described in his worbé
Materia Medicd more than 500 medicinal plants (Samuelsson, 199B)e Pedanius
documentation is considered to be the precursall tmodern pharmacopeias and it is considered
one of the most influential herbal books in history

Medicinal plants were the major sources of produgted to sustain health until the
nineteenth century. In 1828 the German chemistdide Wohler, in an attempt to prepare
ammonium cyanide from silver cyanide and ammonitnorede, accidentally synthesized urea.
This was the first organic synthesis in history antleralded the era of synthetic compounds

(Mendonca-Filho, 2006).

2.1.2 Importance of Medicinal Plants in Drug Disceery

Numerous methods have been utilized in drug disgovencluding isolation of
compounds from plants and other natural sourceghstic chemistry, combinatorial chemistry
and molecular modeling (Ley and Baxendale, 2003;s€émet al.,2003; Lombardino and Lowe,
2004). Despite the recent interest of pharmacdutiompanies and funding organizations in
molecular modeling, combinatorial chemistry andeotBynthetic chemistry techniques, natural
products (in particular, medicinal plants), remaim important source of new drugs, new drug

leads and new chemical entities (NCEs) (Newriaal., 2000; Butler, 2004). Between 2001 and

10



2002, approximately one quarter of the best-selinggs worldwide were natural products or
were derived from natural products (Butler, 200¥pproximately 28 % of NCEs that appeared
between 1981 and 2002 were natural products oraigitoduct-derived (Newmaet al., 2003).
Another 20 % of NCEs that appeared during this tpeeéod were considered natural product
mimics, implying that the synthetic compounds weegived from the study of natural products
(Newmanet al., 2003). Combining these categories, research amalgbroducts accounts for
approximately 48 % of the NCEs reported from 19802 In Table 2.1 is the summary of some
of the most economically important pharmaceutieald their precursors derived from plants.
Natural products provide a starting point for neynthetic compounds with diverse
structures, and often with multiple stereo-centtes can be challenging synthetically (Clardy
and Walsh, 2004; Nicolaou and Snyder, 2004; Peateasnl Overman, 2004; Koehn and Carter,
2005). Many structural features common to naturatipcts (e.g. chiral centres, aromatic rings,
complex ring systems and degree of molecule sadujabave been shown to be highly relevant
to drug discovery efforts (Lee and Schneider, 2@@&her and Schmidt, 2003; Clardy and Walsh,
2004; Piggott and Karuso, 2004; Koehn and Cart@d52 Furthermore, since the escalation of
interest in combinatorial chemistry, with the sufpsent realization that these compound libraries
may not always be very diverse, many syntheticraadicinal chemists are exploring the creation
of natural product and natural-product-like libesrithat combine the structural features of natural
products with the compound-generating potentiatahbinatorial chemistry (Hakt al., 2001;
Eldridge et al., 2002; Burkeet al., 2004; Ganesan, 2004; Tan, 2004). Drugs deriveth fro
medicinal plants can serve not only as new drugm#elves but also as drug leads suitable for

optimization by medicinal and synthetic chemistal(Bas and Kinghorn, 2005).
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Table 2.1:

derived from plants

Some of the most economically important pharmécais

and their precursors

Plant names Compounds Class Therapeutic use
Apocyanaceae, Rubiacespp. Yohimbine Indole alkaloid Aphrodisiac
Artemisia annud.. Artemisinin Sesquiterpene lactone Antimialla
Camptotheca acuminaf@ence Camptothecin Indol alkaloid Antineopitas

Capsicunspp.
Cassia angustifolia/ahl.

Catharanthus roseus.

Cephaelis ipecacuanh@rot.) A. Rich.

Capsaicin
Sennosides A and B
Vinblastin, vincristine

Ipecac

Cephaelis ipecacuanh@rot.) A. Rich. Emetine

Chondodendron tomentostRuiz,

Strychnos toxifer8entham
Cinchonaspp.
Cinchonaspp.

Colchium autumnalé.
Digitalis spp.

Erythroxylum coca.amarck
Leucojum aestivurh
Nicotianaspp.

Papaver somniferurin
Physostigma venenosBalfor
Pilocarpus jaborandHolmes
Podophyllum peltaturh.
Taxus brevifoliaNutt.

Camptotheca acuminafecne

Tubocurarine

Quinine

Quinidine
Colchicine

Digoxin, digitoxin
Cocaine
Galanthemine
Nicotine

Codeine, morphine
Physostigmine
Pilocarpin

Podophyllotoxin

Taxol and other taxoids

Camptothecin

Phenylalkyl-amine alkaloid
Hydroxy anthraceneaglgtes
Bis-indole alkaloid
Mixture of ipecac alkias and
components
Isoquinoline alkaloid

Bisbenzyl isoquinoloneadtid

Quinoline alkaloid
Quinoline alkaloid
Isoquinoline alkaloid
Steroidal glycosides
Cocaine alkaloid
Isoquinoline alkaloid
Pyrrolidine alkaloid
Opium alkaloid
Indole alkaloid
Imidazole alkaloid
Lignan
Diterpenes

Diterpenes

piteal analgesic
Laxatine
Antineoplastic
other Emetic
Antiamoebic
Skeletal muscle

relaxant

Antimaldria
Cardiagpoessant
Antigout
Cardiotonic
Local Hmetec
Choliregase inhibitors
Smokiogssation therapy
Analgesiatitussive
Choligier
Choligier
Antineoplastic
Aetiplastic

Antineoplastic

(Adapted from van Agtmaaedt al., 1999; Graul, 2001; Pirttilat al., 2004; Butler, 2004; Cragg

and Newman, 2004 and Ahmatlal.,2006)



2.2 Traditional Systems of Medicine
221 Historical and Current Perspective

Herbs and herbal preparations have been usedabdilenents since pre-historic times,
and the treatment of various diseases with plas¢dbanedicines has remained an integral part of
many cultures across the globe. Such medicinesyededirectly or indirectly from plants,
constitute over 25 % of the pharmaceutical ars@iamnadet al.,2006). Traditional medicine has
attracted more attention worldwide since the Igti@nt of the twentieth century. About 80 % of
Africans have been reported to use traditional oieds to meet their health care needs (WHO,
2000). This is primarily due to the recognition thfe value of traditional and indigenous
pharmacopeias, the need to make health care dfflerdar all and the perception that natural
remedies are somehow safer and more efficacious tbmedies that are pharmaceutically
derived (Murphy, 1999).

Over the past two decades, two apparently unrelateds in the biomedical and
biotechnological development of medicinal produwse been described. There has been a rapid
development of recombinant DNA technology and eslaprocedures to provide biomedical
proteins and related therapeutic drugs, prophyla@ccines and diagnostic agents (Chan, 1996).
At the same time, the growth in popularity of oWee-counter (OTC) health foods (nutraceuticals)
and herbal products has taken a very large shatteedfiealth-care market (Raskhal., 2002).
This entire trend has proven the need for contisutevelopment of the knowledge base of the

utilization of medicinal plants (Ahmeet al.,2006).
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2.2.2 Asian Traditional Medicine

The most established herbal therapeutic systemsAgmeveda, Unani and Siddha of
Indian origin, WU-Hsing (China) and Kampo (Japadhina has possibly the greatest amount of
documentation concerning herbal plants than anptcpin the world. The knowledge in Chinese
medicine was accumulated over thousands of yeadsh@s been confirmed through both
empirical experience and scientific evaluation

(http://www.sahealthinfo.org/traditionalmeds/traolitalpart2.pdf. Most of the herbal remedies

are mixtures of plants and, at times, in combimativith animal parts and minerals. Under ideal
conditions, care is taken by traditionally traingdctitioners to identify the ingredients, to hatve

the plants at very specific times to ensure apjeitgptevels of bioactivity, to prepare the remedies
under strict rules and to prescribe them to achaveppropriate clinical response (Elvin-Lewis,

2001).

2.2.3 European Traditional Medicine

European traditional medicine has its roots mostlgncient Mediterranean civilizations
and in plants from the South. By the nineteenthiiogrsome of the medicinal plants had become
part of the pharmacopeias of allopathy, naturopaahg homeopathy. Usually when compounds
are isolated and sometimes synthesized, their gweutical uses are more carefully regulated

(De Smet, 1997).

224 Neo-Western Traditional Medicine
In its totality, European traditional medicine hasitured, along with American herbal

medicine, into neo-Western herbalism. In this systeingle plant preparations that have been

14



either selected from formulations found in anciphtirmacopeias, or derived from medicinal
plants valued in other countries (including thodeingigenous origin), are sold alone or as
mixtures in an assortment of combinations (Lewid Bivin-Lewis, 1977; De Smet, 1995; Elvin-

Lewis, 2001).

225 African Traditional Medicine

In some African countries, traditional medicineais integral part of the formal health
system, on an equal status with modern medicing;irbwthers this is not the case. African
traditional medicine, although important for indluals and communities, remains a form of
private practice outside the formal health systeme that cannot be easily organized by the
government. Current estimates suggest that, in nAdingan countries, a large proportion of the
population rely heavily on traditional practitioseand traditional medicines to meet their primary
health-care needs (African Union Draft (AUD), 200Although modern medicine may be
available in these countries, traditional medidias often maintained its popularity for historical,
holistic approaches and for cultural reasoeme African countries have developed national
policies on traditional medicine, which include egdl framework, and a code of ethics and
conduct for the practice of traditional medicin@ng® have put in place mechanisms for the
regulation of traditional medicines practice: légfi®n, regulatory frameworks and institutional
instruments for developing African traditional mede and for locally producing commercial
guantities of standardized African traditional no@ges. Other countries have further moved
towards integrating/institutionalising traditionatedicine into the public health care system

(African Union Draft, 2007).
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2.3 Modern Phytomedicine

Phytomedicine is the emergence of phytotherapy aeparate therapeutic system of
medicine based on the traditional usage of plasitdrags and the extraction of active substances
from plants as adapted by some countries, sucheasm&i—speaking countries (Ahmatal.,
2006). Phytotherapy may be divided into two, namedyional phytotherapy (herbal medicinal
products) and traditional phytotherapy. In ratiopalytotherapy, appropriate pharmacological
investigations and clinical trials have documerntezlefficacy of the products employed, while in
traditional phytotherapy the efficacy of phytophagauticals or herbal teas has not yet been

established (Ahmaelt al.,2006).

231 Prospects of Herbal Medicine

Herbal medicine and other plant-derived therapsuiicprophylactic products in various
forms have been available for many hundreds ofsy&arthe treatment of diseases. More than
25 % of marketed orthodox pharmaceuticals are eitleived from plant sources or from
derivatives of secondary plant metabolites. In &aBl1l is the list of some of the most
economically important pharmaceutical and theicprsors derived from plants (Bhattaratal.,
2002; Ahmadet al., 2006). The United States (US) Food and Drug Adstiation (FDA) has
published guidelines for the standardization of itindticomponent plant extracts referred to as
botanical drugs, thus making marketability possioheler the New Drug Administration (NDA)
approved process (Ahmad al.,2006). The following are common botanical dietsupplements
sold in the United States of Americ&chinacea purpureaPanax ginsengSerono repens
Ginkgo biloba Hypericum perforatun(St. Johns wort)Valeriana officinalis Allium sativum

Hydrastis canadensidviatricaria chamomilla Silybum marianumTrigonella foenum-graecum
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Tanacetum partheniumEphedra sinica and Cimicifuga racemosa(Raskin et al., 2002).
Presentyly, the basis for marketing these produnctse US is the Dietary Supplements Health
and Education Act (DSHEA) of 1994, which allows mtatturers to market products as dietary
supplements without the rigorous testing requitgdther drug products (Ahmaad al.,2006).

The approach of the Canadian Health Protection @ravith respect to herbal products is
very similar to the FDA’s, whereas several Europeauntries have more advanced legislative
regulations for herbal products (Ahmatlal., 2006). Rapid growth has been seen in the herbal
medicine market in recent years, as increasing ewnbf consumers are persuaded by the
benefits of plant extracts as alternatives to medicproducts with chemically derived Active
Pharmaceutical Ingredients (APIs) (Greger, 2001). 1B99 the global market for herbal
supplements exceeded US$15 billion, with a US$lfohilmarket in Europe, US$2.4 billion in
Japan, and US$2.7 billion in the rest of Asia, B¥&$3 billion in North America (Glasser, 1999).
It has been estimated that the market for branaedpnescription herbal medicine grew from
$1.5 billion in 1994 to $4.0 billion in 2000 in th¢S alone. A similar trend is also being followed

in European and African countries (De Sreeal.,2000).

2.3.2 Constraints in Herbal Medicine
2.3.2.1 Reproducibility of Biological Activity of Herbal Extracts

A major constraint limiting the ready adoption afestific reports on medicinal plants as
pharmaceuticals discoveries is the lack of repriumlity of the activity of over 40 % of plant
extracts (Cordell, 2000). This is a major problenphytomedicine, as the activities detected in
screens often are nogt reproduced when the sames @ee re-sampled. This problem is largely

due to differences in the biochemical profiles s harvested at different times and locations,
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differences in variety, and variations in the meihof extraction and evaluations of biological
activities. Furthermore, the activity and efficaol plant extracts/medicines often result from
additive interaction effects of the components (&lrat al.,2006). Therefore, a strategy should
be used to evaluate the qualitative and quant@atigriations in the contents of bioactive
ingredients of plant materials. It is also impottemidentify the different agro-climatic or stress
locations, climate, microenvironmental, physicadd athemical stimuli, often called elicitors,
which quantitatively and qualitatively alter thentent of bioactive secondary metabolites

(Ahmadet al.,2006).

2322 Toxicity and Adverse Effects of Plants enects

It is popularly believed that medicinal plants aeder than pharmaceuticals because they
are of natural origin. However, recent scientigports have demonstrated that several medicinal
plants used in phytomedicine are potentially toxdnd some are even mutagenic and/or
carcinogenic (De SaFerrira and Ferrago-Vargas, )L98% toxicity for herbal drugs therefore
depends on their purity, herbal combinations, giigmw, bioavailability and reported adverse
effects. Toxicity in phytomedicine may be due te tbllowings:

Dearth of reports on the side effect of medicirahts;

Errors in botanical identification;

Accidental ingestion of cardiotonic plants,

Inappropriate combinations in phytotherapy; and

Interference of medicinal plants and conventiorf@rmacological therapy, such as plants

containing coumarinic derivatives, a high contehttysamine, estrogenic compounds,

plants causing irritation and allergic problems l@man, 2001; Wojcikowslket al.,2004).
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2.3.2.3 Adulteration and Contamination

Medicinal plant adulteration is the intentional lugion of impurities or undesirable
substances in medicinal plant combination whiletaomnation is the mistaken inclusion of
undesirable substances in medicinal plant comlanati This is common in countries that are
lenient with regard to enforcement of their regogtlaws regarding purity. Adulteration in
herbal medicine is particularly disconcerting besgaut is unpredictable. Often it remains
undetected unless it can be linked to an outbrdaftisease or epidemic. An example is the
reported case of veno-occlusive disease due tontfestion of plants containing pyrrolidizine
alkaloids, which can be life threatening or faiatdw and Myres, 1997).

In many cases, contaminated or adulterated medlicombinations can cause significant
medical problems, especially in children (Ernst &abn, 2001; Sapeat al.,2004). In a review
on heavy metal poisoning in children consuming miedl plant medicines, 13 cases were
reported from Singapore, Hong Kong, the UnitedeStatf America, the United Kingdom and the
United Arabic Emirates from 1975 to 2002 (Ahmedal., 2006). The Indian Government has
initiated a major programme under which pharmaasgandards are developed for medicinal
plants used in thA&yurveda Unani, andSiddhasystems of traditional medicine (Ahmat al.,
2006). The resultant pharmacopeia will enhancea gmowledge of the constituents of herbal
medicines and help to standardise the preparafiberbal drugs. The adulteration of most herbal
preparations has been attributed to the impropenmtification of plants. This has resulted in a
number of serious cases, primarily due to poisobindigitalis and skullcap (Elvin-Lewis, 2001).
In 1998, the California Department of Health, US#ported that 32% of Asian patented

medicines sold in the country contained undeclatealrmaceuticals or heavy metals (Ko, 1998;
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Marcus and Grollman, 2002,). The Food and Drug Auftiation (FDA), USA and other
scientific reports have also indicated or revedtesl presence of prescription drugs, including
glyburide, sildenafil, colchicines, adrenal stesoahd alprazolam in medicinal products claiming

to contain only natural ingredients (Ernst, 2002).

2.3.24 Herb—Drug Interactions

The dose of many medicinal herbs and pharmaceuticgs is the major determinant of
their therapeutic or toxic activity. Herbal medies act through a variety of mechanisms to alter
the pharmacokinetic profile of concomitantly adrmetered drugs (Fugh-Berman, 2000). For
example St John’s worthas been reported to induce the cytochrome PBt&agine CYP 3A4 and
intestinal P-glycoproteins, accelerating the meiabdegradation of many drugs including
cyclosporin, antiretroviral drugs, digoxin, and Vveasn (Moore et al., 2000). The interactions
between concomitantly administered herbs may piattenbr antagonise a patient’s metabolism,
drug absorption, or elimination, thus interferinghathe pharmacology or toxicology profile of
the drug and herb. Synergistic therapeutic effectay also complicate the dosing of
concomitantly administered herbs and drugs usddrig-term medication. For example, herbs
traditionally used to decrease glucose concentratin diabetes could theoretically precipitate
hypoglycaemia if taken for a long time in combipatwith conventional drugs (Bailey and Day,
1989).

Herbal medicines are ubiquitous; however, the tleaftreports on their adverse effects
and interactions could probably be a reflectionaotombination of under-reporting and the
benign nature of most herbal products. Limited expental data, unprescribed usage, lack of

proper regulatory controls, especially in the depélg world where they are locally used, may be
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some of the factors responsible for the deartrepbrts in this area. As a result, care should be
taken to understand the effects of foods or hertElicines in anticoagulant therapy, treatment of
diabetes, depression, pain, asthma, heart conslitemblood pressure disorders, and slimming
(Elvin-Lewis, 2001). Scientific data on the intefans of various medicinal plants with drugs,

their pharmacokinetics and bioavailability profigsould be evaluated (Bhattaratal.,2002).
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Table 2.2:  Documented reports on some medicinal plants anddteerse effects

Plant names Vernacular name Partused  Common use Adverse effect (in large doses)

Aborus precatoriug. Indian liquorice Seed Diarrhea, dysentgralysis and Abrin causes edema and ecchymosi
skin diseases, antiseptic, uterine inflammatiatifentility activity,
stimulant and anticancerouss, antiestrogenic igctigbortifacient and

oxytocic activity

Aconitum casmanthunAconite Rhizome Neuralgia, rheumatiserd@ac Narcotic, powerful sedative, arrhythmia
Stappex Holm tonic and nerve poisons and tgpsion
Gloriosa superbd.. Malanbar glory Root Anthelmintic, purgatjvemetic, Antifertility, vomiting, purging,
lily antipyretic, expectorant and toxic str@dynia and burning sensation
Croton tigliumL. Croton Seed Abdominal disorders, consitpea Depressor responses and
helminthiasis, inflammation, neuromuscular blatka

leukoderma and oedema
Cannabis sativa.. Hemp Leaf Antidiarrhetic, intoxicatingtomachic Neurotoxic, respiratory arrest, nausea
and abdominal disorders, tremors, insomnia, demymtence

and gastrointestinal disturbance

Datura meteL. Thorn apple Seed Antihelminthic and aamicerous Insanity
and leaf
Euphorbia neriifolia Milk hedge Latex Insecticidal and cardiovascular Emetic, irritant, apnea and pathological

changes in liver, heart and kidney
Papaver somniferuh. Poppy Exudate Diarrhoea, dysentery, sedative, Highly narcotic
narcotic and internal hemorrhages
Semecarpus anacardiuiarking nut Fruit Antiseptic, cardiotoxic, anticenomic Abortive
liver tonic and uterine stimulants
Nerium indicurMill Oleander  Fruit Antibacterial, ophthac and Cardiac poison, paralysis and depressed
and leaf cardiotonices respiration, gastrotintal

neurological and skin rashes

(Adapted from Ahmaet al.,2006)
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Table 2.3 Herbal preparations - drugs interactions

Herb and drug(s) Results of interaction Commnts

Betel nut Areca catechu)

Flupenthixol and procyclidine Rigidity, bradykin@sjaw tremor Betel contains arecoline, a aramgic alkaloid.
Fluphenazine Tremor, stiffness
Prednisone and salbutamol Inadequate controltbfres Arecoline challenge caused dose-related

bronchoconstriction in six asthma patients
Chilli pepper Capsicum spp)
ACE inhibitor Cough
Theophylline Increased absorption and bioavdaitab
Danshen $alvia miltiorrhiza)
Warfarin Increased INR, prolonged PT/PTT In rats, danshen decreases elimination of

warfarin. Danshen is in at least one brand of

cigarettes.
Devil's claw (Harpagophytum procumbens)
Warfarin Purpura
Dong quai Angelica sinensis)
Warfarin Increased INR and widespread bruisingpong quai contains coumarins.
Eleuthero or Siberian ginseligleutherococcus senticocus)
Digoxin Raised digoxin concentrations bprobably interfered with digoxin assay,

patient had unchanged ECG despite digoxin
concentration of 5-2 nmol/L).

Garlic Allium sativum)

Warfarin Increased INR Postoperativeeding and spontaneous pinal
epidural haematoma have been reported with
garlic alone. Whether garlic prolongs PT is
unclear, but it does cause platelet dysfunction.

Ginkgo Ginkgo biloba)

Aspirin Spontaneous hyphema Ginkgalidee potent inhibitors of PAF

(Adapted from Ahmaet al.,2006)
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Table 2.3 contd Herbal preparations - drugs interactions

Herb and drug(s) Results of interaction Commnts

Ginkgo Ginkgo biloba)
Thiazide diuretic Hypertension Ginkgoradhas not been associated with
hypertension
Guar gum Cyamopsis tetragonolobus)
Metformin, phenoxymethylpenicillin, Slows absorptiof digoxin, Guar gum prolongs gastriengion.
glibenclamide paracetamol, and bumetanide; dsee
absorption of metformin, phenoxymethylpenicillin,
and some formulations of glibenclamide
Karela or bitter melonM omordica charantia)
Chlorpropamide Less glycosuria Kargareases blood glucose
concentrations
Liquorice Glycyrrhiza glabra)
Prednisolone Glycyrrhizin decreases plasma atear,
orally increases AUC and increases
plasma concentrations of prednisolone
Oral contraceptives Hypertension, oedema, hypekaia Oral contraceptive use may increase
sensitivity to glycyrrhizin acid.
Psyllium (Plantago ovata)
Lithium Decreased lithium concentrations Hydrophilic psyllium may prevent lithium
from ionising.

St John’s wortKlypericum perforatum)

Paroxetine Lethargy/incoherence

Trazodone Mild serotonin syndrome A simdase is described with the use of St
John’s wort alone.

Sertraline Mild serotonin syndrome

Nefazodone Mild serotonin syndrome

Theophylline Decreased theophylline concentratio

(Adapted from Ahmaet al.,2006)
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Table 2.3 contd

Herbal preparations - drugs interactions

Herb and drug(s)

Results of interaction

Comnms

St John’s wortKlypericum perforatum)

Digoxin

Phenprocoumon

Decreased AUC, decreased peak and Most studies indicate that St

trough concentrations

Decreased AUC

Shankhapushpi (Ayurvedic mixed-herb syrup)

Phenytoin

John’s wort is a potenthitbr of

cytochrome P450 isoenzymes

Decreased phenytoin concentrations, In rats, multiple coadministered doses (but not

loss of seizure control

Sho-saiko-to or xiao chai hu tang (Asian herb nrixtu

Prednisolone

PapayaCarica papaya)
Warfarin

Tamarind Tamarindusindica)
Aspirin

Valerian {aleriana officinalis)

Alcohol

Yohimbine Pausinystalia yohimbe)

Tricyclic antidepressants

Ginseng Panax spp)

Alcohol

Decreased AUC for prednisolone

Increased INR

Increased bioavailability of aspirin

single doses) dee@atasma phenytoin
concentrations; single doses decreased the
antiepileptic effect of phenytoin.

Shankhapushpi is used to treat seizures.

Tamarind is used as a food and a medicine.

A mixture of valepotriates reduces adee

effect of alcohol

Hypertension

increased alcohol clearance

ividbine alone can cause hypertension, but
at lower doses, can cause hypertension when

combined with tricyclic antideprestan

Insegaactivity of alcohol dehydrogenase.

ACE = angiotensin-converting enzyme; INR = inteimaal normalised ratio; PT = prothrombin time; PHE partial

thromboplastin time; ECG = electrocardiogram; PAPlatelet-activating factor; AUC = area under tlhaaentration/time curve.

(Adapted fron Ahmaet al.,2006)
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2.3.25 Standardisation of Medicinal Plant Product

Standardisation describes all measures taken dtiengnanufacturing process and quality
control, leading to a reproducible quality. Stamlileation of medicinal plants products is an
important step in which the active constituentolagd in the preparation are known. For many
herbal products the active constituents are unknawrare undisclosed. Products may be
standardised on the basis of the content of cerntairker compounds. However, due to lack of
scientific information on the product pharmacol@giprofile, variability in the content and
concentration of the constitutents of plant mateda well as the inconsistency in the extraction
and processing procedures used by different manuéas, herbal medicines rarely meet any laid
down standard (Schulet al., 2000). The use of chromatographic techniques atmaken
compounds to standardize herbal preparations pesrimtch-to-batch consistency but does not
ensure consistent pharmacological activity or fitglfAhmadet al.,2006).

Consistency in composition and biological activéaye prerequisites for the safe and
effective use of therapeutic agents (Goldman, 20Blj the standardisation of correct dosage
forms is not always easy, especially in multi-hénq@parations or in the case of single plants

that are not cultivated under controlled conditions

2.3.3 Improving the Quality, Safety and Efficacy bHerbal Medicines
2.3.3.1 Encouraging Mediculture

Mediculture is defined as the cultivation of medadi plants on a scientific basis. The
cultivation of medicinal plants by mediculture shibile encouraged. However, emphasis on
genetic stability and uniformity of plant populat®is important in order to ensure reproducible

results. The concept of growing crops for healtheathan for food or fiber is slowly changing
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plant biotechnology and medicine (Ahmad al., 2006). The rediscovery of the connection
between plants and health is responsible for langch new generation of botanical therapeutics
that include plant-derived pharmaceuticals, muitiponent botanical drugs, dietary supplements,

functional foods and plant products, and recombipasteins (Ahmackt al.,2006).

2.3.3.2 Correct Identification of Plant Material

Classical methods of plant taxonomy for the idésdtfon of plant material provide an
authentic and viable methodology. However, in maityations, when whole plants are not
available to the taxonomist, a genetic approachheilmore reliable (Ahmasdt al.,2006). DNA
molecules are more reliable markers than chemizded on proteins or caryotyping because the
genetic composition is unique for each individuadl & is not affected by age, physiological and
environmental conditions. The DNA can be extradiedn leaves, stems, and roots of herbal
material. Thus, DNA fingerprinting can be a verefus tool to assess and confirm the species
contained within a plant material of interest. Hoew®e developing nations lack expertise and
equipment for this. Thus the correct identificatminplant materials is still a very important and

crucial issue.

2.4 Secondary Metabolites

Secondary metabolites are a wide range of orgammgpounds that are not essential for
cell structure and maintenance of life but areroftesolved in plant protection against biotic or
abiotic stresses (Weisshaar and Jenkins, 1998emittwiler and Vitousek, 2000). Unlike
primary metabolites, the absence of secondary roktiad does not result in immediate death, but

in the long-term impairment of the organism's suai/ffecundity or aesthetics or, perhaps, in no
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significant change at all (Fraenkel, 1959). Seeoyndnetabolites are often restricted to a single
species or a narrow set of species within a gradngreas primary metabolites are typically found
throughout the plant kingdom (Kennedy and Wightn2@1,1).

Secondary metabolites are involved in a seriescological roles which include the
following

protection against herbivores and infection by pocganisms;

aiding pollinators and seed-dispersing animalsdryisg as attractants in smell, colour, or

taste; and

aiding in plant-plant competition (including allplathy) and in plant-microbe symbioses

(Kennedy and Wightman, 2011).

24.1 Classification and Biosynthesis of SecondaMetabolites
24.11 Flavonoids

Flavonoids constitute a relatively diverse familyasomatic molecules that are derived
from phenylalanine and malonyl-coenzyme A via th#tyf acid pathway. They are one of the
major classes of phenolics, derived from a commnadf the shikimic acid and malonic acid
pathways (Winkel-Shirley, 2001). The general chemistructure is a combination of two
aromatic C6 rings connected by a C3 bridge whicl becyclized into a benzopyrone ring (C6-
C3-C6) (Figure 2.1). They often have glycoside stuents. Flavonoids perform major roles in
plants such as, protection against ultraviolettiaidj defence against pathogens and pests, pollen
fertility, signaling with microorganisms, auxin trgport regulation and pigmentation (Winkel-

Shirley, 2001). More than 10,000 varieties of flawms have been identified (Dixon and Paiva,
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1995; Tahara, 2007). Flavonoids are classified waidous groups; some of which are discussed

below.

24111 Classes of Flavonoids

Anthocyanins: Anthocyanins are the largest group of water-delygigments in the plant
kingdom (Konget al., 2003). A well-known physiological function of trethocyanins is the
recruitment of pollinators and seed disperserbéqtants (Kongt al.,2003). These are coloured
flavonoids that confer different colours as pigmenflowers, leaves and fruits. This tends to
visually attract animals, birds and insects, makimgm agents of pollination. The pigments also
protect leaves from photoinhibition arising fromcess light and UV radiation. Examples and
general structure of anthocyanins are illustrateBigure 2.1.

Flavones and FlavonolsFlavones and flavonols also provide beautifuhpegtation for
flowers, fruits, seeds, and leaves. They play k#gsrin signal transduction between plants and
microbes (nectar guides) for insect pollination, defence as anti-microbial agents and in
ultraviolet radiation protection in the leaves tdis as sunscreens (Stafford, 1991). They have
the general 2-phenylchromen-4-one backbone. Theysacreted by legumes to establish a
symbiosis relationship with nitrogen-fixing rhizabe.g. apigenin, luteolin, quercetin, tangeritin
and myricetin (Figure 2.1).

Isoflavones (Isoflavonoids) The phenyl group at the centre of this grouphisted to
bridge the other two benzene groups. They havegdéimeral 3-phenylchromen-4-one backbone.
They exhibit strong antioxidant, antimicrobial ascti-cancer activities. Stilbene in red wine has
been reported to contribute to the reduction ofthdigaease (Manacét al.,2004). Examples and

the general structure of anthocyanins are illustrat Figure 2.1.
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Tannins: Tannins are located in the cell vacuoles or serf@ax of plants; they are found
in black tea, red wine, unripe and ripe fruits. yhee phenolic compounds which serve a
defensive role by reducing plant edibility. Theses astringent polyphenols that bind or
precipitate proteins nonspecifically either by hogln or covalent bonding to amino (-yH
group of proteins. Ingested tannins may decrease digestibility of proteins and the
bioavailability of metal ions. Animals, such as eotk, secrete a salivary proline-rich protein that

improves tannin tolerance (Lansyal, 2010).
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Figure 2.1  Structural Classifications of FlavonoidgWinkel-Shirley, 2001)
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24.1.1.2 Chemistry of Flavonoids

The characteristic structural feature common toflabonoids is a 15 carbon (15C)
phenylchromane core, composed of a 6C-3C-6C baekb@ngure 2.1). The chromane
(benzopyran) moiety is composed of two condensadsrian aromatic A-ring (6C) and a
heterocyclic (pyran) C-ring (3C) in associationwénother aromatic B-ring (6C). In the majority
of flavonoids (flavonols, flavones, flavanones,fl@eones, anthocyanins and flavanols) the B-
ring is attached at the 2-position of the benzopyiag; in the relatively uncommon isoflavones,
the B-ring is attached at the 3-position of thezmgyran ring. Various subclasses of flavonoids
are distinguished by the degrees of saturationoaightion of their C rings (Figure 2.1).

Each flavonoid subclass comprises numerous memhkifering in the degree of
hydroxylation or methoxylation of the A and B ringsdditionally, various glycosylation patterns
further increase the potential number of flavonoidsplant cells, flavonoids occur mostly as
glycosides, reflecting a biological strategy appéyeaimed at increasing their water solubility, at
specifying their sub cellular localization and, midsely, at decreasing their propensity to intérac

with macromolecules (Winkel-Shirley, 2001).

24.1.1.3 Biosynthetic Pathways of Flavonoids

Flavonoids are formed through the phenylpropanathyway. The series of reactions
involves the transformation of phenylalanine toodimaroyl-CoA by the enzymes phenylalanine-
ammonia lyase (PAL), cinnamate-4-hydroxylase (C4&dyl 4-coumaroyl-CoA-ligase. It also
involves the reaction of 4-coumaroyl-CoA and male@gA to form tetrahydroxychalcone,
trihnydroxychalcone and resveratrol by the enzymesoone synthase, chalcone reductase, and

stilbene synthase (Figure 2.2). These reactionddctead to the formation of nine major

32



subgroups; the colourless flavonoids such as, tiaécones, the aurones, the isoflavonoids, the
flavones, the flavonols, and the flavandiols ané tithers such as, the anthocyanins, the
condensed tannins, and the phlobaphene pigmengs.vatious other types of flavonoids are
formed through modification reactions such as, eosation, reduction, oxidation and/or

acetylation of terminal groups or by addition ofjaumoiety (Winkel-Shirley, 2001).
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Figure 2.2: The schematic pathways of flavonoid biosynthesiszyne names are abbreviated as
follows: Phenylalanine ammonia lyase (PAL), cinnterdéhydroxylase (C4H), 4-coumaroyl:CoA-ligase

(4CL), ACCase, acetyl- CoA carboxylase, chalcongtl®se (CHS), chalcone isomerase (CHI), chalcone
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reductase (CHR), stilbene synthase (STS), dihiarofiol 4-reductase (DFR), 7,2-dihydroxy, 4'-
methoxyisoflavanol dehydratase (DMID), flavanonkyg8iroxylase (F3H), flavone synthase (FSI and FSll),
flavonoid 3'-hydroxylase (F3'H), flavonoid 3'5'-hrgaylase (F3'5'H), isoflavon€®-methyltransferase
(IOMT), flavonol synthase (FLS), isoflavone redsedIFR), isoflavone 2'-hydroxylase (12'H), isoftee
synthase (IFS), leucoanthocyanidin dioxygenase (KDCOeucoanthocyanidin reductase (LCR)-
methyltransferase (OMT), rhamnosyl transferase (RIDPG-flavonoid glucosyl transferase (UFGT), and

vestitone reductase (VR) (Winkel-Shirley, 2001).
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24.2.1 Terpenoids

Terpenoids constitute the largest family of secopdaetabolites, with over 30,000
members (Sacchettini and Poulter 1997; Dewick 200Bgy are not only numerous but also
extremely variable in structure, exhibiting hundreaf different carbon skeletons and a large
assortment of functional groups. In spite of sudathieersity, the simple unifying feature of all
terpenoids is that they are derived from the sinppteess of assembly of a 5C unit, the isoprene.
They are, thereby, classified by the homologouesef the number of five carbon isoprene units
in their structure: hemiterpenes 5C (1 isoprend)umionoterpenes 10C (2 isoprene units),
sesquiterpenes 15C (3 isoprene units), diterpe€s (24 isoprene units), triterpenes 30C (6
isoprene units), tetraterpenes 40C (8 isoprenes)uaitd polyterpenes (5Cyhere ‘n’ may be
between 9 and 30,000 (McGarvey and Croteau 199§0ré-2.3 illustrates the basic structures of
the Terpenoids.

