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SUMMARY

The German Friedrich Hartmut Dost (1910 – 1985) introduced the word
Pharmacokinetics. Clinical pharmacokinetics is the direct application of
knowledge regarding a drug’s pharmacokinetics to a therapeutic situation
in an individual or a population. It is the basis of therapeutic drug
monitoring with the ultimate goal of keeping drugs safe. This branch of
pharmacology has become the most relevant to the sub-specialty of clinical
pharmacology. First reports of Clinical Pharmacokinetics in Nigeria can
be credited to two gifted Nigerians, Prof Ayodele O. Iyun and Prof Lateef
A. Salako, both of whom were affiliated to the great institutions- University
of Ibadan (UI) and the Teaching Hospital, University College Hospital
(UCH). Prof A.O Iyun was Nigeria’s first home-trained Clinical
Pharmacologist, while Prof L.A. Salako played a most significant role in
the creation of the Department of Clinical Pharmacology, UCH. This
edition of the Chronicles highlights a few of the first reports of this
exciting branch of pharmacology in Nigeria. This historical review is
based on publications listed on the United States National Library of
Medicine database (PUBMED).

The Early Years of Clinical Pharmacokinetics
(1910 – 1976)
Science is largely close and reproducible examination
of relationships between physical phenomena. It was
by looking at the relationship between electricity and
magnetism and the relativity of their effects that
scientists created a whole revolution in scientific
thinking, leading from Michael Faraday to Albert
Einstein. The relationship between phenomena and time
has a very long history. The word ‘kinetic’ refers to
movement, displacement, usually in relation to time
or space.
About seven decades ago, pharmacologists started
examining the relationship between administered drugs,
blood or plasma concentrations, and time. Friedrich
Hartmut Dost (1910 – 1985) first introduced the word
pharmacokinetics in 1953; however, some of the
subject matter has already been published.1 Dost was
a German pediatrician who used mathematical
calculations to optimize drug doses in children. The
purpose of pharmacokinetics is to study the time
course of drug and metabolite concentrations or
amounts in biological fluids, tissues and excreta, and
of pharmacological response, and to construct suitable
models to interpret such data. In pharmacokinetics,
data are analyzed using a mathematical representation
of a part or the whole of an organism. His studies
opened a new way of thinking of drug concentrations
and optimization of therapies in every aspect of clinical

pharmacology. In remembrance of him, the German
Society for Clinical Pharmacology hosts an annual
award, the Friedrich-Hartmut-Dost Memorial Prize,
to promote clinical pharmacology in the European
countries.

(Photo source http://www.karger.com/Article/PDF/221914)

Clinical pharmacokinetics is the most important subject
in the curriculum of Clinical Pharmacology. It is the
direct application of knowledge regarding the
pharmacokinetics of a drug to a therapeutic situation
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in an individual or a population. It is the basis of
therapeutic drug monitoring with the ultimate goal of
keeping drugs safe. Initial studies of the subject were
published in journals of physiology and biochemistry.
From Germany, in 1913, Michaelis and Menten
published what is now known as the Michaelis-Menten
equation for describing enzyme kinetics. In
pharmacokinetics, this same equation is used to
describe the elimination kinetics of ethanol, salicylate,
phenytoin and several other drugs. 2 Other early
workers who moved the field forward were the
Swedish investigators Widmark and Tandberg (1924),
and the American Haggard (1924). Moller, Jolliffe,
Smith, and Hamilton introduced the concept of renal
clearance and basic mathematical equations relevant
to the field (1929 – 1935). Clinical pharmacokinetics
was fully established in the period between 1929 –
1950. In 1976, the journal Clinical Pharmacokinetics was
founded. The first studies of Clinical Pharmacokinetics
in Nigeria were due largely to two gifted medical
doctors; Prof. Ayodele Oluremi Iyun and Prof Lateef
A. Salako.

colleagues in 1986 described the role of genetic
polymorphism in the oxidative metabolism of
metoprolol and debrisoquin. He concluded that in
ethnic studies of drug metabolism each racial group
should be examined separately for evidence of
polymorphic metabolism and antimodes should not
be extrapolated from one population to another.4

