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ABSTRACT
The plant Piliostigma thonningii which is used in ethno - medicine for the treatment of

wounds, ulcers and gingivitis was investigated for its chemical constituents and
antimicrobial activity. The leaf of the plant was subjected to extraction procedures to
obtain ethanol and n — hexane extracts. The n — hexane extract which was then subjected
to preliminary phytochemical screening to revealed the presence of alkaloids,
anthraquinones, flavonoids, reducing sugars, saponins, tannins and steroids/terpenes. The
phytochemical technique employed was column chromatography. The antimicrobial
activity of the n — hexane and ethanol extracts were studied using hospital isolates of ten
pathogenic microorganismmms. Extensive chromatographic separation of the n — hexane
fraction using silica gel column chromatography led to the isolation of a steroid.
Stigmast-5-en-ol (B — Sitosterol), the structure was determined by spectral analysis
including 1D and 2D NMR. In the antimicrobial studies, the extracts exhibit activity
against six of the ten microorganisms with zone of inhibition ranging from 13 — 16 mm
for n — hexane extract and 20 — 27 mm for ethanol extract while the zone of inhibition for
the standard antibacterial drug sparfloxacin ranged from 40 — 46 mm and the zone of
inhibition for the standard antifungal drug fluconazole ranged from 34 — 37 mm. The
results obtained from this study suggest that the fractions of Piliostigma thonningii leaves
extracts posses some compounds with antimicrobial activity and validate the

ethnomedicinal use of the plant in the treatment of microbial infections.
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CHAPTER ONE

INTRODUCTION
1.1 General Introduction
Man have been using medicinal preparations derived from plants and other sources like
animals and minerals from time immemorial, the practice being as old as man himself.
The use of medicinal plants have passed through several developmental stages from crude
and to the present day drugs like tablets, capsules, injections, ointments, creams, etc.
This then make it difficult for the present day man to say exactly when the use of plants in
medicines started. However, records of the use of plants in traditional medicines by the
ancient civilisation like the Chinese, Greek, Indians and the Babylonians are still in
existence. There are still some books or texts that show that the Egyptians were in
possession of a good knowledge of plants in traditional medicines, they have recognised
the important values of castor oil, dates, garlic and honey (Snowdon and Cliver, 1996).
Ancient texts of India and China contain exhaustive depictions of the use of a variety of
plant-derived medications (Ahmed et al, 2006). The Chinese Emperor Shen Nung
published a book on herbs in 370BC. Also an Apothecary by the name Theophrastus born
in Athens in the present day Greece around 370BC also published a compendium on the
uses of close to 500 medicinal plants. In fact, plants remain the main source of medicines
for a large proportion of the world’s population, particularly in the third world countries
(Barnes, ef al., 2008). Man had continued to use traditional medicines from civilisation to
civilisation. Recently evidence that proves the uses of plants as drugs were excavated
from caves in Texas, United States of America, a fossil remains of Lephophora williamsii
used by American — Indians were found and dated back to as far as about 7000BC
(Plowman, 1984). The use of plants remains undisputed despite the advent of the

Pharmaceutical Chemistry during the early twentieth century, which brought with it the



ability to synthesize an enormous variety of drug molecules and thereby allowed the
treatment of previously incurable and/or life-threatening diseases (Farnsworth et al,
1984).

The use of herbal medicines in India dated back to about 5000 years, this was recorded in
Ayurveda which contained over 8,000 herbal recipes. The same ancient method of
treatment is still in use in over 14,000 dispensaries, traditional medicine is still widely
acceptable despite the fact that it is limited by lack of precise diagnosis, hygiene,
standardisation, ethics in dosing and sometimes claims or exaggerated claims which
cannot be proven scientifically (Elujoba, 1999, Shok, 1999). Although chemically
synthesized drug have also gained popularity and became the basis of Pharmaceutical
industries. Over the years, however, synthetic drugs have been hijacked by unwanted side
- effects, toxicity, high cost and inefficiency, among other problems. Also the search for
new drugs against a variety of illnesses through chemical synthesis and other modern
approaches has not been too successful. These factors, as well as the emergence of new
infectious diseases, the proliferation of disorders such as cancer and growing multidrug
resistance in pathogenic microorganisms, have prompted renewed interest in the research
and discovery of potential drug molecules from medicinal plants (Arjun Patra, et. al,
2010). These information and many others coming out daily make the uses of medicinal
plants a continuous one, because drugs from natural sources are less toxic and many are
very effective. About half of the world medicinal compounds are derived from plants.
Medicinal products from plants are generally more important in developing countries than
in developed and industrialized world as 75 — 90 % of the world’s rural populations rely
comfortably on herbal medicines (Hamann, 7/988). This high dependence on herbal
medicines and the use of medicinal plants as sources of semi synthetic drugs lead to the

World Health Organisation (WHO) to carry out a study of medicinal plants in 1978, this



work lead to the identification of about 20,000 new species of medicinal plants, (Zamora-
Martinez, 1992).

Traditional medicines are recognised and accepted more readily in developing nations
because they are more accessible, sometime more effective for some diseases and cheaper
than modern drugs (Shok, 1999). In these nations the number of modern health
professionals like Pharmacists, Doctors, Nurses, etc are far too low compared to the
population they are to serve. For example at the end of 1972, there was only one Doctor
(Physician) per 28,000 people (Djukanovic and Mach, 1975). Also traditional medicines
evolve from and blend with the socio cultural life of the people that make use of them. In
developing countries, traditional medicine is indisputably integral part of the Primary
Health Care (PHC), as such an attempt should be made to confirm the efficacy of the
traditional herbs and also standardize them. This would help tremendously when the
economic conditions of the nations are considered. It is obvious that the drug bill for
many countries still represent a sizeable proportion of their total expenditure especially in
developing countries. These countries have to purchase the drugs at exorbitant and often
inflated costs from multinational companies, which spend a disproportionately large
amount of money in advertising in developing countries (Sofowora, /982). However, the
use of phytomedicines is not only limited to the developing nations. Countries like the
People Republic of China, the main type of drug therapy is still in the form of plants
extract (Anonymous, 7/998). It is therefore disheartening to note that Africans that are
situated within the tropical regions and blessed with abundant plant species are making
little efforts in standardizing the use of their traditional herbal drugs. It is estimated that
over 200,000 out of the 300,000 plant species so far identified in the whole of our planet
are in the tropical countries of Africa and elsewhere. Among the potential users of these

plants, traditional medicine and are on the top (Adjanahoun et al., 1991).



Herbal medicine is now globally accepted as a valid alternative system of therapy in the
form of pharmaceuticals, food supplements, nutraceuticals, complementary and
alternative medicines, etc., a trend recognised by the World Health Organization (WHO).
Africa is a rich ground for many very useful plants from time immemorial but they are
largely undocumented, the knowledge are always kept secret within a family or clan and
passed from one person to the other leading to a large information being lost from one
generation to the other through inappropriate folklore passage of information or sudden
deaths of the people or person(s) in the current custody of the knowledge (Arjun Patra, et.
al, 2010).

