
In the context of Good Clinical Practice (GCP)
the advent of a new drug is predicated in the
principles and procedures involved in ortho-
dox clinical research.
Guidelines in GCP emphasize 2 main points: 
1)protection of subjects or patients
2)the science associated with validity of data
and quality assurance of procedures involved
in the clinical trials of new medicines, phar-
maceuticals and biotechnology derived med-
ications and medical appliances, and diagnos-
tics.
An ideal modern drug is the successful candidate of
the many thousands of evaluated candidates show-
ing promise in a particular disease condition.
A promising compound or drug candidate must
undergo extensive animal and human trials in con-
sultation with NAFDAC (the National Agency for
Food and Drugs Administration and Control), the
sole Government Regulatory Agency on the
Registration of Drugs, Pharmaceuticals, Diagnostics,
Biologicals, Biotechnologicals in Nigeria. Drug
Clinical trials and Good Clinical Practice under strin-
gent ethical conditions must evince acceptable evi-
dence of efficacy and safety to qualify for registra-
tion as new medicines.
Drug discovery and development is a highly sophis-
ticated systematic process. There has been a quan-
tum leap from the original activity guided natural
product isolation and pharmacological evaluation to
complex procedures involving molecular biology and
genetic manipulation, vast molecular libraries and
automated screening, and computer assisted drug
design. Likely candidates are then subjected to ani-
mal studies preceeding possible human clinical trials.

Pharmaceutical Research and Drug
Development in Healthcare 

DELIVERY

Medicines are medically recommended remedies
intended for ameliorating disease conditions, and
restoring good health and vitality to man. However
drugs or pharmacologically active substances have
to be developed into suitable forms for human use.
The final product reaching the clinics has been cer-
tified suitable and safe for medication purposes. It is
the end-product of the combined efforts of research
scientists and professionals in the research and
development of new medicines or drugs. The team
of expert researchers, ideally includes one or more:
1)Pharmaceutical and medicinal chemist
2)Pharmacognosist, plant biologist, marine biolo-

gist, biological chemist, biochemist and microbiolo-
gist
3)Tissue pharmacologist
4)Experimental and human physiologist
5)Clinical pharmacologist and toxicologist
6)Pharmaceutical technologist or drug formulation
expert
7)Clinical pharmacist, biopharmaceuticist, pharma-
cokineticist
8)Pharmaceutical physician, drug clinical trials
expert
9)Drug registration and regulatory agency (this is
Nigeria in NAFDAC) representative.
Registered and certified drugs are dosage forms of
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delegation. Photo courtesy of Professor Coker.
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medicines. These are pharmacotherapeutic agents
that have been subjected to controlled clinical trials
during drug development and are registered for use
in Nigeria by NAFDAC.
Pharmacotherapy ensures that efficacious medica-
tion is predicated on well-defined clinical end points,
such as fever clearance, pain abatement etc.
Surrogate markers such as reduction in blood pres-
sure or blood cholesterol which can be correlated
with patients' response or clinical outcome can also
serve as end points.
The ultimate goal of pharmacotherapy is achieving
definite therapeutic outcomes ensuring the patient's
restoration to good health, better quality of life,
vitality and contribution to the country's economic
progress and development.
Quality Control and Drug Quality Assurance presup-
poses that drugs irrespective of formulation are
released adequately for absorption. Formulations in
drug development are:
1)Solids which may be tablets, capsules, caplets,
powders
2)Liquids
3)Inhaled fluids
4)Transdermal patches
5)Injectables.
Bioavailability refers to the measurement of the rate
and extent of drug delivery to systemic circulation
(that is, the blood and organs of the body).
Biopharmaceutic studies allows for rational formula-
tion of medicinal products.
For solid dosage forms - factors that may affect sys-
temic bioavailability include:
1)Disintegration of the solid dosage form in the
aqueous physiological fluid of the gastrointestinal
tract, thereby releasing the active drug constituent
of the tablet or capsule.
2)Dissolution of the drug substance released in the
gut fluid compartment, "solvation" and subsequent
absorption through the villi of the small intestine into
systemic circulation.
3)Physicochemical nature of the drug substance:
weak acids, weak bases, salts, neutral compounds.
A poorly formulated drug of for example, paraceta-
mol tablet would result in poor disintegration,
incomplete dissolution, inadequate absorption,
incorrect pharmacokinetics and therapeutic failure.

