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Natural Products: Plants as Potential Sources of Drugs

Inthe Nameof Allah TheBeneficent TheMerciful....
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Family, Friends, Colleagues, Sudents
Distinguished Ladies and Gentlemen
AssalamuAlaikum,

Preamble

I feel highly pleased for the opportunity given to stand before you to present this inaugural
lecture. The purpose of this lecture is to introduce to our researchers, some techniques in
plants’ natural products drugs discovery. The aim is to assist researchers in the field of
natural products chemistry in gaining an understanding and application of compounds
obtained from plants sources and their physiological and pathological values in our daily
lives. The cohesive aspect of the certain advances is shown by bringing together the traditional
herbalist and scientific researchers in drug research and discovery. It is my belief that this
inaugural lecture will serve the following purposes:



& Itwill give the general public an idea on the importance of utilizing natural products
from plants for treatment of ailments.

¢ Itwill give adequate procedures and protocols for establishing dosage requirements
for formulation prepared by our traditional herbalist for safe consumption of our
immediate community and the general public.

¢ Itwould give an inspiration on how the natural products chemistry can be utilized in
developing herbal remedies and related products.

Introduction

The use of natural products together with their therapeutic properties is as ancient as
human civilization (Mudi and Ibrahim, 2009). There is no doubt that plants are among the
most perfect “natural laboratories” for the synthesis of various molecules ranging from
simple skeleton to highly complex chemical structures as main sources of drugs (Hernedez
etal.,2002). Clinical, pharmacological and chemical studies of traditional medicine, derived
predominately from plants, were the basis of most early medicines such as asprin, morphine
quinine and pilocarpine.

Inrecent years, there has been growing interest in alternative therapies and therapeutic use
ofnatural products, especially those derived from plant. A survey of plant-derived pure
compounds used as drugs in countries hosting World Health Organization—Traditional
Medicine Centres indicated that of 122 compounds identified from only 94 plant species,
80% were used for the same or related ethno-medicinal purposes. Though discovery of
drugs from natural products is a long tedious process and is associated with unpredictable
results, still, with technical advancements, it is possible to screen and evaluate the
pharmacological activities of constituents present in natural resources efficiently. In fact,
diversified structures and ability to treat ailments without creating undesired side effects
provide strong candidacy of naturally-occurring compounds for developing future drugs.



Aspirin

|
HOW \;:‘;J q

L%
OCH3 ( =)

Spelling:
pilocar pine

Cuinine Filoerping

Figure 1. Sructures of some early isolated drugs from plants

Despite these obstacles and competition from other drug discovery methods, natural
products are still providing their fair share of new clinical candidates and drugs. Natural
product-derived drugs were still represented in the top 35 world selling ethical drugs sales
of recent years (see Table 1). Some relevant examples are khellin, from Ammi visnaga
(L) Lamk., which led to the development of chromolyn (in the form of sodium
chromoglycate) as a bronchodilator; galegine, from Galega officinalisL., which was the
model for the synthesis of metformin and other bisguanidine-type antidiabetic drugs; and
papaverine from Papaver somniferumwhich formed the basis for verapamil used in the
treatment of hypertension etc. (see Figure 2). The latter plant is better known as being the
source of painkillers such as morphine and codeine, but probably the best example of
ethno-medicine’s role in guiding drug discovery and development is that of the antimalarial
drugs, particularly quinine and artemisinin.
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Table 1. List of some natural products derived drugs fromisolated drugs

Plant Drug I solated Drug Derived from  Activity
Achinoplanes sp Ramoplanin Viciron Antibacterial
Aspergilus ruguloval vus Echinocandin ~ Anidulafungin Antifungal
Aspergilus femigatus Fumagallin Paromycin Anti-parasitic
Cannabis sativa Dronabinaol Nabilone Antibiotic
Nocardia orientalis Oritavacin Vancomycin Antibacterial
Physostigma venenosum Physostigmine  Hiperzine anti-cholesterinase
Saccharopolyspora erythreae  Erythromycin =~ Telithomycin Antibiotic
Artemisia annva Artemisinin Tehranolide Antimalarial
Lophiralanciolata Kerupensamine Habiopetaline A Antimalarial

Researches in Natural Products

Natural products and their derivatives have been recognized for many years as a source of
therapeutic agents and structural diversity. They are also important sources for new drugs
and also good lead compounds suitable for further modification during drug development.
The following methods were followed for obtaining pure bioactive substances from ethno-
medicinal plants scheme 1.