Apart from Chinese, Africans and others mentioned above, Arabs, South American
Indians have records that indicate their use of herbal drugs in the ancient times.
Approximately 119 pure chemical substances extracted from higher plants are used in
medicine throughout the world (Farnsworth et al., 1984). In United State about 25% of all
prescription dispensed from community Pharmacies from 1959 - 1980 contain plant
extract or active principle prepared from higher plants (Farnsworth, 7/985). A survey
carried out showed that 60% of population in Netherlands and Belgium and 74% in
United Kingdom are in favour of complementary system of medicine being available
within the frame work of their national health care system (WHO, 7996). Although
traditional medicine has been practiced for several thousands of years, it only found a
place in World Health Organization (WHO) programs in 1977 (Akerele, /997). The long
historical use of medicinal plants in many traditional medical practices, including
experience passed from generation to generation has demonstrated the importance, the
safety and efficacy of traditional medicine (WHO, 2000). World Health Organization

(WHO) encourages the inclusion of herbal medicines of proven safety and efficacy in the



healthcare programs of developing countries because of the great potential they hold in
combating various diseases (Amos et al., 2001).

WHO defined herbal medicine as finished, labelled medicinal products that contain as
active ingredient aerial or underground part of a plant or other plant material or
combination thereof whether in crude state or as plant preparation. Among the 45 plant
drugs of known structure, derived from tropical rain forest species which include those
that are of major importance in therapy none is currently produced through synthetic
route (Akerele, 7/991). This may be due to the complex nature of their chemical structure
and the fact that the natural sources are cheaper. Natural products can contribute to the
search for new drugs in three different major ways:

a) By serving as new drugs that can be used in an unmodified state (e.g., vincristine from

Catharanthus roseus).

b) By providing chemical ‘‘building blocks’” used to synthesize more complex molecules
(e.g., diosgenin from Dioscorea floribunda for the synthesis of oral contraceptives).

c¢) By indicating new modes of pharmacological action that allow complete synthesis of
novel analogs (e.g., synthetic analogs of penicillin from Penicillium notatum,).

Drugs from natural sources may fall into one of these three categories of compounds:

those that were isolated from biological microorganisms, those that are modified version



of the natural products and those that are completely synthetic, yet based on models of
natural origin (Cragg et al., 1997). A recent survey revealed that 61% (about 535) of the
877 drugs introduced worldwide can be traced to natural products (Rouhi, 2003). It is
noteworthy that some of the most important drugs for the past 50 years or so which has
revolutionised the modern medical practices have almost all first been isolated from
plants, and often from plants which for one purpose or another have been employed or
used by the primitive or ancient societies (Schultes, /986). By year 2000, approximately
60% of all drugs in clinical trials for the multiplicity of cancers had natural origins. In
2001, eight ((II) simvastatin, (III) pravastatin, (IV) amoxicillin, (V) clavulanic acid, (VI)
azithromycin, (VI) ceftriaxone, (VIII) cyclosporin and (IX) paclitaxel) of the 30 top-
selling medicines were natural products or their derivatives, and these eight drugs

together totalled US $16 billion in sales.
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Most or all of these wonder drugs such as curare alkaloids, penicillins and other
antibiotics, cortisone, reserpine, vincoleucoblastine, the veratrum alkaloids,
podophyllotoxin, strophantine and other new therapeutic agents came from ancient use
(Schultes, 7986). Because of the importance of traditional or herbal medicines it is now
being incorporated into the Primary Health Care (PHC) systems of Mexico, People
Republic of China, Nigeria and other developing countries of the world. The use of
natural or traditional base products as leads are growing in “ Natural Pharmaceutical

Industries” in Europe and North America and in Nigeria through the Nigeria Institute for



Pharmaceutical Research and Development (NIPRD) and the Raw Materials Research
and Development Council (RMRDC) (Wambebe, 1988).

The Nigeria Institute for Pharmaceutical Research and Development (NIPRD) had
developed three drugs from plants: (1) Niprisan® (Capsules and syrups) for the
managements of sickle cell anaemia, (2) Nipripan® for management of ulcer disease and
(3) Niprifan® a highly effective topical antifungal agent from the plant Mitracarpus
scaber Zucc (Rubiaceae), these drugs are known to have passed clinical trials
successfully and are waiting for drugs companies to legally take them for commercial
productions. While the Raw Materials Research and Development Council (RMRDC)
had sponsored some research areas in the Universities and other research based
government institutions (Wambebe, 1988).

Plants are used in herbal medicine because they contain active principles or compounds
that bring about the healing or curing of sicknesses and diseases. Plants in the tropics are
often used as direct source of drugs, e.g. the alkaloid d-tubocurarine (Cs7H41N2Og)
isolated from Chondrodendron tomentosum is used as muscle relaxant in surgery, and till
date chemists are unable to produce it synthetically, although its analogue atracurium
besylate was synthesized. It was found to have negligible cardiovascular effects when
compared with d-tubocurarine. Other examples are the anticancer vinblastine
(C46HeoN4O13S) and vincristine  (CyeHssN4O14S) from  Catharantus roseus; the
tranquilisers rescinamine and reserpine (X) (Cs3HsoN,Oy) from Rauwolfia serpentina and

the antimalarial quinine (XI) from Cinchona species.
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Plants from the tropics have produced compounds that served as lead for the synthesis of
new drugs e.g. cocaine Cy7H,NOy4 (XII) from Erythroxylum coca has served as lead
compound for the synthesis of a number of local anaesthetics such as procaine (XIII) and

lignocaine (XIV).
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Another example is salicylic acid (XV) which was isolated from the bark of willow tree.
It has potent analgesic, anticoagulant and antipyretic agent with severe gastrointestinal
toxicity. To overcome this toxicity, it was converted to acetylsalicylic acid (XVI).
Acetylsalicylic acid is still the most widely marketed analgesic agent world-wide

(Newman et al., 2000).
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Plants can also serve as sources of starting material for the synthesis of a more complex
semisynthetic compounds (drugs) e.g. sapogenins isolated from saponin extract of genus
Dioscorea is used as starting material for the synthesis of steroids (Oldfield and Linn,
2012). Also a potent antimalarial drug, a sesqueterpenoid endoperoxide named
artemisinin (XVII) was isolated from Artemesia annua as a remedy against multi-drug
resistance strain of Plasmodium. Based on the basic structure of artemisinin semisynthetic
compounds have been produced. Such compounds include artemether (XVIII) and
dihydroartemisinin (XIX) which are potent antimalarial drugs used world - wide

