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ABSTRACT

Anecdotal reports suggest that there may be a familial component to
chloroquine-associated pruritus (CAP). To test this hypothesis, the epidemiology of
CAP was studied with respect to haemoglobuw S (HbS) and plucose-6-phosphate
dehydrogenase (GOPD) deficiency both of wliuch are recognised genetic red-cell
markers for blacks and for malarnna. ABO blood groups wluch are also red-cell
markers but not specific for blacks or malaria served as intemmal conirol.

The prevalence of CAP was detennined prospectively between January 1988
and Junc 1992 using cross-sectional survey tn patients descmbed below. The
sample size was detenmined using EP1 INFO 5. Only one individual per family was
recruited. Ficld tnps were tnade and a total of 1,315 pattents were recrutted into the
siudy. A pretested questionnaire was used to collect infonnation on personal details
and famly history of CAP from the recniited individuals. All the study paticnts
except the school-children recetved chloroquine at recruitment mc and were
observed directly for CAP 24 10 72 h laier. Blood sawnples were then collected uilo
sequestrene bottles (or filter papers for samplcs ftom distant areas). ABO blood
sroups, Hb and G6PD types were dclennined. Malana parasite screening and fill
blood counts werc also done on University College Hospital (UCIH) samples.

Prevalence of CAP among UCH patients was 124/300 (41.3%), pregnant
woinen 23/55 (42 .0%), urban school-cluldren 83/150 (56.7%), rural school-children
61/121 (50 4%), rural preschool-cluldren 33/151 (21.8%), Kano 16/121 (13.3%),
Maiduguri 40/165 (24.2%), Potiskum 56/163 (49.6%) and Pornt-Harcourt 9/108
(8.3%). CAP increased progressively with age. CAP was more conunon in families
of itchers than non-itchers, There was an association between cuirunulative
chioroquine intake and CAP. In all the populations studied, except among pregnant
women, the sickle-cell trait was less comumon but G6PD deliciency was more
coinmon among ilchers than non-itchers. By contrast however, ABO blood proups
distribution was sumtlar amoung ilchers and non-itchers
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A sunple, rapid, sensitive and highly reproducible high pesfonnance liquid
chromatographic (HPLC) method was developed for the assay of chloroquine and
1ts maw metabotite, desethylchloroquine. With the method tt was demonstrated that
the phanmnacokinetics and unnary excretory pattem of chloroquine and
desethylchloroquine were similar in 7 itchers (4 Hb AA and 3 Hb AS) and 8 non-
itchers (4 Hb AA and 4 Hb AS) as well as in the Hb AA and Hb AS wdividuals.
Nevertheless, there was evidence that the itchers were unable to inetabolize
chloroquine as extenssvely as the non-itchers, as the ratio of the area under the curve
(AUC) of the metabolite to that of the parent drug was lower w the itchers
compared to the non-itchers. Also the peak concentration (Cmax) of chloroquine
was lower m Hb AS individuals when compared with Hb AA. However,
bioavailability problein could not be ruled out in the Hb AS subjects.

Seven of the 9 subjects prone to CAP actually stched, 6 of the 7 had residual
chloroquine (26.7+11.2ng/inl) in zero hour plasiva, whereas the remaining | ilcher
as well as the 2 who did not itch had no measurable quantity of chioroquine i the

zero hour plasima.

Itis concluded that CAP tnay be associated with certain genetic factors wiich
include,f Hb and G6PD types.
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CHAPTER 1

.l INTRODUCTION

Severe adverse drug reactions are a restranung factor i drug admumstration,
even where the compound is superior therapeutically to others for a particular
idication. Advesse drug reactions may be extensions of either phannacokinetic or
pharmacodynamic eficcts of a drug.  Vanability in the abulity to exprass adverse
drug reactions are in part thought to be due 1o itersubject vanabitity  On the other
hand intenndividual differences in drug response are dependent on phannacogenetic
principles. The process of cxpressing' phannacogenctic vanability could be
markediy influenced by age, sex, diet, environmental potlutanis, co-adimmnistraiton of
drugs, underlying disease process and the environment i which the individual lives

(Vesell, 1977; Eichelbaum, 1981; Sjoqwast ¢t af., 1980, Breuner, 1983 and Vesell
and Penno 1983).

Malana 1s one of the imost prevaient of hunan diseases. 1t is a major health
hazard which occurs mainly w the tropics. Prcviously tempcrate and sub-temperate
regiotts of the world were also affecied {Bruce-Chwatt 1986). The total number of
patients affected by malana annuaily s estunated 10 be 103 wmillion of wiuch 86%

live m Alrica south of the Saliara (WHO, 1989). [t is cstunated that 1-2 willion
people die of malana and malaria rclated causes every year,

ln Ntgeria, although the nsk of malana cxists throughout the country, the
endenncity of inalana s mesocudemic m the urban but holoendcmic in the rmral
areas. The disease consistenliy ranks among the {ivc wost common causes of death
among all age groups (Federal Ministey of [lcalth 1989). It also represents
substantial social costs due to school abscmtecism and reduced economic
productivity. Pregant women are al a higher nisk of inatana wfection relative 10
their non-pregnant counterpants living in the sane cndemic condition (Nosten et o,
1991 Gilles ¢t af, 1969, Brabm er af, 1990, Steketee cr al, 1987, 1988). llowever,
cluldren above 6 months old are most vulncrable (Bruce-Chwatt, 1963).  The
mortaiity' rate is highest during the first 2-1 years of life (Bruce-Chwati, 1952
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Greenwood e al, 1987). Some indivduals have the benefit of genetically
controlled protection mechamisins. These protection mechanisms are due to mutant
genes especially those causing glucose-6-phosphate dehydrogenase (G6PD)
deficiency and sickle cell disease (Luzzatto 1979. Gilles ¢r af., 1967). The long
association of malana parasites with mau has led to the spread of these mutant
genes in the fatter. (Luzzatto 1979). Haemoglobin S (HbS), and G6PD deficiency
which are otherwise deletenous penes have reached polywmoiphic frequencies
malaria endenuc regions. It was suggested that they confer seiective advaiitage
malana.  Allison, (1960) first sugpested that the heterozypous state i.e e sickle
cell trait (Hb AS) is responsible for the maintenance of HbS gene n the nialarious
areas because of the partial resistance it confers against malana.  However, this
protection is not present in homozygous children (Hb SS) with inalana in whom the
infection can be¢ fatal (Adeloye er af, 1971, Luzzatto, 1974), it has also been
dewmonstrated that the thalassaennas may protect against tnalarsa, thus explaming the
persistence of this otherwise deleterious haemoglobmopathy (Weatherall and Clegg,
1981), Motulsky and Campbell-Krout (1961) and Ailison (1964) were the first to
observe a close correlation between the present and past prevalence of inalana and
G6PD deliciency. The heterozygous carriers of the gene are protected against the

hfe threatening fonn of malana t.e. severe and complicated malana caused by 2
Jalewparum (Allison, 1964, Livingstone, 1971; Bienzle ¢t al, 1972)

Chloroquine 1s the most widely used antpnalarial dnig n malaria endemic
areas (Bruce-Chwatt 1986, WHO, 1984). Pruritus 1s a major side effiect of
ehloroquine and & has very impoitant therapeuwtic consequences, Tlus is because it
is so unpleasant that those who have had experience of i are often unwilling to take
further dose of the drug for subsequent nalana attacks. [t is a wajor cause for
caution in the use of chloroquine (Federal Ministry of Health, 1989)

(he climical course of the chloroquinc-associated pruritus (CAP) was first
descnbed by Ekpeclu and Okoro, (1964). 1t was characterised by a bitiag or
pnckimg sensanion affecting all pants of the body including the scalp, the pahns of
the hands and the sole of the feet. [t usually began within a few: hours of takmg the
drug and oflen continues for berween 48 and 72 hours irrespective of treatnient with
nntihistamines - It is usually severe enongh to inake sleep inpossible,
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effective treatment for severe malana in some parts of the tropics (Satako and
Aderouninu, 1987; White ¢t al, 1987, 1988). The drug sull remains the first line of
drug for the treatment and suppression of malaria because it 1s cheap, safe and well
tolerated at the recommended dose. However, CAP which 1s expenenced by some
individuals in the population considerably tunits the acceptability of the drug as a

suttable antimalanal and this 1s a cause of concem for both malanologists as well as
malaria patieunts.

\ Despite the relentless advance of parasite resistance, chloroquine remains an
I

The overall objective of the present study 1s to investigate the prevalence of

CAP and test the hypoihesis that the population distribution of CAP nay be
controiled by certain geneuc factors.
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1.2 PATHOPHYSIOLOGY AND INMUNOLOGY OF MAL. ARIA

1.2.1.  Biology of the Malaria Parasite

The disease in man 1s camed by four species of plasimodium namely:
Plasmodwim falciparum, P molariae, P. ovale and P. vivax (Bruce-Chwatt 1986).
The plasmodsuin are protozoan parasiles transinitted o man by anopheline
mosquitoes. The major vectors of the human malana are. A. arabiensis, 4. funestus
and A metas. P. falciparum 1s the most pathogenic agent of the huriai wnalanas
(WHO, 1984; Luzzano 1979). It 1s sinclly species specific preferentially
parasitizing human cells (Tnggs. 1973). P. malarige, P. ovole and P. vivax
infectsions have milder consequences. With the exception of P. falciparum; all the
other species are classitied as causing relapsing malana. Tlus 1s because they have
secondary exo-envilirocytic stage of development which provides a reservoir of
parasites for the re-nfection of the enythrocytes. Tlus can pive nse o a
recrudescence of symptoins months or even years after a clisucal cure has been
obtained by the deslniction of the asexua! fona m the blood. There 1s however,
evidence of a latent tissuc stage (hypnozoies) i the hepatic cells for P, vivax and
P. nvale and lack of exo-enythrocytic stage for . malariae (Bruce-Chwatt, 1986)

P. Jolciparum-caused discase 1s somctines called malignant tedian nalana,
because 1t produces a fulmnatmg wfection m non-unmune victims with spikes of
fever every tlurd day correspondmg to the bursting of the crythrocytes and the
release of the merozoites. Untreated falcipanumt malana i non-inmune incividuals
may rapidly progress 1o a fatal conclusion.

P walartec-caused discase is also refeired 1o as quattan malania because
spikes of fever come cvery fourth day. In West Africa, quartan malara s
associated with a Ingh wcidence of neplirotic syndrome

P. malariac 1s umque m that mfection can reiain donnant for many years
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P. ovale which 1s common tn West Afnca causes a rare form of relapsing
malaria. Its periodicity is sunilar to that of P. vivax. but 1t runs a milder course and
IS more easily treated.

The prunary host of the plasmodium parasites 1s the anophelfine mosquito in
which the parasite undergoes sporogony - a process of sexual reproduction wiich
results m the fonnation of motile sporozoites wluch are inoculated into the
circulation. The secondary host are the humans i winch schizogony cccurs - a
process of asexual reproduction. The asexual cycle occurs in two different places,
first in the tissues and then in the erythrocytes. They are referred to as exo-
erythrocytic and erythrocytic scluzogony respectively.  These resulis wm the
production of wmature scluzonts which break up to release inerozoites (Gamhan,
1966, Pratt, 1977, Wyler, 1982). The release of wnerozoites from nfected
erythrocytes marks the begimnug of the clinical features of inalana, of wluch fever
Is invariably a constam feature. The incubation pcnod is shortest for P. falciparum
(12 days), and louges: for . malariac (28 days) F. vivax has incubation period of
13-17 days (Brucc-Chwatt, 1971). Sowne strams show much tonger mcubation
pertod of up to mue momhs. Delails of lile diistory of the mdlana parasite can be
seen wm Fig 1.4 |
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1.2.2. Tmmunology of Malaria Parasites

Malaria unmunity develops foliowing invasion of the organism by
eythrocytic forms of the malama parasite.  There is however no convincing
evidence that the exo-enythrocytic stages have any significant effect on the immne
response (Bruce-Chwatt, 1936). ihe nnmunity appears to be acquired tosvards the
late stage mtracellular asexual crythrocytic parasites or towards the liberated
extracellular merozoites. It does not appear to have any obvious effeci upon
gametocytes (Hawking ¢ al., 1960).

Acquired nmnumty 3s both cellular and hwnotal.  There is also evidence of
complement activation m man (\WHO, 1990) Infected red cells aie removed from
circulation by inacrophages and phagocytosis. Human leucocyte antigens (HLA)
have also been associated with protective immunity agamst malana (Hd), 1992).
Antibodies which are species specific opsomze scluzoits-laden red cells and also
bind to inerozoites thus mhibiting 1wvasion into red cells. Antibody activity has been
found in IgG, IgM and IgA unmunoglpbulin {ractions of tirunune sera but most
predommantly m the JgG fraction. Scrum concentrations of lgG, lgM and |gA-
levels arc clevated early m the infection but decline raptdly and with prolonged
exposure, 1gG level is raised (Bruce-Cliwatt, 1986),

There 1s a degree of conuncn amgemcity existing among diflcrent species of
mammnaiian plasinodia. Protective immunc responses to malana are usually species
specific, although some cioss-protection 1s known especially i rodent systemn (Cox.
1970; Nusscnzweig ¢ ai., 1972) and they may also be stram specific. In Wesi
Afiica, over 90% wndigenes have dufly antigen negative red cells. Tius has been
linked with the resistance of West Atmicans to . vivax mfection (Miller ¢t af 1976,

1977).

In infants in the carly months of life, the mamfestation of malana arc usually
mild with low grade parasitaemia (Bruce-Chwatt, 1951; Salako ¢f af, 1990
Akindelc ¢ of , 1993), Tlus may probably be due to the fact that neonates bom to
imimune nothers are partially e by virtue of the persisting transplacentally
acquired matemal omibodies (Sodeinde and Dawodu, 1985, WHO, 1990) The
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protection in children decreases m the first few months of life and a partial immunty
15 acqusred by repeated attacks of malana (Bruce-Chwatt, 1932; Gilles er of, 1967).

The contimuous protection of non-tmunune persons with antimalanal drugs s
mandatory. Continuous regular chemosuppression in chitdren borm 1 malanous
area will not only reduce the lugh morbidity and mortality rates due to malana but
will also enhance the physical development. There 1s much indirect evidence to link
the eftectiveness of chemotiierapy with the e status of the host. Treatment of
nfected senmi-inunune ndividuals 1s effective with lower dose scheduies than those
required for infected non-unmunes (WHO, 1673)
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13 GENETICS AND MALARIA

1.3.1. Malaria and Sickle Cell Gene

Sickle cell anaemia (SCA) is a severe, chronic disorder characiensed by
recurrent episodes of excruciating pains in the limbs, back, abdomen or cliest
associated with fever, jaundice and anaemia which becomes very severe. Sudden
and cven life threatening complications such as osicomyelitis, pncumonia,
meningitis, cerebrovascultar accidents and renal mfarcts are coramon (Barret-Cannor
1971, Poriney and Heroson, 1972; Powars, 1973)

Sickle cell anacima 1s caused by the homozygous presetice of a mutant gene,
the S-pene. The gene product, the sickle haeinoglobin carries the amino-acid valine
mstead of glitamnic acid at the 6th position fiom the amino tenninal of the B-globin
chain. Tlis alicration causes ready polyimensation of the S-haemoglobin into
tactoids wiuch are stacked together 10 fonn {ibres or bundles of S-hacmoglobin
This distorts the cell to its characienstic sickle shape. Tlus sequence of cvents s
called the sicklmg process and 1s induced or enhanced by hypoxia, acidosis and
hyperosmolar states. Though it is gencrally reversible bul, 11 could become
irreversible. The sickled red blood cells are relatively ngid and cannot flow
through the capillary bed easily leading 10 1schaenua and 1ff sufficiently severe,
infarction

Sickle cell disease (SCD) 1s a broader tertn wlich includes SCA as well as
hacmoelobin S+C diseasc and S-B-thalasseimia  The latier two are climcally less
scveie. However, SCD excludes the sickle ecll trat {1.e. haemoglobin A+S) who
arc climcalty nonmal apart from a slight reduction m the ability to concentrate unne

(Taylor ¢/ al., 1978)

Most of the studies done v clildren mdicated lower piasite counts and
lessencd severity of malana tnfection m Hb AS when compared with Hb AA
subjects (Allison, 1961, Edington and Watson-Willimms, 1965. Gilles ¢t af., 1967,
Wallers and Bruce-Chwatt, 1956). Although some wutkers (Camevale er af . 1981,
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Michel e al., 1981; Hill, 1992) could not confinn this, Flenung ¢ a/ (1985)

reported that it could only be observed in non-unmunes, generally between the age
of six months and five years.

Several mechamsins have been postulated for protection of Hb AS irdividuals
froin nalana. 1t has been sugpested that the utilisation of oxygen by iiic parasite m
the red cell as well as the nonnal oxygen loss to the tissues could cause hypoxia.
This iduces increased sickling of the parasitized cell and its consequent reinoval
froin circulation by the reticuloendothelial systein (Miller er a/., 1956; Luzzatto e
al., 1970} The sickling may also be attributed to the loweriug of the intraceltular
pH by P. falciparum resulting from loss of potassiun ions. (Roth er al,, 1978,
Fricdman ¢t al, 1979). |t has also been shown that sickling children have
significantty lagher IgG levels than uon-sickhiug children. This inay nuply that the

trait enhances the antibody responses apatist malara parasite (Lucas and Gilles
1984)

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



3

1.3.2.  Malaria and Glucose-6-phosphate dehydrogenase
(G6PD: EC 1.1.1.49)

1.3.2.1 GOPD and the Red Cell

The ability to obtain energy by Kreb's cycle or synthesize proteiii is lost by
the mature erythrocyte as i1 1s without mitochondna. [t therefore obians enerpy
from the lugh energy compound Adenosine triphosphate (ATP} generated by the
Ebden-Meyerholf pathway (HHarries, 1963) for the mantenance of its structure and
ton transport across its nembrane, Under sleady state condittons, 95 per cent of the
glucose avarlable to the erythrocyte is inctabolised i this way and the remaining 3
per cent enters the pentose phosphate pathway which serves as the source of
reduced nicolmainide adenine dinucleotide pliosphate (NADPH). The reducing
potential of NADPH 1s required [or the imtegrity of the erythrocyte, manitatmng an
adequate leve! of reduced plutathione (GSH) which protects sulphhydiy! groups
agamst witrmsic and drug-induced oxidative dammage. GOPD is the first and also the
rate-limmig enzyme of this pathway. There i1s a substantial decrease m the activity
of GOPD with erythrocyte age (Rubiustein et af, 1956. Marks et al, 1958; Piomelli

et al 1968, Bienzle 1981). However, despite this loss of enzymne activity, nommal
old red cells contam sufticient GGPD acuvity to amtaim GSH levels m the face of

oxidant stress. About 0 1% of noanal G6PD actwity 1s required for the generation
of NADPII (Luzzaito and Testa, 1978, Kiwkman ¢ al., 1980)

GGPD 1s a ubiqurtous enzyme which has been found m every orgamsin and
tlissuc 1 winch it has been sought.  This is not surprisiug m view of us metabolic
role (Bicnzle 1981, Sodemde 1992). Apait from the produciion of NADPH
crythrocytes, 1 1s mvolved also in the synithesis of pentose for imcomporalion mto
huclcic acids (Luzzotio and Testa 1978, Sodeinde, 1992)

GOPD delictent erythrocytes have decreased cnzyine production, as & result
of accelerated breakdown_forination of molecules with decreased caalytic activin
or production of enzyme molecules with reduced strbility (Beutler, 1978, Bienzle,
1981) These abnonnahtics result i a heicrogenons group ot GOPD deficienca
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ranging from mild enzyme deficiency to alinost complete lack of enzyme activity
(Bienzle 1981). The enzymatic defect iy G6PD nediterranean is due to a greater
enzyime mstability and red cells of all ages are grossiy deficiem tn the enzyme
(Subliran and Glader, 1980) The deficiency of G6PD A-, the conunonest G6PD
deficient vartant 1s due to acceleraied breakdown of G6PD molecules (Bienzle
1981).

G6PD vanants of erythrocytes occur world-wide (WHQO 1966, 1967;
Livingstone 1967, Luzzalto and Batustuzz: 1984). The genetic vanability of G6PD
iIs only second 1o hacinoglobu (Luzzaito and Testa 1978). Somie are sporadic te.
only few cases encountered winje some are polyinorphic i.e. when the fiequency in
a population 1s above 1%. The existence of different variant was established on the
basis of red cell enzyine activity, clectrophoretic inobility, the Michaelis constant for
its substrate, heat stability and pH optimum. These are the major types of vanants
found atnong the blacks viz:

G6PD B:- Commonest and found al! over the world. It shows nonnal
enzyme activity and is not associated with haeinolysis (Boyer et
al 1962; Yoslnda 1966)

GOP’D A:- Hasa slightly reduced but chimcally nonnal enzyine acuvity, [t
does not cause haemolysis. 1t is found m Africa and populations
with African ancestry. 1t has a faster clectrophoretic mobiity
than the B-tspc (Yosluda 1967)

G6P’D A:- Commonly found m populauon of African origm (Beutler 1979)
It results i @ nuld enzyme deficieney associated with
hacmotvsis. Its electrophorcetic mobtlity 1s identical 10 that of A-
type (Beutler 1978)

L 4

Under ccnam dictary conditions like mgestion of Vicia fava beans or alier
iccatimenst  wilt  certain ann-malanal drugs  like  prunaquime, the genetically
determined enzyme deficiency mupairs the nonsnal metabohie funcion of the
erythrocyte, Tlus causes its premature destruciion and thus mamfests as a <evere
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haemnolytic anaenna especially in children (Motulsky 1960, 1964, 1965: Motulsky
and Campbell-Kraut, 1961, Livtngstone, 1971, Alltson, 1975). Other factors that
could preaipitate haetnolysis m GOPD deficient persons especially neonates are
cxposure to menthol or camphor

(Olowe and Ransome-Kuli, 1980). Septicaemma caused by certamn bacteria like £.
colt, S. aurcus or albus has also been nnplicated (Etfiong and Laditan 1970).

G6PD deficiency 1s mherited as an X-linked disorder (Marks ¢t al., 1961),
There is therefore a lack of father to son transmission (Gross ¢i a/., 1958; Childs et
al 1958), Because of the X-linkage, a full expression of the trart occurs ni
homozygous females and henuzygous males m whomn the X-chrotnosomes present
carry the inutant gene. In heterozygote females, 1wo diffcrem biochetnical types of
the enzyinc can be seen in two cell populations with an approxunately [l ratio. 72
This ratio may vary depending on the ume of mactivation (Lyon 1961). Such
vanations have been reported by Luzzatio ¢ af (1979).

1.3.2.2. GOPD and Malana

Evidence so far shows that all ithe populations 11 winch G6PD deficiency 1s
{requent have been exposed to inalana over extended penods of tmie (WHO 1967,
Luzzatto 1979). Tlus has led to the suggestion that the deliciency may' confer
selective advantage under ccetain conduions.  An exception was scen ni the
indigenous Amencan population who do not have GOPD dcticiency in spite of
malaria endemicity.  This could be because the G6PD gene cannot bcome
polytnorplisc 1 a population if it did not get there by nugration or anse i siwu by
mwmation (L.uzzatto and Battistuzz 1984)

Mbolara morbidity and mortality 15 expected to be lower m camers of G6PD
A’ gene either in the heterozygous, homozy'gous or henizygous state. Allison and
Ciyde (1961) and Gilles ¢+ i (1967) found significantly lower parasite counts in
young enzyme-deficicn Afncan clildren.  However, Martin of af (1979) and
Krugtrachue ¢r af (1962) could not demonstraic tlus, Bicnzle ¢ af (1972) tepoited a
significantly: lower parasiaeima i heterozygous females with genatype Gd*/Gd"
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(but not G*/Gd*) than in G6PD nonnal or delicient subjects, inale or female. It
was then concluded that like the haemoglobin S heterozygote, the heterozyvgous
GOPD deficient females are partially protected against malarial infection and tlus is
probably responsible for the tnainlenance of polymorphic frequencies of G6PD
deficient genes m nalanous areas of Africa (Bienzle ¢t al 1979).