MEDICINAL PLANTS

Extraction

EXTRACTS
Fractionation
FRACTIONS ‘
BIOASSAY | TOXICOLOGY
Fractionation
Purification
PURE COMPOUNDS ‘
STRUCTURE CHEMICAL TOTAL SYNTHESIS

ELUCIDATION CHARACTERIZATION

Scheme 1: Methods for Obtaining Active Substances from Plants
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Sampling

The sampling processes of plant materials to search for bioactive natural products involve
two main approaches: random collection and screening of material or exploitation of ethno-
pharmacological knowledge of it. Then the plant parts are commonly dried thoroughly in
the field at the point of collection or in an aerated room. To accelerate extraction, the dry
tissue is ground to powder.

Extraction Methods

There are very few standard techniques for extraction, since choice of solvent and conditions
depend on the spectrum of small molecules desired. For extraction of drug-like molecules
of intermediate polarity, the NCI has found percolation at room temperature witha 1:1 v/
v mixture of dichloromethane and methanol to be useful. Extraction techniques which
involve heating the solvent and extracted compounds, as in a Soxhlet apparatus, are generally
avoided unless the desired compounds have been shown to be heat stable. When preparing
samples to be used in biological screening, this should be avoided.

The solvent must then be removed from the solutions which result from any of these
extraction procedures. This is done to make it possible to obtain a weight for the extracted
material, as well as to avoid reactions in solution which may alter the constituents. Aqueous
solutions are lyophilized, while organic solvent mixtures are dried using rotary evaporators.
A final finishing under high vacuum removes most traces of the solvent. Materials should
be stored in borosilicate glass bottles or vials at “20° C to ensure stability.

Separation Technique

Once an extract has been confirmed to have activity in a biological assay, the active
compounds in the extract must be identified. This is accomplished in an iterative process of
separation and bioassay termed bioassay-guided separation. An extract is separated into
several fractions using chromatographic techniques and the parent extract and fractions
are tested in the assay. A useful technique in monitoring separations is to calculate both
mass and activity recoveries for the process. Thus, if 5g of a parent extract was separated,
yielding a summed fraction mass of 4.5g, the mass recovery would be 90 percent (Mudi
and Muhammad, 2011). Pilot thin layer chromatography experiments can provide useful
hints as to the best choice of column packing and elution conditions. Then, analytical scale



High Performance Liquid Chromatography (HPLC) may be used to define precise flow
and solvent strength parameters. Even with relatively purified fractions, it is often useful to
use gradient elution to obtain an optimum separation (Mudi and Muhammad, 2011). While
C18 bonded phases dominate the analytical chemistry market, they are only one of the
tools in the HPLC column drawer of a natural products isolation laboratory.

Structure Elucidation

Once the active compounds are obtained in pure form, they can be subjected to structure
elucidation. The key technique for this is Nuclear Magnetic Resonance (NMR), specifically
a series of two-dimensional experiments (COSY, HSQC, HMBC and NOESY) which
makes it possible to establish the connectivity of all hydrogen and carbon atoms in a
molecule. Serving a very important complementary role is high resolution mass spectrometry
(MS), which is capable of providing precise mass measurements that identify the molecular
formula of the compound. It is often possible to fully elucidate the structure of an unknown
molecule using these two techniques alone. Other spectroscopic techniques such as UV,
IR and optical rotation serve ancillary roles, though they may become critical in specific
cases. As the number of atoms in a molecule increases, structure elucidation becomes
more difficult, due to the exponential increase in possible structures for a given formula.

The ability of NMR and MS to provide useful information from smaller amounts of compound
has increased many folds in recent years. Advances in NMR probe design, especially
gradient probes, flow probes and cryoprobes, have increased sensitivity greatly (Reynolds
and Enriquez, 2002). Higher field strength magnets have increased NMR spectral dispersion
so that more peaks can be resolved in a spectrum. Improved NMR pulse sequences have
reduced experiment time and resolution. Similar improvements have been made in MS,
with electrospray ionization and matrix assisted laser desorption being two ionization
techniques which have been valuable in natural product characterization. Cutting edge
techniques such as Fourier transform cyclotron resonance mass spectrometry (FTICR-
MS) have been applied in industrial settings with utility in structure elucidation, but the cost
of the equipment has kept it from being widely applied at this time ( Feng and Siegel,
2007).

An alternative technique for structure elucidation is x-ray crystallography, which has a long
history in natural product structure elucidation. It is still an important technique, especially
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for determining the absolute configuration of complex chiral molecules. The obvious limitation
is that the compound studied must exist in a crystalline form. If the native compound
cannot be persuaded to crystallize, it can be derivatized with a variety of modifiers in an
attempt to improve its ability to form crystals. Application of robotics to automatically
generate many small scale crystallization experiments has increased the ability to find
workable crystallization conditions (Bulter, 2004).

