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Abstract
Ampelocissus grantii (Baker and Planch), Cissus crinita (Planch) and Cissus sokodensis (Gilg
and Brandt) are plants that belong to the family Vitaceae and are used in traditional medicine
in northern Nigeria for the management of cancers and infectious diseases. The
phytochemistry of these plants has not yet been reported. Therefore, the plants have been
deemed desirable for phytochemical investigation to identify the possible active compounds
that may be contributing to these medicinal therapies claimed by the people using them. The
plants’ rhizomes, after collection, identification, air-drying and pulverisation, were subjected
to cold extraction (maceration) using hexane, dichloromethane (DCM), ethyl acetate (EtOAC)
and methanol (MeOH). Crude extracts obtained were phytochemically screened and
chromatographed, mainly by column chromatography on silica gel. Standard antimicrobial
method was employed to determine the minimum inhibitory concentration (MIC) of both the
crude extracts and the isolates using clinical bacteria and fungi isolates: Staphylococcus
aureus, Bacillus subtilis (Gram positive bacteria), Escherichia coli, Pseudomonas aeruginosa
(Gram negative bacteria), Crytococcus neoformans,Candida albicans, Candida tropicalis,
Aspergillus niger (fungi).The pure compounds were analysed for structure elucidations, using
spectroscopic techniques, majorly 1D and 2D NMR experiments. Preliminary phytochemical
screening of the crude plant extracts revealed the presence of steroids, terpenoids, flavonoids,
tannins, saponins in both Cissus sokodensis and Cissus crinita. In addition to these
compounds, anthraquinones were present in Ampelocissus grantii. Results of antimicrobial
studies showed moderate to good activity against the organisms tested. Generally both the
crude extracts and the pure compounds isolated recorded higher activities against the fungi.
The MIC values of the crude extracts against the fungi ranged from 25 pg/ml to 200 pg/ml,
25 pg/ml to 100 pg/ml and 12.5 pg/ml to 100 pg/ml for Ampelocissus grantii, Cissus crinita

and Cissus sokodensis respectively. The highest activity was recorded from Cissus

vii



sokodensis’s methanol extract against Candida albicans (MIC: 12.5 pg/ml).The respective
MIC value against the bacteria for Ampelocissus grantii, Cissus crinita and Cissus sokodensis
ranged from 25 pg/ml to 200 pg/ml, 100 pg/ml to 200 pg/ml and 100 pg/ml to 200 pg/mil.
Highest MIC was observed from Ampelocissus grantii ethyl acetate extract against
Escherichia coli (25 pg/ml). The pure compounds recorded higher activity against both the
fungi and the bacteria compared to the crude extracts. The antifungal activity (MIC: 6.25-50
pg/ml) of the pure compounds was higher than the antibacterial activity (MIC: 12.5-50
pg/ml). Highest activity (MIC: 6.25 pg/ml) was recorded against Candida albicans and
Aspergillus niger. Nine chemical compounds were isolated from the plants: B-sitosterol,
betulin, 15-hydroxymethyl-16-methylheptadecylferulate and 3-hydroxymethyl-5-methyl-16-
oxoheptadecylferulate from Ampelocissus grantii, B-sitosterol, oleanolic acid and 2,3,5-
trihydroxymethylbenzoate-4-methylene-a-D-glucopyranose from Cissus sokodensis and two,
B-sitosterol and 2,3,5-trihydroxymethylbenzoate-a-D-glucopyranose from Cissus crinita.
Four out of these compounds: 15-hydroxymethyl-16-methylheptadecylferulate, 3-
hydroxymethyl-5-methyl-16-oxoheptadecylferulate, 2, 3, 5-trihydroxymethylbenzoate-4-
methylene-a-D-glucopyranose and 2, 3, 5-trihydroxymethylbenzoate-a-D-glucopyranose, are
novel. Literature has shown that all the known compounds isolated have anticancer
properties; further the newly isolated molecules have moieties in their structures with
anticancer potentialities. Hence, the studied plants contain compounds that have anticancer
property. The presence of the compounds isolated suggests that the plants contain chemical
compounds that could possess both anticancer and antimicrobial properties. Therefore, these
compounds may have been responsible for the anticancer and antimicrobial effects the plants
have been said to possess in ethnomedicine and hence the folklore usage of the plants in the

management of cancers and bacterial/fungi diseases are said to be validated.
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CHAPTER ONE
1.0 INTRODUCTION
1.1 Natural Products and Medicine

Over the centuries, the use of medicinal herbs has become an important part of daily life of
humans and despite the progress in modern system of medicine; plants are one of the most
important sources of medicines (Mohd et al., 2012). This is because chemical compounds
from natural sources (like plant) have been elaborated within living systems, thus are often
perceived as showing more “drug-likeness and biological friendliness than totally synthetic
molecules,” (Koehn, 2005a) making them good candidates for further drug developments
(Balunas and Kinghorn, 2005; Drahl et al., 2005).

Many people use herbal concoctions with the assumption that such is safe and effective. For
people with chronic diseases, combining herbal medicine with conventional medicine is a
common practice. It is expected that there may be synergistic effects between the
conventional drugs and the herbal remedies. The use of indigenous medicinal plants is not
based on science and is mostly unregulated and as such varies considerably from place to
place.There is often no standard dosage and the safety of such practice remains unclear
(Nyika, 2009).

In traditional practice, several plants are often used in combinations and the activity may be a
result of either additive or synergistic effects. Many medicinal plants are the focus of
biological screening and the crude extracts are screened for in vitro or in vivo activity or
both. In some cases single active constituents for a particular action have been successfully
identified. Phytochemical and toxicological studies can identify toxic components in order to
assess and possibly eliminate or reduce harmful side effects of the extracts (Nyika,

2009).There is still a great need for phytochemical and pharmacological research of



medicinal plants in order to improve the efficacy and reduce potentially harmful side effects

that may be associated with it.

Although there are many clinically approved anticancer and antimicrobial drugs, both of
synthetic and natural (microbial and plant) origin (Fansworth, 1985; Chabner, 2005).
However, much progress needs to be made to overcome the problems of resistance to and
toxicity of existing cancer and pathogenic microbial chemotherapeutic agents. Medicinal
plants have been shown to possess bioactive compounds such as polyphenolics, vinca
alkaloids, podophytotoxin derivatives and taxol derivatives which reduce the incidence of
cancers; and different classes of compounds for example: alkaloids, some flavonoids,
quinones, xanthones and terpenes that serve as antimicrobial agents. It is in view of these that
the three (3) plant candidates that have been used for the treatment of cancers (e.g leukemia
and breast cancer) and microorganisms related diseases by the natives, especially in northern
Nigeria, were selected for this research. Furthermore, this study seeks to isolate and identify
novel substances responsible for the acclaimed efficacy in curing cancer and that could also

serve as antimicrobial agents with less toxicity or side effects.
1.2 Statement of the Research Problem

Developing countries like Nigeria are bedevilled by inadequacy of health care facilities, poor
accessibility, high poverty level, lack of trained man power and often, low demand for
conventional health care system. An estimated 80% of the populace relies on ethno-
medicinal practices, most of which are herbal preparations (Omole-Ohonsi and Aiyedun,

2013) for their primary health care needs.



The emergence and wide spread of pathogenic microorganism resistant strains is on the
increase on daily basis (Tijjani et al., 2011). Beside this, diseases like cancers have continued
to be of great concerned to man. This is because there is no ‘total cure for cancer’ up to now
once it reaches malignant stage (Jemal, 2011). Furthermore, drugs used for the treatment of
cancer and also serve as antimicrobial agents are associated in one way or the other with side
effects or toxicity. These have carried the attention of scientists and made them continuously

investigate for possible solutions to the stated menace.
1.3 Justification of the Study

Medicinal plants have proven to be reservoirs for molecules such as alkaloids, flavonoids and
saponins that showed wide range pharmacological activities.Therefore, there is continuous
need to search for plants to source novel and cost effective molecules with less or no toxicity
capable of bringing total cure for diseases with high mortality rate like cancer and ailments

caused by pathogenic microorganisms.
1.4 Aim and Objectives of the Research

The aim of the research is to seek scientific validation of the local use of the plant candidates
(rhizomes of Ampelocissus grantii, Cissus crinita and Cissus sokodensis) as anticancer as
well as antimicrobial agents in ethnomedicine and possible discovery of new medicinal

entities from the natural sources.

The stated aim will be achieved through the following objectives.

I. Extraction of the chemical compounds from the plants using appropriate solvents.
I1. Phytochemical screening of the plants extracts.

I11. Determination of the biological activities of the extracts of each of the species in line

with the ethnomedicinal uses of the plants.



IV. Isolation of the novel chemical compounds from the selected plants.

V. Identification of the chemical compounds that can serve as anticancer and antimicrobial
agents.

VI. Isolation of any other bioactive compound(s) from the plants and

VII. Characterization and elucidation of the chemical structures of the compounds isolated.



CHAPTER TWO

2.0 LITERATURE REVIEW
2.1 Phytochemicals and Medicinal Plants

Interest in medicinal plants arises from the desire to provide a scientific rationale for the use
of plants and the possibility of discovering novel compounds of pharmaceutical value.
Historically, compounds containing novel structures from plant sources were a major source
for the discovery and development of new drugs for several diseases (Newman and Cragg,
2007). These include quinine from Cinchona species and artemisinin (Artemisinin®) from
Artemisia annua. Quinine was used as a template for the synthesis of chloroquine, which was
the main antimalarial drug until recently. Semi-synthetic derivatives of artemisinine such as
atreether (Artemotil®), artemether (Artemetheri®) and sodium artesunate (Arinate®) are often
used more frequently for malaria treatment. Lapachol (a prenylnaphthoquinone), an
antimalarial drug from Tabebuia species (Bignoniaceae) was a template for the synthesis of
the newest antimalarial drug atovaquinone (Malarone®) (Newman and Cragg, 2007; Kaur et
al., 2009; Oliveira et al., 2009). Plant-derived antibacterial drugs such as daptomycin
(Cubicin®), fosfomycin tromentamol (Monuril®) and Isepamicin (Isepacin®) (isolated from
plants) and Biapenem (Omegacin), cefuroxime axetil (Zinnat), dorifenem (Finibax®),
Eriththromycin acistrate (Erasis®), Tigecyclin (Tyagcil®), a semi-synthesized from natural
products, (Newman and Cragg, 2007; 2012; Cragg and Newman, 2013) demonstrate the
potential of finding new and better antibacterial agents with fewer side-effects, which could

provide alternative antibacterial agents to resistant bacteria.



Flavonoids such as epicatechin gallate, epigallocatechin gallate and gallocatechin gallate
isolated from tea are examples of plant derived compounds with potentially exploitable
activities, including antibacterial activity (Hamilton-Miller and Shah, 2000), synergism with
antibiotics (Shiota et al., 1999; Qin et al., 2013), suppression of bacterial virulence (Shah et
al., 2008) and suppression of resistance (Stapleton et al., 2004; 2007).

A number of plant extracts and compounds have demonstrated activity against malarial
pathogens. Different classes of compounds, such as alkaloids, flavonoids, quinones,
xanthones and terpenes, with antiplasmodial activity have been reported (Puricelli, 2003;
Batista et al., 2009; Oliveira et al., 2009; Caniato and Nogueira and Lopes, 2011). Some of
the compounds like galloylated catechins and procyanidins are reported to inhibit or reverse
resistance of the most virulent malarial parasite, Plasmodium falciparum (Tasdemir et al.,
2006; Sannella et al., 2007; Ramanandralbe et al., 2008; Park et al., 2010).

Anticancer agents derived from plants and their derivatives for example, paclitaxel (Taxol®),
Vincristine (Oncovin®), vinorelbine (Navelbine®), teniposide (Vumon®) and camptothecin
(e.g. Hycamtin®) have been proven to be effective for cancer prevention and therapeutics
(Ramanandralbe et al., 2008; Cragg et al., 2009; Cragg and Newman, 2013). Phytochemicals
are used for the treatment of cancer related symptoms due to their safety, low toxicity, and
general availability. Many active phytochemicals are in human clinical trials and there is the
possibility of discovering novel and more effective anticancer phytochemicals
(Pratheeshkumar et al., 2012). Consuming phytochemicals as part of a daily diet have been
shown to have cancer protective effects by inhibiting, delaying, or reversing carcinogenesis
by inducing detoxifying and antioxidant enzyme systems, regulating inflammatory and
proliferative signaling pathways, and inducing cell cycle arrest and apoptosis (Singh et al.,

2002; Pratheeshkumar et al., 2012; Rajput and Mandal, 2012).
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2.1 Description of Plant Family: Vitaceae

Vitaceae plant family has 14 genera and 900 species, with the genera: Cissus constituting 350
species (Sarvalingam et al., 2013). The plant family is distributed world wide in tropical,
subtropical and temperate regions (Wheeler and LaPasha, 1994). It is made up of woody
climbers, sometimes vines, with rarely small succulent trees, hermaphroditic or polygamo-
monoecious to polygamo-dioecious. Stems are unarmed, sometimes with conspicuous
lenticels, or bark sometimes shredding (in most species of Vitis); branches are often swollen
at 3—7-lacunar nodes; pith is continuous or interrupted by diaphragms at nodes; tendrils are
simple, bifurcate to trifurcate, or 4-12-branched (in Parthenocissus), usually the leaf are
opposed and rarely tendrils absent. Raphide sacs are present in parenchymatous tissues.
Leaves are simple, lobed or unlobed, or digitately or pedately compound to 1-3-pinnately
compound.They are alternate, distichous, variously toothed, commonly with multicellular,
stalked, caducous spherical structures known as “pearl” glands; stipules 2 or rarely absent,
often caducous. Flowers are small, with prophylls, in panicles, corymbs, or rarely spikes,
often leaf-opposite, pseudo-terminal, or axillary (in Cayratia and Tetrastigma),
actinomorphic, hypogynous, 4- or 5(-7 as in Rhoicissus)-merous. The Calyx has 4 or 5(-7)
small teeth or lobes or a continuous ring. Petals are valvate, 4 or 5(-7), free or basally
connate, or distally connate forming a calyptra (e.g., in Vitis). Stamens are 4 or 5(-7),
antepetalous; anthers introrse, dehiscing longitudinally, tetrasporangiate or rarely
bisporangiate. Floral disk is intrastaminal, ring-shaped, cupular, or gland-shaped. Ovary is
superior, 2-loculed; ovules occurring 2 per locule; placentation usually axile, appearing
nearly basal, apotropous or anatropous, bitegmic, crassinucellar; style is simple, connate;
stigma discoid or capitate, rarely 4-lobed (Tetrastigma), not papillate. Fruit is a berry, 1-4-

seeded.



The fourteen (14) commonly accepted genera of vitaceae are: Acareosperma Gagnepain,
Ampelocissus Planch., Ampelopsis Michx., Cayratia Juss., Cissus L., Clematicissus Planch.,
Cyphostemma (Planch.) Alston, Nothocissus (Miq.) Latiff, Parthenocissus Planch.,
Pterisanthes Blume, Rhoicissus Planch., Tetrastigma (Miq.) Planch., Vitis L., and Yua C. L.
Li. Among these, Acareosperma, and Nothocissus, are monotypic. The Australian endemic
Clematicissus was monotypic until the recent transfer of the Australian species, Cissus
opaca, to this genus (Jackes and Rossetto, 2006). Pterocissus mirabilis was transferred to
Cissus (Lombardi, 1997) and this genus is now considered within Cissus. In these taxonomic
treatments, genera are mainly differentiated by floral structures (for example, petal number is
almost always used in keys to the genera; Vitis has a calyptra; Tetrastigma has lobed styles;
the floral nectariferous disc of Cyphostemma is shaped like 4 free glands), inflorescence
structures (e.g Ampelocissus has tendrilbearing inflorescence; Nothocissus has whip-like
bifurcated spikes; Pterisanthes has an unusual laminar inflorescence axis; inflorescences of
Cayratia have an axillary or pseudo-axillaryposition), sometimes vegetative (e.g
Parthenocissus has suction pads on the tips of the tendrils), fruit (berries of Cissus are mostly
one-seeded) and seed morphology (Acareosperma has spiny seeds; Clematicissus endosperm
U-shaped in transverse section). Species within the family are often distinguished by
variations in vegetative structures, mostly by different leaf forms and/or indument conditions.
Extensive works on comparative developmental morphology of floral and vegetative
structures of Vitaceae have been carried out by Gerrath and colleagues (Wilson et al., 2006;

Gerrath and Posluszny, 2007; Timmons, Posluszny, and Gerrath, 2007a, 2007b).



2.2 Chemical Constituents of Some Species of Plant Family: Vitaceae

2.2.1 Parthenocissus tricuspidata (Planch.)

This plant is reported to contain: Piceid, Longistylin A and Longistylin C (Park et al., 2008;
Joanne et al., 2009).

2.2.2 Cissus cornifolia

Musa et al. (2008) and Adarsh Krishna et al. (2013) reported the presence of alkaloids,
flavonoids, saponins, steroids/terpenoids and tannins from the plant.

2.2.3 Cissus quadrangularis (Linn)

The plant was reported to contain : flavonoids, triterpenoids, Vitamin C, stilbene derivatives
(Chopra et al., 1958) resveratrol, piceatannol, pallidol perthenocissin, phytosterols (Udupa et
al., 1961), ascorbic acid, triterpene, B-sitosterol, ketosteroid, two asymmetrical tetracyclic
triterpenoids (7-Oxo-Onocer-8-ene-3 B 21 a diol ) (Shirley and Sen, 1966), 4-hydroxy 2
methyl-tricos-2ene-22-one,9-methyloctadec-9-ene,heptadecyl-octadecanoate,
icosanylicosanoate, 31-methyl tritiacontan-1-ol, 7-hydroxy-20- oxo- docosanyl cyclohexane,
31-methyltritiacontanoic acid (Sen, 1966; Udupa et al.,1970; Bhutani et al., 1984; Pluemaj
and Saifah, 1986), taraxeryl acetate, friedelan-3-one, taraxerol, isopentacosanoic acid
(Pluemjai and Saifah, 1986; Gupta and Verma, 1991), 3, 3%, 4, 4 * tetrahydroxybiphenyl
(Khan, et al., 1991; Kumbhojkar et al.,1991), potassium, calcium, zinc, sodium, magnesium
(Ambasta, 1992; Rastogi and Mehrotra, 1995; Saburi et al.,1999), carbonates, phosphates
(Chopra et al., 1999; Kritikar et al.,2000), potassium tartarate, calcium oxalate (Attawish et
al., 2002; Enechi and Odonwodo, 2003), methyl tritiacontanoic acid, taraxeryl acetate
(Prajapati et al., 2003; Somova et al., 2003), taraxerol and iso-pentacosanoic acid (Austin et

al., 2004; Jainu and Devi, 2004).



2.2.4 Cissus adnata (Roxb.)

-amyrin [olean-12(13)-en-3-ol], Onocer-7-ene-3a,21B-diol and Adnatoside (Apigenin 8-C-
a-D-glucopyranoside) were reported from the plant by Warjeet et al. (2011).

2.2.5 Cissus rheifolia (Planch.)

Leaves of the plant were reported to contain Trans-2-(3, 4-dimethoxyphenyl)-3-(4
methoxyphenyl) quinolizidine, cryptopleurine and kayawongine (alkaloids), isomeric
terpenoids: vomifoliol and romalea allene and the major flavonoid: vitexin (Ekarin et al.,
1983).

2.2.6 Cissus rheifolia (Planch.)

The plant roots contain: sterols (B-sitosterol, stigmasterol, and campesterol) together with a
known dihydroflavonol, aromadendrin, (Saifah et al., 1986).

2.2.7 Vitis vinifera

Resveratrol (3, 5, 4’-trans-trinydroxystilbene),catechin,procyanidin,malvin, 4, 4’-dihydroxy-
trans-stilbene, 3, 4-dihydroxy-trans-stilbene, 4-hydroxy-trans-stilbene, 3, 5-dihydroxy-trans-
stilbene,malvidin-3(6-caffeyl-3-glucoside), picatechin,anthocyanins,delphinidincaffeyl-3-
glucoside,malvidin-3(6”-p-coumaryl glucoside) (Mukesh et al., 2009), e-viniferin,
balanocarpol and b-glucopyranosyl 8- balanocarpol (Felicio et al., 2001) were reported from
the plant.

2.2.8 Cissus populnea (Guill. & Perr.)

Micheal and Emmanuel (2012) reported the presence of alkaloids, flavonoids, saponins, and
tannins from the plant.

2.2.9 Cissus arnottiana

Tannins, phenols, terpenoids, flavonoids, glycosides, and saponins were reported from the

plant (Kavitha and Rajeshwari, 2012).

10



2.2.10 Ampelocissus species

Ampelocissus species was reported to possess: 22-epicalamistrin, acetogenin uvaribonin and
Chalcone (George et al., 2008).

2.2.11 Cissus crinita (planch)

No isolation of constituent reported from the plant to the best of our knowledge.

2.2.12 Cissus sokodensis (Gilg & Brandt)

There was no isolation of constituent reported from the plant to the best of our knowledge.
2.2.13 Ampelocissus grantii (Baker) Planch

There was no isolation of constituent reported from the plant to the best of our knowledge.

2.3 Pharmacological Activity of Some Viteceae Family Species (Vitis, Cissus and
Ampelocissus Species)

2.3.1 Cissus cornifolia (Bak.) Planch

This plant was reported to possess depressant and sedative properties (Rakotonirina et al.,
2001; Musa et al., 2006, Musa et al., 2008).

2.3.2 Cissus quadrangularis (Linn)

C. quadrangularis is claimed to exhibit bone fracture healing activity by stimulation of
metabolism and increased uptake of calcium, sulphur and strontium (Udupa, 1965; Prasad,
1972). It also helps in fracture healing by influencing early regeneration of all connective
tissues involved in the healing and quicker mineralization of callus (Udupa 1964a, 1964b).
Other ways in which C. quadrangularis assist in fracture healing is by: the stimulation of all
the cells of mesenchyma origin, namely the fibroblasts, the chondroblasts and osteoblasts
(Singh and Udupa, 1962; Sen et al., 1966; Kausch and Horner, 1982), building up the
chemical composition of the fractured bone namely its mucopolysaccharides, collagen,

calcium, phosphorus and others as well as its functional efficiency (Chopra et al., 1975;
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Chopra et al.,1976; Canalis et al., 1998; Genan et al., 1998; Ogey et al., 2001), neutralizing
the anti-anabolic effect of cortisone in healing of fractures and also enhancing the
mineralization of the callus (Peng, 1994; Sanyal, 2005), helping in the earlier formation of
collagen fibers leading to earlier calcification and callus formation (Soliman et al., 1964;
Ferreira et al., 1973; Singh et al., 1984; Deka et al.,1994; Lu et al., 2002; Shirwaikar et al.,
2003) and replacement of cartilaginous cells by osteoblastic cells and union of the fractured
gap at several places with the formation of new bony trabeculae (Cohen et al., 1957; Gaillard
etal.,1972).

The plant also showed analgesic property that compared well with that of acetylsalicylic acid
(Viswanath et al., 2006; Shirwaikar et al., 2003; Jainu and Devi, 2005a). Additionally, it was
also reported to have antiulcer activity (Jainu and Devi 2004, Jainu and Devi 2006; Hatazawa
et al., 2007).The plant was also reported to possess antioxidant activity (Gabriel et al., 2005;
Jainu and Devi, 2005b; Ngondi et al., 2006), anabolic and androgenic activity (Lin et al.,
1999; Ferrandiz and Alcaraz, 1991), anti-inflammatory activity (Cospite, 1994; Diana, 2000;
Dela et al., 2000; Lyseng-Williamson and Perry, 2003; Mallika and Shyamala, 2006;
Hatazawa, 2007) and in vitro anthelmintic activity (Mohanambal et al., 2011).

2.3.3 Vitis vinifera (L.)

This plant was reported to have antioxidant (Selga et al., 2004; Cornacchione et al., 2007;
Mukherjee et al., 2011), anticarcinogenic (Hakimuddin et al., 2004; Opipari et al., 2004; Su
et al., 2005), immunomodulatory (Das and Das, 2007; Pillai et al., 2008; Xu et al., 2008),
antidiabetes (Bertelli et al., 1999; Szewczuk et al., 2004; Zhang et al., 2004), anti-
atherogenic (Rajaram; 2003; Del et al., 2006; Du et al., 2007), neuroprotective (Mizutani et

al., 2000; Sun et al., 2002; Antonio et al., 2008), anti-obesity and anti-aging (Moreno et al.,
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2003; de la Lastra and Villegas, 2007) and anti-infection properties(Shchelkunov, 2001,
Leiro et al., 2004; Krasnow and Murphy, 2004).

2.3.4 Ampelocissus grantii (Baker) Planch

This plant was reported to posses trypanocidal effect (Bizimana et al., 2006; Birgit et al.,
2008; Aderbauer et al., 2008), antiplasmodial activity (Cheikna et al., 2011), antioxidant,

antibacterial and antifungal activity (Zongo et al., 2010).
2.4. Local Uses of Some Vitaceae Species

2.4.1 Vitis sylvestris.L

This was reported to have antibacterial, haemorrhoids and stomach disorders (Jaric, 2007;
Akan, 2008; Omer and Eyup, 2013).