Prof Ayodele Oluremi Iyun (1976 – 1989)
Prof Iyun was born in Lagos on 20 March 1944. He
attended Princess School, St. David School and Lagos
Government School before proceeding to King’s
college, Lagos from 1957 – 1961. He undertook
Higher School Certificate course at Federal School of
Science, Onikan, Lagos from 1963 – 1964. All through
his career, he excelled in all the courses he took. He
was admitted into the University of Ibadan in 1965
where he obtained the MBBS degree in June 1970. He
was the first UCH resident doctor to obtain both the
Master of Medicine degree and the Nigerian Fellowship
in Physic (FMCP) in June 1977. In November 1978,
he was awarded the Fellowship of the West African
College of Physicians. His highly distinguished career
was full of many firsts; he started research that can be
considered today as the first reports of Clinical
Pharmacokinetics in Nigeria.

In 1988, Iyun and colleagues evaluated the
phar macokinetics of digoxin in eight healthy
volunteers, 23 congestive cardiac failure, and 10 chronic
renal failure patients. They found that the mean serum
digoxin concentrations in the volunteers and the
congestive cardiac failure patients were significantly
different from those in the chronic renal failure patients.
They also found that the mean half-life of digoxin in
the healthy volunteers (37.2 h +/- 8.6 s.d.) was
comparable to the widely accepted 40 h for digoxin
half-life in normal individuals. He recommended that
in the absence of renal impairment and hypokalaemia,
standard dosages of digoxin could be used in
congestive cardiac failure patients, provided symptoms
and signs of toxicity are constantly monitored. Iyun
also recommended that therapeutic drug monitoring
of digoxin is desirable in view of its low toxicity:
therapeutic ratio, and its kinetics should be studied in
detail in each community to establish correct dosages
to prevent and manage digoxin toxicity.5

In 1979, Prof Iyun defended his thesis for the FMCP
fellowship titled Pharmacokinetic Studies in Hypertensive
Patients. This was followed by a brilliant career with
the University of Ibadan and University College
Hospital, Ibadan, where he went on to make significant
contributions to Clinical Pharmacokinetics. In 1982,
Iyun and Tucker described Antipyrine kinetics in
Nigerian women in chronic renal failure. He found
that the mean plasma antipyrine half-life in patients
with chronic renal failure was significantly shorter than
in normal subjects. The results suggested that oxidation
of antipyrine by hepatic microsomal enzymes is
increased in patients with chronic renal failure.3 By
measuring plasma metoprolol concentration, Iyun and

Prof. AO Iyun

Nadolol is a non-selective beta-blocker used in the
treatment of hypertension and long-term management
of angina pectoris. The drug is 30% bound to protein
and has a half-life of 14 – 24 hours. Side effects include
dizziness and fatigue. In 1989, Prof Iyun and colleagues
reported clinical experience with nadolol in Nigerian
patients with essential hypertension.6 Although the study
did not report measurement of Nadolol
concentrations over time, Iyun closely observed
changes in cardiovascular parameters over time. He
discovered that Nadolol was highly effective in 15
patients (65.2%) moderately effective in 6 patients
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(26%) and ineffective in 2 patients (8.6%). He also stated
that side effects were not a problem in this study and
tolerance to the drug was excellent in most cases. At
about this time Prof Iyun had started collaborating
with another brilliant medical scientist, Prof Lateef A.
Salako.
Prof Lateef Akinola Salako (the period 1979 –
1994)
Prof Salako was born on 5 July 1935 at Otta, Ogun
State. Born to humble parents he rose to become one
of the most formidable Pharmacologists Nigeria has
ever had. He received his education at St. James
Anglican School, Otta 1940 – 1947, Methodist Boys’
High School, Lagos 1948 – 1953, University of Ibadan
Medical School 1954 – 1961, and obtained the MBBS
degree of the University of London in 1961. In 1964,
he was awarded the MRCP, London, and went on to
obtain a Ph.D degree, Sheffield, in 1964. He was
appointed Consultant Clinical Pharmacologist,
University College Hospital, Ibadan in 1970 and he
became a Professor of Pharmacology in 1974. His
Ph.D thesis was titled Studies on the Mechanism of Action
of Diuretics ‘in vitro’. 7

