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INTRODUCTION 

It is with great pleasure that I stand before this gathering today to 
deliver the 2nd Inaugural Lecture emanating from the Department of 
Pharmaceutical Chemistry, Faculty of Pharmacy of this university, 
albeit in a different area of specialisation from the first lecture.  
According to Prof. Halstead at the fourth in the series of Inaugural 
Lectures in Ife, an Inaugural Lecture is an occasion to survey one s 
field, to explain what it is one does, to demonstrate its relevance and 
to place one s own contribution into their general perspective .  
Therefore, Mr. Vice-Chancellor, permit me to once again remind the 
audience what medicinal chemistry is, and the different areas in which 
a practitioner may function. 

Medicinal chemistry is the chemistry of drug substances used in 
medicine. The chemistry of drugs embrace its development from 
natural or synthetic sources, its chemical properties which affects the 
formulation, mode of action, qualitative and quantitative analysis, 
identification and preparation of its metabolic products and the 
relationship between its molecular structure and biological action. It is 
an interdisciplinary subject requiring a sound knowledge of several 
contributing sciences.  Hence, a practitioner may function in one or 
more of the following different areas. 

Synthetic medicinal chemistry 

 

This is an area of practice where 
chemists prepare and/or select appropriate compounds for biological 
evaluation, which if found to be active, could serve as lead 
compounds.  A lead compound is a chemical structure or series of 
structures that show activity and selectivity in a pharmacological or 
biochemically relevant screen.  Having secured a lead, analogous 
compounds are prepared and evaluated with regard to their in vitro 
and/or in vivo efficacy and safety, for a Structure-Activity-
Relationship (SAR) study, to maximize the desired activity.  SAR is 
the correlation of structural features with the activity of compounds in 
a given biological assay.  A recent development in synthetic medicinal 
chemistry is combinatorial chemistry.  This is an integral part of the 
drug discovery process, which aims at preparing libraries of 
compounds by combinatorial variation of building blocks that is, 
elaborating the common core (structures responsible for activity) by 
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attaching combination of fragments to reactive sites in the core s 
periphery. 

Natural Product Chemistry 

 
This involves bioprospecting, isolation 

and characterisation of biologically active compounds from different 
natural sources such as plants, animals, marine organisms, microbes, 
etc. 

Pharmacokinetics and Drug metabolism 

 
This area, which was the 

subject of the first Inaugural Lecture in the department of 
Pharmaceutical Chemistry (Ogunbona, 1995), dealt with the processes 
of absorption, distribution, metabolism and elimination by the body, 
of administered drugs. 

Pharmaceutical Analysis 

 

an area in which appropriate analytical 
methods, are applied to determine the amount of active ingredients in 
raw materials and finished drug products, as well as, detect impurities.  
This is as much a separate field as it is a component of the other areas 
in medicinal chemistry.  

All the above-mentioned areas are essential for drug development as 
shown in Scheme 1.  

  

Scheme I  Necessary steps in Drug Development {from Nature Reviews-
Drug Discovery (2004) 3, 854}   
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Mr. Vice Chancellor, I have functioned mostly in the areas of Natural 
Product and Synthetic Medicinal Chemistry, which belong to the very 
first stages in the drug discovery and development process.  Hence, 
the title of this lecture From greens into medicine: Taking a lead 
from nature .  The lecture will describe, using examples from my 
research, the biological activities of plants used locally in the 
treatment of diseases and, the isolation and characterisation of 
bioactive compounds from them.  Examples will also be given of 
synthetic modifications to bioactive compounds from nature, towards 
understanding their mode of action and optimising their reported 
biological activities.  

The Role of Nature in Health Care Delivery 

For thousands of years, the products of nature supplied the only 
medicines for human ills and most of these remedies were obtained 
from higher plants.  Plants, in reaction to stress, infection, danger or 
environmental changes, produce a wide range of diverse chemicals, 
secondary metabolites, which are not essential for their primary 
metabolism.  Many of these complex molecules have therapeutic 
potential for a number of human ailments and are useful as medicines.  
Classical examples include, morphine obtained from the latex of the 
poppy, Papaver somniferum; quinine from Cinchona bark, atropine 
from Atropa belladonna and digitoxin from Digitalis purpurea.  More 
recent examples include artemisinin from the Chinese plant Artemisia 
annua (Trig, 1989) for the treatment of malaria, and taxol, which is 
used in the therapy of metastatic breast cancer, from Taxus brevifolia 
(Lenaz, 1993). 