The cellular mechamsin by wlich heterozypous fenales are piotecied from
the inalaria parasite has been well wmvestigated wi-vitro using the established
continuous culture of P. falciparum (Trager and Jenson 1976), Friedman (1979)
found that P. falciporum grows equally well it nonnal as in GO6PD deficient red
cells under standard culture conditions but growth was sigmiicanily impaired under
oxidaltve stress imposed by higher oxygen tension. Lnzzaito er al (1983) tned (o
explain why 1t is the heterozygous female rather than hemizygous delicient males
that are protected from nalana, They showed nonisal invasion of both nonnal and
deficient red cells but maturation was delayed and unpaired n deficient red cells.
But after several passages, the parasites adapied and no difference in maturation
was obtained. Tlus is why hemmzygous wnales and homnozygous females are nol
protected. But i heterozygotes this adaptauon would be fiustrated each tune a
parasite emnerging from G6PD nonnal cell happens 1o nivade a deficiens cell. This
would Dkely hmit significanily the probability of life threatening levels of
parasitaenia being reached i these subjects (Bienzle ¢1 of, 1972)
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l.4 HISTORY OF CHLOROQUINE

Chloroquine, 7-chloro-4-(4-diethylammo-i-methy-butylamino) quinoline is a
4-aimmoquinoline autnnalanal sclwzonticidal compound. It has trade names and
code designates as follows

Chloroquime diphosphate. Aralen, Arloctor, Bemaphate,
Chinamme, Gontochin, Resochin, Resoquuie, Klorokin etc.

Chloroquie sulphate: Nivaquine, Nivaquine B,

Chloroquine was synthesized m 1934 wm Genmany during a search for
antitnalanals in preparation for an impending war by Andersag in the laboratory of
Bayer Company in Elderfield. It was tested for antunalanal activity but in 1935,
was thought 1o be too toxic for human use and then discarded (Coatney, 19€3). In
view of this, during the second world war, in a systematic search for synthetic
antimalarial compounds, chloroquine was one of the twenty-five different 4-
aimuoquinoline derivatives which were obtained by Unmited States of Amenca
workers. Finally, a compound designated SN 7618 (later named chloroquine) was
selected as the most prounsing - only to discover a few months later that it was
identical with the compound patented in Genany and the U.S.A. under the naine of
Resoclun. Preliminarvy clinical studies showed it to be more potent and less toxic
than mepacrine. It was also found to control the symptloms of malaria more
promptly and 1o clear the peripheral blood of malaria parasites more rapidly than
mepacrine  Tiic latent period for relapse was found to be longer at concentration
within a imacgin of safety much greater than either mepacnne or quinine.

Chloroquine was first prepared m the fonn of a dihydroxy-benzoic acid
derivative, but since then a less toxie 3-methyl denvative (santoquine) had been
synthesized in the United Siates of Anenica, An official pharmacopoceial namne of
chloroquine was finally adopted for the chemical.
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1.5. CHEMISTRY OF CHLOROQUINE

Chloroquine 15 a synthetic compound having a quinoline ring similar
structure to that of qtnmme. It 1s chemically known as 7-chloro-4-(:}-diethylamsno-!-
methylbutylamino) quimoline. 1t contains an assynetric carbon atom (asterisked)
Fig. 1.5.1. Thus &t has two isomeric forms ‘d’ (dextro) and | (laevo). It occurs as
white, bitter crystals with meltng pomt belween 86 and 87°C. The molecular
weight of chloroquine base is 320, chloroquine phosphate 516 and chloroquine
sulphate 438. It 1s soluble i organic solvents and dilute mineral acids but sparingly
soluble w water. Chloroquine is a quinoline contaming iiitrogen atoms in the
molecule, the 4-aimno-group on the quinoline increases its basic propecties hence
chloroquine 1s a strong base (pKa 10).

Chloroquine contains the same alkyl side chatin as quinacrine but differs from
the latier n possessing a quinoline instead of an acndine nucleus and in facking the
methoxy radical. Chloroquine dilfers from prunaquine, pamaquine and pentaquine
by the position of the alkyl side cham and in having chlorine instead of a methoxy
nng substituhon. The ntroduction of a hydroxy group on the side cham, for
exaple m an ethyl group of the tenninal rutrogen (c g. as m hydroxy-chloroquine)
reduces toxicity but produces ligh blood levels as a result of low volume of

distribution.

The dextro (d), laevo (1) and ‘di* fonns of chloroquine are indtstingmshable
in potency tests in duck malana, but the 'd’ 1somer was found to be somewhat less
toxic than the ‘' isomer in manunals (Goodinau and Gilman, 1980). Pamaquine,
hydroxychloroquine, santoquine and ammodiaquine are all chloroquine denvatives

(Fig. 1.5.2.)

The chlorine atom in the 7ih position of the quinoline nucleus appears to be
crucial for the antinalanal activity of the 4-anunoqumiolines. Methyl substitution m
position 3 of the nucleus as in santgquinc reduces the activity and further methyl
substitution n position 8 completely elinmmates the antunalanal activity (Berhner ¢t

al 1948; Coatney ¢/ al 1953).
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1.6 MECHANISM  OF THE ANTIMALARIAL  ACTION OF
CHLOROQUINE

& Chloroquine 1s known to conceutratc nore in plasmodium-parasitized
~ crythrocytes than unparasitised ones (Macoinber ef a/ 1966), It is effective against
asexual erythrocytic forus of all the four human plasinodia species, It is also
effective against the sexual fonns of . malariae, P. vivax and P, ovalz. It does not
however excn any appreciable biological effect on the pre-ciythrocyiic parasite.

The mechamsin of action of chloroquine has not been fully elucidated
Vaious mechamsms interact m the cventual schizonticidat action of chloroquine,
All hypotheses proposed ceutered on the observation that  chloroquine s
concentrated 10 the food vacuole or lysosomne of the parasite.

Flomewwood and Warhuest (1971) put forvard a physico-chemical explanation
that chloroquine possesses just the right coinbination of lipid solubthity and ability to
become doubly protonated 10 pennti 1t 10 pass from the secrum nito the trophozotte
phagosomes wwhich are nonnally mamtamed at acid pH which 1s required for
optuntnn functiotung of the parasiies proteolytic enzyines, The muial uptake of
chloroquine by cells and drug sensitive parasites 1s thus very apid and energy
independent (Mackenzie, 1970). Kramer and Matusik (1971) suggested that the

high affimty binding sites are associated with the parasite membrane

Fletcher and Macgraith (1972) observed that chloroquine iniercalates wath

I plasmodial DNA. It was also obsenved that chloroquine inhubits the uptake of H
! adenosine by trophozoites m shon culture,  Siudies have showu that chioroquine
and its congener form a complex wilh DNA that prevents DNA from acling asa
template for ils own replication or transcription 1o RNA (Hahn, 1975, Kwalungo-
Berlin and Mehnizh, 1990). Allison ¢ af (1965) and Cohen and Yielding (1965)
found that chloroquine inlibits markedly DNA polymerase and RNA polymerise 1o

a lesses cxlent, by combining with the DNA polymer. It hag been postulated thiat the
quinohine ring of chloroquince 1s msested between the hase paini of the DNA double

hehix so 1hal the chlorine atom m postion 7 of the quuwhue ring lies o close
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pfoximily to the 2-amino group of guanine in a guanine-cytosine base pair. The
diamimoaliphatic side chain of chloroquine lying across the minor groove of the
DNA helix ties the two strands together by interacting ionically with the phosphonc
acid proups of both sirands. The elcctronegativity of the substituent at position 7 of
the quinoline ring appears to be critical to the stability of the complex. The length
of the side chain bridging the munor groove of the DNA helix 1s also critical
Antimalarial activity is maxunal svhenthere are four carbon atoms between the two
mtrogen atoms in the side chain, whereas a side-chain with 3 or 5 carbon atomns
instead of 4 has only two-thirds of the antunalaniat activity of cliloroquine and a
chaiu with 2 or 6 carbon atoins exhibits only one third of the activaty. The selective
toxicity for the malarial parasites musl therefore depend on a chloroguine

concentration mechanisin

Syudies have shown that chloroquine by viriue of ns weak base propeities
accumulates in the food vacuole and phagosoines wluch s analogous to the
manunalian lysosones. This leads to deplction of the acid radicals with the
cesultant alkabinisation of the food vacuole (which is nonnally acidic) by the
concentrated dnrg wiath concomitanii mterference with the function of the digestive
enzvines thereby leading (o impainnent of the digestion of haemoglobin and
subsequently, a drastically reduced supply of amino acids to the parasites. These

would theti stimulate autolysis of haemoglobin by depriving the cell of its main
amino acid source whicli m tum resulls in the fonnation of haemozoin chimping and

death of the parasiic {Warhurst and Robson, 1971 Krogstad and Schlesinger. 1987)

I are efective aganst chloroguine resistant

strains of wmalana were found to antagomise the chunping produced by chloroquine

i1 a comnetitive ihanner (Peters ¢f ol, 1975). The phagosomes becone labile with
¥

higher drug concentrations, thus permiiing leakage of the phagosome conietits 110
the general endoplasin of the parasite. Thus influence on the energetics of the

parasites may also be responsible for inlibitory effects of chloroquine, quiune and
prunaguine on amno acid incorporation and other metaboltc processes of the

matana parasie

Quimne and mefloquine wluc
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The mechanism of preferential accuinulation s unclear, a number o
hypotheses have been nade  Fitch (1970) thought that there must be paiticipatior
of Ingh-affimty receptor sites for the process, Fitch {1983) reported that chloroquine
binds to ferriprotoporphyrin [X, a breakdown prodtct of haetnoglobin which is toxic
to the cell. The resultant conplex is toxic and usable to be sequestered as hacinatm,
the black pigincnt of the cell and hence lysis of the parasite occurs (Orjih er af,
1981, Yayon ¢r «f, 1985) as the complex unpairs the ability of cell rnembranes (o
mantain cation gradient (Banyal and Fitch, 1982). Chloroquine is also showa to
nlibit the degradation of endocytic vesicles in human malaria parasiies, which are

then stanved { Yayon and Gunsburg, 1983).

The phannacological and phanuacokinctic properiies of antimnalarials have
been suspected to have u great elfect on the development of drug resistance (Peters
1967), Other factors postulated 1o be responsible for the emergence of resistant
strinns include the nususe of drugs, the repeated ircatiment of groups of individuals
with infrequent or inadequate dose regunens associated with seveniy of rhe parasite
challenging the nminune status ol the host (Peiers, 1982, Walker ¢z af, 1983). It has
been shown that chloroquine 1s ot well concentrated m the food vacuole of
resistant cells (Fitch, 1970; Macotnber ¢f al., 1966, Krogstad ¢/ af,, 1987). Martin
¢t al (1987) shovved that the chioroquine resisiant phenotype could be inhibited by
incubating parasites in the presciice of verapamil, a calciuin channel antagonist

Fiich (1989) postilated the existence of a drug receptor in parasitized
erythrocyles. He obsencd that the minal uptake of chloroquine mto the
erythrocytes produces a sicady state distnbutton within minutes and satuzation lakes
place at a relauvely low conccntraion of ihe drug m the extemal mediutn
Subsirates have also becu suggested 1o play an unportatit role i the nechanism of
drug resistance 1o chloroquine since they are required for achive transport or
provision of a drug receplor or some other components mvolved i the drug biading
or accurntnulation. Fitch ¢1 af (1974) obsenved that glucose, glycerol, pymuvite and
lactate stimulate the drug binding while ionoacetate and dinitrophenol was showi (o
passess an inlubitory effect The ATP concentration has been shown (0 licrease in
both sensitive ond reststant parasies when glucose and glveeral are used as

subsiriite
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1.7 SOME OTHER PHARMACOLOGICAL ACTIONS OF
CHLOROQUINE

Chloroquinc has anti-mflammatory cffects that have been useful in the
treatinent ol rheumatoid arthntis, mtestal and hepatic amoebiasis and dernnatoses
ltke discoid lupus erythematosus (Goldman ¢f al., 1953, Mackenzie, 1970, Stllinan,
1981). The mcchanism of the antt-ieflammatory action is nol clear it also has

antilustannnic, anticholiesterase and anti-protease properties.

The anti-milammatory action of chloroquine probably derives from effects on
membrane stabilization of lysosomes (Weissmann, 1964). Chloroguine has been
found to penelrate the cells and accununulate m the lysosomes (Zvaifler, 1964),
leading to the reduction of the activuy of severzl lysosomal enzynies (Weissmana,
1965. Wibo and Poole, 1974). Tlus inay partially inhibir the polymorphonuclear
lcukocyte comnibution to rhewnatoid mitammation (Mackenzie, 1970). Ward
(1966) also showed that chloroquie 1tiubiied both cheimoraxis and phagocytosis i
the granulocytes. Chloroquine has been deinonstrated to mlubit cyclo-oxygenase in
gutnea-pig skin (Ruzicka and Printz 1983)  An anti-inflanxnatory action would thus

be presutned through the blockade of prostaglandin syuthesis

Olatunde (1976) reporied that chloroquine appears 1o inhibit a nusnber of
enzymes wlule stimuiating a few and that most of the enzyines affected by the drug
are non-microso:nal enzymnes. Chloroquine uhibis alcohol dehydrogenase and
glutamic dehydrogenase compennvely. Chloroquine also mlubits imidazole N-
methy! transfersse by 39% at concentration 10°°M while [0°°M produces conplete
mhibition cf the enzynes. One of the enzyme systeins concemed with meluun
production - the tyrosine oxidase sysiem s uthibited by chloroquine m tadpoles and
an abnonnal brown pignent was produced by ireated anumals (Peters 1970). Tlus
may be the mechantsin by which chloroquine produces achromotriclhia 1. whiteness

of the hair after prolonged usage

Akubue (1975) described the antihistanutuc propenty of chltbhoguine  He

showed that chloroquine at low concentrations 18 a Specific antaguniat Of
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lustamine, probably by a competitive antagonisin.  The pAr-pAyp value for
chloroquine using histamsne as the agomst in 1solated gumea pig ileuin was 0.7,

Chloroquine depresses and finally blocks neuromuscular transtission. It also
depresses the action potential w the axous withoul changing their wembrane
potential (Chinyanga ¢t a/., 1972). They suggested that the probable inechantsm of
action was by depressing the sodiuin conductance inechanism in the axon terimnals

Vartanian (1974) suggested that both direct depressant cfiect upon the
cardiac inuscle and sinooth muscles of the blood vessels as ol as central effect on
sympathetic nervous systen will - account for the wmebranogenic effect of
chloroquine. However, it has been suggested that the cardiovascular collapse due to
chloroquinc toxicity is mainly due to its direct depressant action on the heart rather
than vasodilation because there was no significant change i the nean arntenal

pressure in this condition (Olatunde 1971)

Chinyanga ¢t af (1974) observad that chloroquine depressed the spontancous
contractionts of the oestrogen priied nierine muscle as well as inhibits the uterus
stimulated swith osytocin and high potassiuin solution. The inlibition of porassium-
depolansation was dose-dependent and tie-dependent, and was rapidly reversed
by increasing the calcium: concentration in the bathing fluid.  They therefore
suggested that the action of chloroquine on guinca-pg uterus, I cither normal
physiological soluijon or potassiuin-depolasizing solution, was manifested by

antagonisin of calcuun entry through the cell memnbranes.

The focal anaesthetic action of chloroquine which has been reported In
literature {Tanenbauin and TufancHi, 1980) may be accounted for by the effects of
the diug on neurotransinission at the neuromuscular gunction as well as ihe

membrane stabilizing cflects 0 (the drug
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1.8. PHARMACOKINETICS OF CIHILOROQUINE

A lot of pamstaking research and review has been done on the
phannacokinctics of chloroquine especially i aninals and caucasians, and recently
in black Africans. McChesney ¢t of (1967a,b,c) showed that chloroquine
metabolisin ditTers in dilferent animal species <. monkeys diller from man whereas

the metabolisi is almost snnilar in rats and man.

Chloroquine 1s rapidly and almosl completely absoibed from  the
gastromtesunal tract afier oral adwimistcation in healthy adults (Gustafsson ¢ af
1983) and children with uzcomplicated malana (Adelusi eral, 1982).

Peak concentration of up to 600ng/ml weee reached i 24 hours after drug
adminisication (Adelusi ¢/ al., 1982, Gustafsson ¢f al, 1983; Frisk-FHlolmberg ¢t al.
1984: Walker ¢t al., 1987, Winte ¢t al, 1983). Tie bioavailability of the dmg
relative to parenteral treatinent was 70% s adult malaria patients (White &t of 1987)
and 75% m healthy adulis (Gustaisson ef al. 1983). Identical plasma or whole
blood concentration profiles were observed after iramuscular and subcutaneous
adwmimstration of chloroquine. (While ¢ ol 1987, 1988). Peak concentrations in
severe malaria is usually reached willin 20 minutes and can be as short as 3
minutes. This results i iransiently high (500-3500 ug/htre) and potentially toxic
blood concentrations if doses of $ mg base/kg or larger are given (White ¢ al,
1988). It 1s presuined that formulations winch retard slightly the rate of absorption
after tntraguscular or subcutaneous adinnistration could be safer (Prakongpan al,
1989). Studies with chloroquine suppositories suggest that rectal bioasvalabihty ts
less than half that of oral chloroquine but sustained therapeutic blood concentrations

may be achieved (WHO 1990).

rbuted int0 vanous tissues of the body and
(ssues \aries {Adelusi and Salako, 1982a.b,
an ot ol 1972). Beiliner of af { 1948) showed
ed those ni the plasina  Chicsogquine
ns and tissucs hike thase of the cyes

Chloroquine is extensively dist
that affinity of the drug for different

Frisk-Holinberg ¢f af., 1984, Grundm
that the concentrations the hissues far exce
has a lngh affimty for melamn producing oipd
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and skin- Ascorbic acid was repoited 1o cause a decrease lissue retention of
chloroquine (McChesney ¢r a/ 1965). The reported exceptionally large volume of
distribution of chloroquine (about 200 times the total body fluid volune) has been
ascribed 1o 1ts extensive tissue distribution and binding (Guslafsson er af,, 1983,
WHO, 1990). Despite its lugh tissue affinity, chloroquine is poorly bound to plasima
protems. It is about 55% prolem-bound m plasima (Adelusi and Salako 1982c;
Walker ¢t al., 1983a). It binds weakly to «-l-acid glycoprotein aid albunun
(Walker ¢f af 1983a), However, protem binding is unlikely 10 be an jinportant
detenmmant  of chloroquine  phannacokinetics or  response.  Chloroquine
concentr;ions i the cerebrospmal {luid are very low with a mean of 27% of
corresponding whole blood concentrations (Wlite er al,, 1958),

Erythrocyte concentration of chioroqnine and ather antimalarsals 1s of greal
terest since the inalaria parasite is intra-erythrocytic during the acute malana phase
of its hfe cycle Studies show a markedly ligher chloroquine concentraiion in
enythrocytes than plasina (Berliner ¢t af 1948, Frusk-Holmberg e of 1979, Adelusi
¢t al 1982) Peak chloroquine concentrations occuired i erythrocytes and plasina
al the same time (Adelusi ¢r af 1982; Guslafsson er al, 1983). By conlrasl, peak
chloroquine concentration was reached at different hmes i difierent organs like the
heart, lungs, kidney and liver. Thiese tunes were different from those of plasma and

erythrocytes (Adelusi and Salako. 1982a,b)

Bergqvist and Doneji-Nyberg (1983) showed thay the leucocytes and
thrombocytes concentrate far nore chloroquime than the erythrocyles. Tins 1s why
senun chloroquinc concentrations is usually lugher than those of plasma smce
thrombocyies release chloroquine during the cloiting process (Rombo 1984)

1.8.1 Chloroquine Metibelism

Gandette and Coatney (1961} demonstrated the presence ol an ensvin
systein (hat catalyses the mctabolism of chloroquine i rabbrt jiv€r  homogenate.
Chlosoquine undergoes opprecisble mctabolism 1 the body of man and anumals.
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Drugs that iahibit the actions of liver microsomal enzymes prolong the half life of
chloroquine (Bowman and Rand, 1980)

Chloroquine is etabolised by side chain de-cthylation leading first to the
formation of the major metabolite, desethylchloroquine and later
bisdesethichloroquine winch is a prunary amine that can undergo deamnation (0
Form an alcohol, the 4-hydroxy! compound which then undergoes oxidation (o fonn
the 4-carboxylic acid denvative (Fig. 1.8.1). Successie dealky!ation of the side
chain ulinnately leads to the compound 4-amino-7-chloroquinoiine (Kuroda 1962,
McChesney et al 1966). Essien (1978) reported the presence of chloroquine-N-
oxides (1V) and (V) as impostant inctabolitcs in urine of patients 3-24 hours after
chloroquine mgestion

The quinoline nucleus of chloroquine 1s resista to depradation
Descthylchloroquinc has been shown 1o he active agamst P. falciparum
(Aderounmu and Fleckeistein, 1983) but less active than the parent compouud and
also is eluninated more slowly (Gustafsson ¢f al. 1987). This suggests that some
ietabolites of chloroqume might coniribute partially to 1ts antimalarial activsty

Desethylchloroqmue and chloroquine has been reported to have the same
distribution profile and tissie binding (Fletcher ¢t af, 1975, Gusmfsson.cr al., 1983},
Walker ¢f al (1983b) reported the detection of desethylchloroquine in plasma 30
minutes after the adiniwstration of 10 mwkg chloroquine. The descthylchloroquune

reached peak concentraiion between 3 and 2 hours which is also the same for the

parent drug. Iis concentration remained at about 25-40% of that of chloroquine alter

peak concentralion has been reached

Chloroquine is eliimnated ¢rom the body very slowly such lh_at the drug and
its inetaboles can be detected in plasma for 21.60 days aﬁ_er a sm’gle dgsc of §
mp/kg depending on the sensillis-‘:ly. of the assay ullethod. 'lhe.declllml: ?i plas:!u::
chloroquine conccutration with time a.ller a smg!e_ dose ||s p'ctyl)cggoulcn h
supgesting a multicompartmental distribution The decline cf)-t IllniC) _ed:i;: t'p. f:s:n::
chloroquine concentration afier peak level has been reached qu cI :alm_ a|u ¢ ; me
a steady equilibrium is reached quickly betsween the two mcdia, winch are thereior
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regarded as a single compartiment with respect to chloroqutne (Adelusi et al 1982,
Gustafsson ef al- 1983) However, the decline phase for vartous tissues drverge
away fram the plasma curve with tune. These tissues are therefore regarded as

separate compartinents with slower elinunation rate constants than plasma

Chloroquine 1s associated with a long half life.  Various half-lives have been

reported by different nvestigators after oral administration. This ts because the
determmation of the half-life of a drug depends on the tdentificalion of the true
tenmnal log linear elimmation phase which is difficult to obtaiai with chloroquine in
view' of 1ts continuous redistribution from tissues stores to plasina over weeks, It
would also depend on the sampling tine and sensitivity of (he assay mcthod. Half
lives of between 7 and 12 days have been reporied (McChesney ¢r al 1967a;
Brolwlt ef at 1979, Adelus: ¢t al 1982, Gustalsson ¢t a/ 1983: Walker et al, 1987).

