~i~

CHEMICAL PROSPECTING OF MEDICINAL PLANTS FOR
DRUG DISCOVERY

By

OPEOLUWA O. OYEDEJI

Submitted in fulfillment of the academic requirements for the degree of Doctor of Philosophy in
the School of Chemistry, University of KwaZulu-Natal, Westville Campus, Durban, South
Africa.

March 2010



DECLARATION

I, Opeoluwa Oyehan Oyedeji declare that

1.

The research reported in this thesis, except where otherwise indicated, is my original
research.

This thesis has not been submitted for any degree or examination at any other university.

This thesis does not contain other persons’ data, pictures, graphs or other information,
unless specifically acknowledged as being sourced from other persons.

This thesis does not contain other persons writing, unless specifically acknowledged as
being sourced from other researchers. Where other written sources have been quoted,
then:

a.  Their words have been re-written but the general information attributed to has been
referenced.

b. Where their exact words have been used, then their writing has been placed in
italics and inside quotation marks, and referenced.

. This thesis does not contain text, graphics or tables and pasted from the internet, unless

specifically acknowledged, and the source being detailed in the thesis and in the
References sections.

Signature: ---- -—-- - -

O O Oyedeji

I hereby certify that the above statement is correct.

Prof. Francis O. Shode



~ iii ~
EPILOGUE
. He who budlt the house has meore howor thaw the house
For every house is built by someone

But He who built all things is God... Heb. 3:3b-4.



DEDICATION

This thesis is dedicated to the memories of my late mother -
Mrs. Rebecca Adeola Oyedeji

Who struggled among all odds to get me educated



NVN

ACKNOWLEDGEMENT

There is no island that can exist without the support of other living and non living things

therefore I am most grateful to all for making this study a success:

* My God, for His mercies that endures forever. Lord you have highly favored me from my
birth till date and 1 can’t but live for you all the days of my life.

® Professor Francis Oluwole Shode — my supervisor- for his interest and guidance
throughout this study. Indeed you are a mentor!

e The Head of School of Chemistry - Prof Andy Kindness- and academic staff of the
Department - Dr Catherine Ngila, Dr Phil Combes, Dr. Mohammed Bala and Dr Neil
Koorbanally — thanks for your counsel and encouragement at various times.

e To my wife — Dr Adebola Oyedeji — for the tremendous support in all areas of my life
and especially in attaining this degree.

e To my son- Tomiloba- for keeping me on my knees to be a father and an example to
emulate.

e To my daughter- Toluwanimi — for those troublesome and caring times and constant
asking when | will stop going to Durban.

¢ To my Uncle and his wife — Arc and Mrs Soji Oyedeji — you have stood by me in times
of need and want. God will surely reward you.

e To my mother-in-law — Deaconess Temilola Adegoke — for those prayers and
encouragement- Thanks mum you are one in a million!

e To Pastor and Pastor (Mrs) Peter Ogunsola — Thank you for supporting in prayers, love
and kind.

e To my siblings — Mrs. Remi Fatiregun, Mr. Segun Oyedeji, Mr. Abimbola Oyedeji and
Mr. Tunde Oyedeji- thanks for all your support.

¢ To my in-laws — Dr Bunmi Adegoke, Mr. Dayo Adegoke, Mr and Mrs Kola Adegoke and
Mr. and Mrs Tunji Ojo- I am glad 1 took a gem from among you. I am so proud of you.

e To Anita Ramiah — words cannot express my gratitude for your support in my studies,
life and family. Thank God we belong to the same father.

e To Greg Moodley- my prayer partner- your prayers have yielded fruit.

e To all the laboratory staff and Dilip, I am grateful for your support at the time of need.



To my colleagues in the lab- Eric, Dr Bimbo Elusiyan, Damien, Moni, Seye, Cyprian,
Ibrahim, Tope. It was nice working with you and thanks for your support at various
times.

To Dr Tobi Oluwafemi — I can’t quantify the role you have played in my life and studies.
Thanks for praying and encouraging me.

To Pastor Oluwafemi and his family — I am most grateful.

Dr and Mrs. Dotun Adegoke — You have really supported me and watered me during
those dark and dry moments. Thank you!

Prof and Mrs Victor Akin Adisa — Thank you for instilling in me that 1 can make it and
constantly encouraging me.

Prof and Dr (Mrs) Damola Oke — You are a really friend that sticks closer than a brother.
I have been greatly blessed by your family.

To my brethren in the house fellowships South Africa and in Nigeria, I am so grateful for
your labor of love.

