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ABSTRACT
In this present work, the stem barks of two medicinal plants, Trichilia tessmannii (Harms)
and Trichilia monadelpha (Thonn) JJ De Wilde both of the family Meliaceae were screened
for their phytochemical constituents and evaluated for their antimicrobial and antioxidant
activities with the sole objective of isolating the active principles present. The phytochemical
investigation revealed the presence of plant secondary metabolites such as; Tannins,
Reducing sugars, Anthraquinones, Alkaloids, Saponins glycosides, Cardiac glycosides,
Terpinoids, Cumarins and Phytosteral,
The antimicrobial activity was determined by broth dilution method using standardized
bacteria suspensions of Staphylococcus aureus, Bacillus subtilis, Escherichia coli,
Pseudomonas aeruginosa and the fungus, Candida albicans.
Broad-spectrum antimicrobial activity was observed for all extracts except the petroleum
ether extract of T. tessmannii.. A minimum inhibitory concentration (MIC) of 0.625 mg/mL
was determined as the highest activity for the ethyl acetate extract of T. tessmannii against
Pseudomonas aeruginosa and Candida albicans. Lowest MIC of >10 mg/mL was however
recorded by the petroleum ether extract of T. tessmannii against Bacillus subtilis, Escherichia
coli, and Pseudomonas aeruginosa.
Antioxidant activity was determined by the use of DPPH free radical scavenging assay, Total
phenol content assay and Total antioxidant capacity assay on the total crude methanol extract
of the stem bark. The total crude methanol extract was found to possess DPPH free radical
scavenging activity of ECsy values 0.0207 mg/mL and 0.0099 mg/mL for the extracts of T.
tessmannii and T. monadelpha respectively and 0.004806 mg/mL for the ascorbic acid used
as the reference drug. The values obtained from the estimation of the Total antioxidant
capacity assay were 444.7 + 28.58 mg/g of ascorbic acid and 324.40 + 20.41mg/g of ascorbic

acid for T. tessmannii and T. monadelpha respectively, and the Total phenol content values



for T. tessmannii and T. monadelpha were 970.2 + 78.69 mg/g of tannic acid and 884.2 +
61.00 mg/g of tannic acid respectively. These findings provide scientific justification for the
use of the stem barks of T. tessmannii and T. monadelpha, in various traditional medicines,
for the treatment and management of diseases associated with oxidative stress and infectious
conditions. The chromatographic separation of extracts done so far was by open column silica
gel chromatography using the gradient elution method. Chromatographic separation of the
ethyl acetate extract of the stem back of T. Monadelpha (TME) has yielded an isolate ‘A;’,

which is yet to be further purified and characterized.
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CHAPTER ONE

INTRODUCTION

1.1 GENERAL INTRODUCTION

The use of plants as medicines predates written human history (Rios and Recio, 2005). Plants
are great sources of medicines, especially in traditional medicine, which are useful in the
treatment of various diseases. Many of the herbs and spices used by humans to season food
have also yielded useful medicinal compounds (Lai and Roy, 2004). Traditional medicine has
not only played a vital role in providing healing but has also contributed to the discovery of
most pharmaceutically active substances (Ngo et al., 2013) which have been used in the
commercial production of drugs. Some of these pharmaceutically active single chemical
entities include: aspirin, morphine, quinine, artemisinin, amodiaquine and many others (lwu,
2014).

During the twentieth century, the interest of the pharmaceutical industry shifted from the use
of these natural based products (for the discovery of drugs) to synthetic chemistry
(combinatorial chemistry). This trend has dominated research and developments in the
industry during the period. Thus, this has replaced natural extracts with synthetic molecules
that have no connection to-natural products. Though this has helped treat, prevent and saved
many lives over the years, these synthetic drugs have serious side effects. Also the discovery
of de novo entities are very low with combinatorial chemistry (Newman and Cragg, 2012).
These setbacks of the combinatory chemistry trend have awakened interest in the use of
natural products especially medicinal plants as source of pharmaceutical agents. It is believed
that natural products provide greater structural diversity than standard combinatorial
chemistry and so they offer major opportunities for finding novel low molecular weight lead

structures that are active against a wide range of assay targets (Harvey, 2000).



However, as the environment changes and the world develops as well, areas of high
biodiversity are losing species. The rate of plant species extinction is increasing rapidly, the
multitude of potentially useful phytochemical structures which could be obtained and used
directly as medicinal agents or used as templates for the synthesis of chemically active agents
are at risk of being lost permanently (Cowan, 1999).

This project therefore seeks to scientifically investigate and isolate the antimicrobial and
antioxidant agents present in two medicinal plants namely; Trichilia monadelpha (Thronn)

J.J. de wilde and Trichilia tessmannii'(Harms) both of the family Meliaceae.

1.1.1 Natural products as bioactive agents for drug discovery

Natural products have long been recognized as a major source of new and therapeutically
effective medicines. Many successful drugs currently in use were originally synthesized to
mimic the action of molecules found In them. They are the most consistently successful
source of drug leads (Kingston, 2010). Natural product scientists claim that these products
form the basis for many of the drugs currently in commercial use or in development (Cragg et
al., 1997).

Newman et al., (2003) analyzed a number of drugs obtained from natural products which
were present in the total drug launches from 1981 to 2002. From their research, they
concluded that natural products still play an important role in sourcing for novel drug
moieties, especially antihypertensive and anticancer agents.

Among the top 35 worldwide selling ethical drugs sales of 2000, 2001 and 2002, drugs
obtained from natural products are well represented percentage-wise. Drugs derived from
these products represented approximately 40 %, 24 % and 26 % in 2000, 2001 and 2002
respectively (Butler, 2008).

Between 2000 and 2003, about 15 drugs derived from natural products were launched. These

included; new anti-malarial agent arteether, anti-fungal agent caspofungin (Cragg and



Newman, 2013), , anti- Alzheimer’s drug and anti-bacterial drug (Graul, 2004). Most of these
drugs or agents have progressed into phase Il clinical trials and are hoped to be on the
market soon for use (Butler, 2008).

Of the 20 best-selling non-protein drugs in 1999, nine were either derived from or developed
as the result of leads generated by natural products. Examples include; simvastatin,
lovastatin, enalapril, pravastatin, atorvastatin, augmentin, ciprofloxacin, clarithromycin and
cyclosporin with combined annual sales of US$16 billion. Newer developments based on
natural products include the antimalarial drug artemisinin, and the anticancer agents taxol,
docetaxel and camptothecin (Harvey and Waterman, 1998; Grabley and Thiericke, 1999).
The use of natural products has been the single most successful strategy for the discovery of
new medicines. In addition to this historical success in drug discovery, natural products are

likely to continue to be sources for new commercially viable drug leads (Harvey, 2000).

1.1.2 Medicinal plantsas sources of drugs

In plants, the chemical reactions that sustain life, is known as 'metabolism'. This process
produces a number of different chemicals, which are called ‘'metabolites’. Plants have the
ability to synthesize a wide variety of chemical compounds (primary and secondary
metabolites) that are used to perform important biological functions, and to defend against

attack from predators sueh as insects.and other herbivorous mammals (Cowan, 1999).

These secondary metabolites are organic compounds that are not directly involved in the
normal growth development or reproduction of an organism. Unlike primary metabolites,
absence of secondary metabolites does not result in immediate death, but rather in long-term
impairment of the organism's survivability (Fraenkel, 1959).

Most biologically active natural product compounds are secondary metabolites with complex
structures. Humans use these secondary metabolites such as alkaloids, terpenoids, glycosides,

natural phenols and saponins as medicines (Baliah and Astalakshmi, 2014).



It is estimated that about 60% of the world’s population depend basically on plants for
medication (Hafidh et al., 2009). The World Health Organization (WHO) estimates that 80
percent of the population of some Asian and African countries presently use herbal medicine
for some aspect of primary health care, e.g. new anti-malarial drugs were developed from the
discovery and isolation of artemisinin from Artemisia annua L., a plant used in China for
almost 2000 years (WHO, 2002)

Plants supply most of the active ingredients of traditional medicinal products, and plant
extracts have long been used in screening ‘programmes™in pharmaceutical companies and
university research institutes (Harvey, 2000). It might be thought that most of the plant
kingdom has been thoroughly examined in the search for biologically active molecules.
However, this is not the case. It is believed that only about 10% of the known 250,000
species of plants in the world have been tested for any active molecules and less than this
have been studied extensively. (\Verpoorte, 1998). There are many habitats which are yet to be
explored. Recent research shows that new species are being discovered from these habitats
(Harvey, 2000). It is likely that these areas could yield useful drugs.

In spite of the increasing use of medicinal plants, their future, apparently, is being threatened
by complacency concerning their conservation. Reserves of these.-medicinal plants in
developing countries are diminishing and in danger of extinction (Hoareau and DaSilva,

1999). As more diseases are discovered, a continual need for new sources of drugs is crucial.

Plants are very likely to continue to be important in the search of these new agents.

1.1.3 Why plants are used as source of medicines

The role of plants in the development of medicine cannot be underestimated. Over the past
centuries, numerous purified compounds have proven to be indispensible in the practice of
modern medicine (Singh and Barrett, 2006). Examples of these agents include; cardiac

glycoside (digitalis), opiate (codeine and morphine), cinchona alkaloids (quinine and



quinidine) and diterpenoid (taxol) which are all well-known agents used as drugs (Li and
Vederas, 2009).

It has been reported that about 25 % of the drugs prescribed worldwide come from plants
(Rates, 2001). Out of the over 252 drugs that the World Health Organisation (WHO)
considers as basic and essential, 11 % are exclusively of plant origin and a significant number
of many of the synthetic drugs are obtained from natural precursors (WHO, 1992). The WHO
also states that about 80% of the people in developing countries rely on traditional medicine

for their primary health.

There are several reasons why there has been great interest in drugs of plant origin. These

include:

e ltis believed that plants are readily accessible to folks for use (WHO, 2002).

e That conventional. medicine can be iIneffective and abusive or incorrect use of
synthetic drugsresults may be accompanied by severe side effects.

e A large percentage of the world’s population does not have access to conventional
pharmacological treatment (WHO, 2002).

e Therapies from these sources are considered to be affordable especially for the
world’s poorest patients. They are sometimes considered to be cheaper and sometimes
not even paid for or maybe paid.for in kind (WHO, 2002).

e Plants can be used as therapeutic agents in several ways. They can be used as
tinctures, teas, extracts and other homemade remedies (Rates, 2001).

e The patronage and use of plants accords with most customs and cultural practices of

non-urban/rural dwellers worldwide (WHO, 2002).



1.1.4 Organic chemistry in the development of drugs from natural sources

Natural products have inspired many developments in organic chemistry (Wilson and
Danishefsky, 2006). There has been the advancement in synthetic methodologies and this has
led to the development of analogues of original lead compound with improved
pharmacological or pharmaceutical properties (Newman, 2008).With the application of
various techniques to create analogues and derivatives of natural products, it has become

possible to derive novel compounds that can be patented (Raskinet al., 2002).

There has been new approaches to add value to natural products by the application of
advances in fractionation techniques to isolate and purify these natural products (Wu et al.,
2008). Furthermore, improvements in analytical techniques in the screening of natural
product mixtures has helped to determine their structures with a very short time (Singh and

Barrett, 2006; Harvey, 2007).

There have been advances in NMR techniques; complex structures can now be elucidated
with less than 1 mg of compound (Quinn et al., 2008). Several alternative approaches are also
being explored in efforts to increase the speed and efficiency with which natural products can
be applied to drug discovery. Ethnobatany Is now recognized as an effective way to discover

future medicines.

1.1.4 Useful drugs from medicinal plants
The use of plants as medicines by humans predates written human history. In present history
plants as medicines still play very crucial role in the treatment of various diseases (Singh and

Barrett, 2006).

Plants; its constituents and other products obtained from them may be used in different ways

as sources of therapeutic agents (Fabricant and Farnsworth, 2001). The various ways of



applying the plant materials as therapeutic agents may be accessed in four different ways.
These include; (a) To use the whole or part of the plant as crude herbal preparation. Examples
include; senna leaves, garlic, ginseng, ginkgo biloba, cranberry, St. Jonh’s wort, feverfew,
aloe vera and saw palmetto. (b) The active constituents of the plant may be isolated and the
isolates used directly as drugs. Examples include; taxol [7], vinblastine, vincristine, morphine
[9], digoxin, digitoxin, reserpine [2], quinine [13] and quinidine [6] (Tables 1.1 and 1.2). (c)
The produced bioactive or isolated compounds may serve as templates for the synthesis of
new drugs to produce patentable agents ofihigher poteney with lower toxicity. Examples
include; aspirin [10], amodiaquine [12], artemether [14], oxycodon, metformin [16] and
taxotere based on salicin [11], quinine [13], artemisinin [15], morphine [9], galegine [17] and
taxol [7] respectively (Tables 1.1 and 1.2). (d) By using the agents obtained from these plants
as pharmacological tools or probes. Examples; mescaline [1]; used for its hallucinogenic
properties and yohimbine [3]; used as-a probe for a-2 adrenoceptors. Tables 1.1 and 1.2

below shows some useful-drugs with their structures obtained from plants.

There is the need to search for more pharmacologically active agents from plants with the
hope of obtaining entirely new drugs or lead compounds. The study of plants with
ethnopharmacological uses has yielded several useful drugs and it is believed that the
continuous study of them may yield even newer drugs(Harvey, 2000). It is also important
that research in drug discovery should not be viewed as a means only to discover new
compounds, but also be seen as a way to develop the most promising plant therapies into
unmodified natural products (crude extracts), semi-refined products and other acceptable

formula (Stark et al., 2013).



Table 1.1: Drugs: structures, plant source and medicinal use(s)

Drug name and structure Plant source Use(s)
HaC-0 Lophophora Used for its hallucinogenic
NH, _— .. .
HyC-O williamsii properties
O-CHy4
(Cactaceae)

Mescaline [1]

Rauwolfia Used in the management of

vomitoria essential hypertention and in

(Apocynaceae) certain Neuropsychiatric
disorders.

Pausinystalia Used in the symptomatic

yohimbe treatment of erectile

(Rubiaceae) dysfunction.

Used as a probe for

a-2 adrenoceptors

Ephedra sinica Sympathomimetic,

(Ephedraceae) decongestant, hypotension,

appetite suppressant

Ephedrine [4]




Table 1.1 cont’d

Drug name and structure Plant source Use(s)
Erythroxylum Stimulant, appetite
coca suppressant and Local
(Erythroxylaceae) | anaesthetic
Cinchona Used as an Antiarrhythmic
sucirhubra agent.

(Rubiaceae)

Taxol [7]

Taxus brevifolia

(Taxaceae)

Used in the treatment of solid

tumors such as ovarian

cancers and breast cancers.