In spite of the influence of modern medicine, about 80% of the rural 
population in Nigeria depends on herbal medical care for their health 
needs.  The country is blessed with a great variety of medicinal plants, 
but unlike in India, China and Vietnam where traditional medicine has 
been researched, developed and integrated with the formal health care 
system, the situation in Nigeria is that many of the plants/remedies 
utilised in traditional medicine have not been subjected to any 
scientific study to validate their uses.  Thus, the thrust of my research 
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is to establish the scientific basis for the ethnomedicinal use of plant 
materials prevalent in the local environment, especially in the 
treatment of infection. The focus on anti-infective agents has been 
deliberate because infections constitute the most frequent cause of 
morbidity and mortality in developing countries, such as Nigeria.  
Within this focus, I have investigated the antimicrobial, anti-
inflammatory and antioxidant activities of plant extracts and isolated 
bioactive and other compounds of interest.  The ultimate objective is 
not primarily to isolate compounds that will enter the pharmaceutical 
industry as new lead compounds, but to make it possible for plants 
and plant products to be effectively utilised within the health care 
delivery system through the formulation of materials with acceptable 
toxicity level into stable, and affordable pharmaceutical dosage forms.  
Where possible, isolated compounds, could serve as pointers or leads 
in the syntheses of superior agents, or as markers in the quality control 
of herbal drugs.  For example, high quality Gingko biloba extract, 
used for treatment of various disorders is normally standardized to 
24% gingko flavone glycosides and 6% terpene lactones.  

Biological screening 

In order to validate activity and isolate/characterise the compounds 
responsible for activity from medicinal plants, it is crucial that suitable 
biological tests for monitoring the required effects are used.  Such 
tests should ideally be simple, rapid, reproducible and inexpensive.  
Thus, the initial step necessitates that many potential plants be 
evaluated against a biological assay or panel of assays, and those 
which achieve a certain criterion for activity are moved to the next 
phase. 

Since plants used against infection are the main focus in my research, 
tests that kill, or at least inhibit the growth of, microorganisms and/or 
stimulate the immune system are used to assess their value. Extracts of 
plants used in ethnomedicine in the local environment to treat 
infections were screened in vitro for antimicrobial activity, against 
type organisms and clinical isolates, using the classical cup-plate 
method and/or bioautographic techniques.  Since the exquisitely 
modulated defense systems used by higher animals to ward off 
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infections are inflammation, fevers and acquired immune responses, 
the panel of assays has also been extended to the search for anti-
inflammatory and antioxidant principles from these plants.  Thus, the 
bioassay modelled on the inhibition of the cyclooxygenase (COX) 
enzymes, and the carragenin-induced oedema of the rat paw, have 
been employed to screen for anti-inflammatory activity.  The rapid 1, 
1-diphenyl-2-picrylhydrazyl (DPPH) and -carotene thin layer 
chromatographic (tlc) methods were used for antioxidant activity. 

The approach adopted in my research is to collect and extract plant 
materials based on ethnomedicinal information and then screen them 
for potential biological activity (antimicrobial, anti-inflammatory and 
antioxidant activities).  About 300 plant species belonging to over 30 
genera, used within the local environment to treat infections were 
screened over the last 20 years.  Plants with promising activities based 
on comparative ranking were studied and are currently being studied 
in detail, using bioactivity-guided fractionation to isolate the 
compounds responsible for the observed activities (Scheme II).  Some 
of the results and contributions from the study of such plants are now 
presented.  