Terpenoids play multifunctional roles in plantsjfan health and commerce. They have
been reported as commercially viable medicinal pctsl due to their wide number of industrial
applications. They are the constituents of esdenits flavouring and fragrance agents in foods,
beverages, cosmetics, perfumes and soaps. Thelitegpécific biological, pharmaceutical and
therapeutical activities (Singkt al., 1989; Matrtinet al., 2003). In nature, they play significant
roles in plants such as plant-to-plant communiceatiand plant-to-insect/animal interactions

(Pichersky and Gershenzon, 2002).
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Figure 2.3: Basic Structures of Terpenoids (Pichersky and Gazatn, 2002)

37



2422 Biosynthesis of Terpenoids

The committed step in the biosynthetic pathwayeipénoids (Figure 2.3) involves the
formation of isopentenyl pyrophosphate (IPP), ti@olgical isoprene (5C) unit and its allyllic
isomer, dimethylallyl pyrophosphate (DMAPP) (CaeretPauletet al, 2002). These can be
synthesized by plants via either one of two routbg well established acetate-mevalonate
pathway or the newly discovered glyceraldehyde phate/pyruvate (non-mevalonate) pathway
(Figure 2.4).

In the acetate-mevalonate pathway, the acetyl goe@zA (acetyl-CoA) units are joined
successively to form 3-hydroxyl-3-methylglutaryl-€wyme A (HMG-CoA). Thereafter, HMG-
CoA is then reduced to mevalonate (MVA), which isibsequently phosphorylated,
decarboxylated and dehydrated to form IPP. The dtep in the non-mevalonate pathway is the
condensation of glyceraldehyde-3-phosphate and vpteuto form 1-deoxy-D-xylulose-5-
phosphate, followed by a skeletal rearrangemenpleduwith a reduction step which yields a
branched chain, 2-C-methyl-D-erythritol-4-phosph@#=P). With series of other reactions and
enzymes via nucleotide diphosphate intermediatdsP N converted into its cyclic form, 2-C-
methyl-D-erythritol-2,4-cyclo-pyrophosphate (MECR)hich is further converted to 1-hydroxy-
2-methyl-2-[E]-butenyl-4-pyrophosphate (HMBPP) amwith further reduction, converted to
dimethylallyl diphosphate (DMAPP).

In the second step, the basic units condense bwdt#ion of isopentenyl diphosphate
(IPP, the active 5C isoprene unit) to its isomenathylallyl diphosphate (DMAPP), synthesizing
geranyl diphosphate (GPP, 10C). Further, condemsatf enzyme-bound geranyl diphosphate
with additional IPP units forms successively largeenyl diphosphates: farnesyl diphosphate

(FPP, 15C), geranylgeranyl diphosphate (GGPP, 20@h further condensation, GGPP might
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form higher isoprene compounds. These general esepunits: DMAPP, GPP and FPP can
further undergo cyclization, coupling and/or reag@ament to produce the parent carbon skeleton
of hemiterpenes, homoterpenes and sesquiterpespsctevely (Singhet al., 1989; McGarvey
and Croteau, 1995; Luthet al.,1999). Furthermore, FPP and GGPP dimerize by heddad
condensation to form triterpenes and tetraterpasea parental precursors to the syntheses of
other compounds (Figure 2.5). These parental psecsilare subjected to structural modifications
through oxidation, reduction, isomerization, hyamat conjugation and/or other transformations

to give rise to a variety of terpenoids (McGarvey £roteau, 1995).

39



{A) Acetate-Mevalonate Pathway
{In Cytoplasm)

2-Acetyl —CoA

{AC)
AAC thiolags

¥
Aceicacety]l =Coi

(AAC)
HMG-Co A
synihase

¥
J-Hydroxv-3-methvlghutaryl-CoA
{HMG-CoA)

HMG-CoA
reductase
{HMOR) 1 CoA

_f\ummﬁn

Mevalonate
(BIVAY

{+ MADPH])

MV A kinase

Mevalonate phosphate
(MW AR

MV AF huml

hMevalonate diphosphate
(MY APF)

MWVAPP decarboxylase

Cy

(B) Non-Mevalonate Pathway
(fn Plasrids)

Pyruvate Glyceraldehyde-3-P

\m%ﬂhﬂﬂ

v OO
I-deoxy-D-xyluloge-5-P
4+— (DOXP) —Pyridoxal

Thiamin

(+ HADPH) | DOXP reductoisomerass
T_‘"‘Famid'mm

2-C-methy]l-D-gerythritol-4-P
(MEP}

{H:'I'F}i CDP-ME synthase

4+ CDP)-2-C-methyl-D-erythritol
(CDE-ME)

(= ATF) | CDP-ME kinase

4-{CDP)-2-C-methyl-D-erythritol-2-P
(CDP-MEZP)

{-C]‘-‘IP”Jl MECP synihase

2-C-methyl-D-erythritol 2.4 cyclo-PP
{ “P)
HMBFP aynthase
1-hydrowy-2-meth¥l-2-{ E}-butenyl-4-PF

{HMBPP)
HMBEFPP reductase

Isopentenyl diphosphate € —#  Dimethylallyl diphosphate
(IPF) (DMAPF)

Figure 2.4: Two independent pathways for the biosynthesis ¢ Hhd DMAPP in plants
showing the role of DOXP in biosynthesis of thianfuitamin B1) and pyridoxal (vitamin B6)

and the known inhibitors (mevinolin and fosmidonrmyadf each pathway (Dubey, 2003).
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Figure 2. 5: Syntheses of various classes of terpenoids inpl@nibeyet al, 2003).
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2.4.3.1. Saponins

Saponins are naturally occurring surface-activeagides mainly produced by plants,
lower marine animals and some bacteria (Riguer@y19oshikiet al, 1998). Their names are
derived from their ability to form stable, soapkelfoams in aqueous solution. They consist of an
aglycone (or sapogenin) and one or more sugar iegieDepending on the structure of the
aglycone, saponins can be classified into two tyf@sa triterpenoid and (b) a steroid (Figure
2.6). The most common sugar moieties are hexodaso@e and galactose), 6-deoxyhexoses
(furanose, quinovose, rhamnose), pentoses (arabiaod xylose) and uronic acids (glucuronic
and galacturonic acids) (Akiyaned al.,1972).

The aglycone (sapogenin) may contain one or morgaturated C—C bonds. The
oligosaccharide chain is normally attached at tke @sition (monodesmosidic), but many
saponins have an additional sugar moiety at the @£3C position (bidesmosidic). Figure 2.7
shows the nomenclature of a chemical structure s#fpmgenin. The great complexity of saponin
structure arises from the variability of the aglyecstructure, the nature of the side chains and the
position of attachment of these moieties on thgcayle. The saponins have various biological
activites such as the expectorant, the diuretic asaptogenic activities associated with them.
They are also responsible for the characteristtetiaste of most plants (Kensil, 1996; Betral.,

1998; Seret al, 1998; Yoshiket al, 1998).
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(b)

R0 X p
Figure 2.6: Basic structures of sapogenins: (a) a triterpeaoid (b) a steroid (Francet al,

2002)
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Figure 2.7: Nomenclature of a sapogenin (Frarsisl, 2002)
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2.4.3.2 Biosynthesis of Saponins

Triterpenoid and steroidal saponins originate fitbin the 30C precursor (squalene). They
are synthesised via the isoprenoid pathway (Figufe and 2.8). Squalene is oxidized to
oxidosqualene, which is then converted to the cyderivatives, tripertenoid and saponin,
depending on the cyclase enzyme involved in thedébion (Figure 2.9) (Vinckeet al.,2007).
The synthesis of sterols in plants involves thdizgtion of 2,3-oxidosqualene from squalene , a
reaction catalysed by oxidosqualene cyclase. ®hisliowed by the formation of cycloartenol
(the committed step in steroid synthesis), whicme&diated by cycloartenol synthase (Crombie
and Crombie, 1986; Crombiet al., 1986; Papadopouloet al., 1999) (Figure 2.9). For
triterpenoid saponin synthesis, 2,3-oxidosqualeneyclized to one of a number of different
potential products, the most common befrgmyrin, whose formation is catalysed f@amyrin
synthase (Figure 2.9) (Haralampi@isal.,2001). Very little is known about the detailed yne

and biological pathways involved in saponin biokgsis (De-Geytest al, 2007).
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Figure 2.8: The biosynthesis pathway for the basic structufesapogenins in plants: (a) a

triterpenoid and (b) a steroid (Osbowtral, 2003).
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47



244.1. Cardiac Glycosides

Cardiac glycosides comprise a large family of reltyrderived compounds which
represent a group of secondary metabolites that dha& capacity to bind to the extracellular
surface of the main ion transport protein in th#, teke membrane-inserted sodium potassium
pump (Na/K*-ATPase) (Xie and Askari, 2002). The biological orjance of cardiac glycosides
primarily is in the treatment of cardiac failurehély result in an increase in cardiac output by
increasing the force of contraction as a resultheir ability to increase intracellular calcium
concentrations (Xie and Askari, 2002).

They show considerable structural diversity, with members sharing a common
structural motif. The core structure consists dadteroidal framework (Figure 2.10 and 2.11),
which is considered the pharmacophore responsibtetiie biological activities of these
compounds (Prassas and Diamandis, 2008). Chemiagligosylated cardiac glycosides are
compounds presenting a steroidal core as the dtatmleus, with a lactone moiety (unsaturated
butyrolactone on-pyrone) at position 17 and a sugar moiety at posi® (Figure 2.10). Cardiac
glycosides having a terminal glucose are calletch@ry glycosides whereas those lacking such a
sugar moiety are termed secondary glycosides.

In the classification of cardiac glycosides, twoimalasses have been observed: the
cardenolides (with an unsaturated butyrolactong)rand the bufadienolides (with arpyrone
ring) (Figure 2.11). The steroid nucleus has a umiget of fused ring systems that makes the
aglycone moiety structurally distinct from the ma@@mmon steroid ring systems. Cardenolides
have a five-membered unsaturated butyrolactone, nvitgereas bufadienolides contain a six-
membered unsaturated pyrone ring (Figure 2.11)idewariety of sugars are attached to natural

cardiac glycosides, the most common are glucodectgae, mannose, rhamnose and digitalose
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(Mijatovic et al, 2007). Although sugars themselves have no &gtithie addition of sugars to the
steroid affects the pharmacodynamic and pharmaetkiprofile of each glycoside. For example,
free aglycones are absorbed more rapidly and atabolezed more easily than their glycosylated
counterparts. In addition, the type of sugar agdcimfluences the potency of the compound. For
instance, the addition of rhamnose has been showititease potency several times (6—35 times),
whereas the addition of mannose had no signifietiatt (Meleroet al.,2000).

Based on this phenomenon, Langenhan and colleagoestly developed a powerful new
tool, called neoglycorandomization, for the studiyhe relationship between attached sugars and
biological activity. This high-throughput methodoals the rapid conversion of a single aglycone
molecule into a library of analogues with diversggyar moieties (Langenhast al., 2005).
Techniques such as this could facilitate the discpwf novel cardiac glycoside analogues with

improved therapeutic properties (Prassas and Didisa2008).
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Figure 2.10 Nomenclature of the General Structure of CardibcézidesCardiac Glycosides
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Figure 2.11: Cardiac glycosides with examples (Mijatowtal, 2007).
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2442 Biosynthesis of Cardiac Glycosides

The actual biosynthetic pathways of cardiac glydesihave not been fully established.
However, as a result of the steroidal core portibthe cardiac glycosides, the initial biosynthetic
pathway was assumed and confirmed to be througlalm@e acid pathway (Kreist al, 1998).
Their biosynthetic pathways from acetic acid topeatenyl pyrophosphate (IPP); from IPP to
squalene; from squalene to squalene 2,3- oxide) fgualene-2,3-oxide to lanosterol, cholesterol
and pregnenolone are well established (Figures 253, 2.8 and 2.12 ) (Kreist al.1998).
Pregnenolone has been reported as a precursoreofattienolides (Kreigt al, 1998). For
example, the conversion of pregnenolone into dxigenin (cardenolide) requires the inclusion
of an acetate group, whereas in the biogenesigiltifaside (bufadienolide), the—pyrone is
formed by the condensation of a pregnane derivatite one molecule of oxaloacetatic acid

(Steyn and van Heerden, 1998).
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Digiorigenin  (a)

Hellebngenin (b) Bovogenin (<)

Figure 2.12 The putative biosynthetic pathway of cardiac glydes in plants ((a) - cardenolide:

ditoxigenin, which involves acetate as a precufggrand bufadienolides: hellebrigenin (b) and
bovogenin (c), which involve oxaloacetate (B) g&ecursor) in plants (Steyn and van Heerden,

1998).
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245 Alkaloids

Alkaloids are a diverse group of low-molecular-wejgnitrogen-containing compounds
found in about 20% of plant species (Caporale, 1988k, 1999). The potent biological
activities of some alkaloids have led to their expltion as pharmaceuticals, stimulants, narcotics
and poisons. Examples are (i) analgesics (morplainé codeine); (ii) anticancer agents
(vinblastine and taxol); (iii) gout suppressant I¢becines); (iv) muscle relaxant ((+)-
tubocurarine); (v) antiarrythmic (ajmaline); (viptébiotics (sanguinarine); and (vii) sedatives
(scopolamine) (Facchini, 2001). Other importantakldids of plant origin include caffeine,
nicotine, cocaine and heroin. They are classified several groups based on their highly diverse
chemical structures; but the major classificatians terpenoid indole, benzylisoquinoline and

tropane alkaloids (Facchini, 2001).

2451 Terpenoid Indole Alkaloids

Terpenoid indole alkaloids (TIAs) comprise a famif greater than 3000, compounds
which include the antineoplastic agents, vinblastand camptothecin, the antimalaria drug
quinine and the rat poison strychnine. It has bpemposed that in plants some TIAs play a
defensive role against pests and pathogens (Lujikeedtl al., 1996). TIAs consist of an indole
moiety provided by tryptamine (from tryptophan) aamderpenoid component derived from the

iridoid glucoside secologanin.

24511 Biosynthesis of Terpenoid Indole Alkalds
Tryptophan is converted to tryptamine by tryptoptdecarboxylase (TDC). The first

committed step in the terpenoid indole alkaloid¢hpays is the biosynthesis of secologanin,
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which is the hydroxylation of geraniol to 10-hydygeraniol by the enzyme geraniol 10-
hydroxylase (G10H), a P450 monooxygenase enzymeelfdte and Coscia, 1973). The
condensation of these two metabolites (tryptamingé secologanin) subsequently leads to the
synthesis of strictosidine, the major precursottha biosynthesis of all TIAs by the enzyme
strictosidine synthase (STR) (Figure 2.13). Subsefjueactions lead to the formation of
vindoline. Vinblastine, an anticancer drug, hasnbesgported to be produced from a reaction

between vindoline and catharanthine by a nonspgo#ioxidase (Sottomayet al.,1998).
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Figure 2.13 Biosynthesis of monoterpenoid indole alkaloid. Toghan decarboxylase (TDC),
strictosidine synthase (STR), strictosidine-D-gkidase (SGD), tabersonine 16-hydroxylase
(T16H), desacetoxyvindoline 4-hydroxylase (D4H),acktylvindoline 40©-acetyltransferase

(DAT) (Facchini, 2001).
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2.45.2 Benzylisoquinoline Alkaloids

Benzylisoquinoline alkaloids (BIAs) are a large atiderse alkaloid group with greater
than 2500 members (Facchini, 2001). The pharmaiabagctivities of BIAs make many of them
useful as pharmaceuticals and are often a clugeiohiological role in the plant (Caporale, 1995).
For example, the effectiveness of morphine as aigasic, colchicine as a microtubule disrupter,
and (+)-tubocurarine as a neuromuscular blockergestgthat these alkaloids function as
herbivore deterrents (Caporale, 1995). The antwbiet properties of sanguinarine reveal that it
exerts protection against pathogens. The BIAs, dyare, sanguinarine, and palmatine were

specifically shown to confer protection againstinres and pathogens (Schmeéeal, 1997).

245.2.1 Biosynthesis of Benzylisoquinoline Alkailds

The biosynthesis of BIA begins with a metabolictita& of decarboxylations,
orthohydroxylations and deamination reactions that cdaniygosine to both dopamine and 4-
hydroxyphenylacetaldehyde  (Facchini, 2001). Tyresinis converted to L-3,4-
dihydroxyphenylalanine (DOPA) by tyrosine hydroxsga with its subsequent decarboxylation to
dopamine by the aromatic L-amino acid decarboxy(a¥bDC); so also is tyrosine converted to
tyramine by the aromatic L-amino acid decarboxylaSEYDC). Dopamine and 4-
hydroxyphenylacetaldehyde are condensed by nommdcéa synthase (NCS) to yield the
trinydroxybenzylisoquinoline alkaloidS[- norcoclaurine, which is the central precursoratb

BlAs in plants (Figure 2.14).
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Figure 2.14: Biosynthesis of benzylisoquinoline alkaloid (BIA)yrosine/dopa decarboxylase
(TYDC), norcoclaurine 6-O-methyltransferase (60MT), 3'-hydro+methylcoclaurine 40-
methyltransferase (4'OMT)0O-methyltransferase 1lI-1 (OMT 1lI-1), berbamunine thase
(CYP80AL), 6)-Nmethylcoclaurine 3-hydroxylase (CYP80B1), berbetmidge enzyme (BBE),

scoulerineN-methyltransferase (SOMT), codeinone reductase (QG&tcchini, 2001).
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2453 Tropane Alkaloids and Nicotine

Tropane alkaloids (TPAs) occur mainly in the sotaae and include the anticholinergic
drugs atropine, hyoscyamine, and scopolamine aedngrcotic tropical anesthetic cocaine
(Drager, 2002). Although nicotine is not a membérthe tropane class, thd-methyl- A'-
pyrrolinium cation involved in TPA biosynthesisatso an intermediate in the nicotine pathway

(Facchini, 2001).

24531 Biosynthesis of Tropane Alkaloids and blitine

The biosynthesis of TPAs and nicotine begins vithdecarboxylation of ornithine and/or
arginine by ornithine decarboxylase (ODC) and angindecarboxylase (ADC), respectively
(Facchini, 2001). These enzymes are involved inftrenation of putrescine, either directly
through the decarboxylation of ornithine by ODC tlmough the decarboxylation of arginine to
agmatine by ADC, followed by the reaction of agmasie on agmatine forming putrescine or that
of agmatine iminohydrolase to giWecarbamoylputrescine and subsequently forming paine.
ODC occurs in all living organisms, but ADC is nfmund in mammals and many lower
eukaryotes (Facchini, 2001). Despite the existenmic¢ghese two routes for the formation of
putrescine, it has been suggested that argininpliesspmost of the putrescine for alkaloid
biosynthesis (Hashimoto and Yamada, 1992).

The first committed step in TPA and nicotine biaswsis is the conversion of putrescine
to M-methylputrescine which is catalysed by a Serasbyl-methionine (SAM)-dependent
putrescine N-methyltransferase (PMT). Subsequentli{-methylputrescine is oxidatively
deaminated by a diamine oxidase to 4-aminobutavidbh undergoes spontaneous cyclization to

form the reactivé\-methylA’-pyrrolinium cation (Hashimoto and Yamada 1994)e Ramethyl-
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A'-pyrrolinium cation is thought to condense withtaeeetic acid to yield hygrine as a precursor
of the tropane ring, or with nicotinic acid to fomicotine, although the enzymology of these
steps is not known (Facchini, 2001). Tropinoneosated at a branch point in the TPA pathway
and is the first intermediate with a tropane rihgio related dehydrogenases, tropinone reductase
| (TR-1) and tropinone reductase Il (TR-11), redutbe 3-keto group of tropinone to tha-3and

3B- groups of the stereospecific alkamines tropind ®htropine, respectively (Figure 2.15).
Hyoscyamine is produced by the condensation ofineopand the phenylalanine derived
intermediate, tropic acid. This metabolite can lbethier hydroxylated by hyoscyaming3-6

hydroxylase (H6H) to form scopolamine (Figure 2.15)
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Figure 2.15: Biosynthesis of tropane alkaloid. Ornithine decastase (ODC), putrescinbl-
methyltransferase (PMT), tropinone reductase-l (JJR4{ropinone reductase-ll (TR-II),

hyoscyamine B-hydroxylase (H6H) (Facchini, 2001).
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2.5 Toxicology

Toxicology is the study of the interaction betwesremicals and biological systems to
determine the potential of chemicals or xenobiaticproduce adverse effects in a living system.
It investigates the nature, incidence, mechanisrhsproduction, factors influencing the
development and reversibility of such adverse ¢dfedverse effects are detrimental factors to
the survival or the normal functioning of the organ. The major evaluation points for
toxicological assessments are the following:

the basic structural, functional and biochemicabpeeters (toxicological parameters) of

injury;

the dose-response relationships of the agent afitpxand toxicological parameters;

the mechanisms of toxicity (the fundamental biocicaimalterations responsible for the

induction and maintenance of the toxic responsd)raversibility of the toxic effect; and

possible influencing factors with response modifara for example, route of exposure,

species, and gender.

251 History of Toxicology

Toxicology is one of the oldest practical scieneesr known to human beings. From the
primitive times, it has been documented in the Egypand Greek empires that humans ensured
that various toxic chemicals in plants and animese avoided (Dekant and Vamvakas, 2005a).
Ebers Papyrus, an Egyptian papyrus dating from B@D, and the surviving medical works of
Hippocrates, Aristotle, and Theophrastus, publiteah early period, 400-250 B.C., all included
some knowledge of poisons. The Greek and Romarizaitions intentionally applied the

knowledge of poisons for hunting, warfare, suicahel murder (Dekant and Vamvakas, 2005a).
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However, the principle and concept of modern tolkiggp gained prominence in the time of
Paracelsus, when he clearly defined the toxicita gfiven substance as having a dose-response
relationship. His statement “All substances aresq@os; there is none that is not a poison. The
right dose differentiates a poison and a remedyprisperly regarded as a landmark in the
development of the science of toxicology.

Since the 1960s, toxicology has entered a phasapid development and has changed
from a science that was almost entirely descriptivene in which the study of mechanisms has
become the prime task. Some of the reasons foirtbiisded the development of new analytical
methods since 1945, the emphasis on drug testlloyving the thalidomide tragedy (Dekant and

Vamvakas, 2005a), the public concern over envirarialeollution and disposal of hazardous

waste.
2.5.2 Methods Employed in Toxicological Studies
2521 Acute Toxicity Test Methods

Acute toxicity tests measure the adverse effeca titccur within fourteen days after
administration of a single dose of a test substahles is performed principally on rodents (mice
or rats) and is usually done early in the develaunoé a new chemical or product to provide
information on its potential toxicity. Traditiong/lacute oral toxicity testing has focused on the
immediate determination of the dose that kills ledlithe animals (i.e., the median lethal dose or
LDsg), the timing of lethality following acute chemicakposure, as well as observing the onset,
nature, severity and reversibility of toxicity. Biat recent times, after the immediate observation
is done, toxicological parameters (biochemical,nm@®logical and histopathological) to assess

potential adverse effects are carefully chosenmaedsured. The fixed single dose, at which signs
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of toxicity but no deaths are detected is usedldssify the test compounds according to their
toxic potential.

The information obtained from acute toxicity stigi@m animals is aimed towards (i)
understanding the possible health hazard that aegldt from a single exposure to a high dose of
a particular chemical; (ii) protecting individualsho are working with new materials and
developing standard procedures for handling, paokagransporting and disposing of such
chemicals; (iii) identifying the mode of toxic amti of a substance; and (iv) providing information
on doses associated with target organ toxicity latithlity. These then can be used to set doses
for repeated-dose studies, extrapolation for diagnand treatment of toxic reactions in humans

such as in the case of drug overdose or suicidenpts (Dekant and Vamvakas, 2005b).

2522 Repeated-Dose Toxicity Studies: Sabute, Sub-chronic, and Chronic Toxicity

Repeated-dose toxicity studies assess the toxectsffesulting from the accumulation of
a compound or its metabolites in an organism. nlkute studies, they are measures of toxic
effects that appear with repeated doses of thedaki hence, continuous dosing is essential to
assess the long-term toxicity effect of substances.

Chronic toxicity is usually performed on mice, ratsbbit and guinea pigs for at least six
months and on dogs for 12 months (Rometral, 1997). The dose levels are usually selected on
the basis of the results from acute and sub-aoxieity studies. The highest dose applied should
be toxic, i.e., should suppress the body weightupyo 10 % (maximum tolerated dose, MTD).
The two other doses are usually 1/4 and 1/8 oM=®. Xenobiotics showing no adverse effects
in short-term studies are usually tested at doseshnare 100-200 times higher than the expected

human exposure. These studies are helpful in asgettee human risk resulting from frequent
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exposure to household or workplace chemicals aondh fthe intake of chemicals used for

therapeutic purposes (Dekant and Vamvakas, 2005b).

2.6 Hepatotoxicity

The liver is the largest organ in the body and ahsists of rows of hepatic cells
(hepatocytes or parenchymal cells) perforated ®cigpzed blood capillaries called sinusoids.
The sinusoid walls contain phagocytic cells, calkagpffer cells, whose role is to engulf and
destroy materials such as solid particles, bactddgad blood cells and others (Hodgson and Levi,
2004a). The hepatic portal vein is the main bloapl$y vessel to the liver. It empties its content
from the intestinal vasculature, vessels from fhleen and stomach, into the sinusoids. The blood
perfuses the liver and exits through the hepatio.v&he liver is the major organ actively
involved in metabolism, biosynthesis and storages the storage organ for glycogen, fat, fat-
soluble vitamins and other nutrients. It is thee sif metabolism of lipoproteins, functional
proteins, such as enzymes and blood-coagulatinigrigacas well as xenobiotic (Hodgson and
Levi, 2004a).

As a result of the strategic metabolic functionghef liver, it is often the targeted organ
for chemically induced organ toxicities. Many fastdhave been reported to functionally and
structurally contribute to the susceptibility ofetHiver to toxicity. These include the high
perfusion of the liver to xenobiotics absorbed frahe gastrointestinal tract and the high
concentration of xenobiotic metabolizing enzymeggqchrome P450-dependent monooxygenase
system) in the liver. Chemical agents such as thesd in laboratories and industries, as well as
medicinal plants, are capable of inducing hepaioityx More than 900 drugs have been

implicated in liver injury. Drug related hepatotoity is an important cause of morbidity and
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mortality. As such, it is the most common reasonwiihdrawing new drugs from circulation
(Hodgson and Levi, 2004a). In Table 2.4 is the sanynof the biochemical markers of liver

injury, types and characteristics (Friednedral., 1996).
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Table 2.4:  Biochemical markers of liver injury

Characteristics

Type of liver injury Marker

Serum aspartate aminotransferase Low specificity for liver injury

Cytotoxic
Serum alanine aminotransferase Highlyifipdor acute hepatocellular injury
Serum albumin/Serum total protein Reliabkrker of chronic hepatocellular injury
Prothrombin time Reliable marker of acutelronic hepatocellular injury.
Cholestatic Serum alkaline phosphatase ghétit increases occur with cholestatic injuries.

It has poor specificity.
Seruny-glutamyltransferase Correlates with alkalineqitatase.
Serum bilirubin High increase indicaliesr injury.

Serum bile acids Highly sensitivel apecific for liver injury.

(Adapted fromFriedmarnet al.,1996)
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26.1 Drug Induced Liver Injury (DILI)

DILI affect both the parenchymal and non-parenchyosdis of the liver, leading to a
wide variety of pathological conditions, includiregute and chronic hepatocellular hepatitis,
fibrosis/cirrhosis, cholestasis, steatosis (fattgr), as well as sinusoidal and hepatic arteryvei
damage (Larrey, 2000). The predominant forms oflitlude steatosis, hepatitis, cirrhosis and

cholestasis (Sturgill and Lambert 1997; Gunawankagolowitz, 2004).

2.6.1.1 Steatosis (Fatty Liver)

Steatosis results from the abnormal accumulation tradcylglycerols within the
hepatocytes (Hoyumpet al., 1975; Zimmerman and Maddrey, 1993). Macrovesicsti@atosis is
characterised by the preence of a single largeptagmic vacuole of triglyceride within the
hepatocyte that displaces the nucleus peripherdhg etiology of macrovesicular steatosis is
multifactorial, including increased mobilization fafity acids, increased hepatic synthesis of fatty
acids, increased synthesis of triglyceride frontyfaicids and deficient removal of triglyceride
from the hepatocyte via defective VLDL synthesisn{dherman, 1978; Salaspuro, 1991).
Microvesicular steatosis is less common. It is aangevere variant, resulting primarily from
deficient of mitochondriaB-oxidation of fatty acids and characterised byghesence of multiple
small droplets of triglyceride within the hepatagytvhich do not displace the nucleus (Fromenty
and Pessayre 1995; Pirdgbal. 1995).

The B-oxidation of fatty acids is a critical processcaese the resulting acetyl coenzyme
A moieties are the primary sources of ATP in ma@dlisc The disruption of this process promotes
the esterification of fatty acids to triglyceride the cytoplasm, robs the cell of energy, and leads

to hyperammonemia via the inhibition of ureagen@sis and Ontko, 1981; Corkeyt al.,1988).
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Microvesicular steatosis can exhibit a diffuse egional pattern and in severe cases is
accompanied by inflammation and hepatocellularossr(Bass and Ockner, 1996; Fromenty and
Pessayre, 1995).

Valproic acid has been established as a cause @bwaisicular steatosis (Sucky al.,
1979; Dreifuset al.,1989). In severe cases, the lesion is accompéyiéaflammation, necrosis,
and bile duct injury. Valproic acid-induced livenjury is thought to result from phase 1
bioactivation (Eadieet al., 1988; Bass and Ockner, 1996). The cytochrome R#ymes
mediate the production of D4-valproic acid, an atie metabolite capable of generating
coenzyme derivatives. The production and accunmraif these derivatives may inhibit
mitochondrial B-oxidation via the depletion of free coenzyme A amainitine concentrations

(Kestersoret al.,1984; Zimmerman and Maddrey, 1993; Fromenty arss&ge, 1995).

26.1.2 Necrosis

Hepatic cellular injury is a severe form of drughiced liver injury characterised by
thrombosis of the efferent hepatic venules, leadmmgentrilobular necrosis and liver outflow
obstruction, which can progress to congestive ogid (Zimmerman, 1986; Bras and Brandt,
1987; Zimmerman and Maddrey, 1993). These injuaresthought to result from bioactivation of
xenobiotics to toxic metabolites (Zimmerman and WMag, 1993). Necrosis, usually an acute
injury, may be localized and affect only a few hepgtes (focal necrosis), or may involve an
entire lobe (massive necrosis). Cell death ocalosg with the rupture of the plasma membrane.
It is preceded by a number of morphologic changeh ®s cytoplasmic edema, dilation of the
endoplasmic reticulum, disaggregation of polysonaesumulation of triacylglycerols, swelling

of mitochondria (with disruption of cristae), anigsblution of organelles and the nucleus. Some
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of the biochemical events that may lead to thesengés include the binding of reactive
metabolites to proteins and unsaturated lipids u@mth lipid peroxidation and subsequent
membrane destruction), the disturbance of cell@af® homeostasis, the interference with
metabolic pathways, the shifts in Nand K balance, and the inhibition of protein synthesis

(Zimmerman and Maddrey, 1993).

2.6.1.3 Apoptosis

Apoptosis is a process of programmed cell death shaves as a regulation point for
biological processes. This selective mechanismaigiqularly active during development and
senescence. Although apoptosis is a normal phygeab process, it can also be induced by
exogenous factors, such as xenobiotics, oxidatress anoxia and radiation. The suppression of
apoptosis, if not carefully managed, can lead éoatcumulation of cells, subsequently leading to

the clonal expansion of malignant cells and tunimdgson and Levi, 2004a).

26.14 Cholestasis

Drug induced cholestasis results from the disruptb bile production or flow and may
have either intrahepatic or extrahepatic causegi@slin and Levi, 2004a). Hepatocanalicular
(hypersensitivity) cholestasis is characterisedplyminent monocytic portal inflammation and
secondary damage to bile canaliculi, as in the oashlorpromazine and its 7,8-dihydroxy and 7-
hydroxy metabolites, which interfere with bile adgdcretion via the disruption of canalicular
membrane fluidity and N&K*-ATPase activity (Samuels and Carey, 1978; Elias Boyer,

1979). The inhibition of phase Il sulfation pathwaycreases the risk of liver injury (Watsen

70



al., 1988). The inflammation or blockage of the bileetd results in the retention of bile salts as

well as bilirubin accumulation, an event that leemgundice (Hodgson and Levi, 2004a).

2.6.15 Cirrhosis

Cirrhosis is a progressive liver disease charagdrby the replacement of liver tissue by
fibrous and scar tissues, leading to the lossvef lfunction (Hodgson and Levi, 2004a). In most
cases, cirrhosis results from chronic chemicalrinjthe accumulation of fibrous material causes
severe restriction of blood flow and of the normatabolic and detoxication processes of the
liver. This situation can, in turn, cause furthanthge and eventually lead to liver failure

(Hodgson and Levi, 2004a).

2.6.1.6 Hepatitis
Hepatitis is a disease condition arising from tm#lammation of the liver. It is
characterised by the presence of inflammatory dellshe tissue of the organ. This disease

condition can be self healing or can progresstim§is or cirrhosis (Hodgson and Levi, 2004a).

2.7 Nephrotoxicity

The major function of the kidney is the concentmatand excretion of toxic metabolites
and other foreign compounds. It is a site of droxjdity. As a result of indiscriminate use of
drugsand medicinal products, and the possibilitkidhey damage from this indiscriminate use.
The incidence of nephrotoxicity has increased f@&m 18% between 1983 to 2002 (Heual.,
1983; Lianoet al., 1998; Nashet al., 2002; Huistickleet al, 2005), and it has contributed

significantly to all cases of in-hospital acuteray injury (Zhanget al.,2005). The renal system
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consists of the kidneys and their vasculature andrivations. It is an essential part of the urinary
system. Its functions include the elimination ofdegenous and xenobiotic metabolic waste
products, the regulation of extracellular fluid wole, electrolyte balance and blood pressure, the
re-absorption of water, glucose and amino acids #re syntheses of various hormones
influencing metabolism for example, 25-hydroxy-uiia Ds; is metabolized to the active form,
1,25- dihydroxy-vitamin B renin, a hormone involved in the formation of mtensin and
aldosterone, is formed in the kidney, as are sépeoataglandins (Hodgson and Levi, 2004b).