2.4.2 Cissus populnea Guill. & Perr

This is used in northern Nigeria for postnatal stoppage of bleeding (Soladoye and

Chukwuma, 2012).
2.4.3 Cissus cornifolia (Bak.) Planch

The root is used against gonorrhoea in northern Nigeria; the root-decoction is also used for
malaria in Tanzania, septic tonsil and pharyngitis; while the leaf-sap is used among the

Tanganyika as a sedative in cases of mental derangement (Haerdi, 1964; Burkill, 2000).

2.4.4 Cissus quadrangularis (Linn)

This plant has been used for promotion of fracture healing (Garima Mishra et al., 2010).
Stem paste of the plant may also be useful for muscular pains, burns, wounds, and bites of
poisonous insects; saddle sores of horses and camels. The powder of dry shoots is given in
digestive troubles. A decoction of the shoots with dry ginger and black pepper is given for

body pains. The infusion of the plant is anthelmintic. The plant extracts also exhibit
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cardiotonic property. Young shoots are used in dyspepsia and indigestion. The powdered
stem is mixed with pulses and fried in sesame oil, used as a remedy for several vata diseases.
It is also used in skin diseases leprosy, cough, epilepsy and convulsions (Rastogi and

Mehrotra, 1995; Mehta et al., 2001; Mallika and Shyamala, 2005; www.pioneerherbs.com.),

Sekou et al. (2006), reported the use of the plant for the treatment of schistosomiasis.

2.4.5 Ampelocissus grantii (Bak.) Planch

In Sudan, a leaf infusion of the plant is mixed with onions and drunk and used as a wash to
relieve fever pains in head and neck (Dalziel, 1937; Burkill, 2000).There was also report of
antidiarrheal activity (Etuk et al., 2009), wound healing property (Kari et al., 2004), anti-
schistosomiasis effect (Sekou et al., 2006). In northern Nigeria, the plant rhizome is used by
the locals for the treatment of cancers and also serves as antimicrobial agent (treatment of
fever and diarrhea).

2.4.6 Cissus crinita (planch)

In northern Nigeria, the plant rhizome is used by the locals for the treatment of cancers and
fever.

2.4.7 Cissus sokodensis (Gilg & Brandt)

In northern Nigeria, the plant rhizome is used by the locals for the treatment of cancers and
fever.

2.4.8 Cissus aralioides (Welw. Ex Baker) Planch

In Congo the plant stem is used to make an embrocation for fever pains: Bouquet (1969)
quoted in Burkill (2000).

2.4.9 Cissus integrifolia (Baker) Planch

In Malawi, the roots are powdered or infused as a remedy for fevers (Morris, 1996).Where

as in Mozambique it is used to treat malaria (Mulhovo, 1999).
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2.4.10 Vitis sylvestris L.

This plant serves as antibacterial also used for haemorrhoids and stomach disorders (Omer
and Eyup, 2013).

2.4.11 Cissus populnea Guill. & Perr

The plant used by Fulanis in northern Nigeria to feed their cattle, ostensibly to increase milk
production, as reported by Brotherton (1969). The plant is also used in Niger, Kogi, Plateau,
Adamawa, Kwara, and Benue states of Nigeria for making vegetable soup for postnatal
stoppage of bleeding (Soladoye and Chukwuma 2012). A decoction of the stem made with
native natron (Hausa: Kanwa) and often with the addition of Alchornea cordifolia
(Schumach.) Mull. Arg. is used for the treatment of venereal diseases among locals in
northern Nigeria. The viscid sap is used for other herbal remedies, while the root is used as
antidote for arrow-poison. The roots are also used by the Yorubas to cure sore breasts of
women at childbirth, and as a male coital adjunct (Burkill, 2000).

2.5 Types of Natural Products

Several drug candidates are derived from various naturally occurring medicinal sources.
These can be broadly divided into four categories: microorganisms, marine organisms,
animal and plant sources.

2.5.1 Natural products from microorganisms

Microorganisms as a source of potential drug candidates were not explored until the
discovery of penicillin in 1929. Since then, a large number of terrestrial and marine
microorganisms have been screened for drug discovery. Microorganisms have a wide
variety of potentially active substances and have led to the discovery of antibacterial
agents like cephalosporins (1), antidiabetic agents like acarbose (2), and anticancer agents

like epirubicin (3) (Chin et al., 2006).
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2.5.2 Natural products from marine organisms

The first active compounds to be isolated from marine species were spongouridine (4) and
spongothymidine (5) from the Carribean sponge Cryptotheca crypta in the 1950s. These
compounds are nucleotides and show great potential as anticancer and antiviral agents. Their
discovery led to an extensive research to identify novel drug candidates from marine sources.
About 70% of the earth’s surface is covered by the oceans, providing significant biodiversity
for exploration for drug sources. Many marine organisms have a sedentary lifestyle, and
thereby synthesize many complex and extremely potent chemicals as their means of defense
from predators (Haefner, 2003). These chemicals can serve as possible remedies for various
ailments, especially cancer. One such example is discodermolide (6), isolated from the
marine sponge, Discodermia dissoluta, which has a similar mode of action to that of
paclitaxol® and possesses a strong antitumor activity. It also exhibits better water solubility
as compared to paclitaxol®. A combination therapy of the two drugs has led to reduced
tumor growth in certain cancers (Huang, 2006).

2.5.3 Natural products from animal sources

Animals have also been a source of some interesting compounds that can be used as drugs.
Epibatidine (7), obtained from the skin of an Ecuadorian poison frog, it is ten times more potent
than morphine (Spande, 1992). Venoms and toxins from animals have played a significant role
in designing a multitude of cures for several diseases. Teprotide (pry-trp-pro-arg-glu-ile-pro-
pro), for example, extracted from a Brazilian viper, has led to the development of cilazapril

(8) and captopril, which are effective against hypertension (9) (Anonymous, 2014).
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2.5.4 Natural products from plant sources

The use of plants as medicines has a long history in the treatment of various diseases.

The earliest known records for the use of plants as drugs are from Mesopotamia in 2600 B.C.,
and these still are a significant part of traditional medicine and herbal remedies (Koehn and
Carter, 2005b). To date, 35,000-70,000 plant species have been screened for their medicinal
use (Farnsworth, 1991).

Their contribution to the world market for herbal remedies is documented, Europe- 33%,
Asia- 26% , North America- 20%, Japan- 11%, Others- 10% , ( Dev, 1999).

Several important drugs such as Taxol®, camptothecin, morphine and quinine have been
isolated from plant sources. The first two (Taxol® and camptothecin) are widely used as
anticancer drugs, while the remaining (morphine and quinine) are analgesic and antimalarial
agents, respectively (Newman and Cragg, 2007; Cragg et al., 2009; Cragg and Newman,
2013).

2.5.5 Plant-based anticancer drugs

Cancer is the second leading cause of death among children between the ages of one and
fourteen and it is also responsible for 25% of all deaths today (Jemal et al., 2005).There were
10.9 million new cancer cases diagnosed in USA and 6.7 million deaths in 2002 (Tan et al.,
2006). Seventy-seven percent of all the cancers diagnosed are observed in people aged 55
years or older (Anonymous, 2002). These figures indicate that the death toll from cancer is
going to rise with the aging of US population.

In spite of the availability of a large number of anticancer drugs and various chemotherapy
options, there is still an acute need for less toxic and more potent cancer drugs and continues
be the concern. Most of the drugs available are not selective to cancer cells and affect the
normal cells as well leading to severe side effects. However, these drugs are currently the
most effective means to combat cancer. The aim of research in cancer drug development is to
find new drugs that are specific to cancer cells, or to develop a method that alters the nature

of the drug administered such that it acts only on the target cells and not the regular normal
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functioning cells, thereby reducing the side effects.

Several anticancer agents available in the market today derive their origin from natural
sources. One of the early compounds isolated as an anticancer agent was podophyllotoxin
(10), a compound obtained from Podophyllum peltatum (11) (Sweeney, 2007), in 1944
(Imbert, 1998). It was initially used therapeutically as a purgative and in the treatment of
venereal warts (Kaplan, 1942). Later, in 1974, it was shown that it acts as an anticancer agent
by binding irreversibly to tubulin (Wilson, 1974). Etoposide (12) and teniposide (13), the
modified analogs of podophyllotoxin, however, cause cell death by inhibition of
topoisomerase 11, thus preventing the cleavage of the enzyme- DNA complex and arresting
the cell growth (Srivastava, 2005). Both these analogs are used in the treatment of various
cancers (Odwyer et al., 1985).

The Madagascar periwinkle, Catharanthus roseus (Anonymous, 2007), a member of the
Apocynaceae family, is important because of its diverse medicinal properties. It is a rich
source of indole alkaloids which include the anticancer alkaloids vincristine (14) and
vinblastine (15), and also the antihypertensive alkaloid, ajmalicine (16). For centuries, this
plant was used as remedy for diabetes, as it was believed to enhance the production of insulin
by the body. Both vinblastine and vincristine are now known to prevent cell division by
inhibiting mitosis in the cell cycle. They irreversibly bind to tubulin, thereby blocking cell

multiplication and eventually causing cell death (Noble, 1990).

An extract of the Pacific yew tree, Taxus brevifolia (Ingram, 2007), was discovered to possess
excellent anticancer properties in 1963, and its active component was isolated only a few
years later in 1967 by Monroe Wall and his co-worker, Mansukh Wani (Jacoby, 2005). They
published their findings as well as the structure of the active component, paclitaxel (Taxol®),

in 1971 (17) (Wani et al., 1971). Susan B. Horwitz, a molecular pharmacologist, established
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the novel mechanism of action of paclitaxel in 1979. Paclitaxel irreversibly binds to p-
tubulin, thus promoting microtubule stabilization (Schiff et al., 1979). This tubulin-
microtubule equilibrium is essential for cell multiplication, and its stabilization causes
programmed cell death (Wilson and Jordan, 1995). Previously reported anticancer drugs,
vinblastine, vincristine and podophyllotoxin also bind to tubulin, but prevent rather than
promote microtubule formation. Paclitaxel was the first compound to be discovered to
promote microtubule formation. It has been used in the treatment of several types of cancer,
but most commonly for ovarian and breast cancers as well as non-small cell lung tumors
(Kinghorn and Seo, 1996). It had sales of $750 million in 2002 and $1.0 billion in 2003
(Oberlies and Kroll, 2004). Shortly after the discovery of paclitaxel and its unique
mechanism, several compounds having the same mode of action were discovered. The
epothilones, discovered from the myxobacterium Sorangium cellulosum, possess potential
anticancer properties (18, 19) and show high in vivo activity, including activity against
taxane-resistant cell lines. However, they exhibit moderate in vitro cytotoxicity (Cortes and
Baselga, 2007). Several semisynthetic analogs of epothilones such as ixabepilone (20) have
been developed which are currently in Phase Il clinical trials for treatment of breast cancer
(Chin et al., 2006).

Camptothecin (21), discovered from the deciduous tree Camptotheca acuminata, is also an
anticancer agent which has a unique mechanism of action. Camptothecin and its derivatives
are topoisomerase-I inhibitors, and cause cell death by DNA damage (Hsiang et al., 1985).
However, camptothecin itself is too insoluble to be used as a drug but its several water-
soluble analogs, namely, topotecan (22) and irinotecan (23) have been developed as effective

anticancer drugs (Oberlies and Kroll, 2004).
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Chemicals/Reagents

Hexane (Sigma-Aldrich), dichloromethane (Sigma-Aldrich), ethyl acetate (Sigma-Aldrich),
methanol (Sigma-Aldrich), sulphuric acid, ethanol, sodium hydroxide, hydrochloric acid,
chloroform, sulphuric acid, ferric chloride, acetone, ammonia solution, benzene, magnesium
metal,wagner’s reagent Dragendorff’s reagent, Meyer’s reagent, resazurin, dimethyl
sulphoxide, distilled water, nutrient broth, dextrose agar, blood agar, deuterated dimethyl
sulfoxide (DMSO-ds) and deuterated chloroform (CDClI3) were used for the experiments.
3.1.1 Equipments/Materials

Rotary evaporator, Silica gel 60 F,s4(Merck), chromatographic tank, ultraviolet lamp (254
and 366) nm, Perkin Elmer Spectrum 100 FTIR spectrometer with universal ATR sampling
accessory, Bruker Avance'"' (Germany) 400 and 600 MHz NMR spectrometer and Ernst Leitz
Wetziar micro-hot stage melting point apparatus were used for the experiments.

3.1.2. Test organisms
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Staphylococcus aureus and Bacillus subtilis (Gram-positive bacteria); Escherichia coli and
Pseudomonas aeruginosa (Gram-negative bacteria); Candida albicans, Candida tropicalis,
Cryptococcus neoformans and Aspergillus niger (Fungi) were used for the antimicrobial
analyses.

3.2 Plant Materials

The rhizomes of the plant, Cissus sokodensis and Cissus crinita were collected from
Unguwan-Rimi Basawa Zaria, northern Nigeria in June 2012, while Amepelocissus grantii
was collected from Likoro Zaria in the same month and year as the other two plants. All the
plant materials were authenticated by Mallam Musa Muhammad of the Herbarium Section of
Biological Sciences Department, Ahmadu Bello University, Zaria, where numbered voucher
specimen: 9002, 506 and 25832 were deposited for future reference in respect of
Amepelocissus grantii, Cissus sokodensis and Cissus crinita, respectively.The plant rhizomes
were cleaned, air-dried, pulverized, labeled and stored in air-tight polythene bags for
subsequent use.

3.3  Extraction

Powdered rhizomes of Ampelocissus grantii (800 g), Cissus sokodensis (1Kg) and Cissus
crinita (1 Kg) were respectively and continuously extracted with hexane (3 dm®) by cold
extraction (maceration) with shaking for three days. The extracts obtained were filtered and
concentrated in vacuo using rota vapor at 40°C after which the extracts were air dried. The
residues (marcs) were similarly macerated with dichloromethane (2 dm?®), ethyl acetate (2
dm?®) and methanol (2 dm®), in this order, for two days per each plant material from the plants
using the same procedure as described earlier (above). All extracts obtained, after drying,
were kept in refrigerator prior to use.

3.4 Preliminary Phytochemical Screening
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Portions of the plants extracts each, was subjected to preliminary phytochemical screening

using standard methods described by Harbone, (1984), Silva et al. (1998) Sofowora, (1993)
and Trease and Evans, (1989).

3.4.1 Test for sterols/terpenes

a. Liebermann-burchard test:

Anhydrous acetic acid (1 ml) was added to chloroform (1 ml) and cooled to 0 °C; one drop of
concentrated sulphuric acid was added to the cooled mixture followed by the extract. The
solution was observed for brown color change with time.

b. Salkowski test

A little quantity of the extract was dissolved in chloroform (1 ml) and concentrated sulphuric
acid (1 ml) was added down the test tube to fom two phases. Formation of red coloration was
taken as an indication for the presence of sterols.

3.4.2 Test for flavonoids

a. Shinoda test

To an alcoholic solution of the extract three pieces of magnesium chips were added followed
by a few drops of concentrated hydrochloric acid. Appearance of a red color indicates the
presence of flavonoids.

b. Sulphuric acid test:

The sample was dissolved in concentrated sulphuric acid and the colour change was
observed.

C. Ferric chloride test

Extract was boiled with water and filtered. To 2 ml of the filtrate, two drops of freshly
prepared ferric chloride solution was added; a green coloration indicates the presence of
phenolic hydroxyl group.

d. Sodium hydroxide test
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The filtered extract (2 ml) was dissolved in 10% aqueous sodium hydroxide solution to give
yellow colour, a change in colour from yellow to colourless on addition of dilute HCI
indicates the presence of flavonoids.

3.4.3 Test for alkaloids

The extract (0.5g) was stirred with 5ml of 1% aqueous hydrochloric acid on a water bath and
filtered. Three (3) ml of the filtrate was divided into three. To the first 1 ml, few drops of
freshly prepared Dragendoff reagent was added and observed for formation of brownish
precipitate. To the second, 1 drop of Mayer reagent was added and observed for formation of
yellowish colour precipitate. To the third 1 ml, 1 drop of Wagner reagent was added to give a
reddish- brown precipitate.

3.4.4 Test for tannins

A small quantity of the extract was boiled with water and filtered. Two drops of ferric
chloride was added to the filtrate, formation of a green-black precipitate was taken as
evidence for the presence of tannins.

3.4.5 Test for anthraquinones

a. Free anthraquinones (Bornstrager’s test)

The extract was shaken with 10 ml of benzene, the content was filtered, and 5 ml of 10%
ammonia solution was added to the filtrate, the mixture was shaken. Presence of violet colour
in the ammoniacal layer (lower phase) indicates the presence of free anthraquinone.

b. Combined anthraquinones (modified Bornstrager’s test)

The extract was boiled with 10 ml of aqueous sulphuric acid and filtered hot. The filtrate was
shaken with 5 ml benzene, the benzene layer was separated and half its own volume, 10%
NH4OH was added. A violet colouration in the ammonia phase (lower phase) indicates the
presence of combined anthraquinone or anthraquinone derivative.

3.4.6 Test for saponins
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Exactly 0.5 g of the extract was shaken with water in a test tube. Frothing observed which
persisted for 15 minutes indicates the presence of saponins (Silva et al., 1998).

3.5 Chromatographic Separation, Purification and Characterization of Pure
Compounds

The plant extracts, after drying, were subjected to chromatographic seperations.

3.5.1 Isolation and purification of G1 and G2

The hexane extract of Ampelocissus grantii (4 g) was dissolved in minimum amount of
dichloromethane, preabsorbed in silica gel and subsequently loaded onto a column (60 cm x 3
cm) packed with silica gel, 230-400 mesh , (200 g). Normal phase adsorption
chromatography was carried out with gradient elution using a mixture of Hexane—EtOAc
(100:0, 95:5, 90:10, 85:15, 70:30,50:50,30:70,10:90 and 0:100, 2.0 dm? for each step) in an
increasing order of polarity. Each fraction (100 ml) collected was concentrated in vacuo.Thin
layer chromatographic (TLC) analyses of fractions were carried out on silica gel TLC sheets
with Hexane: Ethyl acetate (8.5:1.5) as mobile phase system for all the eluted fractions and
visualised under UV illumination (254-365 nm). Fractions possessing similar R¢ values were
pooled together, resulting in six major groups (A—F). Fraction E was washed severally with
pentane to afford G1. Further separation was performed on fraction F on silica gel by column
chromatography eluting with hexane and EtOAc in increasing polarity (100:1 to 1:1) to
obtain five sub-fractions. From subfraction 2 component G2 was obtained. Both G1 and G2
were found to be soluble in hexane, dichlomethane and chloroform.

3.5.2 Melting point determination of G1 and G2

The uncorreceted melting points of G1 and G2 were recorded as 137-139 °C and 256-257 °C
respectively.

3.5.3 Spectroscopic analyses of G1 and G2
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G1 and G2 were subjected to NMR and IR spectroscopic studies and results obtained were

used to elucidate the structures of these compounds.

3.5.4 Isolation and purification of G3

The dichloromethane extract of Ampelocissus grantii (1 g) was dissolved in minimum
dichloromethane, preabsorbed in silica gel using rota vapor and subsequently loaded onto
column (60 cm x 3 c¢cm) packed with silica gel (230400 mesh) (100 g). Normal phase
adsorption chromatography was carried out with gradient elution using a mixture of Hexane—
DCM (100:0, 95:5, 90:10, 85:15, 70:30, 50:50, 30:70,10:90 and 0:100, 2.0 dm? for each
step).This was followed by elution with Hexane—EtOAc (100:0, 95:5, 90:10, 85:15, 70:30,
50:50, 30:70,10:90 and 0:100, 2.0 dm? for each step). Fractions obtained with same Ry values
from TLC were pooled together and grouped into three (A-C) using Hexane: Ethyl acetate
(8:2) as solvent system. This led to isolation of G3 from fraction B. G3 was thoroughly
washed with pentane to attain optimal purity for spectroscopic analyses.G3 was found to be
soluble in chloroform.

3.5.5 Melting point determination of G3

The uncorreceted melting point of G3 was recorded as 188-190 °C.

3.5.6 Spectroscopic analyses of G3

G3 was subjected to NMR and IR spectroscopic analyses and results obtained were used to
elucidate the structure of the compound.

3.5.7 Isolation and purification of G4

The EtOAc extract of Ampelocissus grantii (5 g) was dissolved in minimum quantity of

EtOAc, preabsorbed in silica gel and subsequently loaded onto column (60 cm x 3 cm)
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packed with silica gel, 230400 mesh, (200 g). Normal phase adsorption chromatography
was carried out with gradient elution using a mixture of Hexane—EtOAc (100:0, 95:5, 90:10,
85:15, 70:30, 50:50, 30:70,10:90 and 0:100, 2.5 dm?® for each step) and EtOAc: MeOH
(100:0, 95:5, 90:10, 85:15, 70:30, 50:50, 30:70, 10:90 and 0:100, 2.5 dm? for each step) in
an increasing order of polarity.The eluate (50 ml) was collected at a time and concentrated
on a rotary evaporator.Thin layer chromatography (TLC) analysis of fractions was carried out
on silica gel 60 Fys4, precoated aluminium cards (0.2 mm thickness, Merck Ltd.,Germany)
with Hexane:Ethyl acetate(9:1), Hexane:Ethyl acetate(8.5:1.5), Hexane: Ethyl acetate(8:2),
Hexane:Ethyl acetate(7:3), Hexane:Ethyl acetate(6:4), Hexane:Ethyl acetate(1:1),
Chloform:Ethyl acetate:acetic acid (5:4:1), Ethyl acetate:Methanol:Water (10:1.35:1) solvent
mixtures, depending on the nature of compounds eluted, were used as mobile phases for the
eluted fractions. Spots on TLC were viewed under UV illumination (254-365nm) or with
10% sulphuric acid in ethanol with heating using heat gun for 5min or using iodine vapour in
iodine chamber. Fractions possessing similar Ry values were combined to form six major
groups (A—F). Repeated washing of the first group using hexane afforded G4. G4 was found
to be soluble in chloroform.

3.5.8 Melting point determination of G4

The uncorreceted melting point of G4 was recorded as 198-200 °C.

3.5.9 Spectroscopic analyses of G4

G4 was subjected to NMR and IR spectroscopic analyses and results obtained were used to
elucidate the structure of the compound.

3.5.10 Isolation and purification of S1 and S2

TLC analyses of Hexane and dichloromethane extracts of Cissus sokodensis rhizome
indicated that majority of components for both extracts are the same; therefore the two

extracts were combined together. The two extracts (Hexane =1.514 g, dichloromethane =
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1.059 g) were dissolved in minimum quantity of dichloromethane, preabsorbed in silica gel
and subsequently loaded onto column (60 cm x 3 cm) packed with silica gel, 230-400 mesh,
(100 g). Normal phase adsorption chromatography was carried out with gradient elution
using a mixture of Hexane— dichloromethane (100:0, 95:5, 90:10, 85:15, 70:30, 50:50,
30:70,10:90 and 0:100, 2.5 dm>for each step) and dichloromethane: EtOAc (100:0, 95:5,
90:10, 85:15, 70:30, 50:50, 30:70, 10:90 and 0:100, 2.5 dm® for each step) in an increasing
order of polarity. The eluate (50 ml) was collected at a time and concentrated on a rotary
evaporator. Thin layer chromatography (TLC) analysis of fractions was carried out on silica
gel 60F;s4, precoated aluminium cards (0.2 mm thickness, Merck Ltd.,Germany) to monitor
column progress with the following solvent system: Hexane- EtOAc (9.5:0.5), (9:1) and
(8.5:1.5). Fractions possessing similar R¢ values were combined together, resulting in three
major groups (A-C).Washing of fraction B with non-polar solvent (pentane) led to
purification of S1.Fraction C was again subjected to micro-column for further clean up; and
this led to isolation of S2. S1 was soluble in hexane, dichloromethane and chloroform but
insoluble in methanol while S2 was soluble in dichloromethane and chloroform.

3.5.11 Melting point determination of S1 and S2

The uncorrected melting points of S1 and S2 were recorded as 256-257 °C and 307-308 °C
respectively.

3.5.12 Spectroscopic analyses of S1 and S2

S1 and S2 were subjected to NMR and IR spectroscopic analyses and results obtained were
used to elucidate the structures of the compounds.

3.5.13 Isolation and purification of S3

The EtOAc extract of Cissus sokodensis rhizome (5.132 g) was dissolved in minimum

quantity of EtOAc, preabsorbed in silica gel and subsequently loaded onto column
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(60 cm x 3 cm) packed with silica gel, 230400 mesh, (100 g). Normal phase adsorption
chromatography was carried out with gradient elution using a mixture of Hexane—EtOAc
(100:0, 95:5, 90:10, 85:15, 70:30, 50:50, 30:70,10:90 and 0:100, 2 dm? for each step) and
EtOAc: MeOH (100:0, 95:5, 90:10, 85:15, 70:30, 50:50, 30:70, 10:90 and 0:100, 3 dm® for
each step) in an increasing order of polarity. The eluate (100 ml) was collected at a time and
concentrated on a rotary evaporator.Thin layer chromatography (TLC) analyses of fractions
were carried out on silica gel TLC sheets with Hexane:Ethyl acetate(9:1), Hexane:Ethyl
acetate(8.5:1.5), Hexane : Ethyl acetate(8:2), Hexane : Ethyl acetate(7:3), Hexane : Ethyl
acetate (6:4), Hexane : Ethyl acetate(1:1), Chloform : Ethyl acetate : Acetic acid (5:4:1),
Ethyl acetate : Methanol:Water (10:1.35:1) solvent mixtures, depending on the nature of
compounds eluted, were used as mobile phase systems for the eluted fractions. Spots on TLC
were either viewed under UV illumination (254-365 nm) or with 10 % sulphuric acid in
ethanol with heating for 5min or using iodine vapour in iodine chamber. Fractions possessing
similar R¢ values were pooled together to form three major groups (A-C). Repeated washing
of group C using hexane afforded S3. S3 was found to be soluble in acetone and methanol.
3.5.14 Melting point determination of S3

The uncorrected melting point of S3 was found to be 203-204 °C.