PROCEDURES FOLLOWED IN DRUG DESIGN

The traditional method employed by chemists in the
search for new active medicinal compounds involves
the initial consideration of a "Lead Compound" (usu-
ally of natural origin) known or observed to have a

particular activity and attempting to modify or
improve on its medicinal properties by structural
variation based on chemical intuition and isosteric
consideration, until a more highly active compound
with minimal (undesired) side effects is produced.
Many of the "Leads" have their antecedents or ori-
gins in folkloric medicine, traditional medicine prac-
tice or chance observation of some chemical entity.
Pharmaceutical companies are usually the champi-
ons of drug development although the early
research, which leads to identification of either a
biological target such as a new cell membrane
receptor, or a new lead compound that interacts with
a biological target, may also be initiated in academ-
ic institutions.
Techniques such as computer-assisted drug design
are employed to elucidate the 3-dimensional struc-
ture of a particular biological target and to design a
molecule that interacts specifically with that recep-
tor target. Drug researchers also have access to
libraries containing large numbers of molecules
which are screened against multiple in vitro biologi-
cal targets using high-throughput computerized
processes looking for a significant receptor-ligand
reaction.
More recent advances in biotechnology have provid-
ed drug researchers with new biological targets such
as cell membrane channels, various cell lines as well
as active complex biological proteins. An example of
this is the discovery of erythropoietin as a key regu-
lator of red blood cell production. The identification
of the gene encoding its amino acid sequence, and
the subsequent insertion of this human gene into a
non-human mammalian cell, allowed erythropoietin
to be mass-produced for the treatment of anaemia
in patients with renal failure. We do not yet know if
this application will help in the treatment of sickle
cell disease (SCD).
Technological advances notwithstanding, serendipity
has been responsible for many of today's medicine.
Sildenafil, for example, was initially investigated in
clinical trials as a proposed antianginal drug, but
was noted to have a particular adverse effect. This
led to a re-evaluation of its development plan, and
its subsequent commercialization as an erectile dys-
function treatment.
Other examples include:
-The opium alkaloids (opiates) morphine, codeine,
heroin, natural narcotic alkaloids from the plant
Papaver somniforum, formed the template for the
development of less-addicting and potent analgesics
such as pentazocin, meperidine, levaphanol.
-Quinine, a naturally occurring antimalarial drug
from Cinchona bark served as template for the
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development of synthetic analogues such as chloro-
quine, amodiaquine and mefloquine (the quino-
lines).
-Another important antimalarial of natural origin is
the sesquiterpene
-Lactone, artemisinin from Aretemisia annua
(Quinghaosu)
-Derivatives of artemisinin include artemether,
arteether, artesunate and artenilate.
-Lignocaine and procaine, commonly used local
anaesthetics have their antecedents in Cocaine, a
natural alkaloid from the plant Erythroxylon coca.
-Tubocurarin a naturally occurring curare plant alka-
loid, (a neuromuscular blocker once employed in
major surgery) was to be an object of extensive
studies. Analogs with safer and more tolerable prop-
erties were later introduced in surgery. Professor JB
Stenlake (University of Strathclyde 1982) introduced
a successful and potent biodegradable neuromuscu-
lar blocker for use in surgery: atracurium aesylate.
The drug was jointly developed by Stenlake and
Wellcome Pharmaceuticals and was a major drug to
come from an academic establishment.
-Anticancer agents, cytotoxic compounds) include
plant derivatives taxol, vincristine, vinblastine.
-Willow bark is the source of salicin. Salicylic acid is
a metabolite of salicin. Acetyl salicylic acid, aspirin,
is an acetyl derivative of
salicylic acid. Aspirin
formed the template for
the development of
potent NSAIDS such as
dolobid, diclofenac,
indometacin, piroxicam,
rofexicob, celexicob.
-Animal organs or parts
such as the adrenal
medulla of sheep is the
source of adrenalin (epi-
nephrine) a potent vaso-
constrictor and haemo-
static agent. Analogs of
adrenalin include nora-
drenaline isoprenaline,
orciprenaline, soteronol and
salbutamol which have demon-
strated different physiologic
activities.
-The pancreas and its islets of
Langerhans is the source of
insulin which plays a major role
in diabetes disease
-The fungal microorganism peni-
cillium notatum became the nat-

ural source of the penicillins and cephalosporin
antibiotics.
-Products of biotechnology such as the endocrine
hormones, examples are insulin, oxytocin.
-Histamine from mast cells, oxyntic-parietal cells of
the gastric mucosa became the template for the
development of potent H2- receptor blockers such
as cimetidine, ranitidine, omeprazole.
Once a promising new compound has been identi-
fied, it needs to undergo thorough testing to ensure
that it works and is safe. Usually only a handful of
the thousands of compounds tested make it through
the clinics as new drugs.