Kidney drains its content through the ureter intsirggle median urinary bladder, and the
latter drains to the exterior via a single ductlezhlthe urethra. The kidney has three major
anatomical areas: the cortex, the medulla, angdlpdla. The renal cortex is the outermost region
of the kidney and contains glomeruli, proximal ashidtal tubules and peritubular capillaries.
Cortical blood flow is high with the cortex receigi approximately 90% of the renal blood flow.
Since blood-borne toxicants will be delivered prefdially to the cortex, they are more likely to
affect cortical functions rather than those of thedulla or papilla. The renal medulla is the
middle portion and contains primarily loops of Henvasa recta, and collecting ducts. Although
the medulla receives only about 6% of the renalodbldlow, it may be exposed to high
concentrations of toxicants within tubular struetur The papilla is the smallest anatomical
portion of the kidney and receives only about 1%hefrenal blood flow. Nevertheless, because
the tubular fluid is maximally concentrated and ioah fluid is maximally reduced, the
concentrations of potential toxicants in the papithay be extremely high, leading to cellular
injury in the papillary tubular and/or interstitie¢lls (Hodgson and Levi, 2004b).

As a result of the high renal blood flow of the hk&y and the increased concentrations of

the excretory products after re-absorption of watamn the renal tubular fluids, the susceptibility
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of the kidney to nephrotoxicity from xenobiotics hgyhly enhanced. The biotransformation of
chemicals to reactive and thus potentially toxictabelites is also a key event leading to

nephrotoxicity or kidney injury (Perazella, 2009).

2.7.1 Mechanism of Drug-induced Kidney Injury
Drugs may damage the kidney by several mechanidmderstanding these mechanisms

is the key to providing better therapeutic regimed more efficacious preventive measures.

2.7.1.1 Glomerulonephritis
Also known as glomerular nephritis, this is a retiakase characterised by inflammation
of the glomeruli or the small blood vessels in kigneys. It may present with isolated haematuria

and/or proteinuria.

2.7.1.2 Interstitial Nephritis

Interstitial nephritis is a form of nephritis afferg the interstitium of the kidney
surrounding the tubules. This is mediated by infltzation of the interstitium and tubules. It has
been associated with antibiotics (beta-lactamsnajanes [especially ciprofloxacin], rifampin,
macrolides, sulfonamides, tetracyclines), most sieneidal anti-inflammatory drugs (NSAID),
diuretics (thiazides, loop diuretics, and triamtex)p anticonvulsants (phenytoin), cimetidine,
ranitidine, allopurinol, antivirals (acyclovir, inthvir), and cocaine (Kodner and Kudrimoti, 2003;

Markowitz and Perazella, 2005).
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2.7.1.3 Crystal Deposition

Ureterolithiasis (kidney stone) is a medical coiogitresulting from stones or renal calculi
in the ureter. The stones are solid concretionsrystals formed in the kidneys from dissolved
urinary mineralsThe precipitation of crystals in the distal tubulamen is mostly pH-dependent
and explains the nephrotoxicity occurring with doya, sulfonamide, methotrexate, indinavir,

and triamterene (Perazella, 1999).

2.7.1.4 Osmotic Nephrosis

This is a non-inflammatory kidney damage due toasgrpressure (Schet al, 2005).
Hypertonic solutions may decrease the glomerulaafion rate (GFR) due to their effect on the
glomerular filtration pressure or because of osecadiff induced tubular damage. The uptake of
non-metabolisable molecules into proximal tubulaliscby pinocytosis generates an oncotic
gradient with swelling and vacuolisation of tubuleells and tubular obstruction. Osmotic
nephrosis is the mechanism of nephrotoxicity asgedi with high doses of mannitol
(Visweswararet al.,1997), dextrans (Schwaet al, 1984), and starches (Cittanasaal., 1996;

Schortgeret al.,2001).

2.8 Metabolism of Xenobiotics

Xenobiotics are foreign substances that would nyragacumulate in the body as a result
of poor elimination and thus cause toxicity in thiesence of metabolism. One of the most
important determinants of xenobiotic persistencgh@ body, and subsequent toxicity to the
organism, is the extent to which such xenobiotresrmaetabolized and excreted. Several families

of metabolic enzymes, often with wide arrays ofsdtdie specificity, are involved in xenobiotic
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metabolism. Some of the more important familiegemymes involved in xenobiotic metabolism
include the cytochrome P450 monooxygenases (CYRa)in-containing monooxygenases
(FMOs), alcohol and aldehyde dehydrogenases, aomwigases, cyclooxygenases, reductases,
hydrolases, and a variety of conjugating enzymesh sas glucuronidases, sulfotransferases,
methyltransferases, glutathione transferases, aedylatransferases. As a general paradigm,
metabolism is the sum total of all the enzymatectens of the body. It is also the conversion of
hydrophobic substances into derivatives that cailyelae eliminated through the urine or the bile
(Rose and Hodgson, 2004).

Most xenobiotic metabolism occurs in the liver, @igan devoted to the syntheses of
many important biologically functional proteins atidis with the capacity to mediate chemical
transformations of xenobiotics (Rose and Hodgs®942 Most xenobiotics that enter the body
are lipophilic, a property that enables them todbia lipid membranes and be transported by
lipoproteins in the blood. After entrance into tiheer, as well as in other organs, xenobiotics
undergo one or two phases of metabolism. Xenobm&tabolizing enzymes have been grouped
into two classes: phase 1 and phase 2, dependinghah phase of reactions they catalyse.
Enzymes of phase 1 reactions are involved in oxidateduction, or hydrolytic reactions while
enzymes of phase 2 reactions are involved in th@ugation of the products of phase 1 reactions.
The phase 1 reactions lead to the introductionotdrpfunctional groups while phase 2 reactions
result in more polar products as a result of thgugmational modification of the phase 1 products

(Rose and Hodgson, 2004).
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28.1 Phase one reactions

Phase 1 reactions are classified as the functgatan phase of drug metabolism. They
are involved in the addition of polar constituetdghe xenobiotics. The reactions carried out by
phase 1 enzymes usually lead to the inactivatioanoctive site of a drug. In certain instances,
metabolism, usually the hydrolysis of an esterrorda linkage, results in bio-activation of a drug.
Inactive drugs may undergo metabolism to an actiug which are called pro-drugs. An example
is the antitumor drug cyclophosphamidehich is bio-activated to a cell-killing electrapt
derivative. Phase 1 reactions include microsomaigorygenations, cytosolic and mitochondrial
oxidations, reductions, hydrolyses, and epoxidedtyah. These reactions (with the exception of
reduction reactions) involve the introduction ofgragroups to the reactants, thus increasing the

polarity of the products (Rose and Hodgson, 2004).

28.1.1 Monooxygenations

Monooxygenations, previously known as mixed-funttexidations, are those oxidations
in which one atom of a molecule of oxygen is incvgted into the reaction substrate while the
other is reduced to water. The reactions are csdlither by the cytochrome P450 (CYP) -
dependent monooxygenase system or by flavin-cantaimonooxygenases (FMO). These
enzymes are located in the endoplasmic reticulunthefcell and have been studied in many

tissues and organisms (Rose and Hodgson, 2004).

28.1.1.1 The Cytochrome P450 - Dependent Monooxygese
Cytochrome P450 (CYP450) is a super-family of eneyrwhich contain a molecule of

haem that is non-covalently bound to the polypeptidain. They are highly expressed in the liver
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and bound to the endoplasmic reticulum (Rose andgbian, 2004). CYP uses haem as the
oxygen — binding moiety. Haem contains one atoinoof in a hydrocarbon cage that functions to
bind oxygen in the CYP active site as part of ésalytic cycle. CYP uses Las well as H
derived from the cofactor reduced nicotinamide auerdinucleotide phosphate (NADPH) to
carry out the oxidation of substrates. The mefabolof substrate by CYP consumes one
molecular oxygen and produces an oxidized substnatea molecule of water as a by-product
(see equation of the reaction below).

H"+ NADPH+RH+ 0O, NADP*+ H,O + ROH

(where R is substrate)

The reactions of CYPs are listed in Table 2.5 (RostHodgson, 2004).

2.8.1.1.2 Flavin - Containing Monooxygenases

The flavin monooxygenases (FMOs) are another sigmeily of phase 1 enzymes
involved in drug metabolism (Cashman, 2003). SimaCYPs, the FMOs are expressed at high
concentrations in the liver and are bound to thdoplasmic reticulum, a site that favours
interaction with and metabolism of hydrophobic daudpstrates. There are six families of FMOs,
with FMO3 being the most abundant in liver (Motigaal., 2007). The reactions catalysed by

FMOs are listed in Table 2.5.
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Table 2.5: Some of the Oxidative and Reductive Reactions afokétics Metabolism

Enzymes and Reactions

Xenobiotics

Cytochrome P450
Epoxidation/hydroxylation
N-, O-, S-Dealkylation

N-, S, P-Oxidation
Desulfuration
Dehalogenation

Nitro reduction

Azo reduction

Flavin-containing monooxygenase

N-, S, P-Oxidation
Desulfuration

Alcohol dehydrogenase
Oxidation

Reduction

Aldehyde dehydrogenase
Oxidation

Amine oxidases
Oxidative deamination
Esterases and amidases
Hydrolysis

Epoxide hydrolase

Hydrolysis

Aldrin, benzo(a)pyre@flatoxin, bromobenzene
Ethylmorphine, atrazingnitroanisole, methylmercaptan
Thiobenzamide, chlorpromazine, 2-geshinofluorene
Parathion, carbon disulfide

Carbon tetrachloride, chloroform

Nitrobenzene

O-Aminoazotoluene

Nicotine, imiprimine, thiourea, metiazole

Fonofos

Methanol, ethanol, glycols, glycdhets

Aldehydes and ketones

Aldehydes resulting from alcohol agtgcol oxidations

P-chlorobenzylamine, cadaee putrescine

Parathion, paraoxon, dimethoate

Benz@)pyrene epoxide, styrene oxide

Adapted from (Rose and Hodgson, 2004).
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2.8.1.2 Carboxylesterases and Amidases
Carboxylesterases and amidases catalyse the hydrobactions of carboxylesters,
carboxyamides and carboxythioesters. They are widistributed in the body, occurring in many

tissues both in the microsomal and soluble frastion

RC(O)OR"+HO  ——— RCOOH + HOR’ Carboxylester hydrolysis
RC(O)NR'R” + HO ———— RCOOH + HNR'R” Carboxyamide hydrolysis
RC(O)SR” + HO —-——— RCOOH + HSR’ Carboxythioester hydrolysis

All the purified carboxylesterases have been oleskro exhibit amidase as well as
esterase activities. Thus, these two activitiesnane regarded as different manifestations of the
same enzymes, The specificity of the enzymes dependhe nature of the R, R", and R"" groups
and, to a lesser extent, on the constituents ohdf, S, or N) adjacent to the carboxyl group

(Rose and Hodgson, 2004).

2.8.1.3 Hydrolytic Enzymes (Epoxide Hydrolases)

Epoxide hydrolases are enzymes involved in the diysiis of epoxides produced by
CYPs. There are two types of epoxide hydrolasesstiuble epoxide hydrolase (sEH), which is
highly expressed in the cytosol, and the microsapakide hydrolase (mEH), which is localized
in the membrane of the endoplasmic reticulum (M@@s and Hammock, 2005). Epoxides are
highly reactive electrophiles that can bind to tsfular nucleophiles of proteins, RNAs, and
DNAs, resulting in cell toxicity and transformatiohhus, epoxide hydrolases participate in the
deactivation of potentially toxic derivatives gestexd by CYPs. The reactions and examples of

drugs metabolized by epoxide hydrolases are listd@ble 2.5.
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28.14 Non Microsomal Oxidation
In addition to the microsomal monooxygenases, o#wymes are involved in the
oxidation of xenobiotics. These enzymes are locatter in the mitochondria or in the soluble

cytoplasm of the cell (Rose and Hodgson, 2004).

28.1.4.1 Alcohol Dehydrogenase

Alcohol dehydrogenases catalyze the conversiotcohals to aldehydes or ketones:

RCH,OH + NAD" =—=RCHO + NADH + H

This reaction is different from the monooxygenatajrethanol by CYP that occurs in the
microsomes. The alcohol dehydrogenase reactiomvsrsible, with the carbonyl compounds
being reduced to alcohols. This enzyme is founthésoluble fraction of the liver, kidney, and
lung and is probably the most important enzyme lwve@ in the metabolism of foreign alcohols
(Table 2.5) (Rose and Hodgson, 2004). In mammatsclasses of the enzymes have been
identified and characterised. They can use eitheDNor NADP" as a coenzyme, but the

reaction proceeds at a much slower rate with NA@®se and Hodgson, 2004).

2.8.1.4.2 Aldehyde Dehydrogenase

Aldehydes are generated from a variety of endogenamd exogenous substrates.
Endogenous aldehydes may be formed during the wletab of amino acids, carbohydrates,
lipids, biogenic amines, vitamins, and steroidse Tiretabolism of many drugs and environmental
agents produces aldehydes. Aldehydes are highlstiveaelectrophilic compounds; they may
react with thiol and amino groups to produce aetgriof effects. Some aldehydes produce

therapeutic effects, but more often the effects ay#otoxic, genotoxic, mutagenic, and
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carcinogenic (Rose and Hodgson, 2004). Aldehydeydtelgenases catalyze the formation of
acids from aliphatic and aromatic aldehydes, therabking the acids available as substrates for

conjugating enzymes.

RCHO + NAD" ==—=RCOOH + NADH + H

Other enzymes in the soluble fraction of the litteat oxidize aldehydes are aldehyde
oxidase and xanthine oxidase. These are flavomthiat contain molybdenum. Their primary
role seems to be the oxidation of endogenous atteshyormed as a result of deamination

reactions.

2.8.1.4.3 Amine Oxidases

Amine oxidases are concerned with the oxidativerdeation of both endogenous and
exogenous amines. Monoamine oxidases are a famflgpn@proteins found in the mitochondria
of a wide variety of tissues (liver, kidney, bramtestine, and blood platelets) (Rose and Hodgson,
2004). They are enzymes involved in the oxidatigardination of secondary, tertiary as well as,
long chain amines. Whereas diamine oxidases arevad in the oxidative deamination of
primary diamines in which the chain length is f@outrescine) or five (cadaverine) carbon atoms
(Table 2.5), diamines with carbon chains longenthee will not serve as substrates but can be

oxidized by monoamine oxidases (Rose and Hodg<€ii)2

2.8.2 Phase Two Reactions
The phase 2 reactions facilitate the elimination dsigs and the inactivation of
electrophilic and potentially toxic metabolites guoed by oxidation. While many phase 1

reactions result in the biological inactivationamtivation of drugs, phase 2 reactions produce a
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metabolite with improved water solubility and inesed molecular weight and these serve to
facilitate the elimination of the drug from tissu@®se and Hodgson, 2004). Glucuronidation,
sulfation, acetylation, methylation and conjugatwith glutathione or amino acids are the major

phase 2 reactions (Table 2.6) (Rose and Hodgs@4,)20

2.8.2.1 UDP - Glucuronosyltransferases (UGTS)

One of the major routes of inactivation and elinimra of certain lipophilic substances, as
well as some endogenous compounds, is the comgafi xenobiotics with glucuronic acids
(GA). Glucuronidation represents a major pathwaycttenhances the transformation of many
lipophilic xenobiotics to compounds that are moratev soluble (Kinget al, 2000). UDP-
glucuronosyltransferases (UGTSs) catalyse the ghrgdation of the glycosyl group of uridine-5'-
diphosphoglucuronic acid (UDPGA) to an acceptor goumd. The metabolised substrate from
phase 1 reaction with one of many possible funeliogroups (R-OH, R-NH2, R-COOH),
conjugate with the sugar moiety, resulting in a poand that is generally less biologically active
and more polar. This characteristic facilitatesrtegcretion in bile and urine (Siest al.,1987).

The mechanism involves the nucleophilic acceptaugron the substrate attacking the
electrophilic group of the glucuronic acid. UDPlu@ironosyl transferase (UGT) is found in the
microsomal fraction of liver, kidney, intestine, darother tissues. Glucuronide conjugation
generally results in the formation of products theg less biologically and chemically reactive.
This, combined with their greater polarity and geeasusceptibility to excretion, contributes

greatly to the detoxification of most xenobioti&sng et al, 2000).
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Table 2.6: Some of the Phase two reactions of Xenobiotics M#ism

Enzymes and Reactions Xenobiotics

Sulfotransferases

Conjugation of sulfate group

UDP — glucuronosyltransferases (UGT)

Conjugation of glucuronic acid @marin, thiophenol, oxazapam, imipramine, 1-naphtkeiaphthylamine
Glutathione — S- transferases (GST)

Conjugation of gluthathione 1-Naphthalene mieshlfate, 1, 2 — epoxy-3-(p-nitrophenoxy)propane

N-acetyltransferases

Acetylation Isoniazid, sulfamethazine, hydrateziprocainamide, aminofluorene.
Methyltransferases
Methylation Epinephrine, norepinephrine, amine, and histamine

Adapted from (Rose and Hodgson, 2004)
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2.8.2.2 Sulfotransferases

Sulfotransferases are the enzymes responsiblééacdnjugation of the sulphate group to
xenobiotics. They are a family of soluble enzymaéih wlifferent substrate specificities (Mulder
and Jakoby, 1990). Sulphation is a major conjugapiathway for phenols. It also contributes to
the biotransformation of xenobiotics with alcohamine, and thiol groups. It is important in the
metabolism of endogenous compounds such as newsotitbers and steroid hormones. The
resulting compounds are generally less active, molar, and more readily excreted in the urine.
Sulphate conjugation is a multistep process. Inmugsulfate is inert and must first be converted
to adenosine-5' phosphosulfate (APS) and then toaetivated 3'-phosphoadenosine 5'
phosphosulfate (PAPS). The sulfuryl group from PABSthen transferred to the acceptor

molecule (xenobiotic), a reaction catalysed byddinsferase.

ATP + SQ* ATP-sulfurylase APS + PPi
APS + ATP APS-phosphokinase PAPS + ADP
R-OH + PAPS Sulfotransferase R-O$0+r 3'- phosphoadenosine 5' phosphate

The enzymes ATP-sulfurylase and APS-phosphokingsprasent in the cytosol. PAPS is
synthesised in all mammalian cells, with its coniion highest in the liver (Hazeltost al.,
1985), but the kidney also has significant amoyHijglle et al., 1986). Sulfate conjugation is
regulated by the sulfate concentration, the avéitgtof inorganic sulfate and the synthesis of

PAPS.

2.8.2.3 Methyltransferases
Methyltransferases are primarily involved in the tab®lism of small endogenous

compounds and macromolecules and in the biotramsfiton of certain drugs. Methylation
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reactions lead to the formation of less polar conmals that may be less readily excreted from the
body, unlike most conjugation reactions. N-, O-d @rmethyltransferases are present in the
kidney. The cofactor S-adenosylmethionine (SAMYaguired as a methyl donor in reactions
catalysed by these enzymes. SAM is primarily fornbgdthe condensation of ATP and L-

methionine, and it is present at varying leveldifferent tissues (Eloranta, 1977).

2.8.24 Acetyltransferases

Acetyltransferases are the enzymes involved irtrdnesfer of the acetyl group in phase 2
reactions. They are cytosolic enzymes and are kriovexist in many metabolic organs, with the
highest concentration in the liver (Weber and Ghmki, 1980). Acetyl-CoA is the acetyl donor
for the acetylation reaction. Acetylation is thejonametabolic route of arylamines such as
isoniazid, sulfamethazing-aminobenzoic acid, hydralazine, procainamide, affluorene, and

benzidine (Table 2.5) (Weber and Glowinski, 1980).

2.8.25 Glutathione-S-transferases (GSTS)

Glutathione-S-transferases (GSTs) catalyse theugatipn of metabolic substrates with
electrophilic substituents from phase 1 reactiomgedduced glutathione. Reduced glutathione
(GSH) is synthesized from the amino acids glycireysteine, and glutamic acid and it is present
at the highest concentrations in the liver, btl$® found in the kidney at concentrations of 2 to
mmol/g tissue (Mohandast al., 1984). The concentration is higher in the corteantin the
medulla (Mohandast al.,1984). A sufficient supply of L-cysteine is essehfior GSH synthesis.
GSH is present in the blood at a concentrationppf@imately 20 mM (Anderson and Meister,

1980), and correlates with the liver concentrati@®H is degraded at the proximal tubule of the
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kidney at both the luminal (Hahet al., 1978) and basolateral membranes (Abkotal, 1984).
Nearly all GSH filtered is reabsorbed from the lunwé the proximal tubule. GSH conjugation
involves the formation of a thioether link betwe&EH and electrophilic compounds. This
process usually facilitates detoxification, exaetand biosynthesis of certain compounds (Table

2.6).

2.9 Reactive Metabolites

From the time of ingestion into the systemic bodyhe time they are excreted from the
body, many exogenous compounds (xenobiotics) uwldergetabolism to highly reactive
intermediates. These metabolites may interact eattular constituents in numerous ways, such
as binding covalently to macromolecules and/or w@tmng lipid peroxidation. This
biotransformation of relatively inert chemicalsugs or secondary metabolites to highly reactive
intermediary metabolites is commonly referred tareabolic activation or bioactivation. Some
toxicants are direct acting and require no actovgtwhereas other chemicals may be activated
non-enzymatically (Rose and Levi, 2004).

Figure 2.16 depicts the overall scheme of metatmob$ a potentially toxic xenobiotics.
As illustrated, xenobiotic metabolism can produoeanly non-toxic metabolites, which are more
polar and readily excreted (detoxification), busaalhighly reactive metabolites, which can
interact with vital intracellular macromoleculesgsulting in toxicity. In addition, reactive
metabolites can be detoxified, for example, byradgon with glutathione. In general, reactive
metabolites are electrophiles, which can react wihular nucleophiles such as glutathione,

proteins, and nucleic acids. Other reactive mettsoimay be free radicals or act as radical

86



generators that interact with oxygen to producetrea oxygen species (ROS) that are capable of

causing damage to membranes, DNA, and other madeoales (Rose and Levi, 2004).
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Figure 2.16 The relationship between metabolism, &gation, detoxification, and toxicity

of xenobiotics Rose and Levi, 2004
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29.1 Nature and Stability of Reactive Metabolites

Reactive metabolites include such diverse groupgpaxides, quinones, free radicals,
ROS and unstable conjugates. They are usually getkby the reaction of the enzymes involved
in xenobiotic metabolism. The enzyme systems megjuently involved in the activation of
xenobiotics are those which catalyze oxidation tieas, most eapecially cytochrome P450
monooxygenases (CYP), because of their ubiquitafisr@. They are most abundant in the liver,
as well as, in the kidney, skin, intestine, plaaghing and nasal mucosa. As a result of their high
reactivity, reactive metabolites are often con®deto be short-lived. This is not always true,
however, because reactive intermediates can bgpwaed from one tissue to another, where they
may exert their deleterious effects. Thus, reacdtNermediates are usually divided into several

categories, depending on their half-life under pdlggiical conditions (Rose and Levi, 2004).

29.1.1 Ultra-short-lived Metabolites

These are metabolites that bind primarily to theepaenzyme. This category includes
substrates that form enzyme-bound intermediatesrédzet with the active site of the enzyme.
Others also bind primarily to the activating enzgnoe adjacent proteins, altering the function of

the protein (Rose and Levi, 2004).

29.1.2 Short-lived Metabolites

These metabolites remain in the cell or travel dolyearby cells. In this case, covalent
binding is restricted to the cell of origin and @djacent cells. Many xenobiotics implicated in
localized tissue damage occurring at the site t/atton belong to this group (Rose and Levi,

2004).
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29.1.3 Longer-lived Metabolites

These metabolites may be transported to other aplistissues other than where they are
produced. Reactive intermediates may also be toatespto other tissues, not in their original
form but as conjugates that can be released infibactive form under the specific conditions in
the target tissue. For example, carcinogenic ancmamnines are metabolized to thei-
hydroxylated derivatives in the liver. Thereaft@llowing glucuronide conjugation, They are
transported to the bladder, where Mvaydroxy derivative is released under the acidieditions

of urine (Rose and Levi, 2004).

2.9.2 Fate of Reactive Metabolites
Within the tissue a variety of reactions may ocdapending on the nature of the reactive
species and the physiology of the organism. THewviahg are the fates of the reactive metabolite

in-situ.

29.2.1 Binding to Cellular Macromolecules

Most reactive metabolites are electrophiles that lsiad covalently to nucleophilic sites
on cellular macromolecules such as proteins, ppliyges, RNA, and DNA. This covalent
binding is considered to be the initiating event faany toxic processes such as mutagenesis,
carcinogenesis and cellular necrosis (Rose and, 28@4). For example, in the metabolism of
acetaminophen at normal therapeutic doses, acatphen is safe, but at higher doses it has been
reported to be hepatotoxic (Rose and Levi, 200# excessive consumption of acetaminophen,

sulfate and glucuronide cofactors (PAPS and UDPB#gome depleted, thereby resulting in the
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production of reactive metabolites (Figure 2.17)o4® and Levi, 2004). These reactive
metabolites can be detoxified, with the availapilitf glutathione. However, in cases of drug
overdose or suicide attempts, the concentratioglufathione might be depleted, resulting in
covalent binding to the sulfhydryl (thiol) group$ warious cellular proteins which might

eventually result in hepatic necrosis (Rose and,2604).

29.2.2 Lipid Peroxidation

Free radicals such as GGlproduced during the oxidation of carbon tetracti may
induce lipid peroxidation and subsequent destrauctid lipid membranes. As a result of the
critical nature of various cellular membranes,diperoxidation can be a pivotal event in cellular

necrosis (Rose and Levi, 2004).
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2.10 Potential Toxicity of Dietary Flavonoid and enolics

Dietary flavonoids and phenolics have been showmdbas pro-oxidants in systems
containing redox-active metals (Galati and O’Brig@ip4). In the presence of molecular oxygen
(Oy), transition metals such as copper (Cu) and ifé®) (can catalyse the redox cycling of
phenolics, leading to the formation of reactive gety species (ROS) and phenoxyl radicals that
can damage DNA, lipids, and other biological molesulLi and Trush, 1994; Decker, 1997;
Yamanakeet al.,1997). It has been reported that exposure of DdlAilhydrocaffeic acid in the
presence of Cu resulted in more DNA single- andbtisgtrand breaks than exposure to caffeic
acid, whereas chlorogenic acid caused only minidsehage even though these phenolics had
similar structures and redox potentials (Galati @¥8rien, 2004). The inv investigators proposed
that the initial oxidation of the catechols by“*Cgenerates a semiquinone that reacts withoO
form O,", which then oxidises the catechol to regeneraeséimiquinone and .. H,O is then
rapidly converted by Ctito theOH radical in a Fenton-type reaction (Sakihanal.,2002)

Flavonols with pyrogallol or catechol B rings haalso been shown to autoxidize in the
presence of transition metals to produce ROS whadelerate low-density lipoprotein oxidation
during the propagation phase (Ahmeatdal., 1992). Howeverin vivo, most transition metal ions
are sequestered in forms unable to catalyse freiealareactions (Halliwell and Gutterridge,
1990). Very low levels of free copper ions may bleased by tissue injury (e.g., atherosclerotic
lesions) (Smithet al., 1992) and possibly by hepatic Cu (ll) overloadedses such as Wilson
disease. The green tea catechin, epigallocatedilateg (EGCG), has recently been shown to
induce HO, generation and to cause subsequent oxidative datoaigolated and cellular DNA

in the presence of transition metal ions (Furukawal.,2003).
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From the reports of Galati and O’Brien (2004), wthrticular focus on the peroxidase
catalysed oxidation of phenol ring-containing flaeals and other dietary phenolics to phenoxyl
radicals, it has been shown that catalytic coneéintrs of flavonoids with a phenol B ring, upon
oxidation by peroxidaseAd®,, formed phenoxyl radicals (Galadt al, 1999; Charet al, 1999).
Peroxidases are haem-containing enzymes that yscethlyse a one-electron oxidation of a
variety of xenobiotics by hydrogen peroxide (Sausd&973). They have been reported to induce
the oxidation of flavonoids, or their metabolitex@amulating in the plasma or bone marrow, to
their reactive metabolites (Galati and O’Brien, 200Myeloperoxidase, eosinophil peroxidase,
and lactoperoxidase primarily found in granulessgsomes) of neutrophils, eosinophils and
secretory cells of the exocrine gland respectiveue been responsible for the development of
secondary acute myelogenous leukemias occurringr afancer therapy with etoposide (a
phenolic topoisomerase inhibitor). These have bséibuted to DNA damage by pro-oxidant
phenoxyl radicals formed by the peroxidas€l (Subrahmanyanet al., 1991; Kaganret al,
1999; Goldmaret al.,1999).

The peroxidase-mediated oxidation of catechol B-gantaining flavonoids has also been
reported. This resulted in the formation of senmguie- and quinone-type metabolites. These
semiquinone- and quinone-type metabolites may actelectrophiles binding to cellular
macromolecules such as DNA, lipids and proteingl, muiay also give rise to the production of
ROS (Awadet al., 2001). Quercetin, the most ubiquitous of the dijefeavonoids, contains a
catechol B ring and has been shown to be oxidizedylosinase, peroxidases and hydrogen
peroxide, to quinone/quinone methide intermediagabsequent reactions with GSH resulting in

guercetin glutathionyl adducts (Awad al.,2000; Galatet al 2001).
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The chemopreventive properties of flavonoids areegaly believed to reflect their ability to
scavenge endogenous ROS. However, the pro-oxidaioinaof plant-derived phenolics rather
than their antioxidant action may be an importaethanism for their anticancer and apoptosis-
inducing properties, as ROS can mediate apoptofitA Oragmentation (Kaufmann, 1989;
Rahmanet al., 1990; Hadiet al., 2000;). Phenolic antioxidants can be both pro-atwe and
antioxidative (Figure 2.18).

This suggests that dietary flavonoids/phenolicddde potentially more of an oxidative
risk than a benefit (Decker, 1997). The consumpdiblarge amounts of flavonoids in the form of
a concentrated supplement may not be safe uniil thevivo potential for oxidative stress is

evaluated (Galati and O’Brien, 2004).
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2004).
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211 Malaria

Malariais caused by protozoan parasites of the gé&tasmodium Four speciesR. falciparum
P. vivax P. malariag andP. ovalg infect humans. Although malaria caused Riyvivaxis the
most common, malaria caused Wy. falciparum is the most lethal (WHO, 2011b,

http://www.searo.who.int/en/Section10/Section211i8e834.htn). Other species, such as

P. knowlesi P. yoelii, Pberghej P. chabaudi andP. gallinaceuminfect a number of wilénd
domestic animals and are frequently used as mdéoieteehumarparasites. Malaria parasites are
transmitted by female anopheles mosquitoes. Figud®d illustrates the malaria-endemic
countries of the world. Once transmitted, the pgagadegin to multiply in the red blood cells,
eliciting symptoms of discomfort. Light headednesgl breath shortage, both stemming from
anaemia (caused by haemolysis), fever, chills, emusarthralgia (joint pains), vomiting,
haemoglobinuria, convulsions, coma and death, @am@anwn symptoms noticed after the
transmission of malaria parasites (Boivin, 2002).

The symptoms of malaria occurs in cyclic patterchsas sudden fever, rigour and
sweating lasting between four to six hours every tays inP. vivax andP. ovaleinfections,
three days irP. malariaeinfection, and 36 - 48 hours B falciparuminfection (Boivin, 2002).
Widespread anaemia and direct brain damage regutom cerebral malaria, to which children
are more vulnerable, have been reported (BoiviQ220SevereP. falciparum infection is
associated with symptoms including an enlarged esplésplenomegaly), cerebral ischemia,
hepatomegaly, hypoglycemia, and haemoglobinuriaallys arising between 6 and14 days of
infection (Kain et al.,1998; Kainet al.,1998). The life cycle of the malaria parasiteepidted in

Figure 2.20.
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which rupture and release merozc@:9n P. vivaxandP. ovale hypnozoites, a dormant form
typically remain quiescent in the hepatocytes aaml relapse after a while into the bloodstream
but P. falciparumdoes not produce hypnozoites. Subsequently, dfeernitial exo-erythrocytic
schizogony phafd, the parasites undergo asexual multiplicatiohérythrocytes (erythrocytic
schizogony phad=), leading to the infection of the red blood ct!lpy the merozoites and the
development of the ring stage, trophozoites, intatume schizonts. These thereafter, rupture
releasing merozoité?, the erythrocytic cycle continues with new daughteerozoites re-
invading the reb blood cells. Some parasites diffeate into sexual erythrocytic stages
(gametocytedy’. The erythrocytic stage is responsible for theichl manifetastion of malaria.
The male (microgametocytes) and female (macrogayet®) gametocytes are ingested by a
femaleAnophelesmosquito during a blood mé!| The parasites’ multiplication in the mosquito
is known as the sporogonic cyl® While in the mosquito's stomach, the microgamete
penetrate the macrogametes generating zyéhteShe zygotes become motile and elongated
(ookinetes® and which invade the midgut wall of the mosquithene they develop into
oocystd. The oocysts grow, rupture, and release spoexBijtwhich make their way to the
mosquito's salivary glands. Inoculation of thersgoites into a new human host perpetuates the

malaria life cycl® (Garcia, 2001; Centers for Disease Control angéntion (CDC), 2011).
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2.12 New Lead Antimalarial Compounds from Plants
The following are the criteria for the discoveryradw lead antimalaria compounds from
medicinal plants (Wright, 2010). Viable antimalagampounds from medicinal plants must
exhibit the following attributes:
potent antiplasmodial activity against both chlarog-sensitive and chloroquine-resistant
strains ofP. falciparum
high selectivity index (Sl), selective toxicity talaria parasites compared to mammalian
cell lines;
complete eradication of malaria parasites in mi@e, (suppress parasitaemia by close to
100%) without showing toxicity; and

oral administered with appreciable activity.