3.5.15 Spectroscopic analyses of S3

S3 was subjected to NMR and IR spectroscopic analyses and results obtained were used to
elucidate the structure of the compound.

3.5.16 Isolation and purification of C1 and C2

The EtOAc extract of Cissus crinita rhizome (5.132 g) was dissolved in minimum quantity of
EtOAc, preabsorbed in silica gel and subsequently loaded onto column (60 cm x 3 cm)
packed with silica gel, 230-400 mesh, (100 g). Normal phase adsorption chromatography

was carried out with gradient elution using a mixture of Hexane—EtOAc (100:0, 95:5, 90:10,
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85:15, 70:30, 50:50, 30:70, 10:90 and 0:100, 2 dm® for each step) and EtOAc: MeOH (100:0,
95:5, 90:10, 85:15, 70:30, 50:50,30:70,10:90 and 0:100, 3 dm® for each step) in an
increasing order of polarity. The eluate (100 ml) was collected at a time and concentrated on
a rotary evaporator.Thin layer chromatography (TLC) analyses of fractions were carried out
on TLC sheets withHexane:Ethyl acetate(9:1), Hexane:Ethyl acetate(8.5:1.5), Hexane:Ethyl
acetate (8:2), Hexane: Ethyl acetate(7:3), Hexane:Ethyl acetate(6:4), Hexane:Ethyl
acetate(1:1), Chloform:Ethyl acetate:Acetic acid (5:4:1), Ethyl acetate: Methanol:Water
(10:1.35:1) solvent mixtures, depending on the nature of compounds eluted, were used as
mophile phase systems for the eluted fractions.Spots on TLC were viewed under UV
illumination (254-365 nm) or with 10% sulphuric acid in ethanol with heating using heat gun
for 5 min or using iodine vapour in iodine chamber . Fractions possessing similar R¢ values
were combined together to form three major groups (A-D).Washing of group B using
pentane afforded C1. D was purified after repeated washing with hexane to obtain C2. C1
was found to be soluble in hexane, dichloromethane and chloroform but insoluble in
methanol; and C2 was soluble in acetone and methanol.

3.5.17 Melting point determination of C1 and C2

The uncorrected melting points of C1 and C2 were 137-139 °C and 206-207 °C respectively.
3.5.18 Spectroscopic analyses of C1 and C2

C1 and C2 were subjected to NMR and IR spectroscopic analyses and results obtained were
used to elucidate the structures of the compounds.

3.6 Antimicrobial Studies of Extracts and Pure Compounds

The antimicrobial effects of hexane, dichloromethane, ethylacetate and methanol crude
extracts of the rhizomes A. grantii, C. crinita and C. sokodensis; and the four new isolated

compounds from the plants were determined on pathogenic organisms in vitro.

36



3.6.1 Test organisms

The organisms used were obtained from the Department of Medical Microbiology, Durban
General Hospital, South Africa. All bacterial cultures were checked for purity and maintained
on a blood agar slant while the fungi were maintained on a slant of Sabraud Dextrose Agar
(SDA). The test organisms were: Staphylococcus aureus, Bacillus subtilis (Gram-positive)
and Escherichia coli, Pseudomonas aeruginosa (Gram-negative) and Cryptococcus
neoformans, Candida albicans, Candida tropicalis, Aspergillus niger (fungi).

3.6.2 Preparation of medium

The nutrient medium solution was prepared by dissolving 22.0 g of Muller-Hinton Broth
(MHB) (containing Acid Hydrolysate of Casein, Beef Extract and Starch) in 1 L of double
distilled water. The P" of the medium was adjusted to 7.4 + 0.1 and sterilized in an autoclave
for 15 min at 121 °C. The solution was allowed to cool and stored at 4 °C. Sterility check was
performed by incubating un-inoculated media in an aerobic incubator at 37 °C for 24 h. For
antifungal activity, RPMI 1640 medium with L-glutamine and 0.165 M MOPS without
sodium bicarbonate (Lonza) was used (Satyajit et al., 2007).

3.6.3 Preparation of the plant extracts and pure compounds stock solution and
working standard

A known weighed quantity (4.0 mg) of the test extracts or isolates (as the case may be) and
standard drugs were respectively dissolved in 1 ml of DMSO to give stock solution

(4000 pg/ml).The stock solution (100 ul) was diluted with 900 uL of double distilled water
to afford working standard solution (400 pg/ml).

3.6.4 Preparation of inoculums

A day prior to the antimicrobial testing, one or more identical colonies of the microorganisms

were suspended in 4.5 ml sterile double distilled water. Inoculates were adjusted to 0.5
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McFarland standard (1.5 x 10%cfu/ml). A density check turbid meter was used to ensure that
the 38 rinites was a 0.5 McFarland standard.

3.6.5 Determination of minimum inhibitory concentration

The preliminary in vitro antimicrobial activity for both the extracts and pure compounds were
evaluated using the broth micro-dilution method. Sterile double distilled water (100 pL) was
added to all outer-perimeter wells of a 96-well micro liter plates to minimize evaporation of
the medium in the test wells during incubation. To the remaining test wells 100 pL of MHB
was added. Two fold serial dilutions of the test extracts or isolates and standard drugs
(Amoxicillin and Amphotericin B) were made directly on the microplate using MHB. The
extracts or pure compounds were tested at final concentration of 200, 100, 50, 25, 12.5, 6.25,
3.125, 1.56, 0.78, 0.39 ug/ml. Finally, 10 pL of the freshly prepared bacterial or fungal
38rinites was added to the wells. The micro liter plates were covered and sealed with
parafilm and incubated at 37 = 1 °C for 24 h. After this, 10 pL of freshly prepared resazurin
(0.4 mg/ml) was added to the test wells and incubated further for 5 h. MIC was determined
as a blue color in the test well (interpreted as no bacterial growth) while a pink color was
registered as growth. The MIC was thus defined as the lowest drug concentration that
prevented a color change from blue to pink. This experiment was conducted in duplicate and

the average MIC values in pg/ml were recorded (Satyajit et al., 2007).

CHAPTER FOUR
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4.0 RESULTS
4.1 Extraction

Generally, from hexane to methanol extracts, the recovery ranged from: 0.558-4.3905%,
0.208-10.670% and 264-6.354 for A. grantii, C. crinita and C. sokodensis respectively (Table
4.1).

4.2 Phytochemical Screening

The results of the phytochemical screening for the three crude plants’ extracts revealed the
presence of presence of steroids, triterpenoids (in hexane extracts), flavonoids, tannins,
saponins (in ethyl acetate and methanol extracts) from the rhizomes of A. grantii, C. crinita
and C. sokodensis. Additionally, anthraquinones were present in A. grantii ethyl acetate and
methanol extracts this is shown in Tables 4.2-4.4.

4.3 Isolation and Purification of G1 and G2

The results of silica gel column of the hexane extract gave a total of 110 collections. Fraction
49-56 afforded a white needle like crystals, coded G1 (300 mg, Rs = 0.23, solvent system:

15 % ethyl acetate in 85 % hexane); while fraction 75-85 (after repeated chromatography)
afforded an amorphous creamy powder coded G2 (100 mg, R = 0.13, solvent system: 15 %
ethylacetate in 85 % hexane).

4.3.1 Nuclear magnetic resonance spectra data of G1

'H NMR (400MHz, CDCls) §(ppm): 0.68-2.32 (m,C,CH,CH,,CHs), 3.52(brs), 5.33(d).
BC(100MHz,CDCl3)5(ppm):11.9, 11.9, 18.8, 19.0, 19.4, 19.8, 21.1, 23.1, 24.3, 26.1, 28.3,
29.2, 29.7,31.7, 31.9, 33.9, 36.2, 36.5, 37.3, 39.8, 42.3, 45.8, 50.1, 51.2, 56.1, 56.8, 71.8,
121.7, 140.8 (Figure 4.1-4.2).

4.3.2 Nuclear magnetic resonance spectra data of G2
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'H NMR (CDCl3, 400 MHz) §(ppm): 4.67 (1H, d), 4.56 (1H,d), 3.79 (1H, d, J =10.8), 3.33
(1H, d, J = 10.8), 3.18 (1H, dd, J =5.3), 1.67 (3H, s), 0.98 (3H, s), 0.96 (3H, s), 0.95 (3H,
5),0.79 (3H, s), 0.73 (3H, s) (Figure 4.9).

3C NMR (CDCl;,100 MHz) &(ppm): 150.5, 109.7, 79.0, 60.6, 55.3, 50.4 , 48.8, 47.8, 47.8,
42.7, 40.9, 38.9, 38.7, 37.3, 37.2, 34.2, 33.9, 29.7, 29.2, 27.9, 27.4, 27.0, 25.2, 20.8,
19.1,18.3,16.1, 16.0, 15.4, 14.8 (Figure 4.10).

4.3.3 Infra red spectrum data of G1

IR Dmax (cm™): 3409, 2918, 2850, 1705, 1463,1377,1367,1332, 1241, 1311, 1192, 1108,

1134, 1021, 957, 925, 839, 801 and 570 (Figure 4.8).
4.3.4 Infra red spectrum data of G2

IR Umax (cm™): 3460, 2916, 1709, 1159 and 1024, 881 (Figure 4.16).

4.4 Isolation and Purification of G3

The results of silica gel column of the dichloromethane extract gave a total of 88 collections.
Fraction 11-18 afforded an amorphous white solid, coded G3 (18 mg, Rs = 0.45, solvent
system: 20 % ethylacetate in 80 % hexane).

4.4.1 Nuclear magnetic resonance spectra data of G3

'H NMR (CDCls, 400 MHz) & (ppm): 7.56 (1H, d, J = 15.9 Hz), 7.04 (1H, dd, J = 1.8, 8.2
Hz), 7.01 (1H, d, J = 1.8 Hz),6.89 (1H, d, J = 8.1 Hz),6.25 (1H, d, J =15.9), 5.83 (1H, brs),
4.16 (2H, t), 3.92 (3H, s), 3.61 (3H, t), 1.64 (2H, m), 0.87-1.52 (m,CH,CH,,CHs) (Figure
4.17).3C NMR (CDCl3, 100 MHz) 5 (ppm): 167.4, 147.9, 146.7, 144.6, 127.1, 123.0,115.7,
114.7,109.3, 64.6, 63.1, 55.9, 34.1, 32.8, 31.9, 29.7, 29.7, 29.6, 29.6, 29.4, 29.4, 29.3, 28.7,
26.0, 25.7,22.7,22.3, 14.1, 14.1 (Figure 4.19).

4.4.2 Infra red spectrum data of G3
IR Umax (cm™): 3327, 2917, 2849, 1736, 1472, 1462, 1261, 1378, 1170, 1030, 878, 801,730
and 719 (Figure 4.25).
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4.5 Isolation and Purification of G4

The results of silica gel column of the DCM extract gave a total of 261 collections. Fraction
11-18 afforded an amorphous white solid, coded G4 (10 mg, R = 0.34, solvent system: 20%
ethylacetate in 80% hexane).

4.5.1 Nuclear magnetic resonance spectra data of G4

'H NMR (CDCls, 600 MHz) & (ppm): 7.58 (1H, d, J = 15.9 Hz), 7.05 (1H, dd, J = 1.7, 8.4
Hz), 7.02 (1H, d, J = 1.6 Hz), 6.88 (1H, d, J = 8.2 Hz), 6.25 (1H ,d, J=15.9), 5.81 (1H,s), 4.14
(2H, 1), 3.92 (3H, s), 3.59 (3H, ), 2.29 (2H,t), 2.13 (3H,s), 0.83-1.64 (M, CH, CH,, CHy)
(Figure 4.26).

13C NMR (CDCls, 125 MHz) & (ppm): 207.4, 167.4, 147.9, 146.7, 144.6, 127.1, 123.0,115.8,
114.7,109.4, 64.6, 63.1, 55.9, 33.5, 32.8, 31.9, 30.9, 29.6, 29.6, 29.5, 29.4, 29.3, 29.3, 26.0,
25.7,24.8, 22.7, 14.1 (Figure 4.28).

4.5.2 Infra red spectrum data of G4
IR Vmax (cm™): 3370, 2917, 2849, 1725, 1650, 1492, 1158 (Figure 4.34).

4.6 Isolation and Purification of S1 and S2

The elution of the silica gel column of the hexane extract gave a total of 147 collections.
Fraction 49-56 afforded a white needle like crystals, coded S1 (100 mg, R¢ = 0.33, solvent
system: 13 % ethyl acetate in 87 % hexane); while fractions 75-85 (after repeated silica
column chromatographing) afforded an amorphous pale yellow powder coded S2 (19 mg,

R¢ = 0.16, solvent system: 10 % ethyl acetate in 90 % hexane).

4.6.1 Nuclear magnetic resonance spectra data of S1
'H NMR (400MHz, CDCls) & (ppm): 3.52 (1H, m), 5.33 (1H, t), 0.67 (3H, s), 0.98 (3H, 3),

0.90 (3H, ), 0.83 (3H, ), 0.82 (3H, s), 0.88 (3H, s) (Figure 4.35).
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3C (100MHz, CDCls) 8(ppm):11.9,11.9,18.8,19.0,19.4,19.8, 21.1, 23.1, 24.3, 26.1, 28.3,
29.2,29.7,31.7, 31.9, 33.9, 36.2, 36.5, 37.3, 39.8, 42.3, 45.8, 50.1, 51.2, 56.1, 56.8, 71.8,
121.7, 140.8 (Figure 4.36).

4.6.2 Nuclear magnetic resonance spectra data of S2

'H NMR (400MHz, CDCl3) 8(ppm): & =5.25 (1 H .t, J = 3.1 Hz), 3.21 (1H, dd, J = 4.2, 10.7
Hz), 2.81 (1H, dd, J = 3.8,13.6 Hz), 2.02-1.96 (m, 1 H), 1.91- 1.81 (m, 2 H), 1.80-1.67 (m, 2
H), 1.66-1.48 (m, 16 H), 1.47-1.22 (m, 3H), 1.10 (3H, s), 0.95 (3H, s), 0.93 (3H, S), 0.92 (3H,
s), 0.89 (3H, s), 0.74 (3H, s) 0.72 (3H, s) (Figure 4.43).

B3C (100MHz, CDCls) 8(ppm): 38.4, 27.2, 79.0, 38.8, 55.2, 18.3, 32.6, 39.3, 47.6, 37.1, 23.4,
122.6, 143.6, 41.6, 27.7, 23.6, 46.5, 41.0, 45.9, 30.7, 33.8, 32.4, 28.1, 15.5, 15.4, 16.9, 26.0,
182.9, 33.1, 23.6(Figure 4.44).

4.6.3 Infra red spectrum data of S1

IR Vmax (cm™): 3409, 2918, 2850, 1705, 1463, 1377, 1367, 1332, 1241, 1311, 1192, 1108,

1134, 1021, 957, 925, 839, 801 and 570 (Figure 4.42).
4.6.4 Infra red spectrum data of S2

IR Vmax (cm™): 3300, 2916, 2849, 1736, 1176, 1713, 1472, 1463, 1377, 1309, 1266, 1221,

1012, 893,730 and 718 (Figure 4.50).

4.7 Isolation and Purification of S3

The results of silica gel column of the EtOAc extract gave a total of 171 collections. Fraction
145-156 afforded a brown amorphous powder, coded S3 (400 mg, R¢ = 0.45, solvent system:
Ethyl acetate: Methanol: Water (10: 1.35: 1).

4.7.1 Nuclear magnetic resonance spectra data of S3
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'H NMR (400MHz, DMSO-d6) §(ppm): 5 =6.95 (1 H, s), 4.95 (L H ,d, J = 10.44 Hz), 3.98
(1H,t,J=9.72Hz),3.82 (2H, d, J = 2.44 Hz, 14.16 Hz), 3.64 (1 H, dd, J = 8.80 Hz, 14.16
Hz), 3.55(1 H, t, J = 8.16 Hz) and (1 H, d, J = 8.96 Hz, 14.76 Hz) (Figure 4.51).

3C NMR (DMSO-d6, 100 MHz) 8(ppm):163.3, 150.9, 147.9, 140.5, 117.9, 115.9, 109.4,
81.7, 79.7, 73.6, 72.0, 70.6, 61.0 , 59.8 and 28.9 (Figure 4.53).

4.7.2 Infra red spectrum data of S3

IR Vimax (cm™): 3383, 2919, 2851, 1698, 1610, 1514, 1460, 1371, 1347, 1233, 1125, 1088,

1070, 1012, 990, 962, 907, 860, 821, 764, 723, 647, 622, 587 and 538 (Figure 4.59).

4.8 Isolation and Purification of C1 and C2

The results of the column of the hexane extract gave a total of 160 collections. Fraction 40-51
afforded a white needle like crystals, coded C1 (210 mg, R = 0.24, solvent system: 15 %
ethylacetate in 85 % hexane); while fraction 135-145 afforded an amorphous brown powder,
coded C2 (450 mg, Rf =0.41, solvent system: Ethylacetate: Methanol: Water (10:1.35:1).
4.8.1 Nuclear magnetic resonance spectra data of C1

'H NMR (400MHz, CDCls) §(ppm): 3.54 (1H, m), 5.33 (1H, t), 0.66 (3H, s), 0.98 (3H, s),

0.90 (3H, s), 0.84 (3H, 5), 0.82 (3H, 5), 0.89 (3H, 3) (Figure 4.60).

3C (100MHz, CDCl3) §(ppm):11.9,11.9,18.8,19.0,19.4,19.8, 21.1, 23.1, 24.3, 26.1, 28.3,
29.2,29.7, 31.7, 31.9, 33.9, 36.2, 36.5, 37.3, 39.8, 42.3, 45.8, 50.1, 51.2, 56.1, 56.8,71.8,
121.7 and 140.8 (Figure 4.61).

4.8.2 Nuclear magnetic resonance spectra data of C2

'H NMR (400MHz, DMSO-d6) 8(ppm): 8 =6.97 (1 H ,s), 4.97 (1 H ,d, J = 10.44 Hz), 4.00 (1
H .t J=9.76 Hz), 3.84 (2H ,d, J = 11.24Hz), 3.65 (1 H ,t, J = 8.76 Hz), 3.57(L H t, J = 8.24

Hz) and 3.20 (1 H ,t, J = 9.04Hz) (Figure 4.68).
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3C NMR (DMSO-d6, 100 MHz) &(ppm): 163.3, 150.9, 147.9, 140.5 ,117.9, 115.9,
109.4,81.7, 79.7, 73.6 , 72.0 ,70.6,61.0, 59.7 (Figure 4.70).
4.8.3 Infra red spectrum data of C1

IR Vmax (cm™): 3409, 2918, 2850, 1705, 1463, 1377, 1367, 1332, 1311, 1241, 1192, 1134,

1108, 1049, 1022, 957, 925, 839, 801 and 571 (Figure 4.67).
4.8.4 Infra red spectrum data of C2

IR Vmax (cm™): 3207, 3383, 2918, 2850, 1698, 1611, 1528, 1462, 1372, 1347, 1333, 1233,

1127, 1089, 1070, 1043, 990, 964, 858,764,723 and 622 (Figure 4.76).

4.9 Antimicrobial Studies of the Plant Extracts and the Pure Compounds

The results of MIC of both the crude extracts and the newly isolated molecules are as shown
in Tables 4.3 and 4.4.Generally, the MICs (recorded in pg/mL) of the crude extracts of the
three plants studied ranged from 25 pg/mL to 200 pg/mL except that of Cissus sokodensis,
which ranged from:12.5-200 pug/mL (Table 4.3). For the isolates, the MIC values ranged from
6.25-200 pg/mL,12.5-50 pg/mL,6.25- 200 pg/mL and 6.25-100 pg/mL for G3, G4, S3 and

C2 respectively (Table 4.4).

Table 4.1: Extraction of Rhizomes of A. grantii, C. crinita and C. sokodensis
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Plant Weight (g) Extract Weight of % Recovery
Extract (%)
(9)
A. grantii 800 Hexane 4.460 0.558
DCM 6.349 0.794
EtOAC 19.440 2.430
MeOH 35.124 4.391
C. sokodensis 1000 Hexane 2.640 0.264
DCM 4.550 0.455
EtOAC 12.550 1.267
MeOH 63.538 6.354
C. crinita 1000 Hexane 2.075 0.208
DCM 6.140 0.614
EtOAC 9.360 0.936
MeOH 106.704 10.670
Table 4.2: Phytochemical Screening of the Rhizome of A. grantii
Constituent Test Observation Inference
Alkaloids Dragendorff’s No brown precipitate formed
Wagner’s Brown precipitate not observed
Meyer’s Yellow precipitate not seen
Flavonoids Shinoda Formation of red to pink +
Sodium hydroxide Colour changed from yellow to +
colourless
Sulphuric acid Red solution formed +
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Saponins Frothing

Tannins Ferric chloride

Anthraquinones  Bornstrager’s (Free
Anthraquinones)
Modified Bornstrager’s
(Combined
Anthraquinones)

Steroids/ Salkowski

Triterpenes

Liebermann-Burchard

Frothing persisted for more than
15 minutes was observed

Green-black colour formed

violet colouration seen in the
ammonia phase (lower layer)
violet colouration seen in the

ammonia phase (lower phase)

Red ring formed at the
interphase
Brown ring with brown

supernatant

Key:+ =Present; - =Absent
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Table 4.3: Phytochemical Screening of the Rhizome of C. crinita

Constituent Test Observation Inference
Alkaloids Dragendorff’s No brown precipitate formed -
Wagner’s Brown precipitate not observed -
Meyer’s Yellow precipitate not seen -
Flavonoids Shinoda Formation of red to pink +
Sodium hydroxide Colour changed from yellow to +
colourless
Sulphuric acid Red solution formed +
Saponins Frothing Frothing persisted for more than +
15 minutes was observed
Tannins Ferric chloride Green-black colour formed +
Anthraquinones  Bornstrager’s (Free violet colouration not seen in the -
Anthraquinones) ammonia phase (lower layer)
Modified Bornstrager’s  violet colouration was absent in -
(Combined the ammonia phase (lower
Anthraquinones) phase)
Steroids/ Salkowski Red ring formed at the +
Triterpenes interphase
Liebermann-Burchard Brown ring with brown +

supernatant

Key:+ =Present; - =Absent

Table 4.4: Phytochemical Screening of the Rhizome of C. sokodensis
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Alkaloids Dragendorff’s No brown precipitate formed -

Wagner’s Brown precipitate not observed -
Meyer’s Yellow precipitate not seen -
Flavonoids Shinoda Formation of red to pink +
Sodium hydroxide Colour changed from yellow to +
colourless
Sulphuric acid Red solution formed +
Saponins Frothing Frothing persisted for more than +

15 minutes was observed

Tannins Ferric chloride Green-black colour formed +
Anthraquinones  Bornstrager’s (Free violet colouration not seen in the -
Anthraguinones) ammonia phase (lower layer)

Modified Bornstrager’s  violet colouration was absent in

(Combined the ammonia phase (lower
Anthraguinones) phase)
Steroids/ Salkowski Red ring formed at the +
Triterpenes interphase
Liebermann-Burchard Brown ring with brown +
supernatant

Key: + =Present; - =Absent

Table 4.5: Minimum Inhibitory Concentration (MIC) Determination of the Extracts

Organisms /MIC (pg/mL)
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CODE | I i v \Y Vi VIl VIl

AGl1 100 200 100 100 50 200 100 50
AG2 200 200 100 100 50 200 50 50
AG3 100 100 25 100 50 25 50 50
AG4 100 200 100 100 50 25 50 50
CC1 100 200 100 100 50 25 50 50
CC2 100 100 100 100 50 25 50 100
CC3 100 100 100 100 50 50 100 100
CC4 100 100 100 100 50 25 50 50
Cs1 100 100 100 100 50 25 100 50
CS2 100 200 100 100 50 25 100 50
CS3 100 100 100 100 50 25 100 50
CS4 100 100 100 100 50 125 100 50

Key: AG= Ampelocissus grantii, CC= Cissus crinita, CS=Cissus sokodensis, 1=Hexane
extract, 2=DCM extract, 3=EtOAc extract and 4=MeOH extract.I= Staphylococcus aureus,
I1= Bacillus subtilis, 111= Escherichia coli, IV= Pseudomonas aeruginosa,

V= Cryptococcus neoformans, VI= Candida albicans, VII= Candida tropicalis and

VI11= Aspergillus niger.
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Table 4.6: Minimum Inhibitory Concentration (MIC) of the Isolated Pure Compounds

Organisms/MIC (ug/mL)

COMPOUND | ] i v V VI VIl VI
G3 50 50 25 50 6.25 12.5 50 6.25
G4 50 50 12.50 25 12.5 50 12,5 25
S3 50 50 50 12.5 25 6.25 50 12.5
c2 25 50 50 12.5 12.5 6.25 50 25
Key: 1= Staphylococcus aureus, 1= Bacillus subtilis, 111= Escherichia coli,

IV= Pseudomonas aeruginosa, V= Cryptococcus neoformans, VI= Candida albicans,

VIl= Candida tropicalis, VIII= Aspergillus niger
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5.1 Extraction of the Plant Rhizomes

The results of the extraction generally showed increase in percentage recovery with increase
in polarity of the solvents used for the extraction. Generally, from hexane to methanol
extracts, the recovery ranged from: 0.558-4.391 %, 0.208-10.670 % and 0.264-6.354% for A.
grantii, C.crinita and C.sokodensis respectively.This implies that the quantity of polar
phytochemicals extracted was more than those of non polar ones (Table 4.1) Thus,
phytocompounds such as alkaloids, flavonoids, quinones, xanthones possessing polar groups;
steroids and triterpenoids with polar moieties; polyhydroxylated phenolics glycoside such as
saponins might be present in the plants.These polar groups, if present, have been reported to
have anticancer, antioxidant, antiinflamatory and antimicrobial properties (Singh et al., 2002;
Stapleton et al., 2004; 2007; Shah et al., 2008; Pratheeshkumar et al., 2012; Rajput and
Mandal, 2012).