Table 1.2: Drugs: structures, lead compounds, plant source and medicinal use(s)

Drug name and structure Lead compound Plant source Use(s)
HO Papaver Used in the
HO O somniferum management
N-CH,
‘ N\CH3 0 (Papaveraceae) | of parkinson’s
H .
HO O disease.
HCl
HO : HOY
Apomorphine HCI [8] Morphine [9]
o OH  OH Salix  fragilis | Analgesic,
I HO
OH and Salix | antipyretic
o)
o HO purpurea and anti-
o)
o%kcm - (Salicaceae) inflammatory
Aspirin [10] agent.
OH
Salicin [11]
OH' CHy Cinchona Used in the
( Q/(
N_ CH succirubra treatment  of
\H N
(Rubiaceae) malaria.
C Amodiaguine [12]
Artemisia Used in the
annua treatment  of
(Asteraceae) malaria.

OCH,

Artemether [14]

Artemisinin [15]

10




Table 1.2 cont’d

Drug name and structure Lead compound Plant source Use(s)
H,N HoN H3C Galega Management
/\—NH CHg >/—N<_/>7CH:
o < o officinalis of diabetes.
V4
HN CH
3 Galegine [17] (Fabaceae)
Metformin [16]
cH, S SN\ H3C\ Atropa Used in the
H3C\ / OH N\
N = = belladonna treatment  of

N
ORO ko

Tiotropium [18]

Atropine [19] ;

(Solanaceae)

bronchospasm
associated

with COPD.

1.2 JUSTIFICATION AND SIGNIEICANCES OF RESEARCH WORK

The emergence and the spread of multidrug-resistant pathogens are a major public health

threat to the successful-treatment of infectious diseases. As antibiotic resistance continues to

grow and novel infections spread, the number of newly approved antibiotic agents is on the

decline, as only six new antibiotics were approved since 2003 despite the medical need for

them (Donadio et al., 2010).

Since there is a perpetual need for antibiotics to treat infections, the discovery of new agents

from underexplored natural products such as plants is worthwhile. The decline in the

discovery of these antibiotics is as a result of low revenues obtained from the sale of these

agents as compared to other drugs on the market. Secondly, this low revenue is due to the fact

that antibiotic prescriptions last for only few weeks unlike that for chronic illnesses that lasts
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for years (Fischbach and Walsh, 2009). Thirdly, as newly approved drugs can be prescribed
without restrictions that of newly developed antibiotics are restricted. All these reasons assert
to the decline in the development of new antibiotics despite the increase in resistance to old

antibiotics (Nathan, 2003).

In view of this, there is therefore an urgent need for the discovery and development of new
antimicrobial agents to solve the issue of multidrug resistance and the spread of novel and co-
infections. The importance of natural preducts especially.medicinal plants in the discovery of
antimicrobial agents cannot be dawn, played. Medicinal plants have a long history in
traditional medicine and have served as promising reservoir for untapped molecules with
diverse chemical structures for potentially new lead compounds for the development of

antimicrobial agents.

In severe infections and chronic diseases there may be excess production of free radicals and
so there is the need for antioxidants to mop up these free radicals to prevent excess damage to

cells and tissues of the host organism.

Recently, the search for antioxidants that can counter these effects is on-going. Medicinal
plants have taken a eentre stage in this search since most dietary and other constituents of
these plants such as, ascorbic-acid (vit. c), tocopherol (vit. E), phenols, coumarins and

flavonoids, have been found to have major antioxidant activity (Devasagayam et al., 2004).
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1.2.3 Aims

The aim of this research work is to scientifically investigate and compare the anti-infective
and antioxidant potential of the stem bark of two medicinal plants namely Trichilia
monadelpha (Thronn) J.J. de wilde and Trichilia tessmannii (Harms) both of the family

Meliaceae with the sole objective of isolating the bioactive agents and characterizing them.

1.2.4 Specific objectives

In order to achieve this aim the following specific,objectives were-set;

e To perform phytochemical screening on the pulverized plant materials.
e To carry out crude extraction on the selected.medicinal plants.

e To screen and compare both extracts obtained for anti-infective and antioxidant

activities.

e To fractionate, isolate and elucidate the structures of the constituents of the active

extracts.

e To test the isolated constituents for anti-infective and antioxidant activities.
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CHAPTER TWO
LITERATURE REVIEW

2.1 INFECTIOUS DISEASES

2.1.1 The burden of infectious diseases

Infectious diseases are illnesses that are caused by pathogenic microorganisms, such as
bacteria, viruses, protozoa, parasites or fungi or their toxins (Cohen and Williamson, 1991).
The infection can be spread directly or indirectly, from one person to another. Zoonotic
diseases are infectious diseases of ‘animals that can cause disease when transmitted to
humans. The root causes of these infections are attributed to poverty and its associated
problems of unhygienic living conditions, malnutrition, illiteracy and poor access to clean
water, toilet facilities and quality healthcare (Sinniah et al., 2014) . According to the World
Health Organisation (WHO), infectious diseases are the world’s biggest killers, affecting both
children and adults. Infectious diseases now account for one in ten deaths inthe industrialized
countries while in the developing countries, it accounts for six out of every ten deaths (WHO,
2004; Mathers et al., 2008). It is believed that about 33% of all reported deaths are caused by

infectious and parasitic disease in Ghana (Tabi et al., 2006).

Against the constant background of established infections, epidemics of new and old
infectious diseases periodically emerge, greatly magnifying the global burden of infectious
diseases (Morens et al., 2004). Due to this, there is an increase in the interest of global health
issues and has led to increased levels of financial support, which combined with recent
technological advances and research into finding new agents, are all geared towards curbing

this public health issue.

Recently, there has been the connection of certain diseases that were not thought to be
associated with microbial infections to be now associated with them directly or indirectly

such that some cancers are now being attributed to some viruses Coronary heart diseases have
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also have been linked to some chronic infections with microorganisms (Vuorela et al., 2004).
Peptic ulcer and gastric carcinoma have been associated with helicobacter pylori (Chang et
al., 2005). Other chronic diseases such as hepatocellular carcinoma, diabetes and multiple

sclerosis have also been associated with some microbial infections (Karin et al., 2006) .

The spread of multidrug-resistant pathogen is also a major setback to the treatment of
infectious diseases all over the world. Resistance to antibiotics is an inevitable challenge.
There is therefore the need to develop newsantibiatics and-alse--manage the use of these new
antibiotics to prevent resistance (Singh.and Barrett, 2006). In these past years, the spectrum
and frequency of antimicrobial-resistant infections have increased and the antibiotics in use
are gradually being rendered useless (Iwu et al., 1999). The Centre for Disease Control
(CDC) based on these negative health trends of infectious diseases have renewed the
strategies on the treatment and prevention of infectious diseases and have proposed solutions
which include; prevention (such as vaccination); improved monitoring, and the development

of new antimicrobials (Fauci, 2001).

There is therefore the need to search for new lead and novel compounds to solve this public
health issue. Plants have provided a source of inspiration for novel. lead compounds and
drugs and these have contributed to human health and well-being and as such considering

them for development of new.antimicrobial may be warthwhile (lwu et al., 1999).

2.1.2 Antimicrobial agents from natural sources

Right from the “golden era” of antibiotics discovery such as the penicillins, cephalosporins,
aminoglycosides, tetracyclines, erythromycin and related macrolides, vancomycin etc,
natural products have played a major role in this dispensation (Walsh, 2003). Antibiotics
from natural products tend to possess very complex architectural scaffolds and have

substituents that are likely to interact with biological targets in the pathogenic bacteria. These
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scaffolds have been excellent platforms for remodelling and re-engineering by medicinal
chemists to create subsequent generation of semi-synthetic variants of natural products
antibiotic in use today (Walsh, 2003). It is believed that much more of these may be obtained
if natural products are continually tested or screened. Natural products have been the major
source of chemical diversity for starting materials for driving pharmaceutical discovery over
the past years (Harvey, 2007). Natural product research has enormous yet unexploited

potentials.

From combination of research effartsyin academic. and_industrial laboratories, significant
numbers of novel structures of biologically active natural products have been discovered
from various natural sources especially plants. Recently several hundreds of plants worldwide
used in treatment of infectious diseases have been screened for antimicrobial activities which
have been published by different authors (Martin and Ernst, 2003). It is believed that these
antimicrobial agents from these plants are synthesized by the plants de novo following
microbial attack to protect themselves from any other pathogenic microbes in the
environment. These agents are believed to have entirely different mechanisms of action from

the antibiotics in present use (Eloff, 1998).

2.1.3 Plants as source of anti-microbial agents

Many antimicrobial agents have been derived from microbial sources (example; the
discovery of penicillin which later led to the discoveries of other antibiotics). Some soil
microorganisms have also produced very useful antibiotics (example; streptomycin and
aureomycin) (lwu et al., 1999).

On the other hand, most plants have been known to have healing potentials. These plants
contain useful constituents that have been believed to possess antimicrobial principles long

before mankind discovered the existence of microbes (Rios and Recio, 2005). With this
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knowledge at hand, plant based antimicrobial agents still represent a major untapped sources

of medicines (lwu, 2014).

The search for newer antibiotics from other sources apart from microorganisms has become

very necessary due to the following;

e The emergence of multiple drug resistances to human pathogenic organisms and
e The associated challenges from antibiotics derived from products of microorganisms

and their synthesized derivatives.

At present, there is no single plant derived antimicrobial entity on the market (Gibbons,
2004). Plants have therefore been focused on to obtain new antimicrobial agents. The reason

for this interest is as follows;

e Plants are believed to be effective in the treatment of some infectious diseases while
simultaneously mitigating many of the side effects that are often associated with
synthetic antimicrobial (Ilwu et al., 1999).

e The antibacterial constituents present in plants, used by humans for the cure of
infections are synthesized de novo following microbial attack. These synthesized
products are used by these plants to protect themselves from invasive and pathogenic
microbes in the environment (Gibbons, 2004).

e It is believed that the antimicrobial activities of some of these plants may act by
mechanisms that are totally different from the currently used antibiotics. This may be

of clinical value in the treatment of resistant microbial strains (Eloff, 1998).

Currently there are several researches into this field, and authors have published a number of
works that have demonstrated the antimicrobial activities of several plants. Some of these

include; (a) flavonoid glycosides from Margaritaria discoidea which have been found to
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have broad spectrum antibacterial activity (Ekuadzi et al., 2013), (b) an isolated indolizinium
alkaloid from Aniba panurensis has been found to possess potent antimicrobial activity
(Klausmeyer et al., 2004), (c) a diterpenes from Eupatorium glutinosum have also been found
to possess antimicrobial activity (El-Seedi et al., 2002), (d) the essential oils of the fruit
extract of Xylopia aethiopica have also shown to possess broad spectrum antimicrobial
activity and antifungal activity against Candida albicans (Fleischer et al., 2008), (e) allinine
in Allium sativum (garlic) has been found to have some antimicrobial activity (lwu et al.,
1999), (f) the methanol and petroleum ether extracts of the.leaves and stem bark of Nauclea
latifolia, Bridelia atroviridis, and Zanthoxylum gilletii have exhibited antimicrobial activities
(Agyare et al., 2006) and (g) the stem bark extracts of Harungana madagascariensis have

shown to possess some antimicrobial activity (Iwalewa et al., 2009).

2.2 OVERVIEW OF IN VITRO ANTIBACTERIAL ASSAYS
Antimicrobial activity can be established by observing the growth response of various
microorganisms to test samples (e.g. natural extract). The method for detecting this activity

has been classified into two namely; Dilution and Diffusion methods.

The dilution method. includes agar and broth dilution methods while the diffusion method
consist of agar disc diffusion, agar well diffusion and bio-autography. These methods have

been further described below;

2.2.1 Agar-diffusion method
Diffusion of the active sample (extract) from a reservoir into pre-inoculated solid agar
medium is the basic principle underlining this method. The diameter of the clear zone around

the reservoir is measured at the end of the incubation period.

The diffusion methods are usually qualitative and suitable in preliminary antimicrobial

screening of compounds and medicinal plant extracts with potential antimicrobial activity.
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This method gives no quantification of bioactivity (Langfield et al., 2004); (Hammer et al.,

1999).

In this method, different types of reservoirs can be used. These include; filter paper disc,
stainless steel cylinders placed on the surface and hole punched in the medium (Cos et al.,
2006). The diffusion method is not appropriate for testing non-polar samples and those that

do not easily diffuse into agar (Fleischer et al., 2013).

In the agar well diffusion, wells are . made n a pre-inoculated agar with a sterile cork borer
aseptically and these wells are filled with different concentrations of the test sample. The
inoculated system is kept at a temperature of 25 ¢ for several hours before incubation to allow
the extract or test sample to diffuse into the agar to make contact with the seeded
microorganisms. The diameter of the clear zone around the well is then measured after

incubation (Norrell and Messley, 1997).

In the agar disc diffusion assay, sterile filter paper discs are impregnated with the extract or
test sample to serve as the reservoir. The impregnated paper discs are placed on top of the
solidified pre-inoculated agar. This is then incubated and the clear zones of inhibition around
the reservoir are measured after the incubation period (Salie et al., 1996). This method do

not allow the determination of MICs (Parekh and Chanda, 2006).

2.2.2 Dilution method
Dilution methods of antimicrobial assay are an important tool for assessing the activity of
potential antimicrobial agents. This method can employ both solid and liquid media and

growth of the microorganisms can be measured in different ways.

In broth (liquid) dilution method, the turbidity and redox-indicators are used to measure the

extent of growth by the microorganism. The turbidity can be estimated or measured visually
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or by measuring the optical density of the resultant solution at 405 nm (Cos et al., 2006). The
redox indicators frequently used are; 3-(4,5-dimethylthiazole-2,-yl)-2,5-diphenyltetrazolium

bromide (MTT) and resazurin (Gabrielson et al., 2002); (Eloff, 1998; Umeh et al., 2005).

One setback with the use of this method is the sedimentation of the broth and the extract in
cases where the extract is not fully soluble. This causes interference in the turbidity readings.
This method is appropriate for the assaying of the antimicrobial activity of both polar and

non-polar extracts and compounds.

The use of micro-plate reader can make assay easy and reproducible. In both agar (solid) and
broth (liquid) dilution, the MIC which is the lowest concentration able to inhibit any visible

microbial growth can be measured after incubation (Cos et al., 2006).

2.2.3 Bio-autographic method
This method is an easy way to-detect the particular constituent present in-an extract or test
sample that possess antimicrobial activity.  The method employs three different methods

which include;

e Direct contact bio-autography, where the microorganisms grow directly on the
developed thinlayer chromatographic (TLC) plate (Hostettmann et al., 2001).

e Contact bio-autography, where the antimicrobial compounds are transferred from the
TLC plate onto an inoculated-agar plate, so-that the active constituent would have
direct contact with the organisms (Cos et al., 2006) and

e Agar overlay bio-autography, where a seeded agar medium is applied directly onto

the TLC plate (Rahalison et al., 1991).
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The growth inhibition on the TLC plate is detected by spraying the surface with a microbial
indicator such as MTT, a tetrazolium salt. Antimicrobial activity of the extract is detected as

clear (white) zones on the TLC plate.