Ethopharmacological observation
(a)  related to use
(b)  unrelated to use

SELECTION Random collectionChemotaxonomic

Biological testing

Bioassay-guided isolation

Pure Compound Structure modification
Structure 
Elucidation

Further studies

Scheme II Scheme for isolation of bioactive compounds from plants. 
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A CONTRIBUTIONS TO NATURAL PRODUCTS WITH 
BIOLOGICAL ACTIVITIES 

My introduction to natural product chemistry was in the year 1978 
when I embarked on my M. Phil. degree project in this university, 
under the mentorship of Dr. Wolde Ab-Yisak, a dedicated and astute 
scientist.  I worked on the stem bark of Combretodendron 
macrocarpum (P. Beauv) Keay {synonyms: Combretodendron 
africanum (Welw ex. Benth) Exell and Petersianthus macrocarpus (P. 
Beauv) Liben}, family Lecythidaceae. 

The aqueous extract of the stem bark is traditionally used in the 
treatment of constipation, haemorrhoids, venereal diseases and as an 
abortifacient.  It has also been reported that the ethanolic extract of the 
stem bark also produced hypotensive effects (Sandberg and Cronlund, 
1982.).  The objective of our study was to conduct a phytochemical 
study of the plant with special reference to the hypotensive principles.  
With the limited experience I had then, some compounds were 
isolated - -sitosterol, octacosan-1-ol, an unsaturated dicarboxylic 
fatty acid and a yellow uncharacterised compound, which displayed 
hypotensive properties with little effect on the heart rate from the 
butanol fraction (Ogundaini et al, 1983).  Later, two other M.Sc. 
students (Alemika, 1989 and Babajide, 1995) had follow-up studies on 
the same plant, with one isolating ellagic acid, which was the yellow 
uncharacterised compound from our earlier study, and the other 
reported the isolation and partial characterisation of 2 saponins 
responsible for the smooth muscle relaxing properties of the 
methanolic extract.  The project was later revisited and two new 
triterpenoid saponins - petersaponins III (1) and IV (2) were isolated 
and characterised from the n-butanol fraction of the bark extract 
(Olugbade et al, 2000).  Petersaponins III and IV bear structural 
relationship to petersaponins I and II, which stimulate the production 
of hormone from cultivated rat hypophysis cells.   
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Another genus that has been investigated is Piliostigma.  The leaves of 
Piliostigma thonningii (Schum) Milne-Redhead (Ceasaplinaceae), a 
tropical African plant, are used to treat wounds, chronic ulcers, 
diarrhoea, toothache and gingivitis, cough, bronchitis etc.  The 
aqueous ethanolic extract was active against a wide spectrum of 
organisms.  The Staphylococcus aureus activity was extractable into 
ethyl acetate, while the activity against Pseudomonas aeruginosa was 
in the n-butanol fraction.  The aqueous ethanol extract was also 
significantly active in the inhibition of prostaglandin synthetase 
enzyme (COX) test for anti-inflammatory activity (Ibewuike et al, 
1997a).  The antibacterial and anti-inflammatory activities (Table 1) 
were found to be due to the flavonoid content, especially novel C-
methyl flavonols: 6,8-di-C-methyl quercetin3-methyl ether (3), 6-C-
methyl quercetin 3,7-dimethyl ether (4) and 6,8-di-C-methyl quercetin 
3,7-dimethyl ether (5) (Ibewuike et al, 1996).  Other isolated 
flavonoids contributing to activity include quercetin, quercitrin, 6-C-
methyl quercetin 3-methyl ether, 6-C-methyl quercetin 3,3,3 -
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trimethyl ether, 6,8-di-C-methyl kaempferol 3-methyl ether (6) and 
6,8-di-C-methyl kaempferol 3,7-dimethyl ether (7).  Although 
flavonoids are well known as anti-inflammatory agents (Alcaraz and 
Jimenez, 1988), the anti-inflammatory activities of the relatively rare 
C-methyl flavonols had hitherto, not been reported (Ibewuike et al, 
1997b). 