Therefore, this is an indication that these plants contain secondary metabolites that can serve
as anticancer as well as antimicrobial agents; and this could be a reason the plants have been
used as anticancer and antimicrobial drugs in ethnomedicine.

5.2 Phytochemical Screening of the Plants

The results of the phytochemical screening revealed the presence of steroids, triterpenoids,
flavonoids, tannins and saponins from both C. crinita and C. sokodensis extracts (Tables 4.3
and 4.4). In addition to the stated phytocompounds, anthraquinones were found to be present
in A.grantii extracts (Table 4.2).

The presence of steroids, triterpenoids, flavonoids, tannins, saponins and anthraquinones
from the rhizomes of the plants could be the linked to the ethnomedicinal uses of the
rhizomes of A.grantii, C.crinita and C.sokodensis in tradomedicinal practices.This is because
these secondary metabolites have been known scienfically to act as antioxidants,

antiinflamatory, anticancer and antimicrobial agents (Singh et al., 2002; Stapleton et al.,
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2004; 2007; Shah et al., 2008; Pratheeshkumar et al., 2012; Rajput and Mandal,
2012).Therefore, the presence of these phytochemicals in the plants studied could be a
scientific evidence for the tradomedicinal uses of the plants.

5.3 Isolation and Characterization of Pure Compounds from A.grantii Rhizome

5.3.1 Isolation and characterization of G1

A white needle like crystals, coded G1 (300 mg, Rs = 0.25, solvent system: 15% ethyl acetate
in 85 % hexane, mp: 137-139 °C) was isolated from the rhizome of A.grantii.

The IR spectrum of G1 showed key absorption bands of O-H stretch at 3409 cm™, C-H
stretch at 2918 cm™ (asymmetric) and 2850 cm™ (symmetric) typical of sp* hybridized
carbon. Absorption at 1705 cm™ which may be due to C=C stretch was observed. The signal
at 1463 cm™ may be due to C-H bending vibration (Figure 4.8).

The 'H NMR spectrum of G1 (Figure 4.1) showed upfield multiplets: methyl (-CHs),
methylene (-CH,-) and methine (-CH) protons signals (m, CH, CH,, CH3) resonating at 0.68-
2.32 ppm indicative of steroidal nucleus.The proton signal at 3.53 ppm may be due to
oxymethine proton attached to C-3 position of sterols. In addition to these, a resonance that
may be due to a vinyl proton (C=CH) was observed at 5.33 ppm. The **C NMR spectrum
signal at 71.82 ppm typical of oxymethine carbon of steroids was observed. Signals at 140.76
ppm and 121.73 ppm suggestive of olefinic double bond that is characteristic of sterols were
present. The DEPTS experiments showed eleven methylenes (-CH,), nine methines (-CH), six
methyls (-CH3) and one quarternary carbon suggestive of B-sitosterol (24).2*C and *H NMR
spectral data were supported by the 2D NMR experimental data. Cross peaks correlations of
H-3 and that of H-4, H-6 and H-7 were established from both COSY and NOESY and COSY
experiment alone respectively.The NOESY H-H correlations of H-6 and H-4, and no
correlation existing between H-6 and any proton at C-5 confirms the assignment of the

quarternary carbon to position-5 (C-5). Also the crosspeak correlation established between H-
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4 and H-3 from the NOESY spectrum proved the existence of H-3 from CHOH.This again
confirmed from the C-H correlation between C-3 and H-3, and that of also C-3 and H-4 as is
observed in the HSQC and HMBC spectra respectively.C-6 correlation with H-6 confirmed
the presence of vinylic proton at position-6 (C=CH) as observed from the HSQC spectrum
(Figures 4.2 - 4.7).

On the whole, acquired 1D NMR data couple with comparison of **C and 'H NMR data
(Table 5.1) of G1 with data in literature (Suparb and Amorn, 1991; Zuhal et al., 2006; Anjoo
and Ajay, 2011; Luhata and Munkombwe, 2015) and also the analyses of the 2D NMR
spectra discussed confirmed that G1 is the known steroid commonly known as j-sitosterol

(24).
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(24)

Table 5.1: Comparison of the Observed *H-NMR (400 MHz) and *C-NMR (100 MHz)
Spectra of Compound G1 in CDCl3with the Reported Values (5) of
B-Sitosterol (*H-NMR: 400 MHz & *C-NMR: 100 MHz) in CDCl;

Observed Data Reported Data*

Position 3¢ (ppm) 31 (ppm) dc (ppm) dn (ppm)
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29

37.3
29.7
71.8
42.3
140.8
121.7
31.7
31.9
51.2
36.5
21.1
39.8
45.8
56.8
24.3
28.3
56.1
11.9
194
36.2
19.0
33.9
29.2
50.1
26.1
18.8
19.8
23.1
11.9

3.54 (1H, m, H-3)

5.33 (1H, t, H-6)

0.66 (3H, s, Me-18)
0.98 (3H, s, Me-19)

0.90 (3H,s, Me-21)

0.84 (3H, s, Me-26)
0.82 (3H, s, Me-27)

0.89 (3H,s, Me-29)

37.4
31.8
72.0
42.5
140.9
121.9
321
29.9
50.3
36.7
21.3
40.0
42.5
56.9
24.5
28.4
56.2
12.0
19.6
36.3
19.0
34.1
26.3
46.0
29.3
20.0
19.2
23.2
12.2

3.52 (1H, m, H-3)

5.35 (1H, m, H-6)

0.68 (3H, s, Me-18)
0.98 (3H, s, Me-19)

0.91 (3H,s,Me-21)

0.83 (3H,s,Me-26)
0.81 (3H, s, Me-27)

0.85 (3H,s, Me-29)

Zuhal et al. (2006) *.

5.3.2 Isolation and characterization of G2

G2 was isolated as an amorphous creamy powder (100 mg, Rs = 0.13, solvent system: 15 %

ethyl acetate in 85 % hexane, mp: 256-257 °C) from the rhizome of A.grantii.

IR spectrum of G2 (Figure 4.16) indicated the following key absorption bands: 3460 cm™

(O-H stretch, H-bonded), 2916 cm™ (C-H aliphatic stretch), 1709 cm™ (C=C stretch,

aliphatic), 1159 cm™

and 1024 cm

131

(C-O stretch, alkanol).These absorption bands



summarily suggest a pentacyclic triterpenoidal nucleus with sp3 hybridised methylene groups
(—CH,) within it as well as OH group(s) and double bond(s)(C=C) in it.

The 'H NMR spectrum (Figure 4.9) showed a doublet doublet at 6 3.18 ppm, which is
characteristic of a-oriented hydrogen assigned to position-3 (C-3) of a 35-hydroxy triterpene.
The doublets for geminal protons at ¢ 4.67 and 4.56 ppm, along with the methyl group at 6
1.67 ppm, suggest a lupane-type triterpene derivative. Another pair of doublets at ¢ 3.79 and
3.33 ppm, rather than a seventh methyl singlet at 6 0.8 ppm, suggested the presence of a
second hydroxyl group at position-28 (C-28) characteristic of lupenol. The *C NMR
spectrum (Figure 4.10) further indicated a lupane-type triterpene derivative. The
characteristic pair of sp2 hybridised carbon atom resonances comprising the exocyclic double
bond typical of lupane was observed at ¢ 150.5 and 109.7 ppm (Tijjani et al., 2012).
Oxymethylene resonance suggestive of position-3 (C-3) and position-28 (C-28) of lupene, 3,
28-diol were observed at 6 79.0 and 60.6ppm, respectively.The 2D NMR confirmed the
presence of a double bond at C-20/C-29 typical of lupenol.This is clearly indicated in both
the HMBC and HSQC spectra due to cross peaks long range correlations between C-20 and
H-30 and also that between C-29 and H-30; short range correlation between C-29 and
H-29.The oxymethylene resonances for C-28 and C-3 were comfirmed due to the correlations
between H-28 and H-22; also between H-28 and H-16 (NOESY spectrum). Furthermore, H-3
correlated with H-2 (COSY). Both 1D and 2D NMR spectra are shown in figure 4.12 to 4-15
In all, the spectra revealed a compound with six methyl groups,twelve methylene groups, six
methines , from the DEPTS experiments, (Figure 4.11) and thirty carbon atoms (which is
equivalent to the total number of carbon atoms in triterpenoid) suggest a lupene-type
triterpenoidal nucleus with two hydroxyl groups at C-3 and C-28 (a lupenediol).
Consequently, the compound was determined to be the known structure, 20(29)-lupene-3, 28-

diol, more commonly known as betulin (25). Experimental NMR data was in agreement with
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those reported in literature (Table 5.2) and all *3C shifts were within + 0.3 ppm (Siddiqui et

al., 1988; Mahato and Kundu, 1994, Tijjani et al., 2012).
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(25)

Table 5.2: Comparison of the Observed *H-NMR (400 MHz) and *C-NMR (100 MHz)
Spectra of Compound G2 in CDCl3 with the Reported Values (5) of Betulin
(*H-NMR: 500 MHz & *C-NMR : 125 MHz) in CDCl;

Observed Data Reported Data*
Position ¢ Sn (Ppm) d¢ Sn (ppm)
(ppm) (ppm)
1 38.9 38.9
2 27.4 27.5
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12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

29

30

79.0
38.7
55.3
18.3
34.2
40.9
50.4
37.3
20.8
25.2
37.2
42.7
27.0
29.2
47.8
47.8
48.8

150.5

29.7
33.9
27.9
154
16.1
16.0
14.8
60.6

109.7

19.1

3.18 (1H, dd, J=53, H-30) 79.2

38.8

55.4

18.4

34.3

41.0

50.5

37.4

20.9

25.3

37.2

42.8

27.1

29.2

47.9

47.9

48.8

150.6

29.8

34.1

0.95 (3H, s, Me-23) 28.1

0.73 (3H, s, Me-24) 15.4

0.79 (3H, s, Me-25) 16.2

0.96 (3H, s, Me-26) 16.1

0.98 (3H, s, Me-27) 14.8

3.33(1H, d, J = 10.8, H-28a)  60.6
3.79 (1H, d, J =10.8, H-28D)

4.56 (1H,d, H-29a) 109.8

4.67 (1H, d, H-29b)
1.67 (3H, s, Me-30) 19.2

3.18 (1H, dd, J = 5.3, H-30)

0.96 (3H, s, Me-23)
0.75 (3H, s, Me-24)
0.80 (3H, s, Me-25)
0.97 (3H, s, Me-26)
0.99 (3H, s, Me-27)
3.33(1H, d, J = 10.8, H-28a)
3.79 (1H, d, J =10.8, H-28b)
4.58 (1H,d, H-29a)
4.70 (1H, d, H-29b)
1.67 (3H, s, Me-30)

Tijjani et al. (2012) *.

5.3.3 Isolation and characterization of G3

The compound (G3) was isolated as an amorphous white powder, coded G3 (18 mg,

R = 0.45, solvent system: 20 % ethyl acetate in 80 % hexane, mp: 188-189 °C) from the

rhizome of A.grantii.

The IR spectrum of G3 indicated the presence of hydroxyl group (3324 cm™), ester carbonyl

(1736 cm™), methoxy (1261 cm™) and aromatic ring (1473, 1462 cm™ ) . In addition, sp> C-H

stretches at 2917and 2849 cm™, typical of CH, was also observed (Figure 4.25).
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The presence of aromatic protons with a meta-coupled aromatic resonance [6 7.01 (1H, d,

J = 1.8 Hz, H-5)], ortho-coupled aromatic resonance [66.88 (1H, d, J = 8.1 Hz, H-8)] and
ortho—meta-coupled aromatic resonance [6 7.04 (1H, dd, J = 1.8, 8.2 Hz, H-9)] was an
indication of trisubstitution in benzene ring (with 3, 4-di substitution in phenyl unit) (Sang et
al., 2013). The broad singlet at 5.83 ppm is indicative of aromatic OH group due to
substitution of one of the protons attached to the benzene ring (Sang et al., 2013), hence, this
established the existence of one substituent group (out of the three substituents) on the
benzene ring. Two olefinic protons [0y 6.25 and &y 7.56 (J = 15.9Hz)] of a trans-configured
double bond that are in conjugation with benzene ring suggestive of feruloyl moiety are
indicative. Other resonances include those of protons attached to oxygenated carbon atoms: &
4.16 (2H, CH,0), methyl from methoxy, 6 3.92 (3H, OMe) and hydroxy methyl protons &
3.61 (3H, CH,OH and OH) (Figure: 4.17).

The *C NMR spectrum (Figure 4.19) revealed six aromatic carbon resonances (127.0, 109.3,
146.7, 147.9, 114.7 and 123.0 ppm) that suggested the presence of benzene nucleus. The
resonances at 146.7 and 147.9 ppm suggest oxygenation on substitution in the aromatic ring.
These signals together with 115.7 and 144.6 ppm (double bond resonances); and also 167.4
ppm (ester carbonyl carbon resonance) are typical of feruloyl moiety (Sang et al., 2013).
Resonances suggestive of methyl (in methoxy group) and two oxymethylenes appeared at
55.9 and 63.1 with 64.6 ppm respectively. Additionally signals that suggest the presence of
aliphatic methyl, methylenes and methines were observed at 34.1-14.1 ppm.

The HMBC correlations of C-7/H-5, C-7/H-8, C-9/ H-5 and C-4/H-8 established the
C-5-C-7-C-8, C-4-C-9-C-8 and C-9-C-4-C5 connections of the phenyl ring; and this is a
confirmation of the presence of a phenyl moiety in the structure. C-4/H-2 HMBC correlation
showed linkage of the double bond to the benzene via C-4. C-2 HMBC correlation with H-3

confirmed the existence of the double bond between C-2 and C-3 and the two bond HMBC
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correlation of C-1 to H-1’ suggested C-1-O-C-1' connections. Thus, the HMBC correlations
just mentioned confirmed the connectivity of the acrylate moiety on the benzene and hence
the existence of the ferurate moiety was established in the molecule. HMBC cross peak
correlation of C-6 with Me group (from OMe) suggested a substitution with OMe at the sixth
position on the phenyl. This is further indicated by the NOESY in-space proton-proton (*H-
'H) spin correlation of H-5 with Me group of the methoxy (OMe) at C-6.Thus, confirming
the neighborhood of C-5 to C-6 and ruling out the possibility of OMe assigned to C-7. Other
key NOESY 'H-'H correlations include; hydroxyl methyl protons (CH,OH), at C-15, to H-
17’ (confirming the presence of the Me group at the end of the molecule), H-1"/H-2" and H-1"/
H-3’ correlations (indicative of in-space methylene proton-proton correlations along the
aliphatic chain). Correlations of C-5 to H-5, C-8 to H-8 and that of C-9 to H-9 from the
HSQC spectroscopic data also confirmed that the phenyl ring is trisubstituted as mentioned
earlier. There was also C-2/H-2 and C-3/H-3 HSQC correlations indicative of the C=C
outside the aromatic ring which was again established to confer trans-configuration to the
molecular system from the observed H-9/H-2 NOESY experimental data. The two protons
attached to C-2 and C-3 (C=C) were further confirmed from the through-bond correlation
suggested by the COSY experimental data. H-1 /H-2 ' established ‘H-'H spin COSY
correlation of the protons attached to the oxygenated carbon along the aliphatic chain.
Through bond *H-'H COSY correlations of H-2’ with H-3’ showed a continued linkage of -
CH; groups along an aliphatic chain.The COSY cross-peaks correlation of H-8 to H-9
confirmed the through bond aromatic proton-proton correlation of the two protons at ortho-
position on aromatic ring. Absence of either NOESY or HMBC (long range) correlations of
H-1', C-1" or C-1 with the hydroxy methyl group and or the terminal methyl group,
suggested, along the aliphatic carbon skeleton gave the evidence that these groups could be

assigned to terminal positions of the molecule (Figures 4.21-4.24).
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On the whole, combination of the spectroscopic data (most especially the 1D and 2D NMR
experimental data) to those of similar compounds available in literature as was reported by
Sang et al., (2013), Table 5.3, assisted the determination of G3 to be 15-hydroxymethyl-16
methylheptadecylferulate (26). This report is the first of its kind, thus, this molecule had not

been reported from nature prior to this report.

(26)
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Table 5.3: Comparison of the Observed *H-NMR (400 MHz) and *C-NMR (100 MHz)
Spectra of Compound G3 in CDClI3with the Reported Values (8) of Feruloyl
(*H-NMR : 600 MHz & *C-NMR : 150 MHz) in CD;0D

Observed Data

Reported Data*

Position 3¢ Sn (ppm) 3¢ Su (ppm)
(ppm) (Ppm)
Feruloyl moiety Feruloyl moiety
1 167.4 167.7
2 115.7 6.25 (1H ,d, J=15.9, H-2) 1135 6.28(1H, d, J=15.6,H-2)
3 144.6 7.56 (1H,d,J=159,H-3) 147.0 7.63 (1H,d, J=15.6,H-3)
4 127.0 126.4
5 109.3 7.01(1H,d,J=1.8,H-5) 1139  7.05(1H,d, J=1.8, H-5)
6 146.7 145.4
7 147.9 148.4
8 114.7 6.89 (1H,d,J=8.1,H-8) 115.1 6.75(1H, d, J=7.8, H-8)
9 123.0 7.04(1H,dd,J=1.8,8.2,H-9) 121.9 6.91(1H,dd, J=7.8, 1.8, H-9)

5.83 (1H,br s,0H)

4.16 (2H, t, H-1")

3.92 (3H,s, OMe)
3.61 (3H, t, CH,OH)
1.64 (2H,m, H-19")
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0.87-1.52 (m,CH,CH,,CH3)
Alkyl moiety of the ester

1’ 64.6
2" 22.6

3 22.3

4 257

5 28.8

6 29.3

7 29.4

8 29.4

9 29.6
10’ 29.6
11’ 29.7
12" 29.7
13’ 31.9
14’ 32.8
15/ 34.1
16’ 26.0
17" (Me) 14.1
OMe 55.9
CH,0OH 63.1
Me 14.1

Sang et al., (2013) *.

5.3.4 Isolation and characterization of G4

G4 was isolated as an amorphous white powder (10 mg, R = 0.34, solvent system: 20 %
ethylacetate in 80 % hexane, mp: 198-200 °C) from the rhizome of A. grantii.

IR of G4 showed diagnostic absorption bands at 3370, 1725, 1630, 1158 and 1492 cm™
indicating the presence of hydroxyl, ester carbonyl, methoxy and aromatic functional groups.
Absorptions at 2917 and 2848 cm™ suggestive of -CH, sp® C-H stretches were also present
(Figure 4.34).

The presence of an aromatic ABX-spin system with a meta-coupled aromatic signal [6 7.02
(1H, d, J = 1.2 Hz, H-5)], ortho-coupled aromatic resonance [6 6.89 (1H, d, J = 8.2 Hz, H-8)]
and ortho—meta-coupled aromatic resonance [6 7.05 (1H, dd, J = 1.7, 8.4 Hz, H-9)] was an
indication of trisubstituted benzene (with 3, 4-di substitution in phenyl unit) (Sang et al.,
2013). The broad singlet at 5.81 ppm is indicative of aromatic OH group due to substitution

of one of the protons attached to the benzene ring (Sang et al., 2013), hence, this established
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one of the substituent group (out of the three substituents) on the benzene ring. Two olefinic
protons [6y 6.19 and oy 7.58 (J = 15.9Hz)] of a trans-configured double bond that are in
conjugation with benzene ring suggestive of feruloyl moiety are indicative. Other resonances
include those of protons attached to oxygenated carbons: ketone methyl 6 2.13 (3H, COMe),
hydroxy methyl protons & 4.14 (2H, CH,OH) and methyl from methoxy, 6 3.89 (3H, OMe)
(Figure 4.26).

The *C NMR spectrum revealed six aromatic carbon resonances (127.0, 109.3, 146.7, 147.9,
114.7 and 123.0 ppm) that suggested the presence of benzene nucleus. The resonances at
146.7 and 147.9 ppm suggest oxygenation on substitution in the aromatic ring. These signals
together with 115.7 and 144.6 ppm (double bond resonances); and also 167.4 ppm (ester
carbonyl carbon resonance) are typical of feruloyl moiety (Sang et al., 2013). Resonances
suggestive of methyl (in methoxy group) and two oxymethylenes appeared at 55.9 and 63.1
with 64.6 ppm respectively. Additionally, signals that suggest the presence of aliphatic
methyl, methylenes and methines were observed at 34.1-14.1 ppm (Figure 4.28).

The HMBC correlations of C-6/H-8, C-7/H-9, C-5/ H-9 and C-4/H-8 established the C-6-C-
7-C-8, C-4-C-9-C-8 and C-5-C-4-C9 connections on the phenyl ring; and this is a
confirmation of the presence of phenyl group in the structure. HMBC cross peak correlation
of C-6 with Me (from OMe group) suggested a substitution with OMe at the sixth position on
the phenyl ring. This is further indicated by the NOESY in-space proton-proton (*H-'H) spin
correlation of H-5 with Me of the methoxy (OMe) at C-6.Thus, confirming the neighborhood
of C-5 to C-6 and ruling out the possibility of OMe assigned to C-7. Other key HMBC
correlations include: C-4/H-2 (establishing the third substitution at position four on the
phenyl ring,),C-1/H-3 (indicative of neighborhood of the ester carbonyl to the olefinic
proton), C-4/H-1", C-2/H-1 (attributable to C-H long range correlations of aliphatic chain)

and C-14/Me (confirming the presence of the Me group attached to the ketone carbonyl
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carbon). Correlations of C-5 to H-5, C-8 to H-8 and that of C-9 to H-9 of the HSQC
spectroscopic data further confirmed that the phenyl ring is trisubstituted. There was also C-
2/H-2 and C-3/H-3 HSQC correlations indicative of the C=C outside the aromatic ring which
was again established to confer trans-configuration to the molecular system from the
observed H-9 to H-2 NOESY experimental data. The two protons attached to C-2 and C-3
(C=C) were further confirmed from the through-bond correlation suggested by the COSY
experimental data. H-2 /H-1" and H-2' /H-1" established the aliphatic chain containing

oxygenated carbon *H-"H spin COSY correlations.

Assignment of the hydroxyl methyl group to C-3" was achieved due to COSY correlation of
H-1’to H-2" and H-1" to H-3' to H-2'. Consequently, the methyl group was assigned to C-5[]
not C-30J on the aliphatic chain. Ttese assignments were further supported and confirmed by
the HMBC correlations of C-2[1 to H1[1 and G2[1 to H1". Therefore, this clearly indicated
that the Me group at C-571 is not a terminal methyl but rather on the aliphatic chain of the
molecule. Hence, this ruled out the assignment of the carbonyl ketone group to any position
except the terminal end of the molecule. This is clearly indicated from the unavailable
supportive data from the long range 2D experiments (NOESY and HMBC) (Figures 4.30 to
4.33).

In all, from the spectroscopic data acquired and also comparison of data of similar molecular
structures in literature (Table 5.4) enabled the the determination of G4 to be new feruloyl
named as 3-hydroxymethyl-5-methyl-16-oxoheptadecylferulate (27).To the best of our
knowledge this is the first time of reporting this molecule from natural source. Therefore, it is
noteworthy to state here that this molecule is a novel one, since it had not been reported

before now, from either animal source or any plant researched.
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(27)
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Table 5.4: Comparison of the Observed *H-NMR (600 MHz) and *C-NMR (125 MHz)
Spectra of Compound G4 in CDClIzwith the Reported Values (5) of Feruloyl
(*H-NMR : 600 MHz & **C-NMR : 150 MHz) in CD;0D

114.7 6.88 (1H, d, J =8.1, H-8) 115.1 6.75(1H, d, J=7.8, H-8)
123.0 7.04(1H,dd,J=1.7,8.4,H-9) 121.9 6.91(1H,dd, J=7.8, 1.8, H-9)
5.81 (1H,br s,OH)
4.16 (2H, t, H-1")
3.92 (3H,s, OMe)
3.61 (3H, t, CH,OH)
1.64 (2H,m, H-19")
0.83-1.64 (m,CH,CH,,CH3)

Observed Data Reported Data*
Position 3¢ S (ppm) 3¢ 5w (ppm)
(ppm) (ppm)
Feruloyl moiety Feruloyl moiety
1 167.4 167.7
2 115.8 6.25 (1H,d,J=15.9, H-2) 1135  6.28(1H, d, J=15.6,H-2)
3 144.6 758 (1H,d,J=159,H-3) 147.0 7.63 (1H,d, J=15.6,H-3)
4 127.1 126.4
5 109.4 7.02 (1H,d, J=1.6, H-5) 1139  7.05(1H,d, J=1.8, H-5)
6 146.8 145.4
7 147.9 148.4
8
9

Alkyl moiety of the ester

1 64.6
2! 25.7
3’ 31.9
4’ 32.8
S 29.6
6’ 30.9
7 24.7
8’ 29.3
9’ 29.3
10’ 29.4
11’ 29.5
12 29.6
13’ 26.0
14’ 22.7

144



15’ 335

16’ 206.8
17' (Me) 29.6
OMe 55.9
CH,OH 63.1
Me 14.1

Sanggal. (2013) *.