Some setbacks for this method include the fact that it is limited to microorganisms that can
easily grow on TLC plates. Another setback is the residue of low volatile solvents such as
ammonia and trifluoroacetic acid that need to be removed completely before the transfer of

the active compounds from the TLCplate gnto ihe agar surface:

However, this method supports a quick search for new antimicrobial agents through bioassay
guided isolation. This is because the technique allows localized antimicrobial activity of the

test sample on a chromatogram (Cos et al., 2006).

2.3 OXIDANTS AND ANTIOXIDANTS

2.3.1 Origins of the free radical theory

The pioneer of free radical research, Denham Harman made the first connection between free
radical chemistry and aging in the early 1950’s. His first study which showed that 2-MEA (2-
mercaptoethylamine) a radiation protection compound synthesised by the Atomic Energy
Commission could extend life span by decreasing the level of free radical reactions was
presented as an abstract in 1956 at the American Federation of Clinical Research. However,

little support was generated from his theories at that time (Harman, 1993).

A single common process was proposed by Harman, that the production of free radicals was
responsible for aging and death of all living things. This theory was based on the chemical
nature of free radicals and their ubiquitous prominent presence in living systems (Harman,

1992).
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Oxygen-derived free radicals were cited in the free radical theory of aging as being
responsible for age-associated impairment at cellular and tissue levels. Implying that cellular
aging is associated with oxidative stress (Sies, 2000). This theory gained credibility with the
discovery by McCord and Fridovich (1969) of superoxides dismutase (SOD), a natural
enzyme that destroys superoxide free radicals in the body (McCord, 2000); (McCord and

Fridovich, 1969).

2.3.2 Free radicals and their generation

Free radicals are atoms or molecules.which. have unpaired electrons and are capable of
independent existence. They are unstable because the unpaired electron creates highly
reactive molecule which stabilises itself by taking an electron away from a stable molecule.
The previously stable molecule, on foss of an electron, becomes ‘damaged’ resulting in
another free radical. This then starts up a destructive chain reaction. These free radicals are
collectively known as Reactive Oxygen Species (ROS) or Oxygen Derived Species and may
include both oxygen radicals and certain non-radicals that are oxidising agents, or are easily

converted into radicals (Halliwell, 2006).

There is permanent damage caused even if the free radical regains its electron from a stable
molecule. Thus the original form and function is lost permanently (Halliwell, 2006).
Biological membranes are among the most common target for auto-oxidative and oxidative
tissue injury and disease (Pendry et al., 2005). Here a membrane lipid is attacked by a free
radical by removing a hydrogen atom from a polyunsaturated fatty acid (PUFA) side chain,
creating a carbon centred radical (CH-). An unpaired electron is left on the carbon since
hydrogen atom has only one electron. The carbon then combines with molecular oxygen and
yields a highly reactive peroxyl radical (COQO). This peroxyl then abstract hydrogen from
adjacent fatty acids and generates new carbon centre, resulting in a chain reaction known as

lipid peroxidation (Santanam et al., 1998).
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The accumulation of lipid hydroperoxides (-COOH) causes destabilization of the cell
membrane leading to interrelated derangement of cell metabolism including DNA strand
breakage, damage to membrane ion transporters, gene expression alteration and some other
protein damage. The resulting damage may be the production of mutagenic products, which

burden the immune system leading to diseases (Halliwell, 2006).

There is therefore a growing evidence that excessive production of free radicals can cause or

exacerbate many human diseases (Halliwell, 2012).

2.3.3 Sources of free radicals

Free radicals may arise from various sources. They may arise from the environment which
include; tobacco smoke, ozone derived from air pollution, automobile exhaust emissions,
pesticides and excessive radiation. It may also arise from normal in vivo biological processes
which involve chain reactions. Deep fried foods, hydrogenated oils and toxic metals when

indigested may serve as sources of free radical (Diplock, 1997).

Nitrogen dioxide (NO,) a destructive free radical for example, results from the reaction
between nitric oxide (NO’) and oxygen (O,) formed in cigarette smoke and vehicle exhaust
and has been implicated in respiratory ilinesses and irreversible lung damage (van der Vliet

and Cross, 2000).

2.3.4 The role of oxidative stress in-infection

Majority of complex life on earth require oxygen for existence. Oxygen is a highly reactive
molecule that can damage living cells by producing reactive oxygen species (Kulkarni et al.,
2007). These reactive oxygen species do have useful cellular functions such as redox
signalling but may be dangerous if not kept under control (Rhee, 2006). A fine biological
balance must exist between the normal physiological formation of ROS/ RNS and their

removal (Bergendi et al., 1999).
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Infection is the invasion of pathogenic microorganisms where they attack, multiply and
induce a local or generalised reaction (Ochsendorf, 1999). During this process, a lot of free
radicals are produced. Oxidative stress plays a dual role in the process of infections; free
radicals may protect the living organism against invading microorganisms and they can also
cause tissue damage during the resulting inflammation process that follows infection

(Fleischer et al., 2013).

In the process of infection, inflammation isyinitiated, -this-generates reactive species by
myeloperoxidase, NADPH oxidase and. nitric.oxide _synthase. The function of inflammation
during the incident of infection is to eliminate the pathogenic effect and remove damaged
tissue, to help restore tissue (Bonizzi et al., 2000). Though inflammation is a protective
mechanism, it is implicated in most diseases including rheumatoid arthritis, asthma, colitis,
hepatitis and some cancers and may even cause perpetual tissue injury to healthy cells

(Halliwell, 2006; Halliwell, 2012).

In a healthy body, the generation of pro-oxidants in the form of ROS is kept in check by the
various levels of antioxidant defence. Oxidative stress is when there is imbalance, that is,
when the ROS are overly produced that antioxidants come in handy to help prevent excessive
damage to the body tissues. Antioxidants are molecules that inhibit the oxidation of other
molecules. Antioxidants terminate the chain reactions caused by free radical and other
oxidation reaction by being oxidized themselves. They are often referred to as reducing

agents (Sies, 2000).

Medicinal plants have been found to possess potential source of natural antioxidant agents
and so have found use in averting and reducing the damage caused by free radicals. Examples

of these include; ascorbic acid, thiols and polyphenols (Sies, 2000).
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Currently, medicinal plants are perceived as potential sources of new antioxidant agents due
to the presence of constituents such as flavonoids, coumarins, phenols and other vitamins (vit.

Cand vit. E).

2.4 OVERVIEW OF IN VITRO ANTIOXIDANT ASSAYS

Different reactive oxygen species are produced as normal physiological activities take place
in living cells. These reactive oxygen species have different reaction mechanisms and so
attempting to use a single method to assay,or evaluate the-antigxidant activity of test sample

would be inappropriate.

There are several in vitro methods developed to assess the antioxidant activity of compounds,
extracts and nutritional supplements. These methods include; lipid peroxidation assay
method, total antioxidant capacity assay method, total phenol content assay method, DPPH
radical scavenging assay.method, TLC autography technique method and ferric reducing
power assay method, just to mention but a few. Some of the widely used methods are as

described below;

2.4.1 Rapid antioxidant screening using DPPH (TLC autography technique)

This provides the easiest, effective and rapid way to study plant extract profile for antioxidant
activity. It involves, developing TLC plate in an appropriate solvent system and spraying the
plate with 2,2-diphenyl-1picrylhydrazyl (DPPH) reagent. The antioxidant activity is assessed
by a light yellow to white bands against a purple background seen on the TLC plate after

spraying with DPPH solution reagent (Cuendet et al., 1997).

DPPH is a free radical stable at room temperature and produces a violet colour when
dissolved in methanol. This solution changes to light yellow when it comes into contact with

antioxidants. This is due to the fact that it accepts an electron or hydrogen in the presence of
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antioxidants (reducing agents). The reducing agent causes the DPPH to loss its free radical

property and the solution changes to yellow (Blois, 1958; Aliyu et al., 2010).

This method of assay is more qualitative but may also be considered a semi quantitative
method by measuring the diameter of the light yellow to white bands on the TLC plate and
the intensity of the light yellow to white bands to give an idea of the concentration of

antioxidants present (Balandrin et al., 1993).

2.4.2 DPPH radical scavenging assay

This method is one of the most widely used assays for screening antioxidant activity of
medicinal plants. This method involves the reduction of a purple methanolic DPPH solution
to a yellow colour. DPPH is a stable free radical with a characteristic purple colour in
methanol and maximum absorption at 517nm. This purple colour changes to light yellow
when it comes into contact with a reducing agent by accepting an electron or hydrogen from
the reducing (antioxidant ) agent, thus forming 1,1 diphenyl-2-picrylhydrazine which is the

yellow colour observed (Blois, 1958; Aliyu et al., 2010).

The antioxidant activity is assayed by measuring the remaining DPPH at a maximum
absorption of 517 nm with a spectrophotometer. A decrease in the absorbance of DPPH at its
absorption maxima Is_proportional to the concentration of the free radical scavenger
(antioxidant) added to the DPPH reagent solution (Aliyu et al., 2010). This implies that a

decrease in absorbance shows an increase in free radical scavenging activity of the extract.

The DPPH scavenging activity is expressed as effective concentration ECsy which denotes

the concentration of sample required or needed to scavenge 50% of DPPH free radicals.
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2.4.3 Total antioxidant capacity

This is a developed method for the quantitative determination of antioxidant capacity using
spectrophotometry described by (Prieto et al., 1999). This assay method involves the
reduction of Mo (vi) to Mo (v) by the test sample (extract) and the subsequent formation of a

green phosphomolybdenum (v) (phosphate/Mo (v)) complex at acidic PH.

The amount of complex formed is measured at absorbance of 695 nm. Solutions of a standard
antioxidant such as ascorbic acid @are~used to eobtain .a=standard curve. Values for total
antioxidant capacity are expressed in, terms' of ascorbic acid equivalents (mg/g of the

extracted compound) (Prieto et al., 1999).

2.4.4 Total phenol
Researchers have shown that, polyphenolics which include; flavonols, anthocyanins and
phenolic comounds are potent antioxidants and are abundant in fruits, vegetables and

medicinal plants (Nabavia et al., 2009).

The folin-ciocalteu method is used to estimate the total phenol compound content in
medicinal plants as described by Singleton et al, (1999). This method depends on the
reduction of folin-ciocalteu reagent by phenols in the test sample to blue oxides which have a

maximum absorbance at 760 nm.

Phenolic compounds undergo a complex redox reaction with phosphotungstic and
phosphomolybdic acids which are present in folin-ciocalteu reagent. The reaction is as

follows;
Folin : Mo™® (yellow) + e (from antioxidant) — Mo*® (blue)............. Equation 2.1

Where the oxidizing agent is a molybdophosphotungstic heteropolyacid comprising of

3H,0.P,05.13W03.5M003.10H,0, which the hypothesized active centre is Mo™®.
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2.5 SELECTION OF MEDICINAL PLANTS

2.5.1 Trichilia monadelpha (Thonn.)JJ de Wilde

Figure 2.1+ Trichilia menadelpha plant showing the stem and-leaves

2.5.1.1 Description

Trichilia comprises about 90 species, most of them in tropical America. In continental Africa,
18 species occur, while 6 are found in Madagascar. Trichilia as a genus is made up of hard
woody plants yielding pit-props and those useful for building boats and €anoes (Irvine, 1961).
Trichilia monadelpha (Thonn) JJ De Wilde is of the family meliaceae (local ‘twi’ name;
Otanduro; meaning the hatred ‘medicine). The Meliaceae family has shown to be of much
interest among phytochemists because either it contains plants which produce very complex
chemical structures, or because of their biological activity, mainly against insects.

Trichilia monadelpha (Thonn) JJ De Wilde is an evergreen, small to medium-sized tree up
to12- 20 m tall with smooth, pale grey to greenish brown or dark brown bark surface and a
spreading crown. The leaves are compound with 3—6 pairs of leaflets with stipules absent and

petiole of about 4-13 cm long. leaflets opposite, ovate to obovate, 4-26 cm x 1.5-9 cm,

28



cuneate to obtuse at base, acuminate at apex, hairy below when young but glabrescent,
pinnately veined. Flowers are unisexual, male and female flowers are very similar in
appearance, may be greenish yellow or greenish white in colour and usually scented. The
fruits are often found in clusters, with obovoid to globose capsule of about 1.5-2.5 cm in

diameter, (2—4)-lobed, with up to 6-seeds (Irvine, 1961).

2.5.1.2 Ecology and geographical distribution

Trichilia monadelpha ( local ‘twi’ mame;y Otanduro ) is-astrepical forest plant found in the
lowland high forest up to 650 m altitude and. evergreen semi-deciduous secondary jungles,
and appears often near river banks (Burkhill, 2000), often found in wet places in Ivory Coast,
Sierra Leone, Nigeria, Benin, Congo and Ghana (Irvine, 1961). In Ghana, the plant is found
in the secondary rain forest in Western, Eastern, Ashanti and Brong Ahafo regions. The plant

flourishes best on fertile and well drained soils where the annual temperature is between 17-

28 C with moderately high humidity (Burkhill, 2000).

2.5.1.3 Traditional medicinal uses

Trichilia monadelpha is an important medicinal plant, and particularly its bark is commonly
used in traditional medicine. The various parts (leaves, stem bark and root bark) of Trichilia
monadelpha have very useful medicinal uses. These parts have been used by the local people
to treat different kinds of diseases and-to improve on-their health. These parts have different
modes of preparations to meet their intended use. The preparations may be in the form of
decoctions, infusions, tinctures etc.

The stem bark of the plant has been used in Ghanaian traditional medicine to treat pain,
psychoses, epilepsy, and inflammation for many years and their efficacies are widely

acclaimed in different communities in Ghana (Dokosi, 1998) and (Abbiw, 1990).
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A bark decoction or the pulped bark is considered to have antiseptic and curative properties
and so applied externally to wounds, cuts sores and skin affections including yaws (Abbiw,
1990).

Its analgesic property is applied in the treatment of arthritis, lumbago and oedema by
massaging topically with the bark-pulp in Ghana (Abbiw, 1990) and also for the treatment for
fever pains and intercostals pain in Ivory Coast .

A bark decoction is drunk to sooth cough making use of its sedative property; a bark
decoction also has anthelmintic property (Abkiw, 1990).

A bark decoction is used to treat gonorrhoea by mouth or by baths and taken for syphilis and
wash for chancroid and syphilitic sores, whereas small amounts of pulped bark are eaten or
applied as an enema to treat gastro-intestinal complaints in Ghana (Abbiw, 1990); (Dalziel,
1937) .

Bark decoctions serve as an-aphrodisiac, ecbolic and abortifacient (Irvine, 1961).

Trichilia bark extract has been reported to have therapeutic effect against microbes,
dysentery, dyspepsia, sores/ulcers (Busia, 2007).

In Ivory Coast, the bark is given to women who are sterile and also to those who are suffering
from amenorrhoea to help relieve stomach pain (Bouguet and Debray, 1974)

The bark powder is applied to promote bone strength in children with rickets (Abbiw, 1990).
A leaf decoction is taken to treat heart complaints (de Wilde) and pounded leaves to treat
gonorrhoea and lumbago.

The roots are an ingredient in preparations to treat dysentery, and are considered aphrodisiac.

