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ABSTRACT

The amount of active ingredient in four
brands, of <chloroquine tablet were deternm ned by
the chenmical assay nethod as described in B, P,
(1980) for both chloroqul ne phosphate and sul phate
tabl ets. The results (except for one brand)
conplied favourably with stated amunt:; in the
monogram for chl oroqui ne content (92.5-107.59% .
The exceptional brand was found to contain 58.31
per cent of the |abelled amount of chl oroquine.

Phar macoki netic behavi our of t he four
brands of chloroquine tablets was studied in 25
healthy adult volunteers. The H P.L.C. assay as
descri bed by Qgunbona et al. (1986) was adapted
for t he estimation of pl asma chol or oqui ne
concentration. Ar ea under t he pl asma

concentration-time curve for the firet 6 hours

AUC>**" was calculated by the trapezoidal rul e.
Phar macoki netics of chl oroqui ne in i ndi vi dual
vol unt eers was cal cul at ed from par amet er s

generated by "KINBMP™ a nodified version of SIKP
as descri bed Johnston (1985). The mean
paranmet ers det erm ned from these dat a wor e

conpared by Student t test.
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The absorption of all the brands was rapid
with a lag time ranging from 0O to 7.3mn and t g
occurring between 2,1 to 4h and on:m ranging from
111.3 to 583.1 ng/m. There was no significant
difference in the mean lag times but the cmwx and
AUCo- gn) of the substandard brand differed
significantly from the ot hers. Furt her nor e,
analysis of the AUCs revealed that none of the
four brands was bioequivalent to the other during
the first 8h of the study and only two could be
considered to be bioequi valent at the end of the
st udy.

The data suggest that a few of the drugs in
use in Bigeria may be M aked" and could contribute
to therapeutic failures and other problems such as
the emergence of resistance and dictate the need
for nmre stringent control of the drug scene.
However, the purity of the active ingredients in
the brands of chloroquine used in this study is
assured by t he basi c simlarity in nost

phar macoki neti c paraneters.
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CHAPTER ONE
INTRODUCTION AND LITERATURE REVIEV
1.1 HISTORY AND CHEXISTRY

¥alaria is ml'n.a af .the most prevalent of
human diseases in the Troplce; in the past this
was ®0 1ln parts of the Temperate Regions. In the
early writings in Egypt, India and China it is one
of the oldest infections mentioned. Its clinical
symptoms were fully described by Hippocrates 400
years before the christian era (Bruce-Chwatt et
al., 1986, | |

Several unsuccessful attempts at treating
this disvase wore made using flowere, leaves and
roots of many plants. In China for at least 2000
yaare @Qing haosu (driemisia anpua) was usad.
Although this had some  undoubted medicinal
affects, the first potent remedy againet malaria
was discovered only Iin the 17th century following
the contact of Europe wlith the New World. This
remedy was found 1n the bark of “fever tree®" that

grew on the mountainous slopes of the Peruvian

" KASHIM |aRAHIM LICRARY
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Andes. This tree was later to be known as Cinchona
in 1749 (Bruce-Chwatt et al., 19886),

In 1320 two French chemists Plarre
Felletier and Joseph Caventou isolated two basic
alkaloids of Cinchona - Quinine and Cilnchonine.
Subaequently various salts of quinine were
manufactured on a wlde scale in many parts of the
world for the treatment of malaria. The demand for
the drug became in excess of the supply especially
during tha oivil war 1in the United EStates of
America, reasulting in the search for synthetic
antimalarials.

In 1620 the first synthetic antimalarial
was produced as an S-aminoquinoline (Pamaquine).
This was found to be highly active agaiust avian
Plasmodlia but not human malaria. It had a limited
actian an the asexual forms of Plasmodium
falciparum and toxicity that was by no means
negligibla, &So the search for hetter quinine
substitutes contlinued.

In 1932, Kikuth announced the discovery by
Mauss and Mietzsch of a series of compounds
synthesized by attaching the basic slde chaln
evolved for pamaquine to othar haeterocycllic
compounds. The quinoline ring was replaced by

acridine - a yellow dye - and one of the compounds



CL

of the seriesz =0 synthesized was mapacrine, Thie
drug was considered to have rather serious side
aeffects. And this made 1t unpopular,

Then cana 1934 and chlofoquina was
synthesized as Resochin by Andersag. By changes in
the basic aside chain attached Iin position 4 of the
quinoline nucleus (S-methoxyquinoline) of the
cinchona alkaloid. It was then usad as an
antimalarial Just before the Second Vorld War
{Bruce-Chwatt et al., 1986),

Subsequently, collective and co-ordinated
extenslve clinical wtudies done in the United
State (U.8.4.7, Germany and by the French in 1944,
pointad to chioroquine as an outstanding
antimalarial drug faster 41in therapautic action
than any other antimalarial drug then known. It
was found +to0 be Thiphly effective againet the
asexual blood stages of all specles of nmalarial
parasites and an active gametocytocldal agent
againet Flasmodium wvivax, ovalie, malariae and

immature forms of falciparum (Bruce-Chwatt et al.,

1986,
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1.2 PHARMACOLOGY

1.2.1 Clinical Uses

Following the publication of a statement
approved by the board for coordination of malaria
studies affirming 1te therapeutic potentials in
maltaria {(Loeb et al., 1946> chloroquine was
introduced inta therapeutics shortly after the
seacond world war,

Since 1ts 1intropduction, chloroquine has
beean +the drug of choice for thesrapy of this
dieease. Thim s largely because 1t 1s cheap, safe
widaly avallable and until recantly highly
efficacious 1in the treatment nf the three moet
important species of malaria parasites.

Apart from itse antimalarial activity,
chloroguine base been uveed extensively 1in the
treatmant of hepatic amveblaszis and rheumatoid
arthitis (Freedman, 1060, Other usas include
treatment of discotid lupus erythematosus,
rhotoallergic resctions and as an anti-arrhythmic
alternativa to quinine. Giardiasis and
Clonorchiasis have also been treated with the drug

(Rolle, 19802 and 19280b),



1.2.2 MODH OF ACTION

Both the antimsalarial and antibacterial
actions of chlorogquine 1¢ ealid to be by inhibition
of DHA replication and RNA blosynthesis (Bowman
and Eand, 1984)., This drug icnhiblits DNA polymarase
enzyms markedly; this is brougkt about by
interferenca with the parasites ability to digest
haemoglobin which deprives it of essential anlnoo
acids and eventually leads to interferenca with

DNA replication (Krogstad and Schiesinger, 1987).

1.2.3 QURE EFFECTS AND TOXICITY

This 1is minimal at doses employed for
therapy or suppression. It 1s not unusual to have
abdorinal discamfort nausea, vomiting, headache.,
dizzihess; blurring of vision, mental and physical’
veakness, fatigue and pruritus after a singlae
therapeutic dose, Severe adverse reactions are
rare. These include cardiovascular collapss,
dyskinesia, neuromuscular disorders and hearing
loss. These however disappear 1f +the drug 1e
stopped saxcept dyskinesla and hearing loss that

persist (Salako, 1984).



Children are more susceptible to +the
cardiovascular eaffects of this drug especially

after parenteral administration.

1.2.4 EARASITE REQJISTANCE

Barely a decade after its introduction in
malaria chemotherapy, chloroguine rasistant
strains of Plasmadtum falciparum started
developing in different parte of the world. It was
firgst suspected in Thailand in 1957 and found in
patients 1n Colombia in 1959 (V.H.O., 1667). Since
then it has been spreading. Strains of the
parasite resistant to chloroguine have  baen
reportad from more than forty countries in South
Amarica, Bast and Central Africa, India
subcontinant, Saguthenst Asia, the Halay
archipelago and Qceania (Centre for Dissase
Control, 1985)

In Africa, strains of FPlasmodium falciparum
in Ethopia, the Sudan and possibly ¥Nigeria are
somewhat less sensitive to chloroquine although
they still respond to the normal therapeutic doses
(SBalako, 19873, Chloroquine raesistant FPlasmodiuvm

falciparum was firet reported from East Africa



{Fogh et al., 1976).This was confirmed in 1979 in
a traveller returning from Tanzania to the United
States who had blood isolates of the parasite
showing a high degree of resistance 1In vitro
(Campbell et al., 1979). Since that time
resistant strains have been reported in nations of
East and Central Africa, Camercon in 1985 (Centre
for Disease Control, 1987), Gambia (Menon et al.,
1987) and Benin (LeBras et al., 1986) and South
Eastern Nigeria (Ezedinachi, 1087) all 1in Vest
Africa. Occasicnal resistance ot Plasmodium
falciparum to chlorogquine has also been reported
from Madagascar and Zambia, but confirmation is
pending (Centre for Disease Control, 1986). Quite
recently in vitro sensitivity studies of
Plasmodivm falciparum to some antimalarials were
carried out in Kinshasha. Results showed high
prevalence of resistance to both chlorogquine and
pyrimethamine (Nguyen-Dinh et al., 1987).