ANIMAL STUDIES

Toxicology studies in animals are conducted before a
compound can be used in humans, and government
medicines regulatory agencies such as NAFDAC are
statutorily involved in the design of these trials.
Usually 2 mammalian species are tested, such as
rats an guinea pigs, using single and repeated dose
administration regimens.

CLINICAL TRIALS

The outcomes of the animal studies in terms of
appropriate dosing, efficacy and safety are strong
i n d i c a -
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Clockwise from left: herbs for processing in Professor Coker’s laboratory
in Surulere, Lagos; poster in street near Univ Lagos; Professor Coker in
laboratory. Photos SJ Dodgson PhD.



tions for possible human studies. Clinical trials must
be conducted according to Good Clinical Practice,
which defines a set of strict conditions developed by
international regulatory bodies in agreement with
the principles espoused in the Declaration of
Helsinki. The design of these trials is determined in
consultation with NAFDAC.
Development of a new medicine goes through 4
major phases of trials:

PHASE I
Phase I trials are typically conducted in healthy
young male volunteers in groups of about 10 to 20.
They are designed to assess how the drug is
absorbed, distributed, metabolized and excreted by
the body (that is, pharmacokinetics) and to establish
the safe dose for phase II trials.

PHASE II
Phase II trials are designed to examine what effect
the drug has on the body (that is, pharmacodynam-
ics) such as heart rate, blood pressure and cognitive
effects, depending on the disease the drug is being
developed to treat. These studies are usually con-
ducted in 50 to 100 patients with the disease rather
than healthy volunteers as in phase I.
In Phase I and II trials lower-than-expected-to-be-
therapeutic doses of the investigational drug is usu-
ally given to a small number of people who are then
monitored closely in a purpose-designed early phase
unit. An early phase unit is similar to an intensive
care ward with about 10 beds, each with sophisti-
cated monitoring and emergency treatment facilities
such as electrocardiograms, electroencephalograms,
blood chemistry and haematology analysers, oygen,
intravenous fluids and resuscitation equipment.
These units are often located within a hospital. 
If the first participants show no ill effects the dose is
increased in the next group. 
This process is repeated several times until a mini-
mum effective and maximum tolerated does is
established. 
The maximum tolerated dose is reached when a
specified percentage of participants experience
adverse events as predefined in the study protocol.

PHASE III
Phase III trials involve larger numbers of patients
with a particular disease or condition and are usual-
ly randomized comparative double-blinded studies.
The comparator is either placebo or an active drug
already well established as treatment for the disease
under investigation. 

Typically, 100 to 400 patients are administered the
investigational drug in these trials, which are
designed to show efficacy and safety and to better
determine the appropriate dose range. The cost-
effectiveness of a drug is sometimes analysed dur-
ing the phase III trial stage. In a typical develop-
ment program for a new medicine, several phase III
trials are required by the regulatory authorities.
Unfortunately, even with a large-scale phase III pro-
gram, uncommon adverse events may not be
detected until the new medicine is used widely in the
community.  As a rule of thumb, you need to expose
abut 3 times as many patients to a drug to reliably
detect an adverse event that has a particular inci-
dence; for example, to detect a 1 in 1,000 event,
3,000 patients need to be exposed.

PHASE IV
Phase IV (post-registration) trials are those under-
taken after the new medicine has been registered
and are usually randomized controlled trials. They
are designed to answer important questions which
help determine its clinical position (for example first,
second, or third-line use), cost-effectiveness, and
safety profile in certain patient populations.
Phase IV trials may be very large studies involving
thousands of patients for several years. They are
expensive but often more useful than the earlier
registration studies because they allow broader,
more realistic patient groups to be studied.
Pharmacovigilance is an integral part of the post
Phase IV scheme.
By HAB Coker BSc (Pharmacy), PhD
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Professor Coker at the Great Wall of China 2006.