2.5.1.4 Non-traditional medicinal uses
In Sierra Leone and Ghana, the bark is used as reddish-brown dye for clothes and hides

(Irvine, 1961).
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It is used to make canoes and other wood carvings e.g. Masks because it is relatively light
and easy to cut with simple tools and does not crack. The wood obtained from Trichilia
monadelpha, is conceded to be quite hard and fairly durable (Irvine, 1961) and sometimes
used for house-building, flooring, interior trim and in ship building. It is also used in the
making of furniture, plywood, cabinet works and etc. It is burnt in firewood and also
converted into charcoal in Ghana (Abbiw, 1990). Trichilia monadelpha is useful for soil

protection and soil improvement.

2.5.1.5 Reported biological activity and bioactive agents/compounds from the plant
Although Trichilia monadelpha has many traditional medicinal uses especially its bark which
is a common ingredient of traditional medicinal preparations, little research has been done on
its phytochemistry and pharmacological activity. A few of the work done on the plant include
the following;

e The ethanolic stem bark extract of T. monadelpha has been found to have
antitrypanosomal activity as well as antiplasmodial activity against chloroquine and
pyrimethamine-resistant Plasmodium falciparum strains (Kamanzi Atindehou et al.,
2004).

e Oral administration of the aqueous stem hark extract (400 mg/kg/day for 4 weeks)
significantly reduced serum testosterone levels.and increased both sperm motility and
viability with no significant difference in the sperm counts in adult male albino rats
(Oyelowo et al., 2011).

e Ainooson et al., (2012) have recently shown that the stem bark extracts of the plant
inhibit carrageenan-induced foot-oedema in the 7-day-old chick and the oedema

associated with adjuvant-induced arthritis in rats.
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e Woode et al., (2012) have also shown that the stem bark extracts of the plant caused
dose-related antinociception (analgesic properties) in chemical, thermal, and
mechanical models of pain in animals.

e Ayandi et al., (2012) have demonstrated that Trichilia bark extracted with ethanol as
an organic solvent, had a relatively higher activity on excision wounds

e Ben et al. (2013), published work on Preliminary Phytochemical Screening and In
vitro Antioxidant Properties of Trichilia monadelpha (Thonn.) J. J. de Wilde

(Meliaceae).

2.5.2 Trichilia tessmannii (Harms)

Figure 2.2: Trichilia tessmannii plant showing the stem and leaves

2.5.2.1 Description
The distribution of Trichilia tessmannii (Harms) ( local ‘twi’ name; Otanduro-nini; meaning

the ‘male’ hatred medicine ) is nearly the same as that of Trichilia monadelpha (Thonn) JJ
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De Wilde (Lemmens, 2008). Trichilia tessmannii (Harms) is a medium-sized forest tree with
a height of about 30 m. It has a straight cylindrical base of about 70 cm in diameter bearing a
dense crown. The leaves are pari-pinnate with opposite leaflets with soft orange hairs
beneath. The fruit is a three (3) chamber, sub-globbose, stalked capsule of a size of about 3
cm across. The fruits are pinkish to purple or purplish red in colour. There are two (2) seeds
in each chamber of the fruit. This tree is easily recognized by the greyish and slightly scaly
back which peels off in plates. The older tees slowly exude a little sweet-scented creamy or

yellowish latex (Savill and Fox, 1967; Sofowora et al., 2013).

2.5.2.2 Ecology and geographical distribution
Trichilia tessmannii (Harms) ( local ‘twi’ name; Otanduro-nini ) is a forest tree found in the
rain forests in lowlands and submontane altitudes, near river banks; from Guinea to south

Nigeria and into Cameroon, Gabon, Zaire and Cabinda (Aubréville, 1959).

2.5.2.3 Traditional medicinal uses
Only a few medicinal uses have been reported. A decoction of the bark is used to treat

stomach-aches and as a purgative (Lemmens, 2008).

2.5.2.4 Non-traditional medicinal uses
The wood from this tree s said to be termite proof, hence its’ usage in house construction

(Dalziel, 1937).

The cooked fruits are eaten in Zaire (de Wilde).

The seeds are used by the women in Nigeria for rattles and tambourines (Kennedy, 1936).

2.5.2.5 Reported biological activity and bioactive agents/compounds from the plant
There has been no reported scientific biological activities and isolation of any compound

from this tree.
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CHAPTER THREE

EXPERIMENTAL

3.0 MATERIALS AND METHODS

3.1 MATERIALS

3.1.1. Media and chemicals used

Nutrient broth and Sabouraud broth were obtained from Oxoid Ltd, Basingstoke UK. (3-(4,5-
dimethylthiazole-2yl-2,5-diphenyltetrazolium = bromide). (MTT), 2,2-diphenyl-1-picryl-
hydrazyl (DPPH) (Sigma Aldrich USA), Tannic acid (Fluka, U.K), Disodium phosphate,
Ammonium molybdate, Folin-ciocalteu reagent and Ascorbic acid all of analytical grade
were obtained from BDH, Chemical Laboratory, (England, U.K). Chromatographic
separation were achieved with analytical grade petroleum ether, ethyl acetate and methanol
from BDH laboratory supplies (England). The detecting reagents anisaldehyde reagent,
dragendorff’s spray reagent and iodine vapour were used without further modifications.

The microorganisms used included; Escherichia coli  (NCTC-9002), Pseudomonas
aeruginosa (ATCC 27853)), Staphylococcus aureus (ATCC 25923, and Bacillus subtilis
(NCTC 10073)) were obtained from the Department of Microbiology, Faculty of Pharmacy
and Pharmaceutical Sciences, KNUST. The fungus; Candida albicans (ATCC 10231)) was a

clinical strain obtained from Komfo Anokye Teaching Hospital (KATH), Kumasi Ghana.

3.2 METHODS
3.2.1 PLANT COLLECTION AND AUTHENTICATION
The stem barks of the two plants were collected with the help of a local herbalist. The

collections were done in two different locations in Ghana at different periods.
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Table 3.1: list and sources of plant materials used

Name of plant Location of collection Period of Voucher number

collection

Trichilia tessmannii ~ Asakraka in Kwahu January, 2013 KNUST/TT/2013/S003
(Eastern Region)
Trichilia Bomaa in  Sunyani February, 2013 KNUST/TM/2013/S006

monadelpha (Brong Ahafo Region)

The plant materials were authenticated at the Department of Herbal Medicine, Faculty of
Pharmacy and Pharmaceutical sciences, Kwame Nkrumah University of Science and
Technology (KNUST). Voucher numbers were given to the specimen and they were

deposited in the department’s herbarium.

3.2.2 Processing of Plant Material

The dead cells on the bark were scrapped off and the remaining portions of the stem barks
washed with water to get rid of all unwanted materials. They were chopped into smaller
pieces and air-dried at room temperature for a week. The dried material was coarsely

powdered using a mechanical grinder.

3.2.3 Extraction of Plant Material

3.2.3.1 Extraction of plant material for preliminary antioxidant screening

200g of pulverized plant material of each plant was extracted by soxhlet extraction using 500
mL methanol for 48 hrs, filtered through No.1 Whattman’s filter paper and evaporated to
dryness using a rotary evaporator (R-114, Buchi, Switzerland) at reduced temperature and
pressure. The concentrates were further dried to obtain the dried total crude methanol extracts

which were used in the preliminary antioxidant screening.
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3.2.3.2 Preparation of polar, semi-polar and non-polar fractions of plant materials

200g of pulverized plant material of each plant was extracted by successive extraction using
the soxhlet apparatus. 500 mL of petroleum ether, ethyl acetate and methanol were used
successively for 48 hrs. The extracts obtained were filtered through No.1 Whattman’s filter
paper and evaporated to dryness using a rotary evaporator (R-114, Buchi, Switzerland) at a
temperature of 50c and a rotational speed of 5 revolutions per minute (rpm). The
concentrates were further dried to obtain the petroleum ether, ethyl acetate and methanol

extracts which were used in the preliminary antimicrobial sereening.

3.2.3.3 Bulk extraction of plant materials for chromatographic separation and isolation
About three kilograms (3 kg) of the pulverized plant material of each plant was packed into a
cellulose thimble in a soxhlet apparatus. 5 L of three solvents, (petroleum ether, ethyl acetate
and methanol) were used to serially extract the plant material. The three obtained extracts
were then concentrated using a rotary evaporator (R-114, Buchi, Switzerland) at a
temperature of 50 ¢ and a rotational speed of 5 rpm to obtain syrupy masses. The syrupy
masses were further dried and stored in a desiccator until required for further analysis.

The percentage vyields for all extracts were calculated as the ratio of the weight of dried

extract to the weight of crude powdered drugused (% w/w).

3.2.4 Phytochemical Investigation

The pulverised plant materials were subjected to preliminary phytochemical screening for the
identification of secondary plant metabolites using standard procedures as described by
(Evans, 2009; Sofowora, 2010) and Harborne, (1998). Below are brief descriptions of the

methods used for the detection of the various secondary plant metabolites.
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Tannins

About 0.5 g of pulverized plant material was extracted by boiling with 20 mL of water for 5
minutes, cooled and filtered.1mL of the cooled filtrate was diluted to 10 mL with distilled
water and 5 drops of 1% lead acetate solution were added.

Reducing sugars

About 0.2 g of plant material was extracted by warming with 5mL of dilute HCI on a water
bath for 2 minutes. The mixture was filtrated and the filtrate was made distinctly alkaline
with several drops of 20 % NaOH. ImL of each of Fehlings solution A and B was added to
the alkalined filtrate and heated on a water bath for 2 minutes.

Saponins

An amount of 0.2g of pulverised plant was shaken vigorously with about 10 mL of water in a
stoppered test tube and observed for the presence of a persistent froth.

Anthraquinones/ anthracene glycosides

About 0.2 g of the pulverized plant material was boiled with 2 mL of dilute H,SO4 and 5 %
aqueous FeCl;z for 5 minutes. The mixture was filtered hot, cooled and shaken with an equal
volume of chloroform. The chloroformic layer was separated and shaken with half its volume
of dilute ammonia solution and observed for the formation of a rose-pink colouration.
Cyanogenetic Glycosides

0.2 g of the pulverized plant material was placed-in a conical flask and moistened with a few
drops of water. A strip of sodium picrate paper was suspended by means of a cork in the neck
of the flask and warmed gently on a water bath. The change in colour of the test paper was
observed to indicate the presence of cyanogenetic glycosides.

Cardiac glycosides

About 0.5 g of the pulverized plant material was extracted with 70 % alcohol and the mixture

filtered. 5 mL of the alcoholic filtrate was mixed with 1 mL of glacial acetic acid with traces
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of ferric chloride. Concentrated Sulphuric acid was carefully poured down the sides of the
tube. A reddish brown ring is formed at the interface due to the presence of aglycone
(steroidial) that indicates the presence of a cardiac glycoside.

Alkaloids

0.2g9 of pulverized plant material was extracted with ammoniacal alcohol, filtered and
evaporated to dryness. The dry residue was extracted 1 % sulphuric acid and filtered. The
filtrate as rendered distinctly alkaline with dilute NH; solution and then shaken with
chloroform. The chloroformic layer was separated, evaporated to dryness and dissolved in 1
% sulphuric acid. To 1 mL of 1% H,SO, extract formed, 5 drops of dragendorff’s reagent was
added. The presence of the characteristic orange brown precipitate indicates the presence of
alkaloids. This is confirmed by the absence of a buff white precipitated upon addition of
Mayer’s reagent to 1 mL of the acidic extract.

Flavonoids

About 0.2 g of pulverized plant material was boiled with 5 mL of water for 2 minutes and
filtered. To 1 mL of the filtrate, 20 % NaOH was added. There was a formation of an intense
yellow colouration which was further exposed to fumes of concentrated HCI. The yellow

colouration disappears or turns colourless, indicating the presence of flavonoids.

Lead acetate test: A few drops of lead acetate solution were added to 1mL of the filtrate.

Formation of a yellow colour precipitate indicates the presence of flavonoids.

Coumarins

A small amount of the pulverized plant material was extracted with chloroform and filtered to
obtain a chloroformic extract. 5 mL of the chloroformic extract was evaporated to dryness
and the residue dissolved in hot distilled water and cooled. About 0.5 mL of 10% ammonia

solution was added to the extract and observed under UV light (long wave length; 366nm).
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The occurrence of an intense bluish green fluorescence under UV light indicates the presence
of coumarins and their derivatives.

Steroids

Powdered plant material (0.2g) was shaken with chloroform and filtered. A few drops of
acetic anhydride were added tol mL of the filtrate after which concentrated sulphuric acid
was carefully poured down the side of tube. The formation of a bluish- green colouration at
the interface indicates the presence of a steroidal ring.

Terpenoids

A chloroformic extract was obtained by shaking 0.2 g of the pulverized plant material with
chloroform and filtered. To 1 mL of the filtrate, a few drops of concentrated sulphuric acid
was added, shaken and allowed to stand. Effervescence followed by the appearance of a clear

reddish brown colour at the interface indicates the presence of terpenoids.
3.2.5 Antimicrobial Assay

3.2.5.1 Preparation of standard suspension of microorganisms
The five (5) microorganisms were selected and used in this research based on their

implication in most.infections.

The bacteria strains were cultured overnight at 37° in nutrient broth and the fungus was

cultured overnight at 25°c in sabourand dextrose agar.

Standardized suspensions of microorganisms were prepared from overnight broth cultures.
Standardization was done by serial dilutions of cultures in sterile normal saline to achieve a
suspension of equal turbidity with 0.5 Mc. Farland standards by visual comparison to achieve

a dilution that contains approximately 10° CFU/mL (Govinden-Soulange et al., 2014).
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3.2.5.2 Preparation of media

Nutrient broth

25 g of nutrient broth powder was weighed into a beaker containing 500 mLs of distilled
water and stirred to dissolve. Enough freshly prepared distilled water was added to produce
1000 mL. 10 mL quantities were poured into test tubes and plugged firmly with cotton wool.

They were then sterilized by heating in an autoclave at 121°C for 15 minutes.

Saborand dextrose broth

65 g of the powder was weighed and dissolved in one litre of freshly prepared distilled water.
The mixture was heated whiles stirring until it dissolved completely. Aliquot of 20 mL of the
mixture was poured into test tubes, plugged with cotton wool and sterilised in an autoclave at

121°C for 15 minutes.

3.2.5.3 Micro-dilution assay (Broth dilution)
In the determination of the minimum inhibitory concentration (MIC), the method used was

micro-well dilution as described by (Selim et al., 2014) and (Oyono et al., 2014).

In this method, the inocula of microorganisms were prepared from a 12 —hour broth cultures

and serial dilutions were made to achieve a suspension of 10> CFU/mL.

The various plant extracts were solubilised with 2.-%v/ _dimethyl sulfoxide (DMSO) to
obtain concentrations of between 0.312 mg/mL to 10 mg/mL. The 96-well sterile plates were
prepared by dispensing into each well 100 pl of double strength nutrient broth, 100 ul of the
test samples and 20 pl of the inoculums of standardized suspensions of the various cultures of

test organisms.