In VWVest Africa, Flasmodium falciparum is
still largely sensitive to chloroquine and despite
increasing evidence of resistance in the
continent, this drug remainse the mainstay of
antimalarial treatment for most of the continent.
In Zaria in vivo sensitivity studies of Plasmodium

falciparum to chloroquine showed no evidence of



resistance to the drug (Midala et al., 10988).
Malawi in 1984, after assessing the efficacy of
chloroquine in 224 children adopted chloroquine as
the primary therapy for malaria (Khoromana et al.,
1984). Outside the continent, the drug 1is still
largely used in places like Haiti, Central and
South America, where in most cases it |is
administered with or without primaquine once or
twice monthly to a large segment of the population
(Mass drug administration) 1in malaria control
programmes (Centre for Disease Control, 1986). On
a global ©basis, this drug 1is still largely
recommended for malaria control. The World Health
Organisation (V.H.O., 1979) in recognition of the
differences in malaria control Programne
objectives, proposed four general objectives known
as Tactical Variants for Malaria Control
Programmes, As part of Tactical wvariant I, it
recommended that in a partially immune population,
a single dose of a 4-aminoquincline drug may be
sufficient but its effectiveness should be
confirmed by in-vivo studies in different areas of

the country (Centre for Disease Control, 1986).



1.3 LCHARMACOKINETICS

1.3.1 Abmorpiion.

Chloroquine 1s | rapidl.y and almost
completely abscorbed from the intestinal tract. The
drug is detectable in plasma within 30 minutes of
oral 1ingesticon. The plasma concentration resched
in the first 30 minutes after oral administration
of 10mg/kg does of the drug 1is usually greater
than the therapautic lavel for sensltive
Plasmodium falciparum (30ug/ld (Adelusi et al.,
1982 Valker et ai., 1983a; Gustafason et al.,
1983a),

Adelusi et al ((1282) after administerins
chlorogquine, 1C0uwg/kyg body welght, %0 healthy
adult voluntears and children with malaria found
the drug to have an absorption half 1ife of 0.56
hour and achieved a peak plasma concentration of
280ug/1 in 2 holurs. Bimllar studies done using
300mg of chloroquine 1in both solution and tablet
forms in healthy volunteers showed a peak plasma
coneﬂtraticn of 55-94115!1:&.. {(mean 73ng/ml) in 1.5
to 6 hours and 56-102ng/mi (mean 76ng/mi) in 1 to
6§ hours raespectively (Guatafsson et al., 19683a).

In snother study involving children being treated
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for malaria with chloroquins (10mg/kg body welght)
peak plasma concentratione between 62 and 263ng/ml
ware obtained Iin 1 +to B8 hours. Mean plasma
concentration after %h was 67.7 146.8ng/ml (Valker
et ad., 1983a), Studying single dose kinetics of
the drug and ite major matabolite
desethylchioroquine (DECQ) in healthy subjects,
chlorogquine was found to have plasma peak
concentration occuring in 6 hours Frisk-Holmberg
et al., 1984>, On using whole blood aftar
administering 620mg of chloroquine base, peak
concentrations of 1058-1313ng/rl ware obtainaed 1in
l to ¢ hours and ap initial rapid decline in
plasma concantration was observed between 5 and 24
hours {(Adjapon-Yamoah et al., 1988),.

Administeraed intramuscularly in rate using
i0g/xg body welght, peak plaswma concentrations
waere obtained in 30 minutes (Salako and Adelusi,
1983). In healthy volunteers haowever, after
administering 200mg of the drug iatramuscularly,
there was rapid abzorption with an average paak
plasma concentration of 539,261 134.9ng/ml
occuring at a mwean time (tma..) aof 0.13+ 2.13
houra, Cn co-administration with 4mg

chlorpheniramine intramuscularly, these values
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were 513.36 t 159.2ng/ml and 0.16 + 3.2 hours
respectively (Ogbuokiri, 1988).

Paak plasma concantration of 478 to
1200ng/ml c¢chlaroquine ware obtained in 5 to 15
minutes {mean 12mind atter intravenous
adalnietration of 2300mg of the drug (Gustafseon et

al,, 1283a),

1.3.2 DISTRIBUTIQN

Chloroguine ls extensively bound in tissues
being concentrated in lysozomes and gelectively in
melanin contalning oargane 1in the body like the
ekin and retina. 1ty is also conceuntrataed i1in
mrlaria infested erythroecytea. Ratics of 21:1
erythrocyts to plasma concentrations was obtained
in children with acute maiaria at the height of
parasitaania. Thie however fell to a steady value
of about 5.3:1 four daye after parasitaemia had
conpletaly disappeared {(Adelusli ot al., 1i982).
Other cellular elemants of blood 1ike platelets
and granulocytes alec concentrate chioroquine more
than sarythrocytes. (Bergquist and Domeij-Kyberg,

1983). in haalthy volunteers, erythrocytes

concentrations 2 to % times higher than that of
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plaema have been found (Frisk-Holmberg et al.,
1984). The highest concentrations of the drug was
found in the lungs and tha lowest concentrations
in the heart of rats after administration of the
drug (Funmilayoc and Ajayl, 1966). Chloroquine also
concentrates in tisgues with a developed
reticulpendotheliial systemn. Vhole blood
concantrations are usually 8 o 10 times greater
than the plasmn concentrations (Frisk-Holmberg et
al., 1984, By wvirtue of ite exisgusive affinity
for tisseuses, redistribution from the periphery to
plasma is the rate 1limiting step for tihe
elimination of the drug from the body thus
implying a multicompartment medel for chloroquine
kinetics.

Chloroquinae 1s 46 to 70% (mean &1+ O%
bound to protein and this is mainly to the albumin
and o+~ acid glycoprotein fractions. This binding
is thought to be an important deaterminant of its
pharmacokinatics oar raspounse (¥alker et al.,
18837, In vitro  etudles have shown that
chloroguine binds to glass slgnificantly
decreasing 1its avaliabllity in samples collected
in such containers in concentrations up to forty
par cent (40%). Thils however 1% not the case with plastics

where the binding is very little (Geary et al., 1983).
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Chloroquine has a&n oral bioavailladility of
over 70%. Gustafsson et al (1983a) after
administration of 300mg of chloroquine orally in
both =olution (Malarex® solution, A/S Dunmex,
Copanhagen, Depmark) and tablet forme (Klorokin
tatlets, Aco Lakaedel AB, Stockholm, Sweden)
obtained mean bicavailability values of 78% and
£3% respectively.

A% a tesult of 1ts extensive binding to tlesues such
as spleen, ¥idney and liver with concentratiosns of up to 300
to 500 times tbat of placma (Barliner et al, 1948; NcChesney
and Hchuliff, 1961 and McChesney @t al, 1986}, distribution
and hinding, it has a large volume of distribution about 200
times total body fluild volume, and vaives rangiag from 111
to 285L/kg were similariy calcuvlated after single doses of
the drug intravenously (Gustafseon et al., 1982a). A maan
value of 59f 24L/kg was found using whole Ylond (Adjepon-

Yamoah eof al., 1536).

1.3.3 BLIMINATION

Metabolism 1s by eida chain de-ethylation
leading to formation of the nmain metabolite

dasethylchloraguine (Gustafseson et al,, 10683a
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McChasnay et al., 1966; Fletcher et al., 1975).
Thia metabolite usually has a peak concentration
about the seme time as the parent drug (Valker et
al., 1983a; Guatafeson et al., 1983a’, but the
blood concentrations are generally higher than
those of thes parent drug after 48 hours (Adjepon-
Yamoah et =x1!., 1586>. Apart from exhibiting the
famra profile of dietribution and tissue binding
{Fletchner et al, 1975) this metabolite alsc has
simllar antimalarial activity against chloroquine
sensltive Plasmodia as the parent drug (Verdier et
al., 1984). Individual variations do exist in the
pattern of distribution of chlorpquine and ite
main metabnlite desethylchloroquine. Subjects
prone to chloroquine induced prurltus usually have
a higher concentration of the drug and a lower
concentration of the metabolite in their ekin than
other subjects (Dlatunde, 1971).