Prof and Mrs. Matthew Adigun — for your prayers, encouragement and support. It is

highly appreciated.

Dr and Mrs. Peter Ajibade — you are indeed a treasured family. Thank you.



~ Vil ~

ABSTRACT

African traditional medicine relies largely on the abundant African flora estimated at several tens
of thousands of species. These plants, like other living organisms, produce natural products
which are organic molecules exhibiting a remarkable wide range of chemical diversity and a

multiplicity of biological properties.

Over the past 20 years, interest in drugs of plants origin has been reviving and growing steadily.
Among the broad spectrum of natural products that are showing promise as possible leads to
useful therapeutic agents are the terpenoids. In the present study, selected African medicinal
plants were investigated for the presence of extractable and exploitable terpenoids as leads or
raw materials for producing more potent bioactive compounds for pre-clinical drugs discovery
programme for chemoprotective agents against cancer, HIV/AIDS, diabetes, hypertension,

malaria and other chronic diseases.

The plants investigated in this study included Callistemon salignus, C. viminalis, Melaleuca
bracteata var. revolution gold, M. bracteata var. revolution green, M. trichostachya var.

compata, Syzygium aromaticum and Tectona grandis.

These plants were subjected to two separate regimes of phytochemical extraction protocols
namely volatile and non-volatile-extraction protocol. The Callistemon species and Melaleuca
species upon hydrodistillation afforded essential oils. The gas chromatographic and mass
spectrometric (GC-MS) analysis of these essential oils reveals that 1,8-cineole was the major
constituent of the Callistemon oils. Similarly, 1,8-cineole was the major constituents of the
essential oil of M. trichostachya var. compata, while methyl eugenol was the predominant
constituent of the oils of Melaleuca bracteata var. revolution gold, and M. bracteata var.

revolution green.

Antibacterial investigation of the essential oils showed that they possess strong to moderate

inhibitory effect against selected bacteria.

In the non-volatile extraction protocol, various parts of the plants were sequentially extracted
with organic solvents to obtain crude extracts which were subjected to fractionation and

purification protocols (chromatographic techniques and re-crystallization). The crude extracts
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from the leaves of the Callistemon and Melaleuca species gave a crystalline mixture of betulinic
acid and oleanolic acid in an appreciable yield. The crude extract from the cloves of Syzygium
aromaticum yielded oleanolic acid as the major extractive and maslinic acid as minor extractive.
The crude extracts from Tectona grandis atforded betulinic acid in an appreciable yield. The
elucidation of the structures of the pure extractives was achieved by extensive 1D and 2D
nuclear magnetic resonance (NMR) spectroscopy as well as infra-red spectroscopy (FT-IR) and

mass spectrometry (MS).

Betulinic acid and oleanolic acid were chosen as seed molecules for making known and
unknown derivatives for lead optimization study. The semi-synthesized compounds were 3-
acetoxyoleanolic acid, 3-acetoxyoleanolic hydrazide, 3-acetoxyloleanolic hydrazone, 3-succinyl

oleanolic acid, 3-acetoxybetulinic acid, 3-succinylbetulinic acid and maslinic acid di-acetate.
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CHAPTER ONE
GENERAL INTRODUCTION

1.1 Introduction

Plants are the oldest source of pharmacologically-active compounds, and have provided
humankind with medically useful compounds for centuries.' Today, it is estimated that more than
two thirds of the world’s population rely on drugs from plants.2 Africa is known to have rich
biodiversity of flora and this has made African Traditional Medicine (ATM) the oldest in the
world.> ATM involves a holistic approach method in which the body and mind are subjected to
treatment. In Africa, medicinal plants are used to treat diseases such as HIV/AIDS, malaria, sickle-
cell anaemia, diabetes, hypertension to mention a few.* Many Africans believe that herbal
medicines made from medicinal plants are more beneficial than synthetic drugs. Apart from the
fact that they are cheaper and easier to get, herbal medicines are generally acceptable and suitable
for chronic treatments.’ Today, the largest users of traditional medicines are the Chinese, with
more than 5,000 plants and plant products in their pharmacopoeia.® The Chinese medicine has
contributed greatly to the growth and popularity of herbal medicine around the world. Angelica
polymorpha var. sinensis (dang gui), Artemisia annua (qing hao), Ephedra sinica (ma huang),
Paeonia lactiflora (bai shao yao), Panax ginseng (ren shen), and Rheum palmatum (da huang) are
among the famous Chinese medicinal herbs.” It is believed that traditional medicine has been the
focus for wider coverage of primary health care around the world. Examples abound of natural-
product use, especially in small native populations in a myriad of remote locations on earth.®
According to Iwu et al * medicinal plants were first used in their crude form; this formed the first
generational usage of plants used for medicinal purposes. Researches on these medicinal plants led
to isolation of pure compounds in their original form. This is referred to as the second stage of
medicinal plants usage and it sees medicinal plants as phytopharmaceutical agents. This second
stage also enhanced the synthesis of therapeutic agents. Recent uses of medicinal plants have led to
the formulation of drugs which are based on well-controlled double-blind clinical and
toxicological studies with an aim to improve the quality, efficacy, stability and safety of the
preparation. This had led to the study of phytomedicine in various forms. Phytomedicine is
commonly defined as herbal preparation produced by subjecting plant material to extraction,