The micro-plates were then incubated at 37°C (for bacteria) and 25°C (for fungus) for 24

hours. Growth of the microorganisms was determined by adding 20ul of a 0.125%w/v
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solution of tetrazolium salt (3-(4,5-dimethylthiazole-2yl-2,5-diphenyltetrazolium bromide)
(MTT) and incubating for further 30 minutes. Dark wells indicate the presence of
microorganisms as the dehydrogenase enzymes in the live bacteria react to form a dark

complex with the tetrazolium salt.

Ciprofloxacin and ketoconazole were used as positive control and DMSO was used as a

negative control. All the experiments were triplicated.

3.2.6 Antioxidant Assay

3.2.6.1 Rapid antioxidant screening using DPPH.

A small amount of the extract was dissolved in an appropriate solvent. With the aid of a
capillary tube, the dissolved extract was spotted on a TLC plate and allowed to dry. The TLC
plate with the spot was then developed in an appropriate solvent system (Table 3.2). After the
development of the TLC plate, it was removed from the solvent system and allowed to dry.
The dried plate was then sprayed with- DPPH of concentration, 20 mg/L in methanol. The Rf

values of the spots were then determined.

Table 3.2: Solvent systems for TLC development

Extract Solvent system

Petroleum ether Petroleum ether:-Ethyl acetate (8:2)
Ethyl acetate Petroleum ether: Ethyl acetate (7:3)
Methanol Ethyl acetate: Methanol (8:2)

3.2.6.2 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay
Various concentrations of the extract (total crude methanol) ranging between 0.00098 mg/mL
to 0.125 mg/g were prepared and used in the experiment. The concentration of the DPPH

solution used was 20 mg/L in methanol. In preparing the reaction mixture, 3.0 mL of DPPH
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in methanol and 1.0 mL of the extract was used for each of the prepared concentration of the
extract. The mixtures were then incubated for 30 minutes in the dark. After the incubation
period, the absorbance for each concentration was measured at 517 nm using a UV-
spectrophotometer (Cecil CE 7200 spectrophotometer, Cecil instrument limited, Milton
Technical Centre, England). The positive control used was ascorbic acid with concentration
ranging from 0.00098 mg/mL to 0.0625 mg/mL and methanol (vehicle) was used as the
negative control. These were all taken through the same procedures and conditions as the
extract. All the tests were carried out'in triplicates. A graph.of concentration against % DPPH

scavenging is plotted to estimate the ECsy.
The percentage DPPH scavenging ability was calculated according to the equation blow;
% DPPH radical scavenging activity = [(Ao —A1 )/ Ag] *100.......... Equation 3.1
Where; Ao is the absorbance of the negative control and

A is the absorbance of extract or-positive control.

3.2.6.3 Total antioxidant capacity

In this method, various-concentrations of the extract were prepared between 0.00098 mg/mL
to 0.125 mg/mL and taken through the experiment. A mixture of the standard reagent is
prepared by adding 0.6 M sulphuric acid, 28 mM disodium phosphate and 4mM ammonium
molybdate. 3 mL of this reagent is added to ImL each of the various concentrations of the
extracts and incubated at 95°C for 24 hrs. After incubation, the mixtures were cooled at room
temperature and centrifuged for 10mins. The absorbance of the supernatant liquid of the

various concentrations was measured at 695 nm.

The reference standard used was ascorbic acid. Various concentrations of the standard drug

were prepared in the range of 0.00098 mg/mL to 0.03125 mg/mL and taken through the same
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procedure and conditions as the extract. A calibration curve was plotted with the values
obtained from the measurement of the absorbance of the ascorbic acid. The total antioxidant
capacity was expressed in terms of ascorbic acid equivalent (mg/g of the extracted

compound). All tests were done in triplicates.

3.2.6.4 Total phenol

Extract concentrations ranging from 0.00098 mg/mL to 0.125mg/mL were prepared and
taken through the experiment. For the reaction mixture, 0:5 mi=of the extract was added to
0.1 mL of folin-ciocalteu reagent (with.a coneentration 0.5N). The mixture was incubated at
room temperature for 15 minutes. 2.5 mL of saturated sodium carbonate was added to the
mixture after the first incubation and then incubated for a second time for a further 30
minutes at room temperature. The absorbances for the various concentration of the extract

with the reagent were taken at 760 nm using a UV-spectrophotometer.

The standard drug used was tannic acid. Various concentrations of 0.00098 mg/g to 0.125
mg/g of this drug (the positive control) were prepared and taken through the same conditions
as the extract. The absorbances obtained were used in plotting a calibration curve. The total
phenol content was. expressed in terms of tannic acid equivalent (mg/g of the extracted

compound) (McDonald et al., 2001; Boudries et al., 2014). All tests were done in triplicates.

3.2.7 Chromatography

Results from both antioxidant and antimicrobial assays showed various positive activities of
the stem bark extracts of the two plants. As no reports of the chemical constituents of the
stem bark of these plants are known, the various extracts were taken through fractionation

and isolation to identify the compounds responsible for the observed activities.
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3.2.7.1 Chromatographic techniques employed

Open column chromatography

The open column chromatography on silica method was employed for the fractionation of the
extracts. The size of silica gel used was 70-230 mesh ASTM (Merck, Germany). The dry
method of packing was used. A column with diameter 5 cm and a height of 50 cm was
chosen and mounted vertically on a retort stand with the help of a clamp. The column was
packed with the dried silica to about two-thirds full. 20 g of the extract was dissolved in the
appropriate solvent (for instance if the extract is an ethykacetate extract then ethyl acetate
solvent is used as solvent) and triturated with equal amount of silica to obtain a uniform
mixture. The mixture was allowed to dry to obtain a free flowing powder and then poured
onto the top of the packed column. Gradient elution method was used. Eluents (mixtures of
petroleum ether, ethyl acetate and methanol) of increasing polarities were added in fixed
volumes (see Section 3.2.7.2, page 45). Fractions eluted from the column under gravity were

collected in glass specimen bottle.

Development of analytical thin layer chromatography (TLC)

Pre-coated aluminium-backed silica gel plates Fzs4 0f 0.25 mm thickness (Merck, Germany)
were used. The one way ascending technique was employed in running all the thin layer
chromatography. In this-method, samples were dissolved in suitable solvents (i.e. solvents
that dissolves the particular extract.). The dissolved samples were spotted on the TLC plates
with the aid of capillary tubes at one end of the plate about 2 cm above the edge and 1.5 cm
away from the margins and developed in appropriate solvent systems (See Table 3.2) in a
chromatank. The plates were dried and first observed under UV light at 254 nm (short

wavelength) and then at 366 nm (long wavelength) for fluorescence.
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The plates were then sprayed with the appropriate detecting reagents such as anisaldehyde,
dragendorft’s spray reagent and iodine vapour. The sprayed TLC plates were then heated at

105 °c for about 10 minutes.

3.2.7.2 Isolation of compounds from the stem bark extracts

Chromatographic separation of the ethyl acetate fraction of T. monadelpha (TME)

A glass column with diameter 5 cm and a height of 50 cm was packed with silica gel of mesh
size 70-230 to about two-thirds of its.height. 40 g of the ethyl acetate extract of stem bark of
T. monadelpha was dissolved in a minimum amount of ethyl acetate solvent. An amount of
40 g of silica gel was added to the dissolved extract and triturated until a dry, flowing powder
was obtained.

The dried flowing power obtained was poured on top of the packed column. A wad of cotton
wool was placed on top.of the packed column to prevent disturbing the surface of the packing

as the various solvent systems are poured onto the packed column.

The column was eluted initially with 100 % petroleum ether. The polarity of the solute was
gradually increased by 10 %, 20 %, 30 %, 50 %, 60 %, 70 %, 80 % and 90 % ethyl acetate in
petroleum ether. This was then followed by 100 % ethyl acetate then 10 % and 20 %

methanol in ethyl acetate.

About 140 aliquots of 100 mL each were collected in glass specimen bottles. With the aid of
TLC analysis, these aliquots were bulked into about six (6) major fractions. Four of the
bulked fractions were selected to be worked on based on their quantities and profile on the

TLC plates. These four fractions were labelled as TME;, TME,, TME3; and TME,.
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Fractionation of ethyl acetate sub-fraction of T. monadelpha TME;

A glass column with diameter 5 cm and a height of 50 cm was packed with silica gel of mesh
size 70-230 to about 2/3’s of its height. The sub-fraction TME3; of weight 5.46 g obtained
from the fractionation of the ethyl acetate extract of stem bark of T. monadelpha was
dissolved in a minimum amount of ethyl acetate solvent. An amount of 10 g of silica gel was
added to the dissolved extract and triturated until a dry, flowing powder was obtained.

The dried flowing power obtained was poured on top of the packed column. A wad of cotton
wool was placed on top of the packed column to prevent disturbing the surface of the packing

as the various solvent systems are poured onto the packed column.

The column was eluted initially with 100 % petroleum ether. The polarity of the solute was
gradually increased by 10 %, 20 %, 30 %, 50 %, 60 %, 70 %, 80 % and 90 % ethyl acetate in

petroleum ether.

70 aliquots of 50 mL each were collected in glass specimen bottles. With the aid of TLC
analysis, these aliquots were bulked into about four (4) major sub-fractions. One of the
bulked fractions labelled ‘A’ was selected to be worked on based on its quantity and its
profile on the TLC plates. Using preparative TLC plates for further purification an unknown

compound A; was obtained.

Chromatographic separation of the petroleum ether fraction of the stem bark of T.
monadelpha

A glass column with diameter 5 cm and a height of 50 cm was packed with silica gel of mesh
size 70-230 to about 2/3’s of its height. 30 g of the petroleum ether extract of stem bark of T.
monadelpha was dissolved in a minimum amount of petroleum ether solvent. An amount of
30 g of silica gel was added to the dissolved extract and triturated until a dry, flowing powder

was obtained which was poured on top of the packed column. A wad of cotton wool was
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placed on top of the packed column to prevent disturbing the surface of the packing as the
various solvent systems are poured onto the packed column.

The column was eluted initially with 100 % petroleum ether. The polarity of the solute was
gradually increased by 10 %, 20 %, 30 %, 50 %, 60 %, 70 %, 80 % and 90 % ethyl acetate in
petroleum ether. This was then followed by 100 % ethyl acetate. About 120 aliquots of 100
mL each were collected in glass specimen bottles. With the aid of TLC analysis, these
aliquots were bulked into about five (5) major fractions. Three (3) of the bulked fractions

were selected to be worked on based on theiriguantities anditheir profile on the TLC plates.
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CHAPTER FOUR
RESULTS
In this work, the phytochemicals present in the pulverised plant powders and of the two
plants were investigated. The anti-microbial activity of these three extracts was also
investigated. The anti-oxidant activity was assessed on the crude methanol extracts of the two
plants. The ethyl acetate and petroleum ether extracts of the two plants were fractionated by

the use of open column chromatography.

Below is the summary of the results ef the ‘percentage. yield obtained after the extraction
process, preliminary phytochemical screenings, anti-microbial and anti-oxidant activities and

the chromatographic procedures.

4.1 PERCENTAGE YIELD
The results of the caleulated percentage yields of the three extracts of the two plants are
showed in Table 4.1 below.

Table 4.1: Percentage yields of different solvent extracts of the plant materials

Plant material Percentage yield (Yow/w)
Methanol Extract Ethyl acetate Petroleum ether
Extract Extract
T. tessmannii 10.53 1.10 0.72
T. monadelpha 11.43 2.19 3.00

4.2 PHYTOCHEMICAL SCREENING
Results for the preliminary phytochemical screening performed on the dried powdered stem

bark of each plant material are summarized in Table 4.2 below.
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Table 4.2: Results of the phytochemical screening of dried pulverised stem barks of selected

plants
Test Results
T. tessmannii T. monadelpha

Tannins + +
Reducing sugar + +
Saponin glycosides + +
Anthracene glycosides - +
Anthraquinones + -

Cyanogenetic glycosides - -

Cardiac glyciosides - +
General Alkaloids + +
Flavanoids - -
Terpenoids e +
Coumarins + +
Streroids + +

(+) indicates presence-and.(-) indicates-absence of phytochemical

4.3 ANTIMICROBIAL ASSAY

The antimicrobial activity of the stem barks of the two selected plants were tested against five
microorganisms of which, two (2) were Gram positive, two (2) Gram negative and One (1)
fungus, by the use of broth dilution method. The MIC was taken as the least concentration
that inhibited any visible growth of organisms after a 24 hour incubation period (Selim et al.,

2014).
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(@) T. tessmannii

The antimicrobial activity was assessed on three different extracts of T. tessmannii. These
extracts were; methanol, ethyl acetate and petroleum ether extracts. These extracts were
tested against the five (5) selected microorganisms (two Gram positive, two Gram negative

and one fungus). The results for the antimicrobial assays are summarized in Table 4.3 below.

Table 4.3: Minimum inhibitory concentrations (MIC) for the three extracts of T. tessmannii.

TEST ORGANISMS MTG (mg/mL)
Methanol Extract Ethyl acetate Petroleum ether
Extract Extract
Staph. Aures 2.50 1.25 10.00
B. subtilis 1.25 1.25 >10.00
E. coli =8 125 >10.00
P. aeruginosa 1.25 0.625 >10.00
C. albicans g5 0.625 10.00

(b) T. monadelpha

The antimicrobial activity was assessed on three different extracts of T. monadelpha. These
extracts were; methanol, ethyl acetate and petroleum ether extracts. These extracts were
tested against the five (5) selected microorganisms (two Gram positive, two Gram negative

and one fungus). The results for the antimicrobial assays are summarized in Table 4.4 below.
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Table 4.4: Minimum inhibitory concentrations (MIC) for the three extracts of T. monadelpha.

TEST ORGANISMS MIC (mg/mL)
Methanol Extract Ethyl acetate Petroleum ether
Extract Extract
Staph. Aures 2.50 10.00 10.00
B. subtilis 2.50 5.00 2.50
E. coli 125 5.00 2.50
P. aeruginosa 2.50 5.00 2.50
C. albicans 2.50 5.00 10.00

Table 4.5: MIC for reference drugs

TEST ORGANISMS MIC (ug/mL)
Ciprofloxacin Ketoconazole
Staph. Aures 0.25 NT
B. subtilis 0.10 NT
E. coli 0.10 NT
P. aeruginosa 0.10 NT
C. albicans NT 5.00

4.4 DATA ANALYSIS
The concentrations responsible for 50 % of the maximum effect (ECs) for the extract were
determined using interactive computer least squares method, with the following non-linear

regression (three-parameter logistic) equation.

. a+(b-a)
- 1+10(Log EC50-x)

......... Equation 4.1
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Where X is the logarithm of concentration and Y is the response. Y starts at ‘a’ (the bottom)
and goes to ‘b’ (the top) with a sigmoid shape. Graph pad prism windows version 6 (Graph
pad software, San Diego, CA, USA) was used to estimate the ECs, of both the extract and the
standard drug. With the aid of the Graph pad prism, the mg/g equivalent of the extract in

terms of ascorbic acid and tannic acid were also calculated.