While the ability to perform spectroscopic methods with smaller samples is an important
advance, it should be pointed out that animal testing cannot be miniaturized. Therefore, it
is always necessary to carry out preparative separations to obtain sufficient material for in
vivo work, ifa compound is to advance as a drug lead.

Better Methodsfor Designing Resear chesin Natural Products Study
Drug discovery from natural products has reclaimed the attention of the pharmaceutical
industry and is on the verge of a comeback due to new technological inputs that promise
better returns on investment. The natural products research will only continue to compete
with other drug discovery methods, if the speed of screening, isolation and structure
elucidation processes are improved, as well as addressing the suitability of screening for

Plslook agaifayral product extracts and dealing with issues product involved with large—scale
compound supply.

This increasing pressure to identify, optimize, develop and commercialize novel drugs more
rapidly and cost effectively has led to an urgent demand for technologies that can reduce
the time to source and produce new drugs from natural products. Molecular diversity, of
both natural and synthetic materials provides a valuable source of compounds for identifying
and optimizing new drug leads. Through the rapidly evolving technology of combinatorial
chemistry, it is now possible to produce libraries of small molecules to screen for novel
bioactivities. This powerful new technology has begun to help pharmaceutical companies
to find new drug candidates quickly that save significant amount of money in pre-clinical
developments cost and utility change their fundamental approach to drug discovery.

Direct hyphenation of an efficient separation technique with powerful spectroscopic
techniques can assist in the dereplication process that involves a combination of bioassay,
separation science and spectroscopic techniques. Such hyphenated systems include HPLC—



FTIR, which is useful for the detection of functional groups in major constituents’ mixture.
HPLC-NMR-MS is an advanced spectrometric hyphenated technique which is used in
the dereplication of natural products plant extracts. Apart from its efficiency, the most
important advantage of HPLC-NMR-MS is the unequivocal matching of the MS data to
the NMR spectrum. Further, as HPLC-NMR does not provide information about silent
functional groups (e.g. hydroxyl and amino moieties) as a result of D20 exchange, these
functionalities can be readily detected by MS technique.

Our Research

The focus of our research targets the common ailments and pathogenic agents in our
immediate environment in accordance with Bayero University’s mission and strategic
direction. The following are expressions of my researches in natural products chemistry
that was carried out by me together with my colleagues and students from 2008 to 2016.
I'hope these researches will give an aspiration to the readers on how the design of researches
in natural products can be explored or modified to make an impact on physiological system
or pathological states.

Antimalarial Researches

Malaria is a vector-borne infectious disease caused by protozoan parasites. It is widespread
in tropical and sub-tropical regions including part of the America, Asia and Africa (Snow
etal.,2005). Each year, it causes diseases in approximately 515 million people and kills
between one to three million people, majority of whom are young children in sub-Sahara
Africa (Snow etal., 2005). Adults are less likely to die from malaria, but still suffer from
the sickness (Adams, 2008). The resistance of the malaria parasite to conventional drugs,
has led to new therapeutic challenges, particularly in the treatment of Plasmodium
falciparum. This motivated our team to focus on identifying and screening of ethno
medicinally used plants for treating malaria, in which about 45 different plants were identified
and screened for the activity against malaria (Mudi and Muhammad, 2010; Mudi et al.,
2010; Mudi and Bukar, 2011; Mudi, 2011; Mudi et al., 2012). We established positive
activity of extracts obtained from ten plants out of the total number screened. About 35
pure compounds were isolated from these active extract, out of which 15 showed positive
activities against malaria parasite (see Table 2). We were able to have full spectral data of
only four isolated compounds; whose proposed structures were established as shown
figure 3.
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Table2: Number of pure active compoundsisolated fromindigenous medicinal plant
materials used to treat malaria

Plant Part(s) Fraction Number of pure
compounds isolated
Adansonia digitata Stem bark Chloroform 4
Calotropis procera Leaf Chloroform 3
Ficus platyphylla Leaf Ethyl acetate 4
Ficus syncomorus Stem bark Chloroform 2
Lawsonia mermis L Leaf Ethyl acetate 5
Mangifera indica Leaf Ethyl acetate 2
Terminalia catappa Leaf Chloroform 4
Terminalia indica Root Chloroform 3
Vitex doniana Stem bark Ethyl acetate 5
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Figure 3: Isolated compounds from natural products with promising antimalarial

activity
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Food Borne Pathogens