Eliminztion of chlorogquine from the btody is
A very slow process., Tissue elimination is much
slower than that of plaswse thus simulating
separate compartments (Adelusi and Salako, 1U@8Za,
1982b), Plasma half-life <(tW’ varies between 3
days {(Adelusl et al., 1982, McChesney et al.,
1962, Valker et al., 1983) and 205 days (Alving et

al., 1948). This obviously reflects a
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multicompartment distribution. This drug and its
main metabolite are detectable in plasma for up to
56 days after a 300mg dose (Gustafsson et al.,
1983a).

The main route of elimination 1is via the
kidney. Chloroquine is excreted predominantly in
tha unchanged ifiorm (about 70 percent}? (McChesney
et al., 1966; Gustaitssonet al., 1983a) while the
excreted metabolite, desethylchloroquine
constitutes about twenty-five percent (25%) of the
excreted parent drug. Chloroquine is detectabls in
urine over a period of 120 days after a dose of
300mg. Its maximum excretion is within the first
24 hours where about 10 percent of administered
dose excreted, subsequently wurinary excretion
decreases exponentially with total
4-aminoquinolines urinary recovery of between 50
percent asnd 60 percent of administered dose
(Gustafsson et al., 1983a).

The total plasma clearance (Clp) is between
750 and 1050ml/min. Renal clearance accounts for
more than 50 percent of the total clearance of
chloroquine. Gustafsson et al. (1983), after
adninistering 300mg of chloroquine base to healthy
volunteers obtained a renal clearance of between

400 and 450ml/min. This suggested an active
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tubular secretion of the drug into urine. In
anothear study after administering 620mg of
chloroquine base orally to healthy volunteers,
using whole blood, & mean renal clearance of 831
20ml/min was obtained. This accounted for more
than 60 percent of a mean apparent total clearance
of 1284 2%mi/min (Adjepon-Yamoah et al., 1986)

As far as disease states are concerned,
chloroquine has a longer elimination half-life in
patients with renal failure (Salako et al, 1984)
and it has been shown to have a reduced rate of
metabolism in kwashiorkor states (McChesney and

Vharton, 1970).

1.4 QBJECTIVE AND SCOPE OF STUDY

It has baen stated that over sixty percent
of the therapeutic drugs avallable in Nigeria are
fake, adulterated or expired and thie 1in some
hospitals is said to be causing increasing number
of deaths. This new generation of fake and
adulterated druge includes complately inert or
even potentially harmful substances: marketed as
antibiotics, analgesics, steroids and antimalarial

{Lancet, 1988).
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A drug 1s comnsldered as fake where 1Lt
Gipgnificantly departs elther in nama, content,
packaging ar labelling from the claims being put
forward. A wvariance of this would include "Bad
Copies”; such drugs fail +to meet established
products requirement either in quality or quantity
of active ingredients or ia either pharmacokinetic
profiles {Igboechi, 19288),.

There exist variations 1in the manufacturing
processaes of different manufacturers and +this
could only imply that bBrands of the sawme drug
could contaln diferent eamaunts of tThe active
ingredient ever whan +they 1meet t{the official
requirement, In a situation where the "principle
af caveat aemptor” {(let thea buyer beware) cannot
aperats normally whan the lavmwan acquires
prascription drugs, this wmay lead to undesirable
effects.

It 1is the primary respousibility of the
manufacturer +to ensure that drug quality is
raproducible not only wlithin a single batch but
also frowm one batch *+o ancthar. It was 1in
recognition of this Ffact that in 1967, the Draft
Regquirements for Good Manufacturiag Practice a. k. a
G.M.F guidelines was introduced by tha World

Health Organicetion (W.H.0.2. This was an attempt
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to increase drug safety and ensure world wide
standards of drug quality 1in areas of purity,
content of active ingredients, content uniformity,
biocavailabllity and lastly stability.

Quite recently, the W.H.O. adopted the
concept of *“Essential Drugs Programme", this
refers to drugs which satisfy the health care
needs of majority of the population. These drugs
should be available at all times, 1in adeguate
amounts and in appropriate dosage forms at all
levels of the health care delivery system (Akala,
1988). The operative words in the policy are: safe
and effectfve which imply that these drugs should
be of high quality and that this quality should be
assured at various levels of the drug delivery
system (V.H.O., 1982).

Chloroquine is one of the "Essential Drugs"
in Nigeria. It is widely used and is available
without prescription in this environment. It comes
under diverse names either as single preparation
or in combination with other drugs such as
paracetamcl and vitamine in “fever medicines".
This means that a patient could commonly be
ingesting a drug containing a large or very

inadequate amounts of chloroquine without knowing.
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The emargence of chloroquine resistant
Plasmodium falciparium is increasing in the Vest
African sub-region. Among the many reasons
advanced for this is the so-called “drug
pressure"” whereby the drug 1is commonly wrongly
used (Peters, 1982 and Onori, 1984). This couvld
also be related to quality of chloroquine itself.

This study 1is designed to investigate the
amount, if any, of the active ingredients in four
commonly available brands of chloroquine in Zaria.
The work will also attempt to determine the
differencas, if any, in early and late
pharmacokinetics of these products.

For this study, the High Perfomance Liquid
Chromatograph assay method would be used to
determine chloroquine concentrations in plasma and
a chemical assay method for determination of
chloroquine base as described in British

Pharmacopoea (1980 would be adopted.



CHAPTER TWO

MATERIALS AND NETHROD

2.1 Drugs

Tablets wf four c<commonly available brands
af chlornquine were purchased across the counter.
Nivaquine (M & B) was one of these. Tha batch
nunberg, dates of manufacture and expiration wera
recorded. For 1dentification +the wvarious brands
ware labelled Brand I-IV respectively. Table I

shaows the datails of aach brand.

2.2 EQUIPMENT

{a> A VYarian Model 5000 Liquid Chromatograph
fitted with a fixed wavelength {254 nm) uv
detector. It is fittéd with a 1Cul loop through a
Varian manual loop valve injector. The dectector
cutput was connected to a Varian MHodel 9176
recorder. A MicroPak MCH-1C0um reverse—phase columm
(300x4nml. D) was usead,

(b A 100yl syringe

(c) A Vhirlmixer (C. P. Ltd., U.K.»

{(d) Gallenkamp centrifuge.

20
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Table 2.1
DETAILE OF PROPRIETARY PREPARATIONS OF

CHLOROQUINE USED IN THE STUDY

COMPOUND MANUFACTURER BATCH N2  DATE OF MAN, EIP DATE BRAND N2

Chloroguine~ EMZOR Chemist Lagos 228 Feb 1388 Jan 1991 1
phosphate 8 P

. ENCEEA Ltd,, Lagos ECO4 Jan 1987 Nov 1991 11
EVANS chloro-
quine phasphate GLAXD Nig, Ltd,, ZA122004  Jan 1988 Jan 1991 I
B.P. Lagos
NIVAQUINE MAY AND BAYER Lot TV - July 1991 v

Lagos 469
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(e} Micropipette of $5,10,20, and 100ul volume
capacities, | |
(£} Plastic 10ml pipette.

(g)Analyticol balance, Type H35 AR Mettlar.

2.3 REAGENTIS

Saduium Hydraxidé pelléts - (BDH chemical, Pucle, EBngland’

Methanol - (G.P. R, Hopkin and William, Chadwell Haalth,
Bssex BEngland) | | | |

Hydrochloric acid - Apalar grnde!(BbH.Chsmicala,.Puole,
Bngland)

n - Hexane (B.D.H. Chamicals, Poole, England)

Papaverine (Bigmma Chemical Ca., U. S. A.)

Parchloric acid ¢ * . " b

Saodium dihydrogen phosphate pellets (B. D. H.
Chamicals Poole, England)

Blank plasma. ~ (Ife University Teaching Hospital,
lla-I1fe> - | . o

Brﬁmucrasol grean #olutian {({B. D. H. Cheanicals,
Poole, England

Anaesthaetic ether (B. D. H..Chemicals. Poole,

England
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.4 JURBIECTIS

Twenty-five Normal healthy adult volunteers
2 \ femarles, 23 males’, aged Z21-34 years (mean
23.4 vyears) o0ld and welghing between 48.7 and

72.3kg (mean 58.52kg) participated in the study.