. . e . . . . 4.10-12
fractionation, purification or other physical or biological processes.™
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Natural products are defined as chemical compounds or substances produced by living organisms
or found in nature the majorty of which are known to have pharmacological or biological activity
and could find use in pharmaceutical drug discovery and drug design.” Many chemists refer to
natural products as secondary metabolites produced by plants, animals, and micro-organisms for
ecological reasons and have limited distribution. 31 Thus, natural products can be obtained from
the tissues of terrestrial plants, marine organisms or micro-organism fermented broths. In
phytomedicine, natural products that are responsible for significant biological activities are known

as the “active principles” and search for such compounds is known as bioprospecting.'®

Natural products and their derivatives represent over 50% of all drugs used clinically with higher
plants accounting for over 25% of this amount.” '’ Plants have formed the basis for traditional
medicine system and these are well documented across various cultures.* In man’s search for food,
the poisonous and healing properties of many plants were discovered.'® Large number of natural
products that are now used as drugs were derived from plants (See Table 1.1). These include
artemisinin 1.1, diosgenin 1.2, digoxin 1.3, vincristine 1.4, vinblastine 1.5, d-tubocurarine 1.6,
quinine 1.7, pilocarpine 1.8, etoposide 1.9, reserpine 1.10, and taxol 1.11, to mention a few.
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Table 1.1 Examples of natural products from plants and their uses

Plant name / Species Natural Product Uses Referenc
Artemisia annua Artemisinin (1.1) Antimalarial 19
Dioscrea villosa Diosgenin (1.2) Contraceptive 20

Digitalis purpurea Digoxin (1.3) Cardiotonic 20
Catharanthus roseus Vincristine (1.4) Anticancer and Leukemia 21
Chondrodendron tomentosun  d-tubocurarine (1.6)  Muscles relaxant in surgery 17
Cinchona officinalis Quinine (1.7) Antimalarial 22
Pilocarpus jaborandi Pilocarpine (1.8) Glaucoma 22
Podophyllum peltatum Etoposide (1.9) Leukaemia, lymphoma lung 23
and Testicular cancer
Rauwolfia species Reserpine (1.10) Antihypertensive 23
Taxus brevifolia Taxol (1.11) Breast and Ovarian cancer 23

Medicinal plants play important role in health care delivery systems in many parts of the world.
WHO estimates that over 80% of the world inhabitants rely and continue to rely on traditional
medicine.” According to research conducted in the US from 1959-1980, over 25% of dispensed
prescription-drugs were plant extracts or the active principles derived from higher plants.3 About
119 chemical substances were derived from 90 plant species of which 74% were discovered from
plants used in traditional medicine.”* Hence, the discovery of drug can be linked to traditional

medicine.” ' > Between 1983 and 1994, 41% of newly approved drugs (medicines) have natural
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product as their source.” Table 1.2 summaries few examples of medicines (drugs) derived or semi-

synthesised from natural products.

Table 1.2 Examples of drugs derived or semi-synthesized from natural products

S/N  Drug (Generic name) Therapeutic Class Reference
' Artemotil (arteether) § (1.12) Antimalarial 25
2 | Valstar (valrubicin) § (1.13) Anticancer 26
%) Invanz (ertapenem) § (1.14) Antibacterial 27
‘' Cancidas (caspofungin) §§ (1.15) Antifungal 28
<1 Ketek (telithromycin) §§ (1.16) Antibacterial 29
7 Myfortic (mycophenolate sodium)§§§(1.17) Immunosuppressant 30

Key: § Natural product derived; §§ Semi-synthetic natural product; §§§ Natural product
(0] OH 0
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1.2 Motivation for the Present Study

Natural products have the potential of providing medicine with a source of novel structure that