2121 Compounds from Medicinal Plants with Potemal Antimalarial Activities

Studies on isolated compounds from medicinal plamith moderate to appreciable
activitites from different classes of phytochemschhve been documented (Wright, 2010). From
various classes of alkaloids, dihydrousambarenantisostrychnopentamine (Frederich, 2008;
Frederichget al.,2004), constituents froi@trychnos usambarensisosungucine (Frederiat al.,
2008; Phillippeet al., 2007), fromS. icajg voacamine (Ramanitrahasimbatal., 2001), from
Tabernaemontana fuchsiafolia strychnobrasiline and malagashanine (Fredericld082
Rasoanaivoet al., 1994; Ramanitrahasimbolat al., 2006) from S. myrtoides,cryptolepine
(Wright, 2007), fromCryptolepis sanguinolentadionchophylline C and dionchophylline A
(Francoiset al., 1997), fromTriphophylum peltatumtazopsine and sinococuline (Begb al.,

2009; Carrazt al., 2008), fromStrychnopsis thouarsihave been reported to have moderate to
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good antiplasmodial activities. But strychnobramliand malagashanine have also been reported
to have weak antiplasmodial activities; howeveicombination with chloroquine, they have been
able to reverse chloroquine resistanc®.idalciparumby stimulating the influx and reducing the
efflux of chloroquine (Rasoanaiwt al.,1994; Ramanitrahasimbodd al., 2006; Fredericlet al.,
2008), while,in vivo toxicity has been reported for cryptolepine (Wtjg007).

Among the phenolic classes of phytochemicals, Létlatcone A, a constituent of
Glycyrrhiza uralensis (Chen et al., 1994), (-)-Methyllinderatin, a prenyl-substituted
dihydrochalcone fronPiper hostmannianur{Portetet al., 2007), 4-phenylcoumarins, 50b-
glucopyranosyl-7-methoxy-3',4'-dihydroxy-4-phenylaaarin, fromHintonia latiflora (Argotte-
Ramoset al., 2006), stilbene glycoside, piceid-(1/6)-b-D-glugomoside, fromParthenocissus
tricuspidata(Parket al., 2008), have between reported to have moderatedd gntiplasmadial
activities bothin vivo and in vitro. Lichochalcone A enhances the antiplasmodial actb
artemisinin against both chloroquine-sensitive ahldroquine-resistant strains Bf falciparum
(Mishraet al., 2009). It has been suggested that chalcones haeat@l for the development of
inexpensive antimalarials (Awasthi al, 2009).

Among the terpenoids, a sesquiterpene lactone,paterolide A, from Carpesium
rosulatum(Chunget al.,2008), with good antiplasmodial activity and Quassls an oxygenated,
degraded diterpene constituent of Simaroubacea#yféwas antiplasmodial activity but exhibit
toxicity in mice as a result of their effects on mmaalian protein synthesis (Muhammad and
Samoylenko, 2007). In addition, 3,15-dimethylcadienbruceolide and 3,15-diethylcarbonate
bruceolide, fromBrucea javanicaalso have good antiplasmodial activities with ltwicity in
mice. More research into the antiplasmodial adgisibf quassinoids may be necessary so as to

take advantage of their ability to inhibit proteynthesis. Since malaria parasites make their own
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ribosomes, these are more susceptible to inhibidyoquassinoids than the ribosomes of host cells

(Muhammad and Samoylenko, 2007).
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CHAPTER THREE

MATERIALS AND METHODS

3.1 Materials
3.1.1 Collection and Identificatio of Plant

Young twigs and leaves d. bonduc(CB) were collected from the Forest Research
Institute of Nigeria (FRIN), Ibadan, Oyo State, 8lig. Plant identification was done by Dr.
Conrad Omonhinmi (Botanist), Department of Biol@jicSciences, College of Science and
Technology, Covenant University, Ota, Ogun statee @uthentication and voucher referencing

were carried out at FRIN with voucher specimen Hb188408 deposited in the FRIN Herbarium.

3.1.2 Purchase of Experimental albino WisteRats
Healthy adult female albino Wistar rats (n = 112gd in the in vivo and toxicological
assessments were purchased from the Nationalutiestitf Medical Research (NIMR), Yaba,

Lagos, Nigeria.

3.1.3 Chromatography

The following chromatography materials and equiphveere used during the study: pre-
coated silica gel Gk, glass plates (Qingdao Marine Chemical, Ltd, Qimgd2hina); Silica gels,
100-200 mesh, 200-300 mesh and 10#40Qingdao Marine Chemical, Inc, China); Lichroprep
Reverse Phase gel RP-18, 40-6& (Merck, Darmstadt, Germany); MCI gel, 75-15én
(Mitsubishi Chemical Corporation, Japan); Sephad##20, 25-100 um (Pharmacia Fine

Chemicals Co., Ltd., Sweden); High Performance idgdhromatography, HPLC, HP Agilent
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1100 (Agilent Technologies, USA); Medium Pressurguid Chromatography, MPLC (Agilent

Technologies, USA).

3.14 Plasmodium falciparum and Cancer Cell Lines

BGC-823 (Human gastric carcinoma) and HelLa (Humamwical adenocarcinoma) cells
were obtained from the Shanghai Institute of Matdviedica, Chinese Academy of Sciences
(Shanghai, China) and the Cell Culture Centre efltistitute of Basic Medical Sciences, Chinese
Academy of Medical Sciences (Peking, Chirdlasmodium falciparunstrain FCR-3 (ATCC
30932) and mouse mammary tumor FM3A cell line (wyde, subclone F28-7) were obtained

from the Japanese Cancer Research Resources ERR)Japan.

3.1.5 Culture Media
A Rosewell Park Memorial Institute (RPMI) - 1640 anem (Gibco, NY, USA) and a
mouse embryonic stem (ES) cell culture medium igtharmaceuticals, Tokyo, Japan) were

used for the experiments.

3.1.6 Standard Drugs
Taxol (Paclitaxel) (Sigma Chemical, St Louis, MOSA), quinine hydrochloride,
pyrimethamine and artemisinin (Sigma, St Louis, NUSA) and Mefloquine (Roche LTD, Basel,

Switzerland) were used for the study.
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3.2 Methods
3.21 Preparation of Extraction ofC. bonduc

The leaves and young twigs 6f bonducwere air-dried at room temperature 2% and
powdered. 8800 g of CB was extracted with 50 limeég5% (v/v) ethanol by maceration using
three successive cold (5 extractions for 72 hours. The total filtrate wesncentrated to
dryness on a rotary evaporator at 50°C. The peagen{%) yield of the dry residue was
calculated (Pudhorat al.,2007). The extract foin vivo study was re-suspended in 0.25 % w/v

sodium carboxymethylcellulose and stored at -2@tGurther studies.

3.2.2 Differential Fractionation of the Ethanolic Extract of CB in Different Solvents
The dried ethanolic extract of CB (1120 g) was susied in 10 litres of distilled water
and partitioned in sequence with petroleum ethér littes), ethyl acetate (10 litres), amel
butanol (10 litres). The different solvent fractowere concentrated on a rotary evaporator to
give a petroleum ether - soluble fraction (150ay),ethyl acetate - soluble fraction (120 gjh-a
butanol - soluble fraction (170 g), and a distilater - soluble fraction (630 g). Thin layer
chromatography (TLC) assessments were made to tafiadly examine different

phytoconstituents in each fraction.

3.2.3 Phytochemical Screening of the Plant

Phytochemical screening of the extracts was caoigdy a procedure that was based on

those earlier reports by Harborne (1973), TreaseEaans (1989) and Sofowora (1993).
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3.231 Test for Tannins

Powdered leaves and twigs of the plant (0.5 g) wadled in 20 ml of water in a test tube
and then filtered. A few drops (5-6) of 0.1 % ferdhloride solution were added. The reaction
mixture was observed for a brownish green or blaekocolouration for the confirmation of the

presence of tannins.

3.2.3.2 Test for Phlobatannins

Powdered leaves and twigs of the plant (0.5 g) wadled in 20 ml of water in a test tube
and then filtered. An extract of the plant samplasvboiled with 1 % aqueous HCI and then
observed for the deposition of red precipitate foe confirmation of the presence of

phlobatannins.

3.2.3.3 Test for Saponin

Powdered leaves and twigs of the plant (2 g) wasda 20 ml of distilled water in a test
tube and then filtered. 10 ml of the filtrate wasad with 5 ml of distilled water and shaken
vigorously for a stable persistent froth. The fiothwas mixed with 3 drops of olive oil and
shaken vigorously and then observed for the formnadif an emulsion, indicative of the presence

of saponin.

3.2.3.4Test for Steroids
Acetic anhydride (2 ml) and 2 ml of,HO, were added to 0.5 g ethanolic extract of the
plant. The colour change from violet to blue oregren some samples is an indication of the

presence of steroids.
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3.2.35 Test for Terpenoids
The ethanolic extract (0.5 g) was mixed with 2 rintleloroform, and concentrated. &0,
(3 ml) was carefully added to form a layer. A resdtdbrown colouration formed at the interface

indicated the presence of terpenoids.

3.2.3.6 Test for Cardiac Glycosides
The ethanolic extract (0.5 g) was treated with 2omglacial acetic acid containing one
drop of ferric chloride solution. This was overlawith 1 ml of concentrated 2304. A brown ring

at the interface indicates the presence of a demayscharacteristic of cardenolides.

3.2.3.7 Test for Flavonoids

Powdered leaves and twigs of the plant (0.5 g) badled in 20 ml of water in a test tube
and then filtered. 5 ml of dilute ammonia solutivas added to a portion of the filtrate, followed
by the addition of concentratech®D4. A yellow coloration was indicative of the presenaf

flavonoids.

3.24 Fractionation ofCaesalpinia bonduc (CB)

From the phytochemical assessment of the diffesivent fractions of CB, the
ethylacetate and petroleum ether fractions (wt. @7/@ere pooled together and mixed with 400 g
silica gel (100 - 200 mesh). A separating columrs weepared with 3 kg silica gel (100 - 200
mesh). The eluent was a mixture of chloroform amth@nol in different ratio; the starting eluent
was in 100:1 mixture. Fractions with similar spagng thin layer chromatography examination

were pooled together and these gave 20 differantifms labelled from £to G,.
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Fraction labelled €(25g) was mixed with 35 g silica gel (200 - 300simeand layered on
a silica gel column (200 - 300 mesh, 300 g). Thes wluted with mixture of petroleum ether and
ethyl acetate in different ratio, the starting eluevas in a 50:1 mixture. Fractions with similar
spots using TLC examination were pooled togethegite 4 fractions labelled &, to Gau.
Fraction labelled €(20 g) was mixed with 30 g of silica gel (200 -03fesh). This was layered
on a silica gel column (200 - 300 mesh, 250 g) a@nted with mixture of petroleum ether and
ethyl acetate in different ratio, the starting eluevas in a 30:1 mixture. Fractions with similar
spots using TLC examination were pooled togetheagive 8 fractions labeled froms& to Gsas.
Fractions labelled £y and Gas (2.5 g) were combined based on the result of th€ T
examination and mixed with silica gel (200 - 300sime3.5 g). This was layered on a silica gel
column (200 - 300 mesh, 4 g) and eluted with a aneciof petroleum ether and ethyl acetate in
different ratio; the starting eluent was in a 2@nixture. Three fractions were produced and
labelled from Gasb; to Gsaybs.

Fraction G (10g) was mixed with 15 g silica gel (200 - 300 hjeand layered on silica
gel column (200 - 300 mesh, 120 g) and eluted wmikture of chloroform and acetone in
different ratio; the starting eluent was in a 4@mixture. Five fractions were produced and
labelled from Ga - Cras. Fraction Ga, (4g) was mixed with 6 g of silica gel (200 - 30@sh)
and was layered on a silica gel column (200 - 300g) and eluted with mixture of chloroform to
acetone in different ratio; the starting eluent waa 15:1 mixture. Four fractions were produced
and labelled from &b, to Gasb,. Fraction Gasbs (3g) was mixed with 5 g of silica gel (200 -
300 mesh) and was layered on a silica gel colunthednted with mixture of chloroform and
acetone in different ratio; the starting eluent waa 10:1 mixture. Seven fractions were produced

and labelled from @ybsc; to Graybscr. Fractions labelled fa4bscs to CGrasbscs (2 g) were pooled
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together and mixed with 3 g silica gel (200 - 30@sim). This was layered on silica gel (10 - 40
um, 25 g) and eluted with mixture of chloroform awktone in different ratio; the starting eluent
was in a 30:1 mixture. Seven fractions were prodwne labelled from @&ubscad; to Crasbscady.
Fraction labelled &ybsc,ds, was layered on sephadex column (LH - 20) andedlutith mixture

of chloroform and methanol in ratio 1:1. This prodd seven fractions labelled&bsc,dsS; to
CraybscydsS;. Fractions labelled @4bsc405Ss to GagbscydsSy (0.5 g) were pooled together and
mixed with 1 g of silica gel (200 - 300 mesh). Thvas layered on silica gel column (10 - 40, 10 g)
and eluted with chloroform and acetone in differemios; the starting eluent was in a 20:1
mixture. Three fractions were produced and labefiein CrasbscsdsSse; to CGraybsCadsSses.
Fraction labelled &@ybscsdsSse; (100 mg) was mixed with silica gel (200 - 300 mekhy) and
layered on silica gel column (10 - 40, 10 g). Th&umn was eluted with mixture of chloroform
and acetone in different ratio; the starting eluesats in 15:1 mixture. Four fractions were
produced and labelled fromy&bscsdsSsenfi to GraybsCadsSsenfs.

Fraction labelled €(22 g) was mixed with 35 g of silica gel (200 -03®esh). This was
layered on silica gel column (200 - 300 mesh, 268ngl eluted with a mixture of petroleum ether
and acetone in different ratio; the starting eluesats in 15:1 mixture. Sixteen fractions were
produced and labelleds& to Gsaye. Fraction labelled gus (1 g) was mixed with 1.5 g of silica
gel. This was layered on silica gel column (10 - 30 g) and eluted with mixture of chloroform
and ethyl acetate; the starting eluent was in 30dture. Six fractions were produced and
labelled from Gaywsb; to Geaugbs. Fraction labelled 2y4 (9 g) was mixed with 14 g of silica gel.
This was layered on silica gel column (200 - 30I) &) and eluted with a mixture of chloroform
and ethyl acetate in different ratio; the startelgent was in 30:1 mixture. Five fractions were

produced and labelled froms&4b; to Gsaudbs. Fraction labelled gye (1.5 g) was mixed with 2.5
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g silica gel (200 - 300 mesh). This was layeredsitina gel column (10 - 40, 20 g) and eluted
with the mixture of chloroform and methanol; tharShg eluent was in a 150:1 mixture. Five
fractions was produced and labelled froe@h: to Geaughs. Fraction labelled g6, (50 mQ)
was layered on sephadex (LH-20) column and elutgéd methanol and water to produce 5
fractions, labelled from £&4gh,S; to Geauh2Ss. Fraction labelled £y6b3 (60 mg) was layered on
sephadex (LH-20) column to produce 5 fractionsllaedeCsa; ¢S, to GsaysSs.

Fraction labelled gx3bs (50 mg) was layered on sephadex (LH-20) colummive 3
fractions (Gay3beS: to GsansbsSs). Fraction labelled g244b4 (3 g) was mixed with silica gel (200 -
300, 4.5 g). This was layered on silica gel (2@D0, 35 g) column and eluted with a mixture of
chloroform and ethyl acetate in different ratiog thtarting eluent was in 30:1 mixture. Four
fractions were produced and labelled frorgesGhsdy to Gsaugbsds. Fraction labelled €2y404d,
(200 mg) was mixed with silica gel (200 - 300 me&h) mg). This was layered on a silica gel
column (10 - 40, 2 g) and eluted with mixture ofocbform and ethyl acetate; the starting eluent
was in 30:1 mixture. Five fractions were produced &beled from ga;4b4dse; t0 Gayabsdses.

Fraction labelled €xu4bsdses (100 mg) was mixed with silica gel (200 - 300 me$&0
mg). This was layered on a silica gel column (180; 1 g) and eluted with a mixture of
chloroform and ethyl acetate; the starting eluemisvin 25:1 mixture. Four fractions were
produced and labelled froms&4badsesf, to Gsaybsdsesf,. Fraction labelled €2y 4bsdsesfs (80 mg)
was mixed with silica gel (200 - 300 mesh, 100 nidiis was layered on silica gel column (10 -
40, 1 g) and eluted with a mixture of chloroforndanethanol; the starting eluent was in 150:1
mixture. Six fractions were produced and labelleomf (Geawsbsdsesfsgn t0 Coandbsdaesfsgs).
Fraction labelled g2u4bsdsesfzgs (70 mg) was layered on Sephadex column (LH-20) elnted

with mixture of chloroform and methanol in ratiol1lto produce 5 fractions labelled from
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Cean4badsesfz06S: 10 GeangbadaesfzgeSs. Fraction labelled g2y4bsdsesfz06S, (50 mg) was layered on
Sephadex (LH-20) column and eluted with mixturelobroform methanol in ratio 1:1 to yield 3
fractions labelled from £y 4b4dsesf30sSh; 10 Goay 4badaesf3gsShs.

Fractions labelled g and G; (32 g) were pooled together and mixed with sie& (200 -
300, 48 g). This was layered on silica gel colu@@0(- 300, 550 g) and eluted with a mixture of
chloroform and acetone in different ratio; the tatgr eluent was in 30:1 mixture. Twelve
fractions were produced and labelled frompag to Ciparn. Fraction labelled ¢as (2.5 g) was
mixed with silica gel (200 - 300, 3.5 g). This wagered on silica gel column (200 - 300) and
eluted with mixture of chloroform and methanol; starting eluent was in 120:1 mixture. Six
fractions were produced and labelled fromsegh; to Cipasbs. Fraction labelled ¢asbs (1 g) was
mixed with silica gel column (200 - 300, 1.5 g).i9was layered on silica gel column (10 - 40,
12 g) and eluted with mixture of chloroform and haetol; the starting eluent was in 100:1
mixture. Six fractions were produced and labellexnnf G oasb,d; to Coasbsds. Fraction labelled
Cioasbs (1g) was mixed with silica gel (200 - 300, 1.5 This was layered on a silica gel column
(10 - 40, 15 g) and eluted with a mixture of chforsm and methanol; the starting eluent was in
60:1 mixture. Six fractions were produced and leoefrom Geasbsd; to Cipasbsds. Fractions
labelled Goasbads, Cioasbad, and Goasbsds were separately subjected to High Pressure Liquid
Chromatography (HPLC, YMC-Pack ODS-A, 10 mm x 15 column at a flow rate of 2 ml/min.
The fractions, @ashsds, Cipasbsd, and Goasbsd, were eluted with Methanol (HPLC grade) and
water at gradient of 60 to 40, 58 to 42 and 564aetpectively for 20 mins, to produce different
pure compounds.

Fractions G, (12 g) was mixed with silica gel (200 - 300, 18 This was layered on silica

gel (200 - 300, 135 g) and eluted with a mixturetdbroform and methanol in different ratio; the
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starting eluent was in 200:1 mixture. Five fractovere produced and labelled fromy#; - Ci2as.
Fraction labelled Gas (2 g) was mixed with silica gel (200 - 300, 3 Bis was layered on silica
gel (10 - 40, 25 g) and eluted with a mixture ofocbform and methanol in different ratio; the
starting eluent was in 200:1 mixture. Four fracsiovere produced and labelleg,&b; to C;zagh,.
Fraction labeled Gaghs (1 g) was mixed with silica gel (200 - 300, 1.5 ghis was layered on
silica gel (10 - 40, 10 g) and eluted with chlorofioamd methanol in different ratio; the starting
eluent was in 40:1 mixture. Three fractions weredpced and labelled from j&sbsc; to
Cizaghscs. Fraction labelled Gagbac; (500 mg) was layered on Sephadex column and elitéd
mixture of chloroform and methanol in ratio 1:1giwe three fractions labelled fromy &sbsc:S;
to Cio83b4C;Ss. Fraction labelled Gay (1.5 g) was mixed with silica gel (200 - 300, 3 This was
layered on silica gel column (10 - 40, 17 g) andesl with a mixture of chloroform and methanol
in different ratio; the starting eluent was in 4fixture. Six fractions were produced and labelled
from Cpoauby to Cyrasbe. Fraction labelled Gasbs (800 mg) was mixed with silica gel (200 - 300,
1.2 g). This was layered on silica gel column (¥0@-10 g) and eluted with mixture if chloroform
and methanol in different ratio; the starting eluams in 30:1 mixture. Three fractions were
produced and labelled from £4bsc; to C;a4bsCs.

Fractions labelled Gash,c:S; and Goasbsc; were separately subjected to HPLC (YMC-
Pack ODS-A, 10 mm x 15 cm) column at a flow rate2afl/min. Fractions Gash,:S; and
Cioaybscy, were eluted with Methanol (HPLC grade) and wategradients of 60 to 40, 50 to 50
respectively for 20 mins to produce different pooenpounds.

Fraction labelled & (6 g) was mixed with silica gel (200 - 300, 9 §his was layered on
silica gel column (200 - 300, 70 g) and eluted vatmixture of chloroform and methanol in

different ratio; the starting eluent was in 200:i1xtore. Seven fractions were produced and
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labelled from G4b; to Ci4b;. Fraction labelled Gbs (3.5 g) was layered on Sephadex (LH-20)
column and eluted with a mixture of chloroform amgthanol in ratio 1:1 to produce four
fractions labelled from GhsS; to C1403S,. Fraction labelled GasS: (2 g) was mixed with silica
gel (200 - 300, 3 g). This was subjected to siieq (10 - 40, 25 g) column and eluted with a
mixture of chloroform and methanol in differenticatthe starting eluent was in 40:1 mixture.
Three fractions was produced and labelled fromadSsb; to Ci43Ssbs. Fraction labelled
Ci4asS3shpwas subjected to Medium Pressure Liquid ChromatgrdMPLC, lichroprep reverse
phase gel RP-18, 40 - 63 pm) column, at flow rdtéSoml/min and pressure of 15 MPa. This
was eluted with methanol and water in differenioratarting from 10: 90 to give a compound.
Fractions labelled g and G; were pooled together (4 g) and layered on Sephédéx
20) column. This was eluted with a mixture of cbform and methanol in ratio 1:1 to produce
five fractions labelled from S, to CSs. Fraction labelled ¢Ss (42.9 mg) was mixed with
silica gel (200 - 300, 75 mg). This was layeredsihica gel (10 - 40, 1 g) column and eluted with
a mixture of chloroform and methanol in differeatio; the starting eluent was in 30:1 mixture.
Three fractions were produced and labelled frogSb; to C16Ssbs. Fractions labelled {6Ssby
and GgSsh, were pooled together (0.103 g) and subjected toCGHFY MC-Pack ODS-A 10 mm x
15 cm) column, at a flow rate of 2 ml/min, and etutwith mixture of methanol and water, at
gradient of 35 to 65 for 10 min and 20 to 80 fodiddnal 10 min. This produced a pure
compound. Fraction labelled;£, (115.7 mg) was mixed with silica gel (200 - 30® @). This
was layered on silica gel (10 - 40, 2 g) and elutgt a mixture of chloroform and methanol in
different ratio; the starting eluent was in 30:Xtuare. Three fractions were produced and labelled
from CieSian to CieSuas. FOraction labelled {6Sq4a (65.9 mg) was mixed with silica gel (200 -

300, 0.15 g). This was layered on silica gel (4D; 1 g) column and eluted with a mixture of
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chloroform and methanol in different ratio; therstgy eluent was in 20:1 mixture. Three
fractions were produced and labelled fromsSsapc; to CieSyapCs. Fraction labelled GSiaCh
(15.5 mg) was separated by HPLC (YMC-Pack ODS-Ant0 x 15 cm) column at a flow rate of
2 ml/min and eluted with mixture of methanol andevat gradient of 47 to 53 % for 20 min to
produce a pure compound. Fraction labellggbCwas subjected to MPLC, MCI gel (75-150 pm)
column and eluted with methanol and water in gradgtarting from 20:80 % to produce two
fractions labelled from S;at0 C16S1&. Fraction labelled gSia was subjected to MPLC (RP-
18) column and eluted with methanol and water edgmt starting from 10:90 % to give three
fractions labelled from ESiabi to CieSiapbs. Fraction labelled ¢S,a0bs was mixed with silica
gel (200 - 300). This was subjected to silica g€l { 40) column and eluted with a mixture of
chloroform and methanol in different ratio; ther8tey eluent was in 15:1 mixture. Four fractions
were produced; one resulted in a pure compound.

Fraction labelled ¢ (3.5 g) was layered on Sephadex (LH-20) columnelated with a
mixture of chloroform and methanol in ratio 1:1 gooduce eleven fractions labelleds§ to
C15511. Fraction labelled ¢Ss (2.8 g) was mixed with silica gel (200 - 300). Ikas layered on
a silica gel (10 - 40) column and eluted with a tunig of chloroform and methanol in different
ratio; the starting eluent was in 20:1 mixture. hfractions were produced and labellegSea
to CisSsas. Fraction labelled ¢Ssa (18.8 mg) was separated using HPLC (YMC-Pack ODS-A
10 mm x 15 cm) column at a flow rate of 2 ml/mimdaeluted with methanol and water in
gradient of 33 to 67 for 20 min to produce pure pounds.

Fractions labelled £and G were pooled together (13 g), and mixed with sie& (200 —
300). This was layered on silica gel (200 - 30ducm and eluted with a mixture of chloroform

and acetone in different ratio; the starting elueas in 20:1 mixture. Six fractions were produced
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and labelled from &2 «,Cgaes. Fraction labelled gy (6.5 g) was mixed with silica gel (200 - 300).
This was layered on silica gel column (200 - 30®) aluted with a mixture of chloroform and
methanol in different ratio; the starting eluentswia 100:1 mixture. Six fractions were produced
and labelled from g2yb; to Cgaybes. Fraction labelled gyb, (6.0 g) was mixed with silica gel (200
- 300). This was layered on silica gel column (1D} and eluted with a mixture of chloroform
and acetone in different ratio; the starting elueas in 20:1 mixture. Six fractions were produced
and labelled gasbsc; to Cgaybscs. Fraction labelled gaubscs was mixed with silica gel (200 - 300).
This was layered on silica gel column (10 - 40) ehded with a mixture of petroleum ether and
acetone in different ratio; the starting eluent wa$:1 mixture. Three fractions were produced
and labelled from gaybscsd; to Cgasbacsds. Fraction labelled §aybscsd; was layered on Sephadex
column (L-H 20) and eluted with chloroform and nsetbl in ratio 1:1 to produce two fractions
labelled from Gasbscsd:1S; to CgasbacsthS,. Fraction labelled gybscsdhS; was subjected to
MPLC (RP-18) and eluted with methanol and wategradient of 20 to 80 % to produce pure
compound.

Fraction labelled €& (8 g) was layered on Sephadex column (LH-20) dote@ with
mixture of methanol and water in ratio 1:1 to proglthree fractions, labelled fromdS; 10 Ci0Ss.
Fraction labelled ¢S, was mixed with silica gel (200 - 300). This wageleed on silica gel (10 -
40) and eluted with a mixture of chloroform and Inaetol in different ratio; the starting eluent
was in 15:1 mixture. Three fractions was produaed labelled from @&S,a toC19S,a3. Fraction
labelled GoS,a (52.9 mg) was separated by HPLC (YMC-Pack ODSOAmMmM x 15 cm) column,
at a flow rate of 2 ml/min, and eluted with methlaand water in gradient of 47 to 53 % for 20

min. This produced 3 pure compounds. Fraction labeCS,a; (172.6 mg) was separated by
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HPLC (YMC-Pack ODS-A, 10 mm x 15 cm) column, atawfrate of 2 ml/min, and eluted with
methanol and water in gradient of 50 to 50 % fon#0. This produced 4 pure compounds.

Fraction labelled € (10 g) was layered on Sephadex (LH-20) column eted with
mixture of chloroform and methanol to produce twacfions. Fraction £&5; was subjected to
MPLC (MCI) column and eluted with methanol and waregradient of 10:90 % to produce three
fractions. Fraction labelledsS,a was mixed with silica gel (200 - 300). This wagedeed on
silica gel column (10 - 40) and eluted with a mietwf petroleum ether and ethyl acetate in
different ratio; the starting eluent was in 20:1xtre. Seven fractions were produced and
labelled from GS;ab; to CsSiaby. Fraction labelledsS;a was mixed with silica gel (200 - 300).
This was subjected to silica gel column (10 - 4@ eluted with a mixture of petroleum ether and
ethyl acetate in different ratio; the starting eluevas in 20:1 mixture. Four fractions were
produced and labelled froms&ab; to CsS;ahs. Fractionlabelled GS;ab; was subjected to
MPLC (RP-18) column and eluted with methanol andewa gradient of 10-90 % to give four
fractions.

Fraction labelled €5,abics was mixed on silica gel (200 - 300). This was fageon
silica gel (10 - 40) column and eluted with a mmetof chloroform and acetone in different ratio;
the starting eluent was in 70:1 mixture. Four fatd were produced and labelled from
CsS1ahic4d; to CsSapb; c4ds. Fraction labelled €5,ab,¢c; was mixed with silica gel (200 - 300).
This was layered on silica gel (10 - 400) column atuted with a mixture of chloroform and
methanol in different ration; the starting eluenaswin 400:1 mixture. Three factions were
produced and labelled from&axb,c,d; to CsS,ab,c,d3. Fraction labelled £5,a3 was mixed with
silica gel (200 - 300). This was layered on siljeh column (10 - 40) and eluted with a mixture of

petroleum ether and ethyl acetate in differenbratie starting eluent was in 20:2 mixture. Four
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fractions were produced and labelled frogb@sh; to CsS;agbs. Fraction labelled §€5asb, was
mixed with silica gel (200 - 300). This was layewadsilica gel column (10 - 40) and eluted with
a mixture of chloroform and methanol in differeatio; the starting eluent was in 400:1 mixture.
Three fractions were produced and labelled frogs&b,c; to CsS,agh,cs. Fraction labelled
CsS1agh,c, was mixed with silica gel (200 - 300). This wageeed on silica gel (10 - 40) column
and eluted with a mixture of chloroform and acetondifferent ration; the starting eluent was in
70:1 mixture. Three fractions were produced andllatl from GS;agh,csd; to CsS;ash,Czds.

Fraction labelled & (8g) was layered on Sephadex (LH-20) column aundedl with a
mixture of chloroform and methanol in ration 1:1gooduce three fractions. Fraction labelled
C20S; was subjected to MPLC (RP - 18) column and eluwtgd methanol and water in gradient
of 10-90 % to produce 3 fractions. Fraction lale®S,a; was subjected to HPLC (YMC-Pack
ODS-A, 10 mm x 15 cm) column, at a flow rate of 2nnm, and eluted with methanol and water
in gradient of 60:40 % for 20 min to produce a pcoepound.

Thin layer chromatographic (TLC) assessment ineddfit solvent systems was used to
determine the purity of each fractions and samgtes-coated glass plates with silica geh£F
were used. Spots were visualized and detected Wwhddight or by spraying with 10 % 5O, in

95 % ethanol, followed by heating at®@0

3.25 Spectral Studies
3.25.1 Nuclear Magnetic Resonance (NMR) Analysis

Structural elucidations of all isolated and pudfighytochemicals were carried out by 1-
Dimensional Nuclear Magnetic Resonance spectrosomifiods (1-D NMR) which includé’c-,

DEPT and'H- NMR analyses. 2-D NMR spectroscopy (COSY, HMBB/QC and HSQC) was
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also carried out for the newly isolated compourdd®. and 2-D NMR spectra were recorded on
Bruker AM-400 MHz, Bruker DRX-500 MHz and Avancd-800 MHz NMR spectrometers.

Tetramethylsilane (TMS, SiCfjilwas used as the internal standard.

3.25.2 Mass Spectroscopy (MS) Analysis

Positive Electrospray lonization Mass Spectrosc$I-MS) analyses were conducted
for each isolated compound to determine its apjpaitgochemical formula and molecular weight.
High Resolution Electrospray lonization Mass Spesttopy (HR-ESI-MS) analyses were carried
out only on new compounds. ESI-MS and HR-ESI-MSenanducted using an API Qstar-time-

of-flight pulsar instrument (Applied Biosystems, A)S

3.25.3 Other Spectroscopic Methods

Infra red (IR) spectra of new compounds were obkthion a Bruker Tensor 27
spectrophotometer with samples in KBr pellet. Witnéet (UV) spectra were measured on a
Shimadzu UV-240 1PC spectrophotometer (Shimadzurgooation, Tokyo, Japan). Optical
rotation was measured with a Horbia SEAP-300 auticnmlarimeter (Horiba, Tokyo, Japan).

Melting points were performed on melting point agpas, XRC-1 (Sichuan University, Sichuan,

China).
3.2.6 I'n vivo Antioxidant Assessment ofCaesal pinia bouduc
3.2.6.1 Experimental Design forn vivo Antioxidant Assay

Healthy adult female albino Wistar rats (n = 42yevesed in th& vivo antioxidant study.

The rats were housed in standard cages in the Arifimase, Covenant University, Ota, Ogun
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State. They were allowed to acclimatise for two kgegnd were given food and waget libitum
The cages were cleaned daily and the animals wemdetl according to standard ethical
guidelines. The weights of the rats were recordefibre treatment started. The rats weighed
between 60 and 100 g. The rats were divided intersgroups, and each group contained 6 rats.
The dosage with the CB extract was based on thg Wedjht of each rat. Groups | to 1V had the
following dosages of CB extract: 50 mg/kg bwt, 10§/kg bwt, 150 mg/kg bwt, 200 mg/kg bwt. ,
10 mg amodiaquine/kg bwt was used as the negabinead; 10 mg vitamin C/kg bwt was used
as the positive control; and 2 ml distilled watgrfawt was employed as the normal control.
(Farombi, 2000; Tafazoli and O’Brien, 2009).

On the 15th day, the rats were placed under light ether apagttafter an over night fast
and blood samples were collected by cardiac puacioio heparinised tubes. Whole blood

collected were kept in the bio-freezer (2Puntil analysed.

3.2.6.2 Antioxidant Assays
3.2.6.2.1 Assay of Catalase Activity

Catalase activity was assayed according to the fraddinethod that was based on those
of Claiborne (1985) and Aebi (1974) in which thesafipearance of hydrogen peroxide was
monitored spectrophotometrically at 240 nm. Oné ohicatalase activity was defined as the
amount of protein that causes one micromole of dgyein peroxide to decompose per minute
under specified conditions at%®5in a regulated water bath.

Into two cuvettes labelled test and control, 1 indlituted whole blood (0.02 ml blood in
10 ml 0.05 M phosphate buffer (pH 7.0)) was adaetds$t while 1ml of 0.05 M phosphate buffer

(pH 7.0) was added to the control tube. To eaclettey 0.5 ml of substrate (30%,®% in
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phosphate buffer) was added. The contents of adwmh were mixed thoroughly and the blank
tube was used to set the spectrophotometer to Zeeodecrease in the absorbance of the mixture

in the test cuvette was monitored at 240 nm fos&@€nds at 10 seconds interval. An extinction

coefficient of 43.6 Mcm!was assumed for @, at 240 nm.