2.5.1 CHEMICAL ASSAX.

Fc:r the phosphate tablets, 0.65%g of each
brand was accurataely weighed and dissolved in 30ml
of water s.eparntely in a conical flask. 3ml of
s0dium hydroxide scolution was added and extraction
with successive quantitlies each of 20ml of
anmesthetic ether affected until extraction was
complete. The combined ether extractes was washed
with successive gquantities each of 10mls of water
unti]} washing were no lounger alkaline ta titan
Yellow paper. The combined washings ware shaken
with 28ml of anaesthetic e#ther, the ether was then
added to the combined ether extracts. Ether was
evaporated and heating continued until the volume

was reduced to about 2.5ml.
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50ml of 0.1N Hyrochloric acid was added,
warmed to dissolve the base, cocled and the excess
acid titratad with 0.1F esodium hydroxide using
bromocresol green .snlutinn as indicator,

The whole proceedure was repeated without
the chloroguine phosphate. The difference between
the titrations was taken o the amount of O.1F
Hydrochloric acid (HC1)> required by the
chloroquine phosphate. Each millilitre of O.1IF HCl
difference was taken to be aquivalent to 0.02570g
of the chloroquine base.

For the sulphate tablet, 0.5g of the tablet
waz used instead of 0.65g and here each millilitre

of O0.1N HCL ls equivalent to 0.02090g8 of the base.

2.5.2 PHARMACOQKINETIC STUDIED o . ;o

Bach of +the voluntgefs who <¢laimed not to
ha#a taken chloroquine since two months priecr to
entry gave their informed consent to participete
in the study which was approved by the Ethical
Committee of Ahmadu Bello University Teaching
Hospital, 2Zaria. The study took place Lin the

Clinical Pharmacology Unit of that hogpital.
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The subjects were randomly divided into
four groups and the groups were further randomly
assigned to one of each brand of chloroquine

All subjects fasted overnight and remained
so for the first three hours of the study after
which a cup of orange squash and 4 pieces of
biscuits (TUC)> were served. They were allowed any
meals of their cholice after the fourth hour
following the ingestion of chloroquine.

The study was a randomised double blind
one. On arrival at the Trial Room, a 21G cannula
was inserted in the antecubital vein and 5ml of
blood taken (Omin). 600mg of the appopriate brand
of chloroquine base was then administered orally
te each volunteer with about 100ml of watar.
Further blood sampling via the indwelling cannula
was taken at 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8 and
24 hours and then on days 3 and 7 after drug
administration. Blood samples were collected into
heparinized plastic tubes and immediately
centrifuged at 2000g for 10 minutes to obtain
plasma samples which were then stored at -20=C 1in

tightly covered plastic containers until analysed.



2.6.1 CALIBRATION CURVE

A stock solution of chloroquine (100ug/ml)
was prepared using distilled water. Out of this a
solution was made to obtain 10ug/ml. In perparing
the calibration curve, solutions of chloroquine
ranging frome 50 to 1000ng/ml were used. To 1ml of
blank plasma in extraction tube was spiked the
desired chloroquine concentration and 20ul of
Sug/ml of internal standard (papaverine), 1ml of
2N sodium hydroxide 3ml of n-hexane added.
Vhirlmixing was done for 30 seconds and then
centrifuging for 10min at 2000g to separate the
two layers. The hexane layer was transfered into a
tapered end tube and to this was added 100ul of
the mobile phase followed by mixing for 1lmin and
centrifuging at 2000g for Smin. The hexane layer
was then rejected and 10ul aliquot of the aqeous
phase was then injected into the HPLC. The peak
height ratios of chloroquine to internal standard
were calculated and this was used for the calibration curve.
This HPLC assay is a modified method of that described by

Ogunbona et al, (1986).
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2.6.2 ANALISIS OF PLASMA SAMPLES

The High Performance Liquid Chromatograph
(HPLC) assay method of Ogunbona et al (1986) which
is specific for chloroquine and its metabolites
was adopted. Here in place of 1ml of blank plasma
was substituted 1ml of the desired plasma sample
and the whole process as for the calibration curve
carried out. The peak height ratios of the
chloroquine to internal standard were calculated
and these used to derive the effective
concentrations of the chloroquine base by

reference to the calibration curve.

The results of the chemical assay were
carefully recorded. Mean percentage chlorogqine
content were calculated and compared with official
B. P. C, requirements.

Individual plasma chloroquine
concentrations for the various brands calculated
from the volunteers studies were tabulated and the
mean levels for the various brands determined and

compared. Appropriate graphs were drawn.
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Estima€e$ of Co, ke, ka and tirwy were made
from a log concentration-time curve and a curvae of
residuals and submitted to a computer program
"KINENP* (o nmodified version of SIMP as describaed
by Johnston, 19850 which was used to determine
the correct values, The pharmecokinetic
parameters of chlorogquine in plasma for the first
8hr oi tha study were than calculated by using
these values In tThe appropriate equations. The
program assumed a one~compartment open model with

a lag period, i.e

C = Coa*-“ﬂ('ﬁ-—ﬂt-l‘ﬂn-m'! "_ﬁt'lﬁ.w,
whare
C = goncentration at tima t,

elimination rate congtant, and

o
it

o = absorption rate congtant,

The AUCco-wrn: was calculated using tﬁe
trapezoid rule. Mean pharmacokinetic parameters
for +the various Tbrands were determined and
compared for statietically significant
differences,

Assuming the mean 8h level +to be Co, the
terminal elimination rate constant, ke, was

determined from the equation:



29

C = Coahm,*
from which the mean terminal half-life  and
AUCcwr--=> were determined.

The relative bioavailability of chloraquine
in the various brands under study was determined
by estimating the ratic:-.

| mean AUC of a particular brand
mean AUC for brand IV
during tha poriodq (0-8h> and <(0-w>, The twao
relevant brande ware caonslidered biocequivalent 1if

the value obtalned was between 80 and 120%.

2.8 STATISTICAL ANALYSIS

Student 't' test for paired data and F
test was used for analysie and P > G.05 was

considered not significant.'



CHAPITER THREH
RESUVLTS
3.1 IN VITRO STUDIES

3.1.1 Chemlcal Assay nf Chiorgguine Tableis

'All the preparations with the excaption of
Brand Il contained Detween 92.43 and 05.20 per
cent of the active ingredient. Brand Il contained
only 58.31 per cent of the active ingredisnt. Thus
the different brands with the exception of Brand
11 conplied with the B. P. (1880Q) specification of
drug content (92.5 - 107.% per cent). The dstailed
values for the drug content and percentaga

composition are glven in Table 3.1,

30
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Table 3.1
QUANTITATIVE DETERMINATION ' OF CHLOROQUINE
BASE IN THE VARIDUEZ BRANDS OF TABLETS UIED

IN THIS STUDY

PERCENTAGE CONTENT OF CHLORDQUINE BASE

BRAND COMPRSITION
1 2 3 Moangs b,
I CQ Phosphate T 92,20 95,10 92,40 93,2311 .6
1t Ct Phosphata £7,98 59.50 §8 45 58,3130.3
n CQ Phaosphata S 8510 95,23 98,27 95,2040,00}

v (4 Sulphate 92,87 92,50 52.42 92,4310,007
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3.2 IN VIVD STUDLIES

3.2.1 Campliance

Seven of the volunteers did not complete
the study, having failed to turn up for alil the
sCheduled bDlond sampling. Three did uot return
after tha first eight hours of the study. None of
the subjects reacted +to the drugs used in this

investigation.