Prof. LA Salako
Prof Salako and colleagues published four significant
papers in 1979; one of them reported the
pharmacokinetics of pindolol in 12 hypertensive
African subjects after a single oral dose of the drug.811
He found that the estimated pharmacokinetic
parameters did not differ significantly in Africans from
the values that had been observed in other races. In
the same group of papers published in 1979, he
described the comparative beta-adrenoreceptorblocking effects and pharmacokinetics or propranolol

and pindolol in hypertensive Africans. Salako and
colleagues found that Pindolol diminished systolic
blood pressure at rest and after exercise and
antagonized exercise-induced tachycardia, but had no
effect on resting heart rate and that Propranolol
diminished systolic blood pressure predominantly after
exercise and reduced both resting and exercise heart
rate. Both drugs had no effect on diastolic pressure.
In 1971 Salako had written a paper on oral thiazide
diuretics in the treatment of hypertension in Nigeria,
describing his findings.12 He would go on to build a
very illustrious career in the study of anti-hypertensive
medications in Nigerians. During the period spanning
1983 – 1987, Prof Salako published six significant
papers on the pharmacokinetics of chloroquine and
amodiaquine, the most widely used antimalarials at that
time. 13-18 He found that with each route of
administration of chloroquine the area under the plasma
concentration-time curve was less than that for whole
blood, which was in turn less than that for red blood
cells. This meant that by whatever route the drug was
administered, higher concentrations were reached in
red blood cells and whole blood than in plasma, but
the concentrations declined at the same rate in the three
media thus giving similar half-lives. He also found that
the plasma, or whole blood or red blood cell, halflives varied depending upon whether the drug was
given orally, intramuscularly or intravenously. Plasma
chloroquine concentrations were determined using
High Performance Liquid Chromatography (HPLC)
method. Salako found that the plasma half-life of
chloroquine was significantly higher in renal
insufficiency patients than in controls. This finding
suggested that extra caution should be taken when
prescribing chloroquine for prolonged use in patients
with renal insufficiency. By this time, Prof Salako had
become an internationally renowned Pharmacologist.
In 1989, a landmark paper was published by Prof
Salako and colleagues describing the Pharmacokinetics
of quinine in African children suffering from
kwashiorkor. 19 They found that the apparent
absorption half-life of quinine was significantly longer
in kwashiorkor than in controls. In addition, they
discovered that the maximum concentration (Cmax)
of quinine was significantly lower in kwashiorkor than
in controls. Quinine was eliminated more slowly in
children with kwashiorkor with the elimination halflife being significantly longer and the oral clearance
significantly less than in controls. It was concluded that
kwashiorkor significantly affects the pharmacokinetics
of quinine, and that the effect may be due to the
pathological changes in the intestine and liver in this
condition. In 1992, Salako and Sowunmi reported the
disposition of quinine in plasma, red blood cells and
saliva after oral and intravenous administration to
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healthy adult Africans.20 They found that the half-lives
after the i.v. infusion did not differ from those after
oral administration. His studies of antimalarial therapies
are now classics; they initiated an era of superlative
malaria research that continues to thrive at the
department of Pharmacology and Therapeutics,
University of Ibadan, to this day. In 1994, Prof Salako
and colleagues described an open, non-comparative
clinical trial that was carried out in Nigeria and Burkina
Faso to investigate the safety and efficacy of the novel
antimalarial arteflene in patients with mild malaria.21
This study showed that a single dose of 25 mg/kg
arteflene was found to be an effective and welltolerated treatment for mild P. falciparum malaria.
Conducting clinical trials is a major objective of the
department of Clinical Pharmacology, University
College Hospital, Ibadan. The Department is one of
the Legacies of Professor Lateef Akinola Salako. His
career spanned through superlative animal and human
research on antihypertensives, clinical trials, and
malariology.
Other Notable Early Reports
Aderounmu, who was a collaborator with Professor
Salako, made significant contributions to clinical
phar macokinetics. She did work on the
pharmacokinetics of chloroquine which on their own
were landmark studies.22,23 Aderounmu reported that
different brands of chloroquine in Nigeria, at that time,
had similar bioavailability, although with some
variations in pharmaceutical properties. Those were
days when sub-standard products were rare or even
non-existent in Nigeria. Other early workers include
Ette and colleagues, who did major work on drug
interactions. 24-28 Walker, who was in the same
department with Salako, evaluated the disposition of
chloroquine after oral and parenteral doses29, Essien30,
Adebayor and colleagues31-37, Ehiemua and colleagues38,
Brown-Awala and colleagues 39 , Atawodi and
Maduagwu40, Goldzieher41, Ogbuokiri42, Onyeji43-48,
and Onyeyeli 49, and their colleagues worked on
different aspects of clinical pharmacokinetics.
This historical review is based on publications listed
on PUBMED and many other workers who made
significant contributions to clinical pharmacokinetics
in the early years of development of the field in Nigeria
may not have been listed here. The author
acknowledges this limitation. There is a need to
continue updating our records of great men and
women in the history of scientific research in our nation.
Evolving Relevance of Clinical Pharmacokinetics
Further growth and development of clinical
pharmacokinetics will depend on vast improvements
in analytical methods and accompanying technologies.