(Newman et al., 2000).
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The search for biologically active molecules from marine microorganisms is a relatively
new but rapidly expanding branch of natural products chemistry. It was estimated that
about 3,000 novel natural products were isolated in the last 30 years (De-Rosa, 2002).
These were isolated from sponges, molluscs, corals, and sea-dwelling microorganisms.
An example of bioactive compound isolated from marine source is manoalide, (C,1H3,05)
(XX) from a sponge, Luffariella variabilis. 1t is a 25-carbon marine natural product with
anti-inflammatory activity which acts by selectively inhibiting cyclo-oxygenase (COX)-

enzyme (De-Rosa, 2002).
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Plant kingdom has been haphazardly investigated; some families have been relatively

well studied while others were almost completely overlooked. In general, of the estimated

250,000 higher plant species discovered, only 15% (37,500) have been evaluated
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phytochemically while about 6% (1,500) have been screened for biological activity
(Fabricant and Farnsworth, 2007/). A major challenge to herbal medicine and
development of drugs from herbal medicine is the rapid rate of extinction of plants among
the global flora; the world genetic flora is rapidly diminishing. Tropical rain forest plants,
which are found exclusively in developing countries, are being destroyed at the rate that
many scientists believe to be unjustifiable from both economic and ecological
perspectives (Principe, /989). According to International Union for Conservation of
Nature and Natural Resources (IUCN) and the world wide fund for nature, 60,000 higher
plant species could become extinct or near extinct by the middle of this century if the
present trend continues (Principe, 7/989). The main causes of deforestation and
subsequent extinction of plant species are: outgrowth of population and rural poverty
shifting cultivation, agricultural conservation, fuel wood gathering and impact of large
development projects (Allen and Bernes, 71985).

Higher plants have been described as chemical factories that are capable of synthesising
unlimited numbers of highly complex and unusual chemical substances whose structure
could escape the imagination of synthetic chemist forever (Farnsworth, 7988).;
considering that many of these unique gene sources may be lost forever through
extinction and that plants have a great potential for producing new drugs of great benefit
to mankind, some action need to be taken to reverse the current apathy (Farnsworth,
1988).

The validation of the folkloric claims of these medicinal plants will provide scientific
basis for the conservation of tropical medicinal resources, the deployment of the
beneficial ones as phytomedicine in the primary health care and the development of
potential bioactive constituents. These could provide novel lead compounds or precursors

in drug development and utilization of isolated compounds in the management of

13



infections as antimicrobial agents or drugs for treating bacterial, fungal, parasitic or viral
infections. Examples of antibiotics in use are tetracycline, oseltamivir, terbinafine,
lamivudie, etc, but their usefulness is being threatened or limited by the development of
resistance by microorganisms (WHO, 2014). Therefore the need for continuous search for
antimicrobial agents, and plants offer a ready one.

1.2 Statement of Research Problems

Infectious diseases continue to be the major causes of death across all age groups (WHO,
2014). With the rise of multidrug - resistant strains of bacteria and a lack of new
antibiotic classes in the drug development, alternative strategies are needed to manage
bacterial infections (DiGiandomenico, et al, 2014). Antimicrobial resistance (AMR)
threatens the effective prevention and treatment of an ever-increasing range of infections
caused by bacteria, fungi, parasites and virus. Globally, 6% of new TB cases and 20% of
previously treated TB cases are estimated to have Multi Drug Resistance-TB (WHO,
2014).

Hence the need to search for newer agents that are efficacious and are with less side
effects.

1.3 Justification

The emergence of antimicrobial resistance (AMR) had lead to high cost, longer duration
and failure of treatment leading to death of patients and threatens the effective prevention
and treatment of an ever increasing range of infection caused by bacteria, fungi, parasites
and virus (WHO, 2014). Antimicrobial resistance is presence in all parts of the world,
new resistance mechanisms emerge and spread globally making infections that were
hitherto treatable non treatable and now threaten to take the world back to pre antibiotic

era (WHO, 2014).
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It has been estimated that about 80% of the third world population is almost entirely
dependent on traditional medicines for maintaining general health and combating many
diseases (Srinivasan, 2005). Plants like Piliostigma thonningii among other uses are
known to treat infectious diseases like conjunctivitis, cholera (Burkhill, 1995) and among
the Igala people of North Central Nigeria the leaf infusion among other uses is used in
making ekamu for treating loose stool or diarrhoea especially in teething children
(Personal information) are available sources of alternative medicine to manage the
emerging global antimicrobial challenges.

1.4 Aim and Objective(s) of the Study

Aim

To carry out phytochemical study and to establish the scientific bases for the traditional

uses of the plant Piliostigma thonningii for treating microbial infections.

Objective(s)

(1) To identify the phytochemical constituents present in the plant.
(2) To isolate some of the compounds present in the plant.

(3) To elucidate the structure of the isolated compound(s).

(4) To establish the antimicrobial properties of the plant.

1.5 Research Hypothesis

Piliostigma thonningii contains phytochemical constituents with antimicrobial activities.
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CHAPTER TWO

LITERATURE REVIEW

Piliostigma thonningii
2.1 Botanical classification.

The botanical classification of P. thonningii is as follows:

Kingdom: Plantae

Division: Angiosperms

Class: Eudicots

Authority: Schum. Milne — Redh.
(Unranked): Resids

Order: Fabales

Family: Fabaceae

Subfamily: Caesalpinioideae
Tribe: Cercideae

Genus: Piliostigma

Species: thonningii

Botanical name: Piliostigma thonningii
2.1.1 Common names: Camel’s foot, monkey bread, Kalgo (Hausa), Omukpakpa

ajalu (Igala), Mchekeche (Swabhili), Kharub (Arabs)
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Plate 1: Piliostigma thonningii tree on a farm at Sundimina in Birnin Kudu LGA of
Jigawa State, Nigeria.

2.1.2 Morphology (description)

The plant Piliostigma thonningii (Leguminocaea, Fabaceae) is woody plant or tree of 4 —
15m in height with a rounded crown and a short but often crooked bole. The twigs are
hairy. The bark is rough and longitudinally fissured, being creamy brown later. Leathery
leaves up to 15 x 17 cm, bi - lobed one eight to one third the way down with a small
bristle notch, glossy above and heavily veined and somewhat rusty hair below. Flowers
with five white to pink petals, pendulous, unisexual with male and female usually on
separate trees, ovary topped by a thick flattened globose stigma, pods are indehiscent, up
to 26 x 7 cm with rusty brown hairs which wear off as the pods mature, becoming
somewhat concorted as they age. The pods persist on the tree but finally fall and decay on
the ground to pea sized seeds. An edible pulp surrounds these seeds. This species roots
deeply this help them to resist or survive strong winds and also to get water in time of

draught. The generic epithet piliostigma have cap like stigma. Piliostigma thonningii is
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found commonly in open woodland and wooded grasslands of sub humid Africa at

medium to low altitudes (Akerele, 1991).

Plate 2: The leaves and fruits of Piliostigma thonningii.

Morphologically Piliostigma thonningii is a woody plant found in open woodland and
wooded grasslands of sub humid Africa. It is found throughout Africa except in Somalia
and is always associated with Annona senegalensis, Grewia mollis and Combretum spp
(Farnsworth, 7988).