Chloroqune 1s clunmated both by 1etabolisin and renal excretion
(Aderowiinu ¢ al., 1980, Walker ¢t af, 1987). Both chloroquine and
descthylchloroquine are reinoved mainly via the kidney. The renal clearance is
substantially greater than the glomerular filtration rate. [t s therefore suggested that
renal excretion of chloroquine probably takes place by both glomerular and tubular
secretion. Adcrouninu ¢t «f (1980), Gustafsson ¢t al (1983) and Walker of al
(1987) showed that urinary excrelion of chloroquine and desethylchloroquine afier a
single oral dose is greatest during the first 2. hours. Berlincr ¢t a/ (1948) found that
after oral administration of 0.4 g of chloroquinc disulpliate, daily faccal excretion
was 8% and urinary cxcretion 4% daly. Jader et af (1949) showed that the
urinary excrciion was 23% of the datly dose and that the urnary excrction was
decreasced 10 13% by concurrent adimnistration of 20 g of sodiun carbonale per day
whercas 8 g of anunoniwim chloride given daily increased urinaty cxcrction to 35%.
Salako ¢f al (1984) reported that the elinination of chloroquine is reduced n renal

farlure but tlus s irelevant in alaria therapy:

Frisk-Holinberg ¢f al (1979) reported 1that chloroquine cxlnbited a dose-
dependent kmeties.  However, the studies of Gustafsson er al (1983) and
Aderouninu and Lindstrom (1983) indicited that the kmetics of chloroquue are
Imear  Fletclier ¢t al (1975) and Price-Evans ¢r o/ (1979) observed differences In
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the chloroquine excretion between racial groups followmg admmistration of
chloroquinie. They therefore suppested that the differences nught be due 1o genetic
control svhich might be polygenic  However, Walker ¢t af (1987) showed no

difference in the phannacokmetics of chloroquite between caucasians and black
subjects,
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L SIDE AND TOXIC EFFECTS OF CHLOROQUINE

It has been reported that oral admumstration of therapeutic doses o
chloroquine produce vanous mild and transicnt side effecis such as headache
dizziness, difficulty in visual accommodation, weakness, and itcling ¢Salako, 198
Gustafsson ¢t al, 1983, Wiselogle, 19:6; Doruhorst and Robinson §263; Olatunde
1967, 1969). Bleacling of hair, skin rash and mild gastro-intestinai symptoms such

as nausea and voirting have also been reported

Parenteral ar mumstranon of chloroquine using appropnate dosage in malaria
patients has been icooried to cause death (Williams, 1966: Gilles, 1966: Olatunde,
1970; Tuboku-Mctzger, 1984). Chloroquine poisoning by the oral route has also
been rcported of some patients who died hours after ingestion of large dose of
chloroquine (Robinson er af 1970). Parenicral chloroquine is a potent vasodilator,
hypotension therefore occurs as a result of ilic transieutly high blood concentrations
that follow diug admmmstration (Looareesuwan ¢t al,, 1986, Wlite ¢t af,, 1988).
The dcath occurming as a result of chloroquine adimwmistrazion may be due to
cardiovascular collapse as a result of cardiac depression and extrenie vasodilation
(Olatunde 1971). Cardiovascuiar toxicity is most likely 1o occur following the
inadverient admimslrat:’:m of a large dose of the drug to severely ilf clildren (Wlute
et al , 1987), especially as Walker ¢/ af (1983) found substantial plasii chloroquine
levels i cluldren with pyrexial illness before treanncnt.  Ahhough most cases of
cardrovascular abnonmalities have (ollowed the parenteral admnnstiration of the
drug. Ol ¢ o/ (1980) reported cases of heart block n two panents on chrome

treatinent with the drug. The cardrovascular cfiects of chloroqumie tnay' probably' be
related to its chemical sonilanity to quundine. Thus 1t depresses myocardial

contraclility, depresses cxcitability and conductivity of cardiac muscle and produces
penipheral vasodilation (Salako, 1984)

Ocular toxicity, has been reported in thosc who received lugh doses of
chloroquime for long period of timie for the treatment of systennc lupus enhmatosus

(Carr, 1986, Henkind and Rothfield, 1963) and 1halana prophylaxis (Verdy 1975)
The mechanism of chloroquitie-induced retmopathy s unclear but 1t 1s widely
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presumed to be associated with melanm wtuch is abundanmt in retmal tssue
However, Kuhn ¢t al (1981) found that flunitrazepam, winch 1s similar 10
chloroquine and has affinity for melanm 1 retmal cells did not mduce chloroguine-
like retinal changes after long-tenn admimistration to cats and mice while
chloroquine under similar conditions mduced changes. It was therefore conctuded
that the retinotoxic effect of chloroguine may not be the result of its affinity for
melanin-contaming tissucs and that the affinity of a drug for melamn-comaiming
lissues is not a sufficient reason for reparding 1t as potentially hianaful to the eye.

Abnormal involuntary’ movements similar to those ihat occur in Parkimsonisim
have been reporied in some patients treated with chloroqumc and other 4-
aminoquinolines such as amodiaquine (Akindele and Odejide 1976: Umez-Eronini
and Erommi 1977; Smghu ¢t af, 1977). The mechanism for chloroquine-induced
mvoluntary imovements has been supgested by Majundar, (1977). fle postulated
(hat melanin is derived through the pathway. phenylalanine - tyrosme - dopa -
quinone - melanin. It s inferred that chioroguine will atso bind avidly to tissues nich
in dopaminergic receptors because of the structural relationslup between dopa and
melanin. When tlus happens m the wigrostnatal system, dopaminergic transintssion
in this system may be blocked leading to mvoluntary movements. .Osifo (19'{9)
however proposed another mechanism based on the weak but specific adrenergic-

neurone blocking action of chloroquine.

Mild neuroiuscular disturbances, usualfy' mamfesied as muscle weakness arc
common during oral treatment of mataa with chloroquine A fcw_ patients
receiving chloroquine parenterally also complatn qt’ dlploplal afld (.jlﬂICllll)' m
nccommodation, These reactions are ransient and disappear withine thirty mmutes
of admiustering the dmig (Gustafsson ¢t o, 1983). _Polyncuropalll)-. winch
somelimes occurs during Jong-tent treatment with chloroquine genrally resolves on
tenuinating the therapy (Marks 1979). Chloroqume mnduced necuropathy could be
duc 1o action of the drug on the nesve, muscle or neuromuscular junciion {Argoy and

Mastalgia, 1979).

have been repoited 1 some patients adnimistercd

ac  eftects -
Ototoxic d Mukherjee 1979) and developing eis when the drug

chlotocuine (Mukherjee an
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15 1aken by the mother during pregnancy daily for up to the sixth week of gestation
(Hart and Naunton 1964) it has been shown experunentally that chronic
admmistration of amphophilic drug e.g. chloroquine leads 10 an accumelation of
lysosomes of different types contammng phosphobipids i the mner ear (Bichler and
Sponcndlin, 1980). Hence the ototoxic eftects of chloroquine may' be due to its
capacity to produce lipoidosis o fthe wner ear

One important side-effect of chloroquine wlich occurs after the
adintnistration of the therapeutic dose of the drug for malana treatineni 1s “prumtus’
(Berliner et al. 1948, Craige ¢t al, 1948 Ekpeclu and Okoro, 1964. Olatunde,
1969, 1977; Abila and lkueze 1989). The reaction 1s inore comenon among blacks
taken chloroquine for the treatnent of inalana. The reacton is discussed in detail m
the next section
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1.10 PRURITUS

Pruritus (itching) has been described as an unpleasant cutancous sensation
which provokes the desire to scratch or rub the skin (Osifo, 1989). Shellcy and
Arthur (1957) showed bistologically that the itch point is a point of density of fine
fibre endings in the sub-epidermal area, and that stching 1s believed 10 be mediated
by the fine umnyelinated C-fibres Casual physiological clhng has been associated
with the concept of spontaneous itch (Rothunan, 1954) wlhich can be disinguished
from pathological itching which ofien accompanies skin discases and has also becn
associated with itching hyperexciability

Conscious perception of tchis subjected 1o psychic modulation, while mcuial
distraction may depress itch perception, mental alertness and boredom may mtensify
itch with the sane amount of pruntogemic st us (Conmia, 1952). Progress on the
evaluation of the pathophysiolo) of pruntus has been very slow when compared
with pam which employs the same neural mechanism as stch This is probably
because there has been no s) nihene or naturally occumng pallianve with specificity
for severe itch such as morphiue for pam relief. Thus there 1s no specific lead to
follow for dcvelopment of ncw antipruriic agent (Osifo, 1989). Also cmpmncal
screcning for antipruntic agents has been difiicult because of the absence of any

reliable and widely accepted sub-hwnan model of pruritus

. - v, . .
1.1 1 Chlur'uqumc Associnted Pruritos

runties (CAP) was described by Ekpechi and Okaio

(1964) as "an entirely subjectine reaction that 1s charactcnzcd_b)* a widcspread
pricking scnsation ailectmg mainly ‘lhc hqnds, feet and scalp mv both tnalc an.d
female adult patents It 1s predominatit blacks who had received l!lel'apc‘uhc
doses of chloroquine {or clinical malana The prurilus was dcscpbed as htuing tr_om
one part of the hand or foot to the other. each sensation deiminding wisiant ateention,

wot of 1ypical scratching bu of rbbmy or ntercly patting whe affected med

Ch!oroqm’uc-assoclalcd P
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The reaction usually begins 6-18 hours after oral admitmstranon of
chloroquine and reaches 1ts maximum mtensity between 12-18 hours. it usually
subsides by thie end of the second or third day with or wiathout treatinent with
systemic antibistamines or sootlung lotion. The reaction is usually severe enough to
make sleep 1mpossible for as long as 1t lasts. The reaction occurs 11! ail age groups
but it is unusual for it 1o be experienced on the first exposure {0 the drug. Hence &
occurs more often in people who use chloroquine relatively frequently for the
ireatment of malaria (Olatunde and Obih, 1981, Salako, 1984; Spencer et al., 1987).
However, the reaction usually do nol occur in reaclors afler fong tune of not takmg
the drug, but the reaction reappears in such individvals aRer a fairly frequent

administration of the drug (Ekpechi and Okoro, 19G4)

The reported prevalence of chloroquine-associatcd pruritus vares. It anged
betsween 8 and 28% (Ekpechi and Okoro 1964; Olawnde 1977, 1969: Otalunde and
Obih, 1981). Spencer « af (1987) reporied that the prurilus was comioner i
adults (20.3%) than children (12 $%). Osifo (1984) reported 74.3% among adult
patients taking chloroquume for malana treatment. Mnyika and Kihamia (l99_l} also
reported 45% 2INONE Tanzamans but only 27% of the patients were current ilchers
Olatunde (1969) did not find CAP in all the non-uegroe nuumgrants \ I\o_ had taken
chloroquine. Howeser, Osifo, (1984) found one Asian and one white pauent among

the 109 positise cecpondents who ilched 1o chloroquine There was no siguificat

e incidence among both sexes. Spencer et al (1987) like Muyika and

difference i th MITy1k
Kihamia (1991) reported that the presence or absence of malaria parasitaemia did

1ot affect the developent of CAP. The epidemiology ol CAP has o1 been well
" cs:;galcd in pregnancy, however, Sieketee i af (1987) reported pruritus i 77%

of gravid woinen ind only' 19% m nulligravids

The pathogenesis of CAP is sull a mailer ol debate. The r;lcl }I\at l-hc .mC"O"
occurs afler one or 110rc COMISE of the dnxg_suggcsls 3 hypgrscnsulmly rcactmln even
though subsequent course of the reactiot 1s not typscal of su‘clf IrcacuonI Akso the
reaclion is not associated with erythema urticana, papules, \}sm cls or other no\: n
lesions which might be expected with cutlaneous reacuo‘n; v Sll;: 1 an _acu!c’ons..l_
Gudenan ¢t of (1980) sagrested that the pruritus s€cn aier chioroqune Igestion
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may be associated with the death of onchocerca volvulus microfilanae, an event that
1s knovwvn to be accompamed by an mtense pruntic reaction (Mackenzie and Kron,
1975). However, Bummham e¢f al, (1989) found no evidence for an associaion
between CAP and onchocerciasis. Abila and kueze (1989) tned 10 find support for
an allergic basis for CAP. They found thai antilustamines were ineffieclive as was
the use of ketotifen but predmisolone was found to be beneficial. They sugpesied
that this was due 10 prednisolone blocking the release of itch sensation, thus
supporting an alergic basis for CAP

Ebong and Okonkwo (1976) imvestipated the possibility” of aniigen-anibody’
reaction being the cause of CAP. Medical students with a listory of CAP were
studicd before and during an episode of CAP. Prelivamary’ result showed norntal
1gG and 1A and low IgM before a CAP episode. During the recachion, lgA Icfel
dropped but IgM levels rose markedly. Also an mdirect action fhrough Instamine
refease has been ruled out since experunental and clinical evidence have shown that
chloroquine anlagonises some histanuie responses ncluding bronchial asthma
(Ayiteh-Smith and Boye. 1974; Aparwal and Deshmankar, 1963)

Olatunde (1971) mvestipated chloroquine concentration in the plasma and
skin of patienis prone {0 itching and those not prone. e found after an miravenous
dose. that the plasina levels of the drup were comparable m both groups. However,
i the skin, patients prone (0 itchmg had lugher u!lchangcd chloroquine and Igu er
chloroquine ietabolites than palients 1101 prone to itching. He suppested tcmm:?.ch.
that poticits prone 10 develop CAP ma) have a siower rate of nwlnPo 'S."_"
l{owever, Essien ¢f al (1989) obscn ed |ha|~|herc appears 1o be an_extensive
metabolisin of chloroquine 1 individuals who itched to the drug producing a h_lgl\
level of mono-descthylchioroqume which probably dercrmimes the degree of pr:mlus
experienced. They also speculated that CAP migin probably be due 1o enher a
specifc acuon of wono-desethylehlorquine O 59“?"“?“ l‘cccplolrsl OT‘I "C;\jt
endings w the sk or aw imeraction of tis mcmbolm,lmthI acl:‘et}l g )c;n elix_u
phDSpI\ol)'l chloride (AGEPC), a new class of potent P \gsp lc; l[:aclls; ll:p lp.llet'i l:n
many aspeets of allergy and  inflammation Mf;}llo' c.:.:lt l}b: \nor“ (:1!:61'60'1 oef
chioroguine has a high aflintly for, QHoEpTaed d :ere ;lfe I;’-' mcnc‘lcl‘ncc n
itching 111 people usiu chloroqiine for prophylacis despile A
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patients using u therapeutically (Olatunde, 1980). Tius obsenation raises the
possibility that this reaction may result from some as yet unidentified product of a
reaction between chloroquine and the malana parasites (Salako, 1984) The
mereased occurrence of CAP among patients with malaria as compared with healthy
volunteers suggests that an acute malana febnle dlness creates pathophysiologtc
couditions that promote the development of CAP (Osifo, 1984). Osifo (1980)
suggested that the redisinbution of chloroguine, prmeipally into the skin and skeletal
inuscle of pyrogen treated rats could be due to the known hemodynamic changes
associated with the pyrogenic reaction w mammals. He also found a strong
correlation between the Kinetic profile of chlorogquine coicentration in the skin of
pyrogen treated piginented rats and the temporal profile of mtensity of CAP. By

extrapolation, chioroquine kinetics it himan skim during inalanal fever could follow

a similar pattem. It has been suggested that the febnle paroxysims of malana are

associated wih peripheral vasoconstriction :nd partaal ishaemic mjuny' to the sk

leading 1o itching hyperexcitability (Osifo, t989). The nicreased mcidence of CAJ

among blacks as comparcd wih whites mav be related (o the amount angd

distribution ol melamu i the sk (Osio, 1984, 1989)
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1.11 AIMS AND OBJECTIVES OF THE STUDY

That genetic factors may determme the population distribution of CAP has
been suspected for long. The fact that it occurs mainly m black African people and
seemns to run m families, lend credence to tins

For successful alaria chemotherapy, there is a triangular inieraction between
the host, the parasite and the drug (Fig. 1.11.1)

Fig. 1.11.1 Triangular Interaction in Chemotherapy

| {ost

/ \
i
/

Drug Parasue

11bS and G6PD deficiency are polymorphic genes which are rccogmsed
s for malaria and blacks (Sodemde 1992. Luzzaito 1979)

genctic red cell marker
among whoni CAP is commonesi. These genes are kinosvi 10 nfluence not only
q ~d 2

hosi-parasite yiteractions (Allison 1954, Marun 1982, Flemng e al 1985) but also
drug-parasitc mteractions (Nguyen-Dinh and Panni 1986). Therelore there 1s the
need to investigate the influence of these genetic anarkers on host-drug wicractions

whith CAP represents. ABO blood groups have been used as ntcrual control sice
ch o : . ' ’ :
thes are also genctic markers bur are not peculiar to blacks or specitic for malani

Although there is a plethora of data on CAP, s mechamsin and ;laallif)gcllgs::?
are sill obscured. 1t is thercfore nnportant 10 mvestigate !herepl'('ic"méfl%ﬂ;‘lf '“" ;
as the phannacogenclic and phannacokimetic tcmnrc(:js ? tnsuas::cc 5 rglar?a
chloroquine which tends to militate against satisfacton’ dig: coinp q

T ic al study were:
therapy. Thus the specific ams of the stud,
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To detennine the prevalence of CAP among different groups
of individuals treated for malaria with chloroquine.

To investigate the possible influence of heredo-fainilial factors on
CAP.

To investigate the possible influence of the following geneiic red cell
harkers on the prevalence of CAP

l Haemoglobin type.
1. Glucose-6-phosphate dehydrogenase (G6PL) status.

ii.  ABO blood group

To investigate the disposition of chloroguine and sts metabolite
desethylchloroquine, ainong itchers and non-itchers to chloroquine
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CHAPTER 2

2.0 DETERMINATION OF THE PREVALENCE OF CAP AND
THE INFLUENCE OF GENETIC FACTORS . AI0ONG
PATIENTS TREATED FOR MALARIA

2.1 INTRODUCTION

Thiere have been several reports on the epidemiology and climcal course of
CAP m Nigena and some other tropical countries where chloroquine 1s used for the
(reatment of mataria. Racial and familial predisposition to CAJ has been reported
(Osifo 1989). 1t 1s Known that most ..mz\iit|0n§ that are associated wath geuetic
factors may also be ifluenced by cerini environental t'actoTs (Emery 1979).
Hence the need 1o tnvesbigalc the prevalence of CAP among different groups of

individuals in different geograplncal arcas

ianties of the physiological siate of preguancy, with its
associated high risk of watarta morbidiy, the prevalence of CAP wi this group was
imdicated. It was also desirable to study separately the prey alence of CAP among
elderly patiewts (> 60 vears old) This 15 because of the prlesunllpuon‘lhal !:L:
cummulatsve exposure (0 chloroquine in s gronp of mdmfiuas Mmay ot

considerably more than in yonnger adults  Tins 15 W r“e“. of ,-((l;f I'a‘c1d that
Rbc it o.hcrai}_\ with chloroquine is yust abom 40 years old and its widespread usc

here as an antimatanal 1s even shoner

Due to the pecul

AFRICA DIGITAL HEALTH REPOSITORY PROJECT




Tl

\~
tJ

PATIENTS, MATERIALS AND METHODS
2.2.1  PATIENTS

Patients of both sexes who received chloroquine phiosphate for chimcally
suspected or microscopically proven malaria were recruited mio the study.
Inforned consent was obtained from the patients, or 1 the case of children, their
parents or guardians after explanmg the purpose of the study to them.

Inclusion Criteria

L]

| Cluldren> | yearold as well as adults who received the therapeutic ~ dose
of chloroqusne by the oral or parenteral route for the treatment of malana.
71 Positve Dill-Glazko test can ied oni on a specinen of unnc collected

between 24 and <18 hours after drug admimsiration This test confirins the
presence Of 4-mmimogmnolines th the body

3 Infonncd consent
Exclusign Critevia

i Children below | year old

Children with altered state of consciotsness

-

1 Infections hke measles or any other dcrininosis which may cause

pruritis on its OMN

4, NWeganve Dilt-Glazko test al 24 to 48 hours after dmg adimistration.

5. Transfusion i the areccding 6 months, 3 s conld tnterfere with results

of hacmatological 1¢s1s

6  No infonned cansel
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2.2.2. STUDY DESIGN

.21, Sample Size Consitleration

The study was a multicentre cross-sectional suney, The sample size was
detenmined using the computer programme EP] INFO Version 3 for cross-sectional
studies wntten according to Fleiss (1981). The power of the study was set at 80%,
conlidence interval 95% and an estimated CAP prevalence of 30%. The miminun
sainple size was calculated to be 112. Since the study was a nationwide survey' the
mvestigation was carred out in at least one Local Governunent Area (L.G.A)
each of the 3 Prumaty lHealth Care (PHC) zonal areas chosen. [badan city {centre of
the study) as well as some other rural arcas were chosen m Zone B, Kano,
Maidugun and Potiskinn in Zone D and Posi-Harcourt m Zone A, (Fig. 2.2.1.).

.2 Sample Sclection

Quality comtrol was assured i sampling by making sure that the Hardy-
Weinberg rule of constancy of the frequency of genes from one gencradion Lo the
other was upheld Conscquently only one index person per Cmmly was recruned

o the study

A total of 1,315 subjccls were recruited imo the study.  Thiee hundred and
$ix patients including 33 pregmant womnen and 31 cld1:r[)' patients (> 60
recruited sequentally from U.C 1. One hundred and fifty nrban school-
 city, 121 rural school-childrey from Abanla (20km South of
children from Idere (10kin from lgbo-Ora) were

recruited. The rural preschool-children were selected by stratificanon of the village
and the cluldren recruited from the chosen componnds  Those recruited weie
randomly selected from those who had clivical ndication for chloroqune and swere

given the druy

etghly
vears) were
childreii from Ibadas
Ibadan) and 15§ rural pre-school
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Patients were also recruited fromm different peographical areas for the
epidemiofopical mapping of the country. Thus. 121 patients were recruned from
Hasiva Bayero Clildren’s Hospital, Kano. 165 fiom the Unwersity Teachmg

Hospital, Maidugurt, 113 from State Hospital, Potisknin Yobe and 108 from the
Umversity of Port-Harcount Teaching Hospital ( Fig. 2 2.1)
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LY Methods

Each panent or parent/guardian was mterviewed using a qu_esuc:;mmre I;ha:
| st ire was designed to collec
was pretested among wedical students. The questioinaire was desig

wformation on patient’s personal details, reaction to chloroquine and fammly Instory
of CAP (see appendix for questionnaire)

At the University College Hospital (UCH). !badan, the questionnaire \Was
administered to medical students and staff as well as and m_r:-pmcenls :vho n;{et llhle
criteria for recruitment ito the study All the patients re;:e;:'cd Iihe \;olr:dr el?'_nl e\
Orgamsation { WHO) recoimunended dosc of 25 mpkg b?uy I\l\ eleht o 13 ‘reo)zcrlt o
spread over 3 days. They were requ:red.to come for datly fo c?\\l-u;;j al | rs|murses
exact tune that pruritus occurred, In-patients were obsenved by the Docto
who recorded the period of prunitus

Patients from other geographical areas were also recnnted baseld IOI;d:L\ﬁ
criteria for recruitment into the study, All the patients except the'sc'hoq tCI: s
were adninistered chloroqnne and observed directly for CAP. However ul \e )[:d
of the school-children. a history of recent reaction of chloroquine :talshjcjn'n' &
Tins is because of the ethical and logistic problem of adimmstenng g
healthy school-clnldren

A separate  questionnaire wis  adimmmstercd 10 prcugnnll:l \i;t‘)_cl)l:'c‘::mo"'fg:’;
questionnaire i addition to the above mlfonnauo‘n :lls.o co c\c_th ey 1
patient's parity, history of fever and antimalanal deug US:J:[ (;ulnn ' ):c s
especialiy befbre cohceplion Where CAP was Cxpef ICIIC? ; bc!%olxc cL; nccpt;OH
pavient was asked to compare (he fitensity with that expenience ,

Bloutd Collection
: ' %
Blood (-Sml) was withdrawn (rom cach paticnt by venepnciue between 2.4

was nnmediately
Qe et corod e Abol‘cl:azl:‘c::lllc gomlaming ac.d).
tansferred o a seqnestrenc botile and the remaiader in
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ciirate-dextrose (ACD) All samples were stored for not more than 23 hours at 1°C
before tests were cairied out on thein.

Blood saimples from distant areas were collected through a finger prick wiuch
was made with a sterile lancet and 2 drops of blood dropped onto the same spot on
a piece of Whatman 3imm chromatography paper A duplicate of tins was mmade on
the samme paper winchwas lefi on a support {0 drv . The filter paper was thereafter
well labelled and stored in an air-tight container over a desiccant (silica gel). The
samples were transported to Ibadan where haemoglobin typcs and GO6PD status

were detenwined.

The samples 11 sequestiene boitles were used for the following tests

| Packed cell volume (PCV).

" White blood cell conmt (WEC), total and dilfercunal,
11 Reticulocyte count (retics)

iv.  ABO blood group

\ Haemoylobin clectrophoresis

vi_  Malaria parasile screening

e
| —

The sample m ACD was uscd for the delermmation of G6PD type

—-__F-—_

2.2.2.5 Lrine Collection

Urine specineu Was collected from cach patienl &1 2 point 10 1ne bewwveen 24
and 43 hiours after drug admimistiahon into unisersal bottles. i1 was used for Dill-
Glazko tcsy 10 confinm lhe presence ol’ ehtoroquuie 1 the pancm'’s urine and

Wietefore 1 lusMer blood
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AW MATERIALS
Magnesium Chioride  BDH Chemicals England

D-Glucose-6-Phosphate (G6P) Sigma England

Nicotmamide Adenme Dinucleotide Phosphate (NADP) Sigina England

Nitroblue Tetrazofium Salt (NBT) Sigma England
Phenazine Methosulphate (PMS) Sigina England
Sapoiun Sigma England

Tris(l—lydroxymcll\yi) mcthylamme Hydrochonde (Tns HCL) bufler, Sigina
: Nonnal Saline (0.85%) Sodim chionde BDH Chenncals England.