3.2.2 Qalikration Curve

Tha calibration curve of chleoroquine in
plasma is shown in Figure 1. It ls linear with a
corralation coefficliant {(r} of 0.987, The
coefficient of variability at all concentrations

uged 1n the curve was lass than S5%.
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3.2.83 Plagma Concentration of Chlaroquine

Following the coral administration of 600mg
of chloroguine basa, nean plasma chloroquine
cancaentrations obtained ranged from 8.4 to
655, 9ng/nl, Tha levels obtalned for Brand I ware
outstandingly lower than those for other brands
(Table 3.2). T?e individual levels obtalned are
shown in Appendix I. | | |

The log .nnan plasma concantratian—tima
curve for the entire 168h period of study is shown
in Figure 2. ]t can bs sesn that chloroquine
appears to undergo a biexponential decay within
this periocd. The firset phase (B-phase), occurring
before 8k seams to £fit a one-compartment opeaen
model (Figures 3 and 4), The second (z-phaee)

occurred between 8h and the end of the study

(Figure 5).
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Table 3.2

The mean plasma c¢oncentration of chlorequine
resulting from the oral adminietration of a single
600ng dose of various brands to several volunteaers

after an overnight fast

BRANOS
Tine (hr)
l ) I v
¢ 0.0 0.8 0.0 9.0
9.5 00,1 £ 1424 13,is 7.8 2,81 135 4.7 ¢ #4585
1.0 367,21 £ 2149 81,7+ 414 .44 583 84,5 + 3243
1,§ 3689 £ 187 3 72,1 £ 48,2 22608 1,2 2644 £ 1913
2,0 2990 £ 189 4 9.6+ 32.9 196,4 £ 83,4 ES.9 £ 200.¢0
1.8 302,9 L 168 ¢ 65,3+ 39,2 2935t 84S 4363 L1469
3,0 31,9 07 8.8 1 42,3 80,3 L 1042 246,82 ¢ €08
(R 49,2 1 168,3 150 W3 26,28 N9 170.8 3 40,1
&0 2948 £ 103,68 €78t 11,8 165.2 3, 42,7 46,8 L4580
8,0 9.8 2 138, 147,8 1. 174,6 .2 AN 1551 ¢+ 833
ul 76,3 1106, 39t N4 9.4 1 43,5 00,7+ &89
11,0 148,31 829 1.9: 1.4 75 1)) i1+ 166
168,0 126,0 L?ﬁi,Z g421 58 2.3+ 131 w21 9.6
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3.2.4 Pharmacokipnetics

3.2.4.1 Acute or pB-phase

The individual and mean pharmacokinetic
parameters calculated during the acute decay phase
are shown in Tables 3.3 - 3.7.

For purposes of comparison, the
pharmacokinetic parameters derived for Brand 1V
(Nivaquine®, May and Bayer) were used as standard.
The mean peak plasma concentration (Cuna..) ranged
from 111.3 to 583.1ng/ml. The value obtained for
Brand 11 was statistically different from that
obtained for Brand IV (P < 0.05). In this respect
Brande I and I1l appear to be similar to Brand IV.
The mean time to reach peak plasma concentration
(twaw) ranged from 2.1 to 4.0h. These times for
Brands I and II]I differed significantly from that
of Brand IV (P < 0.0%5). The calculated mean lag
timee (tiag) were 0.7 to 7.3 and did not differ
significantly from each other (P > 0,05).

Compared to the other brands, The area
under the plasma concentration~-time curve up to 8h
(AUCo-er? for brand I] was only about one-half of

the others and was statistically different from
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that for Brand IV (P = 0.0003>. Although the
calculated maan clearance (Cl) for Brand 11 was
about twice that of PBrand IV, none differed
significantly from the latter with respect to this
parameter.

The mean elimination half-iives for the
acute decay phase {(tup’ were simller for Brands
11, III and 1IV. The wvalue obtained for DBrand [
differed significantly from that of Brand IV and
III <P = (Q.0002,

The resulte of the determination of the
relative bilioavallabiities can be saen In Table
3.9. Nona of the brands [~IIl was bilpoaquivalent to

brand 1V during the period 0-8 hours.

2.2.4.2 Terminal or z-phase

During the z-phase the ocalculated half-
lives (twe) were 5.3, 6.2, 4.0 and B.5 days for
Brands I teo IV respectively. The corresponding
terminal elimination rate constant, ¥.., as weall
a6 the AUC.n-w: are also shown in Table 3.8,

Table 2.9 shows that brands 111 and IV can
be considered to be bloequivalent during the

pericd 0-e«,
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Table 3.3
PHARMACOKINETIC PARAMETERS OF CHLOROQUINE IN PLASKA
OF IFDIVIDUAL VOLUNTEERS FOLLOVING THE INGESTIOR OF

600mg BASE 1IN TABLET FORM (THE FIRST KIGHT HOURS)

BRAND 1

VOLUNTEER KWUMBER

PARANETER
l 2 3 4 5

biew (aim) | 61 9.0 60 0,1 0.2
ke  h"1) 0.1 0,2 0.1 0.1 0.1
PNTY | 7,0 1,2 6,4 7.3 9,0
ke (') | 2,0 0.4 0.4 1.6 2.1
bua (R o 1.9 1,9 0.4 6.3
Cman  (ng/ul) 284 46 5014 512 TI6.4
fmar (R 6.0 40 40 A0 2.0
AUCco-ans (ng/ml h} 1911,0 196,06 1916 38260  9212,0

¢l L/ 1394 25,0 270 .4 B4.3 1089
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Table 3.4
PHARMACOKINETIC PARAMETERS OF CHLOROQUINE 1IX PLASMA
CF 1EDIVIDUAL VOLUNTEERS FOLLOVWING THE INGESTIOR OF

600mg BASE I TABLET FORN (THS FIRST EiGHT HOURS)

BRAND [}

VOLUNTEER MNUMBER

PARANETER | -
2 3 f
tiag {min) ' 0.0 6.0 3.4 3.6
ke (A1 0.3 0.1 0,1 0.2
tas  (B) 2,8 1 s ‘2,2
e 05 07 1,8 0.4
tem (R 1,5 1'.0 0.5 1.6
Coux (ng/al) 104, 129,9 120,5 30,8
tmux (0} . 0 3.0. 2.0 2.6
ACco-ans (ng/ul,h) 56,0 £08,0 §64,0 72,0

€1 dm - 16186,7 588,9 30,5 11,7

- -— - e e
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Table 3.5
PHARMACOKINETIC PARAMETERS OF CHLOROQUINE 1IN PLASKA
OF INDIVIDUAL VOLUNTEERS FOLLOVING THE INGESTION OF

600mg BASE IN TABLET FORM (THE FIRST EIGHT HOURS)

BRAND 111

VOLUNTEER NUMNBER

PARAMETER = sesssessveccescssaen eemeemmessenemmmcerasesean.
1 2 3 4
tieg (min) 6.0 1.0 7.0 5.0
ke (h"") 0.4 0.3 0.2 0.2
tus  (h) 1.8 2,5 3,1 3.5
ke (h°Y) 0.5 0.4 0.4 0.3
taa (D) 1.4 1.7 1.9 2,0
Coas  (ng/al) 172,2 3432 3583 358.0
taax (R} 2.8 2.5 2.5 3.0
AUCco-en> (ng/ml h) 1398,0 1692,0 1147,0 1016,0

€1 wm 874 m.o 295.9 399.0
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Table 3.6
PHARMACDEINETIC PARAMETERS OF CELOROQUINE IN PLASKA
OF INDIVIDUAL VOLNETZERRS FOLLOWING THRE INGESTION OF

600ng BASKE 1K TABLET FORM (THE RIRST EIOHT HOURS)

BRAND IV

-

VOLUNTEER NUMBER

PARANETER
) 2 3 4 3

ties (mim) 12,0 6.0 6,0 12,0 0.0
ke  (h™") .3 4.3 0,4 0.3 0.2
tus  (h) 2,2 2.4 i.g 1.2 2.9
ku th=1} 0.5 0.6 0.8 4.5 0.4
fue () 1.4 1) 0,3 1,4 1,6
Coere  (ngfald 29,9 43,0 653.2 614} §93.1
tmax (h) 2,5 2,0 2,0 2,0 2,0
AVCco-en: (ng/ml h) 9%0,0 2063,0 25500 17324 1806,0

€1 /im 274, 3 2297 186,68 1111,7 53,0
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Table 3,7
MEAN (1 3,0) PHARMACOKIEETIC PARAMETERS OF CHLOROQUIXE
IF PLASNA OF SRVERAL VOLUNTEERS FOLLOVING THE
INGESTION OF 600mg BASE IF TABLET FORN iX 4 BRARDS

{(THE FIRST EIGHT EOURS)

BRANT NURBER

PARBMETER
1 1 15 v

tiew (81N 0.7+ 43 1.8t 53 1.3 2,6 6,48 6,3
ke Y 00 04 028 01 038 01 0,3 0,1
tus W) §.60 2.1 47t 2.3 274 0.7 2.3 0.4
ke (RN 132 0.8 08¢ 05 0,4z 01  06% 0,2
twa (R 100 09 128 05 1.8 03 1,3 043
Caun (ng/al) 9704 1717 113 17,6 307,94 91,0 £83,14297,8
TS 400 1.2 248 05 2,66 03 2.1t 0.2
" 2400,451083,0 535,04 124.3 1319,34298,1 1828 ,31567.5
0w 165,00 79,6 766.7+ 358,7 339,84 62,9  412,04392,6

# = (ng/ml.h>



Table 3.8
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PHARMACOKINETIC PARANETERS OF CHLOROQUINE IN PLASNA

OF SEVERAL VOLUBTEERS FOLLOVING THE INGESTION OF

600mg BASE 1IN TABLET FORN IN 4 BRANDS (DURING THE

TERMINAL PHASE (8-168h))

-

BRAND NUMNBER

PARAMETER -

1 It 111 v
ki= (h™") 0,008 0,004 0,007 0,008
tue (days) 5.3 6.2 4,0 55
AUCco-erF E1401 0 9058 .5 19073 .4 22€73,.7
# = (ng/nl h)
Table 3,9

THE RELATIVE BIOAVAILABILTY OF CHLOROQUINE IN THE

VARIOUS BRANDS USING BRAFD 1V AS STAEDARD

RELATIVE BIDAVAILABILTY (%)

PER1OD Fommmmnaees

i i 1l v
0~ 8h 131 29 7 100
o6~ 227 ) 84 100




CHAPTER FOUR

DISCUSSION

4.1 iE VITRO STUDIES.