Advances in engineering will significantly determine
the future utility of clinical pharmacokinetics. A
miniature, non-invasive, remote, and cheap method
of monitoring drug concentrations is still being
developed. All advances will be centered on optimizing
patient care. Future advances will include developments
in the individualization of therapy, in silico drug
screening and development, advances in sophisticated
computer programs with advances in supercomputing, defining biological constants that will
account for inter-individual variations in drug
concentration-time cur ves, phar macokineticpharmacogenetic inter-phases, development of highly
specialized, multidisciplinary, pharmacokinetics
laboratories and therapeutic drug monitoring units, and
rapid response toxicology units.
ACKNOWLEDGEMENTS
I wish to express gratitude to Dr. A.O. Iyun,
Consultant, Plastic and Reconstructive Surgery,
University College Hospital, Ibadan for material on
his father, Professor A.O. Iyun. I acknowledge my wife,
Afieharo, Consultant, Plastic and Reconstructive
Surgery, University College Hospital, Ibadan, and a
respected scholar, for continued support of my
academic career. I acknowledge my mentor, Professor
Catherine Falade, who graciously provided the
photographs of Professors AO Iyun and LA Salako.
I acknowledge USA National Library of Medicine
for free access to PUBMED, an all-important database,
a most noteworthy service to humanity. I thank AIPM
for the opportunity to maintain the Chronicles of
Medical History. Grace for this work continues to be
from the Divine.
REFERENCES
1. Wagner JG. History of Pharmacokinetics.
Pharmac. Ther. 1981;12:537 - 569.
2. Michaelis M, Menten L. Die Kinetik der
Invertinwirking. Biochem. Z. 1913;49:333 - 369.
3. Iyun AO, Tucker GT. Antipyrine kinetics in
Nigerian women in chronic renal failure. Afr J Med
Med Sci 1982;11(1):7-9.
4. Iyun AO, Lennard MS, Tucker GT, Woods HF.
Metoprolol and debrisoquin metabolism in
Nigerians: lack of evidence for polymorphic
oxidation. Clin Pharmacol Ther 1986;40(4):387394.
5. Iyun AO, Lukanbi FA. Clinical pharmacokinetics
of digoxin in Nigerians. Afr J Med Med Sci
1988;17(1):9-15.
6. Iyun AO. Clinical experience with nadolol in
Nigerian patients with essential hypertension. West
Afr J Med 1989;8(1):18-28.