A detailed look at the anti-inflammatory and antibacterial activities of 
these compounds offered an insight into the relationship between 
structure and observed biological activities in these series of 
compounds.  The compounds with B-ring 3', 4'-diol group (3, 4, 5) 
were generally more potent than the 4'-oxygenated derivatives 
(Ibewuike et al, 1997b).  These results were at variance with that of 
Moroney et al. (1988) who reported that flavones with B-ring 4'-
oxygenation were the more active cyclooxygenase inhibitors.  This 
discrepancy was attributed to the C-methyl group present in our 
compounds and which conferred increased lipophilicity on the 
flavonoid molecules 3, 4, and 5 with B-ring 3', 4'-diol group.  In 
contrast, the antibacterial activity of the C-methyl flavonols parallel 
those reported generally for other flavonols. 

Additional two new compounds, piliostigmin (8), the first ever C-
methyl phenoxy chromone reported in literature and 16 -hydroxy-
kauran-18-oic acid (9), a diterpene, were also isolated from P. 
thonningii (Ibewuike et al, 1996; Martins et al, 1997).  

O O

OOH

H3C

H3CO
OH

CH3HOOC

H

8.  Piliostigmin (a phenoxychromone) 9.  16 -hydroxy-(-)-kauran-18-oic acid                 
(a diterpene)    
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TABLE 1 Antibacterial and anti-inflammatory activities of isolated 
compounds from the leaves of P. thonningii. 

O

OH

R3

O

OCH3

R1

R2O

H3C

OH 

COMPOUNDS 
R1 R2 R3 IC50 

( M) 
MIC 
(mM) 

3 H CH3 OCH3 4.53 - 

4 H H OH 55.42 0.031 

5 CH3 H OH 23.08 0.125 

6 H CH3 OH 25.99 1 

7 CH3 H H - 0.125 

Aspirin    953 - 

Indomethacin    0.246 - 

Chlorocresol    - 0.125 

 

A comparative study, both biological and chemical, on the leaves of 
the only co-generic species, P. reticulatum, revealed that they 
contained basically the same constituents as P. thonningii and could 
be conveniently substituted for one another in ethnomedicine.  An 
additional new compound, 6-C-methylquercetin-3,3',4'-trimethyl ether 
from P. reticulatum, was reported from a plant source for the first 
time.  Piliostigmin, a C-methyl phenoxy chromone common to both 
plants, could serve as a chemotaxonomic marker for the genus 
(Aderogba et al, 2003).  The presence of both anti-inflammatory and 
antimicrobial flavonoids in both plants may explain their utility in 
treating infections, wounds and fever, as well as inflammatory 
conditions such as toothache and gingivitis.  
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My exposure to bioassays modelled on the inhibition of the 
cyclooxygenase (COX) enzymes, carragenin-induced oedema of the 
rat paw and inhibition of platelet aggregating factor (PAF)-induced 
exocytosis, as tests for anti-inflammatory activity, was during my 
sabbatical leave of 1990/91 at the Biomedical Centre, Uppsala 
University, where I worked on Sarcophyte piriei.  The tests were 
subsequently included in our battery of screening tests and we had 
since acquired a plethysmometer for measuring oedema of the rat paw 
in our laboratory. 

Sarcophyte piriei Hutch (Balanophoraceae; vernacular name, diinsi) is 
a parasitic plant that grows on the root of Acacia species. A decoction 
of its underground tuber is a popular folk remedy against bruises, 
toothache, sore throat and abdominal pain in Somalia.  Preliminary 
evaluation of the aqueous extract showed that it has anti-inflammatory 
activity both in vivo in carragenin-induced oedema of the rat paw and, 
in vitro in the inhibition of prostaglandin synthesis, with activity 
comparable to aspirin.  Two new flavano-flavanone glycosides, 
diinsininol (10), (5,7,3',4'-tetrahydroxyflavanyl-7-O- -glucosyl-(4 -
8;2 -O-7) eriodictyol and diinsinin (11) (5,7,3',4'-tetrahydroxy-
flavanyl-7-O- -glucosyl-(4 -8;2 -O-7) naringenin were isolated as 
being responsible for the anti-inflammatory activity (Ogundaini et al., 
1996). 
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10.  Diinsininol, R = OH
11.  Diinsinin, R = H 
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Diinsininol and diinsinin exhibited IC50 values of 9.20 M and 
13.14 M, respectively in the inhibition of prostaglandin synthesis 
assay compared with indomethacin, which had an IC50 value of 
0.56 M.  The IC50 for both compounds in PAF-induced exocytosis was 
49 M for (10) and 39 M for (11), which makes them more potent 
inhibitors than the known PAF antagonist, ginkgolide BN 52021 (IC50 of 
80 M), a terpene lactone, isolated from the tree Ginkgo biloba with 
similar ethnomedicinal uses to diinsi. 