4.1,1 Chemical Asgay of Chloroquina Tabletis.

The rewults obtained from the chemical
agsay sbowad that three of the brands (1, III and
IV) of chloroquine tablets tested complled with
tha officlal requirement 82.5 to 107.9 percent of
chlorocquine content. Brand Il was found to contain
58.31 percent of the labelled amount and so, did
not comply with the official requirement for
chloroquine content (B.P.C, 1980).

Vagner (1971l.) reported controlled studies
which have largely shown inequivalence of marketed
drug products containing the same drug in the same
type of dosage form made by +two or more
manvfacturers. The active I1ngredient used to
formulate the product is probably not of suitable
purity or the mixing operation was 1nefficient

{Abdael-Monam 1978; Wagnar, 197lal.
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The result shows a non comformity with the
genaral manufacturing practica by the
manufacturers of brand II. thie brand could be
termaed "fake" since it le¢ adequately labelled and
brandad with respect to generic nams but fail to
comply with stated quantities of active

ingredients (Iigboachi, 1988>

4.2 I¥ - VIVO STUDIES

4.2.1 Frarmacoxinatics

The four brands all showad a rapid
absarption phase and were detectable 1in plasma
within 30 minutes of oral adminietration. With the
excaeption of Dbrand 1II, +the other preparations
achiaved a therapeutic plasma level for plasmodium
falciparum (30ug/l) within 30 minutes of oral
adminietration. The findings are in agreement with
those of Adelusl et al, ((1882) and WValker at al
(1983). these authors also observed that malaria
had no aeffect on the pharmacokinetics of
chloroquine except for an increased concentration

of the drug in red blood cells.
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Valker et al (1983), found mean half hour
plasma chloroquine concentrations of 67.7 =%
46.8ng/ml at the commencemant of the
administration of the drug in a dose of 25mg/kg
body weight in 3 divided doses for three days to
children with malaria. The mean half hour plasma
chloroquine concentrations found in all brands in
this study which range from 13.1 to 200.2ng/ml are
comparable with his results.

The mean peak plasma concentrations for the
four brands used ranged from 111.3 to 583.1lng/ml.
Similar values were found by Valker et al., (1983)
in children with malaria. As expected, higher
values were obtained after parenteral
administration of the drug (Ogbuokiri, 1988 and
Gustafsson et al., 1983).

Large interindividual variations in
chloroquine pharmacokinetics have been observed in
various subjects. The rate constants of absorption
(ka) and elimination (ke have been found to
decrease with increasing dose. However, this was
not the case with the terminal elimination rate
constant (ke.) (Frisk-Holmberg et al., 1984). This
variation is somewhat shown in this study where
the mean twne.~ for the brands varied from 2.1 to

4.0 hours whereas individuals were observed' to
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have a tma. range from 2 to 6 hours. The tama.. for
healthy volunteers are usually shorter than those
of patients with malaria. This 1is thought to be
due to the gastrointestinal disturbances
associated with this disease (Walker et al.,
1983). The mean t.... values in this study are
similar to those observed by Valker et al., 1983
and as expected are longer than those obtained
after parenteral administration of the drug
(Gustatsson et al., 1983; Ogbuokiri, 1988).
However the tyae. from individuval data compare
favourably well with those obtained by Frisk-
Holmberg et al. (1984) and Aderounmu et al.
(1986) .

The differences observed in individual
parameters are due to individual wvariability or
varying degree of the presystemic elimination. An
orally administered drug may be destroyed or
metabolised within the gut lumen or by enzymes in
the mucosa. pharmacokinetic theory permits some
reasonable predictions of the magnitude of the
first pass effect on drugs that are eliminated
entirely by apparent first order hepatic
biotransformation (Perrier &and Gibaldi, 1972,

Perrieret al., 1973).



Despite other factors influencing rate of
drug absorption pharmaceutical formulation and the
charateristics of the subjects are major sources
af 1individual variations. Subject characteristics
can produce striking differences 1in the efficacy
of a given drug product. One characteristic that
influencaes drug absorption is the rate of gastric
snptying. It may affect both the rate and extent
of abegrption of th§ drug (Abdel-Monem and
Henkael, 1978; Rawlins, 1970). Gastric emptying 1s
not known to be an important rate limiting step in
the absorption af chloroguine; however,
chloroquina does decrease the oral-caecal transit
time by about two houre (4.3 £ 0.2h ta 2.6 + 0.1h2
(Adjepon-Yamoah et al., 1985).

Intrasubject variablility in drug
disposition is well documented (Koup and Gibaldi,
1980). The degréee of intrasubject variabillity
changes from drug to drug and may differ from cne
panel of subjects to ancther depending on age and
| other factors (Koup and Glbaldi, 1980),

This study clearly showed +that all four
brands of chloroguine undergo a multiexponential
dacay phase., This multiexponential model is due to
' tissues behaving as a separate compartment with a

‘"@lowear elimination rate conetant +than plasma
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(Adelusi and Salako, 1982a, 1082b). Adjepon-Yamoah
et al, (1986), observed a multiexponential decay
with three discernable linear phases for
chloroquine; the first phase which is the acute
accuring before 24 hours, the second phase betwaen
24 hours and 7 days and a third phase thereafter.
Long terminal half-lifes (tw.) as calculated for
all the brands used in this study, are similar to
those observed 1in adults by McChesney et al.
(1962) and in children by Walker et al/ (1983)m and
Adelusi et al. (1982). These long half-lives are
due to extensive tissue binding of chloroguine.
This implies that a tissue/plasma equilibrium is
not achieved for many weeks after single dose of
chloroquine (Adelusi and Salako, 1983).

Measured area under the plasma
concentration curve to & hours (AUCo-an’? using the
trapezoid rule did not differ significantly for
brands I, III and IV but was smaller for brand 1I1.
This decreased AUC can be explained by considering
the fact that this brand contained a significantly
smaller amount of the active ingredient. This
would suggest a lower bioavailability of the drug
since the absorption rate constant 1is similar to

that of the other brands.
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The brands of chloroquine employed in this
study except for brand II which contained 58.31
perceant of the active ingredient complied with the
official B.FP (1980, requirement for <hloroquine
content (92.8-~107.5%).

Eimilar etudies done in Zaria using
paracataial tabletse and syrups showed a non
conformity with G.M.P guidelines by one of the
manufacturers of a syrup brand (Bakare, 1087) .
These flindiuges appear to suggest that 1f wide
s<ale Quality Contrcl studies are carried out
regularly, gquite a sizeable number of the drugs in
the market may be diszcovered to be "faked". Thesa
substandard drugs would  ultimately lead to
treatment fallure in most cases to the detriment
of the patiant and invariably loss of credibility
on the part of the protessionals.

This study has clearly demonstrated that
chemical equivalence as shown by brands [, III and
IV does nut necessarily confer bicequivalence.
This obwvicusly could be attributed to formulation
problems. Active 1ingredient 1in brand 1 was

released faster than any of the brands and this
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could easily lead to toxicity with this brand. On
the contrary, brand 11l which was bicequivalent to
brand IV after the first 8 hours of the study,
clearly demonstrated a case of slower release than
the 'standard formulation'.