5.4 Isolation and Characterization of Pure Compounds from C.sokodensis Rhizome
5.4.1 Isolation and characterization of S1

S1 was isolated as white needle like crystals (100 mg, Rs = 0.33, solvent system: 13 %
ethylacetate in 87 % hexane, mp: 137-139 °C) from the Cissus sokodensis rhizome.

The IR spectrum of S1 showed key absorption bands of O-H stretch at 3409 cm™, 2918 cm™
(asymmetric) and 2850 cm™ (symmetric) C-H stretches typical of sp* hybridized methylene (-
CH,). Absorption at 1705 cm™ due to C=C stretch suggestive of sterol double bond; and an
absorption at 1463 cm™ due to C-H bending were also observed (Figure 4.42).

'H NMR spectrum of S1 (Figure 4.35) showed upfield multiplets: methyl groups, methylene
and methine protons resonances (m, CH, CH,, CHs) observed at 0.68-2.32 ppm indicative of
steroidal nucleus.The signal at 3.53 ppm may be due to oxymethine proton attached to C-3
position of sterols. In addition to these, resonance that is suggestive of vinylic proton (C=CH)
appeared at 5.33ppm. *H NMR spectrum was in agreement with the *C NMR spectrum
(Figure 4.36), which suggested an oxymethine signal at 71.82 ppm. Furthermore, one double
bond, C=C, signals at 140.76 ppm and 121.73 ppm at C-5/C-6 that is characteristic of sterols
were observed.The DEPTS experiments showed eleven methylene groups (-CHy), nine
methine groups (-CH), six methyls (-CHs) and one quarternary carbon equivalent to that of 3-
sitosterol. *C NMR and *H NMR spectra data are supported by the 2D NMR experimental
data (Figure 4.38-4.41). The cross peaks correlations of H-3 and that of H-4, H-6 and H-7
were established from both COSY and NOESY and COSY experiments respectively.The

NOESY H-H correlations of H-6 and H-4, and absence of any correlation between H-6 and
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proton at C-5 thus suggests the presence of a quarternary carbon at position-5 (C-5). Also the
crosspeak correlation established between H-4 and H-3 from the NOESY spectrum evident
the existence of H-3 from CHOH.This again was comfirmed from the C-H correlation
between C-3 and H-3, and that of C-3 and H-4 as was observed in the HSQC and HMBC
experimental data respectively. Correlation of C-6 with H-6 comfirmed the existence of the
vinylic proton at C-6 (C=CH) as observed from the HSQC spectrum.

On the whole, comparison of *C and *H data (Table 5.1) of G1 with those available in the
literature (Suparb and Amorn, 1991; Zuhal et al., 2006; Anjoo and Ajay, 2011; Luhata and
Munkombwe, 2015) and also the analyses of both 1D and 2D NMR spectra comfirmed that
S1 is the steroid commonly known as B-sitosterol (24).

5.4.2 Isolation and characterization of S2

S2 was isolated as an amorphous pale yellow powder (19 mg, R = 0.16, solvent system:

10 % ethyl acetate in hexane, m.p: 307-308 °C) from Cissus sokodensis rhizome.

The IR spectrum of S2 showed absorption bands of O-H stretch at 3300 cm™, 2916 cm™
(asymmetric) and 2849 cm™ (symmetric) C-H stretches typical of sp® hybridized methylene
(-CH,) from triterpenoids. Absorptions at 1736 cm™ typical of C=0 stretch of alkanoic acid
carbonyl group; and also one at 1176 cm™ suggestive of C-O stretch of alkanol were
observed (Figure 4.50).

The *H-NMR spectrum (Figure 4.43) showed resonances of a vinylic proton at § 5.25 (1H, t),
a carbonyl proton at 6 3.21 (1H, dd, J = 4.2, 10.7 Hz, H-3) and seven methyl singlets at 1.10
(3H), 0.95 (3H), 0.93 (3H), 0.92 (3H), 0.89 (3H), 0.74 (3H) and 0.72 (3H). The large
coupling constant (10.7 Hz) of the carbinyl proton indicates that it is in the axial position. The
3C-NMR spectral data (Figure 4.44) indicated resonances for thirty carbon atoms that
suggest the following functional groups: a carboxylic acid carbonyl carbon at 6 182.96; two

olefinic carbons at 6 143.58 and 122.63; a carbinyl carbon at 6 79.04. Data from the DEPTS
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(90 and 135) experiment (Figure 4.45) revealed: seven methyl, ten methylene, five methine
and eight quaternary carbon atoms resonance (Figures 4.6.2-4.6.4). These peaks suggested an
oleanane-type triterpenoidal structure with carboxylic acid functional group.

The *H and **C assignments were verified by HSQC experiments, while connectivities were
verified by HMBC. Key HSQC correlations were observed with C-12/H-12, C-3/H-3, C-5/H-
5 and C-18/H-18.The oxygenated carbon, C-3, was confirmed due to the long-range
correlations (HMBC) between this carbon with H-2 and H-23. Double bond was assigned to
C-12 due to cross peak correlation of C-13 with H-11 from the HMBC. The carboxylic acid
was assigned to position-28 (C-28) due to correlation observed from HMBC between this
carbon and H-22. The NOESY spectral data indicated that carbinyl proton (H-3) is close in
space to the H-5 and the methyl singlet (H-23). NOE correlations were also observed
between the methyl singlets (H-24 and H-25). These suggested that the bridgehead protons
(H-5 and H-25) are trans-configured. NOE correlations were also observed between H-9, H-
5, and H-27, indicating the relative stereochemistry in the molecular structure. Absence of
NOE correlation observed between H-9 and H-26, but rather H-26 to H-25, was an evidence
of a transconfiguration for the bridgehead protons (H-9 and H-26). The COSY spectrum
showed correlations of six spin systems as follows: H,-1/H,-2/H-3, H-5/H,-6/H»-7, H-9/H-
11/H-12, H,-15/H-2-16, H-18/H,-19, H,-21/H,-22 (Figures 4.46-4.49).

The spectroscopic data recorded, most especially 1D and 2D NMR experimental data, and
supporting information obtained in literature (Mahato and Kundu, 1994; Consolacion and
Kathleen, 2005; Zuhal et al., 2006; Zuhal et al., 2009; Ghias et al., 2011), also as shown in
Table 5.5, are consistent with the known triterpenoidal structure with a common name:
oleanolic acid.Therefore, S2 (28) was infered to be 3-hydroxyolean-12-en-28-oic acid

(oleanolic acid).
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(28)

Table 5.5: Comparison of the Observed *H-NMR (400 MHz) and *C-NMR (100 MHz)
Spectra of Compound S2 in CDClI3with the Reported Values (6) of Oleanolic
acid (*H-NMR : 400 MHz & *C-NMR : 100 MHz) in CDCl;
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Observed Data Reported Data*

Position dc Sn (ppm) d¢ du (ppm)

(ppm) (ppm)

1 38.4 38.6

2 27.2 26.7

3 79.0 3.21(1H,dd,J=4.2,10.7,H-3) 785 3.21(1H, dd, J = 4.4, 10.2,,H-3)

4 38.8 39.2

5 55.2 55.5

6 18.3 18.3

7 32.6 32.6

8 39.3 39.6

9 47.6 48.1

10 37.1 37.0

11 23.4 22.7

12 1226 525(1H,tJ=31,H-12) 1224 5.24 (1H, t, J = 3.6, H-12)

13 143.6 144.1

14 416 42.0

15 27.7 27.7

16 23.6 22.8

17 46.5 46.7

18 41.0 2.81(1H,dd,J=38,13.6,H-18) 415 2.82(1H,dd, J=4.3,12.7, H-18)

19 45.9 46.1

20 30.7 30.4

21 33.8 33.7

22 32.4 32.3

23 28.1 0.95 (3H, s, Me-23) 28.8 0.96 (3H, s, Me-23)

24 15.5 0.74 (3H, s, Me-24) 14.7 0.78 (3H, s, Me-24)

25 15.4 0.89 (3H, s, Me-25) 15.1 0.84 (3H, s, Me-25)

26 16.9 0.72 (3H, s, Me-26) 16.5 0.76 (3H,s, Me-26)

27 26.0 1.10 (3H, s, Me-27) 25.2 1.25 (3H, s, Me-27)

28 182.9 180.4

29 33.1 0.92 (3H, s, Me-29) 32.8 0.87 (3H, s, Me-29)

30 23.6 0.93 (3H, s, Me-30) 23.3 0.93 (3H, s, Me-30)

Zuhal et al. (2006) *.

5.4.3 Isolation and characterization of S3

149



The pure compound (S3) was isolated as a brown amorphous powder S3 (400 mg, R =0.45,
solvent system: Ethylacetate: Methanol: Water (10:1.35:1), m.p: 203-204 °C) from the Cissus
sokodensis rhizome.

The IR spectrum indicated the presence of hydroxyl (3383 cm™) and ester carbonyl (1698 cm™
1) functional groups. Additionally, sp® C-H stretches at 2919 and 2851cm™ typical of CH,
were indicated. Furthermore, in-aromatic ring C-C stretches (1610, 1514 and 1460 cm™) were
also suggested (Figure 4.59).

The proton NMR signals at 9.76, 8.45 and 5.65 ppm, typical of proton resonance from OH
groups, suggested a tri-substitution by the hydroxyl groups on benzene ring by the hydroxyl
groups. Further, existence of only one aromatic proton resonance (at 7.00 ppm) suggested an
aromatic ring with additional two substituent groups.This makes the total number of the
substituent groups present in the aromatic structure to be five. Clusters between 3 to 4ppm
suggested the presence of sugar moiety in the compound (Lemieux and Koto, 1974; Serianni
and Barker, 1984). A doublet typical of anomeric proton resonance at 4.99 ppm suggests
linkage of the sugar moiety onto the aromatic ring and this confirmed the presence of the
sugar. The broad singlets at 5.43, 4.91 and 3.56 ppm (in the cluster) were indicative of OH
groups on the sugar. Oxygenated proton signal typical of methoxy group appeared at 3.78
ppm .The signal at 1.23 ppm was suggestive of methylene protons (Figure 4.51).

The **C NMR spectrum (Figure 4.52) revealed six aromatic carbon resonances (150.9, 147.9,
140.5, 117.9, 115.9 and 109.4 ppm) that suggested the presence of benzene nucleus. Three
out of these signals (150.9, 147.9 and 140.5 ppm) appeared more downfield and this could be
due to de-shielding of the carbon atoms on oxygenation by substituent group. This is
evidence (in addition to that observed from the *H NMR spectrum) for substitution by the OH
groups on the benzene ring. A down field signal suggestive of ester carbonyl carbon

resonance appeared at 163.3 ppm. In addition to these, methyl (in methoxy group) and a

150



methylene resonance appeared at 61.0 ppm and 28.9 ppm respectively. The methylene and
ester carbonyl carbon mentioned earlier further suggested two other substituent groups on the
benzene ring. Thus, confirming the presence of five substituents on the ring; three OH
groups, a methylene and CO as substituent. Resonances were observed at 81.7, 79.7, 73.6,
72.0, 70.6 and 61.0 ppm from the *3C spectrum (Figure 4.53). These resonances, together
with the high coupling constant value (10.44 Hz) observed which may be due to bond
electron interactions of H-1' with H-2’ (indicative of cis-configuration), suggested a a-
glucopyranose sugar moiety in the molecule (Lemieux and Koto, 1974; Serianni and Barker,
1984; Mattias et al., 2008).

NMR spectral data obtained from the *H and **C NMR experiments were supported with data
acquired from the 2D NMR experiments. HMBC cross-peak correlation of the ester carbonyl
carbon (COOMe) with H-6 established the CO-C-1-C-6 connectivity on the structure. This
correlation is a confirmation of the position (C-1) at which the ester group connects itself on
to the benzene ring. Correlation of OMe protons to C-2 in HMBC spectrum confirmed Me-O-
0-C-C-1-C-2 connections.C-4-C-5-C-6 and C-3-C-2-C-1-C-6 connectivity, that confirmed
the phenyl ring structure, were observed due to the correlations: C-4/H-6 and C-3/H-6 from
the HMBC. Carbon-proton through bond HMBC correlations of C-1/H-6 and C-2/H-1'
established C-1'-C-4-C-5-C-6 and C-1'-C-4-C-3-C-2 connectivity and hence confirmed the
linkage of the sugar onto the aromatic ring. Key HMBC data were also observed to confirm
the presence of the sugar moiety: C-3'/H-2’, C-1'/H-3', C-3'/H-4', C-6'/H-5', C-5'/H-4'
establishing C-1-C-2-C-3-C-4-C-5-C-6 linkage and thus confirming the hexose sugar
skeleton. Correspondingly, C-6/H-6, C-1'/H-1’, C-2'/H-2', C-3'/H-3', C-4'/H-4', C-5'/H-5" and
C-6'/H-6' correlations were established for the aromatic proton and the sugar moiety from the
HSQC experimental data. Through bond H-H! COSY interaction of H-1' with H-2’

confirmed the bond linkage of H-1" with H-2".This neighborhood was further supported due
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to NOE in-space interaction of H-1" with H-2' observed from the NOESY spectrum (Figure
4.55-4.58).

In summary, both the spectroscopic data information obtained and those of similar
compounds in literature searched (Lemieux and Koto, 1974; Serianni and Barker, 1984;
Mattias et al., 2008), also Table 5.6 refers, enabled S3 to be inferred as 2, 3, 5-
trihydroxymethylbenzoate-4-methylene-a-D-glucopyranose (29).This molecule is novel,
therefore to the best of our knowledge it was neither reported, prior to this report, from any

plant nor animal source.
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Table 5.6: Comparison of the Observed *H-NMR (400 MHz) and *C-NMR (100 MHz)
Spectra of Compound S3 in DMSO-d6 with the Reported Values () of a-
Glucopyranose Moiety (*H-NMR : 500 MHz & *C-NMR : 125 MHz) in D,O

Observed Data Reported Data*
Position oc 8n (ppm) dc 8 (ppm)
(ppm) (ppm)
Phenyl ester moiety
1 115.9
2 140.5
3 147.9

153



4
5
6
CO
Sugar moiety
1/
2I
3/
4!
5/
6I
5!/
OMe

117.9
150.9
109.4
163.3

72.0
79.7
73.6
70.6
81.7
61.0
28.9
59.8

6.95 (1 H s, H-6)

4.95 (1 H d, J=10.44, H-1")
3.98 (1H t J=9.72, H-2"
3.64 (1H,dd J = 8.80,14.16, H-3")
3.23(1H ,d, J = 8.96,14.76, H-4")
3.55(1 H t, J =8.16, H-5')
3.82 (2H ,d, J = 2.44,14.16, H-6")

92.9
72.2
73.4
70.3
72.1
61.3

5.21
3.52
3.69
3.39
3.82
3.82

(Mattias et al., 2008) *.

5.5 Isolation and Characterization of Pure Compounds from C. crinita Rhizome

5.5.1 Isolation and characterization of C1

C1 was isolated as white needle like crystals (210 mg, R ¢= 0.24, solvent system: 15 % ethyl
acetate in 85 % hexane, mp: 137-139 °C) from the rhizome of Cissus crinita.

The IR spectrum of C1 showed key absorption bands of O-H stretch at 3409 cm™, 2918 cm™
(asymmetric) and 2850 cm™ (symmetric) C-H stretches typical of sp* hybridized methylene (-
CH,-) groups. Absorption at 1705 cm™ due to C=C stretch of double bond; and an absorption

at 1463 cm™ due to C-H bending were also observed (Figure 4.67).
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The 'H NMR spectrum of C1 (Figure 4.60) showed upfield multiplets: methyl (CHs),
methylene (-CH,-) and methine (-CH) protons signals (m, CH, CH,, CH3) resonating at 0.66-
2.32 ppm indicative of steroidal nucleus. The proton signal at 3.54 ppm that could be due to
oxymethine proton attached to C-3 position of sterols was observed. In addition to these, a
signal that may be due to a vinyl proton (C=CH) resonance was observed at 5.33 ppm. The
13C NMR signal at 71.82 ppm is typical of oxymethine carbon of steroids. Signals at 140.76
ppm and 121.73 ppm suggestive of olefinic double bond that is characteristic of sterols were
present. The DEPTS experiments (Figure 4.62) showed eleven methylenes (-CH,), nine
methines (-CH), six methyls (-CH3) and one quarternary carbon suggestive of B-sitosterol
(24). *C (Figure 4.61) and *H NMR spectral data were supported by the 2D NMR
experimental data. Cross peaks correlations of H-3 and that of H-4, H-6 and H-7 were
established from both COSY and NOESY and COSY experiment alone respectively. The
NOESY H-H correlations of H-6 and H-4, and no correlation existing between H-6 and any
proton at C-5 confirms the assignment of the quarternary carbon to position-5 (C-5). Also the
crosspeak correlation established between H-4 and H-3 from the NOESY spectrum supports
the existence of H-3 from CHOH.This is again confirmed from the C-H correlation between
C-3 and H-3, and that of also C-3 and H-4 as is observed in the HSQC and HMBC spectra
respectively.C-6 correlation with H-6 confirmed the presence of vinylic proton at position-6
(C=CH) as observed from the HSQC spectrum (Figures 4.63 - 4.66).

On the whole, comparism of *C and 'H data (Table 5.1) of C1 with literature (Suparb and
Amorn, 1991; Zuhal et al., 2006; Anjoo and Ajay, 2011; Luhata and Munkombwe, 2015) and
also the analyses of the 2D NMR spectra comfirmed that C1 is the steroid commonly known
as [3-sitosterol (24).

5.5.2 Isolation and characterization of C2
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The pure compound (C2) was isolated as brown amorphous powder (450 mg, Rf = 0.41,
solvent system: Ethyl acetate: Methanol: Water (10:1.35:1), m.p: 206-207 °C) from the
rhizome of Cissus crinita.

The IR spectrum of C2 indicated the presence of hydroxyl (3207 and 3383 cm™) and ester
carbonyl (1698 cm™) functional groups. Additionally, sp® C-H stretches at 2918 and

2850 cm™ typical of CH, were indicated. Furthermore, in-aromatic ring C-C stretches (1611,
1528 and 1460 cm™) were also suggested (Figure 4.76).

The proton NMR showed broad singlet resonances at 9.72, 8.43 and 5.62 ppm typical of OH
groups suggested a tri-substitution of benzene ring by hydroxyl groups on the molecule. The
existence of only one aromatic proton resonance (at 6.97 ppm) further indicated that the
aromatic ring has additional two substituents, making the total number of the substituent
groups in the aromatic structure to be five. Clusters between 3 to 4 ppm suggested the
presence of sugar moiety in the compound (Lemieux and Koto, 1974; Serianni and Barker,
1984). Furthermore, a doublet typical of anomeric proton resonance appeared at
4.97 ppm.This indicated the linkage of the sugar moiety onto the aromatic ring and also
confirmed the presence of the sugar. The broad singlets at 5.40, 4.88 and 3.42 ppm were
suggestive of proton resonances from OH groups on the sugar.In addition to this, a resonance
suggestive of methoxy protons appeared at 3.76 ppm (Figure 4.68).

The *C NMR spectrum revealed six aromatic carbon resonances (150.9, 147.9, 140.5, 117.9,
115.9 and 109.4 ppm) evident of benzene nucleus. Three of these signal (150.9, 147.9 and
140.5 ppm) appeared more downfield and this could be due to de-shielding of the carbon
atoms on oxygenation by substituent group. This is evidence (in addition to that discussed
from *H NMR experimental data) for the substitution by the OH groups on the benzene ring.
A down field signal suggestive of ester carbonyl carbon resonance appeared at 163.3 ppm.

Additionally, methyl resonance that suggest methoxy group appeared at 61.0 ppm.
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Resonances were observed at 81.7, 79.7, 73.6, 72.0, 70.6 and 61.0 ppm from the *C
spectrum. These resonances, together with the high coupling constant value (10.44 Hz)
observed that could be due to bond electrons’ interaction of H-1" with H-2’ (indicative of cis-
configuration), suggested a a-glucopyranose sugar moiety in the molecule (Lemieux and
Koto, 1974; Serianni and Barker, 1984; Mattias et al., 2008). The a-glucopyranose linkage
and ester carbonyl carbon mentioned earlier further suggested two other substituent groups on
the benzene ring. Thus, confirming the presence of five substituents on the ring; three OH
groups, a sugar linkage and CO as substituent (Figure 4.70).

NMR spectral information obtained from the *H and *3C NMR spectra were supported with
the data acquired from the 2D NMR experiments. HMBC cross-peak correlation of the ester
carbonyl carbon (COOMe) with H-6 established the CO-C-1-C-6 connectivity on the
structure. This correlation is a confirmation of the position (C-1) at which the ester group
connects itself on to the benzene ring. Correlation of OMe protons to C-2 in HMBC spectrum
confirmed Me-O-0-C-C-1-C-2 connections. C-4-C-5-C-6 and C-3-C-2-C-1-C-6 connectivity,
that confirmed the phenyl ring structure, were observed due to the correlations: C-4/H-6 and
C-3/H-6 from the HMBC. Carbon-proton through bond HMBC correlations of C-1"/H-6 and
C-2/H-1" established C-1'-C-4-C-5-C-6 and C-1'-C-4-C-3-C-2 connectivity and hence
confirmed the linkage of the sugar onto the aromatic ring. Key HMBC data were also
observed to confirm the presence of the sugar moiety: C-3'/H-2', C-1"/H-3’, C-3'/H-4', C-
6'/H-5" and C-5'/H-4' establishing C-1-C-2-C-3-C-4-C-5-C-6 linkage and thus confirming the
hexose sugar skeleton. Correspondingly, C-6/H-6, C-1"/H-1’, C-2'/H-2’, C-3'/H-3', C-4'/H-4’,
C-5'/H-5" and C-6'/H-6' correlations were established for the aromatic proton and the sugar
moiety from the HSQC experimental data. Through bond H'-H' COSY interaction of H-1’
with H-2' confirmed the bond linkage of H-1' with H-2'.This neighborhood was further

supported due to NOE in-space interaction of H-1’ with H-2" observed from the NOESY
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spectrum. Furthermore, H-2'/H-3', H-3'/H-4' and H-4'/H-5' observed from the COSY
confirmed the through bond correlations of H-2' with H-3’, H-3" with H-4' and H-4' with H-5'
on the sugar (Figure 4.72 to 4.75).

In summary, both the spectroscopic data information obtained and those of similar
compounds searched in literature (Lemieux and Koto, 1974; Serianni and Barker, 1984;
Mattias et al., 2008), also as tabulated in Table 5.7, enabled C2 to be determined as

2, 3, 5-trihydroxymethylbenzoate-a-D-glucopyranose (30).This molecule has not been
reported (to the best of our knowledge) from either plant or animal source. Thus, this is the
first report on this molecule and therefore considered a novel structure from nature (plant

source).
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(30)

Table 5.7: Comparison of the Observed *H-NMR (400 MHz) and *C-NMR (100 MHz)
Spectra of Compound C2 in DMSO-d6 with the Reported Values (3) of a-
Glucopyranose Moiety (*H-NMR : 400 MHz & *C-NMR : 100 MHz) in D,0O

Observed Data Reported Data*
Position oc 8n (ppm) oc 8n (ppm)
(ppm) (ppm)
Phenyl ester moiety
1 115.9
2 140.5
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[op 3N &) BE N 00}

CO
Sugar moiety
ll
2/

3I
4/

5!

6/
OMe

147.9
117.9
150.9
109.4
163.3

72.0
79.7
73.6
70.6
81.7
61.0
59.7

6.97 (LH s, H-6)

4.97 (L H ,d, J = 10.44, H-1")
400 (1H t,J=9.72,H-2)
3.65 (1H,dd J = 8.80,14.16, H-3)
3.20(1H ,d, J = 8.96,14.76, H-4")
3.57(1H t, J=8.16, H-5"
3.84 (2H d, J = 2.44,14.16, H-6")

92.9
72.2
73.4
70.3
72.1
61.3

5.21
3.52
3.69
3.39
3.82
3.82

Mattias et al., (2008) *.

5.6 Antimicrobial Studies of the Plant Extracts and the Isolated Compounds

The results of the antimicrobial studies on the crude plants extracts and the newly isolated

compounds are remarkable.