AA
Catalase activity =2

(WwhereAAsampieis the change in absorbance of sample after )0 sec

2H0,  _Catalase 240 + O

3.2.6.2.2 Assay of Peroxidase Activity

The activity of peroxidase was assayed as repiyed/everet al. (1980). The reaction
mixture consisted of 3.0 ml of pyrogallol in 0.1 phosphate buffer, pH 7.0 and 0.5 ml of 1 %
(v/v) H,O,. To this was added 0.1 ml of the sample, ancthizmge in absorbance was measured

at 430 nm at 30 sec intervals for 2 min. The peelase activity was calculated using molar

extinction coefficient of 4.5 Mcm™ for oxidised pyrogallol.
i N A'A‘sample
Peroxidase activity =45

(whereAAsampieis the change in absorbance of sample after 30 sec

H,O, + Pyrogallol peroxidgse 2,61+ Purpurogallin
3.2.6.2.3 Determination of ThiobarbituricAcid Reactive Substances (TBARS)
Concentration

The blood concentration of thiobarbituric acid teaecsubstances (TBARS) is an index of

lipid peroxidation and oxidative stress.
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The concentration Thiobarbituric acid reactive sabses (TBARS) were determined by the
modified method of Buege and Aust (1978). 0.1 mbiafod in 0.04 M Tris-HCI buffer, pH 8.3
was treated with 2.0 ml of a 1:1:1 TBA-TCA-HCL, 1ti(thiobarbituric acid (TBA) 0.37 %;
15 % (w/v) TCA and 0.25M HCI). The mixture was ibatied at 95C for 15 mins. The tube was
then cooled on ice and centrifuged. The absorbahttee clear supernatant was measured 535 nm
against a blank. The TBARS content was determusgadg an extinction coefficient of 155 nM

em?,

sample

A
TBARS concentration =—=
155

(where Aampieis the absorbance of sample)

3.2.7 Toxicological Evaluation of Ethanolic Extrat of C. bonduc

The toxicological assessment 6f bonducwas divided into two phases: acute and sub
acute (28 days) toxicicological investigations. fctoxicity study is a measure of the interaction
of xenobiotic with biomolecules after a single adistration within fourteen days while sub-
acute toxicity study is a measure of the interactbxenobiotic with biomolecules after repeated

administration within 28 days.

3.2.7.1 Grouping and Treatment of Experimental Rat for Sub-acute study

This study was carried out according to the Orgaitia for Economic Cooperation and
Development (OECD) guidelines (OECD, 1995). Fitynle albino Wistar rats were selected by
stratified randomization for the sub-chronic toicstudy. They were divided into six groups.

Four groups (Grps 3 to 6), each containing ten raése treated with the CB extract. In each

122



group five rats were used for the actual test arelfor the recovery test. The five animals in Grp
1 were used for normal control; the five in Grp @revused for the vehicle control.

The rats were weighed before the commencementeatntient. Thereafter, they were
weighed weekly throughout the duration of the stuidhe rats were grouped as follows: Groups 1
to VI - normal control (distilled water), vehiclemtrol (Sodium carboxymethyl cellulose), 200
CB mg/kg bwt, 400 CB mg/kg bwt, 800 CB mg/kg bwidal600 CB mg/kg bwt respectively.
The animals were dosed daily by gastric intubatibhe physical appearances and the daily
activities of the rats, such as eating patternsewbserved and recorded. Signs of abnormalities
were observed and recorded. On th8 @8y, after treatment with CB, the animals wereynder
light ether anaesthesia (Mugb al.,2003). The recovery groups were kept alive andulefreated
for additional 14 days and were later sacrificetbo was collected by cardiac puncture into
heparinised and EDTA bottles, followed by centrdtign at 3000 rpm for plasma preparation.
The plasma samples were collected and kept in-frégzer (-20°C) until they were analysed for
the biochemical indices of toxicity. The blood saespcollected into EDTA bottles were analysed
immediately for haematological indices. The kidnkyer, heart and spleen were also collected
from the animals and washed in normal saline, wesighnd stored in 10 % formalin in plastic
bottles. The biochemical, haematological and hatloplogical parameters of organ toxicity were
evaluated in the treated animals and comparedaaitirols. The relative organ weights was also

calculated and recorded.

3.2.7.2 Grouping and Treatment of Experimental Rat for Acute study
The female albino Wistar rats (n = 20) were usedtie acute toxicity study. The plant

extract at fixed doses of 0, 2000, 4000 and 600kgngody weight were administered to four
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groups, each containing rats. The animals in Ggerired as the control and received 1 ml of
distill water while groups 1l to IV were given eti@ic extract of CB at doses of 2000, 4000 and
6000 CB mg/kg bwt by gastric intubation. The ansnakre observed for signs of morbidity and
mortality at 1, 2, 4 and 6 hr after treatment aotdsequently on the 7th and 14th days after
treatment. This weight of experimental rats wereasneed and recorded on Days 1, 7 and 14
respectively. The study was carried out in accardanith the Organisation for Economic Co-

operation and Development (OECD) guidelines No. 4@%01). The biochemicals,

haematological and histological parameters of tpeBmental animals were evaluated after 14

days.
3.2.7.3 Biochemical Analyses
3.2.7.3.1 Determination of Concentration of Plasmaotal Protein

A total protein test kit (Randox Laboratories Lt@rumlin, UK), was used for the
estimation of plasma total protei@upric ions in alkaline medium interact with protgiaptide
bonds, hence, resulting in the formation of a cadwiuret complex (Weichselbaum, 1946).

The content of the test kit is R1a (10 ml of battR1 (biuret reagent) in 40 ml distilled water
(dH20)), R21 (10 ml of bottled R2 in 40 ml &), and protein standard. The reaction mixturte
contained 1.0 ml of R1a and 0.02 ml of plasma &ngle’s test tubes, while blank and standard
test tubes contain 1.0 ml of R1a and 0.02 ml of@llér 0.02 ml of standard respectively. Each
test tube was mixed and incubated &fr 30 min. The absorbance of the standagghdsand
samples Asmple Were measured against reagent blank at 546 nmpeotdin concentration is

calculated as follows:

. . Asample .
Total protein concentration =———  x Standaahcentratior

standard
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(where standard protein concentration = 5.85 g/dl)

3.2.7.3.2 Determination of Plasma Urea Concentratn
A urea test kit (Randox Laboratories Ltd., CrumlidK) was used for this assessment.
Urea in serum/plasma is hydrolysed to ammonia & ghesence of urease. The ammonia is

measurable photometrically by Berthelot’s reac{idfeatherburn, 1967).
Urea + HO Ur_sasa INH: + CO:
NH: + hypechlonite +phenol — indophenol (blue compound)

The content of the kit is R1a (Sodium nitropruesithd urease solution), R2a (40 ml of R2
(phenol) in 280 mis of d}¥D), R3a (10 ml of R3 (Sodium hypochlorite) in 34% of dHO)
and standard. 10 of each sample was mixed with 100of R1a, while 1Qul of standard and 10
ul of dH,O with 100ul were mixed for standard and blank respectivéigse were incubated for
10 min at 37C. Thereafter, 2.50 ml of R2a and 2.50 ml of R3aewadded and incubated for
additional 15 mins. Absorbance of samplee and standard &wndaraWere read against the

blank. Urea concentration was calculated as follows

sample

Urea concentration = x Urea standardasntratior

standard

(where Urea standard concentration = 80.5 mg/dl)

3.2.7.3.3 Determination of Plasma Creatinine Concénation

A creatinine test kit (Randox Laboratories Ltd.,u@fin, UK) was used for this
assessment. Creatinine, in alkaline solution, seath picric acid to form a coloured complex.
The amount of the complex formed is directly prdjomal to the creatinine concentration

(Bartelset al, 1972).
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The content of kit is R1a (picric acid), R1b (sodi hydroxide) and creatinine standard.
The working reagent contained equal volumes of Bid R1b. 10Qul of plasma, 10Qul of
creatinine standard and 1QDof dH,O were separately placed in different test tubesl®00ul
of working reagent was added to each tube. Theeoobrdf each tube were mixed gently and
absorbance Almpeand Alandardwere read at 492 nm against blank after 30 seereHfter, 2
min of initial reading, Absorbance ;Ampe and AsandardWere also read. The concentration of

creatinine was calculated as follows:

sample

AA
Creatinine concentration = X Creatinstandard concentratic

standard

whereAAsample = A2ampie- Alsampls

AAstandard= Azstandard' Alstandarél and

(creatinine standard concentration = 1.97 mg/dl)

3.2.7.34 Determination of Plasma UricAacid Concération

A uric acid test kit (Linear Chemicals, Barcelo@pain) was used for this assessment.
Uric acid is oxidized by uricase to allantoin witle formation of hydrogen peroxide. In the
presence of peroxide, a mixture of dichloropherplsanate (DPCS) and 4- aminoantipyrine (4-
AA) is oxidized by hydrogen peroxide to form a quieimine dye proportional to the

concentration of uric acid in the sample (Barhah @&nnder, 1972).

Uric acid + 0: +2 H:O Unicase Allantoin + H2Oq
—
4-AA+DCFs I 10, S Quinenemmine +4 HxO

The content of kit: R1 (Monoreagent solution) amid acid standard. Into each test tube,
1.00 ml of R1 was pipeted and #bof plasma, 251 of standard and nothing were added for

sample, standard and blank tubes respectively.nfiRires were incubated for 10 min at room
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temperature. The absorbance4{#Aveand Atandard Were read at 520 nm against reagent blank. The

concentration of Uric acid in plasma samples wésutated as follows:

sample

Concentration of uric acid = x Concenioa of standard uric aci

standard

(where concentration of standard uric acid = 6di)g/

3.2.7.35 Determination of Plasma Triglyceride Corentrations

A triglyceride test kit (Linear Chemicals, Barcedy Spain) was used for this assessment.
This is based on the enzymatic hydrolysis of plasmgédyceride to glycerol and free fatty acids
(FFA) by lipoprotein lipase (LPL). The glycerolptiosphorylated by adenosin triphosphate (ATP)
in the presence of glycerolkinase (GK) to form ghgi-3-phosphate (G-3-P) and adenosine
diphosphate (ADP). G-3-P is oxidized by glycerogitee oxidase (GPO) to form
dihydroxyacetone phosphate (DHAP) and hydrogen xideo (H,O;). A red chromogen is
produced by the peroxidase (POD) catalysed coumfrgraminoantipyrine (4-AA) and phenol

with hydrogen peroxide (},), proportional to the concentration of triglycexich the sample

(Fossati and Prencipe, 1982).

Ingheendes + 3 HO LPL , Ghyerol+ 3 FFA
Glycerol + ATP GE . Glyeerol 3-P + ADP
Glycerel-3-F +0, GEO DHAFP +H, 0,
4-AA + 4 Phenol H 0 POD Quinenetmine + H,O

The content of kit is R1 (Monoreagent) and trigiydes standard. Each tube contained
1.00 ml of R1 and 1@L of plasma or 1QiL of standard or nothing for sample or standard or

blank tube respectively. These tubes were mixatlygand incubated at room temperature for 15
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min and the absorbance {fpie and Asandard Were read at 500 nm against reagent blank. The

colour was protected from light. Triglyceride contration was calculated as follows:

A
Concentration of triglyceride =2™°  x 200 rhall

standard

200 mg/dl = Concentratio of triglyceride standaoth@entration

3.2.7.3.6 Determination of Plasma Glucose Conceation

A glucose test kit (Cypress Diagnostics, VlaamsbBrd, Belgium) was used for this
assessment. Glucose is oxidized by glucose - oxid@©X) to gluconic acid and hydroxide
peroxide. The formed hydrogen peroxide@), is detected by a chromogenic oxygen acceptor,
phenolaminophenazone in the presence of perox{#43B). The intensity of the colour formed s

proportional to the glucose concentration in thega (Trinder, 1969).

Glucose + 0: +H:0 GOX H:0: + Gluconic acid

H:0:+ Phenol +4-AP  _POD \ Quinens +4H:0

Where 4-AP is 4-aminophenazone

The content of kitc is R1 (Tris buffer PH 7.4 d@idenol), R2 (GOD, POD and 4-AP) and
glucose standard. Working reagent was preparedixipgnl00 ml of R1 with 10 ml of R2. Each
tube contained 1.00 ml of working reagent andull®f plasma or 1Q.L of standard or nothing
for sample or standard or blank tubes respectivélyese tubes were mixed gently and incubated
at room temperature for 20 mins. Absorbanceffeand Aiandard Were read at 505 nm against

blank. The colour was protected from light. Glucosacentration was calculated as follows:

sample

) A
Glucose concentration =——

standard

X Glucose staddconcentratio
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(where glucose standard concentration is 100 nag/8155 mmol/L)

3.2.7.3.7 Assay of Plasma Aspartate Aminotransfesa Activity
Aspartate aminotransferase UV kinetic test kit (@gs Diagnostics) was used for this

assessment. The principle of this assessment veasl loa the following equations:

o-ketoglutarate + Aspartate AsT p Glutamate + Oxaloacetate

Orzloacetate + HADH LIDH - Mlalate + MATF

Malate dehydrogenase (MDH) catalyzes the conmersi oxaloacetate to malate in the
presence of NADH. The rate of NADH consumptionesedmined photometrically and is directly
proportionally to the aspartate aminotransferasgT{Aactivity in the sample (Bergmeyer et al.,
1986a).

The content of kit is R1 (Tris buffer pH 7.8 anspartate), R2 (NADH, MDH and -
ketoglutarate). The working reagent was preparedigsolving substrate R2 into 15 ml of R1.
1.00 ml of working reagent was pipetted into eae$t tube with the addition of 0.10 ml of
plasma. The mixture was mixed gently, initial albsorce (A) taken at 1 min and absorbance was
taken every minute for additional 3 mins at 340 atn25C. The difference between absorbances
(AA) and the average absorbance differences per en{nAf min) were calculated.

Concentration of AST (U /I) AA (min™) x 1750
One International Unit (IU) is the amount of emeythat transforms 1 pmol of substrate

per minute, in standard conditions. The concemtnais expressed in units per litre of sample

urn).
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3.2.7.3.8 Assay of Plasma Alanine Amimanhsferase Activity

Alanine aminotransferase UV kinetic test kit (CygweDiagnostic) was used for this
assessment. The principle of this assessment veasl loa the following equations:
o - ketoglutarate + alamne  ALT Glutamate + pyruvate
Pyruvate +NADH +H' LDH __  lLactate+NAD"

Lactate dehydrogenase (LDH) catalyzes the conversiopyruvate to lactate in the
presence of NADH. The rate of NADH consumption ésedmined photometrically and is direct
proportional to the alanine aminotransferase (A|Ejivity in the sample (Bergmeyet al,
1986b).

The content of kit is R1 (Tris buffer PH 7.8 dndlanine), R2 (NADH, LDH and
a - ketoglutarate). The working reagent was prepasedissolving substrate R2 into 15 ml of R1.
1 ml of working reagent was pipetted into each telse with the addition of 0.10 ml of plasma.
The mixture was mixed gently, initial absorbance)(faken at 1 min and absorbance was taken
every minute for additional 3 min at 340 nm af@5The difference between absorbanaes)(

and the average absorbance differences per minAtérfin) were calculated.
Concentration of ALT (U /) AA (min™) x 1750

One International Unit (IU) is the amount of enzythat transforms 1 pmol of substrate per

minute, in standard conditions. The concentratsoexpressed in units per litre of sample (U/I).

3.2.7.3.9 Determination of Plasma Chotesol Concentration
A cholesterol test kit (Cypress Diagnostics, Vlad®nabant, Belgium) was used for this
assessment. Cholesterol and its esters are reléasedipoproteins by detergents. Cholesterol

esterase (CHE) hydrolyses the esters astd s formed in the subsequently enzymatic oxidation
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of cholesterol by cholesterol — oxidase (CHOD). eTiormed hydrogen peroxide {&), is
detected by a chromogenic oxygen acceptor, phemotginenazone in the presence of
peroxidase (POD). The intensity of the colour fodmis proportional to the cholesterol

concentration in the sample (Zoppi and Fellini, @97

Cholesterol ester + FO CHE , Chole sterol + fatty acid
Cholesterol + O CHOD . 4-Cholestenon + O
2H;O, + 4-AP + Phenol POD Cruinonimine + 4 H2O,

where 4-AP is 4-Aminophenazone

The content of kit is R1 (Pipes PH .9 and pher®d (CHE, CHOD, POD and 4-
AP) and cholesterol standard solution. Working ezdgvas prepared by mixing 100 ml of R1
with 10 ml of R2. Each tube contained 1.00 ml ofkirmg reagent and 10L of plasma or 1QL
of standard or 1QL of distilled HO for sample or standard or blank tubes respegtivéhese
tubes were mixed gently and incubated dtC2for 10 mins. Absorbance {fwpie and Avandard
were read at 505 nm against blank. The concentraticholesterol in sample was calculated as

follows:

sample

A
Cholesterol concentration = X Cholestatandard concentratic

standard

(where cholesterol standard concentration is 2§@imn

3.2.7.3.10 Determination of Plasma Biliruh Concentration

A bilirubin test kit (Randox Laboratories Ltd.KYwas used for this assessment.
Direct bilirubin reacts with diazotized sulphanidicid in alkaline medium to form a blue coloured
complex. Total bilirubin is determined in the pnese of caffeine, which releases albumin bound

bilirubin, by the reaction with diazotized sulphanacid (Jendrassik and Grof, 1938).
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The content of the kit is R1 (Sulphanilic aciddadCl), R2 (Sodium nitrite), R3
(Caffeine) and R4 (Tartrate and NaOH). 20®f R1, 1000ul of R3 and 20Qul of sample were
pipetted into each test tube. pDof R2 was added to each sample tube whilgu56f distilled
H,O was added for the corresponding blank tube. Whss done for each sample. The test
tubes were mixed and incubated for 10 mins 4C28nd 100Qul of R4 was added, mixed and
incubated for further 30 min at Z5. Absorbance of the sample s(Apd was read at 578 nm
against sample blank. Total bilirubin was calcudads follows:

Total bilirubin concentration (mg/dl) = 10.8 Xhple

Calculation of Plasma Direct Biubin Concentration
200l of R1, 2000ul of normal saline (0.9% NaCl) and 2@0 of sample were
pipetted into each test tube. plDof R2 was added to each sample tube while nothiag added
for the corresponding blank sample tube. This wasedfor each sample. The test tubes were
mixed and incubated for 10 min at°5 Absorbance of the samples{And Wwas read at 546 nm
against sample blank. Direct bilirubin concentratieas calculated as follows:

Direct bilirubin concentration (mg/dl) = 14.4 X4\ple

3.2.7.4 Evaluation of the Haematologic®larameters

Blood samples were collected by cardiac punctute @thylenediaminetetraacetic acid
(EDTA) bottles. The following haematological parders; packed cell volume (PCV), white
blood cells (WBC), neutrophil (N), eosinophil (Hymphocyte (L) and monocyte (M) were

evaluate according to the methods of Dacie and £é1984).
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3.2.7.5 Histopathological Studies of the Organs &xperimental Animals

The histopathological analysis of the kidney, tiverl the spleen and the heart excised
from the experimental animals were carried outhe histopathology laboratory of the Lagos
University Teaching Hospital (LUTH), Idi Araba, Lag, Nigeria. The various organs were cut
and placed in embedded cassettes. Thereafterywteyfixed with 10% formalin for 1 hour and
afterwards dehydrated with methanol (70, 90 and¥d)0ét different concentration in ascending
concentration and different time in order to remevager from the tissues. Thereafter, clearing
with xylene was done for 2 to remove alcohol areppre the tissue for waxing. Embedding was
done using paraplast wax by impregnating casseifitiismolten wax at 66C for 3 h. Slicing
was done at 5 microns using a microtome. The sViae dyed for 20 min on hot plate. Afterwards,
dewaxing and hydration were done using xylene artus percentage of alcohol respectively.
Thereatfter, staining was done with cole’s hematoxigr 10 min to stain the nucleus while eosin
was used to stain the cytoplasm for 3 min.

Dehydration was once again carried out in alcomal alcohol cleared with xylene. A
mounting medium, dibutylphthalate xylene (DPX) whspped on the tissue section and they

were viewed through the microscope.

3.2.8 Evaluation of in vitro Antimalarial Activities and Selectivity Determination of
Extract of CB
3.2.8.1 Culture of Malaria Parasites

P. falciparum(ATCC 30932, FCR-3 strain) was used in this stutdwas cultivated by a
modification of the method of Trager and Jenseradér and Jensen, 1976; Jensen and Trager

1977, Ogunlanat al, 2009). A 5 % hematocrit of type A human red blaails suspended in
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RPMI 1640 medium, and supplemented with heat-idattd 10 % type A human serum was
used. The plates were placed in a,C@.- N, incubator (5% CQ 5% Q, 90% N atmosphere)
at 37 °C, and the medium was changed daily untilpg¥asitemia was attained (which means the

existence of 5 parasite-infected erythrocytes erg\100 erythrocytes).

3.2.8.2 Culture of Mammalian Cells

Mouse mammary tumor FM3A cells (wild-type, subcldf28-7) were maintained in a
suspension culture at 37 °C in a 5% L&mosphere in culture bottles containing mouse
embryonic stem (ES) cell culture medium supplencentéh 2% heat-inactivated fetal bovine

serum (Gibco, NY, USA) (Yoshioket al., 1987).

3.2.8.3 Evaluation ofin vitro Antimalarial Activity of Various Fractions of CB

Various concentrations of extracts and isolated pmmnds including positive control
samples (quinine hydrochloride, pyrimethamine, mrsanin and mefloquine) were prepared in
dimethyl sulfoxide (DMSO, Sigma, St Louis, MO, USAand water (HO). 10 uL of each
solution was added to individual wells of a 24-walllti-dish. Erythrocytes (10 pL) with 0.3 %
parasitaemia were added to each well containing |9B0of culture medium to give a final
hematocrit level of 3 %. The plates were incubae87 °C for 72 h in a multigas incubator (5 %
CO, 5% Q, 90 % N atmosphere). To evaluate the antimalarial actieftgamples, thin blood
films from each culture were prepared and staingtth Wdiemsa solution. A total of 10000
erythrocytes per one thin blood film were examineder a microscope. All the tested samples
were assayed in duplicate at each concentratiorug-Bee control cultures were run

simultaneously. The level of parasitemia in contvak between 4 - 5 % at 72 h (Kenal.,1999).
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Values were presented assdCwhich is the concentration of sample necessarinhdit the

increase in parasite density at 72 h by 50 % otutrgrol.

3.2.84 Evaluation of Toxicity of Various FractionsAgainst Mouse Mammalian Cell
Line

Mouse mammalian cell line, FM3A cells grew with@ubling time of about 12 h. Prior to
exposure to drugs, the cell density was adjustesiktdf cells/ml. A cell suspension of 990 pL
was dispensed to the test plate and 10 pL of thmples at various concentrations suspended in
DMSO or O were added to individual wells in a 24-well mulish. The plates were incubated
at 37 °C in a 5% C@atmosphere for 48 h. Triplicate assays were madedch concentration of
the drugsC. bonducextract. Cells were counted using a cell coun&rl30 (Kimet al., 1999).
The values were presented insdOwhich refers to the concentration of the samm@eessary to
inhibit by 50% the increase in cell density of tuntrol at 48 hrs. Selectivity values for the tdste
drug/compounds and extracts were calculated assil
Selectivity = 1Go value of FM3A cell / 1G, value ofP. falciparum

The antimalarial and cytotoxicity assays were edrriout at the Department of
Pharmaceutical Information Science, Faculty of Rtzereutical Sciences, Okayama University,

Tsushima, Okayama, Japan.

3.29 In vitro Cytotoxic and Anti-microbial Activities of Various Fractions of CB
3.29.1 Culture of Cancer Cell Lines
Cancer cell lines, BGC-823 (gastric carcinoma) kledla (cervical carcinoma) (BGC -

823, HelLa) were maintained in a suspension culti®’ °C in a 5% C@atmosphere in plastic
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bottles containing RPMI - 1640 medium (Nissui Phaceuticals, Tokyo, Japan) supplemented
with 10% heat - inactivated fetal bovine serum albu(Gibco, NY, U.S.A.). Prior to exposure to
drugs, the cancer cell lines were cultured in g @@ubator for 48 hours and the cell density was

adjusted to 5x10cells/well.

3.29.2 Preparation of Samples

Compounds (2.5 mg/ml) were prepared according ¢ tifferent solubilities either in
DMSO or HO. 2 and 8ul of the sample (2.5 mg/ml) was dispensed into Bdpd tubes
containing 484 of complete medium (RPMI 1640 containing 10% F8@vine Serum) to make

a final concentration of 100 and 4Q@/ml for compounds and extracts respectively.

3.29.3 Cell growth Inhibition Assay (Pre-test andevaluation Assessment)

The sulphorhodamine B (SRB) assay was adopted fpraatitative measurement of cell
growth and viability (Tanget al, 2010). Cultured cancer cells in RPMI 1640 med{$igma, St
Louis, MO, USA), were seeded in aliquots of 9I0in 96-well flat-bottomed microtiter plates
(Greiner). The plates were incubated at 37 °C B%@CQ atmosphere for 48 h. Twenty four
hours later, 1Qu of samples (pure compounds and solvent fractiorese added to make final
concentrations of 10 and 4@y/mL respectively. All of the tested samples wessaged in
duplicate. After incubation at 3Z and in an atmosphere of 5% £0r 48 h, cells were fixed by
the addition of 25l of 80 % ice-cold trichloroacetic acid (GLCIOOH, TCA) per well, incubated
for 5 mins and refrigerated at@ for 1 h. Thereafter, the plates were rinsed icesx cold water
and dried on absorbent paper. After washing, aimdrand staining for 15 min with 10d of

Sulforhodamine B (SRB) (0.4% SRB in 1% glacial acatid), which ensures the full staining of
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cellular proteins (Skehaet al, 1990), excessive dye was removed by washing fthglacial
acetic acid and dried on absorbent papers. 10ff 10 mM Tris was added to each well and
placed in a plate shaker for 10 mins to solubiliee SRB stain bound to the cellular protein.

The absorbance of the plates was measured at 56Qugimg a microplate reader
(Molecular Devices, SPECTRAMAX 340, USA). Furthessassment was carried out with four
diluted concentrations (dilution ratio 1:2), if thehibition was up to 50 % at its pre-test
assessment. Cell growth inhibition values were esged as I§ (50% inhibitory concentration)
for evaluation assessments and | % (Percentagéitioh) for pre - test assessment. Taxol,
clinically used as an anticancer drug, was useal @ssitive control (Tangt al, 2010). | % was
calculated in relation to the mean of negative int

Percentage inhibition (1 %) was calculated by thiWving equation:

1% =Cc —Csx 100

Cc

Cc = viable cell counts of negative control

Cs = viable cell counts of sample

ICso was calculated by the following equation:

Log1o(ICs0) = LOGio (C1) (In - 50) + 10go (Ch) (50 - §)

In- 1o

ICs0 = 10%°%“¢);

In: 1 % above 50%;

IL: 1% below 50%;

Cy: high drug concentration; and

C.:low drug concentration
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3.2.94 Anti-microbial Assay

The anti-microbial experiment was conducted acegydo the turbidimetric method on
the bacteriunCandida albicangTanget al, 2010).C. albicanswas inoculated iMueller Hinton
Broth (Oxiod, CM0405, Hampshire, England) to McFarlan8 @nd diluted with medium to
1x1¢ CFU/ml. Aliquots of 90uL were filled in 96-well U-bottomed microplate. Spies,
dissolved in DMSO as decribed previously and ddwéth the medium to a total volume of il
were dispensed in the wells to final concentratioins0 and 4Qug/ml. After culturing at 37C for
24 h, absorbance was recorded at 620 nm with tireraentioned microplate reader. The level of
inhibition was calculated as the percentage of mari absorbance (negative control) to the

absorbances of the samples. Miconazole Nitrate d&eyChina) was used as positive control.

3.2.10 Statistical Analyses

Inhibition data were expressed as percentage tdmbi(l %) and 50% inhibitory
concentration (I6) values. Other data were expressed as mean zasthador of mean (SEM).
The statistical analysis of the results was caroetdby one way analysis of variance (ANOVA)
using the Statistical Package for the Social S@sr{€PSS), version 15.0 (SPSS Inc., Chicago, IL,
USA). The least significant difference (LSD) wasdgo compare the difference between the
means of the groups of tii2 bonduetreated animals and the recovery group, as wdlletiseen
the C. bonduetreated animals and the control groups. The t@sisfatistical significance was

carried out at the 95 % confidence limit.
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CHAPTER FOUR

RESULTS

4.1 Quantitation of Yields ofC. bonduc

The yield of CB (8800 g) from 75% v/v ethanolic wdn was 1120 g and the % yield
was 12.7 %. The yields (% vyields) of the petroleettmer - soluble fraction, the ethyl acetate -
soluble fraction, the nbutanol - soluble fractiomdahe water - soluble fraction were 13.4 %,

10.7 %, 15.2 % and 56.3 % respectively.

4.2 Qualitative Phytochemical Assessment . bonduc
In table 4.1 is the summary of the phytoconstitsenit twigs and leaves of CB. The
ethanolic exztract gave positive (+ve) reactioristdar the presence of key metabolites except

phlobatannins.
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Table 4.1:  Phytochemical Constituents 6f bonduc

Phytochemicals Results
Tannins +
Flavonoids +
Saponin +
Steroids +

Phlobatannins -

Terpenoids +
Cardiac glycosides +
Glycosides +

+ represents a positive result and - represen¢gative result
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4.3  Quantitation of Isolated Compounds from the Pebleum Ether and Ethyl Acetate

Fractions of C. bonduc

TCB 1 (319.3 mg) was collected as a yellow crystalkolid from Gay4b4. It was soluble
in methanol. Its structure was elucidated and & d@signated as compound 1. TCB 2 (25.9 mg)
was collected from £yb, as a colourless crystalline solid, soluble in obilorm. Its structure
was elucidated and it was designated as compountCB. 3 was obtained as a colourless
crystalline solid from @xg,Ss. It was soluble in chloroform. Its structure wéiscedated and it
was designated as compound 3.

TCB 4 was obtained impure fromes&ehsS, as a yellow amorphous solid soluble in
acetone. TCB 5 (15 mg) was obtained frog@sS, as a colourless crystalline solid soluble in
chloroform. Its structure was partially elucidataald it was designated as compound 4. TCB 6
was obtained from £4bsc405Sse, as a colourless crystalline solid soluble in oblorm. Its
structure was partially elucidated and it was desigd as compound 5. TCB 7 (5 mg) was
obtained impure from £y4b4dse5f306Sh; as a white amorphous powdseluble in chloroform.
TCB 8 (4 mg) was obtained impure fromaghsc,dsSseif4 as a white amorphous powdeduble
in chloroform.

TCB 9 (15.60 mg) was obtained from fractionodgh,ds as yellow powder soluble in
methanol. Its structure was elucidated and it wesighated as compound 6. TCB 10 was the
same compound as in TCB 9. TCB 11 (10.4 mg) waaiodd from fraction gasbsd; as a yellow
powder soluble in methanol. Its structure was elaigid and it was designated as compound 7.

TCB 12 was the same compound as in TCB 11.
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TCB 13 (3.4 mg) was obtained from fractiono®bsd, as a brown powder soluble in
methanol. TCB 14 (800 mg) was obtained fromagSsb, as a white amorphous solid soluble in
pyridine. Its structure was elucidated and it wasighated as compound 8. TCB 15 (12.8 mg)
was obtained from Gasbsc; as a yellow crystal soluble in methanol. Its swuetwas elucidated
and it was designated as compound 9. TCB 16 (7)2wag obtained from Gasbsc; as a yellow
crystal soluble in methanol. Its structure was idlaied and it was designated as compound 10.
TCB 17 (227 mg) was obtained from&bsc:S; as a yellow crystal soluble in methanol. Its
structure was elucidated and found to be the samieC8 16. TCB 18 (3.4 mg) was obtained
from CieSsh; as brown powder soluble in methanol. TCB 20 (1&§) was obtained from
Ciroasbsczas a yellow crystal soluble in methanol. Its swuetwas elucidated and found to be the
same as TCB 15. TCB 21 (5.2 mg) was obtained fregis& as a white crystalline solid soluble
in methanol. Its structure was elucidated and assigas compound 11.

TCB 22 (11.4 mg) was obtained fromagh,csdiS; as white powder soluble in pyridine.
TCB 23 and TCB 24 were obtained from fractiongsuliscsd>S; and CgasbaCsdS; respectively.
They were isolated as white powder soluble in pgadTheir structures were the same as in TCB
22. TCB 25 was obtained from fractionaibsc,dsSses as a white crystal soluble in chloroform.
Its structure was the same as in TCB 6. TCB 26af#sined impure from fraction,65,a&c; as a
white powder soluble in pyridine. TCB 27 (24.4 mggs obtained from £S,ac; as a brown gel
soluble in methanol.CB 28 (6.6 mg), TCB 29 (5.9 mg) and TCB 30 (5.3) mgre all obtained
from fraction GoS,& as a white powder solulle methanol. TCB 31 (36.1 mg), TCB 32 (7.2 mg),
TCB 33 (9 mg) and TCB 34 (24.9 mg) were obtainenfiC ¢S,a3 as a yellow crystalline solid
soluble in methanol. TCB 35 (21.78 mg), TCB 36 {&mg) and TCB 37 (10.30 mg) were

obtained from gS,absas a white powder soluble in pyridine. TCB 38 (¥2m8g) was obtained

142



from GSa as a white powder soluble in pyridine. TCB 39 {®mg) was obtained from
CsSiabh; as a white powder soluble in pyridine. TCB 40, 42, 43 and 44 (79.5 mg) were
obtained from GS,a; as a yellow amorphous solid soluble in methanbkeyTwere identified as
the same. TCB 45 (17.6 mg) was obtained frogs:&b.c; as a white powder soluble in
chloroform. TCB 46 (4.8 mg) was obtained fromS@shb,c, as a white powder soluble in

chloroform.