The cost of health care is currently
exorbitant in our environment and those involved
in the payments {(Government and public) should get
value for their money. This makes it mandatory for
there to be routine analysis and stringent Quality
Contral of pharmaceuticals (both imported and
locally manufactured) at source, at level of the
Government (the various Food and Drug
Administrations) and at other levels <(Teaching
Hospitals and other research bodies). This routine
analysis should in all instances include both
chemical assay and pharmacokinetic studies. The
pharmacokinetic studies are imperative because of
the differences 1in drug handling by individuals
and races.

There is the need for similar studies
involving brands of other drugs other than those
mentioned here and possibly drug interaction
studies to be done routinely in this environment
if the patients are to derive greater benefit

than harm from their prescribed drugs. 31”7"7
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APPENDIX 14

REAND 1.
YVOLUNTEERS
Tiee (R?) flean (150)
| 2 3 4 §
0 ¢.0 0.0 0.0 0.0 0.9
0,8 §2,3 68.8 m,7 78,9 8.8 00,1 3 142,14
.1 104, 4 79,4 4399 §13,3 5991 367,2 ¢ 214,9
1.5 135,3 1,9 60,7 81,4 5259 TN ERITH
. 3.0 148,2 00,2 235 ¢ h4 5387 99,0 £ 158,4
2,8 8.2 170.8 402, 3898,3 4753 02,9 ¢ 169.4
3,0 150,2 2043 352,8 39 N5 51,3 o 10,7
4,0 154,3 N6 §01.4 58,2 560.5 43,2 1 168,3
b0 23,4 4,3 80 450,3 - 234,89 3 1030
.0 17 146.7 40,1 1384 31,8 2399 L 1381
%0 164,9 2528 54,3 60,2 4521 76,9 1. 105.6
2.0 85,3 13,2 124,6 e %9 9,34 82,9

168,0 17,% 29,4 56,7 ¥4 i88 126 2 2022
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APPENDIX 10

BRAND 11
YOLUNTEERS -
Tien {he) Mean {15D)
i 2 3 {
¢.¢ X 6,0 0.6 ¢.0
0.8 18,8 i, 1,4 - LRI X
1,0 10,6 60,6 1205 IR 6,74 414
1.8 5.2 43,8 m.,s 7.4 12,0t 46,2
2,0 57,0 129,9 120,6 50,8 99,6 + 32,9
2.5 89,7 68,9 $3.9 8.9 §5,3 & 39.2
3.0 04,1 " 61,4 2.6 3961 42,3
'K 7.3 1064 01 16,6 ™4 37,3
£,0 7 £6,4 78,3 51,7 §2.64 11,8
§.0 0.6 53,2 M3 2031 47,8 £.124.6
%,0 27.9 45,6 59,2 4 B9 W4
72,0 - 09 42,9 - NSy 14
169,0 i.z 14 6.2 17,0 $.it 698
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APPENRIX 1

BRAND T1I
VOLUNTEERS
Tina (hr) Hean {1500
' 1 : 3 4

¢.0 0,0 80 0.8 0.0 0.0
4.5 - “ 8.2 52,3 7,8t 135
10 12,9 ni 93,2 197,2 11,4 ¢ 58,8
1% - - 18,1 233.9 ot N2
2,0 9.7 69,9 n. 4.3 %41 0834
2,5 172,3 343.3 36,3 .9 19,31 6.5
3,0 134,0 mn.i 19 358.0 80,3 £ 1042
40 230,8 U8 2495 19,9 26,2 HY
6.0 122,6 195.8 23,7 144.6 83,2 &£ 42,7
LR %,7 03,2 132,6 55,4 97.2¢ 3d
%0 28,1 - 100§ 105.4 T4y 438
12,0 - 7.0 50,8 %7 0.5r

168,0 i, 42,6 69,4 24,7 29 182
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APPENDIX fD

ERAND 1V
VOLUKTEERS
Time the) Pean (150)
1 2 3 4 §
, IIIQO . 4.0 (X 0.0 0.0 0,0
l.il.i 8,0 - 2,9 $23 2.8 0,71 44,5
; (] 36,4 138,7 140,48 e S L RR ]
1.5 143.7 48,7 1711 %1,8 5989 64,4 2 191
2,0 - 403.0 653.2 674, #9131 £55,% & it0.0
3,k P+ 11 B L m.a 63,8 &N 43,3 1 '4p 9
3,0 167.8 - 0,9 20,7 351 6,8 4 60,8
1,9 1164 - 1119 175.8 25 e 1
6,0 122,38 2346 P 43 12264 Ale B 4 4558
60 85,0 149,6 145,89 63,4 2507 tBs,1 ¢ 89,3
.0 3,2 §0.6 §8,2 N34 250,1 106,72 68,9
.0 6.5 214 12,6 43,2 8?2 0,01 16,6
168,0 36,4 97 45,9 g6l 9% %.2¢ 93,6




10 REM KINEMP [S A NON LINEAR CURVE FITTING PROGRAM
20 REM THE EQUATION WHICH IS TO BE USED TO FIT
30 REM THE DATA IS IN THE SUB ROUTINE AT LINE
40 REM 9000
50 REM
60 REM LAST MODIFIED 3rd JANUARY 1086
70 INPUT “DO YOU WISH TO READ DATA FROM A FILE (Y/N)";an$
80 IF an$="E" OR an$="n" THEN GOTO 220
90 IF an$="Y" OR an$="y" THEN GOTO 110
100 GOTO 70
110 INPUT“PLEASE TYPE RELEVANT FILE NAME TO READ FROM";filename$
120 OPEN "i",1l,filename$
130 INPUT £1,nl
140 DIM C(N1>,T(N1>,R(N1)
150 REMesssstsstnnd
160 FOR L = 1 TO N1: INPUT £1, Tentry, Centry
170 REMEZ S48 52 F 8 8 0 4 4 0 4 4 S A B AR F E R F R R R AR R R R R R IR AR R E R R H R 4
180 T(L)> =Tentry:C(L) = Centry
190 REM
200 NEXT L
210 CLOSE
220 INPUT "Please supply the weight measurement of the concentration,
e.g. ng"; Vs
230 INPUT "Now supply the volume measurement of the concentration, e.g
ml"; Y&

240 INPUT "Finally, is TIME units in hr (Y/N)7?"; Z8%
250 1F z3$="Y" OR zs$="y" THEN GOTO 280
260 IF z$="N" OR z$="n" THEN GOTO 270
270 fact=1:G0TO 290
280 fact=60
260 INPUT “NUMBER OF PODINTS", N1
300 DIM C(N1), T(N1),R(NL)
310 FOR L = 1 TO N1
320 INPUT T(L),C(L>
330 NEXT L
340 INPUT “NUMBER OF PARAMETERS",N
350 DIN E(N+2,N¥+1),F(D, P, SN, VN
360 FOR L= 1 TO N
370 INPUT "PARAMETER ESTIMATE",E(L, D)
380 SL)Y = E(L, 1)
390 NEXT L
400 REM
410 REM INITIAL MATRIX
420 FOR L = 1 TO N

L1 =2 TO N+l
:ig Eg¥ E(L,L+1)=E(L,1) + S(L)#*(SQR(N+1)-1)/(N#SQR(2))

1

322 E2¥TBL(‘L.L+1)=B(L.1) + S(L)l(SQR(H+1)+(N*1))/(HlSQR(Z))
470 NEXT L
480 REM INITIAL SS AND VERTEX COUNT
490 FOR L = 1 TO N+ 1
500 FOR L1 = 1 TO N
510 P(L1) = E(L1,L>
520 NEXT L1
530 GOSUB 1280
540 E(N+1,L)>
550 E(N+2,L)
560 NEXT L
570 GOTO 1150

81
1

nn



580 REM DISPLAY interim results
520 IF Y THEY PRINT "ITERATION KNOQ “;Y ELSE PRINT "INITIAL MATRIX"
600 FOR L = 1 TO N+2

610 PRINT E(L,1),E<¢L,F+1)

620 NEXT L

630 X = E(N+1,F+1)/E(F¥+1,1)~1

640G IF X < 0,0002 THEER GOTO 1350 ELEE GOTO 6DD:RFEM CHECK FOR CONVERGEN
CE.