The crude plant extracts generally recorded highest activity against the fungi (Cryptococcus
neoformans, Candida albicans, Candida tropicalis and Aspergillus niger) tested. Low MICs
suggest that the compounds have good activity against the susceptible organisms; compounds
with MICs less than 100ug/ml are regarded as having strong antimicrobial potentials (Tang et

al., 2003). All the MICs, against the fungi tested, for the crude extracts were below 100
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pg/ml except for the extracts of Cissus sokodensis against Candida tropicalis (100 pg/ml),
hexane extract of Ampellocissus grantii against Candida albicans (200 pug/ml) and Candida
tropicalis(100 pg/ml), and Ampellocissus grantii DCM extract against Candida albicans
(200 pg/ml); Cissus crinita’s DCM extract against Aspergillus niger (100 pg/ml) and EtOAc
extract of the same plant against candida tropicalis and Aspergillus niger (100 pg/ml).The
highest antifungal activity (lowest MIC) was observed from Cissus sokodensis’ methanolic
extract (12.5 pg/ml); and this extract was the most active against all the test organisms
compared with others.This was followed by the ethyl acetate extract of Ampellocissus grantii
which was the most active against Escherichia coli with MIC:25 pg/ml.Other extracts with
closer activity include Cissus sokodensis’ DCM and EtOAc extracts; Cissus crinita’s DCM,
EtAOc and MeOH extracts. It can also be observed from the result that the most ative
extracts are the polar ones (either the ethylacetate or the methanol), as shown in Table
4.3.This is not surprising because these extracts contain molecules with heteroatoms (like

oxygen) that could confer pharmacological activity on them.

The newly isolated compounds, namely: 15-hydroxymethyl-16-methylheptadecylferulate,

3-hydroxymethyl-5-methyl-16-oxoheptadecylferulate, 2, 3, 5-trihydroxymethylbenzoate-4-
methylene-a-D-glucopyranose and 2, 3, 5-trihydroxymethylbenzoate-a-D-glucopyranose,
demonstrated very good pharmacological activity with MICs below 100 pg/ml. The isolated
compounds are most active against the fungi on a general note. The highest antifungal
activities (MIC:6.25 pg/ml) were recorded against Cryptococcus neoformans and Aspergillus
niger, and Candida albicans by G3, and by both S3 and C3.Considering all the isolates, the
most active antifungal was G3 this was followed by both S3 and C2; and the least was G4. In

corroboration with the activity demonstrated by the ethyl acetate extract of Ampellocissus
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grantii (which was the most active against Escherichia coli, a gram negative bacterium, with
MIC: 25 pg/ml), G4 (that was isolated from the same extract) proved to be most active
against the stated organism.Thus, this activity could be due to the presence of this compound
in the plant extract. G3 just like C2 also showed good actibacterial activities (MIC: 25 pg/ml)
against Escherichia coli and Staphylococcus aureus.

The pharmacological activity of the plants’ extracts revealed the potentialities of the plants to
treat diseases associated with the microorganisms investigated. The biological activity results
showed the potentials of the plants to treat bacterial related diseases: pneumonia and urinary
tract infections caused by Escherichia coli and Pseudomonas aeruginosa (Garry et al., 2014;
Teiji, 2014); ear infections, rashes (dermatitis) and skin lesion ecthyma gangrenosum caused
by Pseudomonas aeruginosa (Rahme et al., 1995; Fine et al., 1996); diarrheal diseases and
meningitis implicated by Escherichia coli (James et al., 2004); lower respiratory tract
infections, cardiovascular infections, skin, wound and deep tissue infections, pneumonia,
endocarditis and septicaemia diseases associated with Staphylococcus aureus pathogen

(Eili et al., 2007; Lisa, 2013). Since Ampellocissus grantii was found to be active against
Escherichia coli and Staphylococcus aureus which are responsible for diarrheal diseases,
wound and deep tissue infections; it is therefore an evidence that the plant contains
compound(s) that could be use to treat these diseases and this is inline with tradomedicinal
uses of Ampellocissus grantii which is used to treat diarrheal and wound infections. Also the
traditional use of the plants to treat fever was scientifically validated because the plants were
active against Escherichia coli and Staphylococcus aureus which have been implicated for
meningitis and lower respiratory tract infections and other ailments associated with the test
organisms, that leads to fever (James et al., 2004; Eili et al., 2007; Lisa, 2013; Garry et al.,

2014; Teiji, 2014).
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Invasive fungal infections like Candidiasis, Aspergillosis and Cryptococcosis caused by
Candida albicans, Aspergillus niger and Cryptococcus neoformans are common and known
(Carol, 1998). In the study of opportunistic fungal infections in HIVV/AIDS patients Bharathi
and Usha Rani (2011) reported that Candida albicans, Aspergillus niger and Cryptococcus
neoformans were implicated for pulmonary infections. Additionally, Cryptococcus
neoformans is the cause of the most common life-threatening meningitis in HIV-positive
patients (Michaels et al., 1999). Some strains of A. niger produces a potent mycotoxin called
ochratoxins A; a human carcinogen found in grains and wine products (Samson et al., 2004;
Schuster et al., 2002).Thus, since both the plants’ extracts and the newly isolated compounds
demonstrated a very strong activity against Aspergillus niger (Table 4.5 and Table 4.6), it is
an indication that the plants contain chemical entities that can serve as anticancer agents.
Hence, this might be a scientific proof to validate the plants’ usage as anticancer agents in

ethnomedicine.

5.7 The Anticancer Potentialities of the Compounds Isolated from the Plants

Anticancer analyses of both the crude extracts of the plants and the isolates supposed to be
carried out in line with the traditional use of the plants and some of the objectives of the
research. However, due to paucity of material and lack of facilities for the analyses, it was not
conducted.Therefore as alternative; literature search was done on the chemical substances
isolated from the plants. Consequently, literature searched showed that all the known
compounds isolated were reported to have anticancer activity (Kahlos et al., 1987; Zhao et
al., 2009; Baskar et al., 2010; Yan et al., 2010). Furthermore, the newly isolated molecules,
when compared with structures of their derivatives (to relate their structures with anticancer
activity), have moieties in them with strong anticancer potentials (Li et al., 2009; Pan et al.,

2010; Pan et al., 2011; Hui-zhen et al., 2014).
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[-sitosterol (for example) was isolated from all the three plants studied, and this compound
inhibits growth of HT-29 human colon cancer cells by activating the sphingomyelin cycle
(Awad et al., 1998) and also induces apoptosis in LNCaP human prostate cancer cells (von
Holtz et al., 1998), stimulates apoptosis in MDA-MB-231 human breast cancer cells in vitro
and inhibits growth and metastasis of MDA-MB-231 in SCID mice (Awad et al., 1996;
2000a,b,c; 2001a,b; 2003).1t also inhibits the growth and metastasis of human prostate cancer
PC-3 cells, in vitro and in SCID mice (Awad et al., 2001b). Induces apoptosis by stimulating
Bax and activation of caspases in the HT116 human colon cancer cells (Choi et al.,
2003).Induces apoptosis in MCA-102 murine fibrosarcoma cells by activation of ERK and
the downregulation of Akt (Moon et al., 2007; 2008). Inhibits cell growth and induces
apoptosis in SGC-7901 human stomach cancer cells in vitro (Zhao et al., 2009). It showed
significant dose-dependent growth inhibition, suppressed expression of beta-catenin and
PCNA antigens in human colon cancer cells COLO 320 cells in vitro. Feeding beta-sitosterol
also caused a dose dependent reduction in the number of aberrant crypt and crypt multiplicity
in DMH-initiated rats with no toxic effects (Baskar et al., 2010).These reports on the
experimentally verified anticancer properties of the known isolate (B-Sitosterol), are scientific
evidences that the plants studied contain compounds with anticancer properties and hence

proving the folkloric claim of the usage of the plants in managing cancers.

Oleanolic acid (a known compound isolated from Cissus sokodensis rhizome) causes a dose
and a time dependent cell kill of the human colon carcinoma cell line HCT15.It inhibits
proliferation and arrested the cells in GO/G1 phase (Li et al., 2002). It induces apoptosis in
human leukemia cells HL60 through caspase activation (Zhang et al., 2007). It also
selectively inhibits growth of ras oncogene-transformed R6 cells (Wu et al., 2009). Again it
induces apoptosis in human liver cancer HepG2, Hep3B, Huh7 and HA22T cell lines (Yan et

al., 2010). Similarly it inhibits growth of ascitic tumors in mice (Hsu et al., 1997). Also
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inhibits tumor promotion in mouse skin (Tokuda et al., 1986). Likewise it inhibits
azoxymethane (AOM)-induced colonic aberrant crypt foci and multi-crypt aberrant crypt/foci
in a dose dependent manner (Janakiram et al., 2008). It also suppresses preneoplastic lesions
induced by 1, 2-dimethylhydrazine in rat colon (Furtado et al., 2008).

Betulin (a known compound isolated from Ampellocissus grantii’s rhizome) was tested
against Walker 256 carcinosarcoma and MCF-7 human mammary adenocarcinoma in vitro,
and leukemia P 388 in vivo and showed activity comparable to inotodiol (Kahlos et al.,
1987).Tumour inhibition with activity against human epidermoid carcinoma of the
nasopharynx in vitro (Miles et al., 1974) and Walker 256 (5SWA16) tumour system (Sheth et

al., 1973) was also recorded.

Considering the newly isolated molecules G3 and G4 (Figures: 5.3-5.4), both have
phenylpropanoid moiety in them and compounds with this moiety have been reported to
posses anticancer properties (Prateek, 2011; Eli et al., 2012; Eleni et al., 2014). Furthermore,
phenylpropanoid esters, as observed in G3 and G4, indicated good anticancer capabilities
(Kheng et al., 2011). Additionally, phenyl group with hydroxyl-methoxy moieties at ortho
positions represent good anticancer activity (Li et al., 2009; Pan et al., 2010; Pan et al.,
2011). G3 and G4 have long aliphatic methylene group chain, and these groups showed better
anticancer properties compared to phenylpropanoid esters without such groups (Hui-zhen et
al., 2014).

S3 and C2 (the new compounds isolated from Cissus sokodensis and Cissus crinita)
derivatives have shown remarkable anticancer properties.The sugar moiety in the compounds
enhances cancerous cells inhibition (Eli et al., 2012). In addition, the substitution of the three
protons on the benzene ring by the hydroxyl groups on S3 and C2 structures and the presence

of the ester group confer anticancer activity on the class of compounds the molecules belong
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to (Raina et al., 2008; Chen et al., 2009; Kaur et al., 2009; Lo et al., 2010; Reddivari et al.,
2010).

The demonstration of anticancer activity of the derivatives of the new isolates is an indication
that the new compounds (because of similar structure to those of their derivatives) may
possess anticancer properties.Therefore; this could be reason to validate the use of the plants

studied in traditional medicine for the treatment or management of cancers.

CHAPTER SIX

6.0 SUMMARY, CONCLUSION AND RECOMMENDATIONS

6.1 Summary

Cissus sokodensis, Cissus crinita and Amepelocissus grantii were collected from Hilly-
mountainous sites of Sabon-Gari Local Government Area in Kaduna State-Nigeria in the year
2012 during rainy season.These plants are mainly used, in folk medicine, for the treatment of
cancer, fever, diarrhea and wound infections.The stated plants were not phytochemically
analysed before this study to the best of our knowledge.

Cold extraction maceration using hexane, DCM, EtOAc and MeOH were successively used
to extract the phytocompounds in the plants. Extracts obtained were concentrated under
reduced pressure and dried at room temperature.The extraction yielded highest with more

polar solvents (EtOAc and MeOH) indicating higher polar metabolites’ quantity. Preliminary
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phytochemical screening of the crude plants’ extracts carried out revealed the presence of
steroids/terpenoids, flavonoids, tannins, saponins and anthraquinones in the plants’ rhizomes.
Chromatographic techniques, mainly silica gel column chromatography, was used for the
isolation of compounds from the plants’ extracts.Compounds isolated were analysed for
structure elucidations, using spectroscopic tools, majorly 1D and 2D NMR experiments. Nine
chemical compounds were isolated from the plants: B-sitosterol, betulin,
15-hydroxymethyl-16-methylheptadecylferulate and 3-hydroxymethyl-5-methyl-16-
oxoheptadecylferulate from Ampelocissus grantii, B-sitosterol, oleanolic acid and 2,3,5-
trihydroxymethylbenzoate-4-methylene-a-D-glucopyranose from Cissus sokodensis and two,
B-sitosterol and 2,3,5-trihydroxymethylbenzoate-a-D-glucopyranose from Cissus crinita.
Four of these compounds: 15-hydroxymethyl-16-methylheptadecylferulate,
3-hydroxymethyl-5-methyl-16-oxoheptadecylferulate, 2, 3, 5-trihydroxymethylbenzoate-4-
methylene-a-D-glucopyranose and 2, 3, 5-trinydroxymethylbenzoate-a-D-glucopyranose, are
novel, not reported prior to this report, from natural source.

Pharmacological studies on the plants’ crude extracts and the novel isolates against some
clinical bacteria (gram negative and gram positive) and fungi isolates [Staphylococcus
aureus, Bacillus subtilis (Gram positive bacteria), Escherichia coli, Pseudomonas aeruginosa
(Gram negative bacteria), Cryptococcus neoformans, Candida albicans, Candida tropicalis,
Aspergillus niger (fungi)] showed moderate to good activity against the organisms tested.
Both the extracts and isolates showed highest activity against the fungi tested. Activity
recorded by the new isolates’ was generally higher compared to those of the
extracts.Fungitoxicity exhibited by all the plants against Aspergillus niger is an indicator for
anticancer potency of the plants.This is because this fungus produces carcinogen capable of
causing cancer (Samson et al., 2004; Schuster et al., 2002).Thus, this supports the use of the

plants to treat cancer in ethnomedicine.Generally, the antimicrobial activity exhibited by the
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plants is a scientific evidence that supports the tradomedicinal use of the plants to treat fever,
and use of Ampellocissus grantii to treat diarrhea and wound infections.The activity also
indicates the isolates’ potentials of possible utilization as lead compounds in the development
of more effective antibacterial/antifungal agents.

Although the anticancer studies of both the crude extracts and isolates in line with
ethnomedicinal use of the plants were not carried out, but literature has shown that all the
known isolates have anticancer properties, further the newly isolated molecules have
structures with anticancer potentialities. Hence, the studied plants contain compounds that
have anticancer property thus the studies validates the use of the plants in the
management/treatment of cancers in traditional medicine.

6.2 Conclusion

Conclusively, the research objectives have been achieved. Four new chemical entities were
discovered from the plants (15-hydroxymethyl-16methylheptadecylferulate, 3-
hydroxymethyl-5-methyl-16-oxoheptadecylferulate, 2, 3, 5-trinydroxymethylbenzoate-a-D-
glucopyranose and 2, 3, 5-trihydroxymethylbenzoate-4-methylene-a-D-glucopyranose) and
these have structure related activity typical of drugs used in the management of cancer. In
addition to these, five known compounds (three B-sitosterols; one from each plant, betulin
and oleanolic acid) were isolated for the first time from the plants, giving a total of nine
molecules isolated. Literature has shown that all the known compounds isolated have
anticancer properties; further the newly isolated molecules have moieties in their structures
with anticancer potentialities. Hence, the studied plants contain compounds that have
anticancer property. The presence of the compounds isolated suggests that the plants contain
chemical compounds that could possess both anticancer and antimicrobial properties.

Therefore, these compounds may have been responsible for the anticancer and antimicrobial
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effects the plants have been said to possess in ethnomedicine and hence the folklore usage of
the plants in the management of cancers and bacterial/fungi diseases are said to be validated.
Recommendations

Further work to isolate other bioactive compounds, most especially in the plants’ methanol
extracts, needs to be done.This will be required inview of the widespread prevalence of

opportunistic fungal infections associated with Tuberclosis and HIVV/AIDS infections.

In vitro and in vivo anticancer/toxicities studies of the new phytochemicals could be carried
out to confirm their potentialities of serving as anticancer agents.

The molecules isolated (most especially the novel ones) could serve as leads for synthesis of

other pharmacophores with better cytotoxic, bactericidal and fungicidal activities.

Pharmacokinetics and pharmacodymics studies of the novel phytocompounds and their

analogues followed by other clinical trials are highly encouraged.

169



REFERENCES

Adarshkrishna, T.P., Ajeeshkrishna, T.P., Sanyo Raj, V.N., Juliet, S., Nair, S.N., Ravindran,
R. and Sujith, S. (2013). Evaluation of phytochemical constituents and proximate
contents of the ethanolic leaf extract of Tetrastigmaleucostaphylum (Dennst.) Alstone
(Vitaceae) found in Western Ghats of Kerala, India. Research Journal of
Pharmaceutical Science, 2(10):1-6.

Aderbauer, B., Clausen, P.H., Kershaw, O. and Melzig, M.F. (2008). In vitro and in vivo
trypanocidal effectoflipophilicextractsofmedicinalplantsfromMaliand Burkina Faso.
Journal of Ethnopharmacology, 1192: 225-231.

Akan, H., Korkut, M.M. and Balos, M. M. (2008). An ethnobotanical study around Arat
Mountain and its surroundings (Birecik Sanliwurfa). Firat University Journal of
Science and Engineering, 20: 67-8.

Angiosperm Phylogeny Group (APG I11). (2009). An update of the Angiosperm Phylogeny
Group classification for the orders and families of flowering plants: APG IlI.
Botanical Journal of the Linnean Society, 161: 105-121.

Anjoo, K. and Ajay, K. S. (2011). Isolation of Stigmasterol and (3-sitosterol from Petroleum
Ether Extract of Aerial Parts of Ageratum Conyzoides (Asteraceae). International
Journal of Pharmacy and Pharmaceutical Sciences, 3(1): 94-96.

Anonymous. (2014).Captopril, Capoten: Drug Facts, Side Effects.Blood pressure. Retrieved
from http://www.medicinenet.com/captopril/article.htm . On 27/08/2015

Anonymous. (2014). Catharanthus roseus. http://www.nybg.org/bsci/belize/gallery.html
.accessed on 08/01/14.

Anomymous. (2002).Cancer facts and figures, 2002.In American Cancer Society. Retrieved
from http://www.cancure.org/statistics.htm

Anonymous. (2008).Cancer. Encyclopeadia Britannica.

Antonio, A.M. and Druse, M. J. (2008). Antioxidants prevent ethanol-associated apoptosis in
fetal rhombencephalic neurons. Brain Research, 1204: 16-23.

170


http://www.medicinenet.com/captopril/article.htm%20.%20On%2027/08/2015
http://www.nybg.org/bsci/belize/gallery.html%20%09.accessed%20on%2008/01/14
http://www.nybg.org/bsci/belize/gallery.html%20%09.accessed%20on%2008/01/14

Attawish, A., Chivapat, S., Chuthaputti, A. and Punyamong, S. (2002). Sub chronic Toxicity
of Cissus quadrangularis (Linn.). Sangkalarin Journal of Science and Technology,
24(1), 39-42.

Austin A., Kannan R. and Jagadeesan, M. (2004).Pharmacognostical studies on Cissus
quadrangularis L. variant | and Il. Ancient Science of Life, 23 (4), 33-47.

Awad, A.B., Chen, Y.C. and Fink, C.S. (1996). B-Sitosterol inhibits HT-29 human colon
cancer cell growth and alters membrane lipids. Anticancer Research, 16, 2797-804.

Awad, A.B., Downie, A. and Fink, C.S. (2000c). Dietary phytosterol inhibits the growth and
metastasis of MDA-MB-231 human breast cancer cells grown in SCID mice.
Anticancer Research, 20, 821-4.

Awad, A.B., Downie, A.C. and Fink, C.S. (2000a). Inhibition of growth and stimulation of
apoptosis by beta-sitosterol treatment of MDA-MB-231 human breast cancer cells in
culture. International Journal of Molecular Medicine, 5, 541-5.

Awad, A.B, Fink, C.S. and Williams, H. (2001a). In vitro and in vivo (SCID mice) effects of
phytosterols on the growth and dissemination of human prostate cancer PC-3 cells.
European Journal of Cancer Prevention, 10, 507-13.

Awad, A.B., Gan, Y. and Fink, C.S. (2000b). Effect of beta-sitosterol, a plant sterol, on
growth, protein phosphatase 2A, and phospholipase D in LNCaP cells. Nutrition and
Cancer, 36, 74-8.

Awad, A.B., Roy, R. and Fink, C.S. (2003). Beta-sitosterol, a plant sterol, induces apoptosis
and activates key caspases in MDAMB-231 human breast cancer cells. Oncology
Reports, 10, 497-500.

Awad, A.B., von Holtz, R.L. and Cone, J.P. (1998). Beta-Sitosterol inhibits growth of HT-29
human colon cancer cells by activating the sphingomyelin cycle. Anticancer
Research, 18, 471-3.

Awad, A.B., Williams, H. and Fink, C.S. (2001b). Phytosterols reduce in vitro metastatic
ability of MDA-MB-231 human breast cancer cells. Nutrition and Cancer, 40, 157-
64.

Balunas, M.J. and Kinghorn, A.D. (2005). Drug discovery from medicinal plants. Life
Sciences, 78, 431-441.

Baskar, A.A., Ignacimuthu, S. and Paulraj, G.M. (2010). Chemopreventive potential of beta-
Sitosterol in experimental colon cancer model - an In vitro and In vivo study. BMC
Complementary and Alternative Medicine, 10, 24.

Batista, R., De Jesus Silva Junior, A. and de Oliveira, A. B. (2009). Plant-derived

antimalarial agents: New leads and efficient phytomedicines. Part Il. Non-alkaloidal
natural products. Molecules, 14, 3037-3072.

171



Bharathi, M. and Usha Rani, A. (2011). Pathogenic fungal isolates in sputum of HIV
positive patients.Journal of AIDS and HIV Research, 3(6):107-113.

Bhutani, K.K., Kapoor, R. and Atal, C.K. (1984).Two unsymmetric tetracyclic triterpenoids
from Cissus quadrangularis. Phytochemistry, 23(2), 407— 410.

Birgit A.B, Peter-Henning, Clausen, B., Olivia, K. and Matthias, F. M. (2008). In vitro and in
vivo trypanocidal effect of lipophilic extracts of medicinal plants from Mali and
Burkina Faso, Journal of Ethnopharmacology, 119:225-231.

Bizimana, N.,Tietjen,U., Zessin, K.H., Diallo, D., Djibril,C., Melzig, M.F. and Clausen, P.
H.(2006). EvaluationofmedicinalplantsfromMalifortheir in vitro and in vivo
trypanocidal activity. Journalof Ethnopharmacology, 1033, 350-356.

Bouquet, A. (1969). Féticheurs et Médicines traditionelles du Congo (Brazzaville), in Mem.
Office de la recherché scientifique et technique outremer,13.

Brotherton, J.G.H. (1969). The Nomadic Fulani. — Nigerian Field, 34, 126-136.

Burkill, H.R.M. (2000). The Useful Plants of West Tropical Africa. London: Royal Botanic
Gardens, Kew. Vol.5 p. 287 and pp 293-297.

Canalis, H., McCarthy, T. and Centrella, M. (1998).Growth factors and the regulation on
bone remodelling. Journal of Clinical Investigation, 81, 277-281.

Caniato, R. and Puricelli, L. (2003). Review: Natural antimalarial agents (1995-2001).
Critical Reviews in Plant Sciences, 22, 79-105.

Carol, A. and Kauffman, M.D. (1998). Fungal Infections in immunocompromised Hosts:
Focus on Epidemiologic Aspects of Infection. National Foundation for Infectious
diseases, Michigan,1, 4

Chabner, B. A., Amrein, P. C., Druker, B., Michaelson, M. D., Mitsiades, C. S., Gross, P. E.
...... and Wilson, W. H. (2005). In Goodman & Gilman ’sThe Pharmacological Basis
of Therapeutics, 11th ed., L. L. Brunton, J. S. Laso, K. L. Parker (Eds.),McGraw-Hill,
New York. pp. 1315-1403.

Cheikna, Z., Lamoussa, P. O., Aly, S., Souleymane, S., Nicolas, B., Jean, K., Issa, N. and
Alfred, S.T. (2011). In vitro Antiplasmodial Activity of Some Medicinal Plants Used
in Folk Medicine in Burkina Faso Against Malaria, Current Research Journal of
Biological Sciences, 3(3): 216-222.

Chen, H.M., Wu, Y.C. and Chia, Y.C. (2009). Gallic acid, a major component of Toona
sinensis leaf extracts, contains a ROSmediated anti-cancer activity in human prostate
cancer cells.Cancer Letters, 286, 161-71.

Chin, Y. W., Balunas, M. J., Chai, H. B. and Kinghorn, A. D. (2006). Drug discovery from
natural sources. Aaps Journal, 8, 239—-253.

Choi, Y.H., Kong, K.R. and Kim, Y.A. (2003).Induction of Bax and activation of caspases

172



during beta-sitosterol-mediated apoptosis in human colon cancer cells. International
Journal of Oncolology, 23, 1657-62.

Chopra, R.N., Nayar, S.N. and Chopra, I.C. (1999). Glossary of Indian Medicinal Plants,
Council for Scientific and Industrial Research publication, 66-67.

Chopra N.N., Chopra I.C., Handa K.L. and Kapur L.D. (1958). Cissus quadranglularis:
Indigenous Drugs of India, 2, 669-670.