2.2 Ethno-medicinal (Traditional) uses of Piliostigma thonningii and other species in
the genus

Piliostigma and other species in the genus have been reported to have a wide range of
uses to mankind ranging from food for man and animals and also a wide range of
medicinal uses (Ibewuike et al., 1996). The medicinal uses include treating loose stool in
teething children, wound dressing, ulcers treatment, worms’ infestation, arrest bleeding,
inflammations, bacterial infections, gonorrhoea, stomach ache, headache, etc (Burkhil,

1995, Ozolua et al., 2009).
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The roots and twigs have been used locally in the treatment of dysentery, fever,
respiratory ailments, snake bites, hookworm and skin infections and the leaf extracts has
been used for the treatment of malaria all over Eastern Nigeria (Kwaji ef al., 2010). The
plant is used in ropes making, making of dyestuff or tanning of leather, household
utensils, roofing ties, fencing, bridge building and farm implements, because they are
deep rooted they are used as erosion control measures, the woods are used as stakes to
support plants of weak stems or creepers like yams.

2.3 Phytochemistry of Piliostigma thonningii and other species in the genus.

Some phytochemical investigations that have been reported on Piliostigma thonningii,
showed that the plant contains a wide range of compounds, ranging from

alkalloids, anthraquinones, flavonoids, glycosides, saponins, sterols and tannins (Bello et
al., 2013).

Some compounds have also been isolated from the plant, examples of such compounds
include Piliostigmin (XXI), 16a - hydroxy - (-) - kauran-18-oic

acid (XXII), (Ibewuike, et al., 1996), other compounds

isolated and found to have antibacterial and anti — inflammatory activity

reported for the first time by (Ibewuike, et al,, 1996) 6, 8 — di — C - methyl

quercetin 3 - methyl ether (XXIII), 6 — C - methyl quercetin 3, 7- dimethyl ether (XXIV)
and 6, 8 — di — C - methyl quercetin3, 7 — dimethyl ether (XXV).

Other isolated flavonoids contributing to activity include quercetin, quercitrin, 6 —

C - methyl quercetin 3,3,3 — trimethyl ether (XXVI) and 6, 8 — di — C - methyl

kaempferol 3, 7- dimethyl ether (XXVII) (Ibewuike, et al., 1996).
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XXVI H CH; OH

XXVII CH; H H

Although flavonoids are well known anti - inflammatory agents (Alcaraz and Jimenez,
1988), the anti-inflammatory activity of the relatively rare C - methyl flavonoids was
reported for the first time by (Ibewuike et al., 1997).

A comparative study carried out on the only co — generic sp. Piliostigma reticulatum
showed similarities both in chemical constituents and biological activity and can be

conveniently substituted for each other (Ogundaini, 2005)
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CHAPTER THREE
MATERIALS AND METHODS

3.1 Materials
3.1.1 Solvents and Reagents
Solvents used were of general purpose grade and were distilled twice before used these
include n — hexane, chloroform, ethyl acetate, methanol.
3.1.2 Equipments
Infra — red spectroscopy (IR): the IR was carried out on a pye — unicam genesis serried
Fourier Transform Infra — red Spectrophotometer (FTIR).
Nuclear Magnetic resonance Spectroscopy was carried out on a Macintosh HD Mac NMR
AC 400 MHz.
3.1.3 Collection, Identification and Preparation of Plant Materials.
Leaves of the plant growing wild was collected from Sabon Gida in Ikara LGA, Kaduna
state, Nigeria on the 15" of June, 2011 and was authenticated by Mr. Galla of the
Herbarium unit, Department of Biological Sciences, Ahmadu Bello University, Zaria -
Nigeria, where a voucher specimen No.171 was deposited. The leaves were air dried
under the shade for 14 days and then powdered using pestle and mortar and hence
referred to as the powdered plant material stored for use.
3.2 Methods
3.2.1 Extraction
The powdered plant material (1.9 kg) was macerated with 10 liters n — Hexane (95%)
using a 20 litres Pyrex extraction bottle for 14 days, the solvent was recovered using a
rotary evaporator. The n — hexane extract yielded a greenish residue (49.62¢g) and referred

to as Piliostigma thonningii n - hexane extract (PTnHE). The marc was air — dried and
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extracted with 10 litres ethanol (95%) for 7 days to yield a dark greenish residue (40.50g)

and referred to as Piliostigma thonningii ethanol extract (PTEE).

Plant material

N - hexane

Ethanol extract 40.509g (2.13'
yield), phytochemical screening.

air

v

Air dried mar¢

n — hexane extract (ptnhe) First
49.62¢ (2.61% yield, c/chromatography
phytochemical (17 collections, 100
screening) ml each,
collections 12 & 13
merged)
Second

chromatography of merged
fractions 12 & 13, 9ractions
50 ml each

l

Isolation of compound B
from fraction 3

l

Spectral analysis (IF%H, B¢
& DEPT)

|

- Sitosterol
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3.2.2 Preliminary Phytochemical Screening

A portion each of the ethanol extract and that of n — hexane extract were subjected to
preliminary phytochemical screenings using standard methods as shown below:.

3.2.2.1 Test for alkaloids

0.5g of the extract was dissolved in Sml of 1% aqueous hydrochloric acid on a water bath
and filtered. The filtrate was divided into three. To the first portion few drops of freshly
prepared Dragendorff reagent was added and observed for formation of orange to
brownish precipitate. To the second portion 1 drop of Mayer reagent was added and
observed for formation of white to yellowish or cream colour precipitate. To the third
portion 1 drop of Wagner reagent was added to give a brown or reddish or reddish- brown
precipitate. The presence of precipitate in most or all of the above reagents indicate the
presence of alkaloids (Evans, 1989, Silva et al., 1998).

3.2.2.2 Tests for anthraquinones

(a) Free anthraquinones

0.5g of the extract was shaken with 10 ml of benzene for Sminutes, the content was
filtered and 5ml of 10% ammonia solution was added to the filtrate, the mixture was
shaken. Presence of a pink, red or violet colour in the ammonia layer (Lower phase)
indicates the presence of free anthraquinones (Cannel, 1998).

(b) Anthraquinones glycosides

0.5g of the extract was boiled with 10 ml of aqueous Sulphuric acid and filtered while
hot. The filtrate was shaken with S5Sml benzene, the benzene layer was separated and half
its own volume, 3ml of 10% NH4OH solution was added and the mixture shaken. A pink,
red or violet colouration in the ammonia phase (lower phase) indicates the presence of

anthraquinones glycosides (Sofowora, 1993).
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3.2.2.3 Test for carbohydrates/reducing sugar

(a) Molisch’s test (general test for carbohydrates):

To 2ml of the extracts dissolved in water was added three drops of Molisch’s reagent
followed by another three drops of concentrated sulphuric acid down the side of the test
tube which was allowed to form a lower layer. A purple to violet coloured interface
indicate the presence of carbohydrates. The mixture, when shaken gently and allowed to
stand for two minutes, followed by dilution with Sml of water would produce a dull violet
precipitate — another indication of carbohydrates (Evans, 1989).