4.4 Physical Properties, Spectra Assignments andr8¢ttural Elucidation of Pure
Compounds from C. bonduc

TCB 1 has a melting point of 288 (McPhersoret al, 1983). Its molecular formula was
determined as GH1404, On the basis of the molecular ion peak of posiSI-MS m/z 305
[M+Na]* (See Appendix 3). ThéH and**C NMR spectra revealed the followin§4 NMR
(DMSO-ds, 500 MHz):6 5.35 (2H, dJ = 1.5 Hz, H-2), 7.73 (1H, dl = 8.5 Hz, H-5), 6.54 (1H,
dd,J = 8.5, 2.0 Hz, H-6), 6.31 (1H, d= 2.0 Hz, H-8), 7.63 (1H, br s, H-11), 7.39 (2H,Jd; 8.5
Hz, H-2', H-6"), 7.04 (2H, d] = 8.5 Hz, H-3', H-5'), 3.81 (3H, s, 4-0GH"C NMR (DMSO+,
125 MHz):6 67.5 (t, C-2), 126.5 (s, C-3), 179.5 (s, C-4), 2@, C-5), 111.1 (d, C-6), 164.6 (s,
C-7), 102.4 (d, C-8), 162.5 (s, C-9), 114.2 (s,@;135.2 (d, C-11), 128.8 (s, C-1), 132.2 (d, C-
2', C-6"), 114.3 (d, C-3', C-5"), 160.3 (s, C-85,3 (g, 4'-OCH) (See Appendix 1 and 2). The data
are in agreement with the literature (Purushothaetat, 1982; McPhersoet al, 1983) and the
structure of TCB 1 was identified as 7-hydroxy-4thoxy-3,11-dehydrohomoisoflavanone

(bonducellin) (Figure 4.1).
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Figure 4.1. Chemical Structure of TCB 1, (1) - 7-hydroxy-4'-tn@ty-3,11-

dehydrohomoisoflavanone 11404 (M. wt.: 282)

The molecular formula of TCB 2 was determined a#16zO on the basis of the molecular
ion peak of positive ESI-MSn/z 411 [M+H]". The *H and *C NMR spectra revealed the
following: *"H NMR (CDClk, 500 MHz):6 0.88 (3H, t, J = 6.48 Hz, H-1), 3.64 (br s, 28-OBI}9
(2H, d, J = 2.55 Hz, H-28), 1.59 (2H, br s, H-2T)%5 (2H, m, H-26), 1.26 (2H, d, H-26)C
NMR (CDCl, 125 MHZz):5 14.1 (s, C-1), 22.6 (d, C-2), 31.9 (d, C-3), 2913G-4), 29.6 (d, C-
25), 25.6 (d, C-26), 32.2 (d, C-27), 62.8 (d, C:ZB)e data are in agreement with the literature

(Yadava and Nigam, 1987). The structure of TCB 2 identified as 1-octacosanol (Figure 4.2).

1 26 28

N\

(CHy),
224 »7

Figure 4.2: Chemical Structure of TCB 2, (2) - 1-octacosanGjsHssO (M. wt.: 410)

The molecular formula of TCB 3 was determined asHgOs on the basis of the
molecular ion peak at positive ESI-M&z441 [M+Na], 859 [2M+Na]". The'H and**C NMR
spectra revealed the followinid NMR (CDCk, 500 MHz):6 3.10 (2H, br s, H-1, H-5), 4.73 (2H,

d,J = 3.0 Hz, H-2, H-6), 3.90 (2H, overlap, H-4a, H;8428 (2H, m, H-4b, H-8b), 6.58 (4H, s,
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H-2', H-2", H-6', H-6"), 3.90 (12H, s, 3-OGH"-OCH;, 5-OCH;, 5"-OCH), 5.54 (2H, s, 4-OH,
4"-OH); **C NMR (CDCE, 125 MHz):6 54.3 (d, C-1, C-5), 86.0 (d, C-2, C-6), 71.7 (t40c-8),
132.0 (s, C-1', C-1"), 102.6 (d, C-2', C-2", C&'6"), 147.1 (s, C-3', C-3", C-5', C-5"), 1B4s,
C-4', C-4"), 56.3 (g, 3'-OCH13"-OCH;, 5'-OCH;, 5"-OCH). The data are in agreement with the
literature (Garnieet.al, 1975; Shuwet al, 2007). The structure of TCB 3 was identified &f (

Syringaresinol (Figure 4.3).
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Figure 4.3: Chemical Structure of TCB 3, (3) - (+)-SyringaresdinCy,H2¢0g (M. wt.: 418)

TCB 5 has a melting point of 23€. Its molecular formula was determined agH3,011

on the basis of the molecular ion peak at posESeMS m/z 533 [M+Nal], 1043 [2M+Na] (See
Appendix 12) and HRESI-MS as m/z 533.2142 [M+Ng&alculated as £Hz401:Na, 533.2142)
(See Appendix 13). It has the following chemicalgerties: Optical rotatiorm]};1 +33.5 €0.12,
CHCl3); UV (MeOH) Amax (log &) 203 (3.68) nm; IR (KBrymax 3572, 3440, 2950, 1788, 1736,
1441, 1401, 1368, 1234, 1166, 1062, 1027, 858 (3ee Appendices 14, 15 and 16). THeand

13C NMR data are assigned in agreement with the gémséuctures of the cassane diterpenes
(Wu et al.,2010) (Table 4.2 and Appendices 4, 5, 6, 7, 8n@ H)). TCB 5 (compound 4) was
partially elucidated asdl, 7a-diacetoxy-51,6B-dihydroxyl-cass-14(15)-epoxy-16,12-olide (Figure

4.4).
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Figure 4.4: Chemical Structure of TCB 5, (4) -aJ/a-diacetoxy-%,6p3-dihydroxyl-cass-

14(15)-epoxy-16,12-olide (M. wt.: 310)

TCB 6 (compound 5) has a melting point of 2a3Its molecular formula was determined as
CeH3g09 on the basis of the molecular ion peak at posE@-MS m/z 517[M+Na] (See
Appendix 27), 1011 [2M+Nd]and HRESI-MS as m/z 517.2402 [M+N3&](calculated as
CoeH3s0OgNa, 517.2413 without adjustment) ((See Appendix).26)has the following chemical
properties: Optical rotatiom1%8-74.7 € 0.13, CHCY); UV (MeOH) Amax (log &) 219 (3.98) nm
(Figure 4.37); IR (KBryvmax 3569, 3541, 3439, 2981, 2939, 1745, 1649, 13685,18259, 1226,
1170, 1065, 1041, 951, 935, 902 t(Bee Appendices 28, 29, 36l NMR (CDCk, 500 MHz)
and™*C NMR (CDCE, 125 MHz) data, (Table 4.3 and See Appendice20921, 22, 23, 24 and
25). The'H and**C NMR spectra data are similar to those ofi-E2hoxyl-1o,60, 7-triacetoxy-
5a,14B-dihydroxy-cass-3(15)-en-16, 12-olide (V@tial., 2010), with the similar carbon skeleton
and the presence of ethyl signalssgB.52 (1H, m, 12-OCHKHa), 643.17 (1H, m, 12-OCHb),
ox1.13 (3H, overlapped, 12-GBHs3), 6c58.7 (t, 12-@H,CH3) andéc14.8 (g, 12-OChICH3) and
the absence of acetoxyl signals at 6- and 7- positiThe structure of TCB 6 was elucidated as

12a-ethoxy-1o,14B-diacetoxy-21,5a-dihydroxy-cass-13(15)-en-16,12-olide (Figure 4.5).
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Figure 4.5: Chemical Structure of TCB 6, (5) - dzthoxy-lu,14B-diacetoxy-2,50-

dihydroxy-cass-13(15)-en-16,12-olide (M. wt.: 494)

The molecular formula of TCB 9 was determined agH@O, on the basis of the
molecular ion peak at positive ESI-MS m/z 271 [M+tdhd 293 [M+Na] (See Appendix 35).
TheH and®*C NMR data revealed the followin4 NMR (Methanold,, 400 MHz):d 7.50 (2H,
d,J = 8.4 Hz, H-2, H-6), 6.82 (2H, d,= 8.4 Hz, H-3, H-5), 7.56 (1H, d,= 15.6 Hz, H-7), 7.41
(1H, d,J = 15.6 Hz, H-8), 6.51 (1H, br s, H-3'), 6.45 (1M,dJ = 8.4 Hz, H-5"), 7.57 (1H, &=
8.4 Hz, H-6'), 3.88 (3H, s, 2-OGH °*C NMR (Methanold,, 100 MHz):6 128.0 (s, C-1), 131.4
(d, C-2, C-6), 116.9 (d, C-3, C-5), 161.2 (s, C¥4.2 (d, C-7), 125.1 (d, C-8), 193.2 (s, C-9),
121.8 (s, C-1'), 162.5 (s, C-2'), 100.1 (d, C-3§4.5 (s, C-4'), 108.9 (d, C-5'), 133.7 (d, C-6"),
56.1 (q, 2'-OCH) ()See Apendices 33 and 34) (Namikoshal, 1987a; Liuet al, 2009; Fuet al,
2008). The'*C and'H NMR data correlated with the signals for Isolidfigenin except for the
additional signal aéc56.1,643.88 (3H,s, 2'-OMe) for the methoxy group at C-2' (Hwaeitgal,
1998). The structure of TCB 9 was identified as'-didydroxy-2'-methoxy-chalcone (2'-

methoxyisoliquiritigenin) (Figure 4.6).
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OCH;4

Figure 4.6: Chemical Structure of TCB 9, (6) - 4,4-dihydroxyr2ethoxy-chalcone -

C16H1404 (M wit.: 270)

TCB 11 (compound 7) has a melting point in rang@48 to 248C (Namikoshiet al,
1987b). Its molecular formula was determined a$1GO,4 on the basis of the molecular ion peak
of positive ESI-MSm/z 269 [M+H]*(See Appendix 38). ThtH and**C NMR spectra revealed
the following: '"H NMR (Methanole, 400 MHz):6 5.35 (2H, br s, H-2), 7.80 (1H, d= 8.0 Hz,
H-5), 6.52 (1H, br dJ = 8.0 Hz, H-6), 6.31 (1H, br s, H-8), 7.71 (1H,shbiH-11), 7.25 (2H, d] =
7.6 Hz, H-2', H-6"), 6.88 (2H, d, = 7.6 Hz, H-3', H-5")°C NMR (Methanolés, 100 MHz):J
69.0 (t, C-2), 127.1 (s, C-3), 183.1 (s, C-4), T3@, C-5), 112.2 (d, C-6), 166.6 (s, C-7), 1036 (
C-8), 164.8 (s, C-9), 115.9 (s, C-10), 138.2 (d 13- 129.6 (s, C-1'), 133.5 (d, C-2', C-6"), 116.7
(d, C-3', C-5"), 160.5 (s, C-4") (See Appendicea3d 37). The NMR spectra are very similar to
those of TCB 1. The data are in agreement witHitbeture (Namikoshet al, 1987b). TCB 11

was identified as 7,4'-dihydroxy-3,11-dehydrohorofissszanone (Figure 4.7).
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Figure 4.7: Chemical Structure of TCB 11, (7) - 7,4'-dihydra3yk1-

dehydrohomoisoflavanone 1,0, (M. wt.: 268)

The molecular formula of TCB 14 was determined agHgOs on the basis of the
molecular ion peak of positive ESI-M8/z576 [M+Na]. The'H and**C NMR spectra revealed
the following: '"H NMR (Pyridineds, 500 MHz):6 1.38(2H, t,J = Hz, H-1), 1.53 (2H, m, H-2),
2.72 (1H, dJ = 12.84 Hz, H-3), 2.13 (2H, d,= 11.48 Hz, H-4) 1.73 (1H, d,= 11.30 Hz, H-7),
2.05 (1H, m, H-7), 1.42 (1H, 8= 18.78 Hz, H-8), 1.50 (2H, m, H-11), 1.59 (2H, h12), 1.24
(2H, d,J = 6.82 Hz, H-19), 1.24 (2H, d,= 6.82 Hz, H-20), 1.55 (2H, m, H-27), 0.97 (3H,Jd
6.25 Hz, H-29), 0.92 (3H, s, H-25), 0.92 (3H, s26); 0.91 (3H, sJ = 5.76 Hz, H-28), 5.04 (1H,
d,J = 7.68 Hz, H-1'), 3.94 (1H, s, H-2Y), 3.58 (1HHs3"), 3.97 (1H, s, H-5'), 3.98 (2H, s, H-6");
13C NMR (pyridineds, 125 MHz): 6 37.0 (d, C-1)29.6 (d, C-2), 78.7 (t, C-3), 39.9 (d, C-4),
141.03 (g, C-5), 122.0 (t, C-6), 32.2 (d, C-7),43Q, C-8), 50.46 (t, C-9), 37.6 (g, C-10), 21.6 (d
C-11), 39.9 (d, C-12), 42.6 (g, C-13), 56.9 (t, ©;26.5 (d, C-15), 25.8 (d, C-16), 56.2 (t, C-17),
19.3 (s, C-18), 12.1 (s, C-19), 36.5 (t, C-20)334l, C-21), 26.5 (d, C-22), 46.2 (t, C-23), 3,1 (
C-24), 21.4 (s, C-25), 20.1 (s, C-26), 23.5 (d,%;22.3 (s, C-28), 19.5 (s, C-29), 102.7 (t, G-1))
75.4 (t, C-2"), 78.3 (t, C-3'), 62.9 (t, C-4"), F&t, C-5, 71.8 (d, C-6"). The data are in agresim
with the literature (Chen and Yang, 2008; &hal, 2008). TCB 14 was identified as Daucosterol

(Figure 4.8).
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Figure 4.8: Chemical Structure of TCB 14, (8) - DaucosteroksHgoOs (M. wt.: 576)

The molecular formula of TCB 15 was determined agi¢Os from its molecular ion
peak at positive ESI-M8&/z287 [M+H]" (See Appendix 41). Th#H and**C NMR revealed the
following: *H NMR (Methanold,, 400 MHz) (See Appendices 39 and 40B.54 (1H, s, H-3),
6.20 (1H, dJ = 1.2 Hz, H-6), 6.44 (1H, br s, H-8), 7.38 (1H, dap, H-2"), 6.90 (1H, d) = 8.4
Hz, H-5'), 7.38 (1H, overlap, H-63°C NMR (Methanold,, 100 MHz):5 166.0 (s, C-2), 103.8 (d,
C-3), 183.8 (s, C-4), 163.2 (s, C-5), 100.1 (d,)C1%6.3 (s, C-7), 95.0 (d, C-8), 159.4 (s, C-9),
105.3 (s, C-10), 123.6 (s, C-1'), 114.1 (d, C-247.0 (s, C-3), 151.0 (s, C-4"), 116.7 (d, C-5),
120.3 (d, C-6"). The data are in agreement witHiteeture (Wagner and Chari, 1976; Suagez

al., 1984). TCB 15 was identified as 5,7,3',4'-tetdrbyy-flavone (Luteolin) (Figure 4.9).

Figure 4.9: Chemical Structure of TCB 15, (9) - 5,7,3",4'-thyrdroxy-flavone - GsH1006 (M.

wt.: 286)
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The molecular formula of TCB 16 was determined agHGO; on the basis of the
molecular ion peak at positive ESIM&/z317 [M+H]" (Appediced 44). ThéH and**C NMR
spectra revealed the followini NMR (Methanole,, 400 MHz) (See Appendices 42 and 48):
6.20 (1H, dJ = 2.0 Hz, H-6), 6.39 (1H, d] = 2.0 Hz, H-8), 7.63 (1H, dl = 2.0 Hz, H-2"), 7.53
(1H, dd,J = 8.4, 2.0 Hz, H-5), 6.90 (1H, d,= 8.4 Hz, H-6") , 3.78 (3H, s, 3-OGH*C NMR
(Methanold,, 100 MHz):6 158.0 (s, C-2), 139.5 (s, C-3), 180.0 (s, C-4),.168, C-5), 99.7 (d,
C-6), 165.9 (s, C-7), 94.7 (d, C-8), 158.4 (s, C195.8 (s, C-10), 122.9 (s, C-1), 116.4 (d, G-2')
146.5 (s, C-3"), 150.0 (s, C-4'), 116.4 (d, C-332.3 (d, C-6"), 60.5 (g, 3-OGH(Jurd and
Horowitz, 1957; Nguyeret al, 2007). The data correlated with the signalsgiaercetin except
for the presence of a methoxyl signabbaf0.5,43.78 (3H,s) (Tachakittirungrodet al, 2007).
TCB 16 was identified as 5,7,3',4'-tetrahydroxy-8thoxyflavone (quercetin-3-methyl ether)

(Figure 4.10).

Figure 4.10: Chemical Structure of TCB 16, (10) - 5,7,3',4'dbydroxy-3-methoxyflavone -

C16H1207 (M wit.: 316)

The molecular formula of TCB 21 was determined ablgO4, on the basis of the
molecular ion peak at positive ESI-M&/z 155 [M+H]". The'H and**C NMR spectra revealed
the following: 'H NMR (Methanold,, 500 MHz):5 6.79 (1H, d,J = 8.0 Hz, H-6), 7.42 (1H,

overlap, H-3), 7.42 (1H, overlap, H-5°C NMR (Methanold,, 100 MHz): 6 151.5 (s, C-1),
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146.1 (s, C-2), 115.8 (d, C-3), 123.2 (s, C-4),.238, C-5), 117.8 (d, C-6), 170.2 (s, 4-COOH).
The data are in agreement with the literature (Rerk897). TCB 21 was identified as

Protocatechuic acid (Figure 4.11).

COOH

Figure 4.11: Chemical Structure of TCB 21, (11) - Protocatectagicd - GHeO4 (M. wt.: 154)

The molecular formula of TCB 22 was determined asHgO, on the basis of the
molecular ion peak at positive ESI-M&z353 [M+Na]. The'H and**C NMR spectra revealed
the following:*H NMR (pyridineds, 500 MHz):8 4.61 (1H, dd,J) = 11.0, 6.0 Hz, H-1a), 4.68 (1H,
dd,J = 11.0, 4.5 Hz, H-1b), 4.41 (1H, m, H-2), 4.09 (2HJ = 5.5 Hz, H-3), 2.31 (1H, m, H-2),
1.60 (1H, m, H-3"), 1.19 (24H, overlap, H-4' - H)15.82 (1H, m, H-16") **C NMR (pyridineds,
125 MHz):§ 66.8 (t, C-1), 71.0 (d, C-2), 64.3 (t, C-3), 17&8C-1'), 14.3 (g, C-16"). TCB 22

was identified as 1-O-Hexadecanolenin (Figure 4.12)

(0]
3 [l 16
H2C — O_ C - (CHQ) 1 4CH3
| I
2CHOH

1CH,0OH
Figure 4.12: Chemical Structure of TCB 22, (12) -G-Hexadecanolenin - {gH3sO4 (M. Wt.:
330)
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The molecular formula of TCB 27 was determinedCag$16010 on the basis of the
molecular ion peak at positive ESI-M&z441 [M+Na]. The'H and**C NMR spectra revealed
the following: '*H NMR (Methanole,, 400 MHz):6 6.18 (1H, br s, H-6), 6.37 (1H, br s, H-8),
8.01 (2H, dJ = 8.4 Hz, H-2', H-6'), 6.86 (2H, d,= 8.4 Hz, H-3', H-5"), 5.16 (1H, d,= 6.8 Hz,
H-1"), 3.74 (1H, dJ = 4.79 Hz, H-2"), 3.48 (1H, = 5.77 Hz, H-3"), 3.41 (1H, d,= 8.21 Hz,
H-4"), 3.76 (2H, sJ = 4.60 Hz, H-5")*C NMR (Methanold,, 100 MHz):5 158.4 (s, C-2), 135.3
(s, C-3), 179.4 (s, C-4), 163.0 (s, C-5), 99.9Ce5), 166.0 (s, C-7), 94.8 (d, C-8), 158.9 (s, C-9)
105.6 (s, C-10), 122.6 (s, C-1'), 132.2 (d, C-26'C 116.1 (d, C-3', C-5'), 161.6 (s, C-4"), 104.6
(d, C-1"), 75.3 (d, C-2"), 77.5 (d, C-3"), 71d) C-4"), 67.2 (t, C-5") (Kruglii and Glyzin, &8).
Additional signals abc1104.6,0415.16;0¢c275.3,012:3.74; 037 7.5,013-3.48; 0c471.0,0n4-3.41;
0cs67.2,045:3.76 were ascribed to the xylose moiety attachetie¢oC-3 of the flavonol A-ring.
The data are in agreement with the literature (Kiragd Glyzin, 1968). TCB 27 was therefore

identified as kaempferol-8-3-D-xylopyranoside (Figure 4.13).

Figure 4.13: Chemical Structure of TCB 27, (13) - kaempferdD3-D-xylopyranoside -

Con 18010 (M . Wt.: 418)
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The molecular formula of TCB 40 was determinedCagi,¢014 on the basis of the
molecular ion peak at positive ESIM&z565 [M+H]". The'H and**C NMR spectra revealed
the following: '"H NMR (Methanold,, 500 MHz):6 6.06 (1H, br s, H-6), 6.24 (1H, br s, H-8),
7.92 (2H, dJ = 8.5 Hz, H-2', H-6"), 6.82 (2H, d,= 8.5 Hz, H-3', H-5"), 5.53 (1H, d,= 7.0 Hz,
H-1"), 5.21 (1H, br s, H-1"}*C NMR (Methanole,, 125 MHz):5 158.1 (s, C-2), 134.3 (s, C-3),
179.1 (s, C-4), 162.9 (s, C-5), 99.8 (d, C-6), 565, C-7), 94.7 (d, C-8), 158.5 (s, C-9), 105,8 (s
C-10), 122.9 (s, C-1'), 132.0 (d, C-2', C-6"), 11@l, C-3', C-5'), 161.2 (s, C-4"), 101.2 (d, §;1"
79.3 (d, C-2"), 77.9 (d, C-3"), 72.2 (d, C-4%.9 (t, C-5"), 102.5 (d, C-1"), 71.3 (d, C}272.3
(d, C-3"), 74.0 (d, C-4™), 70.0 (d, C-5™),. 17q, C-6™). The data are in agreement with the
literature (Moon et al., 2010; Cet al, 2003). TCB 40 was identified as KaempferdDax-L-

rhamnopyranosyl-1 2)-3-D-xylopyranoside (Figure 4.14).

Figure 4.14: Chemical Structure of TCB 40, (14) - kaempferdd3x*-L-rhamnopyranosyl-(1-

2)-B-D-xylopyranoside - gH2s014(M. Wt.: 564)
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Table 4.2: 'H, 3C-NMR and DEPT Spectral Data Assignment for TCB 5

'H NMR and**C NMR data for compound TCB 5 in MeOBli6t ppm,J in Hz)
No. 5(: OH

1 76.3 (d) 3.86 (1H, s)

2 23.0 (t) 1.80 (1H, overlapped H-2a), 1.55 (@,
3 32.5 (1) 1.25 (1H, overlapped H-3a), 1.61 (b¥krlapped, H-3b)
4 38.9 (s) -

5 80.5 (s) -

6 78.0 (d) 3.70 (1H,Xbs 7.30 Hz)

7 75.5 (d) 4.73 (1H, s)

8 41.7 (d) 2.94 (1H, m)

9 30.8 (d) 1.52 (1H, m)

10 54.3 (s) -

11 33.8 (1) 1.77 (1H, d,= 3.55 Hz, H-11a), 1.55 (1H, m H-11b)
12 77.0 (d) 3.88 (1HJs; 9.55 Hz)

13 42.8 (d) 3.90 (1H, sJ = 10.05 Hz)

14 141.5 (s) -

15 115.3 (d) 5.56 (1H, s)

16 178.1 (s) -

17 24.3 (q) 1.15 (3H, s)

18 24.3 (q) 1.14 (3H, s)

19 16.2 (q) 1.19 (3H, s)

1-OCOCH; 169.5 (s) -

1-OCOCH 21.0(q) 2.02 (3H, s)

7-OCOCH 171.7 (s) -

7-OCOCH; 20.8(q) 2.10 (3H, s)

14-COOCH 173.2 (s) -

14- COOCH 52.3 (q) 3.69 (3H, s)

'H NMR and ®C NMR were recorded at 500 and 125 MHz respectiielyfCDCkL, Rotating-frame Overhauser Effect
Spectroscopy (ROESY) (Figure 4.21), Heteronucleaitiple Bond Coherence (HMBC) (Figure 4.20), Hetardear Multiple
Quantum Coherence (HMQC) (Figure 4.19) and CoimzléBpectroscopy (COSY) (Figure 4.18) were recomtedD0 MHz.
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Table 4.3: 'H, 3C-NMR and DEPT Spectral Data Assignment for TCB 6
'H NMR and**C NMR data for compound TCB 6 in MeOBli6t ppm,J in Hz)

No. dc OH

1 743 (d) 521 (1H, s)

2 67.0 (d) 5.28 (1H, m)

3 35.7 (t) 1.94 (1H, overlapped H-3a), 1.40 (b¥krlapped, H-3b)
4 40.1 (s) -

5 76.5 (s) i

6 25.1 (f) 1.76 (1H, m, H-6a), 1(&#, m, H-6b)

7 19.1 (1) 1.88 (1H, overlapped, H-7a), 1.70 (i1 H-7b)

8 47.4 (d) 1.54 (1H, overlapped)

9 34.2 (d) 2.45 (1H, § = 13.0 Hz)

10 45.0 (s) i

11 40.1 (t) 2.11 (1H, d,= 13.0 Hz, H-11a), 1.28 (1H,3= 13.0 Hz, H-11b),
12 106.9 (s) i

13 173.1 (s) ;

14 74.8 (s) ;

15 115.1, (d) 6.02 (1H, s)

16 168.7 (s) i

17 20.2 () 1.41, (3H, s)

18 28.1 (q) 1.09, (3H, s)

19 25.6 (q) 1.16 (3H, s)

20 16.8 (q) 1.10 (3H, s)

1-0COCH;  168.9 (s) i

1-0CCCH;  20.8 (q) 2.17, (3H, s)

12-OCH,CHs 58.7 (t)

12-OCHCHs 14.8 (q)
14-0COCH; 170.3 (s)
14-OCQCH; 20.9 (q)

3.52 (1H, m, 12-OG#h), 3.17 (1H, m, 12-OC#b)

1.13, (3H, overlapped)

1.98, (3H, s)

IH NMR and *C NMR were recorded at 500 and 125 MHz respectivalyCDCkL, Rotating-frame Overhauser Effect

Spectroscopy (ROESY) (Figure 4.34), Heteronucleaitiple Bond Coherence (HMBC) (Figure 4.33), Hetardear Multiple
Quantum Coherence (HMQC) (Figure 4.31) and ColimgléBpectroscopy (COSY) (Figure 4.32) were recomte@D0 MHz.
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HMBC (H— C) correlations for TCB 6

Figure 4.15: Major HMBC (H- C) Correlations for TCB 6
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4.5 Invivo antioxidant activity of the crude extract of Caesalpinia bonduc

The antioxidant activities df. bonduovere studied by assaying for antioxidant enzymes.
Compared with the controls, there were significantreases in the peroxidase and catalase
activities of the extract treated groups at alledosCompared with the positive and negative
controls (rats treated with 10 mg vitamin C/kg amd rats treated with 10 mg amodiagiune/kg
bwt respectively), these increases are highly Baamit in rats treated with 150 and 200 &g
bonduckg bwt (Figures 4.16 and 4.17). The localizatidrraxical formation resulting in lipid
peroxidation, measured as the concentration of migddehyde (MDA) and TBARS, was
significantly increased in negative amodiaquinetadrand decreased in graded doses in extract

and vitamin C treated rats compared with normatrobigFigure 4.18).
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Peroxidase Activity in Experimental Rats. * medmst the difference between the control and the
treated groups is significant pt< 0.05.means that the difference between vitamin C and the

other treated groups is significant @t< 0.05. Values are presented as mean £ SEM of six
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Figure 4.17: Bar Chart Showing the Effect of the Ethanolic Egtr@f C. bonducon the

Catalase Activity of the Experimental Rats. * meé#met the difference between the control and

the treated groups is significantpat 0.05.2means that the difference between vitamin C and the

other treated groups is significant @t< 0.05. Values are presented as mean £ SEM of six
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Figure 4.18: Bar Chart Showing the Effect of the Ethanolic Egtraf Caesalpinia bonduon
TBARS Concentration of the Experimental Rats. * nethat the difference between the control
and the treated groups is significanipat 0.05.% means that the difference between vitamin C
and the other treated groups is significan<d.05. Values are presented as mean + SEM of six

replicates.

161



4.6  Sub-acute Toxicological Evaluation of CB on Fabintake, Body and Relative Organ

Weights of Experimental Rats

The water and food consumptions of the animaldddewith the extract at doses of 200
and 400 mg CB/kg bwt did not differ with controlsahd B. However, the consumptions of the
other groups (800 and 1600 mg CB/kg bwt) were redueompared to control A. Nevertheless,
the body weights of all the experimental animalsrevebserved to increase progressively
throughout the duration of the experiment (FigurE9)l No significant changes in the relative
organ weights were observed in rats treated with 8§ CB/kg bwt compared with the control.
However, there were significant increases in ongaights in rats treated with higher doses of CB

and in the recovery test groups (Table 4.4).

4.7 Sub-acute Toxicological Evaluation of the Ethawlic Extract of CB on Biochemical

Parameters of Experimental Rats

There was no significant alteration in the plasmachemical parameters: alanine
aminotransferase (ALT), aspartate aminotransfe(ASd’), total bilirubin (TB), direct bilirubin
(DB), indirect bilirubin (IB), cholesterol (PC), @& (PU), triglyceride (PTG), total protein (TP)
and creatinine (PCT)) in rats treated with 200 ngJkg bwt in comparison with rats treated with
distill water in control A. However, there was grsficant reduction in the plasma glucose (PG)
concentration and increase in the plasma uric d8ld®\) in rats treated with 200 mg CB/kg bwt
(Tables: 4.5, 4.6 and 4.7). Plasma enzymes le¥s3 @nd ALT) and some plasma biochemical
parameters (PTG, TB, PU, PUA, PC) were signifigaimtreased in rats treated with higher 400,
800 and 1600 mg CB/kg bwt in comparison with cdnfaand the extract treated dose of 200

mg/kg body weight. The levels of glucose, totalspta protein, indirect bilirubin, direct bilirubin
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and creatinine were slightly altered at extractedosf 400, 800, 1600 mg/kg body weights of
experimental Wistar rats.

It was also observed that there was no signifiadtetation in the biochemical parameters
of the extract treated test groups (200, 400, 8600 mg/kg body weight) compared with the

extract treated recovery groups (200R, 400R, 802R1&00R).