Studies have revealed that many of the chemical food sanitizers and preservatives contain
harmful substances (Smid and Gorris, 1999). Therefore the search for natural plant products
that could be applicable as sanitizers and preservatives is presently intensified (Ninthoujam,
2010). This motivated us to screen 37 plants materials for antimicrobial activity against
food and water borne pathogens, which is the first step in the screening of plant materials
for preservative activity (Bukar and Mudi, 2011; Muhammad and Mudji, 2011; Dauda
and Mudi, 2013; Mudi and Dauda, 2013; Mudi et al., 2015). The plant materials that
prove to possess antimicrobial activity on few or many of the pathogens responsible for
food spoilage as well as food and water borne illnesses were subjected to other tests to
evaluate its preservative activity. These tests include evaluation of its toxicity, sanitizing and
preservative activity on food system (Bukar and Mudi, 2011). Ten (out of 37 plants
screened) were found to have promising activity against the tested pathogens. These plants
were subjected to activity guided chromatography techniques in which 35 pure compounds
were isolated (Table 3). We sent these pure compounds abroad for spectral analysis out
of which only 4 compounds spectral data were complete. The structures of these compounds
were elucidated as shown in figure 4.

Plant Table 3: Nunit@6ure acti e @6#BBunds i solkeH BSm i ¥l gePBli8 medicinal plant
materials used to treat food-borne pathogenscompoundsisolated
Anogeissusleoicarpus  Stem bark Chloroform 3
Aspilia Africana Stem bark Chloroform 5
Diospyrosmespiliformis Leaf Ethyl acetate 3
Ficus syncomorus Leaf/ Fruits  Chloroform 5
Laggera mollis Whole plant  Chloroform 4
Maerua angolensis Leaf Ethanol 3
Mangiferaindica Stem bark Ethanol 3
Nigella sativa Stem bark Chloroform 3
Terminalia catappa Leaf Chloroform 3
Red acalypha Leaf Chloroform 3

12
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Figure 4: Isolated compounds from natural products with promising antibacterial
activity

Gastrointestinal Tract Disease

Diseases of the gastrointestinal tract (GIT) are major causes of morbidity and mortality.
The deaths are due in large part, to ulcer complications such as haemorrhage and perforation
(Isenberg and Soll, 1996). There have been great advances in the understanding, diagnosis
and management of GIT diseases. Peptic ulcer is one of the most common diseases of the
GIT affecting mankind and the incidence has been estimated to range from 3 to 10%
(Akimoto et al., 1998). However, the pathogenesis of peptic ulcer is far from clear and so
is the mechanism of anti-ulcer drugs (Akimoto et al., 1998). Our study exploited the

13



safety and efficacy of 15 medicinal plants locally used as anti-ulcer remedies (Mudi and
Ibrahim, 2009; Sa’idu and Mudi 2013; Mudi et al., 2013). Further, we screened these
plants for antiulcer invivo on aspirin induced gastric ulcer in Wister rats. Five of the plants
extract showed promising antiulcer activity. These extracts were subjected to activity guided
chromatographic techniques in which 17 pure compounds were isolated and sent abroad
for spectral analysis. But only the spectral data of one pure compound was obtained and
interpreted with the structure shown in figure 5.

Table4: Number of pure active compoundsisolated fromindigenous medicinal plant
materials used to treat gastrointestinal tract diseases

Plant Part(9) Fraction Number of pure

Anogeissus leoica.

Laggera mollis [
Lawsonia mermis
Maerua angolens,
Terminalia catapg D O

3-(Decahydro-naphthalen-2-y1)-propionic acid propyl ester

[solated from Maerua angolensis
Mudi and Ibrahim 2009

Figureb5: Isolated compound fromnatural productswith promising antiulcer activity
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Respiratory Tract Infections

Respiratory tract infections are clinical syndrome produced by the inflammation of the
trachea, bronchi and bronchioles. These infections are caused by some bacterial pathogens,
virus and fungi (Patrick, 2006). Despite the progress made in the development of drugs
and antimicrobial agents, it becomes more significant to search for drugs from plants source
as the current antibiotics in use are fast loosing eftectiveness due to emergence of resistant
microorganisms and unknown disease causing microbes that pose an enormous public
health concern (Iwu, 1999). This fact motivated us to search and screen for traditionally
used medicinal plants for the treatment of respiratory tract diseases. We identified and
screened various parts of 35 plants out of which the crude extracts of seven of these plants
were found (see Table 5) to have promising activity (Mudi and Ibrahim, 2008a; Mudi and
Ibrahim, 2008b; Mudi and Salisu, 2009a; Mudi and Salisu, 2009b; Mudi et al., 2010).
The extracts with positive activity were subjected to separation techniques that led to
isolation of 21 pure compounds whose chemotherapeutic index equal or exceed the activity
of drugs used to cure pneumonia and other respiratory infections. But only the spectral
data of two of these pure compounds were obtained and interpreted with their structures
shown figure 6.