(b) Fehling’s test for free reducing sugar:

Sml of a mixture (1:1) of Fehling solution A and Fehling solution B was added to 2ml of
the extract dissolved in water and the mixture boiled on water bath for 5 minutes. A brick
—red precipitate indicates the presence of reducing sugars (Trease and Evans, 71996).
3.2.2.4 Tests for flavonoids

(a) Shinoda test

0.2g of the extract was diluted with ethanol. Few pieces of magnesium chips were added
followed by a few drops of concentrated hydrochloric acid. Appearance of an orange,
pink or red to purple colour indicates the presence of flavonoids. (Sofowora, 1993).

(b) Sodium hydroxide test:

0.2g of the extract was dissolved in 2ml of water and filtered. 2ml of 10% aqueous
sodium hydroxide was added. A yellow solution indicates the presence of flavonoids. On
addition of dilute hydrochloric acid, the solution becomes colourless, (Brain and Turner,

1975).
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(¢) Ferric chloride test

0.1g of the extract was boiled with water and filtered. To 2ml of the filtrate, two drops of
10% freshly prepared ferric chloride solution was added; green, blue or violet
colourations indicate the presence of phenolic hydroxyl group (Cannel, 1998).

3.2.2.5 Test for glycosides

About 100mg of the extract was dissolved in water. 1ml of strong lead subacetate solution
was added and filtered. This was divided into two portions for the following tests:

(a) Kella - killiani’s Test

To the first portion the residue was dissolved in 3ml of 3.5% ferric chloride solution in
glacial acetic acid. The mixture was allowed to stand for a minute before it was
transferred to a test tube. 1.5ml of concentrated sulphuric acid was added down the side
of the test tube to form a lower layer on standing, the presence of a brown colour at the
junction of the two liquids and a pale green colour in the upper layer indicates the
presence of cardiac glycoside (Brain and Turner, 1975).

(b) Kedde’s test for Cardenolides:

To the second portion of the filtrate 1ml of 2% solution of 3, 5 — dinitrobenzoic acid in
methanol was added followed by 2ml of 5% aqueous sodium hydroxide solution. An
immediate violet colour indicates the presence of cardenolides in the vegetable drug
(Sofowora, 1993)

3.2.2.6 Test for saponins

(a) Frothing test: 0.5g of the extract was shaken with Sml of water in a test tube for 30
seconds. A persistent froth for 15 minutes or when warm on water bath indicates the

presence of saponins (Sofowora, 1993, Silva et al., 1998).
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3.2.2.7 Tests for steroid and terpenoids

(a) Liebermann - Buchard test:

0.5g of the extract was dissolved in 2ml of chloroform and filtered into a clean, dry test
tube. 2 ml of acetic anhydride was added to the filtrate and shaken. Few drops of
concentrated sulphuric acid were added carefully down the side of the test tube to form a
lower layer. A brownish — red or violet ring at the zone of contact of the two liquids and
the upper layer turning green denotes the presence of steroids and terpenes (Silva ef al.,
1998).

(b) Salkowski test

0.5g of the extract was dissolved in 1ml chloroform and to it Iml of concentrated
sulphuric acid was added down the test tube to form two phases. Formation of red or
yellow coloration at the interface indicates the presence of steroidal ring (Sofowora, 1993,
Silva et al., 1998).

3.2.2.8 Test for tannins

(a) Ferric chloride test: 0.5g of the extract was boiled with 5ml of water and filtered. To
2ml of the filtrate in a test tube, two drops of ferric chloride solution were added. A green
or greenish black precipitate indicate the presence of condensed tannins, while a blue or
bluish black precipitate shows the presence of hydrolysable tannins (Trease and Evans,
1996).

(b) Lead subacetate test:

To 1ml of the aqueous extract, three drops of lead subacetate solution was added. A

coloured precipitate indicates the presence of tannins (Silva et al., 1998).
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3.2.3 Chromatographic Procedures/Separation of n - hexane extract.

3.2.3.1 Column Chromatography of n - hexane extract

The following column conditions were employed in running the column chromatography.
(a) Technique - Gradient eluent

(b) Column - Glass column with sintered disc at the bottom of 3.80 x 50cm
dimensions

(c) Stationary phase - Silica gel, 60 — 120 mesh size

(d) Column packing - Wet slurry method.

(e) Sample loading - The sample was applied using dry load method (Cannel, 1998), the
sample was dissolve in small amount of suitable organic solvent, it was then mixed with a
small quantity of silica gel, dried, triturated and then loaded on top of the column.

(f) Solvent for eluent - Various solvents systems were used depending on the materials.
Eluent was carried out using one or mixture of the following solvents:

n- hexane, chloroform, ethyl acetate, acetone and methanol

7.0g of the n - hexane extract was directly applied onto a column of diameter 3.80 x 50cm
and eluted gradually with n — hexane 100 %. n — hexane — chloroform mixture, gradually
to chloroform 100 %, ethyl acetate 100 % and acetone 100 % The process was monitored
using the thin layer chromatography. All collections were in 100 ml aliquots

Fractions were pooled together based on their TLC profile to obtain six fractions.
fraction one was discarded because it was small in quantity and oily, fractions two to six
were merged because they have TLC profile of five spots, while fraction seven was kept
having a major spot and three minor spots but of small in quantity. Fractions eight to
eleven were merged because they have three similar spots, fractions twelve and thirteen

were merged because they showed two similar spots with same Ry values and fraction

28



fourteen was also kept, fractions fifteen to seventeen were merged and discarded as the
TLC did not show any spot.

Fractions twelve and thirteen were merged and chromatographed on a small column of
diameter 0.50 cm and 50 cm in length. The fractions were collected in 50 ml aliquot.
Beginning with 100% n — hexane to get fraction number one, n — hexane - chloroform
(90:10) to get fraction number two, n — hexane - chloroform (80:20) to get fraction
number three and fraction number four, n — hexane - chloroform (70:30) to get fraction
number five, n — hexane - chloroform (50:50) to get fraction number six, n — hexane -
chloroform (40:60) to get fraction number seven, n — hexane - chloroform (30:70) to get
fraction number eight and n — hexane - chloroform (00: 100) to get fraction number nine.
The fraction number three above crystallised out and was coded compound B. compound
B was re - crystallised with methanol and was found to be soluble in chloroform. On TLC
with solvent system of chloroform: ethyl acetate 9:1 it gave an Ry 0.56. The compound B
was subjected to melting point, chemical tests and spectral analysis.