Boric Acid BD! Chemicals England

Acid Citrate Dextrose (ACD) Sigma England

Drabkin’s Solhiso gDH Chemicals England

Glacial Acelic Acid (Turks solution) BDH Chemvicals Enptand

. t p + . 3
v

' England
L.eislman’s stamn Sigana ENg

Antisera (Anti A, Anti B, A AB and Aunti D) Sigma England

Chlorofonn BDH Chenncals England
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Hvdrochloric acid BOH Chemicals England

Eosin (yellowish) Sigma England

Capillary tubes VWR Scientfic USA.

Cellulose acetate el Chemetron, Milno

Cellulose acetate membranc Oxoid, Eugland

Electrophoretic tank Shandon

Haewnatocrit centrifuge Hawksley

Haemocytometer ilaw ksley

Water-bath Gallenkanp, England

Microscope Otympus BH2
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2.24 TESTS

it W Blood Ceunts

Packed cell volume (PCV) was detcrmined using capillary me_lhods and
spmnng in a Hawksley micro-hacinatocnt cenlnfugc at 11000g fo_r 5l min at room
temperature. White blood count (total anq differentials) and re:fu ncyilc Tg;gls
were performed by the standasd haematological methods (Dacug and Le\us,.. ).
Total white blood count was done manually using hactnocytoincice after makul)g al
in 20 dilution of blood w Turks solution (2% acetic acid with gemufn violet).
Diffcrential wlite blood count was done by staming thm blood filns with
Leishian's stainand Leucocytes counted microscopically based on morphology.

Reticulocyte connt was done by adding | drop of wl.uole bl_ood o | drop’lor
reticulocyte fluid (new methylene blue-sodium curate-sahne mixturc), i filn
made and reticulocytcs connted inicroscop cally.

2.2.4.2, Blood Grouping

ABO blood groups were determined using the agglutimanal tile method.

2.2.4.3. Malaria Parasite Sereenimg,

. ane shde. The thin fihn was fixed
Thick and thin fihos were o on the SLlI i ‘s stain diluted 1 an 3 wail
with methanol and shide was then Nooded with Lerslinan's stati Cutle h
il -
buficr ;Hlﬁ 8 Slides were cxamined wicroscopically [or malana parasies
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2.2.2.4 Determination of G6PD Tyvpes
(a) Fluoresceut Spot Tust

Tins was done according to the method of Beutler and Mitchie) €1968). This
test 1s based on the pnnawple that NADPH generated m red cells w the presence of
G6PD, fluoresces under fong wave-length ultia-violet (UV) light.

Reagent Mixture

GO6P (10 mM) 28 .5 mg
NADP (7.5 mM) 57.4 mg
Saponm {1%) 200 mg
GSSG (8 mM) 49 mg

All were dissolved in 30 il deiomsed water and 30 ml Tns HCI (75 mM) pH 78
added: The mixiuee was then made up to 100 il with deiomised water

Method

The blood cetls were washed i nottal saline. removing the supemmant ang
bufty coat. A 0.01 ml of the washed packed red cells were added to 0.} ml of the
Feagent mixture and mcubated a1 room tempermure for 10 min. Spois were then
Made on Whatman 3 nun chromatography paper.  The spots were left for 10 ny
Ind then vicwed ynder UV light i a daik room. Control samples of G6PD nonyal
and deficient saimples were also set up at the samic fime

: Fluorescence was produced by NADPH formed Irom NADP i the presence
of G6PD,  No appreciable fuorescence was seen when the blood was G6PD
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deficient. The drawback of this method however, 1s that it does not distinguish
between heterozygotes and homozypote nonnals

(b) G6PD and lHuemoglobin Electrophoresis Using Cellulose Acetute-gel

Method:

I. Preparotion of Haemolysaie

A 0.5 ml of blood in ACD was washed three tunes in normal saline,  The
buffy' coat was removed at the end of every wash. The packed cells were
resuspended in an equal voluine of lysing fluid comaining 85 ug/ml NADP. Tlie
NADP helps to protect the enzyme. The tube was shaken and spun at 6000g for 3
min. The clear haemoglobin  supematant was separated from the stroma. The
final haemoglobin concentration obtained was approximately 10/100ml.

2. Preparation of Strip

The ccllogel (Chemetron, Milano) was siored in 30% methanol, For  yse, g
Strip was blotted betweci two sheets of fiiter paper and soaked Tns-EDTA.-
Borate (TEB) bulfcr pH 8.6 for at least 1 hour. Then sooked m a fresh bufyer
containing 10mM NMADP for at least 30 nin. Tlie penetrable sifiace which is
usualiy the matied dull surface swas  idennifted alter blottmpg.

LR 2 pavatian of Tank

| Shandon electrophoretic tank was used with 250ml of TEB bulTer (PH 86)
Put imto cach of the 2 compartments of the tank. The shoulder gap was adjiisted 1o
about 8cin. Filjer paper pads were used as wicks.  They were npregnated with the
bliﬂer solution ang placcd over the perspex slionlder picces wath one C(|gc fllllllcrscd
M the cajhodic and 1lic other in the anodic compartments of the buller solntjon. The
bufyer umpregnated get was blotted and positioned i the Gk wath the Penhcirable
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sulface facing up. The system was equlibrated for 10 min at 4°C at constant current
of 1 imA per cin widih of strip and voltage of abour 230V

1. Application of t¥e Samplc

The current was broken and each sample was applied on the stnp using a
monoapplicator whsch delivers approximately ul aliquot of each sample A gap of
lcn was allowed between samples which were applied parallel io the caihodic
shouider. Standard controls of G6PD type A. A”and B were included w each run.

3. The Run

The 1ank was put into the fmdge and current switched on agamm. The
lasted about 1 hour. The electrophoresis was done at 4°C to protect the enzyine
from the heat generated during the run

6. The Stammg

The reaction misture was prepared fresh at the end of each rnun in a plastic

plalc.  The rcaction mixture compnsed the followmg reagents mixed ut the oider
below

Recagent Volune Final Concentranon
Tris HCI (pt! 8 0) 500ul

GOP (1 0mgnl) 100ul 30
NADP (Smyml) 1 00nl 6.5mM
MgCh (0.1M) 1 30ul 1 810\

NBT (2mganl) 380nl 2 3inM
PMS (3mg/ml) 250ul 6 3

Disulled witer J4000ul

Al the end of the run, the cuirent was broken and the haemoglobyy bands
which g separated, were recorded. The sinp was then pwt face down iy e
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reachon mixtore spread in the plastic plate for staimng which was done in the dark

The plate was covered and put m the incubator at 37°C for 135 1 1o allow colour to
develop

The violet coloured bands indicated the positions of the enzyine protemn and it
appeared at about 4 mm ahead of the haemoglobin A band. The strips were then
washed under tap water and preserved m distlled water at 4°C. Fig. 2.2 2. shows a
typical G6PD efectrophoretic stnp.

Principle of the Staming

When the electrophoresed gel is treated with the reaciion mixture contajning
the substrate (G6P) and coenzyme (NADP) together with an electron carrier (PMS)
aild tetrazofium salt (NBT), a zone of colour due to the formation of dliforinazan as a
resuit of reduction of tetrazolium salt appears wieraer a dehydrogenase occurs.

G6PD types A and A" move at about t10% as type B. But the A" stains
fantly compared wih A or B

2.2.4.8, Determination of Hacmoglohin Type and G61'D Status from
Samples ow Filter Paper

Two discs (5mm diameter) were cut from the sample spot on the
chiromatography paper using perforator. These were dropped inta Kahn tubes. To
cich tube was agded 0.1 ml of G6PD sereeing reagent nuxiure. The tube and s
Content was fely for about 20 mum at room tewperature (o allow for elution of (e
th2vine from the paper dises. The sample was then spoited onto Whaiman Imm
Chro“j:)g')g[;;ph) paper. Afer drymg in air for 10 ymn. the spols wese screened wigly

V. light in the dark room. The remammg lysate was vsed for haeioglobyy
clectrophoresis

The tank was prepared as earlier described for G6PD ¢lectraphoress
Cellutose geetare membrane strips were uscd. The Strip was soaked for 5 jn i te
bufler (pit 8 6)and then blotted, A mulw=applicator was used to apply samples onto
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ere inchuded in each batch of

flerth 10w aiming Hb A+3+C) w
the strip. Known controls (conavmng £ 8 mA and a voltage of 200-

electrophoretic run. fl was sun at a constant current o
250V for 30 nun at room temperature

The strip was stamed for 30 sec m 0 5% malachite green stam. [t was

washed in three changes of 3% glacial acetic acid in water and then ‘dncd\ :;t bro?(lj\;
teimperature. The haemoglobin type of cach sample was determined 1<3?Tlﬂ mllcalale
of the comsol samples as standard references Fig. 2.2.3 shows a 1yp

electrophoietic stnp
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o GOPD Type B
- GOPD Type A

AFRICA DIGITAL HEALTH REPOSITORY PROJECT




AFRICA DIGITAL HEALTH REPOSITORY PROJECT




T6

+ . it pl [ L
2.2.4.6 Qualitative Test for Chluroquine L'rine

| : of

Two millilitces of urine sample was put into !apcred luble and ll(r)r((i)rro;:)srcw

Dill-Glazko reagent was added. The nixture was mixed well vigorous )d' 2
minutes, A colour chanige from yellow 1o viole! red i the chlorofor mdicates th

presence of d-aminoquinoline 10 unine,

The Diti-Glazko reagent was prepared as follows:

Eosin (ycllowish) 50mg

Chlorofonu 100wl

HCH (IN) |l
' The mixture was shaken until (he chlorofonn altained 2 yellowish cofour. it
L wasstored i an air-tight brown botlic
I
I
I .
' 2249 Statistical Analysis

d test. Fisher’s exact
: Hori e tested usimg Cli square
Differences 1 propositons Wer | e

’ lest or Z-lest where :pprcpnalc Differences it means were also tested using the

- <005
Student’s t-1est. Significance was designated as P
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RESULTS

4 W GENERAL U.C.H. PATIENTS

Three hundred patiems (196 males and 104 fenales) were recruited from

U.CH. Those who experienced CAP were refeired to as itchers and those who did
not react as non-itchers.

One hundred and twenty-four patients (41.3%) developed CAP. All but 7 of

the curvent iichers had had previous cxperience of itching to chloroquine, CAP only
occurred regularly i 108 (87.1%) of the positive respondents

Prunitus started between 2 and 24 ! (wean 13215 h) after chloroquine

adwinistration and increased in mtensity to a peak plateau between 12 and 36 )
(m2an 2249 1K), It subsided between 36 and 96 h (mean 58412 I)

Twenty-four patients reccived parenteral chloroguie (10 adults ynd 14
children) Only 4 (17%) stched, even though 9 (includng the 4) of thenr were
habigyal sichers 10 oral chloroquine.  This showed a lower rate of jcling to
chloroquine when adivinisiered parenterally than orally

=3 M. CAP and Sy

Of thie 196 males studied, 88 (45%) and 36 (35%) of 104 females. had CAP
(Tabi; 2 3 } The ratio of male 1o female i the population studied was 1.9 = |
Winl;t e rano ainong sichers was 2.4 . | There was no sigmticant difference 5

AP fiequencies among male and female patients (p = 0.05).
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]
Table 2.3.1.
Distribution of CAP with Sex
Sex ltchers Nou-itchers Total % 1tchers
M 88 108 196 45 0
k 36 68 104 350
Total 124 176 300 413
M = Male f a Female
2342 CAYP and Socin-cconomic class

alence of CAP dmont the 3 socio-economic
difference between the classes (p > 0.05),
gvion benween soc10-economic class and

Table 232 shiows the prev
classes sivelieg  Thiere was 1o sygmficant |
The resaly shiowed that there was no assoct

nehag 1o chloroquine
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Table 2.3.2.

Distribution of CAP antd Socio-cconomic cliss

Class ltcher Nou-ilcher Total % ltcher
Upper 45(36.3) 69(39.2) } 14 395
Middle 39(31.4) 57(32.4) 96 406
Lower 40(32.3) 5028 4) 90 34 .4
Total 124(100) 176(100) 300 413

Figures in parenthesis are the percentages of the
¢lasses among itchers and non-itchers

2.3.1.3, CAP and Age

The patients were aged 1 10 33 years with a mcan age of 10-121 vears

! Table 2 3 3 shows the distribution of age W iwh CAP. 1t shows a progressive inceease
3 = ’

N incidence of CAP wiih increasing age (r = 0 95) (hig. < 3-”' The result algg

showed 1 72 59% of adults (> 15 years) and 32.0% of clnldeen (-2 15 years) sched

bochlotoquine Tins showed a sigmficantly lnghet ftequency of Nchimg ¢p < 0 Q8) 4y

adults thayy children
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Table 2.3.3.
Age Distribution with CAP
Age (ycar) lichers Nos-tichers Total % lichers
i >5 25 79 104 240
3> 10 46 05 1] 40 4
10>15 16 '8 3 471
> 15 37 { < 51 12.5
Total 124 176 300 4] 3

2.3.1.4 CAP and Famly Histoery

question of famtly Instory swith respect to
the itchers have at least a wnember of the
P Wheteas only 3%% of the non-itchers

Only 197 patients answered the
CAP. Table 234 shows that 96% of

Ranwly (first degree relation) prone to CA
who rcSleldcdbha\c members of the family prone 1o CAP (P < 0.05) Tius resuly

shows 1hat itching o chloroquing wits significamly more c0|}unoln m llrnc falmhig of
Most yichers while stclnng was nich less common m the n"":s ‘: non-tc k‘fs

M 28 of these lamilics, 1tclnig repottedly starts at-a pa 0":'_” ""|5E° 'Iflll-C.
Mually between 3 and 18 years (mean 15 3+7 3) years and W 10 fanuhes, itching

Pears beyween 12 and 21 years (mean 1325 §) years
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Table 2.3 .4,

CAP and Family History of tching

Fammly History of ltehers Not-itchiers
ltching
Yes 77(96%) 46(39%)
No 3(4%) 71(01%)
Total $0(100%) | 17(100%)

Figures (n parenthesis are the percentages of
those with or withoul family fustory of itching

23.1.85, CAP and Parasitacmia

Resub iy Table 2 3.5 shows that the parasile rate smong iichers was (10 0%)
and ainong non-iichers, 8.1%, There was no difference in the parasite rates (p >
005)  The frequency of itching among those with positise and neguive
Patasituemia were snmilar.  Thns showed no associahion between itcling and

Parasjlacinia.  The degree of parasitaciia the patients ranged from 1000 to
730,000/u1 of blood
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Table 2.3.5,

Distribution of CAP with Malana Parasitacmia (MP)

M.P. ltchers Non-Itchers Total @ lichers
& 8(10.0%) 9(8.1%) 17 47.1
' 72(90.0%) 102(91.9%) 174) 414
Total  80(100%) 111(100%) 191 41.9

e —

Figures in parenlhesis are the pesCenlages of positive and
negulis e parasiseinia AONE itchers and non-itchers

2.3.1.0 CAP anal irequency of Chinroquint lutake

Tables 2.3 6a and b show the mmiber of chloroqune doscs taken i the last |

Year by tchers oud non-itchers  NONE nOn-hacmogIobu:gpmluc ﬂ:;ﬁ

: Tn, isc aticnts W
{rugiobinopathic _ patien's by - Bcc::rlc frcCIul:'mIv than non-
Haem oglobmopathy: are known 10 take chloroquine \

: nalysed separately. o the last |
"'clnoglohmopa[l"c patferts, the £ EITHC e uouc)of 29 itchers (0%) bus 7 of

¥ear, mnong non-haemogiobinopatiue pASHLS, , ) oY ncher
15(9%) nontnchcrs Ita]d not tiken chlo;oq:mc'hc] lj:‘: ;:::)n: ?hg.fl ;-I:i e{: |in:3:sl if.':i.:
and oty 17 of 75 (23%) non-itchers had taken A= - : 3
htcccdiill; | \t:asr( *Si‘:l)nlarl)' among hacyoglobinopathic pauents, only 1 of 23

: | 1 had ot taken chloroqumg in the lasi
2 dchers and 5 0f 49 (lo'“”’.:'.zhﬁlc‘\cl::srsana only 11 of the 49 (22.4%) non-

-',)'cat_ wheieas 9 of the 23 (30'] | . drup i the sane period
hers had taken inore than 3 doses Of the dTE
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This shows a significantly higher cumulative witake of chloroquine in itchers

relative to non-itchers (p > 0.05) among both haemoglobinopathic and non-
haemoglobinopathic patients.

Table 2.3.6

CAP andd Chloroquine Intake in the Last 1 Year

(A)  Non-Haemoglobineputhics

No. of Chloroquine lichers  Non-ltchers  Total

doses
Nil 0 7 ?
] 4 6 10
D) 4 I8 32
3 g 17 25
3 13 17 30

Tota) 29 75 160;

% Nil 0 9.3 i

%> 3 323 221 2

“—___k
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(B)  Haemuoglobinopathies

No of Chloroquine  lichers  Non-ltchers Total

doses
Nil | 5 3
- 7 12
- 5 17
o . |7
: ’ 20
@ =
349_31 ;g; . e
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TR W CAP and Haematulogical Indices

For the cousideration of haematological mdices, ‘sicklers were anfll}'sed
separately. Tlus is because they are considered hacmalologncallly to be a special and
unique group of individuals i view of thewr peculiar pathophystology:.

2.3.1.8. Analysis of Haematological Indices in
Non-lacmoglobinopathic Patients

CAP and PCV

0 2% i the iichers and 28.923 3% among won-

3.341
The nean PCV was 33.5¢ .11 the 1wo groups (p > 0.05)

itchess, There was no significant difference benve

CAP and WBC

6.105+6,090/ul of blood

WBC) couint Was 00
( ) s There was no sigmficant

The incan to1al winte blood cell
g ! he non-ticher

the itchers and 7,698+ 81 7l of blood m t
difference between the two groups (p = 0-05)

CAP and Wute cell ditTeranmals
difference 1 the absotute counts

-0.05)

Table 3.1 7 shows the relationsing betwec

: e Was NO
with reference 1o eosinoplul counts There p e
of the diffesent leucocytes i itchers and non

, 02+2 0% and 1.622.6% In
' count in the tichers was 1:96==27% 0
The mean feticulocyle - between the two groups {p > 0.3}

aut difterenc
Mon-itchers. There was 0 sighificam!
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Table 2.3.7.

CAP and Absolute WBC with reference to Eosinophil Count

Leucocyte Itchers Nou-ltchers
Neutrophil 4736-4313 §172+£2433
Lymphocyte 5041+2738 1266+1844
Eosinopll 3006+437 1864105

Monocyte 1984221 169+100

.

-~ LY ‘e x " . )l~ 3 c
2.3.1.9. Analysis of | Lyematological fndices 1 Sickle Cell Discases
Patients (11 SS and Hb SC)
- - age of
Ore hundred and four sicklers look part the study. They had a mcan age
RC HUNGre J

! T dn )
10=6.2 years. Forty-two (40.4%) itchied after taking the drug

CAP gnd pCV I |
§ 205 in itchers and 24 628 :1% 1 non-ichers
-0

The wean PCV was 21.0z 2 wroups (p > 0.05).
There was no sigmlicam diflerence betsween the = & |
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CAP und WBC

The mean total WBC count was 930026665 mm of blood i ichers and
1095010510 yin™ in non-itchers. There was no signilicant difference between the
2 groups (p > 0.05).

CAP and Reticulocyte Connt

A 5 oar - o I‘
The ncan reticulocyle count was 16.0412.9% in itchers and 11.9213.7% u

<ically significant (p> 0.2).
won-itchers. The difference was not staustically significant (p> 0.2)

2.3.1,10.  Genetic Factors and CAP

CAL wmd Haemoglobin Types

| 18 51 adults (> 13
| 0! yatdu pallenls comprisit
here were 195 llOllvl\aCl‘-ob<Oblllol C he 89 (42%') - 1 e

years) and 144 children (< 15 Years) Amou:{; :m“ (b AS) wos 14.6% while the

chloroquine, the frequency of the sickle ¢ it Sy, The difference was
[requency was 24.8% among non-itchers {Table 2.

- y > 005)m
sltistically sigmificant (p < 0.05) Flowcver, there :]\ 3;:.(,)1 ;::ifcnce (¢
the requency of 11b AA or [b AC amone itchers N
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Table 2.3.8.

CAP and Hacmoglobin Ty pes

Hb Type ftchers Non-itchers  Total % ltchers

AA 65(79.3%)  78(69.0%) 143 45.5
AS 12(14.6%)  28(24.8%) 0 300
AC 5(6.1%) 7(6.2°%) 12 417
Toal  83100%) ‘13(100%) 195 42

—

\ bin
Figures in parenihesis arg the percentages of haemoglo

typein iichers and non-nchers

CAL iy Gorp ypes

3 scporated from the
For epidemiologieal studies wil GGPD. 1 mkéoar:;) Jeficicncy s fully
females  The males arc used i the anatysss because '

terozypore GOPD
eXpressed 1 males unlike in females where there i;ucld|g;7|)‘¢ croz) kot
dcﬁcscncy since the gene lor GOPD 1s N-linked (Sodcwidc,

out haemoglobmopathy were
hat out of 37 itchers, there \vere
g ont of 68 non Reliers
sncy of G6PD deficiency
statistically Sigutficahely

nl
One hundred and twenty-five males W
C()tISidCTCd for G()PD ﬂllﬂ]}SIS Table 239 show SL; o
12 (2) 1%) G6PD deficicnt Patients as compar®

‘e 0 ffc [
{11.8%) Tlis shows a staysticalty significant 0 Sttt

i Also
) among yichers (han non.itchers (p < 005) A
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Iﬁgher propornion of itchers among GGPD deficient patients than in norinal patients
(p < 0.05).

Table 2-3-10 shosws the distribution of G6PD types and CAP wn sickiers.
There was also a lugher percentage of itchers among GOPD deficrent (AX)
indiniduals than 1 non-deficient subjects. Likewise, there was a sigmfiicantly fngher
frequency of A", 20% among itchers than non-itchers, | 1.1% (p < 0.03).

Table 2,39,

CAP and GoPD Type in Male (Non-Hacmoglobinepathy)

—

G6PD lichers Non-itchers  Total % lichers

—

& 5(14,7%)  10(14.7%) 13 333
¥ 40(70 2%)  50(73.5%) 90 14
12021 194)  8(11.8%) 20 60.0
'--.__‘_-_l_._‘_ =
Total 57(100%)  68(100%) 125 45.0
_--.-_‘--._
6PD 1ypes

Fikures ID parcnthesis are the Percenipges of G
among jtchers and non.itchers
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Table 2.3.10.