4.5 ANTIOXIDANT ASSAY

DPPH scavenging activity

The DPPH scavenging activity was carried out on the total crude methanol extracts of both
plants. The results of the DPPH scavenging activity is as shown in Table 4.5 below. The
DPPH scavenging assay determines the ability of the agent (extract) to scavenge free radicals.
From the results obtained it may be observed that the DPPH free radical scavenging activity
was concentration dependent. The ECsp values recorded were 0.0207 mg/mL and 0.009854
mg/mL for the extracts of T. tessmannii and T. monadelpha respectively. A value of 0.004806

mg/mL was obtained for ascorbie acid used as the reference drug.

Table 4.6: ECsg values of the stem bark total crude methanol extracts of Trichilia tessmannii,

Trichilia Monadelpha and Ascorbic acid.

Extract / drug ECso (mg/mL)
T. tessmannii 0.02078

T. monadelpha 0.009854
Ascorbic acid 0.004806
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Total Antioxidant capacity (TAC)

In the total antioxidant capacity assay, ascorbic acid was used as reference drug. The
antioxidant activity was expressed as mg of ascorbic acid equivalent per g of the extract. The
results for the Total antioxidant capacity showed a concentration dependant increase. There
was an increase in the Total antioxidant capacity as the concentration of the extract increased.
The total antioxidant capacities of the extracts were estimated to be 444.7 + 28.58 mg/g for T.
tessmannii and 324.4mg/g for T. monadelpha, both expressed as ascorbic acid equivalent.
The standard curve plotted had the followings.(y = 5.744 *x + 0.1079, r* = 0.9930).

Table 4.7: Total antioxidant capacity of the stem bark total crude methanol extracts of T.

tessmannii and T. monadelpha, expressed as milligram ascorbic acid equivalent per gram of

extract.

Extract / drug mg /g equivalent of ascorbic acid
T. tessmannii 4447 £28.58

T. monadelpha 324.4 +20.41

0.6
£ ®
c
~ 0.4
(0]
o
c
]
0o
0 0.2+
"
Ko}
<
0.0 T T T 1
0.00 0.02 0.04 0.06 0.08
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Figure 4.1 Calibration curve for ascorbic acid showing absorbance versus concentration
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Plant Extracts

Figure 4.2: Total antioxidant capacity of T. tessmannii (TT) and T. Monadelpha (TM)

Total Phenol content (TPC)

The total phenol content of the extract was determined by using the folin-ciocalteu reagent
with tannic acid used as the reference drug. The Total phenol eontent was expressed as mg of
tannic acid equivalent per g of the extract (McDonald et al., 2001). The total phenol content
of the extract was estimated to be 970.2 £ 78.69 mg/g expressed as tannic acid equivalent.

The standard curve plotted had the following; (y = 7.314 * x + 0.07054, r* = 0.9873).

Table 4.8: Total phenol content-of the stem bark total crude methanol extracts of T.

tessmannii and T. monadelpha, expressedas mg tannic acid equivalent per gram of extract.

Extract / drug mg /g equivalent of tannic acid
T. tessmannii 970.2+78.69
T. monadelpha 884.2+61.00

54



1.51

—
o
L

Absorbance (nm)
o
o
1

0.0 T T 1
0.00 0.05 0.10 0.15

Concentration (mg/ml)

Figure 4.3: Calibration curve for tannic acid for Total Phenol content.
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Figure 4.4 Total phenol content of T. tessmannii (TT) and T. Monadelpha (TM)
4.6 Chromatographic separation

Chromatographic separation of the ethyl acetate extract of the stem back of T. Monadelpha
(TME) produced four main bulked fractions of interest. Below is a Schematic representation

of fractionation of T. monadelpha stem bark (ethyl acetate extract) showing the various
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fractions, sub-fractions and the isolated compound (unknown) with their corresponding

weights.

TME =40 g

Silica 70-230 mesh size

PE:EA PE:EA PE:EA
95:5 - 85:15 80:20 60:40 - 50:50
PE:EA
G 50:50 - 20:80
TMEI1
TME4
1.84g gt 5.18g
TME2 |
1.54g A
1.34g

Figure 4.5: Schematic representation of fractionations of T. monadelpha stem bark (ethyl

acetate extract)

4.6.1 Isolation of ‘A;’

Preparative TLC plate viewed under After scraping off marked portion on
UV (366 nm) the prep. TLC plate

Figure 4.5: shows the isolation process of ‘A’ using preparative TLC plates viewed under

UV and the results after scraping off the marked portion on the plate.
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CHAPTER 5

DISCUSSION AND CONCLUSION

5.1 DISCUSSION

This study for the first time, reports on the phytochemical constituents, the antimicrobial and
antioxidant activities of the stem bark of T. tessmannii. It also reports for the first time, the
antimicrobial activity of the stem bark T. monadelpha._The discussion looks at the
preliminary phytochemical screening;.the percentage yield abtained after extraction, the

antimicrobial assay, the antioxidant assay and the chromatographic separations.

5.1.1 Phytochemical screening

The pulverized plant materials of the stem bark of both T. tessmannii (local ‘twi’ name:
Otanduro-nini (meaning the ‘male’ Hatred medicine)) and T. monadelpha (local ‘twi’ name:
Otanduro (meaning the Hatred medicine)) were taken through various tests prescribed by
Sofowora (Sofowora, 2010) to investigate the phytochemicals present in them. The
phytochemical screening revealed the presence of alkaloids, tannins, saponins, coumarins,
steroids, cardiac glycosides, reducing sugars and terpenoids in the pulverizsed plant materials
of both plants. There was the absence of ecyanogenetic glycosides and flavonoids in both
plants (Table 4.2). However, previous work done on T. monadelpha revealed the presence of
flavonoids (Woode et al., 2012; Ben et al., 2013) but this study shows otherwise. This may
be due to the differences in the time and place of collection. Leterme et al. (2006) reported
that the variability in the mineral composition depends on the cultivation conditions, such as

soil fertility and pH, water supply, climate and seasonal variations.
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The only difference between the phytochemicals of the two plants was the presence of
anthraquinone in T. tessmannii and its absence in T. monadelpha and the presence of

anthracene glycosides in T. monadelpha and its absence in T. tessmannii (Table 4.2).

Many thousands of secondary plant metabolites have been isolated and many of them have
powerful physiological effects in humans and are used as medicines (Newman, 2008; lwu,

2014).

Alkaloids, a group of compounds centaining nitrogen. have been proven to have useful
medicinal properties that improve the health of humans. Some of these useful isolated
compounds include morphine and cocaine which act on the nervous system (Charbogne et
al., 2014); vincristine and vinblastine used in the treatment of some cancers (Sun et al.,
2014)and quinine which is used in the treatment of malaria (Kessler et al., 2014).Some

terpenoids (diterpense;-taxol) are also used in the treatment of some solid tumors.

Saponins and some alkaloids have been known to possess selective antibacterial effects and
have proven useful in the treatment of many diseases (Osbourn, 2003; Wallace, 2004). Some

terpenoids (diterpense; taxol) are also used in the treatment of some solid tumors.

Also some phenolic compounds such as salicylic acid have been found to have anti-fungal
properties. Aspirin, a derivative of salicylic acid have been use to reduce inflammation, pain

and fever (Corey et al., 2012).

Some flovonoids have also been proven to have important anti-inflammatory, anti-allergic
anti-cancer activities (Abdel-Hadi, 2014) and have been shown to have potent antioxidant

properties too (Lotito et al., 2011).

The difference observed and the amount of each phytochemical present in each plant may

have accounted for the difference observed in the antimicrobial and antioxidant activities of
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the plants. In addition, the presence of these phytochemicals may be responsible for the

acclaimed traditional medicinal uses of the plants under investigation.

5.1.2 Percentage yield

The pulverized plant material from both plants were separately serially extracted by the
soxhlet apparatus using three solvents; petroleum ether, ethyl acetate and methanol. After the
extraction, three extracts were obtained each for T. tessmannii and T. monadelpha. The
percentage yields for the extracts were-calculated as;the-ratiogof the weight of crude dried
extract to the weight of crude powdered drug used. The. results from the calculation showed
that T. monadelpha; (methanol extract = 11.43 %w/w, ethyl acetate = 2.19 %w/w and
petroleum ether = 3.00 %w/w) had better yields in all the three extracts obtained as compared
to those of T. tessmannii (methanol extract = 10.53 %w/w, ethyl acetate = 1.10 %w/w and

petroleum ether = 0.72 %w/w).

It may also be seen from the above that with extracts of T. monadelpha, the methanol extract
had a highest yield followed by the petroleum ether extract and lastly by the ethyl acetate

extract.

The methanol extract T. Tessmannii had the highest yield followed by the ethyl acetate
extract and finally by the petroleum ether extract. The petroleum ether, ethyl acetate and
methanol extracts are known to contain non-polar, semi-polar and polar constituents
respectively. In both plants the methanol extracts were the highest in yield meaning there are

much more polar compounds present in these plants.

5.1.3 Antimicrobial assay
The antimicrobial activity was assessed on the three extracts obtained from serial extraction

each of the stem bark of the two selected plants; T. tessmannii and T. monadelpha. The broth
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dilution method was used and the Minimum Inhibitory Concentrations (MICs) were

determined (Selim et al., 2014).

The results from the antimicrobial assay performed showed that the three extracts of T.
tessmannii (Table 4.3) exhibited varying inhibitory effects against the five selected
microorganisms (two Gram positive, two Gram negative and one fungus). The best results
were observed with the use of the ethyl acetate extract (this contains the semi-polar
constituents of the plant) against all the selected: microorganisims. The minimum inhibitory
concentrations (MICs) were between the ranges 0f.0.625 mg/mL to 1.25 mg/mL (Table 4.3).
The highest activity observed with the use of ethyl acetate extract was against P. aeruginosa
and C. albicans with MIC of 0.625 mg/mL. The next best extract was the methanol extract
(this contains the polar constituents of the plant) which also showed varied inhibitory effect
against all the selected microorganisms. The MICs obtained by this extract was between the
ranges of 1.25 mg/mL to 2.5 mg/mL (Table 4.3). This extract showed higher activity against

B. subtilis, P. aeruginosa and C.albicansat MIC of 1.25-mg/mL.

The petroleum ether extract (this contains the non-polar constituents of the plant) showed the
lowest activity against all the selected microorganisms (Table 4.3). There was no inhibition
of the extract against B. subtilis, P. aeruginosa and E. coli even at a concentration of 10
mg/mL. There was however-inhibition of Staph. aures and C. albicans at MIC as high as 10
mg/mL. The petroleum ether extract had the poorest activity among all the three extracts
used. It may therefore be said that the antimicrobial activity of T. tessmannii resides more in
the ethyl acetate extract (the semi-polar portion) since it gave the most potent activity and had

the lowest MICs among all the three extracts.

The results of the antimicrobial activities from the three extracts of T. monadelpha (Table

4.4) also exhibited varying inhibitory effects against the five selected microorganisms. The
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best results were observed with the use of the methanol extract (this contains the polar
constituents of the plant) against all the selected microorganisms. The minimum inhibitory
concentrations (MICs) were between the ranges of 1.25 mg/mL to 2.5 mg/mL. The highest
activity observed with the use of methanol extract was against E. coli with MIC of 1.25

mg/mL.

The next best extract was the petroleum ether extract (this contains the non-polar constituents
of the plant). This also showed waried sinhibitory-~effect~ against all the selected
microorganisms. The MICs obtained by.this extract was,between the ranges of 2.5 mg/mL to
10 mg/mL. This extract showed higher activity against B. subtilis, P. aeruginosa and E. coli

at MIC of 2.5 mg/mL.

The ethyl acetate extract (this contains the semi-polar constituents of the plant) showed the
lowest activity against all.the selected microorganisms. There was inhibition of B. subtilis, P.
aeruginosa, E. coli and C. albicans at MIC of 5 mg/mL and Staph. aures at MIC of 10
mg/mL. The ethyl acetate extract had the poorest activity among all the three extracts used. It
may therefore be said that the antimicrobial activity of T. monadelpha is highest in the
methanol extract (the polar portion) since it gave the most potent activity and had the lowest

MICs among all the three extracts used.

Comparing the antimicrobial activities of the various extracts for both plants; the methanol
extract for T. tessmannii (Table 4.3) gave better MICs as compared to T. monadelpha (Table
4.4) with both extracts showing broad spectrum antimicrobial activity. The ethyl acetate
extract for T. tessmannii also showed a better activity against all the microorganisms
compared to T. monadelpha with both extracts showing broad spectrum antimicrobial

activity. Furthermore, comparing the activity of the petroleum ether extract of T. tessmannii
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to T. monadelpha, a better result was observed for T. monadelpha which showed a broad

antimicrobial activity than T. tessmannii with a narrow antimicrobial activity.

Comparing the activity of the extracts of both plants to the reference drugs, it may be
observed that all the extracts with the exception of the petroleum ether extract of T.
tessmannii  showed both broad spectrum antibacterial and antifungal activity while
ciprofloxacin (reference drug) only showed antibacterial activity and ketoconazole also
showed only antifungal activity. Ingtermsiof ther antimierobiai~spectrum, the extracts from
both plants may be said to have better antimicrobial spectrum than each of the reference

drugs since the extracts showed both antibacterial and antifungal properties.

In relation to the MICs, those of reference drugs were better than the extracts. However the
reference drugs are single compounds while the extracts are crude; thus the extracts are a
mixture of compounds. Therefore the effects observed by these extracts may be as a result of
one or more compounds.. The other compounds may be masking or antagonising the effect
produced by these extracts. Again, the higher MICs of the extracts as compared to the lower
MICs for the reference drugs could be as a result of the responsible compound(s) in the
extracts being in lower concentration. In other to obtain the full effect of the extracts,
isolation and purification of the active compound(s) responsible for the observed activity may

be necessary.

A number of researchers have shown that some phytochemicals such as terpenoids (El-Seedi
et al., 2002), coumarins (Ojala et al., 2000), saponins (Osbourn, 2003; Wallace, 2004),
tannins and alkaloids (Klausmeyer et al., 2004) identified in this work possess certain
antimicrobial properties. The presence of these phytochemicals in these plants may be

responsible for the observed antimicrobial activities.
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5.1.4 Antioxidant assay

Antioxidant is an agent that neutralizes or terminates the chain reaction initiated by free
radicals either by providing extra electrons needed to make the pair or by breaking down the
free radical molecule to make it harmless (Barazesh, 2008). Antioxidants stop the chain
reaction of free radical formation and improve our health by boosting our immune system

(Sandeep Prabhu et al., 2004).

The antioxidant properties were assessed jon. the total crude methanol extract of each of the
two selected plants; T. tessmannii and T. monadelpha using assays such as the DPPH

scavenging assay, Total antioxidant assay and Total phenol content assay.