3.2.3.2 Solubility of compound B

Compound B was soluble n — hexane and chloroform

3.2.3.3 Chemical tests on compound B

a) Salkowski test: Formation of red or yellow coloration at the interface indicates the
presence of steroidal ring (Sofowora, 1993, Silva, et al., 1998)

b) Liebermann Buchard test: A brownish — red or violet ring at the at the zone of
contact of the two liquids and the upper layer turning green denote the presence of
steroids and terpenes (Silva, et al., 1998)

3.2.3.4 Spectral analysis of compound B.

The isolated compound B was sent for spectral analysis.
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3.2.4 Antimicrobial screening

3.2.4.1 Test microorganisms

The microorganisms for the study wused are clinical isolates which include
Staphylococcus aureus, Streptococcus feacalis, Bacillus cereus, Escherichia coli, Shigella
dysenterae, Salmonella typhi, Pseudomonas aeruginosa, Proteus vulgaris, Candida
albicans and Candida krusei. All the microorganisms were obtained from the Department
of Medical Microbiology, Ahmadu Bello University Teaching Hospital, Zaria.

3.2.4.2 Preliminary antimicrobial studies

The antimicrobial activities of the ethanol and the n — hexane extracts of Piliostigma
thonningii were determined using ten hospital isolate microorganisms (mentioned above)
obtained from the Department of Medical Microbiology, Ahmadu Bello University
Teaching Hospital, Zaria.

0.6g of the extracts was weighed each and each dissolved in 10ml of Di-methyl sulfoxide
(DMSO) to obtain a concentration of 60mg/ml of the extracts.

Mueller Hinton agar was the growth medium used for the microbes. The medium was
prepared according to manufacturer’s instructions. The medium was sterilised at 121°C
for 15 minutes and was poured into sterilised petri dishes, the plates were allowed to cool
and solidify. Diffusion method was used for screening the extracts.

The sterilised and solidified media were seeded with 0.1 ml of the standard inoculums of
the test microorganisms. Using standard cork borer of 6 mm in diameter, a well was cut at
the center of each inoculated medium. 0.1 ml of the extracts of concentration 60 mg/ml
was then inoculated into the cut well on the seeded medium. The inoculated plates were
then incubated at 37°C for bacteria and 27°C for 24 hours (standardised) after which the
plates were observed for zones of inhibition of growth. The zones were measured with a

transparent ruler and the results recorded in mm.
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3.2.4.3 Minimum Inhibitory Concentration (MIC)

The Minimum Inhibition Concentration of the extracts were determined using broth
dilution method. The Mueller Hinton broth was prepared according to manufacturer’s
instructions, 10mls of the broth was dispensed into test tubes and the test tubes were
sterilised at 121°C for 15minutes and allowed to cool.

Mc Farland’s turbidity scale number 0.5 was prepared to give a turbid solution.

Diluent (normal saline) was prepared and the test microorganisms were inoculated and
incubated at 37°C for bacteria and 27°C for fungi for 6 hours.

Dilution of the test microorganisms in the normal saline was done until the turbidity
marched that of the Mc Farland’s scale by visual comparison, at this point the test
microorganisms has a concentration of about 1.5 x 10%cfu/ml

Two fold serial dilution of the extracts in the broth was made to obtain the concentrations
of 60 mg/ml, 30 mg/ml, 15 mg/ml, 7.5 mg/ml and 3.75 mg/ml. the initial concentrations
were obtained by dissolving 0.6 g of the extracts each in 10mls of the broth, 0.1ml of the
test microorganisms in the normal saline was then inoculated into the different
concentrations. Incubation was made at 37°C for bacteria and 27°C for fungi for 24 hours
after which the broth was observed for turbidity. The lowest concentration of the extract
in the broth which showed no turbidity was the MIC.

3.2.4.4 Minimum bactericidal concentration/ minimum fungicidal concentration
(MBC/MFC)

Minimum Bactericidal Concentration/ Minimum Fungicidal Concentration (MBC/MFC)
Mueller Hinton agar was prepared according to manufacturer’s instructions, sterilised at
121°C for 15 minutes and was poured into sterile petri dishes, the plates were allowed to

cool and solidify.
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The contents of the MIC in the serial dilution were then sub cultured onto the Mueller
Hinton agar, incubation was made at 37°C for bacteria and 27°C for fungi for 24 hours
after which the plates were observed for colony growth. The MBC/MFC was/were the

plate(s) with lowest concentration(s) without colony growth.
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CHAPTER FOUR
RESULTS
4.1 Extraction
The powdered leaves (1.9 kg) of Piliostigma thonningii after maceration using 10 liters
each of n — hexane (95%) and ethanol (95%) yielded respectively n — hexane and ethanol
extracts in weight in grams (g) and percentage (%) as shown in Table 4.1 below:

Table 4.1: Percentage yields of n — hexane and ethanol extracts of Piliostigma

thonningii

Extract Colour Weight % yield
N - hexane Green 49.62¢g 2.61
Ethanol Dark green 40.50g 2.13
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Preliminary phytochemical screening of the powdered leaves of Piliostigma thonningii

reveals the presence of anthraquinones, carbohydrates, flavonoids and steroids as shown

in Table 4.2 below:

Table 4.2: Preliminary screening of ethanol and n - hexane extracts of leaves of P.

thonningii
Constituents Test(s) Observation(s) Inference
Ethanol n-exane
extract  extract
Dragendorff Precipitate seen
+ -
Alkaloids Mayer’s reagent Precipitate seen
test + -
Wagner’s reagent Precipitate seen
test + -
Free anthrquinones  Pink, red or violet colour
produced in the ammonia + +
Anthraquinones layer (Lower phase)
Anthraquinone Pink, red or violet colour
glycosides produced in the ammonia + +
layer (Lower phase)
Molisch test Purple colour at interphase
Carbohydrates + +
Fehlings test Precipitate seen
+ +
Shinoda test Red colouration produced
+ +
Flavonoids NaOH test Yellow colouration
produced + +
FeClj; test Yellow colouration
produced + +
Kella — Killiani Test Purple ring at interphase
Glycosides produced + -
Kedde’s test Purple — blue ring produced
+ -
Frothing test Frothing persists for
Saponins 15minutes + -
Haemolysis test Haemolysis of the RBC
+ -
Liebermann — Red coloured ringed
Buchard test produced + +
Sterols/terpenes  Salkowski’s test A reddish brown colour was
formed at the interface + +
Ferric Chloride test Black colour formed
+ -
Tannins Lead Sub-acetate White precipitate formed
Test + -

Key: + = Present, - = Absent
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First column chromatography of n — hexane fraction using column of 3.8 cm x 50 cm a

total of 17 fractions of 100 ml were collected as shown in Table 4.3 below:

Table 4: 3 Column chromatography of the n — hexane extract.