Table5: Number of pure active compoundsisolated fromindigenous medicinal plant
materials used to treat respiratory tract infections
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Figure6: Isolated compoundsfromnatural productswith promising antibiotic activity
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Current Researches

Cancer is one of the leading causes of death with the number of cancer cases gradually
increasing globally. This disease is among the ones associated with oxidative damage.
There are several medicines available in the market to treat various types of cancers but
none is found to be fully effective and safe. The major problem in cancer chemotherapy is
the toxicity of the established drugs. However plants and plant-derived products have
proved effective and safe in the treatment and management of cancers.

Currently, we are conducting researches in searching for drugs from natural sources for
curing cancer. We are putting effort to search from identified ethno-medicinal plants chemical
compounds that can act as suitable antioxidants to replace the synthetic ones. These
antioxidants isolated will then be subjected to invivo and in vitro anticancer activity
against various forms of tumours.

Presently, we have screened and evaluated the phytochemical constituents and antioxidant
activity of 10 most frequently used ethno-medicinal plants claimed to cure cancer. We
have isolated 13 pure compounds with promising antioxidant activity. We are now conducting
preliminary studies on these isolates, before carrying out the invivoand invitro anticancer
activity.

Need for Strategic Researches in Natural Products Chemistry
Historically, natural products have been used since ancient times and in folklore for treatment
of many diseases and illness. This is the most frequent act in African communities due to
affordable cost and easy of access. However, the method of consumption of these herbal
remedies for curing the ailments poses a serious health implication. These herbal remedies
are consumed without minding the required dosage or chemical components present therein.
Hence, there is need for Bayero University to harness its vast resources in the field of
natural products sciences and come up with strategic plans and policies that will integrate
the traditional herbalists and scientific researchers. This policy should be geared towards
establishing drug formulation directly from the plant materials similar to some of Asian diet
supplements and drugs available in our market.

The strategic policy, among other issues, should include ways of interaction with traditional

herbalists to identify and documents ethno-medicinal plants use for curing specific diseases
and illnesses and to avoid losing records after the demise of the expert. The policy should

17



also involve scientific medicinal plants researchers in Bayero University for establishing the
scientific basis as well as safety and possible dosage formulation.

Challenges

Funding is one of the major challenges we face in our research group and other groups.
This is due to the fact that researches in natural products drug discovery and development
require specialized equipment that are costly to purchase and maintain such as the Nuclear
Magnetic Resonance (NMR), Mass—Spectrophotometer (MS), High Performance Liquid
Chromatography (HPLC) and so on. These equipment require constant electricity supply
and other accessories.

Another major issue bedevilling research in natural products is the difficulty associated
with obtaining sufficient amounts of isolated compounds pure enough for discovery and
development of its activities and structure elucidation.

The threat of losing potentially valuable natural sources of this pharmacologically active
substance is constantly increasing due to the threat of extinction by deforestation of large
landmasses and environmental pollution in remote areas as well as global warming.

Intellectual property right can pose a significant hurdle that is difficult to manage. In general,
patent protection can be obtained if the active principles derived from natural sources
have novel structure and relevant biological activity.

Conclusion

In conclusion, this presentation provides a scientific basis for establishing the safety of
traditional use of ethno-medicinal plants for treatment of ailments. Our investigation has
led to the identification of potent bioactive compounds from fractions of medicinal plant
extracts, which in turn led to the establishment of some novel chemical structures or their
analogues for more effective antibiotics for clinical usage.

Even if'this presentation suggests that natural health products or dietary supplements are
considered as, or are expected to be safe, they may still carry potential risks in themselves
or through interactions with prescription or Over-the-Counter drugs. Therefore, the
discovery and developments of natural products require scientific validation and sufficient
pharmaco-epidemiological evidence to support their safety and efficacy. In this case, there

18



is the need for Bayero University, Kano to come up with policy guidelines towards
integrating the traditional herbalists and the scientific researchers in the field of natural
products sciences.

The need for a research and development policy may not be overemphasized for this will
go along way in bringing Bayero University, Kano closer to the immediate environment
and make it become alive to its responsibilities. This will also serve as an avenue for
Bayero University, Kano to produce natural health products or dietary supplements which
will eventually translate to increased revenue.

I'will want to stop by stating the motto of our great University: “ Toevery learned, there
isalwaysoneadded.”

Thank you.

Ma’assalam.
May Allah bless us.
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