From the results of the DPPH scavenging assay, it was observed that there was an increase in
the percentage DPPH scavenging activity with increase in the concentration of the extracts of
both T. tessmannit and T. monadelpha and the standard drug (ascorbic acid). There was a
decrease in DPPH absorbance as the concentration of the extracts increased. The ECso values
recorded were 0.0207 mg/mL and 0.0099 mg/mL for the extracts of T. tessmannii and T.
monadelpha respectively and 0.004806 mg/mL for the ascorbic acid used as the standard
drug. The extracts may be said to contain-some constituents that may have the ability to
quench free radicals by donating hydrogen atoms or electrons to - make the DPPH radical
stable; thus reducing it to form DPPH.H which is a yellow coloured product (Blois, 1958;
Aliyu et al., 2010). The donation of the electrons to the free radical helps in the termination

of the chain reaction that the free radicals initiate.

Among the two plants, T. monadelpha may be said to have a better DPPH scavenging activity

than T. tessmannii due to the low ECsq value obtained.

Total antioxidant capacity assay involves the reduction of Mo(vi) to Mo(Vv) by the test sample
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(extract) and the formation of a green phosphomolybdenum(v) complex at acidic pH (Prieto
et al., 1999; Das et al., 2014). The absorbance of the complex formed is measured at 695 nm
using a spectrophotometer. The values obtained from the estimation of the Total antioxidant
capacity assay were 444.7 + 28.58 mg/g of ascorbic acid and 324.40 = 20.41mg/g of ascorbic

acid for T. tessmannii and T. monadelpha respectively. The above results imply that for

every 1 g of T. tessmannii and T. monadelpha extract taken; only 44.70% and 32.40%
respectively behave like ascorbic acid, a standardantioxidant-drug. These values may also
imply that, these two plants possess some antioxidantactivity and can may be used in disease

states that involve oxidative stress.

Total phenol content assay depends on the reduction of folin-ciocalteu reagent (made up of
phosphotungstic and phosphomolybdic acids) by phenols present in the extract to blue oxides
which have a maximum absorption at 760nm (Kamboj et al., 2014). The Total phenol content
values for T. tessmannii.and T. monadelpha were 970.2 + 78.69 mg/g of tannic acid and
884.2 £ 61.00 mg/g of tannic acid respectively. Research have shown that polyphenolic and
phenol compounds are potent antioxidant and these are abundant in medicinal plants and so

the need to estimate their content (Ozgova et al., 2003).

Current researches have praven that certain secondary metabolites of medicinal plants such as
polyphenols, coumarins, terpenoids possess potent antioxidant properties and these may be
used in the management of diseases that are linked with oxidative stress (Sies, 2000).

Also some polyphenols, and vitamins such as E and C have been proven to help in the delay
of aging by neutralizing the actions of free radicals (Bolann and Ulvik, 1997). This may
suggest that the antioxidant potentials of this plant may be as a result of the presence of

certain phytochemicals such as coumarins, terpenoids polyphenol and other phenolic
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compounds. Further studies would therefore be required to fractionate, isolate and

characterize the active principles responsible for the antioxidant activity observed.

5.1.5 Chromatographic separation
Results from the chromatographic separation reviewed the isolation of an unknown
compound from a sub-fraction TME3; from the ethyl acetate extract of T. monadelpha. The

isolated compound now awaits further purification and characterization.

5.2 CONCLUSIONS AND RECOMMENDATIONS

5.2.1 Conclusions

The present study was set out to investigate the phytochemical constituents, antimicrobial and
anti-oxidant constituents of two Ghanaian medicinal plants namely Trichilia tessmannii and
Trichilia monadelpha. The first part of the study was to screen the plants for phytochemical
constituents. The phytochemical screening revealed the presence of major secondary
metabolites such as alkaloids, tannins, saponins, coumarins, sterols, cardiac glycosides,

reducing sugars and terpenoids in the pulverizsed plant materials of both plants.

The results of this study has also shown that the stem bark extracts of Trichilia tessmannii
and Trichilia monadelpha have some antimicrobial activity against selected Gram positive,
Gram negative bacterial as well as fungus C. albicans. The best antimicrobial results of
Trichilia tessmannii were observed with the use of the ethyl acetate extract against P.
aeruginosa and C. albicans with MIC of 0.625 mg/mL. The best results for Trichilia
monadelpha were observed with the use of the methanol extract against E. coli with MIC of
1.25 mg/mL.

The total crude methanol extract of the plant materials also possessed potent antioxidant

activity after being screened for free radical scavenging activity, total antioxidant content and
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total phenol content. The best free radical scavenging activity was exhibited by Trichilia
monadelpha with EC5,0.0099 mg/mL, that of total antioxidant content was by T. tessmannii
with 444.7 + 28.58 mg/g of ascorbic acid and that of total phenol content was by T.
tessmannii with 970.2 = 78.69 mg/g of tannic acid. These biological effects observed may be

possibly due to the presence of secondary metabolites in the plants.

This study has shown that the ethno-botanical use of the selected medicinal plants for the
treatment of various disease conditiens-isgthusyjustified te-some-extent by the results of this

study. Finally, an unknown compound “A;’ has been isolated.

5.2.2 Future Laboratory Work

Work to be done include;

e To continue isolation of the rest of.the extracts
e To perform a bioassay on the isolated compounds and

e To characterise these.compounds.

66



REFERENCES

Abbiw, D. K. (1990). Useful plants of Ghana: West African uses of wild and cultivated

plants, Intermediate Technology Publications and The Royal Botanic Gardens.

Abdel-Hadi, L. (2014). The natural flavonoid Luteolin induces apoptosis in colon cancer cells
by dysregulating the sphingolipid rheostat, Universita degli Studi di Milano.

Agyare, C., A. Mensah and S. Osei-Asante (2006). Antimicrobial activity and phytochemical
studies of some medicinal plants from Ghana. Boletin Latinoamericano y del Caribe de
Plantas Medicinales y aromaticas 5(6): 113-117.

Aliyu, A., H. lIbrahim, A. Musa, M. Ihrahim, /A."Oyewale and J. Amupitan (2010). In vitro
evaluation of antioxidant activity of Anisopus mannii NE Br. African Journal of
Biotechnology 9(16): 2437-2441.

Aubréville, A. (1959). La flore forestiere de la Cote d'lvoire.

Balandrin, M. F., A. D. Kinghorn and N. R. Farnsworth (1993). Plant-derived natural
products in drug discovery and development. Human Medicinal Agents from Plants.

American Chemical Society, Washington, DC.

Baliah, N. T. and A. Astalakshmi (2014). Phytochemical analysis and antibacterial activity of
extracts from Terminalia chebula Retz. Int. J. Curr. Microbiol. App. Sci 3(3): 992-999.

Barazesh, S. (2008). Probing Question-How do Antioxidants Work.

Ben, 1., E. Woode, W. Abotsi and E. Boakye-Gyasi. (2013). Preliminary Phytochemical
Screening and In vitro Antioxidant Properties of Trichilia monadelpha (Thonn.) JJ de Wilde
(Meliaceae). Journal of Medical'and Biomedical Sciences 2(2): 6-15.

Bergendi, L., L. Bene§, Z. Dura¢kova and M. Feren¢ik (1999). Chemistry, physiology and
pathology of free radicals. Life sciences 65(18): 1865-1874.

Blois, M. S. (1958). Antioxidant determinations by the use of a stable free radical.

Bolann, B. and R. Ulvik (1997). [How do antioxidants work?]. Tidsskrift for den Norske
laegeforening: tidsskrift for praktisk medicin, ny raekke 117(13): 1928-1932.

67



Bonizzi, G., J. Piette, M.-P. Merville and V. Bours (2000). Cell type-specific role for reactive
oxygen species in nuclear factor-kappaB activation by interleukin-1. Biochemical

pharmacology 59(1): 7-11.

Boudries, H., K. Madani, N. Touati, S. Souagui, S. Medouni and M. Chibane (2014). Pulp
antioxidant activities, mineral contents and juice nutritional properties of Algerian
Clementine Cultivars and Mandarin. African Journal of Biotechnology 11(18): 4285-4267.

Bouquet, A. and M. Debray (1974). Plantes medicinales de la Cote d 'lvoire. Trav. Doc.
O.R.S.T.O.M 32.

Burkhill, H. M. (2000). The useful plants plants of West"Tropical Africa. The Trusttees of

Royal Botanic Gardens: Kew. 2 edn, vol. 5.

Busia, K. (2007). Ghana herbal pharmacopoeia, Science and Technology Policy Research
Institute, Council for Scientific and Industrial Research.

Butler, M. S. (2008). Natural products to drugs: natural product-derived compounds in
clinical trials. Natural product reports 25(3): 475-516.

Chang, M.-H., T. H.-H: Chen, H.-M..Hsu, T.-C. Wu, M.-S. Keng, D.-C. Liang, Y.-H. Ni, C.-
J. Chen and D.-S. Chen (2005). Prevention of hepatocellular carcinoma by universal
vaccination against hepatitis B virus: the effect and problems. Clinical cancer research
11(21): 7953-7957.

Charbogne, P., B. L. Kieffer and K. Befort (2014). 15 years of genetic-approaches in vivo for
addiction research: Opioid receptor and peptide gene knockout in -mouse models of drug
abuse. Neuropharmacology 76: 204-217.

Cohen, S. and G. M. Williamson (1991).- Stress and infectious disease in humans.
Psychological bulletin 109(1): 5.

Corey, E. J., B. Czaké and L. Kirti (2012). Molecules and medicine, John Wiley & Sons.

Cos, P., A. J. Vlietinck, D. V. Berghe and L. Maes (2006). Anti-infective potential of natural
products: how to develop a stronger in vitro ‘proof-of-concept’. Journal of

ethnopharmacology 106(3): 290-302.

68



Cowan, M. M. (1999). Plant products as antimicrobial agents. Clinical microbiology reviews
12(4): 564-582.

Cragg, G. M. and D. J. Newman (2013). Natural products: a continuing source of novel drug
leads. Biochimica et Biophysica Acta (BBA)-General Subjects 1830(6): 3670-3695.

Cragg, G. M., D. J. Newman and K. M. Snader (1997). Natural products in drug discovery
and development. Journal of natural products 60(1): 52-60.

Cuendet, M., K. Hostettmann, O. Potterat and W. Dyatmiko (1997). Iridoid glucosides with
free radical scavenging properties from JFagraea blumei. Helvetica Chimica Acta 80(4):
1144-1152.

Dalziel, J. (1937). The useful plants of West Africa. London: Crown Agents: 71-75.

Dalziel, J. M. (1937). The useful plants of west tropical Africa. The useful plants of West
Tropical Africa.

Das, N., M. E. Islam, N. Jahan, M. S. Islam, A. Khan, M. R. Islam and M. S. Parvin (2014).
Antioxidant activities of ethanol extracts and fractions of Crescentia cujete leaves and stem
bark and the involvement of phenolic compounds. BMC complementary and alternative
medicine 14(1): 45.

de Wilde, J. FE 1968. A revision of the species of Trichilia P. Browne (Meliaceae) on the
African continent. Meded. Landbouwhoogeschool Wageningen 68 (2): 1 207.

Devasagayam, T., J. Tilak, K. Boloor, K. Sane, S. Ghaskadbi and R. Lele (2004). Free
radicals and antioxidants in-human health: current status and future prospects. Japi 52: 794-
804.

Diplock, A. T. (1997). Will the'good fairies' please prove to us that vitamin E lessens human

degenerative disease? Free radical research 27(5): 511-532.
Dokosi, O. B. (1998). Herbs of Ghana, Ghana Universities Press.

Donadio, S., S. Maffioli, P. Monciardini, M. Sosio and D. Jabes (2010). Antibiotic discovery
in the twenty-first century: current trends and future perspectives. The Journal of antibiotics
63(8): 423-430.

69



Ekuadzi, E., R. Dickson, T. Fleischer, K. Annan, D. Pistorius, L. Oberer and S. Gibbons
(2013). Flavonoid glycosides from the stem bark of Margaritaria discoidea demonstrate

antibacterial and free radical scavenging activities. Phytotherapy Research.

El-Seedi, H. R., N. Sata, K. B. Torssell and S. Nishiyama (2002). New Labdene Diterpenes

from Eupatorium g lutinosum. Journal of natural products 65(5): 728-729.

Eloff, J. (1998). A sensitive and quick microplate method to determine the minimal inhibitory

concentration of plant extracts for bacteria. Planta medica 64(8): 711-713.
Evans, W. C. (2009). Trease and Evans'pharmacagnosy, Elsevier-Health Sciences.

Fabricant, D. S. and N. R. Farnsworth"(2001)..The walue of plants used in traditional

medicine for drug discovery. Environmental health perspectives 109(Suppl 1): 69.

Fauci, A. S. (2001). Infectious diseases: considerations for the 21st century. Clinical
Infectious Diseases 32(5): 675-685.

Fischbach, M. A. and C. T. Walsh (2009). Antibiotics for emerging pathogens. Science
325(5944): 1089-1093.

Fleischer, T., K. Annan, R. Dicksen, A. Mensah and F. Sarpong (2013). Anti-inflammatory,
antioxidant and antimicrobial activity of the stem bark extract and fractions of Ficus

exasperata Vahl.(Moraceae). Journal of Pharmacognosy and Phytochemistry 2(3): 38-44.

Fleischer, T. C., M. L. K. Mensah, A. Y. Mensah, G. Komlaga, S. Y. Gbedema and H.
Skaltsa (2008). Antimicrobial activity of essential oils of Xylopia aethiopica. African Journal
of Traditional, Complementary and Alternative Medicines 5(4): 391-393.

Fraenkel, G. S. (1959). The Raison d'Etre of Secondary Plant Substances These odd
chemicals arose as a means of protecting plants from insects and now guide insects to food.
Science 129(3361): 1466-1470.

Gabrielson, J., M. Hart, A. Jareldv, 1. Kiihn, D. McKenzie and R. Mdéllby (2002). Evaluation
of redox indicators and the use of digital scanners and spectrophotometer for quantification of
microbial growth in microplates. Journal of Microbiological Methods 50(1): 63-73.

Gibbons, S. (2004). Anti-staphylococcal plant natural products. Natural product reports
21(2): 263-277.

70



Govinden-Soulange, J., D. Marie, S. Kauroo, R. Beesoo and A. Ramanjooloo (2014).
Antibacterial Properties of Marine Sponges from Mauritius Waters. Tropical Journal of
Pharmaceutical Research 13(2): 249-254.

Grabley, S. and R. Thiericke (1999). The impact of natural products on drug discovery. Drug

discovery from nature. Springer, New York Berlin Heidelberg: 3-37.
Graul, A. 1. (2004). The year’s new drugs. Drug News & Perspect 17: 43-57.

Hafidh, R., A. Abdulamir, F. A. Bakar, F. Abas, F. Jahanshiri and Z. Sekawi (2009).
Antioxidant Research in Asia iny the sPeried, from .2000-2008. American Journal of

Pharmacology and Toxicology 4(3): 56.

Halliwell, B. (2006). Reactive species and antioxidants. Redox biology is a fundamental
theme of aerobic life. Plant physiology 141(2): 312-322.

Halliwell, B. (2012). Free radicals and antioxidants: updating a personal view. Nutrition
reviews 70(5): 257-265.