14, 31

cannot be obtained through combinatorial synthesis . This is because nature has the ability to

produce complex molecules with multiple chiral centres that are designed to interact with
biological systems. Living organisms use these compounds as self defence mechanism.’ Most

biologically active natural products are secondary metabolites with complex structures.'* '
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Natural products have chemical diversity which determines their end usage. The biodiversity of
nature has lead to novel natural products and greater amount are yet to be discovered. It is
estimated that from about 250,000 plants species available in the world only about 5-15% has been
studied for bioactive compounds.'’ The biodiversity of the marine ecosystem remains a grave yard
which has not been exploited to the fullest.*> Marine organisms tend to produce a wealth of natural
products with over 3,000 new compounds isolated."” The microbial world is richer than the two

aforementioned ecological systems with only about 1% of its biodiversity explored.3 334

Africa is plagued with many diseases which include malaria, diabetes, hypertension, filariasis,
HIV/AIDS, and sickle cell anaemia to mention just a few.> ¢ Many ethnobotanical surveys show
that many African medicinal plants are used by traditional healers to treat some of these diseases.”

Figure 1 shows a typical traditional herbal medicinal market in Durban, South Africa.

Figure 1.1 A typical traditional medicine market in Durban, South Africa.”

Furthermore, most of the phytomedicines derived from the medicinal plants have not been
subjected to any scientific study to validate their efficacy and safety and also identify their

biologically active ingredients.” The ubiquity of triterpenes in many medicinal plants used in Asian
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and European phytomedicines encouraged the present focus on triterpenes as lead compounds for
drug discovery purposes. Previously, Somova et al.® investigated the anti-hypertensive activity of
triterpenoids from the leaves of Olea europaea subspecies africana. The study showed that

oleanolic acid (OA) 1.18, and ursolic acid (UA) 1.19 are the active constituents in the leaf extract.

H;C, CHj3 CH;

1.18 1.19
Furthermore, Somova et al.”’ showed that OA, UA, and uvaol (UV) 1.20 as well as methyl
maslinate (MM) 1.21, a derivative of OA, isolated from the leaves of Olea europaea (Cape
cultivar) have cardiotonic and antidysrhythmic effects.

¢Hs

1.20 1.21
In a separate study, Musabayane et al*® implicated OA, UA, and their derivatives, methyl
maslinate 1.21 and methyl corosolate 1.22, in the observed anti-diabetic activity of the leaf extract
of Syzygium cordatum in streptozotocin-induced diabetic rats. Furthermore, of recent, many
reports on the anti-cancer and anti-HIV activities of natural pentacyclic compounds such as
betulinic acid 1.23, platanic acid 1.24, OA 1.18, pomolic acid 1.25, glycyrrhetic acid 1.26, UA
1.19, morolic acid 1.27, and other structurally related triterpenoids as potent and selective

inhibitors of HIV type 1 replication have appeared in the chemical and biological literature.*



1.26 1.27



In recognition of the broad-based biological activities of triterpenoids ** and the ubiquity of
triterpenic acids in nature as well as the latent functionalities present in the molecules, the

following hypotheses were proposed.

1.3 Hypotheses

e Bulk quantities of triterpenoids such as OA, BA, UA and other classes of natural products
can be extracted from local and non-local economic and horticultural plants after
qualitative and quantitative phytochemical screening. These extractives can be used as
active pharmaceutical ingredients (APIs) and/or precursors for lead compound optimisation
programme which can lead to potent chemotherapeutic agents.

¢ The isolated natural products (triterpenoids and others) which are bioactive and have latent
or obvious functional groups can be decorated with pharmacophoric groups for enhanced

biological activities for drug discovery purposes.

1.4 Aims and Objectives of Research
The principal aims of the present research were:
(1) To isolate and characterize the chemical constituents of Callistemon species, Melaleuca
species, Syzygium aromaticum and Tectona grandis for chemical and biological evaluation.
(i1) To produce (potent biologically-active) derivatives of pentacyclic triterpenoids from the

study plants.

1.4.1 Specific Research Objectives

(1) To review scientific literature of previous work done on plants containing
triterpenoids, especially OA and BA.

(1)  To isolate and characterize the essential oils and pentacyclic triterpenoids of
Callistemon viminalis and Callistemon salignus.

(iii))  To characterise the essential oils of Melaleuca bracteata var. revolution gold,
Melaleuca bracteata var. green, and Melaleuca trichostachya var. compacta.

(iv)  Toisolate and characterise the pentacyclic triterpenoids of Melaleuca bracteata var.
revolution gold, Melaleuca bracteata var. revolution green, and Melaleuca

trichostachya var. compacta.
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v) To isolate and characterise the pentacyclic triterpenoids o