4.8 Haematological Evaluation of Sub-acute Toxicotpcal Effect of the Ethanolic
Extract of CB on Experimental Rats
There was no significant change in the number oftewtblood cells, neutrophils,
lymphocytes, monocytes and packed cell volume efdhtract treated rats at 200mg/kg body
weight compared with the control. However, thesenmatological parameters were significantly
altered at extract doses of 400, 800 and 1600 migdkly weight compared with the control and
with the dose of 200 mg/kg body weight, with a #igant increase in lymphocytes counts and a

decrease in white blood cells, neutrophil and mgtecounts (Table 4.8).
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Appendix 45)
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Table 4.4:

Relative Organ Weights of Animals in the Sub-adlagicological Evaluation

Groups liver Heart Kidney spleen
Control A 0.033+0.00 0.003+0.00 0.003+0.00 08180
Control B 0.031+0.00 0.003+0.00 0.003+0.00 04030
200 mg/kg  0.035+0.01 0.003+0.00 0.003+0.00 00020
200R 0.051+0.08* 0.004+0.00 0.004+0.00 0.00@40.
400 mg/kg  0.036+0.01 0.003+0.00 0.003+0.00 00030
400R 0.033+0.00 0.004+0.00 0.005+0.00* 0.00G6&0.
800 mg/kg  0.043+0.01* 0.004+0.00* 0.004+0.00* 0.006+0.00*
800R 0.049+0.00* 0.003+0.00 0.004+0.00 0.005+0.00*
1600 mg/kg 0.039+ 0.00 0.004+0.00 0.003+0.00 080.00
1600R 0.054+0.00* 0.004+0.00* 0.004+0.00* 0.80400

Values are presented as mean + SEM (n = 5 readivgh)es marked with * are significantly differeatp < 0.05

compared with control. Control A, Control B, 200 kg 200R, 400 mg/kg, 400R, 800 mg/kg, 800R, 16@@km

and 1600R represent groups of rats treated wittill disater; rats treated with sodium caboxylmetigllulose; rats

treated with 200 mg CB/kg bwt; recovery group draeated with 200 mg CB/kg bwt; rats treated wil® mg

CB/kg bwt; recovery group of rats treated with 486 CB/kg bwt; rats treated with 800 mg CB/kg bvecavery

group of rats treated with 800 mg CB/kg bwt; ragated with 1600 mg CB/kg bwt and recovery groupats treated

with 1600 mg CB/kg bwt respectively.
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Table: 4.5:

Effect of Sub-acute Toxicological Evaluation of ©B Liver Function Markers of

the Animals
Groups ALT (U/) AST (U/) TB (mg/dl) DB (mg/l
Control A 243.06+23.7 21.19+2.8 0.17+0.0 0.09+0.
Control B 246.46%51.0 25.08+0.6 0.11+0.0 0.06+0.
200 mg/Kg  242.86+44.5 25.67+1.2 0.17+0.0 0.0@+0.
200R 247.60+28.9 28.00+1.0 0.22+0.0 0.12+0.0
400 mg/kg  334.83+11.7* 32.67+1.8* 0.19+0.0 0.05+0.0
400R 323.17+12.6* 34.22+3.4* 0.21+0.0 0.06%0.0
800 mg/kg  320.83+19.8* 33.25+0.6* 0.23+0.0* 0.11+0.0
800R 310.92+20.3 33.06+1.6* 0.21+0.0 0.15+0.9*
1600 mg/kg 320.06+13.5* 31.31+2.5* 0.27+0.0* 0.11+0.0
1600R 304.31+20.1 32.96+0.2* 0.30+0.0* 0.09+0.0

Values are presented as mean + SEM (n = 5 read{#dd), AST, TB, DB represent Alanine aminotransfeza

activity; aspartate aminostrasferase activity; Itabdirubin concentration and direct bilirubin caerdration

respecvtively). Values marked with * are signifidgrdifferent atp < 0.05 compared with control A while values

marked with superscript € and d* are significantly different gb < 0. 05 compared with dose at 200 mg/kg body

weight of experimental animals and recovery grotgspectively. Control A, Control B, 200 mg/kg, 0400

mg/kg, 400R, 800 mg/kg, 800R, 1600 mg/kg and 16@fiResent groups of rats treated with distill watats treated

with sodium caboxylmethyl cellulose; rats treateithv200 mg CB/kg bwt; recovery group of rats trelateth 200

mg CB/kg bwt; rats treated with 400 mg CB/kg bvecavery group of rats treated with 400 mg CB/kg,mats

treated with 800 mg CB/kg bwt, recovery group dfraeated with 800 mg CB/kg bwt, rats treated vili@®0 mg

CB/kg bwt and recovery group of rats treated wsh@. mg CB/kg bwt.
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Table: 4.6: Effect of Sub-acute Toxicological Evaluation of ©B Kidney Function Markers

of the Animals

Groups PUA (mg/dl) PU (mg/dl) PCT (mg/dl) PTG (mg/dl)
Control A 0.39+0.6 93.92+7.1 1.08+0.1 64.18+3.5
Control B 1.50+0.2 84.53+4.0 0.88+0.1 72.42+3.2
200 mg/lkg  4.56+0.4* 85.87+14.2 0.94+0.1 1.96+17.2
200R 6.60+0.4* 83.18+11.7 0.89+0.3 123%6.2
400 mg/kg  6.89+0.9* 112.70+12.3* 1.08+0.1 116.9043
400R 9.00+0.4% 107.33%7.1 1.15+0.0 123.01+4.4
800 mg/kg  8.56+0.9* 112.70+4.7* 1.07+0.2 144.13+37.9*
800R 11.60+0.4* 118.07+2.7 1.10+0.0 149.26+8.6*
1600 mg/kg 10.00+1.4* 185.15+44.8* 1.23+0.3 154.46+42.4*
1600R 13.60+0.8* 187.83+9.7% 1.16+0.1 141.59+3.9*

Values are presented as mean £ SEM (n = 5 readiRgs), PU, PCT and PTG represent uric acid coneébtr,

urea concentration, creatinine concentration aigdlyteride concentration. Values marked with * aignificantly

different atp < 0.05 compared with control A while values markeithveuperscript ¢ and d¥ are significantly

different atp < 0.05 compared with dose at 200 mg/kg body weidtexperimental animals and recovery groups

respectively. Control A, Control B, 200 mg/kg, 200®0 mg/kg, 400R, 800 mg/kg, 800R, 1600 mg/kg HH0O0OR

represent groups of rats treated with distill watats treated with sodium caboxylmethyl cellulosgs treated with

200 mg CB/kg bwt; recovery group of rats treatethvid00 mg CB/kg bwt; rats treated with 400 mg CBhkt;

recovery group of rats treated with 400 mg CB/kg,nats treated with 800 mg CB/kg bwt, recoveryupr@f rats

treated with 800 mg CB/kg bwt, rats treated wit@d6ng CB/kg bwt and recovery group of rats treatétt 1600

mg CB/kg bwt.
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Table: 4.7:

Effect of Sub-acute Toxicological Evaluation of G& Other Biochemical

Markers of the Animals

Groups TP (g/dl) PG (mg/dl) PC (mg/dl) IB (mig/d
Control A 9.04+1.5 354.87+5.9 54.44+4.0 0.08+0.0
Control B 9.56+2.2 365.00£1.9 50.64+10.2 0.08+0.
200 mg/lkg  8.62+1.7 222.82+55.3* 60.53+1.1 0.10+0
200R 7.38+0.1 183.61+10.9* 66.27+3.7 0.10+0.1
400 mg/dI 8.45+0.6 418.97+4%.4 70.35+4.1 0.14+0.0
400R 7.67+0.2 292.22+14.2 70.59+13.6 0.15+0.1
800 mg/dl 6.51+0.4* 323.59458.9 77.71+4.1* 0.0
800R 7.02+0.1 273.06%£126.5 74.12+4.1* 0.06+0.0
1600 mg/dl  6.65+0.5 314.17+12.1 85.89+7.1* 0.16+0.0*
1600R 7.23+0.1 314.17+12.1 71.37+8.2 0.21+0.1

Values are presented as mean £ SEM (n = 5 readifBs)PG, PC, IB represent total protein conceiutnatglucose

concentration, cholesterol concentration and irditelirubin concentration.Values marked with * agignificantly

different atp < 0.05 compared with control A while values markeithveuperscript ¢ and d¥ are significantly

different atp < 0.05 compared with dose at 200 mg/kg body weidtexperimental animals and recovery groups

respectively. Control A, Control B, 200 mg/kg, 200®0 mg/kg, 400R, 800 mg/kg, 800R, 1600 mg/kg HH0O0OR

represent groups of rats treated with distill watats treated with sodium caboxylmethyl cellulosgs treated with

200 mg CB/kg bwt; recovery group of rats treatethvid00 mg CB/kg bwt; rats treated with 400 mg CBhkut;

recovery group of rats treated with 400 mg CB/kg,nats treated with 800 mg CB/kg bwt, recoveryupr@f rats

treated with 800 mg CB/kg bwt, rats treated wit@d6ng CB/kg bwt and recovery group of rats treatitt 1600

mg CB/kg bwt.
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Table: 4.8:  Effect of Sub-acute Toxicological Evaluation of @B Haematological Markers of

the Animals

Groups PCV (x1fiL) WBC (x109L) L (%) N (%) M(%)
Control A 38.33%5.4 9.63+1.7 45.67+2.9  53.00+3.2 1.67+0.3
Control B 44.506.5 10.0042.0 42.004.0 7.09+3.0 2.0020.0
200 mg/kg ~ 42.33%4.7 9.13+3.1 47.67+2.6 .0812.7 1.67+0.3
200R 41.00+1.2 4.03+0.8* 56.33%5.9 48.67+4.1 1.67+0.3
400 mg/kg  45.67%1.5 8.47+0.1 64.33+12.3*  .63%12.3* 1.330.3
400R 46.00+1.2 4.37+1.3* 60.00+5.8* 40.00%2.9 1.3320.3
800 mg/kg  42.33+2.6 5.87+1.5* 59.33+11.1* Br11.5% 1.33+1.3
800R 39.00+0.6 3.47+05* 63.336.0* 35.0045.8* 0.67+0.7
1600 mg/kg  44.0043.2 4.23+0%* 74.33+2.9% 25.67+2.9% 0.67+0.3
1600R 38.67+2.0 4.80+0%* 70.33#5.8% 29.00x1.2% 0.67+0.3

Values are presented as mean + SEM (n = 5 readiRgd), WBC, L, N, M represent packed cell volumdnite
blood cell count, percentage lymphocyte count, gatiage neutrophil count, percentage monocyte colglties
marked with * are significantly different at< 0.05 compared with control A while values markeathwuperscript ¢
¢ and d¥ are significantly different ap < 0.05 compared with dose at 200 mg/kg body weidhgéxperimental
animals and recovery groups respectively. ControCAntrol B, 200 mg/kg, 200R, 400 mg/kg, 400R, 80@d/kg,
800R, 1600 mg/kg and 1600R represent groups of tratsted with distill water; rats treated with sgdi
caboxylmethyl cellulose; rats treated with 200 nRyKg bwt; recovery group of rats treated with 209 @B/kg bwt;
rats treated with 400 mg CB/kg bwt; recovery grafipats treated with 400 mg CB/kg bwt, rats treatétth 800 mg
CB/kg bwt, recovery group of rats treated with 809 CB/kg bwt, rats treated with 1600 mg CB/kg bwda

recovery group of rats treated with 1600 mg CB/&g. b
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4.9 Effect of Sub-acute Ethanolic Extract of CB orHistopathology of the Organs of the

Animals

Compared with the control, no remarkable changethermorphology of organs of the
experimental rats treated with extract at 200 mglagly weight were noticed on gross
examinations. The histologic section of the liveaowed a preserved hepatic architecture, with
hepatocytes arranged in plates with no vasculagestion; there were no areas of necrosis or
haemorrhage, fatty change or fibrosis. The kidsteywed cellular turfs of glomeruli surrounded
by bowman’s spaces with disposed background thattiows tubules cut in varying planes. The
heart muscles, myocytes were composed of intedafascicles of myocardial cells which are
elongated with spindle nuclei while the spleen stmwvperiarteriolar cuffing composed of
lymphocytes, histiocytes and red blood cells.

However, the livers of animals treated with higleses of extract showed noticeable
cellular alterations such as the presence ofjfijifilled hepatocytes (hepatic fatty changes) in
rats treated with 400 mg CB/kg body weight (Platg)A(ii) prominent hepatic sinusoids which
are engorged with red blood cells (sinusoidal cehge), central hepatic venous congestion
which are engorged with fatty vacuoles (fatty castigm) in rats treated with 800 mg CB/kg bwt
(Plate 4.2); and aggregation of dead cells, inflatary cells and amorphous debris (hepatic fatty
necrosis) in rats treated with 1600 mg CB/kg boeyght (Plate 4.3).

A gross examination of the kidney showed kidneyutab necrosis and glomerular
congestion (gross dilatation, engorgement or dsstenof blood vessels by the blood) at extract
doses of 400, 800 and 1600 mg/kg body weight ofetkigerimental animals (Plate 4.4) while
there were no noticeable histopathological alteration the gross examinations of the spleen and

the heart at extract doses of 400, 800 and 160Rgviy/dy weight.

170



Plate 4.1: A Cross-sectional View of the Rat Liver of a GroQpally Administered 400
mg/kg of C. bonducfor 28 days, showing areas of gross hepatic fdtgnges (HF) (Plate 4.1A)

compared with normal liver architecture (Plate 4.{Bagnification, x 400).
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Plate 4.2: A Cross-sectional View of the Rat Liver of a GroQpally Administered 800
mg/kg of C. bonducfor 28 Days, showing areas of central hepatic uenmngestion (CHVC)
and sinusoidal congestion (SC) (Plate 4.2A), coegparith normal liver architecture (Plate 4.2B)

(Magnification, x 400).
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B
Plate 4.3: A Cross-sectional View of the Rat Liver of a GroQpally Administered 1600
mg/kg of C. bondudor 28 Days, showing areas of hepatic necrosis)(ffate 4.3A), compared

with normal liver architecture (Plate 4.3B) (Magadtion, x 400).
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Plate 4.4: A Cross-sectional View of the Rat Kidney of a Grddmlly Administered 1600
mg/kg of C. bonducfor 28 Days, showing areas of tubular necrosis)(BNd glomerular
congestion (GC) (Plate 4.4A), compared with normialer architecture (Plate 4.4B)

(Magnification, x 400).
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4.10 Effect of Acute Toxicological Evaluation of te Ethanolic Extract of CB on Food

Intake, Body and Relative Organ Weight and Biochenual Parameters

The body weights of all tested groups increased@ressively throughout the duration of
the experiment (Figure 4.20). An effect of the agtrin causing drowsiness in all the treated
groups was observed for the first 1 hr after dgssampared with control. No mortality was
recorded for any treated groups throughout the tduraof the experiment. There were no
significant changes in the relative liver and heeeights of the experimental rats at any dosage
however, there were significant decreases in tlagive kidney and spleen weights at each extract
dosage (Tables 4.9).

There were significant changes in the plasma laret kidney function makers as well as
other biochemical toxicological parameters withngigant changes in cholesterol (PC), glucose
(PG), triglyceride (PTG), urea (PU), uric acids @®U creatinine (PCT) and aspartate
aminotransferase activity (AST) while insignificamcrease was observed with the activity of
alkaline aminotransferase (ALT) and decrease inceotration of total plasma protein (TPP)
(Table 4.10).

There were significant changes in the haematolbgiaeameters of organ toxicity. There
were decrease in WBC counts, PCV and Neutrophihtsowhile there was significant increase in

lymphocyte counts in all extract treated groups(@a&.11).
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Figure 4.20: Changes in Body Wight of Experimental Animals for Acute Study (See

Appendix 46)
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Table 4.9: Relative Organ Weights in Acute Toxicological Eation of Experimental

Animals
Groups Liver Heart Kidney 1 Spiee
Control 0.04+0.0031 0.005+0.0005 0.009+0.0001  0.005+0.0001
2000 mg/kg 0.04+0.0038 0.004+0.0008 0.006+0.0006* 0.003+0.0009*
4000 mg/kg 0.04+0.0178 0.005+0.0009 0.008305* 0.003+0.0008*
6000 mg/kg 0.05+0.0068 0.005+0.0011 0.007+0.0011 0.002+0.0014*

Values are presented as mean+SEM. Values markéd*veite significantly different gb<0.05

compared with control.
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Table 4.10: Effects of Acute Toxicological Evaluation of thehBnolic Extract of CB on

Biochemical Parameters

Groups/ Control 2000 mg/kg 400 mg/kg 6000 mg/kg
Biomarkers

ALT (U/) 84.58t6.1 87.1%7.3 93.5313.1 161.7864.7
AST (U) 11.4¥2.4 11.6#2.1 17.894.1 119.7#23.5*
PUA (mg/dl) 7.241.7 9.041.6 14.8@1.7 54.5%28.20*
PU (mg/dl) 144.994.7 122.093.6 136.8%4.7 461.5346.8*
PCT (mg/dl) 0.880.1 0.620.1 0.730.0 1.790.21*
TP (g/dl) 5.6%0.7 5.430.9 4.930.1 4.060.6

PC (mg/dl) 78.485.49 55.623.06* 34.9@3.06* 131.6%12.0*
PG (mg/dl) 131.881.7 274.1#16.7* 309%58.3* 412.5@52.2*
PTG (mg/dl) 117.1416.8 100.8%7.4 104.125.6 188.2@13.4*

Values are presented as mean + SEM (n = 5 readliagd), AST, PUA, PU, PCT, TP, PC, PG, PTG, représen
alanine aminotransferase activity, aspartate amaneferase activity, uric acid concentration, uceacentration,
creatinine concentration, total protein concentrgticholesterol concentration, glucose concentratinglyceride
concentration. Values marked with * are signifi¢ardifferent atp < 0.05 compared with control. Control, 2000
mg/kg, 4000 mg/kg and 6000 mg/kg represent grodpsits treated with distill water; rats treated w2000 mg

CB/kg bwt; rats treated with 4000 mg CB/kg bwt aats treated with 6000 mg CB/kg bwt.
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Table 4.11: Effects of Acute Toxicological Ethanolic Extracf CB on Haematological

Parameters
Groups PCV (x1H/L) WBC (x10%/L) L (%) N (%)
Control 39.00+1.0 6.90+0.5 45.00+7.6 55.00+7.6
2000 mg/kg 31.33+1.8 4.27+0.8 75.6 2£3. 22.67+1.8
4000 mg/kg  30.00+6.1 3.87+0.6 75.33%3.2 24.67+3.2
6000 mg/kg 20.33+2.6 5.63+1.2 72.67+1.5 47.67+6.1

Values are presented as mean + SEM (n = 5 readiR@), WBC, % L, % N represent packed cell volumhbite
blood cell count, percentage lymphocyte count amedcentage neutrophil count. Values marked with & ar
significantly different atp < 0.05 compared with control. Control, 2000 mg/K@00 mg/kg and 6000 mg/kg
represent groups of rats treated with distill watats treated with 2000 mg CB/kg bwt; rats treatéith 4000 mg

CB/kg bwt and rats treated with 6000 mg CB/kg bwt.
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4.11 Acute Toxicological Effect of Ethanolic Extrat of CB on Histopathology of the
Organs of the Animals
There were no obvious histopathological alterationsemarkable changes in the internal
organs of rats in the control group and in all éxéract treated groups, except in the liver. The
liver showed hepatic fatty changes at the extrastedof 2000 mg/kg bwt and hepatic fatty
congestion at extract doses of 4000 and 6000 niggklyg weight. All the other organs showed no

remarkable changes compared with the control (Pl 4.6).
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Plate 4.5: A Cross-sectional View of the Rat Liver of a GroQpally Administered 2000
mg/kg of C. bonduc(single dose), showing areas of hepatic fatty cean@dF) (Plate 4.5a),

compared with normal liver architecture (Plate 4 @bagnification, x 400).
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B
Plate 4.6: A cross-sectional view of the rat liver of a groonally administered 6000 mg/kg
of C. bonduc(single dose), showing areas of hepatic fatty cstige (HFC) (Plate 4.6A),

compared with normal liver architecture (Plate 4.@Bagnification, x 400).
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4.12 In vitro Antimalarial, Selectivity and Cytotoxic Activities of Extracts and
Compounds Isolated fromC. bonduc
The results of then vitro antimalarial and selectivity index determinatiomsh@ ethanolic extract,
solvent fractions and compounds isolated fl@nbonducagainst the chloroquine sensitive strain
FCR-3 of P. falciparumand mouse mammary tumor FM3A cells are illustratedables 4.12,
413 and 4.14. When compared with standard antimaaldrugs (quinine, mefloquine,
pyrimethamine and artemisinin) the petroleum etret ethyl acetate solvent fractions exhibited
moderate antimalarial activities, with dCvalues of 18 and 16 pug/ml and selectivity indioés
0.29 and 0.69 respectively (Table 4.12). TCB 94i6) TCB 31 exhibited moderate antimalarial
activities, with 1Gy values of 33 uM and 10 pg/ml and selectivity iediof 0.33 and 0.022
respectively. By contrast, TCB 29 exhibited goodimalarial activities with 1G, values 4.6
pHg/mL and selectivity index of 0.26 (Table 4.13 dnt#).

The ethanolic extract and the ethyl acetate fractd C. bonducexhibited moderate
antiproliferation activities against mouse mammntamor FM3A cells, with 1G, values of 36 and
11 pg/ml respectively; the petroleum ether fractad a good antiproliferation activity, with an
ICsp value of 5.2 pg/ml (Table 4.12). The characterjgece compounds, TCB 1, 9, 11, 15 and 16
exhibited various antiproliferation activities, witlCsy values of 8.8, 11, 11, 5.4, 0.56 uM
respectively (Table 4.13). In addition, the unckteased compounds TCB 28, 29, 30, 31, 33 and
38 also exhibited cytotoxic activities, with g&values of 1.9, 1.5, 1.2, 1.3, 0.22, 2.2, 3.4 pg/ml
respectively (Table 4.14). In comparing the antifgmtion activities of samples against
plasmodium falciparunjChloroquine sensitive strain (FCR-3) and mammatiianor FM3A cells,
the cytotoxicity selectivities of samples were bbthed. TCB 9 and 11 have moderate cytotoxic

activities with poor selectivity indices of 0.33c80.41 respectively (Table 4.13).
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Table 4.12: Antimalarial and Selectivity Assay Results for Htbkc Extract and Solvent

Fractions ofC. bonduc

Samples 4Cso(ng/mL) PICs0 (ng/mL) °Selectivity
Et. ext. > 92 (51 %)* 936 0.39
Pet. Ether 918 5.2 0.29
Ethyl ac. 916 911 0.69
Buthanol > 90 (76 %) > 90 (80 %) 1
Water > 62 (82 %) > 62 (68 %) 1

* > 92 (51 %) means I§ is greater than 92g/ml: there is 51 % growth at Q&/ml. @ represents chloroquine
sensitive strain (FCR-3) @. falciparum “* represensts mouse mammary tumor FM3A cells reptiegem model of
host, " represent selective toxicity = g value for FM3A/IG, for P. falciparum “* and ¢ represent good and
moderateP. falciparumand mammalian cell antiproliferation activity. Ekt., Pet. and Ethyl ac. represent ethanolic

extract, petroleum ether fraction and ethyl acdtaigtion ofC. bonduc
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Table 4.13: Antimalarial

and Selectivity

Compounds fron€. bonduc

Assay Results of Sturally Characterised

Samples ACs0 (UM) °ICs0 (M) °Selectivity
TCB 1 (compound 1) > 27 (64%)* /8.8 0.33
TCB 2 (compound 2) >10.2 (89%) >10.2 (100 %) 1
TCB 3 (compound 3) > 14 (81%) > 14 (96 %) 1
TCB 5 (compound 4) > 13 (96%) > 13 (100 %) 1
TCB 6 (compound 5) > 17 (98%) > 17 (99 %) 1
TCB 9 (compound 6) 433 911 0.33
TCB 11 (compound 7) > 27 (61%) 911 0.41
TCB 14 (compound 8) > 1.8 (76%) > 1.8 (91%) 1
TCB 15 (compound 9) > 25 (58%) “5.4 0.2
TCB 16 (compound 10) > 9.8 (99%) #0.56 0.06
TCB 22 (compound 12) > 5.5 (100%) 627.0 0.35
TCB 27 (compound 13) > 9.7 (100%) > 9.7 (88 %) 1
TCB 40 (compound 14) > 5.7 (95%) > 5.7 (97 %) 1
Quinine 0.2 100 500
Pyrimethamine #0.001 0.1 100
Mefloquine #0.032 2.8 88
Artemisin #0.01 9.0 900

* > 27 (64%) means I§ is greater than 2.7xf0ug/mL: there is 64 % growth at 27 pM**

represents chloroquine sensitive strain (FCR-3.dhlciparum

whn

represents mouse mammary

tumor FM3A cells representing a model of ho§t,répresents selective toxicity = 4¢value for

FM3A/ICso for P. falciparum “** # 9and® represent very good, good, moderate and weak

antiproliferative activity.
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Table 4.14: Antimalarial and Selectivity Assay Results of Un@wderised Compounds fro@

bonduc
Samples 3 Cso (ng/ml) P|Cs0 (ng/ml) °Selectivity
TCB 24 > 7.85 (95%)* > 7.85 (100 %) 1
TCB 28 > 4.1 (96%) 1.5 0.37
TCB 29 4.6 1.2 0.26
TCB 30 > 4.9 (97%) "1.3 0.27
TCB 31 410 #0.22 0.022
TCB 32 > 5.7 (91%) > 5.7 (60%) 1
TCB 33 > 9.6 (70%) 4.2 0.44
TCB 34 > 6.0 (100%) > 6.0 (99 %) 1
TCB 35 > 9.6 (100%) > 9.6 (100 %) 1
TCB 36 > 4.0 (95%) > 4.0 (100 %) 1
TCB 38 > 8.2 (100%) 3.4 0.41
TCB 45 > 5.8 (62%) > 5.8 (82 %) 1
TCB 46 > 9.5 (89%) > 9.5 (93 %) 1

“> 7.85 (95%)” means I§ is greater than 7.85g/mL: there was 95 % growth at 7.8§/mL, “®

represents chloroquine sensitive strain (FCR-3.d&lciparum “*

represents mouse mammary
tumor FM3A cells representing a model of ho§t,répresents Selective toxicity = 4¢value for
FM3A/ICso for P. falciparum “* # %and® represent very good, good, moderate and weak

antiproliferative activity.
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4.13 Antibacterial Activity of Caesalpinia bonduc Samples AgainsCandida albicans
All tested samples isolated froé bondudhad no inhibitory activity against the growth of
Candida albicansvhen compared with the standard antifungal drugonazole nitrate, as the

positive control (Tables 4.15 and 4.16).
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Table 4.15: Anti-fungal Pre-test Assessment Results for Ethandxtract and Solvent

Fractions ofC. bonduc

Samples Concentratiopd/ml) Candida albicang! %)
75 % Ethanol 10 1.92

Petroleum ether 10 0.027

Ethyl acetate 10 2.45

Buthanol 10 0.90

Water 10 1.81

MICO 10 97.91

MICO - antibacterial control - miconazole nitrate.
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Table 4.16: Anti-fungal Pre-test Assessment for Pure Compodraais C. bonduc

Samples Concentratiopd/ml) Candida albicang! %)
TCB 1 10 15.46
TCB 2 10 3.61
TCB 3 10 -12.32
TCB5 10 4.56
TCB 6 10 -9.04
TCB9 10 -12.01
TCB 11 10 -2.27
TCB 14 10 0.34
TCB 15 10 -2.70
TCB 16 10 -1.31
TCB 22 10 4.615
TCB 24 10 -4.54
TCB 27 10 -8.64
TCB 28 10 5.78
TCB 29 10 5.89
TCB 30 10 6.09
TCB 31 10 3.00
TCB 32 10 7.90
TCB 33 10 4.00
TCB 34 10 10.6
TCB 35 10 -4.9
TCB 36 10 -5.00
TCB 38 10 3.00
TCB 40 10 4.90
TCB 45 10 -5.80
TCB 46 10 0.90
Mico (Positive standard) 10 97.91

Mico - miconazole nitrate
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4.14 Cytotoxic activities ofCaesal pinia bonduc samples against HeLa and BGC - 823 cells

The ethanolic extract, solvent fractions and athpounds isolated fror€. bonducwere
studied for cytotoxicity against the cancer celeb HeLa and BGC - 823. Tables 4.17, 4.18, 4.19,
4.20 and 4.21 summarise these results. The remuesal that several of the compounds and
solvent fractions are active against the two camedr lines. The petroleum ether, water and
acetyl acetate fractions, as well as the thirditigdifth and eighth fractions from the first cobm
separation, exhibited moderate activities againstHelLa cell lines, with percentage inhibitory
concentrations (I %) of 84.55, 80.39, 59.00, 82667, 55.78 and 60.34 (Table 4.17) anghIC
values of 32.00, 30.14, 35.80, 19.50, 32.04, 32ri030.78 pg/mL respectively (Table 4.18).

The result of the pre-evaluation cytotoxic testsolated compounds showed that TCB 1
(compound 1), TCB 9 (compound 6), TCB 11 (compodhdTCB 15 (compound 9), TCB 16
(compound 10) and TCB 30 have percentage inhibidatyvity (I %) values higher than 50 %
against HelLa cell lines (Table 4.19) from whichitH€5, values were calculated. By contrast,
only TCB 11 (compound 7) and TCB 45 have inhibitastivity (I %) values with more than
50 % against BGC - 823 cell lines from which tH€l, values were also calculated (Table 4.19).

TCB 1, 9, 11, 15, 16 and 30 exhibited high to vieiyh cytotoxic activities, with 16
values of 5.88, 8.69, 5.91, 5.91, 0.81 and 8.7fjuggainst HeLa cancer cells (Table 4.21), TCB
11 and 45 exhibited good cytotoxic activities A% and 5.55 pg/ml against BGC - 823 cancer

cells (Table 4.20).
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Table 4.17: Cytotoxicity Pre - test Results for Ethanolic ExttaSolvent Fractions and First

on HelLa Cells

Column Fractions of the Petroleum Ether and EtlogtAte Fractions dE. bonduc

Samples

Concentratiopd/ml)

HelLa cells (1 %)

75 % Et. ext.

Pet. ether
Ethyl ac.
Butanol
Water

Cs

Cs4

Cs

Cs

Taxol

40

40

40

40

40

40

40

40

40

40

10.05

84.55

59.00

10.07

80.00

82.00

60.67

55.78

60.34

61.72

I (%) is percentage inhibition;CC,;, G and G were third, fourth, fifth, and eighth fractions thfe first column

separation respectively. Et. ext., Pet. ether, [Ely represent ethanolic extract, petroleum eftzmtion and ethyl

acetate fractiono€. bonduaespectively.
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Table 4.18: Cytotoxicity Evaluation for Ethanolic Extract, Seiwt Fractions and First Column

Fractions of the Petroleum Ether and Ethyl Acetatefions ofC. bonduoon HelLa

Cells
Samples I (%) at Conc. | (%) at Conc. | (%) an€ | (%) at Conc. 165

(40pg/ml) (20ug/ml) (10pg/ml) (5ug/ml) (wg/ml)
Pet. Ether  84.55 22.73 7.24 9.194 932.00
Water 80.39 6.00 -2.68 -1.54 430.14
Ethyl ac 59.00 21.74 2.78 2.00 35.80
Cs 82.00 50.87 27.25 12.194 419.50
Cs 60.67 27.35 9.35 4.45 432.04
Cs 55.78 20.04 12.04 0.86 432.00
Cs 60.34 33.16 18.67 6.79 430.78

| (%) is percentage inhibition;sCC,, Cs and G are first column fraction 3, 4, 5 and 8 respedgivislenotes moderate

cytotoxicity activities of samples respectively.
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Table 4.19: Cytotoxicity Pre - test Results of Compounds IsadadtomC. bonduc

Samples Concentratiopg/ml) BGC - 823 cells (1 %) Hekells (I %)
TCB 1 (compound 1) 10 44.94 69.20
TCB 2 (compound 2) 10 12.91 -26.17
TCB 3 (compound 3) 10 6.57 -31.02
TCB 5 (compound 4) 10 10.88 -6.60
TCB 6 (compound 5) 10 -0.12 -12.49
TCB 9 (compound 6) 10 48.15 54.91
TCB 11 (compound 7) 10 70 69.62
TCB 14 (compound 8) 10 14.02 -4.78
TCB 15 (compound 9) 10 9.20 70.68
TCB 16 (compound 10) 10 46.89 72.30
TCB 22 (compound 12) 10 6.010 -6.29
TCB 24 10 15.42 - 24.80
TCB 27 (compound 13) 10 8.73 -8.13
TCB 28 10 23.23 23.33
TCB 29 10 42.16 44.13
TCB 30 10 16.17 53.71
TCB 31 10 8.13 -16.06
TCB 32 10 11.67 -14.67
TCB 33 10 9.40 18.11
TCB 34 10 3.32 -22.1
TCB 35 10 15.05 -15.75
TCB 36 10 18.97 -15.95
TCB 38 10 22.14 -11.96
TCB 40 (compound 14) 10 14.98 -13.38
TCB 45 10 78.03 2.99
TCB 46 10 5.43 16.74
Taxol 10 76.69 61.72
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Table 4.20: Cytotoxicity Evaluation of Pure Compounds@fbondudJsing BGC-823 Cells

Samples | (%) at Conc. | (%) at Conc. | (%Canc. | (%) at Conc. 4C
(10pg/ml) (2ug/ml) (0.4ug/ml) (0.08.9/ml) (tg/ml)
TCB 1 (1) 44.94 2.20 -4.73 -8.55 NC
TCB 9 (6) 48.15 0.66 -1.79 -1.81 NC
TCB 11 (7) 70.95 -5.79 -9.61 -10.07 #6.45
TCB 16 (10)  35.47 20.76 -3.05 -7.34 NC
TCB 24 15.42 5.29 6.11 2.66 NC
TCB 30 16.17 5.10 -4.69 -7.28 NC
TCB 34 3.32 -6.21 -7.33 -9.02 NC
TCB 40 (14)  14.04 -1.22 -6.32 -8.41 NC
TCB 45 78.03 1.39 -5.44 -7.92 "5.55
Taxol 76.69 76.22 73.18 26.20 #0.15

NC — Not calculated becausg (inhibition above 50 %) could not be determin€@nd” signify

very good and good cytotoxicity activity.
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Table 4.21: Cytotoxicity Evaluation of Pure Compounds Isolafesin of C. bonducUsing

HeLa cell
Samples | (%) at Conc. | (%) at Conc. | @ofonc. | (%) at Conc. 46

(10pg/ml) (2ug/ml) (0.4ug/ml) (0.08.g/ml) (ng/ml)
TCB1(1) 69.20 10.97 - 4.77 - 6.38 "5.88
TCB9(6) 54.91 -1.50 -9.27 -12.48 #8.69
TCB11(7) 69.62 9.63 6.37 -6.50 5.91
TCB15(9) 70.68 18.73 9.32 -5.52 5.27
TCB 16 (10) 69.43 58.99 42.89 -7.34 #0.81
TCB 30 53.71 7.40 - 6.47 -4.32 "8.79
Taxol 61.72 60.36 52.68 -14.34 #1.13

" #and denote very good and good cytotoxicity ativi
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CHAPTER FIVE

DISCUSSION AND CONCLUSION

5.1 Phytochemical Investigation oC. bonduc

The phytochemical assessment of the young twigsleaes ofC. bonducrevealed the
presence of major classes of phytochemicals, expbjfmbatannins. The presence of these
phytochemicals ifC. bonduccould be responsible for the various reporteddgichl activities of
the plant. A bioassay-guided fractionation of tlee¢rgpleum ether and ethyl acetate fractions of the
ethanolic extract o€. bonduded to the isolation of two new diterpenoids, X#®Wwn compounds
and 13 unknown pure samples.

From previous reports, TCB 1 (bonducellin) wasasad fromC. bondugPurushothaman
et al, 1982); TCB 14 (Daucosterol) was isolated fr@mmillettii (Chen and Yang, 2008); and
TCB 15 (Luteolin) was isolated froQ. gilliesii (Suarezt al, 1984). The following compounds
isolated from C. sappan: TCB 2 (1l-octacosanol) @&adand Nigam, 1987); TCB 3 ((+)-
Syringaresinol) (Shet al, 2007); TCB 9 (4,4'-dihydroxy-2'-methoxy-chalcoifeju et al, 2009)
and TCB 11 (7,4'-dihydroxy-3,11-dehydrohomoisofiamae) (Namikoshet al, 1987a). These
reports are corroborated by the phytochemical stidie young twigs and leaves ©f bonduc

carried out in the present work.

5.2 Antioxidant Evaluation of C. bonduc Extracts

The production of free radicals has been associatiéd various physiological and
pathological events such as inflammation, agingagrenicity and carcinogenicity (Ogunlana and
Ogunlana, 2008). Antioxidants are vital substangis the ability to protect the body from the

damage caused by free radical-induced oxidatiesstfOzsowt al.,2008). Natural antioxidants
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present in medicinal and dietary plants have beeplicated in the prevention of oxidative
damage (Silvat al.,2005). Hence, the antioxidant activity of the etblec extract ofC. bonduc
was investigated by measuring the activities of thatioxidant enzymes (catalase and
peroxidases). The extent of lipid peroxidation vgasiged by measuring the concentration of
TBARS in rats treated with different doses of tix¢ract. There was graded increase in catalase
and peroxidase activities and decrease in condmmtraf TBARS in treated rats in comparison
with the controls. This increase in antioxidantygnes was significant in rats treated with 150
and 200 mg of extract/kg bwt in comparison witts taeated with 10 mg of vitamin C/kg bwt. A
significant antioxidant activity against Ehrlichcétes carcinoma (EAC) in mice has been reported
for the methanolic extract of the leaves@f bonduc(Guptaet al, 2004). Significantn vitro
antioxidant activities have been reported for psappanin A, protosappanin B and brazilein (Jun
et al, 2008). These are phenolic compounds isolated €osappan

The present study and that of Gatiral (2008) have revealed the presence of alkaloids,
flavonoids, glycosides, saponin, tannins and tessnin C. bondudby phytochemical analysis.
Flavonoids are phenolic compounds with potent metadlating and free radical scavenging
activities (Middletonet al, 2000). Along with other natural antioxidant, witias and enzymes,
they provide protection against free radicals biingcas antioxidants involved in scavenging
reactive oxygen species (Varalakshenhal, 2011). Previous studies have reported the presaic
the triterpenoid lupeol ifC. bonduc Lupeol protects cells and tissues from oxidasuess by
increasing the activity of catalase (Libyal.,2007).

The in vitro antioxidant activity of the methanolic extracttbe root ofC. digynawas
highly comparable with reference antioxidants (dsicoacid and rutin) (Srinivasaet al, 2007).

This correlated with the estimate of the total giiencompounds inC. digyna Polyphenolic
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compounds with catechol structures are oxidisedentral and alkaline pH environments and
form dimerised products which possess higher sxmaadical scavenging activities and iron
chelating properties (Spencer, 2003). The antiokidativity of the extracts of. bonducseeds,
measured by their DPPH, hydroxyl, nitric oxide a@ogher oxide radical scavenging activities, has
a significant linear correlation with their totahgnolic content (Shuklat al, 2009). The high
antioxidant activity exhibited by the extract©f bonduanight be due to the presence of phenolic
components such as flavonoids.
Phenols are very important plant constituents beaid their radical scavenging ability

due to the presence of hydroxyl groups (Hatabhal, 1989). The phenolic compounds may
contribute directly to antioxidative action (Dut al, 1999). The phenolic compounds of the

extract ofC. bondudeaves and twigs could be major contributorsdaittioxidant activity.