Hammer, K. A., C. Carson-and T. Riley (1999). Antimicrobial activity of essential oils and
other plant extracts. Journal of applied microbiology 86(6): 985-990.

Harman, D. (1992). Free radical theory of aging. Mutation Research/DNAging 275(3): 257-
266.

Harman, D. (1993). Free radical theory of aging. Free Radicals: from Basic Science to
Medicine, Springer: 124-143.

Harvey, A. (2000). Strategies for discovering drugs from previously unexplored natural
products. Drug discovery today 5(7): 294-300.

Harvey, A. and P. Waterman (1998). The continuing contribution of biodiversity to drug

discovery. Current opinion in drug discovery & development 1(1): 71-76.

Harvey, A. L. (2007). Natural products as a screening resource. Current opinion in chemical
biology 11(5): 480-484.

Hoareau, L. and E. J. DaSilva (1999). Medicinal plants: a re-emerging health aid. Electronic
Journal of Biotechnology 2(2): 3-4.

71



Hostettmann, K., J.-L. Wolfender and C. Terreaux (2001). Modern screening techniques for

plant extracts. Pharmaceutical biology 39(s1): 18-32.

Irvine, F. R. (1961). Woody plants of Ghana with special reference to their uses. Woody
Plants of Ghana with Special Reference to their Uses.

Iwalewa, E. O., M. M. Suleiman, L. K. Mdee and J. N. Eloff (2009). Antifungal and
antibacterial activities of different extracts of Harungana madagascariensis stem bark.
Pharmaceutical biology 47(9): 878-885.

Iwu, M., A. R. Duncan and C. Q. Okunji (1999). New .antimicrobials of plant origin.

Perspectives on new crops and new uses. ASHS Press, Alexandria, VA: 457-462.
Iwu, M. M. (2014). Handbook of African medicinal plants, CRC press.

Kamanzi Atindehou, K., C. Schmid, R. Brun, M. Koné and D. Traore (2004).
Antitrypanosomal and antiplasmodial activity of medicinal plants from Cote d’Ivoire. Journal

of ethnopharmacology 90(2): 221-227.

Kamboj, A., P. Atri, A. K:.-Saluja and U. K. Jain (2014). Phytochemical Screening, In-vitro
Evaluation of Antioxidant and Free Radical Scavenging Activity of Leaves, Stems and Roots
of Xanthium strumarium L.,(Cempositae). British Journal of Pharmaceutical Research 4(1):
1-22.

Karin, M., T. Lawrence and V. Nizet (2006). Innate immunity gone awry: linking microbial

infections to chronic inflammation and cancer. Cell 124(4): 823-835.
Kennedy, J. D. (1936). Forest flora of southern Nigeria. Indian Forester 62(12): 764-764.

Kessler, S., J. Gonzalez, M. Vlimant, G. Glauser and P. M. Guerin (2014). Quinine and
artesunate inhibit feeding in the African malaria mosquito Anopheles gambiae: the role of
gustatory organs within the mouthparts. Physiological Entomology 39(2): 172-182.

Kingston, D. G. (2010). Modern natural products drug discovery and its relevance to

biodiversity conservation. Journal of natural products 74(3): 496-511.

Klausmeyer, P., G. N. Chmurny, T. G. McCloud, K. D. Tucker and R. H. Shoemaker (2004).
A Novel Antimicrobial Indolizinium Alkaloid from Aniba p anurensis. Journal of natural
products 67(10): 1732-1735.

72



Kulkarni, A. C., P. Kuppusamy and N. Parinandi (2007). Oxygen, the lead actor in the
pathophysiologic drama: enactment of the trinity of normoxia, hypoxia, and hyperoxia in
disease and therapy. Antioxidants & redox signaling 9(10): 1717-1730.

Lai, P. and J. Roy (2004). Antimicrobial and chemopreventive properties of herbs and spices.
Current medicinal chemistry 11(11): 1451-1460.

Langfield, R. D., F. J. Scarano, M. E. Heitzman, M. Kondo, G. B. Hammond and C. C. Neto
(2004). Use of a modified microplate bioassay method to investigate antibacterial activity in
the Peruvian medicinal plant Peperomia galioides. Journal of ethnopharmacology 94(2): 279-
281.

Lemmens, R. (2008). Trichilia monadelpha (Thonn) JJ de Wilde. Plant Resources of Tropical
Africa 7(1): 561-563.

Li, J. W.-H. and J. C. Vederas (2009). Drug discovery and natural products: end of an era or
an endless frontier? Science 325(5937): 161-165.

Lotito, S. B., W.-J. Zhang, C. S. Yang, A. Crozier and B. Frei (2011). Metabolic conversion
of dietary flavonoids alters their anti-inflammatory and antioxidant properties. Free radical
biology and medicine 51(2): 454-463.

Martin, K. W. and E. Ernst (2003). Herbal medicines for treatment of bacterial infections: a
review of controlled clinical trials. Journal of Antimicrobial Chemotherapy 51(2): 241-246.

Mathers, C., D. M. Fat and J. Boerma (2008). The global burden of disease: 2004 update,
World Health Organization.

McCord, J. M. (2000). The evolution of free radicals and oxidative stress. . The American
journal of medicine 108(8):: 652-659.

McCord, J. M. and I. Fridovich (1969). Superoxide dismutase an enzymic function for

erythrocuprein (hemocuprein). Journal of Biological chemistry 244(22): 6049-6055.

McDonald, S., P. D. Prenzler, M. Antolovich and K. Robards (2001). Phenolic content and

antioxidant activity of olive extracts. Food chemistry 73(1): 73-84.

Morens, D. M., G. K. Folkers and A. S. Fauci (2004). The challenge of emerging and re-
emerging infectious diseases. Nature 430(6996): 242-249.

73



Nabavia, S. M., M. A. Ebrahimzadeha, S. F. Nabavi, M. Fazelian and B. Eslami (2009). In
vitro Antioxidant and Free Radical Scavenging Activity of Diospyros lotus and Pyrus

boissieriana growing in Iran. Pharmacognosy magazine 4(18).

Nathan, C. (2003). Specificity of a third kind: reactive oxygen and nitrogen intermediates in

cell signaling. Journal of Clinical Investigation 111(6): 769-778.

Newman, D. J. (2008). Natural products as leads to potential drugs: an old process or the new

hope for drug discovery? Journal of medicinal chemistry 51(9): 2589-2599.

Newman, D. J. and G. M. Cragg (2012). Natugal, products-as-seurces of new drugs over the
30 years from 1981 to 2010. Journal of natural praducts 75(3): 311-335.

Newman, D. J., G. M. Cragg and K. M. Snader (2003). Natural products as sources of new
drugs over the period 1981-2002. Journal of natural products 66(7): 1022-1037.

Ngo, L. T., J. I. Okogun and W. R. Folk (2013). 21st Century natural product research and
drug development and traditional medicines. Nat. Prod. Rep. 30(4): 584-592.

Norrell, S. A. and K. E.Messley (1997). Microbiology laboratory manual: principles and

applications, Prentice-Hall.

Ochsendorf, F. (1999). Infections in the male genital tract and reactive oxygen species.
Human Reproduction Update 5(5): 399-420.

Ojala, T., S. Remes, P. Haansuu, H. Vuorela, R. Hiltunen, K. Haahtela and P. Vuorela
(2000). Antimicrobial activity of some coumarin centaining herbal plants growing in Finland.
Journal of ethnopharmacology 73(1): 299-305.

Osbourn, A. E. (2003). Saponins in cereals. Phytochemistry 62(1): 1-4.

Oyelowo, O., O. Bolarinwa and O. Morenikeji (2011). Assessment of sperm indices and
testosterone level on the effect of Trichilia monadelpha extract in male albino rats. Afr J
Pharm Pharmacol 5: 1956-1958.

Oyono, V. A, C. Fokunang, J. P. A. Assam, S. Voundi, P. Tsafack, E. T. Mouafo, B. T. Ng
and V. P. Beng (2014). Acute toxicity studies, antioxidant and in vitro antibacterial activities
of extract from the barks of Ricinodendron heudoletti (Euphorbiaceae). Journal of
Pharmacognosy and Phytotherapy 6(4): 47-53.

74



Ozgova, S., J. Hefmének and 1. Gut (2003). Different antioxidant effects of polyphenols on
lipid peroxidation and hydroxyl radicals in the NADPH-, Fe-ascorbate-and Fe-microsomal

systems. Biochemical pharmacology 66(7): 1127-1137.

Parekh, J. and S. Chanda (2006). In-vitro antimicrobial activities of extracts of Launaea
procumbens roxb.(Labiateae), Vitis vinifera I.(Vitaceae) and Cyperus rotundus |.(Cyperaceae.

African Journal of Biomedical Research 9(2).

Pendry, B., K. Busia and C. M. Bell (2005). Phytochemical Evaluation of Selected
Antioxidant-Containing Medicinal Plants for Use in the Preparation of a Herbal Formula—A

Preliminary Study. Chemistry & biodiversity.2(7): 917-922.

Prieto, P., M. Pineda and M. Aguilar (1999). Spectrophotometric quantitation of antioxidant
capacity through the formation of a phosphomaelybdenum complex: specific application to the
determination of vitamin E. Analytical biochemistry 269(2): 337-341.

Quinn, R. J., A. R. Carroll, N. B. Pham, P. Baron, M. E. Palframan, L. Suraweera, G. K.
Pierens and S. Muresan (2008). Developing a Drug-like Natural Product LibraryL. Journal of
natural products 71(3): 464-468.

Rahalison, L., M. Hamburger, K. Hostettmann, M. Monod and E. Frenk (1991). A
bioautographic agar overlay method for the detection of antifungal compounds from higher
plants. Phytochemical Analysis 2(5): 199-203.

Raskin, 1., D. M. Ribnicky, S. Komarnytsky, N. llic, A. Poulev, N. Borisjuk, A. Brinker, D.
A. Moreno, C. Ripoll and N. Yakoby (2002). Plants and human health in the twenty-first
century. TRENDS in Biotechnology 20(12): 522-531.

Rates, S. (2001). Plants as source of drugs. Toxicon 39(5): 603-613.

Rhee, S. G. (2006). Cell signaling. H,O,, a necessary evil for cell signaling. Science
577(312): 1882-1883.

Rios, J. and M. Recio (2005). Medicinal plants and antimicrobial activity. Journal of
ethnopharmacology 100(1): 80-84.

Salie, F., P. Eagles and H. Leng (1996). Preliminary antimicrobial screening of four South

African Asteraceae species. Journal of ethnopharmacology 52(1): 27-33.

75



Sandeep Prabhu, K., P. V. Reddy, E. C. Jones, A. D. Liken and C. Channa Reddy (2004).
Characterization of a class alpha glutathione transferase with glutathione peroxidase activity

in human liver microsomes. Archives of biochemistry and biophysics 424(1): 72-80.

Santanam, N., R. Shern-Brewer, R. McClatchey, P. Z. Castellano, A. A. Murphy, S. Voelkel
and S. Parthasarathy (1998). Estradiol as an antioxidant: incompatible with its physiological

concentrations and function. Journal of lipid research 39(11): 2111-2118.

Savill, P. and J. Fox (1967). Trees of Sierra Leone. Forest Department, Freetown. Sierra

Leone.

Selim, S. A, M. E. Adam, S. M. Hassan and.A. R. Albalawi (2014). Chemical composition,
antimicrobial and antibiofilm activity of the essential oil and methanol extract of the
Mediterranean cypress (Cupressus sempervirens L.). BMC complementary and alternative
medicine 14(1): 179.

Sies, H. (2000). What is oxidative stress? Oxidative stress and vascular disease, Springer: 1-
8.

Singh, S. B. and J. F. Barrett (2006). Emgpirical antibacterial drug discovery—foundation in
natural products. Biochemical pharmacology 71(7): 1006-1015.

Sinniah, B., A. Hassan, |. Sabaridah, M. Soe, Z. lbrahim and O. Ali (2014). Review Paper
Prevalence of intestinal parasitic infections among communities living in different habitats
and its comparison with one hundred and one studies conducted over the past 42 years (1970
to 2013) in Malaysia. Tropical Biomedicine 31(2):190-206.

Sofowora, A. (2010). Plantes médicinales et médecine traditionnelle d'Afrique, KARTHALA
Editions.

Sofowora, A., E. Ogunbodede and A. Onayade (2013). The role and place of medicinal plants
in the strategies for disease prevention. African Journal of Traditional, Complementary and
Alternative Medicines 10(5): 210-229.

Stark, T. D., D. J. Mtui and O. B. Balemba (2013). Ethnopharmacological Survey of Plants
Used in the Traditional Treatment of Gastrointestinal Pain, Inflammation and Diarrhea in
Africa: Future Perspectives for Integration into Modern Medicine. Animals 3(1): 158-227.

76



Sun, Q., K. Liu, X. Shen, W. Jin, L. Jiang, M. S. Sheikh, Y. Hu and Y. Huang (2014).
Lappaol F, a novel anticancer agent isolated from plant Arctium Lappa L. Molecular cancer
therapeutics 13(1): 49-59.

Tabi, M., M. Powell and D. Hodnicki (2006). Use of traditional healers and modern medicine

in Ghana. International nursing review 53(1): 52-58.

Umeh, E., H. Oluma and J. Igoli (2005). Research communication-antibacterial screening of

four local plants using an indicator-based microdilution technique.

van der Vliet, A. and C. E. Cross (2000).Oxidants, nitresants;-and the lung. The American
journal of medicine 109(5): 398-421.

Verpoorte, R. (1998). Exploration of nature's chemodiversity: the role of secondary

metabolites as leads in drug development. Drug discovery today 3(5): 232-238.

Vuorela, P., M. Leinonen, P. Saikku, P. Tammela, T. Wennberg and H. Vuorela (2004).
Natural products in the process of finding new drug candidates. Current medicinal chemistry
11(11): 1375-13869.

Wallace, R. J. (2004)..Antimicrobial properties of plant secondary metabolites. Proceedings
of the Nutrition Society 63(04): 621-629.

Walsh, C. (2003). Where will new antibiotics come from? Nature Reviews Microbiology
1(1): 65-70.

WHO (1992). Quality control methods for medicinal plant materials. Geneva.
WHO (2004) WHO global-burden of disease; 2004 update., «
WHO, W. (2002). Traditional Medicine Strategy 2002-2005. World Health Organization.

Wilson, R. M. and S. J. Danishefsky (2006). Small molecule natural products in the discovery
of therapeutic agents: the synthesis connection. The Journal of organic chemistry 71(22):
8329-8351.

Woode, E., A. K. Amoh-Barimah, W. K. M. Abotsi, G. K. Ainooson and G. Owusu (2012).
Analgesic effects of stem bark extracts of Trichilia monadelpha (Thonn.) JJ De Wilde. Indian

journal of pharmacology 44(6): 765.

77



Wu, S., L. Yang, Y. Gao, X. Liu and F. Liu (2008). Multi-channel counter-current
chromatography for high-throughput fractionation of natural products for drug discovery.
Journal of chromatography A 1180(1): 99-107.

78