CAP and G6PD Type Distribution Among Sicklers (Males)

G6PD lichers Non-lichers Total 9% itchers

A 7 5 7 28.6
B 18 21 15 L
A 5 4 9 55.6
Tolal 25 36 Y 1.0
A 200 11.] 148

CAPL aud ABO Bived G rot s

§94 1tchers Among hon-
Resnkis on Tabie 2.3.11 shows that there were 47 4% rs

o roup B, 429%
hae"mglobillopat]nc patients with blood &foup A 49.1(]_-;1[.T :::3::15 iﬁ ﬂxci presalence
among Al and 39 8% among group 0. There was 110 was no difference W Uhe
of |'lclliilL! berween the rroups (p -~ 0.05) AIS-O gl d‘;]on..l'lcllefs {(p > 0.05).
ﬁcqucnc)- of the different blood groups awong £ mil,m-m berween ichng 10

‘e results iherefore jndicate (it there Was 0 ey

*Woroquine and ABO blood Eroups.
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Table 2.3.11

Distribution of CAP and ABO G roups amone
?\‘0|1~Hacn|oglobinopatllic patients

——

Blood Group lichers Non-ltchers  Total % ltchers

A 18(20.7%)  20(18.0%) 38 474
B 2731.0%)  28(25.2%) %3 19.1
AB 3(3 5%) 4(3.6% 7 129
O 39(44.8%)  59(532%) 98 39.8
Total 87(1005)  111(100%) 198 737

—

ere 42.9% nchegs mmong
| there wwere 42, ,
Resulls on Table 2.3.12 shows thal i.l::‘iu group B, 50% i Eroup AB

haemoglobinopathic patients with group A, 30 liffercuce benveen fhe groups

ad 3 gog i groyp O. There was 10 siguficant FETY tion of vasious blood
‘ h ’ | Fopouis

AlSO tliere was o signilicant difference when the P |

' - . red
s anong 1ichers anl nou-cihers Were conip?
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Table 2.3.12,

CAP and Distribution of ABO Blood Group Among Sicklers

Blood Group  fichers  Non-lichers  Tomal % lichers

—

A 9(219%) 12(311%) 21 129
- 11(268%) 19(333%) 30 367

AB 124%)  1(1.7%) > 300
17 420

¢

O 20(48 8%)  27(474%)

~—

Fig""“ In parentisesis dee the pescentdECs of the blood

BLoups amony sichers and non-itchers

19

Elderty Patients [
¥ & | female were FechuiC
0 yr) 32 m.;h.;}::;d{ 30%) itched after 13king
" 1);[)('5 and CAP, Tale 23 .l? Shows
yals which was siganficamly
¢ mdiduals (p < 005).
s;‘gllil'lcanll)' Jower than

Tliny.one elderly potients (> 6
C study They had a mcan age of (621_
loroquine. With respect to hacmotlobin divid
®re wege 16 6% lichers among Hb f\s "; -“;Ib A
SNVCT "’ﬂﬂ 30 19, among l]b AA aud 50% '|“io») it
%0 the Pereentage of b AS amonk itchers (1.5

0/
0 among poy-itchers (p < 0.05)-

Ihto g
ory) cl
that (|
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_ Table 2.3.14 shows that there was 50% ilchers among G6PD deficien
mdividuals as compared with 25% in non-deficient ones (p < 005), Also the
percentage of GGPD deficient individuals among itehiers and non-itchers was 33.1%
and 14 3% respectively, This was also stanistically significant (p < 0.05)

Eighteen of the panents reported not 1aking chloroguine v the last one year, 4
100k the drug only once and 3 took it al least 3 tunes withi the same period. The
fenaining 6 patients could not ascertain whethier they took chloroguiic or not.

Table 2.3.13

- . :
CAP and L aemoptobin Type Distribution Amoeng [dderly Patients

— W

=
licher  Non-licher  Total % ltcher

—

7 16 2y M
1 ; 2 500
. . el
9 22 3 =
1 177 19.3
i L SR sr
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Table 2.3.14

CAP and! G6PD Type Distribution Among Elderly Patients

G6PD itcher Non-itcher Totat %% ltcher
N 6 18 24 25.0
0 ] ] 6 30.0
Tolal 0 2 30 30.0
%»D 333 143 200
N.= Normal D = Deficient
233 PREGNANCY

They' were uged 21
§29;) of the pregnan
he pregmant Wemen

sty

Fifly-five pregnant women Were recr"'ICd;\‘:o ‘::fthr-ce)(

10 36 years with a mean age of 28 523 8 Years - cn‘.of 51 of | -

Yomen aiclied after faking the doig while 29(57%) 0'lflhcrc were 10 patients who e
FCPonted flClIIIIg 1o chlorogine outside pregnancy’

chioroquine Was

. | itchers when CHHOr0 .

N0t ech gy, d to be habrtual #&° dching dunng
g '  but repoite ce of WE

akey, oulsi:l: Eﬁglg:z: Tlnis dhows a redueed lxzoﬂ;z of the 23 (52.2%)

PEancy a5 compared to preconcepttond| period. 55 compared with- the

| - ' MmNy
MChers reponed less inteusity of wchng durnig PreE

b .

€Onceptional period
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Tables 2.3.15a and b show the distribution of CAP and haemoglobu types
duriy pieconceptional pertod and pregnancy, During preconceptional period, the
frequency of Hb AS amony ilchers was 20.1% and 36.4% in non-itchers Although
the frequency was lower among itchers, it was however not statstically significant
(p_ > 0.05). Also there was no difiference in the proportion of itchers among the
different Hb types (p > 0.05). Similarly during pregnancy’ there was no difference in

the proportion of Hb AS amony itchers and non-itchers (p > 0.05).

Tables 2.3.16a and b show the distnbution of CATP veisus blood groups
bgfore conception and during pregnancy. It shows that tlere was no significant
dilfeience iy fhe propostion of itchers withis the different blood groups (p > 0.05).
The result 1 Table 2.3.17 show the distribution of CAP with parity among the
Prémant women. The percentage of itchers amoig those \_vs'th parity O was 36.8;
panty 1, 430, parity 2, 50.0% and parity 3, 60 0%. This showed a progressne
WCTease in yiclung with increasing panty (r = 0.99). It indicated that muhipirons

W - . .
Omen yiched more than nulliparous woinei
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Table 2.3.15

Distribution of CAP and Haemoglobin Type Among Pregnant Woemcn

A. Preconception

Hb Itcher Non-licher Toral % licher
AR 20 1 3| 64.5
e

IOIa] 39 29 5 569
SAS g 36.4 274
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| .
£ ‘ QH.“-”%F'

Tcher Non-licher Total 9% ltcher

16 17 33 485 :
6 9 E 40.0
l 5 6 16.7
23 31 54 423
26.1 290 278
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ﬁﬁl}ution of CAP and Blood Group Among Pregnant Women

I
< Preconception

 ——
{1

Blood Group licher Non-ltcher ~ Total % ltches

5 5 10 500
| ; ) 50.0
15 6 21 74
27 2| 138 e
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Durin ;-.,:regﬂﬂﬂc.v

e e =
S——

ood G 5lll; [tcher Non-licher Total % licher

-

5 6 1] 35.5
d ] 15 20.7
12 H 23 L
v 19 31 43.1
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Table 2.3.17

Distribution of CAP und Pavi ty Among Pregnam Women

Parity licher Non-ltcher Total % lcher

| 12 19 368
; 9 16 430
6 2 12 50.0
3 2 5 60.0
e
N X 29 52 4.2

;
4 Ueban and Rural

disiibution of CAP with
gvely among students m

4 tmo the study from the
f16.5+d 2 years

Tables 2 3.18a. b and ¢ show the results of the
3 Loy tlypes, G6PD status and blood ETO'PS respec
i ’ v subjecls were recnnie
Rarea QOpe hundred and (Hty subccis s
h“ school Their age ranged from . to 18 vears Wil
Bhty.fiy (56.7%) responded positively 10 CAP
| there WeErIc 18 1% Hb AS &

a statispcally sigmficanily
| nonetchers (p <

liers.

showed
compmed Wil

Table 2 3 8, show's that ont of the 85I ".C
Mpared with 30 6% amony non-itchers L

' P1oponion of Hb AS among itehers when
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0.05). Also the percemage of itchers was lower (p < 0.05) among individuals with
Ho AS (44.4%) when compared with those wath Hb AA (60.2%).

Table 23 18b shows that the frequency of G6PD deficiency were 17 6%
arong itchers and 12.3% among non-itchers Although the frequency 9( QGPD
deliciency was higher in itchers than non-itchers, the difference was nol significant
(P> 0035). Also there was no dillerence i the proportion of itchers ainong normal
and deficient individuals (p >0.03), |

; ' itchers
Table 2.3 .18¢ shows that there was no difference 1t the percentage of itcl

among 1he different blood groups (p > 0.05). |

Tables 2.3.19a b and c show the resuit of the distribunon of CAP with

r vely 1 students
hacmoglobin 1ypes, G6PD status and blood £roups, respectiy C!) ?;T\o;:j&accordmgly
lhe ryral community. Two hundred and nine students were snten

atly (witiun the
but only 21 (58%) admisted to having i chloroqﬂl'(')‘ey:::;- "\z\!i)lh(: mean of
Preceding 2 yonths). They had an age range el 140[ CAE;
5 2160 years Sl'\-bv.onc (50 Jolu} 1'esp0nd(:d ]}QS“IVel) g

< d Was |9 7% as
0 AS amnosig ||C|1Cr5 .
lable ) :3.] SllO\'\.”, the percenlage Of Hb I, - dionific “”}

l
°0|nparcd with 31.7% among ||0||-||C|ICTS (p< 0.05) A||510n compafcd with Hb AA
I0wer proportion of itchers among Hb AS individuals whe

ald otlier Hb types (p < 0.05)

1 v 11chers

GopD deficiency Mot |
"el'lor sliowed 2 higher proportion of
b -0.05). However, {here was NO
h 4 deficient subjects {p

Table 2.3 19b shows that the percenta
\\ﬂs 719/ . *
),22 2% and 13.3% among non-ehers g
GOPD 4 : Iors than non-itchers U
. “liciency among stchers 1

1opnal an
>| titilce i the propoition of itchcrs among GoPD!
0.05)

\as o ]

‘Table 23] s (hat there
3.19¢ show ous >0.05)

r
®POs1, 0y of ichers between the blood ¥
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0.05). Also the percentage of ichers was lower (p < 0.05) among tndividuals with
Ho AS (44 .4%) when compared with those with Hb AA (60 2%).

Table 2.3.18b shows that the frequency of G6PD deficiency were 17.6%
among jtchers and 12.5% among non-itchers.  Although the frequency Qf 961’ D
deficiency was higher in itchers than non-itchers, the dilfferenc_e was nol sngmﬁcan:
(P>0.85). Also there was no difference in the proportion of itchers among nonna
and deficient individuals (p > 0.05).

Table 2 3.18c shows that there was no difference iw the percentage ofatchers
among the different blood groups (p > 0.85).

istribul P with
Tables 23,192, b and c show the result of the distribution of CA

. amonyg studenis m
e B #5-piC staws inc. Diodk EELHE rCSPCCfll\ld? :;‘\l\(')cj accordingly
the rural COl“IIllInllly, Two hundred and mie stiidents vwere Hiery

scoently (\within the
bul only 12; (58%) admitted to having (aken C|I’QTOC}[III:)\C)!;::S‘-II:.'!)"I(:1\lmea“
Preceding 2 months). They had an age range of 'N|l-(i A
15226 0 years. Sixly-one (50.4%) responded poSNELYEO

) 19.7%0 as
Table 23 19a shows the percentage of Hb AS amouyg )tchers 1+as

here was a sigificantty
€Opared witly 34.7% aimong non-itchers (P < b AIIs;(c)n compared with Hb AA
s propociion of itchers among Hb AS Illdi\ldllﬂ’s W

and otlier Hp types (p < 0,05). .
of GoPD deficicney aMONE itchers

a ligher proportion of
However. there was 10

and deficient subjeets (p

Table 2 3 19b shows that the percelllag?” ¢ showed
a5 2229 and 13.3% among now-itchers g <005)
G‘po dgﬁcm“cy among iICIICTS ‘h;m IlOI\-IlChCTS (l)

e I

ifigrc | 4 G6PD nonna
"ence in the proportion of ichers aMOUE

0,05y prok

significait difTerenice

“Table 2 3 19¢ shows that there Was i {S[ - 0.05)
9Partion of itchers between the blood groups 1P
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Tables 23202 and b show the results of the distribution of CAP \\.'iih
haemogiobin types and GOPD status respectively among Pre-school (under !r\g
years old) chil&ren in 2 rural commumty. One hundred and h_ﬂy—one wererrezcrllilllc;
mto the study. They had an age range of | to 48 years with a mean of 1 1ZL.-
years. Thirty-three (21.8%) itched after taking the drug.

' was 3.0%
Table 2 3 20a shows that the percentage of Hb AS amon itchers

: (3 lower proportion of Hb
and 16.9% among non-itchers. This shows a _51gml1caml_\ (I)o(;';c;r lA._‘ P
AS among itchers when compared with non.-uchcrs (p : l.'h '\IS when compared
statisgically signiﬁcamly lowcr proportion of itchers amotlg 19 a2

with Hb AA and other Hb types (p <0.05)

, - ey among tchers
Table 2.3.20b shows that the percentage ?fth*. .\p;) ad;i;f,ls?i‘gllyl si[i'ngiﬁcanﬂ)’
Wa3s 36.4% and 15 3% among non-schers. Tlis-sliow tchers (p < 0.05).

' o 1echers than non-l
o pipaulion of GGPO. deficrecy AR o Gopp deficient than nonnal
Also there was a higher propoition of itchers aniong

subjects

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



los

le 2.3.18
Distribution of CAP Among Students in an Urban School

()  CAP and IHaemogtobin Type

Hb itcher Non-licher Total % lichers

AA 65 13 108 G
6 20 36 44.4
: I v 75.0
| ] ; 500
. 6.7
83 65 150 $

18.8 0.6 24.0
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CAP and G6PD Status in Mules

3

Itcher Non-ltcher Total % licher
28 14 42 606.7
6 ) 8 75.0
34 16 50 8.0
17.6 125 14.6
(€ CAP and Blood Groups
£hed Group  icher  Non-ltcher  Total Yghtchal:
-..._______-___
g ] 15 533
17 I 28 '
[ ) 4 250
667
- . 3 16 % »
58 37 93 e -
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able 2.3.19

bution of CAP A mong Students in a Rural Commuaity

(\) CAP and Haemoglobin Tipe
licher Nou-licher Total % ltcher
43 35 78 §5.1
12 19 31 387
0 ] I 0 -
6! 60 121 304
9.7 3.7 256
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‘Table 2.3.19
Distribution of CAP Among Students in a Rural Community

(A CAP and [Taemoglobin Type

Hb Itcher Non-ltcher Total % ltcher

~—"

AC ; g 3 50.0
0 1 | e
.-"""'-l-..___ . C—=
J
61 60 121 W
19.7 3.7 25.0
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b AP and GePD Statns in Muales

-‘" -

G6PD ltcher  Non licher  Total %o licher

28 26 54 51.9
8 d |12 66.7
foml 16 30 66 54.5 NS
%D 1) 133 18.2

e

(©)  CAP und Blood Group

-‘-"""'-—__

Bloog Growp  licher Noilighes Total % [tcher
---.-""l--_._l__ |
A i 13 2 500
x | 250
|

\\_ = =

| 2

53 57 o 48 g
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Table 2.3.20

Community
() CAP and Haemoglobin Type

licher Non-licher Total % licher
23 91 116 216
6 | ¥ 857
| 20 1] 18
l 6 7 143
W 33 118 ] e
*AS 30 16.9 13.9

CAP g GoI'f) Stutus in Males

-,.—-—.“"—.

e e -
| 9% licher
ficher Non-lichef To d 4
‘\‘—-H \ e
' 3
%% 7
4 11 B A
o
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135 DISTRIBUTION OF CAP IN DIFFERENT
GEOCRAPHICAL AREAS

2351 Kano

it of the distribution of CAP with

Tables 2 w the rest P
les 2.3.21a, b, and c sho among patients in

haemoglobin lypes, G6PD status and blood group respectively
Kano.

(82 cluldren and 19 adults) wwerc
{1 10 50 years with 2 mean age of
L and 11 adults) responded

One lwindred and twenty-onc pahents
*Cluited into the study. They had an age range of
39+5 5 years. Sixtecn 16{ 132%) panents (5 chnldrei
Posilively 10 CAP

L 1 Hb AS among the 16
Table 23212 shows 1hat there was o individual wih b3 A

| < -chers
ehers wiiereas there were 14(13 39%) among the IOZ_:‘I:();:I-I‘::
3% tchers among b AA and ione aimont Akt e

iod GopD deficiency
Table 23 211 shows that the percentage individuats with

l | | - (V] e l : 0 Il'

. ey 1l ilchers than w
SlaIlSIICQH)- symficantly higher proport (o of G6PD de ficiency . GéPD deficien

i \ of itchers anont
IlCthS {p < LOS) Also th prOPOruo;lpauc“ls{[)(0,0S)

pal;m
| 7 :
s was significantly higher than 1 nonm e
' e i the
- fiaant differenc
| no ! i
of; Toble 2 3 21c shows that there \\as 4

L} “bin lype, GPD stalus ad ABO
M"d"rlm g
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g
i i pution of CAP with
e dist ‘
Tables 23375, b and ¢ show the e of!‘l"'cm; clively among panient
0 bIOO‘ gro ) 3




10w

,O"‘? hundred and sixty-live patients (24 children and 141 adulis) were
fecrutted o the study. They had an age range of ! to 42 vear with a mean agc of

20',8‘_-'_'-'8"2 years. Forly (24.2%) patients (3 cluldren and 37 adults) responded
pOSllI\-‘ely to CAP

~ Table 2.3.223 shows that the percentage of Hb AS amang ifchers was 12.5%
% Compared with 20.8% in,non-itchers. This indicales a statisticaily significantly
lowser Proportion of Hb AS amony itchers than non-itchers (p < 0.03). The
PEICChtage of jichers amony patients with Hb AS was also sigurficantly lower than

4MOE b AA patients (p < 0.05),

i _Tablc 2.3.22b shows that the percentage G6FD deficiency amosg ﬂcllers‘ \l\*as
Y 8% and 1349, 4 non-tichers.  This shows a stattstcally SIL""“C“"QYI"’% '(Cf
;pmp""lon of G6PD deficiency among itchers vhen compared with "0"2‘(')';;?’ bu‘:
137 The percentage itchers amoiyg GOPD nonnal patienls Was <U.27e

e
*M GG6PD deficient patients (p < 0.05).

— Ty n the percenlage
Table 23 23, shows that there was no significant difference i the P E

of |
hers among paticnts with the dilTerent blood groups

&1
- Patiskuii

' . of CAP with
hs Tabjes 23233, angd b show the restlt of the dh'":lt:::l,,m};miskm,,
e types and G6PD status feSpeCti\cl)- among paue
adults) weie recruited

of 14.7£10.1 Years
i 0 CAP

Oiie

sl“d’ They had (] e of [ 10 45 }c
ge range 0 S
6%) paticns (19 children and 37 adults) esP°

ars with 2 e

] |
hi ded postively

ik g

9 ‘.'
g 9% S compared ™ th 26

T Was iy lawer
K < Percentay 1b AS among Hchers arspically St ety
, "hl-uchers ( }”ab'It’:cIZOBf ]2[:1) S'l"lns also Indcales 4 pany :;B,ls)' The percemage of

i ‘ | Jqichers
N ol Hb AS amany itchers than Non-e
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tchers among Hb AA was 54.47 and 25.0% in Hb AS pauems, Ths also showed
sigmficantly lower proportion of itchers among Hb AS than Hb AA (p <0.05)

3.23b showed that the percentage of G6PD deficiency among |t<5hers
Was 28.6% and 13.3% among non-itchers. This indicated a sigmificanily higher
PrOPOrtion of G6PD deficiency among itchers than nov-itchers (p < 0.05) Als;o ‘!'e
Perc€ntage of jtchers amnong G6PD nonnal paticnts (27.8%) was significanily lower

(P<0.05) than among GOPD deficienm panents (50.0%).

Table 2.3

Blood group was not done for the samplcs from Potiskmi.

recrnted o the study.

h 9 1neat ors 5;.'4 y€ars N_illc {8 30/")

One lundre bt patients (all children) were
They | d and eight p

1ad an age range of | 1o 14 years wit

sieificantly

fes : > ed 2 Smns"ca“)

!%p:"‘hd positively 10 CAP. Table 2324 show J) relatise 10 sion-iichers
or

| : - (11.1° o
Proponion (p < 0,05) of Hb AS among itcher L0 Ao s syemficantly
{él-}%) Also thz percentage of iichers AMONE Hb DAS %((),;f); \;tz:uus g;"d ABO
l,lwcl’ (p < 005) than among Hbh AA pauems (ll 3%)
HOUP were not detenmined for these samples

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



{11

ution of CAP in Patients from Kano

|
AP
CAP and 1 faemoglobin Type

| _Lad Itcher Non-ltcher Total % l1cher
P 16 89 {15 15.2
0 ! 14 ¥ 0
) 0 ) ) 0
o
%0:\3; 16 105 121 132
0 13.3 116
"-*-u.______-;
I
\le and G6PD Status in Mules 5
Gop |
\\.____ -
0 19 45 133
3 5 8 375
9 44 53 i7.0
33 14 5.1

e
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id ABO Blood Groups

roup licher Non-itcher Tolal 9%o0ltcher
3 18 2} 14.3
7 2 39 179
| 4 5 200
4 33 39 e
IS 89 104 4
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Itcher Non-itcher Total % ltcher

35 97 132 26.5
5 26 S| 16.1
2 0 ) ) 0
a
10 125 s M2
025 20.8 8.8
H-;.‘""--.__
(8

CAP aud G6rD Staws in Males

\\_ et 5

Gop |

| .D licher  Nonoltcher ~ Total % licher
— __.__.-—-’

B 5 147

22 67 8Y
8 114 8.0
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CAP and C6I’D Status in Males

AP aud Huemogtobin Type

Blood Group  J(chrer Non-licher  Total % lhicher
A 4 13 17 23.5
AB 1 ‘ y 25.0
0 " y 2 28.6
‘.".""l-l-...___

To] 3 90 121 25.6
\_\_ d

T&blc 2.3.23

but; . o
{1 bition of CAP in Puticats from Potishum

o, ltcher

licher Non-licher Total LI
n 90 54 4
3 20 25.0
| 3 66.1 .
= T 496
263 17.7

—
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(B) CAP andd G6PD in Males

115

Ap
i } l:wmog!obm 7:[77(’
\\"-'--.__

G6PD [tcher Non-ltcher Tolal % ltcher
D 4 . 8 50.0

B e
;rolal 14 30 44 3.8

*D ¢ 133 18.2

""-..________ —
Table 2 354

Dist by, s
rtbugjon of CAP in Patients from Port-Harcourt

o, [icher

licher Non-licher Total

\ _______,_,_.-—--

.

o« 7) 1.