Chopra, S.S., Patel M.R. and Awadhiya, R.P. (1976). Studies of Cissus quadrangularis in
experimental fracture repair: a histopathological study, Indian Journal of Medical
Research, 64(9):1365-1368.

Chopra, S.S., Patel, M.R., Gupta, L.P. and Datta, I.C. (1975). Studies on Cissus
quadrangularis in experimental fracture Repair: Effect on Chemical Parameters in
Blood. Indian Journal of Medical Research, 63, 6.

Cohen, J., Matetskov, C.J., Marshall, J.M. and William, J.W. (1957). Radioactive calcium
tracer studies in bone grafts. Journal of Bone and Joint Surgery, 39, 561-77.

Consolacion, Y., R. and Kathleen, L. (2005).Secondary Metabolites from Schefflera odorata
Blanco. Philippine Journal of Science, 134 (1): 63-67.

Cortes, J. and Baselga, J. (2007).Targeting the microtubules in breast cancer beyond taxanes:
The epothilones. Oncologist, 12, 271-280.

Cornacchione, S., Sadick, N.S., Neveu, M., Talbourdet, S., Lazou, K., Viron, C. .... and
Perrier, E.. (2007). In vivo skin antioxidant effect of a new combination based on a
specific Vitis vinifera shoot extract and a biotechnological extract. Journal of Drugs
Dermatology,6, 8-13.

Cospite, M. (1994). Double-blind, placebo-controlled evaluation of clinical activity and
safety of Daflon® 500 mg in the treatment of acute haemorrhoids. Angiology, 45,
566-573.

Cragg, G.M., Grothaus, P.G. and Newman, D.J. (2009).Impact of natural products on
developing new anti-cancer agents.Chemical Reviews, 109, 3012-3043.

Cragg, G.M. and Newman, D.J. (2013).Natural products: A continuing source of novel drug
leads. Biochimica et Biophysica Acta (BBA) - General Subjects, 1830, 3670-3695.

Dalziel, J.M. (1937). The Useful Plants of West Tropical Africa. London: Crown Agents for
the Colonies. pp 300-1.

Das, S. and Das, D.K. (2007). Anti-inflammatory responses of resveratrol. Inflammatory
Allergy Drug Targets, 6,168-173.

Deka DK., Lahon LC., Saikia J. and Mukit, A. (1994). Effect of “Cissus quadrangularis in

accelerating healing process of experimentally fractured radius-ulna of dog”. Indian
Journal of Pharmacology, 26(1):44-45.

173



Dela, P.R., Martinez-Dominguez , E. and Ruiz-Gutierrez, V. (2000). Effect of minor
components of virginolive oil on topical anti-inflammatory assays. Zetschrift Fur
Naturforschong, 55, 814-819.

de la Lastra, C.A. and Villegas, I. (2007). Resveratrol as an antioxidant and pro-oxidant
agent: mechanisms and clinical implications. Biochemical Society Transactions, 35,
1156-1160.

Del Pozo-Insfran, D., Balaban, M.O. and Talcott, S.T. (2006). Microbial stability,
phytochemical retention, and organoleptic attributes of dense phase CO2 processed
muscadine grape juice. Journal of Agricultural and Food Chemistry, 54, 5468-5473.

Diana, G., Catanzaro, M., Ferrara, A. and Ferrari, P. (2000). Activity of diosmin in the
treatment of hemorrhoids, Clinica Terapeutica, 151(5):341-344.

Dev, S. (1999). Ancient-modern concordance in ayurvedic plants: Some examples.
Environmental Health Perspectives, 107:783—789.

Drahl, C., Cravatt, B.F. and Sorensen, E.J. (2005). Protein-reactive natural products.
Angewandte chemie, International Edition in English, 44, 5788-5809.

Du, Y., Guo, H. and Lou, H. (2007). Grape seed polyphenols protect cardiac cells from
apoptosis via induction of endogenous antioxidant enzymes. Journal of Agricultural
and Food Chemistry, 55, 1695-1701.

Ekarin, S., Charlesj, K. and Nd John, A. D. L. (1983). Constituents of the Leaves of Cissus
Rheifolia. Journal of Natural Products, 46(3):253-258.

Eili, K., David, L.S. and Ramanan, L. (2007). Hospitilization and deaths caused by
Methicillin-Resistant Staphylococcus aureus, United States, 1999-2005. Emerging
Infectious Diseases, 13, 12.

Eleni, P., Dimitra H., L., Konstantinos, L. and George, G. (2014). Novel Cinnamic Acid
Derivatives as Antioxidant and Anticancer Agents: Design, Synthesis and Modeling
Studies Molecules, 19, 9655-9674.

Eli, H., Eviatar, N., Ephraim, P. L., Shifra, L. and Anupam, B. (2012).Anticancer attributes
of desert plants: a review. Anti-Cancer Drugs, 23(3):255-271.

Enechi, O.C. and Odonwodo, 1. (2003). An assessment of the Phytochemical and Nutrient
composition of the pulverized root of Cissus quadrangularis. Bio- Research, 1(1), 63-
68.

Etuk, E. U., Ugwah, M. O., Ajagbonna, O. P. and Onyeyili, P. A. (2009). Ethnobotanical
survey and preliminary evaluation of medicinal plants with antidiarrhoea properties in
Sokoto state, Nigeria. Journal of Medicinal Plant Research, 3(10): 763-766.

Fansworth, N.R. (1984). How can the well be dry when it is filled with water? Economic
Botany, 38, 4-13.

174



Fansworth, N.R, Akerelre, O., Bingel, A.S., Soejarto, D.D. and Guo, Z.G. (1985). Medicinal
plants in therapy. Bulletin of the World Health Organisation, 63,965-981

Farnsworth, N. R., Akerele, O., Bingel, A. S., Soejarto, D. D. and Guo, Z. (1991).Global
importance of medicinal plants. In The Conservation of Medicinal Plants.

Felicio, R., da, S., Santos, E. and Gongalez, J.D. (2001). Chemical Constituents from Vitis
Vinifera (Vitaceae). Arquivos do Instituto Biologico, Sdo Paulo, 68(1), 47-50.

Ferreira, S.H., Moncada, S. and Vane, J.R. (1973). Prostaglandins and the mechanism of
analgesia produced by aspirin-like drugs, British Journal of Pharmacology, 49, 86—
97.

Ferrandiz, M.L. and Alcaraz, M.J. (1991). Anti-inflammatory activity and inhibition of
arachidonic acid metabolism by flavonoids. Agents and Actions, 32 (3—4), 283-288.

Fine, M.J., Smith M.A. and Carson, C.A. (1996). Prognosis and outcomes of patients with
community acquired pneumonia.A meta-analysis. Journal of American Medical
Association, 275(2):134-141.

Furtado, R.A., Rodrigues, E.P. and Aradjo, F.R. (2008). Ursolic acid and oleanolic acid
suppress preneoplastic lesions induced by 1, 2-dimethylhydrazine in rat colon.
Toxicology Pathology, 36,576-80.

Gabriel, A.A., Oben, J. E., Ngogang, J. Y., Xinxing, C. and Vinson, J.A (2005).Antioxidant
Capacity of Some Herbs/spices from Cameroon. A Comparative study of two
Methods. Journal of Agricultural and Food Chemistry, 53, 6819-6824.

Gaillard, P.J. (1972). Proc. Kon., Ned. Akad., Westenchap. Ser., In: Bourne GH, ed.
Biochemistry andphysiology of bone, New York and London: Academic Press. p337.

Garima, M., Saurabh, S., Nagori, B.P. and Swami, V. (2010). Pharmacological and
Therapeutic Activity of Cissus quadrangularis: An Overview. International Journal
of PharmTech Research, 2(2):1298-1310.

Garry, L. Sean, P.G. and Brendan, F.G. (2014). Biomolecular mechanisms of Pseudomonas
aeruginosa and Escherichia coli biofilm formation. Pathogens, 3, 597.

Genant, H.K., Baylink, D.J. and Gallagher, J.C. (1998). Estrogens in the prevention of
osteoporosis in post menopausal women. American Journal of Obsteterics and
Gynaecology, 161: 1842-1846.

George, R., Pettit,V., Mukku, J. R. V., Gordon, C., Delbert, L., Herald, J. C.,...and Jean-
Charles, C. (2008). Antineoplastic Agents. 558. Ampelocissus sp. Cancer Cell Growth
Inhibitory Constituents. Journal of Natural Products, 71, 130-133.

Gerrath, J. M. and Posluszny, U. (2007). Shoot architecture in the Vitaceae. Canadian
Journal of Botany , 85: 691-700.

Ghias, U., Waliullah, B. S. S., Muhammad, A. A. S., Ashfaq, A. and A.U. (2011).Chemical
Constituents and Phytotoxicity of Solvent Extracted Fractions of Stem Bark of

175



Grewia optiva Drummond ex Burret. Middle-East Journal Scientific Research, 8 (1):
85-91.

Gilg, E. (1896). Vitaceae. In A. Engler and K. Prantl [eds.], Die Naturlichen
Pflanzenfamilien. Engelmann, Leipzig.pp 427-456.

Gupta, M.M. and Verma, R.K. (1991). Lipid constituents of Cissus quadrangularis.
Phytochemistry, 30(3):875-878.

Haefner, B. (2003). Drugs from the deep: Marine Natural Products as Drug Candidates. Drug
Discovery Today, 8: 536—544.

Haerdi, F. (1964). Die Eingeborenen-Heilpflanzen des Ukanga-Distriktes Tanganjikas
(Ostafrica). Acta Tropica, 8, 1-278.

Hakimuddin, F., Paliyath, G. and Meckling, K. (2004). Selective cytotoxicity of a red grape
wine flavonoid fraction against MCF-7 cells. Breast Cancer Research and Treatment,
85:65-79.

Hamilton-Miller, J.M.T. and Shah, S. (2000). Activity of the tea component epicatechin
gallate and analogues against methicillin-resistant Staphylococcus aureus. Journal of
Antimicrobial Chemotherapy, 46, 852-853.

Harbone, J. B. (1984): Phytochemical methods: A guide to modern techniques in plants
analysis. 2" Edition, chapman and Hall, London. pp 1 —10, 100-117.

Hatazawa, R., Tanaka, A., Tanigami, M., Amagase, K., Kato, S. and Ashida, Y.
(2007).Cyclooxygenase-2/prostaglandin E2 accelerates the healing of gastric ulcers
via EP4 receptors, American Journal of Physiology Gastrointestinal Liver
Physiology, 293:788-97.

Hatazawa, R., Tanigami, M., Izumi, N., Kamei, K., Tanaka, A. and Takeuchi, K. (2007).
Prostaglandin E2 stimulates VEGF expression in primary rat gastric fibroblasts
through EP4 receptors. Inflammopharmacology, 15: 214-7.

Hsiang, Y. H., Hertzberg, R., Hecht, S. and Liu, L. F. (1985).Camptothecin induces protein-
linked DNA breaks via mammalian DNA topoisomerase-I. The Journal of Biological
Chemistry, 260: 4873—4878.

Hsu, H.Y., Yang, J.J. and Lin, C.C. (1997).Effects of oleanolic acid and ursolic acid on
inhibiting tumor growth and enhancing the recovery of hematopoietic system
postirradiation in mice.Cancer Letters, 111: 7-13.

Huang, G. S., Lopez-Barcons, L., Freeze, B. S., Smith, A. B., Goldberg, G. L., Horwitz, S. B.
and McDaid, H. M.(2006). Potentiation of taxol efficacy and by discodermolide in
ovarian carcinoma xenograft-bearing mice.Clinical Cancer Research, 12: 298-304.

Hui-zhen, C., You-bao, C., Ya-ping, L., Fang, Z., Juan, Z., Yong-lie,....and Chun-nian, X.
(2014). Synthesis and antitumor activity of feruloyl and caffeoyl derivatives.
Bioorganic and Medicinal Chemistry Letters, 24: 4367—4371.

Imbert, T. F (1998). Discovery of podophyllotoxins. Biochimie, 80:207—222.

176



Ingram, J (2013). A tree Yew should know.

http://www.daveingram.ca/knowingnature/C1534673850/E20070119212411/index.ht
m | as accessed on 07/31/13.

Jacoby, M. (2005). Taxol. Chemical and Engineering News, 83:120—120.

Jainu, M. and Devi, C.S. (2005b). “Invitro and Invivo Evaluation of free radical scavenging

Jainu,

Jainu,

Jainu,

Jainu,

potential of Cissus quadrangularis”, African Journal of Biomedical Research,
8(2):95-99.

M. and Devi, C.S. (2004). “Effect of Cissus quadrangularis on gastric mucosal
defensive factors in experimentally induced gastric ulcer- a comparative study with
Sucralfate”. Journal of medicinal food, 7(3): 372-376.

M. and Devi, C.S.S. (2005). Attenuation of neutrophil infiltration and
proinflammatory cytokines by Cissus quadrangularis: a possible prevention against
gastric ulcerogenesis. Journal Herbal Pharmacotherapy, 5: 33-42.

M. and Devi, C.S.S. (2003). Potent antiulcerogenic activity of methanol extract of
Cissus quadrangularis by antioxidative mechanism. Journal Clinical Biochemistry
and Nutrition, 34:43-47.

M., Devi, C.S.S. and Vijaimohan, K. (2006). Protective effect of Cissus
quadrangularis on neutrophil mediated tissue injury induced by aspirin in rats.
Journal of Ethnopharmacology, 104:302-305.

James, B.K., James, P.N. and Harry, L.T.M. (2004). Pathogenic Escherichia coli. Nature

Review/Microbiology, 2: 123.

Janakiram, N.B., Indranie, C. and Malisetty, S.V. (2008).Chemoprevention of colon

carcinogenesis by oleanolic acid and its analog in male F344 rats and modulation of
COX-2 and apoptosis in human colon HT-29 cancer cells. Pharmaceutical Research,
25, 2151-7.

Jaric, S., Popovic, Z. and Macukanovic, J. (2007). An ethnobotanical study on the usage of

Jemal,

Jemal,

wild medicinal herbs from Kopaonik Mountain (Central Serbia). Journal of
Ethnopharmacolgy. 111:160-175.

A., Murray, T., Ward, E., Samuels, A., Tiwari, R. C., Ghafoor, A., Feuer, E. J. and
Thun, M. J. (2005).Cancer statistics, 2005. Ca-a Cancer Journal for Clinicians,
55:10-30.

A., Bray, F., Center, M. M., Ferlay, J., Ward, E. and Forman, D. (2011). Global
cancer statistics. CA: a Cancer Journal for Clinicians, 61 (2): 69-90.

Joanne, B., Michel F. and Joe™ lle, Q. (2009). Antimalarial compounds isolated from plants

used in traditional medicine. Journal of Pharmacognosy and Phytotheraphy, 61:
1401-1433.

Kahlos, K., Kangas, L. and Hiltunen, R. (1987). Acta Pharmaceutica, 69:33.

177


http://www.daveingram.ca/knowingnature/C1534673850/E20070119212411/index.ht
http://www.daveingram.ca/knowingnature/C1534673850/E20070119212411/index.ht
http://www.daveingram.ca/knowingnature/C1534673850/E20070119212411/index.ht
http://onlinelibrary.wiley.com/doi/10.3322/caac.20107/full
http://onlinelibrary.wiley.com/doi/10.3322/caac.20107/full
http://onlinelibrary.wiley.com/doi/10.3322/caac.20107/full

Kaplan, W. (1942). Codylamata acuminata. New Orleans Medical and Surgical Journal, 94:
388.

Kari, 1., Cecilie, S. N., Drissa, D., Pakuy, P. M. and Berit, S. P. (2004). An
ethnopharmacological survey of plants used for wound healing in Dogonland, Mali,
West Africa. Journal of Ethnopharmacology, 92: 233-244.

Kaur, K., Jain, M., Kaur, T. and Jain, R. (2009). Anti-malarials from nature. Bioorganic &
Medicinal Chemistry, 17, 3229-3256.

Kaur, M., Velmurugan, B. and Rajamanickam, S. (2009). Gallic acid, an active constituent of
grape seed extract, exhibits anti-proliferative, pro-apoptotic and anti-tumorigenic
effects against prostate carcinoma xenograft growth in nude mice. Pharmaceutical
Research, 26, 2133-40.

Kausch, A.P. and Horner, H.T (1982). A comparison of calcium oxalate crystals isolated
from callus cultures and their explant sources, Scanning Electron Microscopy. 1:
199-211.

Kavitha, S. and Rajeshwari, S. (2012). Pharmacognostical and Phytochemical Screening of
Fruit and Leaves of Cissus Arnottiana. Asian Journal Pharmaceutical Clinical
Research, 5, (3): 64-66.

Khan, S.S., Singh M.P. and Chaghtai, S.A. (1991). Ethnomedicobotany of Cissus
quadrangularis Linn. Oriental Journal of Chemistry, 7:170-172.

Kheng, L., O., Tengku, S.,T., M., Mei, L., T. and Shaida, F.S. (2011).Cytotoxic, apoptotic
and anti-glucosidase activities of 3,4-di-O-caffeoyl quinic acid, an antioxidant
isolated from the polyphenolic-rich extract of Elephantopus mollis Kunth. Journal of
Ethnopharmacology, 135 :685-695.

Kinghorn, A. D. and Seo, E. K. (1996). Plants as sources of drugs. Agricultural Materials as
Renewable Resources, 647, 179—-193.

Koehn, F.E. (2005a).The evolving role of natural products in drug discovery. Nature,4, 206—
220

Koehn, F. E. and Carter, G.T. (2005b). The evolving role of natural products in drug
discovery. Nature Reviews Drug Discovery, 4:206—220.

Kritikar, K.R., Basu, B.D. and Basu, L.M. (2000). Indian Medicinal Plants, (Third revised
andenlarged ed.) India: Allahabad. pp 841-3.

Kumbhojkar, M.S., Kulkarni D.K. and Upadhye, A.S. (1991). Ethnobotany of Cissus
qguadrangularis L. From India. Ethnobotany, 3: 21-25.

Lacroix, C. R. and Posluszny, U. (1989a). Phyllotactic patterns in some members of the
Vitaceae. Botanical Gazette, 150: 303-313.

178



Lacroix, C. R. and Posluszny, U. (1989b). Stipules in some members of the Vitaceae -
relating processes of development tothe mature structure. American Journal of
Botany, 76: 1203-1215.

Lacroix, C. R., J. Gerrath, J.M. and Posluszny, U. (1990). The developmental morphology of
Leea guineensis.1. Vegetative Development. Botanical Gazette, 151: 204-209.

Lemieux, R.U. and Koto, S. (1974).The conformational properties of glycosidic linkages.
Tetrahedron, 30:1933-1944.

Li, J., Guo, W.J. and Yang, Q.Y. (2002). Effects of ursolic acid and oleanolic acid on human
colon carcinoma cell line HCT15.World Journal Gastroenterology, 8:493-5.

Li, Y., Dai, Y., Liu, M., Pan, R., Luo, Y. and Xia, Y. (2009). Scopoletin induces apoptosis of
fibroblast-like synoviocytes from adjuvant arthritis rats by a mitochondrial-dependent
pathway. Drug Development Research, 70:37885.

Lin, J., Opoku, A.R., Hutchings, A.D., Jager, A.K. and Staden, J.V (1999). “Preliminary
screening of some traditional Zulu medicinal plant for Antiinflammatory and Anti-
microbial activity”. Journal of Ethnopharmacology, 68: 267-274.

Lisa, S. (2013): Staphylococcus aureus-Aspect of Pathogenesis and Molecular Epidemology.
LiU-Tryck, Lin-koping, Sweden. pp 1-2

Lo, C., Lai, T.Y. and Yang, J.H. (2010). Gallic acid induces apoptosis in A375.S2 human
melanoma cells through caspase-dependent and -independent pathways. International
Journal of Oncology, 37, 377-85.

Lombardi, J. A. (1997). Types of names in Ampelocissus and Cissus (Vitaceae) referring to
taxa in the Caribbean, Central and North America. Taxon, 46: 423-432.

Lu, J. X., Descamps, M., Dejou, J., Koubi, G., Hardouin, P., Lemaitre, J. and Proust J.P.
(2002).The Biodegradation Mechanism of Calcium Phosphate Biomaterials in Bone.
Journal of Biomedical and Materials Research, 4:408-412.

Luhata, L. P., and Munkombwe, N.M. (2015). Isolation and Characterisation of Stigmasterol
and P-sitosterol from Odontonema Strictum (Acanthaceae). Journal of Innovations in
Pharceutical and Biological Sciences, 2 (1): 88-95.

Lyseng-Williamson, K.A. and Perry, C.M. (2003). Micronised purified flavonoid fraction: a
review of its use in chronic venous insufficiency, venous ulcers and hemorrhoids,
Drugs, 63(1):71-100.

Mahato, S.B. and Kundu, A.P. (1994). 13C NMR Spectra of Pentacyclic Triterpenoids - A
Compilation and Some Salient Features. Phytochemistry, 37: 1517-1575.

Mallika. J. and Shyamala-Devi, C.S. (2005). In vitro and In vivo evaluation of free radical

scavenging potential of Cissus quadrangularis. African Journal of Biomedical
Research, 8: 95-99.

179



Mallika, J. and Shyamala-Devi, C.S. (2006). Gastroprotective action of Cissus
quadrangularis extract against NSAID induced gastric ulcer: role of proinflammatory
cytokines and oxidative damage, Chemico-Biological Interactions, 161: 262—70.

Mattias, U.R., Petri, T., Matthias, N. and Rainer, S. (2008). Complete assignments of the *H
and *C chemical shifts and Jy 4 coupling constants in NMR spectra of D-
glucopyranose and all D-glucopyranosyl-D-glucopyranosides. Carbohydrate
Research, 343, 101-112.

Mehta, M., Kaur, N. and Bhutani, K. (2001). Determination of marker constituents from
Cissus quadrangularis Linn and their quantitation by HPTLC and HPLC.
Phytochemical Analysis, 12:91

Michael, O., Soladoye, M.O. and Emmanuel, C.C. (2012). Phytochemical analysis of the
stem and root of Cissus populnea (Vitaceae) — an important medicinal plant in
Central Nigeria. Phytologia Balcanica 18 (2): 149 — 153.

Michaels, S.H., Clark, R. and Kissinger, P. (1999). Incidence and spectrum of AIDs defining
illness among persons treated with antiretroviral drugs. Clinical Infectious Diseases,
29: 468-469.

Miles, D. H., Kokpol, U., Zalkow, L. H., Steindel, St. J. and Nabors, J. B. (1974). Journal of
Pharmaceutical Sciences, 63: 613.

Mizutani, K., lkeda, K., Kawai, Y. and Yamori, Y. (2000). Resveratrol attenuates
ovariectomy-induced hypertension and bone loss in stroke-prone spontaneously
hypertensive rats. Journal of Nutritional Science and Vitaminology, 46: 78-83.

Mohd. M., Tagi .A.K. and Firoz .M. (2012).Medicinal Plants of Rural India: A Review of
Use by Indian Folks. Indo Global Journal of Pharmaceutical Sciences, 2(3): 286-304.

Mohanambal, E., Shobana, K., Sowmya, M.S., Kusuma, G.M., Satish, K. and Vijayakumar,
B. (2011). Isolation of Alcoholic Extract of Cissus Quadrangularis and Evaluation of
In-Vitro Anthelmintic Activity. International Journal of Novel Traditional
Pharmaceutical Science, 1 (1):6-9.

Moon, D.O., Kim, M.O. and Choi, Y.H. (2008). Beta-Sitosterolinduces G2/M arrest,
endoreduplication, and apoptosis through the Bcl-2 and PI3K/Akt signaling
pathways. Cancer Letters, 264, 181-91.

Moon, D.O., Lee, K.J. and Choi, Y.H. (2007). Beta-sitosterolinduced- apoptosis is mediated
by the activation of ERK and the downregulation of Akt in MCA-102 murine
fibrosarcoma cells. International Immunopharmacology, 7, 1044-53.

Moreno, D.A,, llic, N., Poulev, A., Brasaemle, D.L., Fried, S.K. and Raskin, I. (2003).
Inhibitory effects of grape seed extract on lipases. Nutrition, 9:876-879.

Morris, B. (1996). Chewa Medical Botany. Monographs from the International African
Institute, 2. (Hamburg: Lit-Verlag).

180



Mukesh, Y., Shalini, J., Aarti, B., Ravinder, N., Monica, P., Radha,......... and Hariom, Y.
(2009). Biological and Medicinal Properties of Grapesand Their Bioactive
Constituents: An Update. Journal of Medicinal Food, 12 (3): 473-484.

Musa, A.M.,Yaro, A.H., Usman, H., Magaji, M.G. and Habu, M. (2008). Phytochemical and
Some Neuropharmacological Studies on the Methanolic Leaf Extracts of Cissus
cornifolia [Vitaceae] in Mice. International Journal of Pharmacology, 4 (2): 145-
148.

Musa, A.M., Yaro, A.H. and Danjuma, N.M. (2006). Preliminary phytochemical screening
and central nervous system depressant activity of the stem bark of Ficus thoningii
Blums. Biological and Environmental Science tropical Journal, 3 (2): 1-6.

Newman, D.J. and Cragg, G.M. (2007). Natural products as sources of new drugs over the
last 25 years. Journal of Natural Products, 70:461-477.

Newman, D.J. and Cragg, G.M. (2012).Natural products as sources of new drugs over the 30
years from 1981 to 2010. Journal of Natural Products, 75: 311-335.