Mitracarpus scaber Zucc. (Rubiaceae) is a weed widely employed in 
traditional medicine in West Africa for headaches, toothaches, hepatic 
diseases etc.  The juice of the plant is also applied topically for the 
treatment of skin diseases 

 

infectious dermatitis, eczema and scabies.  
From the extract of M. scaber we have isolated six compounds 
including the alkaloid benz[g]isoquinoline-5,10-dione (12), 
psychorubrin (3-hydroxy 1H-3, 4-dihydronaphtho [2,3-c] pyran-5, 10-
dione) (13) and pentalongin (Ogundaini, 1999; Houghton et al, 2000). 

N

O

O

O

O

O
H

OH

12.  Benz[g]isoquinoline-5,10-dione 13.  Psychorubrin 

The isolated compounds and their Minimum Inhibitory Concentration 
(MIC) values against Staphyloccocus aureus NCTC 6571 are shown 
in Table 2.  To date, benz[g]isoquinoline-5, 10-dione is the only 2-
azaanthraquinone isolated from higher plants although some 
derivatives have been isolated from fungal cultures.  Naphthoquinones 
are known to possess a wide range of biological activities including 
antibacterial and antifungal activities, and their presence in M. scaber 
may account for its traditional use in the treatment of fungal skin 
infections.    
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TABLE 2: MIC values of compounds isolated form M. scaber against S. 
aureus. 

COMPOUND 
MIC ( g/ml)* 

Benz[g]isoquinoline-5,10-dione 12.5 

Psychorubrin 3.125 

3-O-Ethylpsychorubrin 6.25 

Pentalongin 12.5 

Tectoquinone >25 

2-Hydroxynaphthoquinone >25 

Gentamicin (control) 0.5 

* in 10% methanol 

In fact, unknown to us at the time of the study was the fact that the 
National Institute for Pharmaceutical Research and Development 
(NIPRD), Abuja had already formulated an extract of the plant into a 
cream, Niprifan®, a highly effective topical antifungal agent.  
Similarly, at the Traditional Medicine Department of Bamako, Mali, a 
lotion and a skin ointment made with the aerial part of M. scaber are 
used for skin diseases and infections (Bisignano et al, 2000).  M. 
scaber has also been reported to have radical scavenging properties as 
shown by its reaction with 1, 1-diphenyl-2-picrylhydrazyl radical 
(EC50 = 41.64±1.5 g/ml).  No wonder a decoction of its aerial part 
was reported to have a significant hepatoprotective effect against 
carbon tetrachloride induced liver injury, both in vivo and in vitro 
(Germano et al., 1999).  The ointment of M. scaber has also found use 
in veterinary medicine; when applied topically to chronic crusty or 
acute lesions of dermatophilosis in infected animals, cure is effected 
without recurrence (Ali-Emmanuel et al, 2003).  The isolated active 
compounds could serve as markers for the quality control of these 
useful formulations.  