17 8 &

| 0 '

_/—

— = 20 10.1

23 20

_‘—-‘-’_‘,_-—-'
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DISCUSSION

Despite the emiergence of cliloroquine resistant parasites, chlo_roqlll'lle remains
the first Jine drug for the treatment of malaria in the country It 1s also _the i,
widely used gnrmalarial drug in Nigeria (Ekanem et . 1990) Chilorgqtic wig)
used g therapeunic doses is safe, relatively non-toxic and l‘s_ eagly adimmistered.
Despite thege obvious advantages, chloroquitie associated prurttus 1s a ¥ery conuon
thﬂomeuon among those who frequently use the drug for "‘empc.""c pu'p(,ﬁ:rsc
Tlps S a big drawback on the antiniatarial prograisme of those endemic areqls “ha |

thys 0¢Curs. The ilching produced by the drug 15 50 disturbing that tho:f.e “rll(:alar:g
S\Pefienced it are ofien reluctant to take the drug for subscquent aitacks Ee;1pelliic
W indeed do ot often complete a single course (Osio. et Th?d!c tll‘c ideal
cctmst.q“e"Ces of such practices are enoninous g mlsdmflzal?n:?aw because of
Si:atlon for the development of Severe and C?';;pllcla,:)cc of p||;|10|11c:tdl to the
g f|‘luate trcatinent, Secondly, the co;mr;aiwunonol :jl | o) oantify becarse i may

“OPment of resistance in the enviroument is 1ar

' 1es
PiOVide yhe right drug pressure for selecting out resistant parasi

evelop drugshar will
) chloroquine ©
d. The otlier

s either to d
Fhie Way out of this therapeutic guagnire 15 eitl

Ommﬂ assocm[ed wil
: : 1S
e ¥ block the development of the prusit

disposc

: are SO PIC' v

mat response to chloroquine 1 Reg’s \|\ hoﬁrsl altemans &, several TeIMes
' ¢

halc YIS 10 50 other drugs. In response 0 th

B, " SUggested for the control of CAP

econd

; cliable [11 tespOIIse lo "'Tﬂ;: =
"hemahr NI of (hem have been shown 10 l()je rt'or '€ reanent Of M
E"m'..\“ several of (he newer compouncs

Lftik ‘00 expensive i relation {0 the E1053
Ol most people i endennc 3reds

natiohil P

Y

('ni\ en") Cll"l'uc “u;pitill ‘n“.,. mdl(‘mc':'
R : e
Th, W ! pennent
h * Prevyle ' was 4 300 AMOBE iy OW NI
tlhl 5 3 ;";}C:I:;:uﬁ/:; -:nd prc\.th:ll( pmhlcm ]
|
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contributi : | |
comribution that this has made to the development of drug resistance in our

e | ' :
o onmen 1s hard to ascertain as many of such patients are unable 1o complele a
course of chloroquine for malaria. This is because it has been shown that low

l 1 . .
m%)pressure I ablc 1o select out resistant sirains of /2. faleiparun (Bruce-Clwau,

- our enviromnent, patients have a preference for hiramuscular

:f;?;:tf)"a“o" of drugs OS.opposcd o oral adlpinistralion. fn particilar patl'e'nns
bll!llrﬂtllIISClllar adpnnistration of chloroquine to oral admmistiaiion lWa!I\cr,

lla:’]sp:t :jsl.le_d data). One obvious reason is the unpieasqnl laste of ch]oroqumc. l:;
"6Y- 1t was demonstrated thar there was less pruritus in the patients who ha

fe : '
Pi€uteray chloroquine compared 1o those who had it orally. It w ould therefore be

e\Pecic |
'picud that one casy way of eircumveming the problen of C AP s to give the df\lg
: f'ﬂ ht with a lot of daugers

it ll(;lramuscu!ar route. This would in practice be ﬁ’m_lg g 1
hadbm been shown i the past that intramuscular administration of <h o;o;]ti.(hc
dng :;’('; :;ssociated with sudden deaths even when lhempelizc\i?';:c'"z“:;" 190)
€en ysed (W Tuboku-Metzyer. 1960, Waiker 6@ 17525

Saly) (Wiiliams, 1966; Tuboku-Metzy e itramuscular
plasma levels after

0 07 3
i iz 1987 had aurbuted these sudden deaths
t one of the ways ul

Mistra I
Y r 4 ’ ll 'Il
Yiiryp, gl of chloroqume to Iransient and very g

u : | S
“hICl *cular Mjeclions. Sece Ildf)', 1 1S well I‘CCOH“'Z‘-d tha

] '« by the use of pOOrl)'
llizg(;e AIDS vinus s iransmitted i developing counl_”z‘; ‘rs.rs)tcd"“ﬂ' the WHO
%0m "€€d1eS in rural health centres. Thercfore it 1S SUEE cre malaria witen

g d only M S
G Aie doa that parenteral chlorogtine be used OM)

nts cilllll(,l :Ofera‘e II]C Ora' dose' bc adhcn.’d {o]

wWils dcmonslm:d m th

> hes
:u)' o CAP Was more prevalent i SOMeE ﬁumm YmiOIIS (siblings md, palcl:se)
Ribie,, 35 INOrE common amonys! first deBTe ol o Conain 8

_'.‘l;,"t-'rs thag non-itchers.  Nevertheless !t tcuded 10 zcumgi:'rw nelindl ¥

&i«m, [ e ason for Its 18 101 clear This lend i g ept of 3

e senc lyeredo-familial basis fo CAP . :
TN basis for the disorder as SUEE

AFRICA DIGITAL HEALTH REPOSITORY PROJECT

ested by



FEN

The association between chloroquine intake and CAP observed i ilus study
agrees with the reports of Spencer et af. (1987) and Salako (1984). Previously,
Linduist & Ullberg (1972) had shown that chloroguine cumulates i melanii
containing orpans like the skin and the retina. This affinity of chlorogume for
melinin has peen postulated to be the basis for the developmem of _bull§ cye
mli"q’“"‘)' wluch is indeed the result of the cummulation of C!l|0f001"l{° m the
*lha (Voipio 1966). In the samc way chloroquine cumulates 1 the skm,. Ths
"4eed may in pan explain chloroquine induced pruritus, and may provide @ p?ln.
aMSWer for why it does 1ol appear before a particular age FNE, and ?scs:gl'so:w)l
2fer several jnjakes of the drug. This may partly explain the reason Wh '

1 . . [ < [984
Perienced with the first ever dose of chloroquine as reported by Salako {1984)

WECAP is nore prevalent m adults compared 10 chldgel suppc;rls! UW';:?\;I l:;::
SUMulation of q)ye drug in the skin way have 2 stpnificant '°c,cix'c)n‘.s' finding
Hogenesis of 1 is phenznnenou It 1s also (i agrecment will: li‘f':); incidence of
Pencer o af (1987) and Osifo er af (1984) who g

IT( ]
"8 11 aduls compared 1o cluldren.

X

b
R~ " ! & 2 L\ +
Parasituemia:

between
relationsinp
o Mpyvika
: tllal|984 gurmham ¢ al.. 1989. Ci_]."_o“
rd 5 there was no 3550 b
e
4 NevelthelCss. i had been

' ako
s for ]nophylaxls (Saltt
b byt an AcMe

dueive

Cap :écV"OUS workers had dewmonslirate
e, PUasitaennia (Olatunde 1969: Osifo- 1750
Berw g, - & 1991) This was conlinned i Hlus

o dy
' CAP and malaria parasitaenna 1l llns SEUE

n N 1Ty the
Iy hay LAP 15 not common amony those US K

L Thi. : ite-
:'i T}:h may nean that CAP is not dik 10 p“’f;l condition

a fe v
[i,t:;;o"'e Hiness may create patlioply$10'OF!
elopment of CAP (Qsifv 1984)

nol
2V ¢ thay are €O
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24.1.3. CAP und Haemoglobin Tipes:

Result 1y Table 3.8 showed that there was a sipmificantly reduced frequcuca'
of sickle cell yrait (Hb AS) among ilchers relative 10 non-incl,ers as well as redlﬁels
fiiquency of iichers amoup Hb AS when compared with l]Oll-I‘Ic]ler?. sm::c
observation suppests that the sickle cell train w some way(s) ."'a).cﬁ':]le er AS
Pioection apainst CAP on its bearers. One explanation 10 c+onslder IS 13er i
?‘d'."idllah suffer far less intense malaria attacks per umt {me 4 COIzl!u)ast severe
llldilfdu;ﬂs with other Hb lypes. That 1s the Hb AS 1S pfOlCC'['l\f eilllg‘m“ e
malana (Edingion 1967, Hendrickse ¢/ af 1971). Therefore fnf:L easc compated wil
may be presumed 1o be less exposed cumulatsvely 10 chloroqtitine

Palieuts witly other |4 iypes and hence develop CAP less often

. between itchers
Other jaematological indices did nol show' any dm;c‘?"ce‘:;)lc wlio are ore
and W0n-nchiers. Tiis is surprising as it nnght be cxpccted lmTll:is findivg may bean
PIE D CAP sliould have at least higher cosinopl! c_ounlS-l ( role in the EENCSIS &
elicalion of e facy yhot histainines may 1ot Play 2 sigmificat

P (0sifo 1989)

241 .
A CAP and Gorp . il G6PD
f§

o
g €5 239 aud 2311 showed Ia 'her(,po \eficiency Way Pred<Po

"ICeney : : 2 hncl"C‘EIOb'"
C‘APtem) than non-itchers, Tlus mdicates “’*1; Tids mdcpendcucu or{rmcd AmoNE
€ validity of these relatonships 2 o cling were ¢Oni &

Al hese relationshil qs  Well 8 P

&E"‘Og' ceil disease (haemoglobuwpzttlnc
lobinopatlsic patients g e
Howe Lr'c|,|oroqtllll¢ N3

o WCrE nore

"Ypes Was

Th , 3
Iid o, - PEChalisin for this observatio! gher copcentratto!

" Mave be unilate
Moy ¢ Oeen reported 10 acC
cells (Oryih, 1987; Janney, 1984)
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2415, CAP and ABO Blood G rotp

;‘;m; that !her.e was no difference m the frequency of CAP among the various ABO
m‘;"nogfgllps - bqlll nonnal and sickle cell disease patients. As expecled, there
B0 "Te“’"?C in the distribution of the ABO blood groups among itchers and
no assgl‘-ffs: This findmg shows that i contrast to G6PD and Hb types, therc was

Claton between CAP and ABO blood groups, as the ABO blood groups are

not xn - j
OWINlo be associated with malaria.

24

X 121,
CAP and Pregnancy

chloroéq : Cluloroqm,,e 1s used as a prophylactic i pregnancy evesn I ;‘335 “""['
e resistance, it was unprortant to find out the prevalence of CAP @t ongs

Pre:
m:[f:;"' Women,  Thys s because tiching may reduce the enthusiasin of such
S I
@ comply: with 2 prophylacitc regunen.

e I 1y iiching of chioroquime 1

study ol .valence of
fwﬂla,,c). (420, ¥, there was a reduced preva

=y ech;llliSflI
57%) The m
) as comparori with non-pregna"‘ wonieh L’IIO\\'" Howener, the

.0'0 . 'ICQUe"c_\ 0:- CAP n Pfcgllallc)' 15 .||OT ,\Cd cspeCIﬂ"}' as t 5

X OMnonal staje - pregnancy May pig 1IN . (Abila and Ikueze,
Al cenayy steroids e g predmisolone suppresses itchmne

' 2) ¢l 0/., |9();)

ween CAP t Wes"a"d a‘?glgn;?\'

ry than nullipard |

sure 10 chlofoquine

Crtfiel o
,b’hwcd :I.‘*""SS' there was an association be e
o, highe frequency of ilching in P

1
y Har CAp may' be related to cumulative expo
)

o

l

rhan and Rural Population
| children (who wer¢ of

it WIS constderably
rd 01 age In

M

I schoo

::' ai_cf"c\alence of CAP i the nrbam did nnral}-lf)':m_“.
lu,mgm“”” wits not sigaficantly differch! inder five ¥
“the nyral pre-school children who wer€'?!
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As ABO blood groups had been used as mtermal controls, it was mteresting to




Is?ceki?elﬂst'r:]?[erc \’vas anr mdicanon of an apparent protection agains) CAP b\ the
8 compared “,a-sll Iere was a consistently' lower proportion of Hb_AS among itchers
GPD deficic, At lloul-llc!lers. There was also a ;oul§zsle|1tl)v Inghef f_i"equency of
Ui o o '€y among itchers than non-itchers, idicatng susceptibility to CAP
enzyme deficiency. Also the resuh of CAP and blood group showed that as

evious|y . :
f .“0"5|3 observed, there was no difference in the frequency of CAP among the
anous plood roups.

244, :
Geographical Distribution of CAP

The population distribution of CAP in difterent geog:aphical areas was

Nyasti _
Slated’so 25 10 pe able to cvaluaie genetic as well as enviromnental factors on

Ma}’feva]c,,‘:e of CAP. The prevalence of CAP was therefore cvallm:Cd i }'\aII;O‘
_ . : m the
5°ulhu§¥r;q auel Pottskun in the North and Por-Harcoust add":io" :'?h ?:33:,5 fl'l'OIILl
|’ h . \‘
e Beria, The results from other arcas were compafed?

~Ibadan 5 reference standard

3
t.J.J. f. :

/I‘(’lw[tmc‘. Ofcfll)

in Kano. Tlus was

as 13.2%
e fact that oS! of

be duc to the
adulls.

T) :
oy Con,pc e3ults show that the prevalence of CAP
@ patients were children, 82 children ad 39

« low
congiderabls
wWAas ZJISO
3.4 205 Tins ™a

| e Al It
Mile Prevalence Madugiin was 2 | adulys and 24 cluldren

ds
s Py e patiems sjydied were mostly adulS: £ ents.  1he low
because all the

) _Harcourl pai
l]'“alc I Pouskim: and 83% anong Pon-H 1y be
h S P ) . C “ lbadml 1) . ch to the
w’ents Stug on-Harconn cowpared with Y- I " diig Was M

e 'ed this arca were clildeen and the

v sculn)

Wl Parenteral rouse (subcutaneons Of Ll lovwer the
" J \ t.'

. h . anlCll]nr]) [I

: S “CAP 1s P Iy (e 0 C

.‘hh"m ":‘ms gencrally (hat the prevalenice ol Cl‘h,i,m, Tlus U} be
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fact that the malaria situation in the South is more endemsc than i the Norih
(Federal Mimstiy of Health, 1989).

’ -

s were | concordance W h the _futdmg n
of Hb AS amony lichers as
onrr Hb AS was lower
AS st like g1 malara

The result (roim all the other 4 town
CH There was 2 consistently lower propo1ion
“0Pared with non-itchers. Also the percentage Itchers ail
lhan'a,,,o“g Hb AA individuals, This suggests that the Hb
S some protection against CAP on Its bearers

) 3 Cep . -
6D Deficiency and CAl

| higher ficquelicy
The r : 4 showed consiStentiy . was a
of esull from the populations studied opitchers.  Also there W3S
deflclcucy m ttchers as conipared with deficieny panenls Ins
Quelicy of itchers i G6PD deficient than 11 l.'OII.S“SCC[)IlblIit)' to CAP
POIs the hypolliess 1hay GOPD deficiency NG ILEPERS

h'ﬂlcr fre

3.{4‘
e ABO Blood G and CAP
0 roup a | ABO bfood gmups

. nts W ja1on
M Port-Harcourt and Potiskuil Pi:l*ts . \as 10 2550€
1 SHON

Juons

Exccp[

o
'determingd (e results like i 1badal

“ee .
" CAP and blood group in any of the popH
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CHAPTER 3

TIE DISPOSITION OF CHLOROQUINE IN SUBJECTS WITH
AND WITHOUT CHLOROQUINE-ASSOCIATED PRURITL'S
AND THOSE WITH DIFFERENT HAEMOGLOBIN TYPES

], - '
doses of diugs are well
hiese differences 15 the
merabolise  druLs

as bemy the mail
polypic expression of

. p
Interindividual dsffcrences i response 0 smq:’lrd{ .
\ y . . y [ 0
oM cliyical practice. The major factor respons o

harke - . . individuais (0
(Fic . Ymation i the capacity between ndi

helbayyy, 1981).  Genetic factors have been idenufied

etly qra : o eiet i the phe
dnu g Prnciple jnvolved in vapjations that exist il e f
g |lle[ab0|isln [

Iy sigmficant

P}l;m ' '
e 1ca
les nacopenetics deals with cli ble for ahie

"”“su:ﬁe 0 drugs and has been found rcsponsl!
gy TCOCtioNs (Ravstius, 1988; Eichelbant,

POsition apd response 15 3 therapeutic o
"N of such yariability i's the basts for indin1dsil

S| PITERRC,

yrennse. herany’

age, | liscd phanhacot Wi

e those that

em (! 'SJbI"" H
¢ recotl! . (ssite
U oy “9 broad types of phannac ogenetic (hat are due 10 "I-lcic,ics ae
r%“%(l % pharmacokinetic differences and thos¢ acokinette e nse 0 |

-"AWlins 1988), The mos! clors Iy SR asiondll)

1 ce : ¢ : : -

:@n ligs Mied witly drug metabolism Ge'::';'-ons that the fitary Mpeima ey,
| :

Mape,. o> 10 therapeutic drug concent™s o cell saruct Wi

uhc 3 1 y
Prec lailure or morc often 10 toxicity fepOrts OV

¢
. \CF,
:ima(cd by drugs n paticits With hcrczlllﬂf)‘ ",ITS 958) ljo“ ‘ijm (1957)
“‘!:-O“ An example is GOPD deficien©) ( a;rh o ol 1977).

K Mduced hacinolysis 1s rate (Clioudfh |

phenomnchd £
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eported a lower plasma chloroquine concentration i Hb SS as compared with Hb
AA subjects

ork have provided evidence

Epideinological studies from first part of this »
b It was observed that

Wal CAP s 2 bei ditary factors.
. probably being influenced by hereditary I 0
e sickle cell (rait protects against CAP whilst G6PD deficiency may mcrease

SuscePlibility 1o CAP

. to Jnvestigate I heah'hy
hloroquine and its najor
ity diflerent liaemobiobin

From ¢he foregoing, it was thoughl necessaty
\ i . oroll
Punteers he phanngcokinetic and unnary excrelion of €

::;? Dol in stibjects wath and without CAP and those !
3pes

31, : !
l. Kt’r:ew UIJ'IN(I,.I"‘.(WI r('(.h"f([fu’s

- ||d be
L chiralioNs shot
The ideg| anianon of drug €ONC dentficanion and
eal jnethod for the dewnnma ds for he rdentifi

3egi : tho el
Intds have De= 1959; Wilson 4

of me'""alfon of chlgroqune 1n biological ! core als0
; dtsonmrgdem and more seusitive technlq’  spectfic andu;c;:l‘l"es
Kirogy I_()(,cjumbcrsro;:;c lflper L n oo ] bed (Prouty
Qo 2) aliowed characlcrisato

e ] ]
g "MAhods. specrrophotomieinc meth

y : gaol 19 000 ng‘llﬂ
Sk :mda* 1958, Robinson et al., 1970: F“”‘[‘" ‘s,e::sun"\' was abaut 14 }
U Pyt : (he '
Y 1o prp; ative and qualitative results bu |
15101 was very low. ciliod for the
upelric double
Brog; . spectrofltior < hased O
‘u,n“_"od:e voal (19:47) fust described f‘ This melhod?*2 oreSCeICe of e |
ru,%:'wn of chloroquine i blood and url"‘|' wr o nur wer ot al 1945: |
| E 10
. ua"d "equired Uv-irradizition 107 [“{ ilnng ol 9“3':&' i chioroduf'e &
ot ) e nucleus. Several Workers g the method 1€ 8Ty al (19568 ]

fic
T|l¢ nicthod w'as bater "‘Od'"
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further modification which required no irradiation was used by C}andcue a_nd
Caatney (1961). The method was further modified by other workers i a stepwise
pegessive manner (McChesney ¢ @l 1962, 1960, 1967; Schulman and Young
1974 Bergquist ¢r al. 1976; Adelusi and Safako, 1980). Hovvever, SONE e
Methods were not sensitive enough for phannacokinetic studies and were al;g |'|l|0i|:;
selective 5nce the extraction step does not completely separatg dlldOQU1l;e zpmm
meiabolies which have the same fluorescence Chmdenan; a?ib:::;f jor the
MPourd.  Gas chromalographic techniques have dige be-?r.lobﬁisscon eral 1970;
d“e""'"alfmi of chloroquine concengrations (Hottzman. 1995', o @i 1983) Bul
ergvist and Ekerbom. 1981: Price-Evans ¢/ al 1979, Ruye "‘ y |I.:lr

“¥sand the cumbersome nature of these methods made e

wrvmalinked
methods Jike the enzyme-!l

g I recent years. immunoanalytcal - ria) Assays (Escande ¢! al..
ullOSorbc ; d 1) NI e “
nt assay have been applicd !

1wl
icity may Cross Icde
!:?30 These methods may have a limitcc smr.flclu) :lnlllc: |gs'9)
NoNls They are ofien only semi-quaniitative (Church

: Liqui |
i -1 nance |
thp Thc farsi TCPOﬂCd SPCC”’C u{lgh Perfon ¥ chCf'de in

: - dned
) ncelyod for detepnmanon ol chioro “hole l)lOOd Sﬂmples

®eay, < 3 X or ;'f ({1
on :’;?t\m and Frisk-Holmberg. HPLC application> al 1983, Lindstson!

¢ ~ em ¢
|935] 'Paper have also becn described (Paich

quinc W

ey,
P , :
Clormianee Lieuid € hromatoerPh nds on the

4
hod dep

o THCIPle of the techmique of 1 o ble solvents. .
Wiy ' of e solute bepween two M , exchaee (8‘“';0
- ) ¥ the other 15 the mobrle phase y (o
%'(’“arye Phase and the ionic sites of the Po‘lr son-polar
;?m anplmsc which can be cither PO"‘fS e -
ns, b i sle
ey Packed o a cohmmn Res! tiohat®' P

: o HLL ALl
Aime 1ypes frave been ST
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cemponents of a sample can be achieved by varying the amounts of the polar and

flon-polar compounds in the mobile phase. i
Several authors have used diferent HPLC techniques for chloroquime ana!_\-s:s
(Bergqvist and Frisk-Holhmberg. 1980. Staiger ¢ al, 1081: Alvan ¢ al.,, 195,
Biown ¢t al,, 1982: Patchem of ul., 1983; Essien ¢f al. 1988 Opunbona & &
56), Bergquist and Frisk-Holinberg (1980) used jon-pair HPLC{'O Sep,?lrfﬁ
“Moroquine and its metabolite, desethylchloroquine in lhel:f P“_’“’“"""d IQISmSa. o the
Were able to detect chloroquine and desethylchloroquine 10 UFheE and piasm

| tector.
Fang r . . SuM|! , the fluorescence de
ange of 10nMm! using UV detector and 0. 3nMI™ usig w of therapeutic Plasia

St are low - ne monitory
W\ ouyne 1
« ow enough concentrations for TOuir ! ol (1983) reported the

\e . - ¢

, Io.{ chloroquine and desethylchtoroquine Palche.nlr rer prick blood samples

" “iation of chloroquine and desethylehloroguiti= ! o d desethylchlorogtitie
2% on fler papers. A detection Jimit for chloroguine - '

ijn o/
E'W was found using fluorescence delector
y which penmts fhic use

: : ¢
] A major advantage of the IHPLC i i on the feld Also I |
$haller v il < possible to obd (or Scpaiating
. nes of blood winch 1S P .thod 1or

s { the
: alo ] e (0)
Cli!uroqu?unon Procedure as i the 38 dlf:l:,. ajof d's"{,J"amfm

e '€ And Is yetabohics 1s not nNECESSI” )5 colp

Yy
LG v a!
the solvents used are (00 cxpensive

: - ancip Vil
of its lugh senst

y : climque

UBIECTS, v TERIALS AND METHODS

Subfects e Collete ol

h Sltl :
o \were medical (e studd

2

Fifie
""‘ﬁclneltcn lealijy male volunteers wh Jicipated 1 ;
e 19.4 U]"vc’Sil)' College Hosputal, Ibadan p{: ojp weigh! e
ey oo Ears (nean 23 124,70 years) M4 T ok
"t“!u;,l 202 kg). Al ihe subjects “c.": Jasly’

Chigy None took any medicatio? f"l-:' T sesqigat. red 18 PAT of
'NJ Quine 1y the 2 months preced!e : le,. lhose nd"! i

13

00k any dose of the dnig other
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: Materials

QM“"E’"‘C base

‘enne

M hydroyide

OCIIIO[jC
C‘“"mln'rc }a;’d(O.lM HCL)
Moy (HPLC grade)

Sw.,mol (HPLC grade)

My e
Lo mp)drogen phosphaie

LC (rade)
Py Horie ac:qma ic)

.
3 HQ"N‘” tubes
C‘JQQ“‘b

(Brp,spm 220

The subjects were divided into 2 groups; 7 itchers ai
1€ also prouped according to their haemoglobin Eenotype,
1'was not ethiically possible to do kinelic stud
are always al the risk of anaemia.
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Sudy - Measurements of haematological mdices. liver enzyines. serum electrotyte
3 urea Wluch were done at the beginning of the study were within nonnal timts
altthe subjects, The urine were also lesled for specific gravity, albumm and sugar
“ (eSS were all nonmal. Haetmoglobin 1ype was detennimed for all the volunteers:

d 8 nou-itchers. They

g8 1lb AA and 7 Hb

y of tis 1y pe in sickleis because :

| ale

BDH ]
Mgy and Baker |
5{5!1 Chenticals Enbﬂand

Rl‘;dcl-de Haen (Claroljmsol\) |

BDH Chenticals E"gla::fsoh) j
R edel-de Hacn (Chror &
Bdl | Chemicals Englan

Pyres

MSE England
Waters US“}

Branson =




123 Study Design

- Each subject was given a single oral dose of (600mg) chloroquine basc
(Nvaquue, May and Baker) afier an overnight fast with aboul 200m! of tap water.
Food intgke was only pennitted 3 hours later

ed before and al

Venous ' wiscd tubes) were obtai
0 us blood samples (51l in heparinised tubes) A

24,248, 12,24, 48, 96, 168 and 336 hours after drmg adinmsts

g within 0 nsites of collection

leakage of chloroguine from tlt;
The plasma ‘Was stored

The blood samples were centrifuged al 1200

el |“S'"a separated. This was done (O IMININISE TEs

fm‘:"‘ elements of blood ito plasma while standing.
I o~ | ~

b |ar ~20°C until analysed. Pooled 2:| hours urine .
P Ware also collected separately from each st

¢ - 16
i oainers. The vohunes were recorded &
"anatysed

and p|

] inlo
on days 1, 7 and 17700

.d 10ml aliquols siored A --

12,

dAntalytical Techniyies ons Were
conceltranons
 IPLcy A
raph)

' nieth
he modgificatiol of tle

(hylchlorogtihe

na g ' ‘e and dese
"ul) N and unnary \.llk.!'O([llllle | |i(|lll'd chromatog

Mol " duplicate usiing Iugh pcrfonnal!CC

SCie1; l - for the 3s3S
0, "Stlive and re producible method based Oll"w1Il0 was used foF J'
" ¢t al (1986) was developed. The e == |
o
{"”'()mamgmlylnt Condittons od W ih 8 fixed |
rapll ! clred 0 d
‘z‘deA Yalers pyodel 140 liquid dciectof cl;romaloorl.-o‘:l’ {q Was conn:::j Jiase
g \ detec rooaps [EVER {
b, 1 (25, g. The waters 2 e 0
TN nn) g was USC _ 1 ciste |
I"Cab b5 rcCOl'd)el' z PIUIIIP lysis was came éot movie K 0 6 303 I
by, Yase The analy 00} The ¥ i the Tane 2=r -
484 Oy (Boudapak, 39 & 3 Acctomifile T il phase |
‘-ﬂl iy Methanol - e pH of the ¥
¢

dthydrogcn phosphate - :
Notic gcid per 100ml of 1A e
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30 T | J— ; :
e pump was set at a flow rate of Linlinin. All expertments were carried our |

3 : '
foom temperatres. The internal standard (1.S.) used was papaverine fiom BDH,

)
4.2 Plasma Assay
ere first prepared by spikmg

Calibration curves based on peak-height ratios ¥ |
hylchloroQuine (i0ug/ml) to

drug- .
gi\f free plasmla with standard chloroquine and desel
onceniration range of 20-200ng/ml).