Ngondi, J.L., Oben, J., Musoro, F.D., Etame, S.L.H. and Mbanya, D. (2006). The effect of
different combination therapies on oxidative stress markers in HIV infected patients
in Cameroon. Aids Research and Therapy, 3:19.

Noble, R. L. (1990). The discovery of the vinca alkaloids - chemotherapeutic agents against
cancer. Biochemistry and Cell Biology, 68, 1344—1351.

Nogueira, C.R. and Lopes, L.M.X. (2011). Antiplasmodial natural products. Molecules,
16:2146-2190.

Nyika, A. (2009). The ethics of improving African traditional medical practice: Scientific or
African traditional research methods? Acta Tropica, 112 (1): 32-36.

Oberlies, N. H. and Kroll, D. J. (2004). Camptothecin and taxol: Historic achievements in
natural products research. Journal of Natural Products, 67, 129—135.

Odwyer, P. J., Leylandjones, B., Alonso, M. T., Marsoni, S. and Wittes, R. E. (1985).
Etoposi de (VP-16-213)- Current status of an active anticancer drug. New
England Journal of Medicine, 312: 692—-700.

Ogey A., Bayraktar F. and Sevin, G. (2001). A comparative study of Raloxifen and estrogen
on bone strength and cholesterol levels in ovariectomized rats. Endocrine Abstracts,
3:10.

Oliveira, A.B., Dolabela, M.F., Braga, F.C., Jacome, R.L.R.P., Varotti, F.P. and Povoa,
M.M. (2009). Plant-derived antimalarial agents: new leads and efficient
phytomedicines. Part I. Alkaloids. Anais Da Academia Brasileira De Ciencias, 81,
715-740.

181



Omer, K. and Eyup, B. (2013). An ethnobotanical survey of some medicinal plants in Keban
(Elazig-Turkey). Journal of Medicinal Plants Research, 7(23):1675-1684.

Omole-Ohonsi, A. and Aiyedun, T.A. (2013).Use of Herbal Medicines in Pregnancy in
Aminu Kano Teaching Hospital- Myth or Reality? Tropical Journal of Obstetrics and
Gynaecology, 30(1):81-85.

Opipari, A.W., Tan, L., Boitano, A.E., Sorenson, D.R., Aurora, A. and Liu, J.R. (2004).
Resveratrol-induced autophagocytosis in ovarian cancer cells.Cancer Research,
64:696-703.

Park, W.H. (2008). Antimalarial activity of a new stilbene glycoside from Parthenocissus
tricuspidata in mice. Antimicrobial Agents Chemotherapy, 52: 3451-3453.

Pan, R., Gao, X.H., Li,Y., Xia, Y.F. and Dai, Y. (2010). Anti-arthritic effect of scopoletin, a
coumarin compound occurring in Erycibe obtusifolia Benth stems, is associated with
decreased angiogenesis in synovium. Fundamental Clinical Pharmacology,
24:47790.

Pan, R., Gao, X., Lu, D., Xu, X., Xia, Y. and Dai, Y. (2011). Prevention of FGF-2-induced
angiogenesis by scopoletin, a coumarin compound isolated from Erycibe obtusifolia
Benth, and its mechanism of action. International Immunopharmacology,11: 2007-
16.

Park, Y.J., Chung, I.M. and Moon, H.I. (2010). Antiplasmodial procyanidin derivatives from
Chinese Hawthorn. Immunopharmacology and Immunotoxicology, 32: 607-610.

Peng Z., Tuukkanen J. and Zhang, H. (1994). The mechanical strength of bone in different
rat models of experimental osteoporosis. Bone, 15, 523-532.

Pezzuto, J.M. (1997). Plant-derived anticancer agents. Biochemical Pharmacology, 53: 121-
133.

Pillai, J.B., Chen, M. and Rajamohan, S.B. (2008). Activation of SIRT1, a class Il histone
deacetylase, contributes to fructose feedingmediated induction of the a-myosin heavy
chain expression. Amerian Journal of Physiology and Heart-Circulatory Physiology,
294:1388-1397.

Planchon, J. E. (1887). Monographie des Ampélidées vraies. In A. L. P. P. de Candolle and
C. De Candolle [eds.], Monographiae Phanerogamarum. Sumptibus G. Mason, Paris,
5, 306-654.

Pluemijai, T. and Saifah, E. (1986).Constituents of Cissus quadrangularis Linn. Thai Journal
of Pharmaceutical Sciences,11(4):205-211.

Posluszny, U. and Gerrath, J. M. (1986). The vegetative and floral development of the
hybrid grape cultivar Ventura. Canadian Journal of Botany, 64: 1620-1631.

Prajapati, N.D., Purohit, S.S. and Sharma, A.K. (2003). A Hand Book of Medicinal plants.
Agrobios publication. p145.

182



Prasad, G.C. and Udupa, K.N. (1972).Pathways and site of action of a phytogenic steroid
from Cissus quadrangularis, Journal of Research in Indian Medicine, 4: 132.

Prateek, S. (2011). Cinnamic acid derivatives: A new chapter of various pharmacological
activities. Journal of Chemical and Pharmaceutical Research, 3(2):403-423.

Pratheeshkumar, P., Sreekala, C., Zhang, Z., Budhraja, A., Ding, S., Son,...and Shi, X.
(2012). Cancer prevention with promising natural products: Mechanisms of action
and molecular targets. Anti-Cancer Agents in Medicinal Chemistry, 12: 1159-1184.

Pulok, K. M., Neelesh, N.M., Nemaa, K. and Birendra, K.S. (2011).Bioactive compounds
from natural resources against skin aging. Phytomedicine,19, 64— 73

Qin, R., Xiao, K., Li, B., Jiang, W., Peng, W., Zheng, J. and Zhou, H. (2013). The
combination of catechin and epicatechin gallate from Fructus crataegi potentiates
beta-lactam antibiotics against methicillin-resistant Staphylococcus aureus (MRSA)
in vitro and in vivo. International Journal of Molecular Sciences,14, 1802-1821.

Rahme, L.G., Wolfort, S.F., Shao, J., Tompkins, R.G. and Ausel, F.M. (1995). Common
Virulence Factor for Bacterial Pathogenicity in Plants and Animals.Science, 268
(5219): 1899-902.

Raina, K., Rajamanickam, S., and Deep, G. (2008).Chemopreventive effects of oral gallic
acid feeding on tumor growth and progression in TRAMP mice.Molecular Cancer
Therapy, 7, 1258-67.

Rajput, S. and Mandal, M. (2012). Antitumor promoting potential of selected phytochemicals
derived from spices: A review. European Journal of Cancer Prevention, 21: 205-215.

Rakotonirina, S.V., Ngo Bum, E., Rakotonirina, A. and Bopelet, M. (2001). Sedative
properties of the decoction of the rhizome of Cyperus articulatus.Fitoterapia, 72 (2):
91-95.

Ramanandralbe, V., Grellier, P., Martin, M.T., Deville, A., Joyeau, R., Ramanitrahasimbola,
D.,....and Mambu, L. (2008). Antiplasmodial phenolic compounds from Piptadenia
pervillei. Planta Medica, 74: 417-421.

Rastogi, R.P. and Mehrotra, B.N. (1995).Compendium of Indian Medicinal Plants, Part
I.Publication and information directorate. New Delhi, India.pp104-105.

Rastogi, R.P. and Mehrotra, B.N. (1995). Compendium of Indian Medicinal plants, CDRI
Lucknow and PID New Delhi. 3: 173-174.

Reddivari, L., Vanamala, J. and Safe, S.H. (2010).The bioactive compounds alpha-chaconine
and gallic acid in potato extracts decrease survival and induce apoptosis in LNCaP
and PC3 prostate cancer cells. Nutrition and Cancer, 62, 601-10.

Saburi, A., Adesanya, R., Marie, T.N., Najeh, M., Alain, B.M. and Mary, P. (1999).Stilbene
derivatives from Cissus quadrangularis. Journal of Natural Products, 62, 1694-1695.

183



Saifah, E., Vaisiriroj, V., Charles, K. and Yoshihiro, H. (1986).Constituents of the Roots of
Cissus Rhelfolla Planch. Journal of Natural Products, 50 (2):328.

Samson, R.A., Houbraken, A.F.A., Kuijpers, J.M. and Frisvad, J.C. (2004). New ochratoxin
A or sclerotium producing species in Aspergillus section Nigri. Studies in Mycology,
50: 45-46.

Sang, H. P., Kwan, H.P., Myeong, H.O., Han, H.K., Kang, I.C., So Ra, K,...and Min, W.L.
(2013).  Anti-oxidative and  anti-inflammatory  activities of  caffeoyl
hemiterpeneglycosides from Spiraea prunifolia. Phytochemistry, 96:430-436.

Sannella, A.R., Messori, L., Casini, A., Vincieri, F.F., Bilia, A.R., Majori, G. and Severini,
C. (2007). Antimalarial properties of green tea. Biochemical and Biophysical
Research Communications, 353: 177-181.

Sanyal, A., Ahmad, A. and Sastry, M. (2005). Calcite growth in Cissus quadrangularis plant
extract, Current Science, 89(10):1742-1745.

Sarvalingam, A., Rajendran, A., Sivalingam, R. and Jayanthi, P. (2013). Occurrence of
Cissus rotundifolia (Forsk) Vahl-Vitaceae in Peninsular India. Academic Journal of
Plant Science, 6 (3): 117-118.

Satyajit, D.S., Lutfun, N. and Yashodharan, K. (2007). Microtitre plate-based antibacterial
assay incorporating resazurin as an indicator of cell growth, and its application in the
in vitro antibacterial screening of phytochemicals.Methods, 42(4): 321-324.

Schiff, P. B., Fant, J. and Horwitz, S. B. (1979). Promotion of microtubule assembly in vitro
by Taxol. Nature, 277, 665—667.

Schuster, E., N. Dunn-Coleman, Frisvad, J.C. and Van Dijick, P.W. (2002). One the safety
of Aspergillus Niger: A review. Applied Microbiology and Biotechnology, 59: 426-
435.

Sekou, B., Drissa, D., Seydou, D. and Berit, S.P. (2006). Ethnopharmacological survey of
plants used for the treatment of schistosomiasis in Niono District, Mali. Journal of
Ethnopharmacology, 105:387-399.

Selga, A., Sort, X., Bobet, R. and Torres, J.L. (2004).Efficient one pot extraction and
depolymerization of grape (Vitis vinifera) pomace procyanidins for the preparation of
antioxidant thio-conjugates. Journal of Agricultural and Food Chemistry, 52:467—
473.

Sen, S.P. (1966). Studies on active constituents of Cissus quadrangularis. Current Science,
35: 315-317.

Sen S.P., Udupa, K.N. and Prasad, G. (1966). Studies on the active constituents. 10 Further

studies on the effect of Cissus quadrangularis in accelerating fracture healing, Indian
Journal of Medical Research, 52: 26.

184



Serianni, A.S. and Barker, R. (1984). [13C]-Enriched tetroses and tetrofuranosides:An
evaluation of the relationship between NMR parameters and furanosyl ring
conformation. Journalof Organic Chemistry, 49:3292—-3300.

Shah, S., Stapleton, P.D. and Taylor, P.W. (2008). The polyphenol (-)-epicatechin gallate
disrupts the secretion of virulence-related proteins by Staphylococcus aureus. Letters
in Applied Microbiology , 46, 181-185.

Sheth, K., Bianchi, E., Wiedhopf, R. and Cole, J. R. (1973). Journal of Pharmaceutical
Science, 62: 139.

Shiota, S., Shimizu, M., Mizushima, T., Ito, H., Hatano, T., Yoshida, T. and Tsuchiya, T.
(1999). Marked reduction in the minimum inhibitory concentration (MIC) of
betalactams in methicillin-resistant Staphylococcus aureus produced by epicatechin
gallate, an ingredient of green tea (Camellia sinensis). Biological & Pharmaceutical
Bulletin, 22: 1388-1390.

Shirley, D. A. and Sen, S.P. (1966). High-resolution X-ray photoemission Studies on the
active constituents of Cissus quadrangularis. Current Science, 35, 317.

Shirwaikar, A., Khan, S. and Malini, S. (2003).Antiosteoporotic effect of ethanol extract of
Cissus quadrangularis Linn. on ovariectomized rat. Journal  of
Ethonopharmacology, 89: 245-250.

Siddiqui, S., Hafeez, F, Begum, S. and Siddiqui, B.S. (1988). Oleanderol A New Pentacyclic
Triterpene from the Leaves of Nerium oleander. Journal of Natural Products, 51:
229-233.

Silver,G.L., Lee.l. and Douglas, K.A. (1998). Special Problems with extraction of
plants.In:Cannel, J.P.R.(ed.).Natural Products Isolation. Humana Press Publishers,
New Jersey. pp. 356-358.

Singh, S.P., Mishra, N., Dixit, K.S., Singh, N. and Kohli, R.P. (1984). “An experimental
study of Analgesic Activity of Cissus quadrangularis”. Indian Journal of
Pharmacology, 16(3):162-63.

Singh, L.M. and Udupa, K.N. (1964b).Studies of C. quadrangularis in fracture by using
phosphorus. Indian Journal of Medical Sciences, 76: 926-931.

Singh, R.P., Dhanalakshmi, S. and Agarwal, R. (2002). Phytochemicals as cell
cyclemodulators, a less toxic approach in halting human cancers.Cell Cycle 1:155-
160.

Sofowora, E. A. (1993). Medicinal plants and Traditional medicine in Africa, 1% Edition
published by John Wiley and Sons. pp. 6 — 160.

Sofowora, A. (1984).Medicinal Plants and Traditional Medicine in Africa. John Wiley, New
York.

185



Sofowora, A. (2008). Medicinal Plants and Traditional Medicine in Africa. Spectrum Books
Limited, Ibadan, Nigeria.

Soladoye, M.O. and Chukwuma, E.C. (2012). Quantitative phytochemical profile of the
leaves of Cissus populnea Guill. & Perr. (Vitaceae) — An important medicinal plant in
Central Nigeria. Archives of Applied Science Research, 4(1): 200-206.

Soliman, F.A. and Hassan, S.Y.S. (1964).Serum calcium and phosphorus in rabbits during
fracture healing with reference to parathyroid activity, Nature, 204: 693-4.

Soltis, D. E., Soltis, P.S., Chase, M.W., Mort, M.E., Albach, D.C., Zanis,M.,..and Farris, J. S.
(2000). Angiosperm phylogeny inferred from 18S rDNA, rbcL, and atpB sequences.
Botanical Journal of the Linnean Society, 133: 381-461.

Somova, L.l., Shode, F.O., Ramananan P. and Nadar, A. (2003). Antihypertensive,
antiatherosclerotic and antioxidant activity of triterpenoids isolated from Olea
europaea, subspecies africana leaves. Journal of Ethnopharmacology, 84: 299-305.

Spande, T. F., Garraffo, H. M., Edwards, M. W., Yeh, H. J. C., Pannell, L. and Daly, J. W.,
(1992). Epibatidine- A novel (chloropyridyl) Azabicycloheptane with potent
analgesic activity from an Ecuadorian poison frog. Journal of American Chemical
Society,114: 3475-3478.

Srivastava, V. N., Kumar, A.S., Gupta, J.K. and Khanuja, M.M. (2005). Plant-based
anticancer molecules: A chemical and biological profile of some important leads.
Bioorganic and Medicinal Chemistry, 13:5892—-5908.

Stapleton, P.D., Shah, S., Anderson, J.C., Hara, Y., Hamilton-Miller, JM.T. and Taylor,
P.W. (2004). Modulation of beta-lactam resistance in Staphylococcus aureus by
catechins and gallates. International Journal of Antimicrobial Agents, 23: 462-467.

Stapleton, P.D., Shah, S., Ehlert, K., Hara, Y. and Taylor, P.W. (2007). The beta-lactam
resistance modifier (-)-epicatechin gallate alters the architecture of the cell wall of
Staphylococcus aureus. Microbiology, 153: 2093-2103.

Su, J.L., Lin, M.T. and Hong, C.C. (2005). Resveratrol induces FasLrelated apoptosis
through Cdc42 activation of ASK1=JNKdependent signaling pathway in human
leukemia HL-60 cells. Carcinogenesis, 26:1-10.

Sun, AY., Simonyi, A. and Sun, G.Y. (2002). The ‘‘French Paradox’’ and beyond:
neuroprotective effects of polyphenols. Free Radicals in Biology and Medicine,
32:314-318.

Suparb, B. and Amorn, P.(1991). Chemical Constituents of the Roots of Bridelia Tomentosa
BL.Journal of Science Society of Thailand, 17, 61-69.

Slssenguth, K. (1953). Vitaceae. In A. Engler and K. Prantl [eds.], Die Naturlichen
Pflanzenfamlien 20. d. Duncker & Humblot, Berlin. pp. 174-333.

Sweeney, P. (2007). Podophyllum peltalum.
http://www.botany.uga.edu/herbarium/herbarium/gaflowers/podophyllum peltatum.

186


http://www.botany.uga.edu/herbarium/herbarium/gaflowers/podophyllum_peltatum

ht m as accessed on 07/31/13.

Szabo, S., Trier, J.S., Brown, A. and Schoor, J. (1985). Early vascular injury and increased
permeability in gastric mucosal injury caused by ethanol in rat. Gastroenterology,
88:228-236.

Szewczuk, L.M., Forti, L., Stivala, L.A. and Penning, T.M. (2004).Resveratrol is a
peroxidase-mediated inactivator of COX-1 but not COX-2: a mechanistic approach to
the design of COX-1 selective agents. Journal of Biological Chemistry, 279: 22727—
22737.

Tan, G., Gyllenhaal, C. and Soejarto, D. D. ( 2006). Biodiversity as a source of anticancer
drugs. Current Drug Targets, 7: 265—277.

Tang, S., Bremner, P., Kortenkamp, A., Schlage, C., Gary, A.l., Gibbons, S. and Heinrich,
M.(2003). Biflavonoids with Cytotoxic and Antibacterial Activity from Ochna
macrocalyx.Planta Medica, 69:247-253.

Tasdemir, D., Lack, G., Brun, R., Ruedi, P., Scapozza, L. and Perozzo, R. (2006). Inhibition
of Plasmodium falciparum fatty acid biosynthesis: Evaluation of FabG, FabZ, and
Fabl as drug targets for flavonoids. Journal of Medicinal Chemistry, 49: 3345-3353.

Teiji, S. (2014). The molecular mechanism of acute lung injury caused by Pseudomonas
aeruginosa: from bacterial pathogenesis to host response. Sawa Journal of Intensive
Care, 2:10.

Tijjani .A, Ndukwe, 1.G. and Ayo, R.G. (2011). Studies on antibacterial activity of Adenium
obesum (Apocynaceae) stem-bark. Continental Journal of Microbiology, 5(1): 12-17.

Tijjani, A., Ndukwe, I.G. and Ayo, R.G. (2012). Isolation and Characterization of Lup-
20(29)-ene-3, 28- diol (Betulin) from the Stem Bark of Adenium obesum
(Apocynaceae).

Tropical Journal Pharm Research, 11 (2): 259.

Timmons, S. A., Posluszny, U. and Gerrath, J. M. (2007a). Morphological and anatomical
development in the Vitaceae. IX. Comparative ontogeny and phylogenetic
implications of Vitis rotundifolia Michx. Canadian Journal of Botany, 85: 850-859.
324

Timmons, S. A., Posluszny, U. and Gerrath, J. M. (2007b). Morphological and anatomical
development in the Vitaceae. X. Comparative ontogeny and phylogenetic
implications of Cissus quadrangularis L. Canadian Journal of Botany, 85: 860-872.

Tokuda, H., Ohigashi, H. and Koshimizu, K. (1986). Inhibitory effects of ursolic and
oleanolic acid on skin tumor promotion by 12-O-tetradecanoylphorbol-13-
acetate.Cancer Letters, 33, 279-85.

Trease, G. E. and Evans, W. C. (1989): A text Book of pharmacognosy. 13" Edition, Bailliere
Tindall Ltd. London. p. 134.

187



Udupa, K.N., Prasad G.C. and Sen, S.P. (1965).The effect of phytogenic steroid in the
accleration of fracture repair, Life Sciences, 4: 317.

Udupa, K.N. and Prasad, G. (1964a). Biochemical and calcium 45 studies on the effect of
Cissus quadrangularis in fracture repair. Indian Journal of Medical Research, 52(5):
480-487.

Udupa, K. N. and Prasad, G.C. (1964b).Further studies on the effect of Cissus
quadrangularis in accelerating fracture healing, Indian Journal of Medical Research,
52:26-35.

Udupa, K.N., Chaturvedi, G.N. and Tripathi, S.N. (1970). Advances in research in Indian
medicine, Varnasi: Banaras Hindu University, 12:165-96.

Udupa, K.N., Arinkar, J.H. and Singh, L.M. (1961). Experimental studies of the use of
Cissus quadrangularis in healing of fractures, Indian Journal of Medical, 15, 551-
557.

Viswanatha, S.A.H.M., Thippeswam, M.D.V. and Mahendra, K.C.B. (2006).Some
neuropharmacological effects of methanolic root extract of Cissus quadrangularis in
mice, Africa Journal of Biomedical Research, 9:64-75.

Wani, M. C.,Taylor, H. L., Wall, M. E., Coggon, P. and McPall, A. T.( 1971). Journal of
American Chemical Society, 93, 2325-2327.

Wang, W. T. (1979). Vitacearum novitates. Acta Phytotaxonomica Sinica, plate V, VI.

Warjeet, S., Laitonjam, R.,Yumnam, S. and Brajeshwari, D. K. (2011). Study on Isolation
and Comparison of the Chemical Compositions of Cissus adnata Roxb.Leaves and
Smilax lanceaefolia Roxb.Roots and Their Free Radical Scavenging Activities.
International Research Journal of Pure & Applied Chemistry 1(1): 1-13.

Wheeler, E. A. and Lapasha, C. A. (1994). Woods of the Vitaceae - fossil and modern.
Review of Palaeobotany and Palynology, 80: 175-207.

Wilson, L. and Jordan, M.A. (1995). Microtubule Dynamics - Taking Aim at a Moving
Target. Chemistry and Biology, 2, 569—573.

Wilson, L.B., Mizel, S.B., Grisham, .M. and Creswell, K.M. (1974).Session V- Networks
and shared facilities- Rapporteurs summary.Federation of American Society for
Experimental Biology, 33, 158.

Wilson, T. C., Gerrath, J.M. and Posluszny, U. (2006). Morphological and anatomical
development in the Vitaceae. VIII. Comparative development of three Cyphostemma
(Vitaceae) species reveals important vegetative and reproductive differences among
the species. Canadian Journal of Botany, 84: 702-716.

188



Wu, P.K., Chi, S., Tai, W. and Liang, Z.T. (2009).Oleanolic acid Isolated from Oldenlandia
Diffusa exhibits a unique growth inhibitory effect against ras-transformed fibroblasts.
Life Sciences, 85, 113-21.

www.pioneerherbs.com.

Xu, L., Li, B. and Cheng, M. (2008). Oral administration of grape seed proanthocyanidin
extracts downregulate RAGE dependant nuclear factor-kappa BP65 expression in the
hippocampus of streptozotocin induced diabetic rats. Experimental and Clinical
Endocrinology and Diabetes, 116:215-224.

Yan, S.L., Huang, C.Y. and Wu, S.T.(2010). Oleanolic acid and ursolic acid induce apoptosis
in four human liver cancer cell lines.Toxicology In Vitro, 24, 842-8.

Yilmaz, Y. and Toledo, R.T. (2004). Major flavonoids in grape seeds and skins: antioxidant
capacity of catechin, epicatechin and gallic acid. Journal of Agricultural and Food
Chemistry, 52: 255-260.

Zhang, P., Li, H. and Chen, D. (2007).Oleanolic acid induces apoptosis in human leukemia
cells through caspase activation and poly (ADP-ribose) polymerase cleavage. Acta
Biochimica et Biophysica Sinica, 39: 803-9.

Zhang, Y., Jayaprakasam, B., Seeram, N.P., Olson, L.K., DeWitt, D. and Nair, M.G. (2004).
Insulin secretion and cyclooxygenase enzyme inhibition by Cabernet Sauvignon
grape skin compounds. Journal of Agricultural and Food Chemistry, 52:228-233.

Zhao, Y., Chang, S.K. and Qu, G. (2009). Beta-sitosterol inhibits cell growth and induces
apoptosis in SGC-7901 human stomach cancer cells. Journal of Agricultural and
Food Chemistry, 57, 5211-8.

Zongo, C., Savadogo, L., Quattara, I.H.N., Bassole, C.A.T., Quattara, A.S., Barro.N.,
Koudou, J. and Traore.A.S.(2010).  Polyphenols Content, Antioxidant and
Antimicrobial Activities of Ampelocissus grantii (Baker) Planch.(Vitaceae):A
medicinal Plant from Burkino Faso. International Journal of Pharmacology,
6(6):880-887.

Zuhal, G., Nurcan, K., Cavit, K.,Yusuf, L. and Omur, D. (2006). Chemical Constituents of
Galium tortumense. Turkish Journal of Chemistry, 30, 515 — 523

Zuhal,G., Hilal, O., Ayse, K., Cavit, K.L. and Omur, D. (2009).Secondary metabolites from
Nepeta heliotropifolia. Turkish Journal of Chemistry, 33, 667 — 675.

189


http://www.pioneerherbs.com/