650 REM VERTEXY SUM AND AVERAGE
660 FOR L = 1 TO N

670 8 = ©

680 FOR L1 = 1 TO N

690 S = S+E(L,L1)

700 NEXT L1

710 F{L)y = S/F

720 NEXT L

730 REX NEV VERTEX

740 REM REFLECTION

50 FOR L. = 1 TO N

760 V(L) = F(L) + (F(LY~E(L,N+1))
770 P(LY =V(L)

780 NEXT L

790 GOSUB 128¢

800 X = 851

810 IF S1<E(N+1,N) THEN 950

820 IF S1>E(N+1,N+1> THEN 890
830 REX CONTRACTION

840 FOR L =1 TO N

850 P(L) =F(L)+ 0.5#(F(L)-E<L,N+1))
860 NEXT L

870 GOSUB 1280

880 GOTD 1000

890 REM BACK CONTRACTION

0006 FOR L=1 TO N

@10 P(L) =F(L) - 0.5#(F(L)-E(L,N+1)>
920 NEXT L

230 GOSUB 1280

840 GOTO 1000

50 REM EXPANSION

960 FOR L=1 TO XK

070 P(L) =F(L)+2#%(F(L)~E(L, N+1))
980 NEXT L

990 GOSUBE 1280

1000 IF S1 <X THEN GOTO 1040 BLSE 81 = X
1010 FOR L = 1 TO ¥

1020 P(L) = V(L)

1030 NEXT L

1040 REM EXCHANGE

1050 IF S1>E{(N+1,N+1) THEN X = N ELSE X = N+ 1
1060 FOR L = 1 TO W

1070 LET E(L,X> = P{(L)

1080 NEXT L

1000 E(N+1,¥%> = St

1100 E(N42,%) = 0

1110 REM INCREMENT VERTEX COUNT
1120 FOR L = 1 TO N

1130 E(N+2,L) = E(N+2,L)>+1

1140 NEXT L

1150 REM VERTEX SORT ROUTINE

1160 FOR L = 1 TO N

1170 FOR L1 = L TO HN+1



1180 IF E(N+1,L) <E<N+1,L1) THEN GOTO 1240

1190 FOR L2=1 TO N+2

1200 X = B(LZ2,L)

1210 E<(L2,L) = E«(L2,L1D)

1220 B(L2,L1) = X

1230 NEXT L2

1240 NEXT L1

1250 NEXT L

1260 LET Y = Y+1

1270 GOTO 580

1280 REM SUM OF SQUARES ROUTINE AND EQUATION TO BE FITTED.

1290 S1 = 0

1300 FOR L2 = 1 TO N1

1310 R(L2)=P(1)# (EXP(-P(2)#(T(L2)-P4)))—EXP(-P(3)#(T(L2)-FP(4)>)))>

1320 81 = 81 + (R(L2) - C(L2)>)>#(R(L2>-C(L2)): REM WVeights can be inser
ted here,e.g., multiple (R(L2) - C(L2)»#(R(L2> - C(L2Y)> by 1/¢(
C(L2>#C(L2)) to give each point equal weight,

1330 NEXT L2

1340 RETURN

1350 REM ##2s3333 SUBROUTINE FOR CALCULATING AREA

1360 AUC = 0O

1370 FOR L3 = 2 TO F1l: AUC = AUC + (C(L3>+C(L3-1)>#% 0.5 # (T(L3)>-T(L3~-
1))>: NEXT

1380 TOTALAUC = AUC + C(N1)»/E(2,1>

1390 Cl = D/TOTALAUC : REM ###% Clearance is calculated #s#

1400 LPRINT: REM TURNS THE PRINTER ON

1410 LPRINT "SIMPLEX TERMINATED AFTER ";Y; “ITERATIONS ":LPRINT: LPRINT
1420 INPUT "DOSE, ...Please supply the dose in the same unit as per y-
axis,e.g 1if concentration was in microgram per ml, a dose of 1

Omg will be given simply as 10000"; D:PRINT:PRINT: PRINT

1430 LPRINT "sssssssssss#2 RESULTS OF CALCULATIONS #asssss43s2 44280822
##": LPRINT

1440 Cl1 = D/TOTALAUC : REM #*## Clearance is calculated ##+#

1450 INPUT "BIOAVAILABILITY,... a biocavailability of 90% will be suppl
ied as 0.9; 80% as 0.8 etc; However when the bioavailability i

s unknown simply supply 0, in which case the program will assume compl
ete bioavailability"; B

1460 1IF B <> 0 THEN GOTO 1500

1470 VD = C1/E{(2,1):REM ##Formula to calculate volume of distribution#
*

1480 LPRINT "VOLUME OF DISTRIBUTION (";Y$;")>%;:LPRINT TAB(48) " = *»; V¥
D

1490 GOTO 1520

1500 VD = (D/E¢2,1)) # B: REM VOLUME OF DISTRIBUTION WHERE BIOAVAILABI
LITY 1S KNOVN

1510 LPRINT "VOLUME OF DISTRIBUTION (";Ys$s;")>";:LPRINT TAB(48) " = v, V¥
D

1520 TB = 0.693/E«2, 1)

1530 LPRINT "CLEARANCE (";Y$;"/%;Z8;")";:LPRINT TAB(48) * = *;: (Cl

1540 LPRINT " INTERCEPT ON Y-AXIS (C";:LPRINT CHR$(27)“S";CHR$(1); "“ao";
:LPRINT CHR$(Z27)"T"; :LPRINT "“)>";:LPRINT TAB(50) * = "; E(1,1)

1550 LPRINT "ELIMINATION RATE CONSTANT (K";:LPRINT CHR$(27)"S";CHR$(1)
;"e"; :LPRINT CHRS$(27>"T"; :LPRINT "“>“; :LPRINT ™ (“,V$;"/";Y$;"/
HW.Z8;")"; :LPRINT TAB(50) " = ¥; E(2,1)

1560 LPRINT "ABSORPTION RATE CONSTANT (K";:LPRINT CHR$(27)"S";CHRS$ (1);
“a"; :LPRINT CHRS (27)“T"::LPRINT "“)%;:LPRINT " (“;WS;"/";:Ys ;"/"
$1Z8;")"; : LPRINT TAB«(50) " = *; E(3,1)

1570 LPRINT “LAG TIME (“;Z%;“)>%; :LPRINT TAB(48) “ = %; B4, 1>

1580 LPRINT “ELIMINATION HALF-LIFE";:LPRINT CHR$(27)"S";CHR$(1);" (t-ha
1f beta)"; :LPRINT CHRS$(27>"T"; : LPRINT " (*;Z%;")>"; :LPRINT TAB(S

0) " ="; TB



1590 LPRINT "APSORPTION HALF-LIFE";:LPRINT CHR$(27)"S";CHR$(1);" (£t-hal
f alpha)*;: LPRINT CHR$(27)"T";:LPRINT “(";Z$;")";:LPRINT TAB(
SO0y ®» = w: 0,.603/E¢3,1)
1600 LPRINT “AUC";:LPRINT CHR$(27)"S";CHR$(1);" (0 -";T(N1);*)>";:LPRINT
CHRS$ (27)"“T"; : LPRINT "“(";W$;"/";Y$;".";Z8;")";:LPRINT TAB(50)
“ = %, AlC
1610 LPRINT "“AUC"; :LPRINT CHR$(27)"S";CHRS$(1);" (0 - INFINITY)>";:LPRINT
CHRS(27X" T ; : LPRINATY (Y ; We ;" /N - Yg ;W 0 . Tg: 9 3% - LPRINT TAB(SO)» ™
= ", TOTALAUC:LPRINT:LPRINT
1620 LPRINT "&&3&%&4%&&&4&&% SOME STATISTICAL JARGON sss:23s23sisstsssssssn
#3" ; LPRINT
1630 LPRINT "SUM OF SQUARES = “; E(5,1):LFRINT
1640 GOSUB 1280
1650 FOR L = 1 TO N1
1660 IF L. = 1 THEN LPRINT "X - VALUES", "Y - VALUES", “CAL Y - VALUES"
1670 LPRINT T(L),C(L),R{(L>
1680 NEXT L
1690 REM WVE ARE ABOUT TO FINISH
1700 INPUT"Do you wish to plot curve (y/n)7?";an$
1710 IF an$="Y" OR an$="y" THEN GOTO 1730
1720 IF an$="R" OR ans$="n" THEN END
1730 INPUT "Filename ";Name$
1740 OPEN "o",1,Name$
1750 WRITE £1,nl
1760 FOR 1=1 TO nl
1770 t(ly)=t(l)sfact
1780 WRITE £1,CINT(£(1)),CINT(c(1)),CINT(r (1))
1790 NEXT 1 .
1800 CLOSE
1810 RUN “kingraph"
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