Solvent system Fractions No. of TLC Profile
fraction(s)
n — hexane 100% 1 100 ml x 1 oily
n— hexane 100% 2-5 100 ml x 4 5 spots
n — hexane: Chloroform 80:20 6 100 ml x 1 5 spots
n — hexane: Chloroform 60:40 7 100 ml x 1 1 major spot + 3 minor spots
n — hexane: Chloroform 60:40 8 100 ml x 1 3 spots
n — hexane: Chloroform 50:50 9 100 ml x 1 3 spots
n — hexane: Chloroform 40:60 10 100 ml x 1 3 spots
n- hexane: chloroform 00: 100 11 100 ml x 1 3 spots
Ethyl acetate 100% 12&13 100mlx 1 each 2 spots Same Ry wvalue
merged
Ethyl acetate 100% 14 100 ml x 1 Kept
Acetone 100% 15-17 100 ml x 1 each  No spot discarded
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Second column chromatography of n — hexane fraction using column of 0.5 cm x 50 cm a
total of 9 fractions of 100 ml were collected as shown in Table 4.4 below:

Table 4: 4 Column chromatography of merged fractions number 12 and 13.

Solvent Ratio Fraction
n - hexane 100% 1
n - hexane - Chloroform 90:10 2
n - hexane - Chloroform 80:20 3
n - hexane - Chloroform 70 : 30 4
n - hexane - Chloroform 50:50 5
n - hexane - Chloroform 40 : 60 6
n - hexane - Chloroform 30:70 7
n - hexane - Chloroform 20:80 8
n - hexane - Chloroform 00 : 100 9
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The TLC of compound B using the solvent system of n — hexane: ethyl acetate 9: 1 is as

shown in plate 4.1 below:

Solvent system Hexane: EtOAL 9:1

Plate 4.1 the TLC of compound B.
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Compound B showed positive tests for steroids as shown in Table 4.5 below:

Table 4: 5 Chemical test on compound B.

Test Result
Liebermann — Buchard test Red coloured ring produced
Salkowski’s test A reddish brown colour was formed at

the interface
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The IR spectrum of compound B is as shown in Figure 4.1 below:

Figure 4.1 to 4.4 show the IR, 'H, ">C and DEPT spectra of compound B.
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Figure 4.1: IR spectrum of Compound B
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The proton NMR spectrum of compound B is as shown in Figure 4.2 below:
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Figure 4.2: 'H-NMR Spectrum of compound B
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The *C — NMR spectrum of compound B is as shown in Figure 4.3 below:
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Figure 4.3: BC-NMR Spectrum of compound B
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The DEPT — NMR spectrum of compound B is as shown in Figure 4.4 below:
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Figure 4.4: Distortionless Enhancement by Polarisation Transfer (DEPT) Spectrum

of Compound B.
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The result of the susceptibility test of the leaves extract of Piliostigma thonningii on the
test organisms is as shown in Table 4.6 below:
Table 4: 6 Susceptibility test in mm of the leaves extracts of P. thonningii and the

standard drugs on the ten microorganisms.

Test Microorganisms Ethanol N — Hexane Sparfloxacin Fluconazole
Extract Extract

Staphylococcus aureus 27 16 45 -
Streptococcus feacalis 0 0 44 -
Bacillus cereus 0 0 46 -
Escherichia coli 22 15 40 -
Shigella dysenterae 25 15 40 -
Proteus vulgaris 0 0 0 -
Salmonella typhi 20 13 42 -
Pseudomonas aeruginosa 0 0 40 -
Candida albicans 22 16 0 34
Candida krusei 20 15 0 37
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The results of the MIC and the MBC/MFC tests of the leaves extract of Piliostigma

thonningii on the test microorganisms are as shown in table 4.7 below:

Table 4: 7 Minimum Inhibitory Concentrations (MIC) and Minimum
Bactericidal/Fungicidal Concentrations (MBC/MFC) in mg/ml of the ethanol and n

— hexane extracts of the leaves of P. thonningii on test microorganisms.

Test Microorganisms Ethanol extract n — hexane extract
MIC MBC/MFC MIC MBC/MFC
Staphylococcus aureus 15 30 30 60
Streptoccocus feacilis 0 0 0 0
Bacilus cereus 0 0 0 0
Escherichia coli 15 60 30 60
Shigella dysenteriae 15 30 30 60
Proteus vulgaris 0 0 0 0
Salmonella typhi 15 60 30 60
Pseudomonas aeruginosa 0 0 0 0
Candida albicans 15 60 30 60
Candida krusei 15 60 30 60
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CHAPTER FIVE

5.0 DISCUSSION

Extraction (Maceration), the results of the maceration showed that the n — hexane extract
yielded 49.62 g (2.61%) and ethanol extract yielded 40.50 g (2.13%). The n — hexane
extract was more in quantity because the maceration was for two weeks (14 days) thus
allowing longer solvent — plant material contact resulting in more quantity of n — hexane
soluble material while the ethanol maceration was for one week (7 days) resulting in short
solvent — material contact time leading to less quantity of the material macerated even
though ethanol is more polar and pick more groups of compounds.

Preliminary Phytochemical Studies, the result of preliminary phytochemical
screening carried out on the crude ethanol and n — hexane extracts revealed the presence
of flavonoids, tannins, steroids/triterpenes and saponins. These phytochemical
constituents are known to possess many biological activities, oleanene, a saponin which
occur in the root of umbellifera is used in Chinese medicine in the treatment of hepato-
biliary disorders and also possess anti-inflammatory property (Trease and Evans, 2002).
Tannins a major constituent of canberry juice has for long been used to treat bacterial
infection of the bladder (Avorn et al., 1994). While some flavonoids have anti-tumor,
antibacterial or antifungal property, they are used in domestic veterinary medicine,
particularly in the form of ointment for treating dermal diseases (Trease and Evans,
1996).

Column Chromatography of n — hexane extract followed by crystallization using
methanol lead to the isolation of compound B. The structure of the compound was
confirmed by spectral data (IR, '"HNMR, *CNMR and DEPT) and by compairism with

literature (Pateh et al., 2009).
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Elucidation of compound B, the IR spectrum of compound B showed five bands
at 2958.90 (CH,), 2850.88 cm™ (CH), 1466.91 cm™ (C = C), 1378.18 (C — H bending),
72429 cm™ (mono substituted C — H band), (Patra et al., 2010, Khanam and Sultana,
2012).