Acalypha wilkesiana Muell Arg (family Rubiaceae) is variously 
administered in the treatment of bacterial and skin fungal infections.  
The expressed juice or boiled decoction, is used to treat Pityriasis 
versicolor, Impetigo contagiosa,  Tinea versicolor and similar skin 
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infections, which affect the back, chest and the axillae of many infants 
in Nigeria (Oliver, 1959).  These diseases are characterised by 
branning scales, itching, inflammation and lesions.  The genus 
Acalypha comprises about 570 species (Riley, 1963), a large 
proportion of which are weeds while the others are ornamental plants.  
They are found all over the world most especially in the tropics of 
Africa, America and Asia.  The weeds are wild and can be found 
growing everywhere while the ornamental species must have been 
introduced into West Africa from other parts of the world and are 
cultivated as foliage plants in gardens, greenhouses and parks.  Some 
of the species are well known in traditional medicine and a few have 
actually appeared in homeopathic pharmacopoeia (T. H. P., USA, 
1941; H. P. India, 1971)  

The initial aspect of our study was the clarification of the botanical 
identity of Acalypha species locally available in Nigeria.  This was 
achieved through the assistance of the Forestry Research Institute of 
Nigeria, and Dr. Mats Thulin of the Department of Systematic Botany 
of Uppsala University.  The identified species were varieties of A. 
wilkesiana (the Red, Golden yellow and Lace), A. ciliata, A. hispida 
and A. indica.  Comparative antimicrobial screening of the extracts of 
the six local species against typed organisms - E. coli, S. aureus, Ps. 
aeruginosa, B. subtilis and C. pseudotropicalis, showed that A. 
wilkesiana (Red Acalypha variety) and A. hispida demonstrated a 
broad spectrum of antibacterial and antifungal activities to warrant 
further studies.  Subsequently, bioactivity-directed fractionation of the 
two Acalypha species revealed two ellagitanins, corilagin (14) and 
geranin (15) as the active principles (Adesina et al, 2000).  Since 
corilagin could be a breakdown product of geranin, its natural 
occurrence in the plants was confirmed by thin-layer chromatographic 
examination of fresh leaves.  Corilagin has been reported to show 
several biological activities, such as antifungal, antiviral, and 
antihypertensive effect in rats (Shimizu et al, 2001).  In addition, 
Shimizu et al (2001), after isolating corilagin as the effective 
antimicrobial compound from Arctostaphylos uva-ursi (the leaves and 
extracts are described as medicine in the Japanese Pharmacopoeia), 
showed that it potentiates the activity of -lactam antibiotics against 
methicillin resistant Staphylococcus aureus (MRSA). MRSA 
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infections are a recurring problem in hospitals, nursing and care 
homes, even in developed countries, where solutions to the problem 
are continuously being sought.  
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14.  Corilagin

15.  Geraniin  

In pursuit of our objective of developing this abundant plant species 
into a standard pharmaceutical product of therapeutic value, an 
ointment of A. wilkesiana (red variety) was clinically evaluated in the 
treatment of superficial fungal infections in collaboration with Prof. 
A. O. Oyelami of the Department of Paediatrics and Child Health and 
Dr. O. Onayemi of Department of Dermatology and Venerology, both 
of the College of Health Sciences. 

Superficial fungal infections are common in most tropical areas and 
developing countries with uncontrolled population growth, inadequate 
provision of accommodation and unsanitary living conditions.  Most 
of the patients affected are from the socio-economic group that can ill 
afford imported antifungal creams, thus justifying the need for 
inexpensive and easily available alternatives.  The clinical study was 
conducted at the General Outpatient Department, the Children 
Welfare Clinic and the Dermatology Unit of the Wesley Guild 
Hospital Section of the Obafemi Awolowo University Teaching 
Hospitals Complex between November 1996 and July 1997.  The 
ointment of A. wilkesiana (red variety) was shown to be effective 
against some superficial fungal diseases such as Tinea corporis 
(Figures I and II), Tinea pedis, Pityriasis versicolor and Candida 
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intetrigo.  The overall clinical response of patients to the ointment 
ranged between 54% and 100%.  With the exception of Tinea 
corporis, all the patients had 100% cure rate.  Those with Tinea pedis 
returned for the ointment until the lesions finally cleared, 6 months 
after the commencement of the treatment.  One patient had an adverse 
reaction to the ointment and the drug was discontinued when 
excoriation became intolerable.  Otherwise, in the study, there was no 
noticeable toxicity of the Acalypha ointment (Oyelami et al, 2003).  
All that is left for us to do is to develop a monograph for the quality 
control of the ointment, using the isolated active polyphenols as 
markers. 