P d

I ofT 70MI il of plasma placed i a [0ml screw capped eMtrACtion mb? ‘jﬂ?l ifﬁzr
Bach 1,1 sodium hydroxide. 10ul of 1.S. solution (Suginl) and _4mlr le'lljl.lllll i
W€ and jis contents were then whir inixed * wJUSELCS

- _ | ther
centr; ' . v reed 1010 ANO
luby fuged for 10 min at 2,000g. The ether l2ye e separaied

A 100

1 il volyme : ,

S layer T ume of 0.1 N HCi was a‘ddu | <t nifged for 10 milt
The clhe; | he tubes were then whirhnixed for 1 1 e aqUieous phase s
Wi a¥er was then discarded. A (Oul ahquo

®d 1o y|,e HPLC.

y of

welc recorded

< samples
test SIP " ovion from the

d by exlrapo
et ratlo.

The 110l
Cm'ce'ltra pca'\'hc‘b"l‘ ratio for both the St

%ldard c::lﬂll of drllg 1 test saml)]cs were
bration curve of concentration YISt

andard and

deterne®
peak‘I

k)
. J 3
C; 3 i
K '.‘.!L' Al\\ ‘:
Jie concey

- ano
};-hCIEm rat chlomqll!llc |

Il”} CC"}\";)‘
] hon curves based on Pea desetin

g/l
Were oroquinc a1
prepared for chloroq] by addine Il of

e d water = G4 the
disulled ™% paken tlhml'b-l |

Jtion

welre |

A |
::c'o 9n:|" 10 dilution of urine was milde el §
r'ﬁ;c"on ] Of water. A 1l aliquot of the d'InlCdl»s
),/ "Ocedyre as described for Pl -

bla o

| I‘n'o?ld?rd (Sug/ml) was used. Dryg €On¢e ' r
fon the suandard £RlREUEN St

L

fons
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004 Precision and Percentage Recovery of the dnalyncal At hod

Blank samples of plasina and urine were spiked with standard dllOfOfll)'{')"f;
a"d-desclh)|C1110r0(]u|'ne to give Kiown concentrations of the drugs. Al0 OF & l”.
diguot of the internal standard was added to blood and urine samples ffSPect‘l"‘cﬂi‘é
Tk Samp|CS which \vere prepag'ed n duplica[es werg then _Iake? “l::;%u:a[cd
Wiidction procedures as desciibed previously’ Peak-height ralios Were

o | |70-

cONCenirations delennined by extrapolalion from the callt_Jmnol(; CC;:‘C:‘-U;"}O“S

ay and uler-assay coefficients of variation (C.V.) ?r ?he cs(.nn-'"iee mean of the

e detennined by comparing the standard dewvialion \v"',t,l-l‘ - of the method.
c‘ln"tm"“"blls This was used for the assessmei 0f LA

| _ :
WS of derecton of the drugs were also determined.
efgh[ I‘3|l0$

the eak-h 1
P ralions

) comparmg
by Bl ye concen

Ie p 3 l d
trcentap ery was determmne | )

lhe ¢y . s
ofthe dm;c ted drugs with 1hose obtamed by 9

12X

Pharmacokinetic Calendutions e
nded feast A%
¢

: x| ;
using o d Lune 10
It pha P were done . (Cypax) M
. nnacok alculanons L 4

m"‘lheg Programme (Hotford 1986). fhe pe ceniration - e

o] X 7] () lhe Ccol :
Peak (Tinax) were detepmmed frol e coupartieTe

Tt

ooaesd 10
The i ].O'\””J(Cd
We  * Plasma concentranon Curves WWes apP

Mog ]
"t R
iy Kilelics as follows

L < i1 » e
C=AleSimiBE Aal!dﬂmc.t
ljl;]j,ll'lﬂ- \ “*IHI: a

3 . p the
'S the concentration of the druk I_ln"u" phases res
and elmik § resp
21 - 0 :“

g

e
Porioqs;.

MB 2 il f‘”_“:!mns of distribution a1

.Ne ' distribution and elimmation

5 © Cessation of distribution, the
“F”'ﬁtm”

I
|
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The equation then becomes:
¢ = RV

Log C = LogB 12303

where Co 15 the

Bisequi le b isequivalent 1o K Ay N
quivalent 10 Co, while 3 isequ e climination 1ate

(Ol!cellfraﬁon of the dmg al tine, 1 = 0 m the plasma and K, th
#Stant in the plasima

y S straight line

| pOIoN
tertmmal § %2.303 and

A : - e > with
Plot of Loy C against t gave a cune equals: -

“iting the B elimination phase, the slopc of Ry
“pl equals (.

*pres

wcnlration-lfmc profile

col A - |
lhe [Og lolr thng pOIIIb-

K W ' f
as b g 0" 0
calculated by lincar regressi last three OF

‘om

the | 3

Halfyice 'nonoex ponential ternuinal portion. 1EME l.l ¢
{t /2) wWas then calculated frot the relation’

by — 06£93/K
ity = WOBIRE g esimated

C) wa
: e CHNE (AU
T|he a1ta under the plasma concentration-HiMe
: "apeZOI-d;]I )’;;lc
' epratmg: G
e area 1o ifinite time was calculated by
o oa | d
I" cdy = claxt ' = /P
s'ope Of
ulﬂwd ﬁ Tl
IS the rm Conce“"a n - m the
W gy '3§l value of chloroquiie == ot conceM ™ 1 orive .fm_ 4
B 1ares lineay regression line of ”"’- e totdl ared ot Of infine
Icd A 101
ay, S defined gs the percentdee of e last e |

Ot1. 0
H T-lime plots afler e.\'lrﬂi’ola“o"
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Extrapolated area’total area x 100.

haly lasma data
Renmal clearance (CLy) was calculated from unnatd and P

&cording 10 he relation

- it b
CLR = Amoul of drur excre[ed unchan;,ej_perl

Cp

oint of iive upne collectton

Where Cp is the plasima concentration at the mid-p

Mtervy)

4
J-chlofogumne 4P to day |

. : urinany
The yrinary recovery of chloroquine the area under the d‘I i
® phoxmately estimated by calculating ' 4 dama from €33 i ine
Ctr dion fime cn e asing the trapezoidal rule an v of Chlofoqw

\ereti P -
0N (o ; nl-“ed AS51
& mfinite tsme was estin that calculate

o f:clhylcl"ofomnne i urine after day Hl :S The sum Of the tofd
g excreted amount on days 7 and . of the total gmonint ©

\ere | :
2eg ,"0" cunves of CQ and DCQ s an estunal
Y%ed i yrine

)

paing !

SsD

, ns =
Valies igbles as e it

e piven w the text and

| t
e ' ’ i Hics
‘vues ir ]’"“ccn means Were lcst»d. fOr L
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RESULTS

A, Liguid Chromatogruphic Method for Assay of Chiyroduine

and Desethvichloroqnine

S were all well scpasated 00 tlbc

4 lA‘
oquine, Clifoquine
desethyichlor 35.1) There

s respectivel? (Fre. 3.5

Chicroquine, Desethyylchloroquine and |
Sogams. They were eluted in the ordef,

H IS with retention umes of 3, 4 and 6 mu?ule| mine. proguanl, sul phadorinc.
00 interference from other drugs like P)'""'"i ‘?‘c]l,r;;m,‘lt ctc. which may be
~di3quine, paracetamol, promethazine of chiofp j desethylchio@Jus®

- . ! une aNd . the
_W:sa.t inthe body. The limit of detection fof C:"_?’qush ous lhe precsion of th

%€ 10 ang 0 Snyinl respectively.  Table 33 SR desellyichlorogUine :]’
Ml method. The intra-assay C.V. of SHorCa T d 39%. and 400

M| 20 [ ; ..?
1202 Were ar 0pg/inl 3 0% and 4.7%. 100ng il 3 79, and 6.9%

:3"; and 419 respectively, Winle arine 1 Was 3 20 for chloroquif®
m'”grinl 9

g ~ 1,3
1%. and 4 0% and 4,000ng/n! > cV. o chlor0gae. o

&;:hyld'loro%mc respectively.  The 'mc' gos and .=7e

eslih“chlomquinc i plasina were at 200/l ¢ While inumve

45--.' and 400"&'/"!] 4 8% and 4 0% rcslwc:"\ c:;\h] 1 090,,,;-'"1! 315
¢ % '

oy 2 6.3%_1000n/in} - 8% and 637

\ wenrechively:
U and desethy tehiorogume respeclivet. : EaEH
o .

cover) M
‘ﬁthab]c 332 shows (e absohie r?o o at 100ne
) ) 1 C “gc ICL
Quine q the yejccnt + :
84 g¢y  Oqwne i plasma ¢l ia 7 and 36,1227 T cevery W o
“lyh =47, and 200ng 0l 92744 3y 2=

L - urme, ,
W, O0Qumne espectively, 0 o (o :
Wil 899, 66 a"% 87 0+7.2 and 2.00(:’)‘*' The cmucucllil 1‘ y lmear
| e S wively 1)

t"‘\;lumc “nd desethy Ichloroguine "f"""'lm;m;mn and "":‘ :
Nuinte gy d.c.sclh) lehlorotine ‘f? i memc.glm‘
T332 and 3.33) with regre

and 33 1)
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OF
A TYPICAL CHROMATOGRAM
CHLOROQUINE ANALYSIS.
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Precision of Analstical Method

Concentration C.V &
: ng'ml (%e)
2-Assay’
I Choroguine: iz 5
: (a) Plasma 20 . ;
100 32 :
400 j; :
(b) Urmne 50 A
1000 41 2
4000 12
2 Desehyl-chlarogune: B 17 7
(a) Plasma 160 19 7
400 4 ;
. - 69 6
4000 50 "
Intep. Assay
I, Chloyogquune’ ; . 5
| 498
(@) Masma ek 18 5
400 i8 g
50 4.5 6
(0) Urme N i 6
1000 51 4
YA Pescthytechlurogume.
| (@) Plasin 20 72 5
100 608 5
400 10 6
(1) Une 50 63 6
1000 63 6
1000 69 9
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covery of the Analytical Methed

Concentration % Recovery! 1
. : ng/inl + S.D.
| _:
= Chlsrogume:
{3) Plasmma 100 94.5+3.1 5
200 92 7+4.7 5
(b}  Urine 1000 899466 5
2000 910250 4
Descthyl-chlorogume:
(a) Phasing 100 940417 S
200 861429 S
(b)  Unne 1000 §70+72 5§
2000 912+27 |
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The Calibration of Chloroquine and Desethyl-chloroquine in Plisnta

Peak Heipht Ratio
CO(IQ =

Peak Height (inin)

g cQ  DCO
CQ DCQ IS 1S. 1.S.
; 0 0 385 0.00 0.0000
0 85 125 395 01428  0.2100
10 320 300 970 0.3298  0.3092
80 85 G605 835 07005  0.7245
100 300 330 370 08108 08918
200 570 605 345 16521 17536

fc¢ = 0999
Tixq = 0.99&8
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333

The Catibration of Chlorequinc and Desethyl-chloroquine in Plasma

e
"

Peak Height Ratio
COnc g

oo Peak Height (mm)
o) caQ DCQ
CQ DCQ 1S 1S. i.S.
0 0 385 0.00 0.0000
85 125 5953 0.1428 02100
320 300 970 0.3298 0.3092
585 605 835 0.7005 0.7245
30.0 30 370 0.8108 08918
$70 605 345 1.6521 1.2530
fcq = 09991
fuicq = 09938
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Peak Height {mm)-
€Q )CQ
DEQ 18, 1S 1S,
0 0 62.0 0.0000 0.0000
12.0 180 60.0 0.2000 0.3000
815 90.5 61.0 1.3360 1.4836
1430 1590 46.0 2.3833 3.4565
189.0 200.0 360 5.2500 5.5556
145.0 155.0 20.5 70732 7.5609
——
g = 09908
IDCg = 049914
iyl Haemoglobin L Versis A

3321 Plasma

The log concemnition-time cunves fi |
: or chloroquine and des
o scthylchlor
afier oral adwmimstration of 600mg chioroquine base gre shown 1y Fzg 3 304qmn;
335, The pharmacokinetic paramelers derived from the indsv b
time data are shown m Tables 335 and 336 Tle

{Cinax) of chloroquine was higher m Hb AA a5 comp

1dual concentration-
peak plasma concemriion
ared with b AS volunteers
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|¥m 395-4i102-ingfm\ for Hb AA and 283.7+91.0n/ml for Hb AS. This shows

:cghuffca‘l;\ll}' lower C.max m Hb AS than Hb AA subjects (p < 003). The tune 1o
ns Op(? concentration (Tinax) svas 3.5<2.1 hin Hb AAand 3.7+2.1 h in Hb AS
e dn; ,))‘ Th‘? plasma chloroquine concentrau'ons.decli_ned slowly afterwards fmd
halg i'fL wlas still deteciable 14 days afier its administration. The apparent teAninal
HE(/3) was 111.4252 9 in Hb AA and 124 0+50.0 I in Hb AS (p > 0.05).
¢ Coeflicient of regression for the calculation of 1%; was 0.98-0.04. The area
Mc;‘:e plasma concentration-lime curve (AUC) was 22665x9 107 ngmt h for Hb
pem‘ }51641_8791 ng/mi b for Hb AS (p > 0.05). The exirapolated AUC as a
@ )"‘f’bc of the 1013l AUC was less than 20% i boths groups. Renal Clearance
RIWaS 243 34106.5 mi/min'1 for Hb AA and 316.1+122 8 ml/mn-1 for Hb AS.
€% Was no statistically sigmificant difference between the 2 groups (p > 0.03),

30 _DCSElh)'lch\oroqu(ne due 10 the admmistered drug was detectable v plasina
4 W afler drug ingestion in the 2 groups  The phannacokinetic parimcters of
tselhychloroquine in the Hb AA and Hb AS are shown in Table 3.3.6. The Cinax
Was 107.6+39.1 nghml in Hb AA and 9064629 ng/ml w Hb AS. There was 1o
salisically sigmificant difference beiw cen the 2 groups (p > 0.05),

The Tmax for desethylchloroquime was 5.3+5.0 h m Hb AA and 5.1=3.6 h m
Hb AS (P > 0.05). Desethyichlorogune was still detectable i plasima 2 wecks afier
drug admimstrition, The 1'/; of the metabolite was similar in Hb AA and Hb AS
volunteers and was §03.4+55.2 hh and 146.9+165.9 b respectively (p > 0.05). The
renaf clemancs was 242.8+163 .2 mbamn for Hb AA and 269 8+163 2 ml, inin for 1lb
AS (p 2 0.05), The AUC was 77501765 ng/mlh and 57835305 nganl h for Hb
AA and § iU AS respectively (p > 0.05) Also the ratio of the AUC of the metabolite
o 1he AUC of the paremt drug was similar i both groups. 11 was 0 3740 19 for Hb
AA and 03120 14 for b AS (p = 0.05) Tlus is indicative of a similar rate of
metabobisin iy the 2 groups

3322 Lirmury Excretron

The analysis of the cxcretion rate of chloroquisie and desptl Ichloroquine in
24 |y urine collections showed an exponential decline of botl compouls wuh tyne
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bb::: BI0UPS. Table 3372 and b shows the urinary excretion data in Hb AA and
fist 3 JQSDCC“W'.\'- The 1otal chloroquine and desethylchloroquine excreted in the
1 was 83 0436 6 mg i Hb AA and 89.3+44.8 mg m Hb AS which s
:gﬂ;;:"“_a‘el}' 13.8% and 14 9% of the administered dose respectivety Thl's was
R N both roups (p > 0.05). The estimated total chloroquine and
and 488|°;‘|°f0‘11lme recovery in individual subjects was 432 8+216.2 g fOYIHb AA
e, £167.9 mg for Hb AS which is approxunately 72.1% and 68.2% of the
quino]'-smred dose respectively (p > 003) Of the estunated total recovered
e M€, 77% and 81% were due 1o the parent compound and 23% and 19% duc to
Metabolite, giving a ratio of 3.3 and 4.3 for Hb AA and Hb AS respectively.
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Afmacokinetic Pyrameters of Chloroyuine

Extrapolated
Cmax Tmax tYy Ch AUC AUCa3%
(mgml) () (&) (mlum) mg/mlh  of wial

Hb AA Volunteers

J03.5 2 69.2 131 24003 3.0

400.3 4 461 1594 366t ) 18.2

431 4 2 1130 2340 21995 8.0

399.0 2 533 2830 14100 | .3

2598 8§ 2212 2370 31163 316

5803 4 107.8 4333 22044 10.0

4110 q 913 ND 24048 87

20692 2 845 2010 7292 4.5

395 4 35 114 2422 220065 107

1025 J 529 1065 9010 99

(M} b AS Valunteers

LA 360 4 4 1707 1830 12635 142
I 2604 2 2083 4630 11168 7.0
B3 642 4 679 3860 9098 7.3
EC 213 8 1054 4450 30704 |12
0s 4215 2 1067 1710 24477 g 7
AK 1764 2 844 2258 8290 59
AL 1780 4 1039 3388 9776 8.
~ Mean 37 37 1210 M6 i5164 104
.;[S,'D 910 21 500 1228 87907 10
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|7' e . =
' maCokinetic Pyramcters of Descthyl-chloroquine

Cmax Tmax t/» Clk AUC AUCDCQ
(mghol) (W) () (mVmm) ag/mlh  AUC CQ

ih AN Volunteers

142.0 726 1583 18243 0.76
37.2 2097 1971 5437 0.15
101 4 1576 2342 4195 020

2
8
8
106.8 ML Y 3176 0.37
898 § 399 3209 7212 023
121.6 4 923 2025 8817 - 040
168 4 § 1105 ND 9524 0.40
9.5 2 736 1624 3096 042
1672 53 1034 2428 1750 0.37
9.1 30 552 759 4765 0.19

(b)  Hb AS Voluuteers

1A 30.0 4 5182 3472 2942 0.23
37.5 2 1067 5145 3341 0.30
Bs 1180 4 923 653 3639 0.0

1M 12 956 3826 16847 S5
134 2 532 7290 8518 (a8
435 4 M3 207 2310 g0
97 8 178 2456 28 97
06 51 1469 298 5783 gag
629 36 1659 1632 5305 g1
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and [ o F Recovery and Estimated Total Excretion of Chloroquine (CQ)
R *ﬂ‘ﬁ'ﬁmoroquinc (DCQ)

Amount Recovered (mg) Estnnated Recovery

Tota! as % of
\ 7 Id Recovery (img)  dose given
234260 95469 S51+4.7 3326+1649 5.4
20.74#106 31427 09409 100.2+51.3 6.7
830+436.6 126196 060+56 4328+2106.2 72 1

138 21 10 72 |

|
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~ Amount Recovered {mg) Estimated Recovery
Total as %o of

l 7 14 Recovery {ing)  dose given

N 718+304 80+30 34+10 3333:1228 55 6
<) 1754144 23412 11410  75.6245.] 12.6

otal 80 3+448 10,4442 15+20 4089-1679 68.2

okl 14.9 1.7 08 68 2
TeCOyvered

% of
dose

- Tl
i -
3
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Flic 3.3.9 DESETHYLCHLOROQUINE IN Hb AA AND Hb AS
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LR} :
3 lichers Versus Non-Itchers

133,

Plasma

deseli;]:]hT lplﬂ R cognc?ntration-lime profile for chloroqqiue and
M yich oroquitle m itchers and non-itchers are as in Fig. 3.3.6 and 337 The
shou"‘-‘?°klll€ll€ parawmeters derived from the individual concentranou-tnne dala.are
) ]e':lsm Tables 3.3.8 and 3.3.9. Cmax of chloroquine was 367. | ,+_I20..6nghnl n
i and 362_4; 103.6 ug/im! tn non-1tchers (p > 0.05), Tm’n.\ ranged from 2 to 8 i
e Ot groups with a mean of 4.0+2.0 h for itchers and 3.3+2.1 h for non-itchers {p
U85), The apparent tepnmal 1172 was 148. 1£55.8 h for itchers and 98 3+17.7 h
I noi-itchers (p > 0.05). The AUC of the plasma concentrahon-time profile was
22562+1) 85 ng/mlh for itchers and 1784449000 ng/inlh for non-itchers (p > 0.05),
The extrapolated AUC as a percentage of the tatal AUC was 15.2+8,4% for iichers

3“dl6.5i3_3° for ion-itchers {p > 0.03). Renal clcarance was 302.83:129.8 mi/mn
for itehers and 2565+ 108 .1 ml/man for non-itchers (p > 0.03).

Desetlw ichlaroqume appearcd i the plasma quickly w bath groups such that
MCasurable concentrations were scen m plasma by the end of 30 min. of
adunistering the dnug. The phanuacokineic parameters ol descthy Ichloroquine in
icliers and non-itchers arc showss ur Table 3.3.9. The Cinax of desethylchioroqui e
Was 79 8+37 6 np/mimatchers imd 113.2460.0 nginl m nossitchers There was no
statistically stem{icant diffesence between the 2 groups (p > 0.05)  The Tmax was
6.6=3 4 lvand + 0+4.0 hfor ichess and non-itchers respectively (p > 0.05) The '/,
of the mcraiiohte was siniar m the itchers and non-itchers and was 173 8- 161.2

and 72,9426 0 heespectively (p> 005)

The renal cleatince was 280.4£76. 2ml/mm and 280.7497.0 mlinin it igchers
and non-ichices sespeclively (p > 0.05). The raio of the AUC of the metabolire lo
the AUC of the pavesn drug was signdicantly greater i the non-itchers canpaied to
the 1chers and were 02520 08 and 0.43+0.15 (p < 0.05) in ichers and non-itchers
respectively. Thisis indicative of'a decreased metabolisim in sichers yelat e 10 noh-
itchiers
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3332 Residual Chloroquine in Plasma

the druzab: 3.3.11 shows 1hat pf lhg 9 habnual ilcher§ ¥ acmalql} itched after taking
®5idual ‘cmo“e Oflhe non-habitual itchers reacted. Six of the 7 current reaclor§ had
Whereas lhe°’°(l‘“_ﬂff m zero hour plasma The concentration was 26.7+11.2 ng/m

: remaiming 1 sicher as well as the 2 who did not itch had no measurable
?::nmt of chiloroquine in zero hour plasma. Four of the 6 non-habitual vchers also
5. tesidyal chlorogume with concentration of 16.2+9.7 ng/ml. This shows that

) l\dual chloroquine was sigmificamiy more w the ptasma of itchers than non-
chers,

1333

Urimary Excretion

The paues of excretion of chloroquine and deseihylchloroqume i 2 b urine
£olicctions in fichers and non-itchers are shown m Table 3.3.10. The total
ch oroquine and desethyichloroquinic excretid in the first 24 h was [01.8+43.3 mp

I ichers and 73 4+28 0 ing in non-itchiers (p > 0.05) which is approximately |17 and
12% of the administered dose respectively.