The 'HNMR show signals at 6 0.70, 0.96, 0.96, 0.96, 1.06 and 1.06 due to methyl
protons, signals at 6 1.25, 1.25, 1.29, 1.38, 1.49, 1.52, 1.57, 1.60, 1.60, 2.04 and 2.23 due
to methylene protons, signals at 6 1.25, 1.40, 1.44, 1.45, 1.47, 1.47, 1.64, 3.25 and 5.37
for methyne protons. The signals at & 3.25 H(m) is an indication of a hydroxyl group on
carbon 3, signals at 6 1.25, 1.25 and 1.29 are due to methylene groups on aliphatic chain
while the signal at & 5.37 is due to methyne proton on olefinic carbon (Cs). However,
lack of signal at Cs, Cy9 and Cy3 shows lack of protons on these carbons, they are
quaternary carbons (Patra et al., 2010). The signal at 51.24 to 1.57 show an indication of
methylene proton (Aziz-ur-Rahman et al.,2005). The methyl signals observed at 6 0.96
1.24 and 1.26 is atypical of terminal methyl (CH3) groups (Aziz-ur-Rahman et al., 2005,
Rajput and Rajput, 2012)

The *C — NMR spectra data of compound B (8 'H and & '*C) agrees with those reported
by Patra et al, (2010). The signals at 5 121.7, 140.9 were assigned to olefinic unsaturated
carbons (Cs & Cg) and the signal at 71.7 to alcoholic carbon group (hydroxyl group
attached at Cs3) suggests strongly that the compound is a sterol. The signals at 6 11.9, 11.9,
18.8, 18.8, 19.4 and 19.8 were assigned to methyl carbons and those signals at & 21.1,
23.2,23.2, 24.3, 26.1, 31.7, 31.7, 34.0, 37.2, 39.8 and 41.9 were assigned to methylene
carbons, those signals at 6 29.4, 31.4, 36.2, 42.3, 50.2, 56.1, 56.8, 71.7 and 121.7 were
assigned to methyne carbons and those signals at § 36.6, 45.9 and 140.9 were assigned to

quaternary carbons.
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The *C — NMR - DEPT spectra data of compound B (8 'H and & *C) agrees with those
reported by Patra et al, (2010), with signals assigned to 3 quaternary, 6 methyl, 11
methylene and 9 methyne), the nine methyne signals are shown at 90° perpendicular to
the base line, the eleven methylene signals are shown at 135 as inverted signals, the six
methyl signals are also shown at 135° as perpendicular to the base line, the nine methyne
signals are also repeated here. Signals observed at & 140.9) 121.9) were assigned to
double bond between Cs and Cg (olefinic carbons), the signals at & 26.1, 32.2 and 34.0
were assigned to aliphatic methylene groups. The signals at 6 11.9, 18.8 and 19.8 were
assigned terminal methyl (CHj3) carbons and that at & 21.1 was assigned to methylene
carbon attached to a cyclic ring (Aziz-ur-Rahman et al., 2005).

Based on the result of NMR spectra data and with comparison with literature the

probable structure of compound B propose is:

Stigmast-5-en-ol (- Sitosterol (Cz9 Hso O)) mp 135 — 137°C
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Antimicrobial Studies, the crude ethanol and n — hexane extracts showed strong
activity against Staphylococcus aureus, Escherichia coli, Shigella dysenterea, Salmonella
typhi, Candida albicans and Candida krusei. The two extracts have no activity against
Pseudomonas aeruginosa, Bacillus cereus, Streptococcus faecalis and Proteus vulgaris.
Staphylococcus aureus is known to play a significant role in skin diseases including
superficial and deep follicular lesion (Srinivesan et al., 2001), it is also implicated in
causing sexually transmitted infections (STIs). So the strong activity of both the ethanol
and n - hexane extracts indicates that the plant can be effective against skin and sexually
transmitted infections.

It is important to note that the strong activity of both the ethanol and the n — hexane
extracts against Candida albicans and Candida krusei indicates that the plant can be used
as a good source of anti - fungal agent, for the treatment of those fungal diseases such as
tinea (ringworm) and parasitic disease of dogs and cats which are caused by these
microorganisms. The plant extracts can be used for the treatment of skin, hair and nail
infections often cause by these microorganisms. It can serve as good agent for the
treatment of thrush, vaginitis and other conditions such as pulmonary and generalized

infections including endocarditis caused by Candida albicans (Thomas, 1979).
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CHAPTER SIX
SUMMARY, CONCLUSION AND RECOMMENDATIONS

6.1 Summary

Preliminary phytochemical screening of the ethanol and n - hexane extracts of
Piliostigma thonningii, revealed the presence of alkaloids, anthraquinones, glycosides,
flavonoids, saponins, sterols and tannins. Chromatographic investigation led to the
isolation of § - Sitosterol. Antimicrobial studies on the ethanol and n - hexane extracts
showed that the extracts exhibited antimicrobial activity against Staphylococcus aureus,
Salmonella typhi, Escherichia coli, Candida albicans, Candida krusei, and Shigella
dysenterae but they did not show antimicrobial activities against Streptococcus feacalis,
Pseudomonas aeruginosa, Bacillus cereus and Proteus vulgaris. The n — hexane extract
from which compound B was isolated and the ethanol extract showed antibacterial
activity against Staphylococcus aureus which is one of the most important economic
microorganisms in the research world today because it is resistance to most of the
available antibiotics, this further showed the importance of medicinal plants as in the fight
against Staphylococcus aureus.

6.2 Conclusion

Based on the findings in this work, it can be concluded that the use of Piliostigma
thonningii in the treatment of diseases caused by sensitive bacterial and fungal infections
has scientific basis. This research results are in agreement with some works that had been
carried out before by (Ibewuike, et al., 1996). The antimicrobial activity of the ethanol
and the n — hexane extracts can be linked to B - Sitosterol isolated and other phenolic

compounds present in the extracts.
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6.3  Recommendations
We therefore wish to recommend that further work aimed at isolation, characterising and

bioassay of compounds to explore other medicinal uses of the plant and in the search for

other bioactive agents from nature.
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The spectral data of compound B compared with the literature is as shown in Table 4.8
below:

Table 4.8: Spectral data of compound B with the literature reported in ppm.

Position Group Reference Reference
Compound B () Compound "H( /)
B *C (/) B 'H(/)

1 CH, 37.2 37.28 1.38 1.47
2 CH, 31.7 31.69 1.57 1.56
3 CH 71.7 71.82 3.25 3.52
4 CH, 41.9 42.33 2.23 2.28
5 C 140.9 140.70 - -

6 CH 121.7 121.72 5.37 5.36
7 CH, 31.7 31.69 2.04 2.03
8 CH 314 31.93 1.45 1.67
9 CH 50.2 50.17 1.44 1.48
10 C 36.6 36.52 - -

11 CH, 21.1 21.10 1.52 1.52
12 CH, 39.8 39.80 1.49 1.49
13 C 459 45.88 - -

14 CH 56.8 56.79 1.40 1.50
15 CH, 243 24.37 1.60 1.60
16 CH, 23.2 23.25 1.60 1.84
17 CH 56.1 56.09 1.47 1.49
18 CH; 11.9 11.88 0.70 0.68
19 CH; 194 19.40 1.06 1.02
20 CH 36.2 36.52 1.64 1.64
21 CH3; 18.8 18.79 1.06 0.94
22 CH, 26.1 26.14 1.25 0.88
23 CH, 34.0 3398 1.25 1.04
24 CH 42.3 42.33 1.25 1.50
25 CH 294 2891 1.47 1.65
26 CH; 19.8 19.80 0.96 0.83
27 CH; 18.8 18.79 0.96 0.85
28 CH, 23.2 23.10 1.29 1.04
29 CH; 11.9 11.99 0.96 0.88
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