Annals of Ibadan Postgraduate Medicine. Vol. 13 No. 1 June, 2015

51

7. Orimoloye S, Biographia Nigeriana: A
Biographical Dictionary of Eminent Nigerians.
Boston, Mass.: G.K. Hall & Co.; 1977.
8. Salako LA, Ragon A, Adio RA, Falase AO.
Pharmacokinetics of pindolol in Africans.
Experientia 1979;35(2):250-251.
9. Salako LA, Falase AO, Aderounmu AF.
Comparative beta-adrenoreceptor-blocking
effects and pharmacokinetics or propranolol and
pindolol in hypertensive Africans. Clin Sci (Lond)
1979;57 Suppl 5:393s-396s.
10. Salako LA, Falase AO, Ragon A, Adio RA. betaAdrenoceptor blocking effects and pharmacokinetics of pindolol. A study in hypertensive
Africans. Eur J Clin Pharmacol 1979;15(5):299304.
11. Salako LA, Falase AO, Aderounmu AF. Placebocontrolled, double-blind clinical trial of alprenolol
in African hypertensive patients. Curr Med Res
Opin 1979;6(5):358-363.
12. Salako LA. Oral thiazide diuretics in the treatment
of hypertension in Nigeria. West Afr Med J Niger
Pract 1971;20(5):320-323.
13. Salako LA, Adelusi SA. Plasma, whole blood and
red blood cell kinetics of chloroquine after oral
and parenteral administration in rabbits. Arch Int
Pharmacodyn Ther 1983;261(1):4-15.
14. Salako LA, Walker O, Iyun AO. Pharmacokinetics
of chloroquine in renal insufficiency. Afr J Med
Med Sci 1984;13(3-4):177-182.
15. Salako LA, Idowu OR. Failure to detect
amodiaquine in the blood after oral administration.
Br J Clin Pharmacol 1985;20(4):307-311.
16. Salako LA. Pharmacokinetics of antimalarial
drugs: their therapeutic and toxicological
implications. Ann Ist Super Sanita 1985;21(3):315325.
17. Salako LA, Ajayi FO. Distribution and urinary
excretion of the desethylmetabolites of
chloroquine in the rat. J Pharm Pharmacol
1987;39(10):859-860.
18. Salako LA, Aderounmu AF, Walker O. Influence
of route of administration on the pharmacokinetics of chloroquine and desethylchloroquine.
Bull World Health Organ 1987;65(1):47-50.
19. Salako LA, Sowunmi A, Akinbami FO.
Pharmacokinetics of quinine in African children
suffering from kwashiorkor. Br J Clin Pharmacol
1989;28(2):197-201.
20. Salako LA, Sowunmi A. Disposition of quinine
in plasma, red blood cells and saliva after oral and
intravenous administration to healthy adult
Africans. Eur J Clin Pharmacol 1992;42(2):171174.
21. Salako LA, Guiguemde R, Mittelholzer ML,
Haller L, Sorenson F, Sturchler D. Ro 42-1611 in

22.

23.

24.
25.

26.
27.

28.
29.

30.

31.
32.

33.

34.

the treatment of patients with mild malaria: a
clinical trial in Nigeria and Burkina Faso. Trop Med
Parasitol 1994;45(3):284-287.
Aderounmu AF, Fleckenstein L. Comparative bioavailability characteristics of different brands of
chloroquine available in Nigeria. Afr J Med Med
Sci 1982;11(2):61-66.
Aderounmu AF, Salako LA, Lindstrom B, Walker
O, Ekman L. Comparison of the pharmacokinetics of chloroquine after single intravenous and
intramuscular administration in healthy Africans.
Br J Clin Pharmacol 1986;22(5):559-564.
Ette EI, Brown-Awala A, Essien EE. Effect of
ranitidine on chloroquine disposition. Drug Intell
Clin Pharm 1987;21(9):732-734.
Ette EI, Brown-Awala EA, Essien EE.
Chloroquine elimination in humans: effect of lowdose cimetidine. J Clin Pharmacol 1987;27(10):813816.
Ette EI, Essien EE, Ogonor JI, Brown-Awala
EA. Chloroquine in human milk. J Clin Pharmacol
1987;27(7):499-502.
Ette EI, Essien EE, Thomas WO, Brown-Awala
EA. Pharmacokinetics of chloroquine and some
of its metabolites in healthy volunteers: a single
dose study. J Clin Pharmacol 1989;29(5):457-462.
Ette EI, Ogonor JI, Essien EE. Passage of
chloroquine into semen. Br J Clin Pharmacol
1988;26(2):179-182.
Walker O, Salako LA, Alvan G, Ericsson O,
Sjoqvist F. The disposition of chloroquine in
healthy Nigerians after single intravenous and oral
doses. Br J Clin Pharmacol 1987;23(3):295-301.
Essien EE, Ette EI, Thomas WO, Brown-Awala
EA. Chloroquine disposition in hypersensitive and
non-hypersensitive subjects and its significance in
chloroquine-induced pruritus. Eur J Drug Metab
Pharmacokinet 1989;14(1):71-77.
Adebayo GI. Interaction between phenytoin and
theophylline in healthy volunteers. Clin Exp
Pharmacol Physiol 1988;15(11):883-887.
Adebayo GI. Effects of equimolar doses of
cimetidine and ranitidine on theophylline
elimination. Biopharm Drug Dispos 1989;10
(1):77-85.
Adebayo GI, Akintonwa A, Mabadeje AF.
Attenuation of rifampicin-induced theophylline
metabolism by diltiazem/rifampicin coadministration in healthy volunteers. Eur J Clin Pharmacol
1989;37(2):127-131.
Adebayo GI, Mabadeje AF. Theophylline
disposition—effects of cimetidine, mebendazole
and albendazole. Aliment Phar macol Ther
1988;2(4):341-346.