The estimated total chloroquine and descthyichtoroquune recovery' in
wdividnal subjects was 496 3211 .2 g m tchers and 34532122 6 mg m wou-
iehers, This conesponds to approxumately 83% w nchess and 582 v non-ucheys
These was no sipgaificam difference betweeit the two groups (p =0 05). Frow the
estumated 10tsl uninary excretion, 81% and 75% ol the recovered quinotine n 1ichers
and won-1ehers respecnvey were due 10 the parent compound and 19% and 25%

due 16 desethy ichioroqustie giving a rano ol approxnnately 4.3 and 3 0 for itchers
and non-ichers respectively

N
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38,

The p harn,

acokinetic Parameters of Chloroquine

T

Subi Extrapolated
Co d‘m Cmax Tmax t'7 Cir AUC AUCass %
; (ghnl) (WY (W) (ulmm) (mganlls  of loial
Ltcheps
4003 4 1481 1594 306611 182
4314 2 1130 2342 21995 80
2598 8 2212 2370 31163 316
5893 4 1078 4550 35209 10.0
360 4 3 {707 1830 126335 142
264 4 3 2083 4630 11168 17.0
364.2 4 679 3860 9098 13
Mean 3671 40 1481 3020 22562 15.2
3D 1205 20 558 1298 1185 8 .]
Non-lehers
1035 2 692 1311 24003 30
399 0 2 53.3 2830 14166 1S
10 4 943 ND 24048 87
g 3213 8 1054 4450 30704 2
il 215 2 1067 1710 2477 87
; 2692 T 845 2l10 7292 45
- 9
AL 178.0 4 1039 13388 9776
Nean 1224 33 o8 o
| AR . 3 255 17844 6.5
~3D 1036 21 177 108 9000 13

T ————
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The Pharmgcokinetic Parameters of Desethyl-chloroquine

?{Bm Cmax Tmax t'2 Clk  AUC AUCDCQ
] (nghal) (b)) (W) (mbwn) ngimdh AUCCQ
) Igehers
00 372§ 2097 1917 5437 0.15
AQ 10vd 8 1576 2392 4495 0.20
EH 808 8 9 3429 7212 023
BH 1206 4 923 2725 8817 025
1A 500 4 5182 3472 2942 023
Jl 375 2 1067 5145 334 0.30
BS 1180 4 923 653 3639 0.40
Mean 794 5S4 1738 2821 5125 0.25
2SD 370 25 161.2 1406 2185 0.08
{(H)  Non-ltchers
MA 1420 2 726 1583 18243 0.76
0D 1068 2 711 3319 3176 037
OK 168 A 8§ 1105 ND 9524 00
[:C 2124 12 950 3826 16847 055
0: 1134 2 532 729 8518 0.35
AD 90 5 2 736 1624 3096 0.2
AR 435 4 448 20607 2510 0.30
o4 97 8 1178 656 2686 027
Mean 170 50 799 2564 8335 043
+SD 339 39 200 1239 6272 015
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Table 3.3.10

Mean Uringry Recove

and D Y and Estimated Total Exciretion of Chloroquine (CQ)

sethyy-chlurgquine (DCQ)

(a) Itcheys

'-l-..._-_h-__ -
Das Amount Recovered (ing) Estimated Recovery
¥ Total as % of
! 7 14 Recovery {mg) dose piven
— [
gg 8214315 98461 55+43 1042+137.0 67.4
Q 1974118 24420 09+10 9212532 153
Total 101 8+433 122481 64v53 496342412 827
Tota) 17.0 20 ) ) $2.7

fecOvered
as %b of
dose
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7 14

Estimated
Total
Recovery (mg)

Recovery
as % of
dosc given

550+143  7.7+42 30418
1842137 28424 11409

oy

Il

Ol 9344280 105466 40423
Total
|I ."Q[gﬂ

L2 18 07

261.7+76.2
8364464

34531226

87.5

43.6
13.9

373
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3311

The Relatigys

Tichey hip Between Residual Chloroquine and CAP in Itchers and Non-
'S

Previous Current Reaction Residual
History of to Chloroquine Chloroqume
CAP (ng/ind)
EH Yes Yes 16.57
BH " ‘ 40 82
AQ * : 4055
00 5: . 1700
BS o > 26 82
7T A 3 18.76
1A A I 0.00
AK i No 0.00
OD . No 000
MA No NoO 14.36
EC . " 3025
ac L N 147
AD Q> - 000
OK . ) 835
Al + i 0.00

(a)  Subjecls with presious history ol CAP
(b)  Subjects without previous Iustory of CAP

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



~

(g
-

’

0SgE

0ot

siayai-uou

s13yon

(SHNOH) awiL

0S¢ 00¢

0St 9]0}

0s

= T

. o

1= |
—

oL

=

oot

WQNIU&.?\(O)\ anv @WIULL NI

0001

ar d

Y PROJECT

(i AI&IAL HEALTIFRE%;TO%

(SN



P00

0200

-3 -2

FI1C 3.15.2

10

Ea

T T 11711

-

—

DESETHYLCHLOROOU!NE LEVELS

IN ITCHERS AND NON-iTCHERS

— R £ ; :

50

100 150 200 250
TIME (HOURS)

~# ITCHERS & NON-ITCHERS

AFRICA DIGITAL HEALTH REPOSITORY PROJECT

300

350

S




158
34
DISCUSSION

341 Analvpcal lechmqgues

: The deVgIOpmem of specific and sensitive high performance liquid |
deoma‘ogfapluc (HPLC) methods for the assay of chloroquine and ils metabol:te,
p\f‘a‘:‘hyl‘:l;:flfoc_]nil\e in biological samples had facilitated detailed studies into the
Nyb:‘ra.“; sngllcs of chloroquine m the pas| (Alvan, 1982. B,GFE‘]\"S‘ and Domey)-
| 937)E‘N98~ » Gustafsson ¢f af ‘1983, Frlsk-Hol\lmbgrg ¢t al., !583, Walker ¢7 al .

- Neverthcless, there are still some aspects of its phannacokmeucs that need
€ clarificd. One such area is the problem of whether there arc phannacokinetic
{_mefe“ces between patients who suffer from CAP and those who do not as well as
» s_ubjects with Hb AA and those with Hb AS. Tlus 1s especially wnportant as
vanous allempts al idennfying a basis for CAP wath respect to chlorogume
MClabolism i fichers and non-itchers has not yielded ieliably conclusive
appreciable resulis (Olatunde 1971, Essicn ef of , 1989) and also that our
obsevation suggests that Hb AS miphi be protectsve agamst CAP

In developg coumiie

s il the frontiers of scicnee Are o be mproved, then
wiethods that would be applicabie to the local siuition should be developed ¢ g

IN0St developing countrics there is a dearth ot chemicals for assays. Even where

they are found, they arc relatively expensive because they ase not locally sontced
Tlns had hawistrung many nvestigators

iy bight of the above, a cheap and stmple HPLC meihod was developed for
the phannacokinencs of chloroquine and its st metabolire (desethyichloroquine)
This inethod is 2 2 siep exraction procedure, thercfore it is simpler than carlier
ones Thic method prosed to be very sensiive as the fimus of detection of
chleroquine dud descthylichloroquine wete Ing/ml aud O Sng/nd iespectively  Thus
makes it prossible 10 detect very low conecmrations of these compeinds  The low
ira-assay and imter-assay coctliciems of vartation {Table 3 3 1) are mdicaune of
lugh reproducibility of the method: The absolute recon ery of chloroquine and
deselhylchloroquinie witch were i the order of 90% ts mndicative of a fugh

exwraction ¢lliciency” The mcthod can be used for the sunultancous delennmation of
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‘NQITOquizue and s melabolites n biolouical samples. This nethod therefore is
*SiY adaptable for therapewtic drug manitoring and research, since in hese

msl : P . :
3|1Fes dccuracy and sensitivity are two properties required of analytical
Rdmgqucs-

9
34.] Pharmacokinerics

| The results from the study showed that the phannacokinetics of chloroquine
1S main wetabolite were similar in both itchers and non-itchers m this study

** production of {he metabotite appears 1o be limited by ihe disposition of
hlozaquine as the t'/3 of both compounds were sunilar. However, the lower AUC
B€rated by the mmetabolite in the itchers is an indication of possibly an mherent
ab‘]“)' by the itchers to be less disposed to wetabolizing chtoroqume. Tlus {inding
I8 conty ary 10 the preyvious report (Essien ¢f al., 1989) that CAP\s related 1o the
Produciioy of higher quanuties ofnetabokite i nchers. It however confinus the
Plevious finding of Olatunde (197}) wwho demonstrated an equivalent concentration
of chioroquine i itchers and non-itchers

and

A comparison of the phanmacokinetics of chloroguine m subjects who have
Hb AS and ib A A like in itchers and non-itchers showed a simitar disposition of
chloroquine, Evei thoygh the Cinax of chloroquine was lower m Hb AS individuals
When compared with Hb AA. However. absorption problems m the 1Hb AS
individuals could not be ruled o, This needs to be further ivestigated

Siutlarny of deug fevels in alh the eroups imght be due to the reported large
apvarent volnme of distrbunon of chloroquine which has been aitributed 10 1S

extensive lissue distribution and binding {Gustalsson ¢t e/, 1983, Walker ¢f af
1987, WHO, 1990) '

The pharmacokinetic paramncters of chloroquine found i tiis sfudy’ were
comparable to those previously reported i fiteruture The Incan peak piasma
concentralion {Cinax) of chivroquine from one group to the other ranged (yom 283 &
103748 gl and tne o peak (Timax) ranged from 2 8 - These are 11 ;
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cﬁ‘}““qmlle and its metabelies i biological samples. This method therefore is
*B11Y adaptable for therapeutic druy monitoring and research, since in these

slapces ; b - '
WCES accuracy and sensitivity are 1w o properties required of analytical
\eChniques

3
[

349
12 Pharysacokipetic,

‘ The results from the st udy showed that the pharmacokinetics of chloroquine

ad IS aiy tnetabolite w ere symilar in both itchers and non-itchers m this study
€ production of the metabolite appears 10 be mied by the disposition of

chloraquine g the t'% of both compounds were sitnlar. However, the iower AUC
BEN€rated by (he snetabolite in the itchers is an indication of possibly an iherent
ability by the f1chers 10 be less disposed to metabolizng chloroqume. This hnding
IS contrasy 10 the previous report (Essien ¢t al, 1989} that CAP 1s retated 1o the
Production of higher quantities of metabolite in ichers 1t however confinns the
Previous finding o f Olatunde {1971) wwho demonstrated an equivalent concentration
of chloroquine m itchers and non-itchers

A comparison of the phannacokmetics of chlosoquine m supjeets who have
tHb AS and Hb AA like in tichers and non-itchers showed a simslar disposition of
chioroquine, Eseii though the Cinax of chioroquine was lower in Hb AS midiniduals
when compared with Hb AA However, absorption problenis m e 1Hb AS
mdividuats could nor be ruled om, Thus needs (o be furt her iuvestigated

Similasny of diug levels m all the groups imight be due 10 the reported large
aiiparem volmne of distribution of chloroguine wiuch his been autrnbuted 10 11s

extensive ussue distribunion and binding {Gusiafsson ¢ «f , 1983; Walker ¢ of
1987, WHO, 1990) :

The phanmacokmeiic parameters of chloroquine found in thijs study were
comparable to 1hose previously reported i fiterature The mean peak plasimg
concentration (Cimax) of chiorequime from one group to the other ranged from 283 6

AV

10 A74.8 nml and ime 10 peak (Triax) ranged from 2 108 I These me m
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3aeement with the fepont of Walker er af (1987) and Salako ¢r al (1987).

E:;le:liilgzg?"“e which was detectable half an hour after drug admintstration
values glo 4 'r. r;"gf: of 81.3 10 108 8 ng/inl and Tinax range of 2 to 12 h. The
megn | cnnin;%\ tl:elf“‘“h l\‘\ose_ of Walker ¢f af (1987) and Salako ef a/ (1987). The
Was low e th:m‘:: hfe (t'/2) in the groups ranged from about 4 to 5 days. The t,
ke op o 10se reported by Guslgfsson ct al (1983), Salako ¢7 a/ (1987) and
(1987) because the sampling period was sinaller n: this study. 1t

Wever gu: -
e A‘;: illLfeed with the reports of McChesney ¢ a/ (1967); Brotuit et af (| 979)
Stet al (1982) who sampled for less than 10 days.

leas; h?:i":: lll;c fact that none of the subjects took any dose of chloroquine at
thloroquine ..rmo!lllss preceding 1h.e study, ?lolf the 15 subjects had residuat
after i ad"ci?\ ning lhal_chloromune cai sn!.‘_ce found in the bloc?d many monlhs
Mt o ; llSll’(?llOll (Esgleu and Hudu 1984, Tanenbawm and Tuffanelli, 1980)
fchegs e showe lhm. residual ClllorO(]l{’..lt was nore th the zero hour plasma of
. co(u fgmpared with non-nchers Tins IS suggestive that res:dual chloroquine
Al mk1crI ruic 10 the pathogenesis of the itching process in those prone 10 CAP
T . 'ljl _u~rther' dosc qfl\me drug, l'lq\s'.cver. this needs be clarified in further |
T firsi 1:5 nay cxplal}l) Fluc fact that 1t is unusual for CAP 1o be cxpenrienced on
C\lloroq:::‘lgole:m\ 0 ""'3 arug, that the people su which 1t ocewrs are frequent users of
RAL the Er.:a'm.f:m of malaria (Olatunde 1984 Salako 1984 Spencer ¢f

~ 1987) and that the reaction usually do not aceur i reactors afier long titne of
lakm.g }‘"‘ drag bt reappears i such individuals afier o tarrly frequen R
admmisteanon of the drag (Ekpechi and Okoro 196, Salako 1984),

Stltxila;l:::i\?;::, u::)‘ c:crclop' pattem of chloroquine ang descthy ichloroquing ywere
despute the factsua-n lllon- ehers as well as In Hb AA and 1 AS subjects Thys is
Hb Ak ones ¢ b AS ‘F'“'S“‘.’““'S produced relagively more utme volumes 1|
ame Hb AS individuals have been demonstrared 19 uve nnl)qlsc‘(;nn
Al

3bll")' 10 concentrne gt I
Heunne (Tayler ¢ af 1978 Elebut E

& S CY i ] c’ It)74 S" y & "
1970). However, this does not constitute oven renal (hsease | Lo !

The wean renal clearance (Cly) of

| chlorequi ,
ranged from 243 10 316 mlmin. Tlus ALl

B10VIDS 113 the gy
Is substantially mure q)) studly

an the nonual TR of
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Rlome;ylar filtration rate
83), Walker ¢
endl excrerion o
tubu3 SeCretion

and 1t 1s i agreement with the finding of Gustafsson «f al,
; al., (198_7) and Salako ¢f al., (1987) who also reported that the
chloroquine probabiy 1akes place by both glomenutar filtration and

A substanti
ﬁrstl4 | stantia!

tatio of

A z;mount of the drug and its nietabolite were excreted within the
3-0 zuk \4. /0 and 15% of the oral dose of chloroquine were excreted i the
S and 4.0 b AA and Hb AS respectively. Alsoabout 17% and 129% of

drug | L
ot dose were excreted within the first 24 h i the ratio 4 0 to 6.0 m itchers and
1ETS respectively,

ol (197) red dose in all the groups were similar to the tindmgs of Walker ¢r

_ From the foregomg, #t s suggesied that phannacogenetic studies be done to
condinn the above (indings as it has been demonstrated m the past thai there 1s
Polymorplusim w drug metabalism (Sjoquist and von Bahr 1973)
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GENER.ALCONCLUSION

Althoyu ,
s o :(il:-i‘:lelre Was ho difference m the phammacokinetics of chioroquine
Sioni cantly h'lghzrlfrs olr I Hb AA and Hb AS, however, non-itchiers produced a
anly g, e le've _of desQIII)'l-clllorOQllxnle relative 10 itchers. Results from
“inch wdcated mfluence of heredo-familial factors i the prevalence

o CAP .
‘}'pcs) el g g hon of CAP \\_ilh some genetic red-cell markers (Hb and G6PD
Wyene of 1€ report of racial predisposition of CAP are indicative of
cﬁnsmcrablcgex‘,;c facllors; hence a phannacogenetic basis 1o CAP may be

- Althoug ' : .
engcal o OVEN comparison of the concordance of Whis phenomenon i

non-dei; ; .
eordy e on' \ficnllcal twins could ot be carried out, tns may not be critical as
WY nerely be due 1o environmental factors

 the gss00ia

Des
Was fouud

nle ¢ \ - ,
I genetic predisposition 1o CAP, cumulative exposure to chloroquine
MPOranc

;0 mﬂu?ncc the inculence of CAP This may be indicative of 1|
of enviromuenta factors in the acuoloyy of CAP .
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APPENDIN

QUESTIONNAIRE

CHLOROQUINE-ASSOCIATED PRURITUS (CAP) STUDY

Senal No. / / 2. Hospital No. / /

Date / [ I 1

Name ...

Sex: L. Male L/ 6. Age; MontlvYear | /

oy P 6(s) Date of Binlk { /

Weight (kg) L

Oucupation (Spreify) !

] Unemployed s J
4 Luskilled worker eg tabourer, cleaner, petiy-1radmg, sengor
; Scm'.skﬂlcd ey T)‘]IISI. Clak |

‘1 Skilled WO! bere g teachmg. tecliiician, ntirse, bankue

$ Sudent

6 Onfserfs-

If subject 1 a student/dependant

Qccupation-of Pai entGuardiancheck  (8)
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10

Have vou ever taken chloroquine 1. Yes [/ 2 [/

-
L]

3, Doutknow [/
W Lasidose [ / [/ 1/

12, Have you any history ol itching to chloroquine Yes/No L1

13.22 Applicable to only those with history of itching,
Never

As far back as can remember
At a particaitar ponl

13, CAPexperienced ! 7'
3.

14 CAPonseton ! l4(a) Atage (! yeurs.

Y 2 N
1S, CAP disappeared L L 0 Tes 0
{, Nivaqune 4 Dagaquine
2. Resoclun 5 Ollcers
3. Norolon 6. All

16 CAP associated drigs (1

to Ca;um,umc(f\modlaqumc) | Yes /_/ J No/ !

|7 lichhng 3 Nesertaken [/

s s lyisians, £dliouss alier 1st dose of chloroquitic courae
18 Prwitus uste

‘6. Prusitug lasts &1 hours

sellectmyow + -+ cg
Which drupls) suppress(cs) the iching ¢ : |
¥ tl:“?’mt:mb (2) Aspinn (3) Sedatves hike valinm (spealy)

(3) Phenergan {5} None (6) Others (spearf)
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22,
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Pruritus peak mtensify /7 /1. Mild
2. Slightly mcapaciating
. Incapacitating

‘d

You itch only when you takethe drug 7/ 1. Orally

2. By injection
3. Both

How, ofien do you have fexerms ayear /2 (Specify)

(1) Once  (2) Twice  (3) Occasionally (4) Ofen
How many tablets of chlorogwne have you laken il the past onc year
3 /
oy L1 _ |
ﬁilms n)nny times did you fake chloroginie ijection 1 the pasi one year
Specify [ :

Does any' of your parents e to chloroquine
(1) Father (2) Mothe (3) Both (4) Not known /

Do m,)-or\mr relations ¢h o chloroque /¢
es )

(1) Prother (2) Sister (3} Cousi (3AR  (5) Not known

Blood Lroup (ABO and RH)

Genotspe - !
GOTD scicehing (1) Nonnal (2) Delicient ¢

GOPD electrophoresss |

————

pPCcCVv _ 32(n) Retics . B

——
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3. wWBC { 33 (a) Eosmoplit (count) /  /

e ——

Direct Qbservation of Chluroguine Atministraion

34, Malara parasste (1) Positive  (2) Nepaive [/

3s. Percentage parasitaenna | /

36 (a)  Paasie density (tick) /2 x 10!

37.  Scrum stored during CAPattiack (1) Yes (2) No L/

38  Unue stored during CAP attack () Yes (2) No L/

39. Dy takenDose i Tie of Roule /
40. Prwimus L (1) Yes (2) No

M. (a) Onset £ D afler drug

i
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QUESTIONNAMRE

e . ¥ = > u WY \ "N
CHLOROQUINE-ASSOCIATED PRURLTUS IN PREGNAN WONIL

3 tlospita! No / /

Serial No. / /

Date [ ( ! !

BRI NIONC e e |

/ 6. Weirlht i = =

3. Ager Momh/Yer e

. N o ! |
1 Occupation Spealfy —
yeuty tradmg €€
L Unemployed " L Labourer. cleaner, Petly
[ [ - el
I\ Umlulled WO T C!erk .
‘" - ankes
kel ¢
W Sklllcd W ar
\ Studem
\‘ O":l\‘j( : , 2 No ’ J
o'l

\! Chlor 1 know A
% Hae you Cvel take 3. Don
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When 1ot pregnamt Yes’'No {_ /
L if ves, compare the itching during pregnancy and at preconception
Whether children iteh 1o chloroqume / ! 1. Yes

2. No
3. Don i know

I Yes
2. No
3. Don’t kiow

14, Whether husband itch to chloroguine / /

15, Atwhat age does stclung stans mthe fanuly. £ 4
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il .
UNE CONCENTRATION {ng/ml) AMONG ITCHERS
A0 EH BH (£
) s 16 87 s K
- - . 12442 196
91 46 3064 Y0 1908 148 11 16.64
. 3140 738 164 63 087
S I | . . Sh9 26 360.44
L 29198 29994 25078 MK 93
22y 38 33816 I8¢ &% 3 SN0 163 1
05 26 R 92 157 03 84 2%
93 48 72
IRF 11 87 nGa.d2 17149
2157 - 3 42 IR KT
i X4 W9 4 R {1
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DESETHYL-CHLOROQUINE CONCENTRATIONS (ng/mi) AMONG SON-ITCIERS

Tome (hey  MA oD OK EC 0s AD AK AL
0 - Ul 31228 2w 2K fi LR (hN) 0l
s [0} . ISP ALY 112 11y - . 10
1 11748 992 - . 4w : 526 R4
2 SR TS TR U [+ I S L S
4 , 6l 64 9716 . AR . Jila z:no
4 K70 FE.U) lox 41 yr2cl "t's W LIS :2?: Y KY
12 12026 N Tb P4 2238 U7 62 4 )
i ' 4628 KISY 19 KK 2m 1524
i e 2 .2.5 :[, 1 - Su 4} 13 T I3 S lu 19
v, 178 o !i ;I) i 15A 15 1152 13K .
T s T S T T VR T R L A 3 |
T: u:'“ : :; 112 54 | 4 L0 = L
) N 39 . |
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DATA OF URINARY DRLUG RECOVERY

Anmount of Drug Recovered (img)

Subject Urine Volume (m!)
Di D7 D4
DI D7 D14 co DpcQ ¢Q DCQ cQ DCQ
catg 63 650 030 210 01$
- 550 1040 950 32% oy 227 257 14S 23
TER R RSE R
BH I.gsS?) 780 1.)80 ;‘.I}slq’o 3%70 3;— 320 267 010
1A {230 1.030 38(; 129 29 1047 270 393 18
B i m s e oy o o
RO V30 557 3N, 022 116 011
oo 0 SN s ®P BB T 0w o w
® 690 0 o Np DT S0 430 240
(0).4 N 1§20 == 2793 b 52 50 134 020
EC oo 620 W gy o2 848 P20 SO O
os (400 60 0% o 3 180 i80S
1430 | o 40 63 779 448 203
AD 130 80 ny Heé
: 1610 | an ST 207 200 €70
AN o0 1450 B0 o o1 306 20
Al p 770 1.8%0 o ——
7[50 t - /,.—v—"-"
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DATA OF ESTIMATED TOTAL DRUG RECOVERY

Subject

00
AQ
EH
BH
fA

BS
MA
0D
1N
EC
0S§
AD
AK
AL

Eshimated Total Recoven

Total Drug

Percentagce of

: {mg)D Recovered (mg) 600 mg Recovered
Q CQ
237 43 2617 202 1§ 3.69
594 00 11929 71329 11880
208 2| 123 40 421 6l 70 26
536 44 16§ 16 697 6g 116.27
3990 246 6 41 11

015 1% SR e
427 70 4745 1515 et

- 425 60 1093
21610 9.5 3,3 62 4177
243 26 5535 26862 b
e ND ND ND

ND 520 71 86 66
37099 14980 oy 60.90
321 00 SN 239.70 3995

72.40 &) 37262 62 10
o153 190 2277 3712

76,30 6.9 —

N = T

o —
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