5.3 Toxicological Evaluation ofC. bonduc Extracts

The ethanolic extract of the leaves and young twigS. bonducat the 200 mg/kg body
weight dose did not elicit deleterious effects dgri28 days treatment in rats while higher
treatment doses of 400 to 1600 mg/kg body weightewiexic to experimental animals. The
behavioural profile of all the tested animals régdahat the animals were alert and responded to
pain and touch. The animals showed no signs ofedsn or restlessness. Ferdnal (1973)
reported that in sub-acute toxicity experiments, ridative organ weight (the ratio of the organ to
the whole body weight) is a useful index of toxicionitoring the body weight during treatment
provides an index of the general health statud@fanimals; such information may be important
for gauging their health (Sharme al, 2009). There was a progressive increase in thy bo

weight of all animals throughout the duration o thxperiment. At the highest treatment dose,
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there was a relative increase in the organ weightpared to the control. The ethanolic extract of
C. bondudid not induce toxic changes in the liver and ptirgans at a dose of 200 mg/kg body
weight. However, it induced toxic effects on somigams at higher doses. These results are in
agreement with the results of Gugtiaal. (2004) and Kumaget al (2005). These authors reported
that there was no significant change in the orgeaigiis of animals treated with 100 and 200
mg/kg body weight; but there was a significant @ase in organ weight at a dose of 400 mg/kg
body weight after 14 days of treatment. The livxing the detoxification organ of mammals, and
the kidney, being the most important excretory orgathe body, might be susceptible to the
toxic effects of extracts of. bonducat higher doses. This has been supported by potref
Kumaret al (2005), who reported the associated toxicity mfcancer agents and plants rich in
flavonoids on liver and kidney (Kumat al.,2005).

The 28 days toxicological assessment of the etimegtract ofC. bonducindicates that
ALT, AST, TB, TP, DB, IB, PTG, PC and PCT remaincbanged at an extract dose of 200
mg/kg body weight. The plasma enzymes (ALT and A&TJ the other biochemical parameters
mentioned above were significantly increased atigher treatment doses of 400, 800 and 1600
mg/kg body weight. The depletion in the total plaspnotein level has also been observed in the
present assessment. This may be due to impairééipsynthesis in the damaged liver or to the
altered nutritional status of the animals (Sharebaal., 2009). It has been reported that the
synthesis of plasma proteins in the liver was qtetitely and qualitatively affected during liver
damage (Kumaet al, 2005). The decrease in plasma albumin or in dbal fplasma protein
indicated hepatocellular dysfunction or liver dseéKumaret al, 2005). Elevated levels of ALT
and AST may be due to pathological changes suctea®sis of hepatocytes, which causes an

increase in the permeability of the cell membramesulting in the release of aminotransferases
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into the blood stream (Alet al, 2008). ALT has been reported to be a marker \aithigh
specificity for acute hepatocellular injury (Friednet al, 1996).

A high level of plasma cholesterol has been reparteobstructive jaundice or in chronic
hepatitis (Albrinket al, 1950). There was a significant increase in tresmph cholesterol of
animals givenC. bonducextract dosages of 800 and 1600 mg/kg body weighé kidney
eliminates the waste products of metabolism froentbtbdy. In renal failure, there is an increase in
metabolic waste products, especially nitrogenousstsinces like plasma urea and uric acid. An
elevated plasma urea level has been linked to teléveon-protein nitrogen in diseases associated
with nephrotoxicity (Varleyet al, 1980). There was no observable changes in plasea
concentration at an extract dose of 200 mg/kg lweeight in rats compared with the control. The
plasma urea concentration was significantly inadast higher doses: 400, 800 and 1600 mg/kg
body weight.

The occurrence high levels of plasma triglycerides/e been reported as a useful
biomarker in the prediction of renal dysfunctionyiMneret al, 2000). There was a significant
increase in plasma triglyceride in the rats ataettdosages of 800 and 1600 mg/kg body weight.
The increase in creatinine concentration, the leastble nitrogenous constituent of the blood,
was found to be insignificant. Nevertheless, inseelplasma creatinine has been reported in
renal injury subsequent to trauma or anuria, iartratic injuries to the muscle and in muscular
dystrophy (Srisawagt. al, 2010). The findings in this work corroborate thport of Guptaet al
(2004) on the 14 days interperitoneal toxicity bé tmethanolic extract of. bonducwith a
significant increase in plasma urea, ALT and ASThefexperimental animals.

Blood is a sensitive index of the physiological mip@s in an animal in response to any

environmental pollutant, and it has been documetitatitoxicant or potentially toxic substances
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induce conspicuous and significant changes in #ematological parameters (J&nal, 2009).
In the 28 days toxicological assessment, the whlid@d cell count and the differential counts
(lymphocyte and neutrophil counts) were not sigaifitly altered at a dosage of 200 mg/kg body
weight. But there were significant decreases inngtrophil and white blood cell counts and an
increase in the lymphocyte count at extract dosafe)0, 800 and 1600 mg/kg body weight.
However, thePCV value did not show any dose graded respartse. results of the findings were in
agreement with those of Sagar and Vidyasagar (2040 Gupteet al (2004) on the effects of
ethyl acetate and methanolic extract€obondumn treated animals

Kramp et al (1974) opined that functional studies in toxigyliashould be coupled with the
appropriate histological studies because appr@pnmaorphological studies are useful, especially
during the anatomical localization of the actionaofoxin. Based on this, a histological study & th
effect of ethanolic extract @&. bonduavas conductedt was observed that the extract (at a dose of
200 mg/kg body weight) and the control groups cduse histopathological alterations in the
cellular architectures of the liver, heart, kidragyd spleen. However, at higher extract doses (400,
800 and 1600 mg/kg body weight), there were nolilsedistopathological alterations in the
cellular architectures of the liver and kidney. Tihwer, at the higher doses of 400 mg/kg and
above, showed hepatic degeneration due to the-filgd hepatocytes, sinusoidal congestion,
fatty congestion, aggregation of dead cells, inftatory cells and amorphous debris (fatty
necrosis) (Plate 4.1 to 4.3). At these higher d¢466, 800 and 1600 mg/kg body weight), the
kidney showed gross alterations in the cellulahiéecture, such as necrosis and congestion (Plate
4.4). The above histopathological damages at ttre@sed extract doses are probably responsible
for the alterations in the biochemical and haenogichl markers of the liver and kidney
functions. These are markers of induced organ ittyxar injury. This finding corroborates the

finding of Sagar and Vidyasagar (2010b) who obs#slight changes in cellular architecture of the
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livers of animals treated with 250 mg/kg body weighan ethyl acetate extract 6f bonducOn the
other hand, the methanolic extract@fbonducseeds orally administered to mice at a dosag®0f 4
mg/kg body weight for 28 days has been reportdaketaon-toxic to the experimental animals (Pillaia
and Suresh, 2011).

In the recovery groups (200R, 400R, 800R and 160@Fg body weight), no significant
changes were observed in the biochemical, haengidaloand histopathological assessment of
actual tested and recovery groups. The inducedtelatons in the markers of toxicity caused by
the extract on rats might be irreversible two weaksr the end of dosing.

In the investigation on the acute toxicologicakets ofC. bonducin albino Wistar rats,
there was no mortality in the experimental aninalsll the extract treatment doses. However,
there were significant alterations in the haemaficll and biochemical markers of toxicity at all
extract doses. These are decreases in white blethdasd neutrophil counts, increases in
lymphocyte counts and in cholesterol, glucose, w@otd, triglyceride, urea and creatinine
concentrations and in alanine aminotransferasddevihere was also induced cellular damage to
the liver in all extract administered rats in adlatment groups (Plate 4.5 and 4.6). Although the
LDsp of theC. bonducextract at all the tested doses could not be héted from this study, the
markers of toxicity showed th&. bonducwas toxic to all experimental animals at all tdste

doses.

5.4 Antimalarial and Antiproliferation Activities of C. bonduc

Malaria is a globally recognized serious public ltteéssue, mainly in the tropical and
sub-tropical regions of the worl@lasmodium falciparumthe most widespread etiological agent
of human malaria, is becoming increasingly resistanconventional antimalarial drugs. This

increased resistance of malarial parasite to exsitlrugs has presented a major obstacle to
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antimalarial chemotherapy. The vitro bioassay study of the ethanolic extract and solven
fractions ofC. bonducrevealed its antimalarial and cytotoxic activitidbie petroleum ether and
ethyl acetate fractions had moderate antimaladtavides with 1G5, values of 18 and 16 pg/ml
respectively, compared with the crude fraction atieer solvent fractions that had no antimalarial
activities. However, a poor selectivity was obsdrue the antiproliferation activities of the
petroleum ether and the ethyl acetate fractionsh 8electivity indices were 0.29 and 0.69
respectively. Low selectivity indices of samplesddeen reported as an indication of normal
cellular damage (Wright, 2010). A bioassay guidedtionation ofC. bonduded to the isolation
of antimalarial compounds with various activitid&B 9 (4,4'-dihydroxy-2'-methoxy-chalcone),
TCB 29 and 31, were compounds isolated filonbonducowith considerable antimalarial activity
but with low selectivity indices.

The in vitro antiplasmodial activities of the flavonoids, exafjavanone A and B, from
Artemisiaindica have been reported (Chanpletral, 1998). Than vitro antimalarial activity of
(-)-cis-3-acetoxy-45,7-trihydroxyflavanone, isolated fronsiparuna andina has also been
reported (Jenett-Sienet al, 2000). The antimalarial activities of 6-Hydroxtgolin-7-O-(1"-a-
rhamnoside) against K1 and NF54 strain® ofalciparum,acacetin against poW and Dd2 strains
of P. falciparum(Bringmannet al, 2000) and calycosin and genistein, first isoffea®to possess
antiplasmodial activity, against poW and Dd2 stairfi P. falciparum(Kaur et al, 2009 have
been reported. Elforet al. (1987) demonstrated that vitro the methoxylated flavonones,
artemetin and casticin, act synergistically witkearisinin againsP. falciparum Although, the
exact antiplasmodial mechanism of action of flavdads unknown, they have been shown to
inhibit the influx of L-glutamine and myoinositabto infected erythrocytes (Elford, 1986). It has

also been speculated that their mode of actiomked to their unusual antioxidant pathway. The
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ability of flavonoids to form reactive oxygen spexihas also been linked to their antimalarial
activities (lwu et al, 1986). A lack of defence mechanisms against atixid stress inP.
falciparummakes the parasite susceptible to drugs with Ibilgyaof generating reactive oxygen
species (Ribeiret al, 1997).

Structure-activity relationship analyses of theiraatarial flavonoids isolated in this
investigation, together with those of Kiat al. (2004), suggest that the introduction of a hygtox
group at the 7 position ar@@-methylation at the 5 position of the A ring midie responsible for

the antimalarial activity of methoxy-chalcone.

5.5 Antifungal Evaluation of the Extracts ofC. bonduc

There was no inhibitory activity against the growftCandida albicandor all the tested
samples Young twigs and leaves &. bonducobtained from Nigeria may have no inhibitory
activity againsiC. albicans This corroborates the findings of Woldemicheghl. (2003), which
reported that compounds isolated fr@n paraguariensidiaveno inhibitory activity againscC.
albicans However, a good inhibitory activity has been mpd for a-(2-hydroxy-2-
methylpropyl)e-[2-hydroxy-3-methylbut-2-en-1-yl] polymethylenelated from the leaves .

bonducin India (Sagar and Vidyasagar, 2010a).

5.6 Cytotoxic Activity of C. bonduc

Cancer is a major public health burden in bothdéeeloped and developing countries of
the world, with over six million estimated deathghe year 2002 (Parkigt al, 2005). It is one of
the major causes of death in the United StatesdHey al, 2005), where one in four deaths is

due to cancer. Plants have long been used inghgent of cancer (Hartwell, 1982). Drugs from

204



medicinal plants have played an important rolehm treatment of cancer, and medicinal plants
have accounted for about 40 % of the anticancegdmroduced between 1940 and 2002
(Newmanet al, 2003). A number of active compounds have beemvsho possess anticancer
activity; these include flavonoids, diterpenoidstetpenoids, and alkaloids (Haet al, 2008).
The cytotoxic activity of flavonoids in malignantlts is characterised by an increased generation
of reactive oxygen species (ROS) (Wartaal, 1999), accompanied by a decrease in the level of
redox active proteins, superoxide dismutase armtetioxin which are crucial for maintaining the
cellular redox balance (Let al., 2006).

Reactive oxygen species (ROS) are released frormalooxidative metabolism in
eukaryotic cells and cellular antioxidants, suchsaperoxide dismutase and thioredoxin which
carry out the detoxification process in these sgedHowever, an overproduction of ROS or a
decrease in the antioxidative capacity of cells@mse oxidative stress (Halliwell, 1992). Almost
all cancer cells are under an oxidative stresscasgal with increased metabolic activity; hence
they have an increased production of ROS (Szatroarsk Nathan, 1991). The increased basal
oxidative stress in transformed cells makes theghlftidependent on their antioxidant systems to
counteract the damaging effect of ROS; this makemtsusceptible to further oxidative stress
(Schumacker, 2006). ROS-generating agents cantigéfckill cancer cells by increasing the
intracellular ROS to a toxic level (Schumacker, @0Human cancer cells with an intrinsic
oxidative stress are highly sensitive to ROS stighsanget al, 2000; Zhouet al, 2003).
Promoting ROS generation in mitochondria can eiffety kill them (Pelicaneet al, 2003).

The anticancer activity of medicinal plants hasrbaesociated with their possession of
flavonoids among their secondary metabolites. Tlaeyicancer activity of flavonoids in

malignant cells is characterised by an increasagrgéion of reactive oxygen species (ROS)
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(Wanget al, 1999) accompanied by decrease in the level axetttive proteins, superoxide
dismutase and thioredoxin which are crucial forntaning the cellular redox balance (ktal,
2006). The cancer chemopreventive activity of kaengb, a flavonoid, has been linked to the
induction of apoptosis in glioma cells arising frahe elevation of intracellular oxidative stress
(Sharmaet al, 2007). Flavonoid-generated induced apoptosisss@ated with membrane
hyperpolarisation, leading to a decrease in theoghiindrial membrane potential and to an
alteration in the plasma membrane potential (Tratttemmet al, 2006). High levels of ROS can
cause apoptosis by triggering a mitochondrial pabiligy transition pore opening and the release
of proapoptotic factors (Brenner and Grimm, 2006).

The results of the present investigation are ctersisvith the reports of Kawast al
(1999) and Rubiceet al (2006) on the cytotoxic activity of quercetin-Ztnyl ether (TCB 16),
luteolin (TCB 15) and other flavonoids. KaempfeBainethyl ether has a cytotoxic activity with
an I1G; value of 35 uM on Hela cells (Rubio et al., 2006y;glycones (TCB 27 and 40) lack
cytotoxic activity. It is suggested that the ladkcgtotoxic activity might be due to the additional
sugar moiety attached at position 3 of the C-rithgs increases their polarity and limits their
cellular permeability (Spencer, 2003). Samplesatsal fromC. bonducshowed good cytotoxicity
against HeLa and BGC - 823 cancer cell lines.

Structure-activity relationship (SAR) analyses lafvbnols and flavones isolated froth
bonducsuggest that the introduction of a hydroxyl graipghe 3' position of the B ring might
cause an increase in cytotoxicity; on methlylatidrthe 3-hydroxyl group on the C ring, there is
an enhancement of cytotoxicit®-methylated flavonoids obtained from flavonoid metem in
the small intestine have been shown to possessiesthaytotoxicities while their glucuronides,

especially at the 5 and 7 positions, have been slownhibit cytotoxicity (Spencer, 2003).
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A number of bioactive flavonoids as well as othiytpchemicals with anticancer activity
have been isolated fro®. bondugqHanet al, 2008) However, this thesis is the first reparttioe
isolation, purification and structural elucidatiohcytotoxic compounds (TCB 9, 11, 15 and 16)
from C. bonduc Since flavonoids display a wide array of celludativities, several mechanisms
have been proposed to account for their cytotoxiclthese include the inhibition of DNA
topoisomerase I/1l activity, an increased generatibreactive oxygen species (Wagigal, 1999),

a decrease in the level of redox active proteing @t al, 2006), DNA oxidation and
fragmentation, regulation of heat-shock-protein respion, cell cycle arrest, modulation of

survival/proliferation pathways and activation eb@poptotic cellular factors (Ramos, 2007).
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5.7 CONCLUSION AND RECOMMENDATION

From the phytochemical assessment of the youngstaungl leaves of. bondug¢two new
cassane diterpenoids (one fully structurally chirégsed and the other partially characterised),
seven known flavonoids, one lignan, four differptant phytochemicals were isolated and their
structures elucidated and identified. Furthermdk®, uncharacterised compounds were also
isolated separated from the young twigs and leaf’€s bondumbtained from Ibadan, Oyo state,
Nigeria, West Africa. Their antimalarial and cyteittty activities were evaluated. The cytotoxic
activity of C. bonducwas linked to the presence of bioactive flavonaidth a B-ring as part of
their phytoconstituents. The petroleum ether andyletcetate fractions showed moderate
antimalarial activity. But these activities are rotmparable to those of the available antimalarial
drugs. Some solvent fractions and compound€.obonducshowed good anticancer activities.
These activities are comparable with those of tkistiag anticancer drugs. In the present
investigation, the 28 days of repeated doses, laelalterations observed at the higher doses of
extract (400, 800 and 1600 mg/kg body weight) dmorate the biochemical and haematological
alterations found in the investigated experimeatamals. Similarly, in the acute toxicological
investigation, fixed extract doses of 2000 mg/kgl atove caused cellular alterations which
corroborated the biochemical and haematologicaratibns. It can be concluded that the daily
administration of crude ethanolic fractions@fbonducat a dose of 400 mg/kg body weight for
28 days is toxic to experimental animals. Similathe fixed dose o€. bonducat 2000 mg/kg
body weight and above is also toxic to experimeatdamals, even though, no mortality was
observed at all the tested doses.

Based on the present assessments and investigdhierdaily use of concentrated extracts

of the young twigs and leaves ©f bonducas is done in the southwestern part of Nigeriauksho
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be carefully considered in view of the observeddities recorded in this investigation. It is clear
form this study and from another (Kunmetral.,2005) that potential toxicity might arise from the
continuous intake of plants such @s bonducwhich are rich in flavonoids. The phenolic ring
containing flavonoids, upon oxidation by peroxidgsgelds the phenoxyl radical. This radical is
cytotoxic, co-oxidizes unsaturated lipids, GSH adleic acids and causes ROS formation and
mitochondrial toxicity. The antiproliferation anatanalarial activities ofC. bonduc,as well as
the indepth understanding of their mechanism abachould be further explored. This can help
in exploring the possibility of using flavonoiddiea structural modifications, as both anticancer
and antimalarial agents. The vivo prophylactic and chemotherapeutic activities & éxtracts

of C. bonduawill further validate its folkloric use as an antlarial. This might constitute a topic

for future research focus.
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5.8

CONTRIBUTIONS TO KNOWLEDGE

This research work has contributed the followinghe body of scientific knowledge:

1.

The discovery of two new compounds, a fully struatly characterised one, TCB 6 {2
ethoxyl-1a,14B3-diacetoxy-21,5a-dihydroxyl-cass-13(15)-en-16,12-olide) and a [adlsti
characterised compound, TCB So(Ia-diacetoxy-%,6p3-dihydroxyl-cass-14(15)-epoxy-
16,12-olide) from the young twigs and leave€obonduc

The isolation and structural elucidation of elewampounds from the young twigs and
leaves of C.bonducwhich are being reported for the first time. Theselude: 1-
octacosanol, (+)-Syringaresinol, 4,4'-dihydroxy4ldiydroxy-2'-methoxy-chalcone, 7,3'-
dihydroxy-3,11-dehydrohomoisoflavanone, Daucosterb|7,3',4'-tetrahydroxy-flavone,
5,7,3',4'-tetrahydroxy-3-methoxyflavone, Protochtec acid, 1-O-Hexadecanolenin,
kaempferol-30-3-D-xylopyranoside and Kaempferol@-a-L-rhamnopyranosyl-1 2)-
[3-D-xylopyranoside.

The moderate antimalarial activity of 4,4'-dihydydyd’-dihydroxy-2'-methoxy-chalcone,
isolated fromC. bonduds reported for the first time.

The ethanolic extract and some compounds isolated €. bondudhave antimalarial and
cytotoxic activities.

The ethanolic extract and compounds isolated frben yioung twigs and leaves @f.

bonduchave no inhibitory activity again§tandida albicans.
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acq. Date: Thursday, Auguat 15, 2010 hog. Time: 10:4%

Sample Name: 100819EST Tcn-l,f-o\q(%ﬁ/”ﬂ

TOF MS: 5.017 to 5.484 rmip from 100819ES TCB-1.wiff
la=3,55014391904942180e-004, 10=7.96575016585934460e+001, subtracted (0.133to 4 B34 min)
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Appendix 3: ESI-MS Spectrum of TCB 1
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Appendix 4 'H NMR Spectral of TCB 5 (Compound 4) recorded ab 3@Hz in

deuterated chloroform (CDglwith a: showing the extended spectrumbabetween 0 to 3.0 ppm.

The chemical shifts for the spectral were assignggbm.
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Appendix 5 *C NMR Spetral of TCB 5 (Compound 4) recorded at M3z in deuterated
chloroform (CDC}) with a: showing the extended spectrum lofbetween 10 to 81 ppm.

Chemicaal shifts were assigned in ppm.
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Appendix 6 *C NMR DEPT (Distortion-lessEnhancement byPolarizationTransfer) Spectral
of TCB 5 (Compound 4) recorded at 125 MHz in deatet chloroform (CDG) with a: showing
the shift due to the presence of CH ands@Ha phase opposite to Gldndb: showing shift due

to only CH groups. Chemicaal shifts were assigngupm.
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Appendix 7 Correlation Spectroscopy (COSY) Spectrum of TCBe&orded at 600 MHz in

deuterated chloroform (CDg}I
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Appendix 8 Heteronuclear Multiple Quantum Coherence (HMQC)e®mum of TCB 5

recorded at 600 MHz in deuterated chloroform CPCI
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Appendix 9 Heteronuclear Multiple Bond Coherence (HMBC) Speutof TCB 5 recorded at

600 MHz in deuterated chloroform CDCI
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Appendix 10 Rotating-frame Overhauser Effect Spectroscopy (BROESpectrum of TCB 5

recorded at 600 MHz in deuterated chloroform CPCI
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Acg. Date: Thursday, August 19, 2010 Acg. Time: 11.48

Sample Name: 100819ESI TCB-S

+TOF M§: 1.284 to 1.617 min from 100819ESI TCB-5.wif
=3.55914301094942180-004, 10=7.98575916585934460e+001, subtracted {0.117 to 0.983 min)
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Appendix 11 Electrospray lonization Mass Spectroscopy (ESI-BE@@ctrum of TCB 5
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Aeq. Date: Tuesday, December 14, 2010

Sample Nawe: 101214ESIA TCBS

Acq. Time: 12:40

+TOF MS: 1,600 to 17.935 min from 101214ESIA TCBS.wiff
la=3.550445016554261 10¢-004, t0=7 96575016585934460+001
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Appendix 12 High Resolution Electrospray lonisation Mass $pscopy (HR - ESI

Spectrum of TCB 5

264

~ MS)



€1°864
e — ir'5g58®

er'e9lLl
———e Bttt — FCT FECL

— L8 PBLL

L PeZI

——1O 89 hopr— LO6LEL

— ZLlLErL

: —oggrst— BETESL
— Z6'6EDIL

— L'STLL

— BO'8BLL

-— L1'0¥rE

......... 02 ZLSE

LS'8I0C

_ “ 4_... .._ ‘l\“#\‘_:‘
QoL os ogs oL 09 (a1 o og o
[e4] 2cuslliuusuel |

500

1000

1300

2000

2500

3000

3500

Wavenumber cm-1

Frequency Range : 399271 - 3996 57

“Measured on ; 16/12/2010

Sample: TCh 5

i
67
|
-
8
wd
D
=%
E
o
o .
I 1
(=]
L
h=]
@
— 2
od | O
s @l
B ol
@D [=]
—.: O
= 5
D =
E =
= wl
[ZZ )
=
ﬁ
4_ o |
=| .
o o
- =
2 =
a2 ©
@ @O
o ~l
&2
S o
s S
[
=
- -
S @
= =
£ £
o >
QD =

Appendix 13 IR Spectrum of TCB 5
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Onfical rotation measirement
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hcq. Date: Tuesday, December 14, 2010

Sanple Name: 101214ESTA TCRS

Aeg. Time: 12:40

Elemental composition calculator

Target m/z: +533.2142 am

Tolerance: +110.0000 PR

Result type: Elemental

Max num of results: 1000

Min DBE: -10.0000 Max DBE: +60.0000

Electron state: OddhndEven

Num of charges: 0

Add water: N/A

Add proton: N/A

File Name: 101214ESIA TCBS.wiff

Elements Min Number Max Number:

1 Br 0 0
2 C 0 200
3 Cl 0 0
4 F 0 0
5 H 0 400
6 K 0 0
7 N 0 0
8 Na 1 1
9 0 8 10
10 Pt 0 0

Appendix 16 Elemental Composition Calculation for TCB 5
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Acq. Date: Tuesday, December 14, 2010

Sample Name: L01214ESIA TCBS

Atq. Time: 12:40

Elements Min Number Max Number:
11 S 0 0
12 Si 0 0
Formula Calculated m/z {amu) mha Error PIM Error DBE

1 C29 H34 08 Na 533.2151 -0.9381 ~-1.7554 12.5
2 C26 H38 010 Na 533.2362 -22.0676 -41.3860 7.5
3 C28 H30 09 Na 533.1787 35.4473 66.4786 13.5
4 C27 H42 G9 Na 533.2726 -58.4531 -109.6241 6.5

Appendix 17 Elemental Calculation for TCB 5 Continued
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Appendix 18 *H NMR Spectral for TCB 6 (Compound 5) recorded @ ®Hz in deuterated
chloroform (CDC4) with a: showing the extended spectrum mfbetween 0 to 3.0 ppm. The

chemical shifts for the spectral were assignedim.p

270



== ]
meEEFa s 2
& o oas e

58.685
47.432
44.966
40130
37.583
35.678
34188

s e e
[ S S S S

— 1%

J—y
—— 21

\
Y
=]
o

=]

-10C

80
ppm (t1)

L o = oo o=

115.093
106,943

77.25
76,090

76,749

76.508

74808

74310
.Yl
4743

S 44,968
/—/ 40130
—— 3756
35670

e G704

\\_

T T T T T T T I T T T T T T T T T I T T T T T
200 150 100 50 o

ppm (1)

Appendix 19 *C NMR Spectral of TCB 6 (Compound 5) recorded & MHz in deuterated
chloroform (CDC}) with a: showing the extended spectrum lofbetween 10 to 80 ppm.
Chemicaal shifts were assigned in ppm.
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Appendix 20 *C NMR DEPT (Distortion-lessEnhancement byPolarizationTransfer) Spectral
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the shift due to the presence of CH ands@Ha phase opposite to Gldndb: showing shift due

to only CH groups. Chemicaal shifts were assigngupm.
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Appendix 21 Heteronuclear Multiple Quantum Coherence (HMQC)e®mum of TCB 6

recorded at 600 MHz in deuterated chloroform CPCI
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Appendix 22 Correlation Spectroscopy (COSY) Spectrum of TCBe€orded at 600 MHz in

deuterated chloroform (CDg}I
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Appendix 23 Heteronuclear Multiple Bond Coherence (HMBC) Speutof TCB 6 recorded at

600 MHz in deuterated chloroform CDCI
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Appendix 24 Rotating-frame Overhauser Effect Spectroscopy (BOESpectrum of TCB 6

recorded at 600 MHz in deuterated chloroform CPCI
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Acq. Date: Tuesday, December 14, 2010 Acq. Time: 12:35%

Sample Mame: 101214ESIA TCBE

+TOF MS: 1,417 10 2.167 srin from 101214ESIA TCBS wif Max. 37.1 counts,
18=3.55946304167311420e-004, t0=7.96575916586634460e+001

*
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J }\ o hebey : | Ll,.._ )\\ ™
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mz, amu

Appendix 25 High Resolution Electrospray lonisation Mass Smettopy (HR - ESI — MS)

Spectrum of TCB 6

277



Acq. Date: Thursday, August 19, 2010 Agg. Time: 11:50

Sample Name: 100819ES] TCE-6

+TOF MS: 1.884 to 2.134 min from 100819E5] TCB-G.wif
63.538143919949421808-004, =7 S65759185850344608+001, subtractod (0133 10 1.334 minj

19 gy
13 ?

125
120
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10
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100
%1
90
8
8
7
0
654 1
0 |
561 ‘
50
54
I :
% !
3]
%
2
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5 495
b ‘
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[ S I
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Ol
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Appendix 26 Electrospray lonization Mass Spectroscopy (ESI-HEf@¢ctrum of TCB 6
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Appendix 27 UV Spetrum of TCB 6
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Ontical rtetion measurement

Mgl P00 AOBAEE

Ne Sampe Mode D Mool
Blank
Nt 0 SRt AL O0MBS
{0000
Mol ) SpRot TG D04
00000
W3 10 SpRd TR0 D8

0.0000

Temp.  Date

el Comment

Temp Paint - Sample Name

1 Tue Dec 14160049 2010
00 000128gimiCHCR

Cell TCE8

18! Tue Dec 14160103 200
00 (0028gimICHOE

(el TCB6

1 TueDec 11801162010
000 000128gmCHCR

Cel TCB6

Appendix 29 Optical Rotation Measurement of TCB 6
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Light
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Cycle Time
ineq T

No o
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Na 23
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Acqg. Date: Tuesday, December 14, 2010

Sample Name: 1012Z14ESIA TCRé

BAcg. Time: 12:35

Elemental composition cakculator

Target m/z: +517.2402 amu

Tolerance: +10.0000 ppm

Result type: Elemental

Max num of results: 1000

Min DBE: -10.0000 Max DBE: +60.0000

Electron state: OddAndEven

Num of charges: 0

Add water: N/A

Add proton: N/

File Name: 101214ESIA TCB6.wiff

Elements Min Number Max Number:

1 Br 0 0
2 C 0 200
3 cl 0 0
4 F 0 0
5 H 0 400
6 K 0 0
7 N 0 0
8 Na 1 1
9 0 8 10
10 Pt 0 0

Appendix 30 Elememental Calculation for TCB 6
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Acq, Date: Tuesday, December 14, 2010

Sample Name: 101214ESIA TCBS

Acg. Time: 12:35

Elements Min Number Max Murber
11 S 0 0
12 51 0 0
Formyla Calculated m/z (anm) mDa Error PPM Error DBE
(26 H38 09 Na 517.2413 -1.1529 -2,2290 7.5

Appendix 31 Elemental Calculation for TCB 6 Continued
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Acq. Date: Thursday, August 19, 2010 Acq. Time: 11:53

Gample Name: 100A19EST TCB-9

+TOF MS: 2.384 to 2.684 min from 100819ES! TCB-9.wiff
(3=3.55914391994942180e-004, 10=7 565759165659344608+001, sublracted (0.150 fo 1.134 min)
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Appendix 34 ESI-MS Spectrum of TCB 9
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Acq. Date: Wednesday, Rugust 25, 2010 Acg. Time: 13:28

Sample Name: 100825ESI TCB-11

+TOF MS: 1.167 to 2.050 min from 100825ES1 TCB-11.wiff Max. 88.1 counts
a=3 55914301994942180e-004, 10=7.965750 165859344608+ 001, subtracted {0.100 o 1.050 min)
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Acq. Date: Monday, October 18, 2010 Aeq. Time: 17:41

Sample Name: 101018ESI TCB1S

+TOF M8: 1.984 to 2,150 min from 101018ESI TCBA15.wiff Max. 2.8 counts
2=3,55014301004042180e-004, 10=7.965750165859344606+001, subtracted (0.333 to 1.884 min)
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Acq. Date: Monday, Qctober 1@, 2010 Acqg. Time: 17:45

Sample Name: 101018ESI TCBl&

L+TOF MS: 1.250 to 2,100 min from 101018ES1 TCB16.wiff
=3.55914391994942180e-004, 10=7.96575916585934460e+001, subtracted (0.083 to 0.984 min)
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Appendix 43 ESI-MS Spectrum of TCB 16

295



Appendix 44:

Changes in weight of Experimental Animals for Sub-acute study

Groups Weight 1(g) Weight 2 (g) Wei@htg) Weight4(g) Weight5 (g)
Control A 100.40+32.5 119.40+27.7 122 305 133.2+25.9 146.80+29.8
Control B 88.40+21.8 115.60+23.3 122.0082 135.20+22.6 151.20+26.4
200 mg/lkg  96.57+14.6 116.00+15.0 129.4331  142.29+16.9 158.00+12.9
200R 93.33+23.7 109.33+22.7 124.67+17.2 144.67+11.4  154.00%£17.1
400 mg/kg  82.29+16.9 106.29+15.1 .29615.9 131.14417.6  146.29+16.1
400R 78.00+12.5 102.67+15.3 113.33+12.2 132.67+13.0  146.00+16.4
800 mg/kg  103.43+21.1  119.43+18.7 12518.3 130.86+26.9  152.00+24.6
800R 88.00+8.0 117.3349.2 124.6749.9 135.67+8.1 153.3349.5
1600 mg/kg 73.67+23.9 94.33+22.4 106232 113.67+20.1  125.00+20.3
1600R 57.33+15.3 73.33+8.3 84.00+10.4 94.33+10.6 103.3349.9

Values are presented as mean + SEM (n = 5 readiiggpht 1, weight 2, weight 3, weight 4 and weighepresent

weight of rats on day 0, weight of rats on day @ight of rats on day 14, weight of rats on day @d weight of rats

on day 28 respectively. Control A, Control B, 20@/ky, 200R, 400 mg/kg, 400R, 800 mg/kg, 800R, 161Qflkg

and 1600R represent groups of rats treated wittill dister; rats treated with sodium caboxylmetigllulose; rats

treated with 200 mg CB/kg bwt; recovery group dbrixeated with 200 mg CB/kg bwt; rats treated wifl® mg

CB/kg bwt; recovery group of rats treated with 48 CB/kg bwt, rats treated with 800 mg CB/kg bvecavery

group of rats treated with 800 mg CB/kg bwt, ragsmted with 1600 mg CB/kg bwt and recovery groupats treated

with 1600 mg CB/kg bwt.
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Appendix 45:

Changes in weight of Experimental Annals for Acute study

Groups Week 1 Week 2 Week 3

Control 127.00+£3.00 129.00+4.00 131.67+4.16
2000 mg/kg 135.00+1.00 138.00+2.52 140.33+3.21
4000 mg/kg 128.00+1.73 131.00+1.00 133.33+1.53
6000 mg/kg 131.67+7.23 135.33+8.50 137.00+9.64

Values are presented as mean+SEM.
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