Annals of Ibadan Postgraduate Medicine. Vol. 13 No. 1 June, 2015

52

35. Adebayo GI, Mabadeje AF. Effect of nifedipine
on antipyrine and theophylline disposition.
Biopharm Drug Dispos 1990;11(2):157-164.
36. Adebayo GI, Ogundipe TO. Effects of
salbutamol on the absorption and disposition of
sulphamethoxazole in adult volunteers. Eur J Drug
Metab Pharmacokinet 1989;14(1):57-60.
37. Adebayo RA, Sofowora GG, Onayemi O, Udoh
SJ, Ajayi AA. Chloroquine-induced pruritus in
malaria fever: contribution of malaria parasitaemia
and the effects of prednisolone, niacin, and their
combination, compared with antihistamine. Br J
Clin Pharmacol 1997;44(2):157-161.
38. Ehiemua AO, Komolafe OO, Oyedeji GA,
Olamijulo SK. Effect of promethazine on the
metabolism of chloroquine. Eur J Drug Metab
Pharmacokinet 1988;13(1):15-17.
39. Brown-Awala EA, Thomas WO, Essien EE,
Ette EI. Determination of saliva: total plasma
chloroquine levels relationship by high
performance liquid chromatography. J Clin
Pharmacol 1989;29(12):1135-1139.
40. Atawodi SE, Maduagwu EN. Pharmacokinetics
of biliary excretion of N-nitrosodiphenylamine
(NDPA) in animals of different species. Eur J
Drug Metab Pharmacokinet 1990;15(1):27-29.
41. Goldzieher JW, Brody SA. Pharmacokinetics of
ethinyl estradiol and mestranol. Am J Obstet
Gynecol 1990;163(6 Pt 2):2114-2119.

42. Ogbuokiri JE. Plasma levels of chloroquine in
healthy Nigerian children: clinical and toxicological
implications. West Afr J Med 1990;9(3):197-199.
43. Onyeji CO, Adebayo AS, Babalola CP. Effects
of absorption enhancers in chloroquine
suppository formulations: I. In vitro release
characteristics. Eur J Pharm Sci 1999;9(2):131-136.
44. Onyeji CO, Aideloje SO. Ion-pair reversed-phase
high-performance liquid chromatographic analysis
of halofantrine and desbutylhalofantrine in human
plasma. Ther Drug Monit 1997;19(6):682-687.
45. Onyeji CO, Dixon PA, Ugwu NC. Disposition
of quinine in rats with induced renal failure. Pharm
Weekbl Sci 1992;14(4):185-190.
46. Onyeji CO, Ogunbona FA. Time-dependent
variability of chloroquine secretion into human
saliva. Pharm World Sci 1996;18(6):211-216.
47. Onyeji CO, Ogunbona FA, Dixon PA. Excretion
of proguanil in human saliva. J Pharm Pharmacol
1989;41(12):872-873.
48. Onyeji CO, Toriola TA, Ogunbona FA. Lack
of phar macokinetic interaction between
chloroquine and imipramine. Ther Drug Monit
1993;15(1):43-46.
49. Onyeyili PA, Anika SM. The influence of
Trypanosoma congolense infection on the
disposition kinetics of diminazene aceturate in the
dog. Vet Res Commun 1989;13(3):231-236

1.
2.
3.
4.
5.
Annals of Ibadan Postgraduate Medicine. Vol. 13 No. 1 June, 2015

A
D
D
E
C
53

